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Abstract
Background and objectives
Type 1 diabetes is one of the most common chronic diseases of childhood. Management of Type
1 Diabetes requires lifelong insulin supplementation with the aim of achieving near-normal blood
glucose levels. The complications experienced by individuals with Type 1 diabetes can be classified
as acute or chronic and are an outcome of both the disease and its treatment. The widespread
adoption of intensive insulin treatment, following landmark studies in the 1990s, which demonstrated for the first time that glycaemic control impacted microvascular complications, forever
changed the landscape of diabetes complications. The aim of the research in this thesis was to
examine the contemporary rates of complications experienced by individuals with childhood-onset
Type 1 diabetes and assess the association of risk factors with complication onset.

Methods
A series of retrospective cohort studies were conducted using data from a range of population-based,
prospectively-collected, data sources from Western Australian. Cohorts with Type 1 diabetes were
identified through the Western Australian Children’s Diabetes Database, where longitudinal clinical
records were extracted for analysis. The Western Australian Data Linkage System was used to
obtain inpatient hospital admission data, specialist mental health support services contact data,
school attendance and performance data, and mortality data, and to identify age- and sex-matched
general population comparison cohorts. Risk factors examined included the age of Type 1 diabetes
onset, duration of diabetes, glycaemic control, sex, socio-economic status, and treatment regime.
Outcomes were defined from clinical records or via coded administrative records, and analyses were
adjusted for temporal variation and/or censored where appropriate.
Negative binomial regression with robust standard errors was used to model the incidence, and
association of risk factors with, episodes of severe hypoglycaemia. Linear mixed effects modelling,
with random slope and intercept terms and multiple imputation for missing data, was used to
model school performance using continuous scores from a multi-domain standardised national
assessment program. Cox proportional hazard modelling was used to examine the association of
clinical and demographic risk factors with incident hospitalisation for vascular complication, the
onset of psychiatric disorders, and death, with the standardised mortality ratio calculated via the
indirect method.

Results
The study of 8,214 person years of data between 2000 and 2011 (n=1,770) reported a decline in the
incidence of episodes of severe hypoglycaemia from 15.5 per 100 person-years in 2000, to 5.5 per
100 person-years in 2006, before incidence plateaued. Good glycaemic control (HbA1c <7%) was
not associated with an increased risk of severe hypoglycaemia when compared to the average range
of 8-9%, and in adolescents (12 to 18 years) pump therapy was associated with a 40% reduction
in risk for severe hypoglycaemia. Children with Type 1 diabetes were observed to have a school
attendance rate approximately 3% lower than their school peers, which showed little variation
across the age spectrum from eight to fifteen years. There were no differences observed in school
performance between (i) those with Type 1 diabetes and their school peers; (ii) students with Type
1 Diabetes before and after diagnosis; and (iii) students with Type 1 diabetes over time. However,
children with Type 1 diabetes with poorer glycaemic control were observed to have poorer school
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performance and lower attendance.
The studies of early adulthood complications analysed a cohort with Type 1 diabetes (n=1,377)
and a comparison cohort (n=6,541) to a mean age of 26.3 years (range 18-38). While the overall
incidence rate of any vascular complication in the Type 1 diabetes cohort was low (0.24 per 100
person-years), it was seventeen times higher than that of the comparison cohort. Ophthalmic complications, including retinopathy requiring vitrectomy, were the most frequently observed vascular
complication (n=27, 2.05%) during early adulthood. A total of 187 (14.4%) of the Type 1 diabetes cohort engaged with specialist mental health support services, with anxiety disorders being
the most frequently diagnosed condition. The standardised mortality ratio was not significantly
elevated for males (1.7); however, this was significant and much higher for females (10.1). Poor
glycaemic control was a significant predictor of adulthood-onset vascular complications, psychiatric
disorders, and mortality; an exponential relationship was observed between poor glycaemic control
and risk of vascular complications. Females and individuals from a low socio-economic background
were also observed to be at increased risk of complication onset and death during early adulthood.

Conclusions
The research findings provide strong evidence for continuing to pursue tight glycaemic control
given the observed reduction in risk of chronic complications and the lack of increased risk of
acute complications among individuals with good glycaemic control. The studies within this thesis
provide a clear demonstration of the value in maintaining population-based clinical registries and
enhancing these data through data linkage, as doing so enables researchers to gain insights into the
changing epidemiology of chronic disease. This thesis identifies key target areas that contribute to
the global understanding of the life course of complications of Type 1 diabetes.
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Chapter 1

Introduction
1.1

Overview

Type 1 diabetes is a chronic disease with a complex and unknown aetiology, which,
due to a cessation of insulin production, results in sustained elevated levels of blood
glucose. It is one of the most common chronic diseases diagnosed in children. The
treatment is regular administration of insulin via either injection or pump (multiple times per day or continuously, respectively), with the aim of maintaining stable
levels of blood glucose close to the normal range. Modern therapies allow individuals with Type 1 diabetes to live a relatively normal life, though they remain
susceptible to a range of diabetes complications. Acute complications include hyperglycaemia and hypoglycaemia, which are a result of the challenges of replacing
insulin in a physiological manner. Despite modern insulin therapies, average blood
glucose levels in individuals with Type 1 diabetes will be notably elevated relative
to those without diabetes. These sustained elevated blood glucose levels can lead to
the development of a range of chronic microvascular complications including nerve
damage, eye disease, and kidney disease. The ongoing treatment adherence required
of patients can impact their quality of life, which may, in turn, affect their mental
health. Thus, Type 1 diabetes is a disease that is not immediately visible to others
but demands constant vigilance in its management by the affected individual. The
treatment regimens and therapies used in the management of Type 1 diabetes have
evolved rapidly, and continue to do so, with the goals of improving glycaemic control
and reducing the burden of care. It is not well understood what impact this rapid
change will have on the Type 1 diabetes life course and how the risk of complications
will be impacted.
The overall objective of this research is to establish a contemporary understanding
of the complication profile of patients living with Type 1 diabetes. This research also
provides insights into which patients are most at risk of experiencing complications,
with the aim of informing clinical practice and early intervention strategies to reduce
the burden of this chronic disease on the patient, the community, and the healthcare
system.
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1.2

Structure and outline of thesis

This thesis is presented as a series of five related papers that explore the epidemiology
of a range of complications that affect people living with Type 1 diabetes. The
current chapter (Chapter 1) provides an outline of the structure of the thesis.
Chapter 2 presents a broad review of the current literature pertaining to the epidemiology of childhood-onset Type 1 diabetes. Each research paper (Chapters 5 through
9) begins with a focused literature review of the topic being studied. Chapter 2
provides: an outline of the physiology of Type 1 diabetes (to establish the research
context); an outline of both the aetiology and current management of Type 1 diabetes; an overview of the local, national, and international prevalence and incidence
rates; and a detailed description of the complications of Type 1 diabetes, including
a summary of the literature pertaining to the epidemiology of those complications.
Chapter 2 concludes with a summary of the gaps in the epidemiological knowledge
of Type 1 diabetes complications, which are current at the time of defining the aims
and objectives of this thesis. Chapter 2 then outlines the contribution that data
linkage and population-based cohort studies could play in filling those gaps in the
epidemiological knowledge.
Chapter 3 contains a brief outline of the broad aims and specific objectives of the
thesis. Chapter 4 describes: the study setting, including the study population;
the data linkage process, including specifically how this process is carried out within
Western Australia; the datasets from which data are extracted for the studies within
this thesis; the nature and structure of the data, and the processes required to
analyse the data; the variables available and derived, and the statistical methods
employed to analyse them; and details of the study’s linkage and ethics applications.
Chapters 5 through 9 are structured as research papers, with each including an
abstract, which is followed by an introduction, methods, results, and conclusion.
Each chapter begins with a short preface that situates the research within the context
of the thesis aims and that introduces the complication to be investigated. Copies of
the published papers, typeset as they appear in their respective journal formats, are
included in the thesis Appendix (page 188). Minor modifications have been made
to the within the chapter version of the paper text to improve the overall flow of
the thesis.
Chapters 5 and 6 address Type 1 diabetes complications experienced during childhood and adolescence. Chapter 5 examines the incidence, incidence trends, and
risk factors (by age group) for episodes of severe hypoglycaemia; this chapter used
twelve years of data sourced from a longitudinal clinical registry. Chapter 6 compares the school attendance and performance of children and adolescents with Type
1 diabetes relative to their school-matched peers. This chapter used data linkage
between data extracted from a clinical registry and data (for a nationally adminis2
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tered standardised assessment) sourced from the Department of Education and the
School Curriculum and Standards Authority. The analysis also includes potential
risk factors associated with poor performance within the Type 1 diabetes cohort.
Chapters 7 through 9 address chronic complications experienced during early adulthood. Chapter 7 examines the relative incidence of and risk factors for microvascular
and macrovascular complications requiring inpatient hospitalisation. Chapter 8 examines the relative prevalence of and risk factors for the early adulthood onset of
psychiatric disorders requiring specialist support. Chapter 9 presents the standardised mortality rate for individuals with Type 1 diabetes and examines the clinical
and demographic risk factors associated with the risk of death during early adulthood. Chapters 7 through 9 used data linkage between data extracted from a clinical
registry and administrative data sourced from multiple datasets maintained by the
Department of Health and the Department of the Attorney General; this included
data for a matched comparison.
Chapter 10 Discussion, which constitutes the final chapter of this thesis, places the
findings from the studies contained in this thesis within the contemporary Type
1 diabetes epidemiology literature. Chapter 10 begins with a succinct summary
of the major findings from the previous chapters and an overview of the strengths
and limitations of the research presented in this thesis, then outlines the major
developments within Type 1 diabetes epidemiological research that have emerged
during the period of candidature. The findings and clinical implications of each study
are then discussed with reference to these emerging insights into Type 1 diabetes
epidemiology. Chapter 10 also discusses the data infrastructure that formed the
foundation of the studies presented in this thesis, before identifying future research
questions and opportunities. This chapter, and thus thesis overall, concludes with
a reflection on the knowledge created and insights gained during candidature.

1.3

Published papers related to this thesis

The original research findings from this thesis are published as the following papers:
Chapter 5: Cooper MN, O’Connell SM, Davis EA, Jones TW. A population-based
study of risk factors for severe hypoglycaemia in a contemporary cohort of childhoodonset type 1 diabetes. Diabetologia. 2013 Jul 6;56(10):216470.
Chapter 6: Cooper MN, McNamara KA, de Klerk NH, Davis EA, Jones TW. School
performance in children with type 1 diabetes: a contemporary population-based study.
Pediatric Diabetes. 2016 Mar;17(2):10111.
Chapter 7: Cooper MN, de Bock MI, Carter KW, de Klerk NH, Jones TW, Davis
EA. Incidence of and risk factors for hospitalisations due to vascular complications: A
population-based type 1 diabetes cohort (n=1316) followed into early adulthood. J
Diabetes Complicat. 2017 May;31(5):8439.
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Chapter 8: Cooper MN, Lin A, Alvares GA, de Klerk NH, Jones TW, Davis EA. Psychiatric disorders during early adulthood in those with childhood onset type 1 diabetes:
Rates and clinical risk factors from population-based follow-up. Pediatric Diabetes.
2017 Nov 1;18(7):599606.
Chapter 9: Cooper MN, de Klerk NH, Jones TW, Davis EA. Clinical and demographic risk factors associated with mortality during early adulthood in a populationbased cohort of childhood-onset type 1 diabetes. Diabet Med. 2014 Dec;31(12):15508.

1.4

Recognition of thesis studies

The research from this thesis has been presented at numerous forums during the
candidature period and has received recognition and awards from a variety of organisations. The references for these are arranged in chapter order, by type.
1.4.1

Oral presentations

With the exception of the study of severe hypoglycaemia (Chapter 5), the research
findings from the remaining chapters have all been delivered as dedicated oral presentations at international diabetes meetings.
Cooper M., McNamara K., Davis E., Jones T., Educational performance in a populationbased contemporary cohort of children with type 1 diabetes. American Diabetes Association’s 74st Scientific Sessions. June 13-17. San Francisco, USA. 2014. [Chapter
6]
Cooper M., de Klerk N., Jones T., Davis E., Predictors for vascular disease hospitalisations in young adults with childhood onset T1DM; insights from 20 years of follow up.
International Society of Pediatric and Adolescent Diabetes. September 3-6. Toronto,
Canada. 2014. [Chapter 7]
Cooper M., Alvares G., Lin A., de Klerk N., Jones T., Davis E., Clinical risk factors
for psychiatric disorders in young adults with childhood onset T1DM; insights from 20
years of follow up. International Society of Pediatric and Adolescent Diabetes. October
7-9. Brisbane, Australia. 2015. [Chapter 8]
Cooper M., de Klerk N., Jones T., Davis E., Excess mortality in early adulthood
in a population based childhood onset Type 1 Diabetes cohort. International Diabetes
Federation World Diabetes Congress. December 2-6. Melbourne, Australia. 2013.
[Chapter 9]

The research findings have also been presented at local and national meetings.
Cooper M., McNamara K., Davis E., Jones T., Educational performance in a populationbased contemporary cohort of children with type 1 diabetes. Princess Margaret Hospital
Child and Adolescent Heath Services Research Symposium. October 22. Perth, Australia. 2014. [Chapter 6]
Cooper M., de Bock M., Jones T., Davis E,. Predictors for vascular disease hospitalisations in young adults with childhood onset T1DM; insights from 20 years of follow up.
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Princess Margaret Hospital Child and Adolescent Heath Services Research Symposium.
October 24. Perth, Australia. 2014. [Chapter 7]
Cooper M., de Klerk N., Davis E., Jones T., Excess mortality in early adulthood in
a population based childhood onset Type 1 Diabetes cohort. Princess Margaret Hospital
Child and Adolescent Heath Services Research Symposium. October 16-18. Perth,
Australia. 2012. [Chapter 9]
Cooper M., de Klerk N., Davis E., Jones T., Excess mortality in early adulthood in a
population based childhood onset Type 1 Diabetes cohort. Diabetes Research Foundation
of Western Australia Research Awards Lunch. November 16. Perth, Australia. 2012.
[Chapter 9]
Cooper M., de Klerk N., Davis E., Jones T., Excess mortality in early adulthood in a
population based childhood onset Type 1 Diabetes cohort. Telethon Institute for Child
Health Research Postgraduate Student Circle Symposium. August 26. Perth, Australia.
2013. [Chapter 9]
Cooper M., Carter K., de Klerk N., de Bock M., Lin A., Alvares G., Jones T., Davis
E., A childhood onset type 1 diabetes cohort followed 20 years into early adulthood:
predicting complications for targeting early intervention. Australasian Epidemiological
Association 23rd Annual Scientific Meeting. September 14-16. Canberra, Australia.
2016. [Chapters 7-9]

1.4.2

Poster presentations

The research findings have also been presented in poster form at national and international meetings.
O’Connell S., Cooper M., Bulsara M., Davis E., Jones T., Reduced rates of Severe
Hypoglycemia in Children and Adolescents with Type 1 Diabetes over the Decade 20002009. American Diabetes Association’s 71st Scientific Sessions. June 24-28. San Diego,
USA. 2011. [Chapter 5]
Cooper M., de Bock M., Jones T., Davis E., Predictors for vascular disease hospitalisa
ons in young adults with childhood onset T1DM; insights from 20 years of follow-up.
American Diabetes Association’s 74th Scientific Sessions. June 13-17. San Francisco,
USA. 2014. [Chapter 7]
Cooper M., Lin A., Alvares G., de Klerk N., Jones T., Davis E., Psychiatric morbidity
in a contemporary population based childhood onset Type 1 diabetes cohort. International
Diabetes Federation World Diabetes Congress. December 1-4. Vancouver, Canada.
2015. [Chapter 8]
Cooper M., de Klerk N., Jones T., Davis E., Excess mortality in early adulthood in
a population-based cohort of childhood onset type 1 diabetes. European Association for
the Study of Diabetes 49th Annual Meeting. September 23-27. Barcelona, Spain. 2013.
[Chapter 9]
Cooper M., Carter K., de Klerk N., Jones T., Davis E., A childhood onset Type 1
Diabetes cohort followed 20 years into early adulthood: predicting complications for tar-
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geted early intervention. Longitudinal Data Conference 2016. October 25-27. Canberra,
Australia. 2015. [Chapters 7-9]

1.4.3

Awards

Best abstract (without results): Complications and co-morbidities of childhood onset diabetes in early adulthood: a contemporary population based study. Cooper M.,
Carter K. Devadason S., de Klerk N., Davis E., Jones T., Telethon Institute for Child
Health Research - Postgraduate Student Circle Symposium. August 20. Perth, Australia. 2012. [Chapters 5-9]
Best abstract (with results): Excess mortality in early adulthood in a population
based childhood onset Type 1 Diabetes cohort. Cooper M., de Klerk N., Davis E.,
Jones T., Telethon Institute for Child Health Research - Postgraduate Student Circle
Symposium. August 26. Perth, Australia. 2013. [Chapter 9]
Best oral presentation (with results): Educational performance in a populationbased contemporary cohort of children with type 1 diabetes. Cooper M., McNamara
K., de Klerk N., Davis E., Jones T., Telethon Institute for Child Health Research Postgraduate Student Circle Symposium. August 25. Perth, Australia. 2014. [Chapter
6]
Travel Award: The Juvenile Diabetes Research Foundation Travel Award (Round 3
2013). Awarded to fund attendance at the 13th Symposium of the International Diabetes Epidemiology Group and the International Diabetes Federation World Diabetes
Congress in Melbourne, Australia. 2013.
Travel Award: The Juvenile Diabetes Research Foundation Travel Award (Round 1
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Research acknowledgements

Chapter 5 (Page 51), published as a paper titled ”A population-based study of risk
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• Being cited within the ADA Standards of Medical Care in Diabetes 2014 (and subsequent)
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• Inclusion in the Advanced Technologies and Therapeutics for Diabetes 2013 Yearbook, which
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July 2012 to June 2013, with insightful and invaluable expert commentary” [3].
• Inclusion in the Pediatric Endocrinology 2014 Yearbook (published by the European Society
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breakthrough developments in the basic sciences and evidence-based new knowledge in clinical
research and clinical practice that are relevant to the field” [4].
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Research grants
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Diabetes on school performance. Princess Margaret Hospital Foundation Seeding Grant.
2012.
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Chapter 2

Literature review
2.1

Preface

This chapter begins by providing a brief overview of Type 1 diabetes (T1D), its
aetiology, onset and diagnosis, and clinical management, before giving context to
the burden of T1D through a presentation of incidence and prevalence data, with
detail pertaining to international variation in incidence and changes in incidence over
time. The aim of presenting this information is to provide sufficient background for
understanding the review that follows of the epidemiology T1D complications. A
description of the acute and chronic complications associated with T1D is given, in
addition to key insights gained from the prominent studies that preceded this thesis.
The many challenges in interpreting the literature are detailed prior to considering
the contribution that good data and data linkage could make to furthering the
epidemiological knowledge of the complications of T1D and their risk factors.

2.2
2.2.1

Overview of Type 1 diabetes
What is Type 1 diabetes?

Type 1 diabetes is a chronic autoimmune disease, characterised by a loss of insulin production that results in a prolonged state of hyperglycaemia (high levels
of glucose in the blood). Insulin is an anabolic peptide-hormone, produced in and
secreted by the pancreas, that regulates the metabolism of the glucose in the blood
by the body’s tissues. In T1D, the body’s immune system attacks and destroys
the insulin-producing beta cells of the pancreatic islet; the causes that trigger this
immune response remain unknown [5]. Glucose enters the body, and blood, through
the metabolism of food, direct production within the liver, or the conversion of
fat and protein stores. The lack of insulin and the subsequent inability of the
body to metabolise glucose results in an accumulation of unused glucose within the
blood (hyperglycaemia). Hyperglycaemia directly causes a number of acute and, if
prolonged, chronic complications; both these acute and chronic complications can
be life-threatening. To treat and prevent hyperglycaemia, patients with T1D are
required to regularly administer insulin, for the duration of their life, to reduce circulating levels of glucose in the blood with the aim of achieving near-normal blood
glucose levels [6].
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2.2.2

Aetiology and onset of Type 1 diabetes

Although extensively researched, the aetiology of T1D is not yet well understood
[7–9]. Genetic markers, specifically the human leukocyte antigen (HLA) gene on
chromosome 6, are known to increase the likelihood of developing T1D; however,
while 90-95% of individuals with T1D carry the T1D susceptible HLA haplotypes,
only 5% of all individuals with the haplotypes go on to develop the T1D [10]. The
lack of concordance observed with T1D diagnosis in monozygotic twin pairs (approximately 60% concordant) points to the role of environmental factors in triggering the
autoimmune response that leads to the development of T1D [11]. There is a body
of evidence to suggest a possibly lengthy, pre-diabetic period that occurs prior to an
abrupt clinical onset of T1D [12]; during this period patients typically test positive
for the presence of islet cell autoantibodies, markers that signals the pathogenesis
of beta-cell destruction [13]. While population screening for such markers is important for continued studies into the aetiology of T1D, there are currently significant
financial and logistical limitations to this approach.
People with T1D typically first present with symptoms, including but not limited to
the increased passing of urine, excessive thirst, excessive tiredness, and unexplained
weight loss [14]. These symptoms are indicative of some of the acute complications of
T1D. A formal diagnosis is typically made by a clinician soon after the presentation
of an individual with this largely unique set of concurrent symptoms, with results
from glycated haemoglobin A1c (HbA1c ), fasting plasma glucose, and/or random
plasma glucose testing contributing additional information to the diagnostic process
[14, 15].
2.2.3

Management of Type 1 diabetes

The goal of T1D management is to maintain blood glucose levels within a specific,
narrow, near-normal interval (plasma glucose between 4 and 8 mmol/L), which
is achieved primarily through regular insulin supplementation. Insulin is injected
directly under the skin to enable its absorption into the bloodstream. Insulin supplementation can occur either via multiple intermittent injections (typically using
an insulin pen) or via a continuous subcutaneous insulin infusion (CSII) system
(referred to as an insulin pump). The latter involves the insertion of a small cannula within the subcutaneous adipose tissue, the location of which is changed every
2-7 days, that is connected to an external insulin pump. Insulin is engineered into
a variety of forms, typically referred to as short-acting (approximately 2-4 hours),
medium-acting (approximately 10-16 hours), or long-acting (approximately 20-24
hours); these terms indicate the duration over which the insulin is active before it
is fully metabolised [14].
In recent years, new technologies that provide a continuous reading of the patient’s
blood glucose level, presented to the patient on a smartphone or similar device,
10
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have emerged and seen significant developments; these are referred to as continuous
glucose monitoring systems (CGMS) [16]. However, the reality is that the majority
of patients with T1D are still required to manually check their blood glucose level
via a finger prick and the use of a glucometer, at least four times per day (including
during the night), making adjustments to their insulin dose based on the results
[14]. Patients attend clinic approximately every three months for routine checks
and adjustments, if needed, to their insulin regimen; additional assessments may be
required at varying intervals to screen for complication development. Each patient
must carefully consider his or her insulin therapy in relation to diet, physical activity
patterns, sleep patterns, and other life parameters that can affect blood glucose
levels. The burden of managing this complex disease has been shown to have a direct
impact on quality of life, for both the patient and their immediate carers [17, 18].
Comprehensive guidelines for the management of T1D in children and adolescents
are produced by both the American Diabetes Association and the International
Society for Pediatric and Adolescent Diabetes [14, 19].

2.3

The epidemiology of Type 1 diabetes

The prevalence of T1D among children and adolescents aged up to fourteen years in
Australia in 2013 was reported as 139 per 100,000 persons (n=6,091), or approximately one in every 720 persons within that age group. In Western Australia (WA)
this was 131 per 100,000 persons [20]. Internationally, estimates of the prevalence
within this age group range from as high as 416 and 260 per 100,000 persons in
Finland (2000-2005) and Sweden (2005-2007) respectively, to as low as 39 and 16
per 100,000 persons in Mexico (2010) and Japan (1998-2001) respectively [5].
The overall incidence of T1D in Australia in 2013 was reported as eleven per 100,000
person-years (PY) (n=2,323 new cases) [20]. However, as observed internationally
[21], the incidence is highest among those ages 10-14 years (33 per 100,000 PY,
declining to five per 100,000 PY for those aged 45-49 years); approximately 52% of
newly diagnosed cases each year in Australia are aged less than eighteen years. This
gives context as to why for many years T1D was referred to as juvenile diabetes. Up
until the age of fourteen years, the incidence rates for T1D are similar for males and
females (23 and 25 per 100,000 PY in Australia, respectively), however after fifteen
years of age the rate is approximately twice as high in males as in females (10 and 5
per 100,000 PY in Australia, respectively) [20]. Internationally, the highest incidence
of childhood-onset T1D is observed in Finland and Sweden with a reported incidence
of 57 and 43 per 100,000 PY, respectively. Australia is placed within the next tier
of countries and is ranked seventh out of 88 countries captured in the International
Diabetes Federation’s Diabetes Atlas 2011. Australia reports a similar incidence
rate to the United States, the United Kingdom, and Germany, which all report and
incidence rate of between 18-25 per 100,000 PY, Figure 2.1 (Page 12) [22]. The
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incidence of childhood-onset T1D is significantly lower in countries that are not
predominately Caucasian, such as China and Peru where the incidence rates are 0.6
and 0.3 per 100,000 PY, respectively.
Fig. 2.1: International incidence (age-standardised, per 100,000 person-years) of Type
1 diabetes in children aged 0-14 years. Data for pooled across males and females and
arrange in descending order according to the incidence; red line indicates truncation
of figure [22].

The incidence of childhood-onset T1D in WA (between 1985-2010) was reported to
increase from 11 to 18 per 100,000 PY, peaking at 25 per 100,000 PY in 2003, and
with an annual increase of 2.3% per year (95% CI; 1.6,2.9) [23]. A temporal increase
in incidence for children aged up to fourteen years has also been reported in the
EUROpe and DIABetes Study (EURODIAB - a collaboration between seventeen
European countries) at 3.9% per year (95% CI; 3.6, 4.2) [21], and a study from the
United States reported an increase in T1D prevalence from 1.48 per 1000 children
aged up to nineteen years in 2001 to 1.93 per 1000 in 2009 [24]. A thirty-year (19782007) study from Sweden reported a rise in incidence through to approximately 2004
12
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after which time the incidence appeared to plateau [25]. The temporal incidence
in WA has been reported to follow a sinusoidal cyclical pattern with local peaks
observed every five years (Figure 2.2 (Page 13)) [23]; a similar cyclical pattern has
been reported in England [26] and a non-linear trend was reported in Finland [27]. A
portion of the variation observed in the incidence of T1D across the globe has been
explained by distance to the equator, where the reported incidence rates increase
with increase (absolute) latitude [28]. This relationship has also been reported
within WA [29]; with ultraviolet B irradiance and subsequent vitamin D status
being proposed as a potential causative mechanism.
Fig. 2.2: Evidence of a cyclical pattern of Type 1 diabetes incidence in children aged
up to fourteen years in WA (1984-2010); black squares indicate observed incidence;
solid line represents modelled five-year cyclical trend; dotted line represents linear
trend; and (for comparison) white stars indicate peak incidence reported in Northeast
England [23].

2.4

Complications

The hormone insulin was discovered in 1922 [30] and Dr Frederick Banting and Professor John Macleod received the 1923 Nobel Prize in Physiology or Medicine for
their discover [31]. Prior to the discovery of insulin in 1922 and its rapid translation
into a treatment for diabetes, the clinical management of T1D consisted predominantly of a strict diet with limited carbohydrates; patients under this management
plan had a life expectancy of approximately two to four years post-diagnosis, with
the most common cause of death being hyperglycaemic coma [32]. The introduction
of insulin therapy in 1923 saw a substantial increase in patients’ survival; however,
it was soon observed that the mortality rate for individuals with T1D was still
greater than the general population, and patients lives were impacted by a range
of complications. Patients receiving insulin therapy continued to experience acute
complications, such as diabetic ketoacidosis (DKA), defined broadly as the presence
of serum ketones resulting in increased acidity of the blood, typically in the presence
of hyperglycaemia; and also began to experience hypoglycaemia, low blood glucose
13
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levels, a previously unseen acute complication.
Over an extended duration of disease, clinicians observed patients developing many
chronic microvascular and macrovascular complications, at a rate higher than observed within the general population. The microvascular complications included
cardiomyopathy (damage to the heart resulting in a reduced ability of the heart to
circulate blood through the body), nephropathy (kidney damage resulting in impaired kidney function or complete kidney failure), neuropathy (impaired function
of the nervous system resulting in impaired sensitivity), and retinopathy (changes
in the blood vessels of the retina resulting in impaired vision). The macrovascular complications included atherosclerosis (an inflammatory disease resulting in the
thickening of arteries due to the build-up of cholesterol and fatty deposits), cardiovascular disease (which encompasses a range of conditions affecting the circulatory
system), peripheral vascular disease (characterised by a reduction in circulation, outside of the heart and brain, with extremities sometimes developing cyanosis and/or
ulcers), and stroke (disturbance of blood supply to the brain which can result in loss
of brain function) [14, 33].
Many clinical and epidemiological studies were undertaken throughout the second
half of the 20th century to quantify the incidence and prevalence of such complications, and to identify the risk factors associated with their onset. Over time,
additional complications of T1D were recognised including, but not limited to, psychiatric disorders and potential deficits in cognition. The aetiology and epidemiology of T1D complications are complex and have been extensively researched to date
through a variety of study designs; an overview of these studies into the aetiology
and epidemiology of T1D complications is presented below.

2.5
2.5.1

Acute complications
Diabetic ketoacidosis

DKA is a consequence of under-insulinisation and occurs in two settings in T1D,
either at the time of diagnosis or as a consequence of inadequate treatment in known
T1D. The symptoms in the patient include dehydration, frequent urination, rapid
breathing, and flushed cheeks, while more severe symptoms include abdominal pain,
vomiting, and coma [34]. Ketoacidosis typically develops gradually over several
hours or days. The inability of cells in the body to source energy from the circulating
glucose, given an insufficient supply of insulin, leads to the metabolism of fat as an
alternate energy source. Ketones, which are acids, are by-products generated by
this process, and the subsequent accumulation of these ketones leads to a decrease
in the blood’s pH, resulting in acidosis. A diagnosis of DKA typically involves blood
tests, in order to detect and determine the level of ketones present. Formal criteria
includes the confirmation of 1) hyperglycaemia (blood glucose >11 mmol/L), 2)
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venous pH <7.3 or bicarbonate <15 mmol/L, and 3) ketonemia and ketonuria [35].
Depending on the level of concurrent hyperglycaemia, treatment for DKA typically
includes carefully monitored administration of insulin and replacement of fluids [2].
Patients generally respond well to treatment, with recovery occurring over 24-48
hours; however, if DKA is untreated it can lead to further severe complications or
death.
Individuals can present with DKA at the time they are diagnosed with T1D, with
the gradual onset and worsening of DKA and its associated symptoms resulting
in individuals or their carers to seek medical treatment. Clinical audits report
the percentage of individuals with DKA at T1D diagnosis range from 19%-75%
[36–39]. Many centres have reported an increase in the percentage of individuals
that are comorbid with DKA at the time of their T1D diagnosis. An audit in
Colorado, United States (n=3,439) reported that the percentage of patients with
comorbid DKA at T1D diagnosis increased from 29.9% in 1998 to 46.2% in 2012
[39], similarly, a registry analysis in Malaysia (n=490) reported an increase from
54.5% in 2000 to 66.7% in 2009 [37]. Following the establishment of an insulinbased diabetes management plan, the subsequent incidence of DKA is relatively
low, with risk estimated to range between 1%-10% per patient per year [40, 41].
Few risk factors have been identified as predictive of the incidence of DKA. Associations have been reported between episodes of DKA and older age (within females
only), higher HbA1c , higher insulin dose, and comorbid psychiatric disorders [41, 42];
typically these associations have been small to moderate in effect size, and these findings require. Little is known about the long-term impacts of DKA, or the association
between the incidence of DKA and subsequent changes in brain morphology (such
as decreased in the cerebral white matter) or brain function (such as lower delayed
memory recall, and sustained and divided attention) [41].
2.5.2

Severe hypoglycaemia

Hypoglycaemia, or low blood glucose levels, can be diagnosed as mild, moderate
or severe, depending on the symptoms the patient is experiencing and the absolute blood glucose level. The main causes of hypoglycaemia are physical activity,
missing a meal, and incorrect insulin dose relative to food eaten. Symptoms of hypoglycaemia include blurred vision, confusion, dizziness, pounding heartbeat, slurred
speech, sudden hunger, and sweating. There is no specific blood glucose level at
which all patients will exhibit these symptoms; the majority of patients will begin
to exhibit some of these symptoms as their blood glucose passes below 4 mmol/L.
It has been reported that somewhere between 30%-54% of patients with T1D may
experience some degree of hypoglycaemia unawareness [43, 44]. Hypoglycaemic unawareness, also known as ‘impaired awareness of hypoglycaemia’, means they have a
defective symptomatic and counterregulatory hormone response to hypoglycaemia,
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so that they may not display the typical symptoms that can prompt self-treatment.
Hypoglycaemia is treated by ingesting glucose, which can be in the form of glucose
tablets, fruit juice, soft drink, or other high glucose snack such as jelly beans. Following treatment, symptoms typically wane and patients are advised to temporarily
increase blood glucose monitoring.
Episodes of severe hypoglycaemia are distinct from mild and moderate hypoglycaemia; these are strictly defined in paediatrics as low blood glucose leading to loss
of consciousness or seizure. Severe hypoglycaemia, if untreated, can lead to death.
Unlike treatments for mild and moderate hypoglycaemia, treatment for severe hypoglycamia cannot be self-administered and hence requires a third party to administer
glucagon via intramuscular or subcutaneous injection, or intravenous glucose.
The Diabetes Control and Complications Trial (DCCT) was a landmark randomised
controlled trial that commenced in 1983 [45]. In brief, 1441 patients were stratified
into primary and secondary prevention groups based on the duration of disease and
presence of retinopathy and microalbuminuria. Patients were randomised to receive
either standard therapy (up to two injections per day and standard care) or intensive experimental therapy (aimed at achieving glycaemic control as near-normal as
possible achieved by either CSII or multiple daily injections). The DCCT demonstrated that intensive therapy, if successful in achieving near-normal glycaemic control, significantly reduces the incidence of microvascular complications; this finding
provided important insights for the development of clinical care guidelines in defining optimal glycaemic control. However, an increase in severe hypoglycaemia was
observed in parallel with the reduction in microvascular complications [46]. In the
DCCT, episodes of severe hypoglycaemia occurred at a rate approximately three
times higher in the intensive therapy group (mean HbA1c 7.2%) compared to the
standard therapy group (mean HbA1c 9.0%), 62 vs 19 per 100 PY respectively [47].
An exponential increase in the rate of severe hypoglycaemia was observed as HbA1c
decreased in value, assessed by dividing the data from participants within the intensive management arm (n=711, mean age at baseline=27 years, followed for a mean of
6.5 years) into HbA1c deciles (Figure 2.3 (Page 17)). Clinicians and researchers were
then faced with a challenge in identifying therapies that facilitated the achievement
of optimal glycaemic control whilst mitigating the risk of severe hypoglycaemia.
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Fig. 2.3: Rate of severe hypoglycaemia by HbA1c decile in patients receiving intensive
therapy during the DCCT study; line represents the regression line of the log of HbA1c
value, with dashed lines representing the 95% confidence interval [46].

In WA, the post-DCCT adoption of intensive insulin regimens in 1993/1994 saw a
concurrent improvement in glycaemic control and a rise in the rate of severe hypoglycaemia [48]. In a study of 1,335 children and adolescents (mean age at entry 9.5
years) spanning 1992 to 2002, 944 episodes of severe hypoglycaemia were observed
[49]. During this period the incidence rate of severe hypoglycaemia increased from
7.8 per 100 PY in 1992 to a peak of 20.0 per 100 PY in 1996, before stabilising
at a rate of 16.6 per 100 PY in 2002; these changes occurred concurrently with a
decrease in mean HbA1c from 10.9% in 1992 to 8.1% in 2002 (Figure 2.4 (Page 18)).
Risk factors that were independently associated with an increased risk of severe
hypoglycaemia included younger age (<6 years age), being males, longer duration
of diabetes, increased number of injections per day, higher insulin dose, a higher
socio-economic background, and lower HbA1c (better glycaemic control).
Compared with the earlier years of the Bulsara study [49], during the latter years of
the study, a higher proportion of patients were on a more intensive insulin regimen
(higher number of injections per day), the use of analogue insulin was increasing, and
in 2000 a small portion of the cohort began using insulin pump therapy. This study
identified the need for further monitoring of the incidence of severe hypoglycaemia
as insulin pump usage increased. A study of 1,243 children and adolescents, forming
a clinical cohort, from Denver, Colorado in the United States reported an incidence
of severe hypoglcaemia of 19 per 100 PY (1996-2000), a rate similar to that observed
in WA during the late 1990s. The authors of the Denver study reported a similar
decrease in risk of severe hypoglcaemia with older age and an increased risk with
longer duration of T1D [41].
17

2.5. ACUTE COMPLICATIONS

Fig. 2.4: Rate of severe hypoglycaemia (A) and mean HbA1c (B) per calendar year
in WA (1992-2002) [49].

A follow-up of the WA cohort study by O’Connell et al. (n=1,683) from 2000-2009
reported a subsequent decline in the incidence of severe hypoglycaemia to a level
that was relatively stable between 2006 and 2009 ranging from 5.8 to 7.9 per 100 PY
[50]. HbA1c was relatively stable during this period at a mean of 8.3%; these results
indicated that good glycaemic control (an HbA1c <7% relative to those with an
HbA1c 8-9%) was not associated with an increased risk of severe hypoglycaemia. A
retrospective, international, multi-centre study of children and adolescents (n=115)
who had transitioned to pump therapy (with greater than five-years use) reported
a non-significant difference in the rate of severe hypoglycaemia (4.0 vs 2.8 per 100
PY) between baseline and the end of follow-up (observation ranged 5-12 years)
[51]. A meta-analysis of 22 studies examining the incidence of severe hypoglycaemia
in patients using multiple daily injections and pump therapy reported a greater
than four-fold reduction (risk ratio (RR) 4.2; 95% CI; 2.9, 6.1)for those on pump
therapy [52]. This meta-analysis included both randomised controlled trials (n=6)
and before-and-after studies (n=16), where the observed pooled rate-ratios were 2.9
(95% CI; 1.5, 5.8) and 4.3 (95% CI; 2.9 to 6.6) respectively. The studies within
this meta-analysis included subjects of all ages, were limited in individual sample
sizes (with sample sizes that ranged from 5-223), were short in duration (range 6 to
48 months) and were reported to have high heterogeneity (I2 =99.7%). The authors
acknowledge that one of the limitations of the study was the data were derived from
studied patients who were receiving an increased level of care, and as such, their
findings may not be representative of the general T1D populations.
The change in risk factor profiles for episodes of severe hypoglycaemia observed
to date in the epidemiological studies, the increased adoption of pump therapy
and the recent insights gained from clinical trials (with strict inclusion criteria,
small samples, and relatively limited follow-up) suggest that there would be value
in undertaking further studies to understand the contemporary epidemiologicallandscape of severe hypoglycaemia. Large population-based-longitudinal clinical
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registries, like the WACDD, are required to accurately assess temporal changes in
the incidence of severe hypoglycaemia and to provide sufficient observations to assess
the predictive ability of known and hypothesised risk factors.
2.5.3

School performance

The management of T1D requires numerous visits to health professionals over the
course of any given year for assessment of the patient’s diabetes management, treatment regimen, and for complication screening. While these are often scheduled to
fit around schooling commitments, these medical appointments and any diabetesrelated ‘sick days’ may lead to children and adolescents with T1D experiencing
increased absenteeism from school. The educational development of children with
T1D may also be affected by cognitive changes resulting from complications such as
hyperglycaemia; sustained hyperglycaemia has also been linked to neuronal damage
[53]. It is thus logical to examine the impact T1D may have on cognitive ability.
Assessing cognitive ability is a complex task and there is a broad range of validated
neuropsychological assessment tools that can be used, under strict testing settings,
to objectively quantify a child’s ability. These tests often focus on a single domain,
for example, visuospatial ability, but may also include sub-domains, such as working
memory, verbal learning, and immediate memory.
A meta-analysis of fifteen studies (1980-2005) assessing cognition within children
and adolescents with T1D (with sample sizes that ranged 28-372) reported T1D
was significantly associated with poorer performance in visuospatial ability, motor
speed, writing, sustained attention, and reading [54]. The Cohen’s d effect size for
these associations ranged between -0.21 and -0.28, with smaller effects observed for
full IQ, performance IQ, and verbal IQ, Cohen’s d effect size ranging between -0.14
and -0.18. The authors concluded that children with T1D have mild cognitive and
intellectual functioning impairment, however, the effect sizes indicated these deficits
were unlikely to be clinically significant. A more recent study comprising children
and adolescents with T1D (n=106) and healthy controls (n=75) who had been assessed twelve years prior demonstrated no difference in full-scale IQ across eight
cognitive function domains, after adjusting for socio-economic status, gender, and
age. The children and adolescents with T1D were reported to have poorer working memory, and an earlier age of T1D onset was associated with poorer sustained
attention, divided attention, new learning efficiency and mental efficiency. History
of severe hypoglycaemia has been reported to negatively impact cognition [54, 55],
however, due to the age of children during assessment, as well as the duration of
diabetes, the relative rarity of severe hypoglycaemia, and the small sample size of
most cognitive studies, it is difficult to accurately quantify this association and thus
these findings must be interpreted with caution.
A meta-analysis of 33 studies of adults with T1D (with sample sizes that ranged 16-
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242) supports many of these findings, with observed deficits within the T1D group
in intelligence, speed of information processing, psychomotor efficiency, visual and
sustained attention, cognitive flexibility, and visual perception (Cohen’s d effect size
ranging between -0.3 and -0.7) [56]. While studies have shown an impact of T1D
on the neurophysiological and cognitive profile of patients from adolescence and
into adulthood [53], other well-designed studies assessing multiple domains report
observing no deficit [57].
While immediate (fluid) neuropsychological performance, the ability to solve new
problems with no prior knowledge and to infer through reasoning, is one area of
cognition that has been studied, there have been few studies that have examined
more crystallised (learned) outcomes of cognition, for example, school performance
as assessed through standardised academic testing. The largest study in this area to
date is from Sweden where the final school grades (a five-level scale [1 to 5]) of children with T1D (n=5,159) were examined relative to over one million non-diabetic
peers [58]. The authors reported a small but statistically significant deficit in mean
final school grade for those with T1D compared to the control group (3.15 vs 3.23, p
<0.001); onset of T1D at a younger age was associated with poorer performance. A
follow-up study of a subset of this cohort (n=2,485), employing a matched cohort design (matched by birth year and residence at time of T1D diagnosis), also examined
final school grade with the addition of data pertaining to upper-secondary school
grade, school completion, and labour market participation at 29 years of age [59].
The authors reported a similar deficit in final school grade (3.13 vs 3.21, p <0.001)
and a deficit in upper secondary school grade, both for those preparing for higher
education (3.37 vs 3.43, p=0.027) and those engaged in vocational programs (3.06
vs 3.11, p=0.034). In addition, the T1D cohort was observed to have an adjusted
odds ratio of 0.81 (95% CI; 0.71, 0.92) for completing upper secondary school. For
individuals with T1D that did not pursue upper secondary school education, they
had a decreased odds of employment at age 29 years (OR 0.66; 95% CI; 0.51,0.87);
across all T1D individuals, the adjusted odds of employment was 0.82 (95% CI;
0.73, 0.91). These studies, acknowledging that they are from the same population,
quantify the deficit due to T1D as statistically significant, but of a small magnitude,
and suggest the negative impact of T1D at a school level had long-lasting effects,
predicting the likelihood of future career opportunities.
There have been few studies that have compared school absenteeism between children with and without T1D. A 1985 study from Pittsburgh, United States, reported
that compared to their non-diabetic peers (n=29), adolescents with diabetes (n=33)
missed significantly more school (10.1 vs 5.9 absences per year; p=0.002) due to illness in addition to demonstration a poorer performance in visuomotor tasks, reading,
spelling, and arithmetic [60]. A 2002 study from Iowa, United States, also reported
that children with T1D (n=244) had a higher number of absentee days (7.3 vs 5.3
absentee days per year; p <0.02) than their siblings (n=110), however, this was ob20
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served in the absence of any observed deficient in school performance [61]. A more
recent study (2005) from Toronto, Canada, reported that children and adolescents
with T1D (n=78) missed more days of school than their siblings (n=38; mean 10.9 v
8.1; p <0.001) and their age-matched peers (n=118,269; median 8.5 v 5.5; p <0.001)
per school year [62]. Poorer metabolic control, shorter duration of T1D, and parents’
attitudes towards school absenteeism were associated with increased absenteeism;
the authors conclude that near-normal school attendance is a reasonable goal for
children with T1D.
The deficits observed in school performance of children with T1D in the studies
are relatively small [58, 59], and these findings are yet to be replicated outside of
Sweden. The studies are large and population-based, however, the school performance measures used had limited discriminatory ability (a 1 to 5 scale), the control
matching was not undertaken at the school level (only region of residence), and
both clinical data (beyond age at T1D onset) and data pertaining to absenteeism
were not available. Further insights into these difference in school performance may
be gained from employing a more comprehensive study design and utilising richer
data sources and more variable assessments; there will also be significant value in
replicating these findings within a different setting.

2.6

Chronic complications

Many microvascular complications, macrovascular complications, and psychiatric
disorders span a broad range of severity, and not all of these complications follow a
predictable progression of severity [33]. The spectrum of interventions for complications is similarly varied, with intervention efficacy ranging from slowing the rate
of complication progression, to cure. For example, background retinopathy (which
includes small haemorrhages in the middle layers of the retina) may progress to proliferative retinopathy (characterised by new blood vessels forming on the surface of
the retina, leading to vitreous haemorrhage and potentially blindness); the intervention selected to rectify the development of retinopathy may be increased intensity
of blood glucose management, anti-vascular endothelial growth factor therapy, or
laser photocoagulation [63]. Given this spectrum of complications and their interventions, gaining a complete understanding of the aetiology and epidemiology of the
complications of T1D requires a variety of study designs to be employed.
Different study design methodologies lend themselves to assessing the clinical endpoints at different stages of the spectrum, essentially all addressing similar, but
subtly different, versions of the same question. In RCTs, patients will likely undergo specialist assessment for development of an a priori defined outcome; for
example, the primary outcome in the DCCT, retinopathy, was assessed via stereo
fundus photography, taken by DCCT-certified photographers at baseline randomisation and every six months thereafter [45]. While this provides consistent, rich data
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for study, the financial and logistical requirements of such data collection methods
mean they are unlikely to be feasible options for long-term monitoring at the population level. Cross-sectional surveys and assessments (structured or semi-structured
interviews) are often used for assessing mental health status; for example, a metaanalysis of depression and poor glycaemic control published in 2004 examined 24
studies where self-report instruments were used to assess depressive symptoms, such
as the Beck Depression Inventory [64] or the Center for Epidemiological StudiesDepression Scale. Across the 24 studies, eleven different symptomology questionnaires were used. While this method can provide a detailed overview of a cohort
at a point in time, these methodologies typically assess current mental state, may
rely on patient recall for time of onset (if collected), and may not be a generalisable
assessment of healthcare burden, as it pertains to antidepressant prescriptions and
psychiatric service utilisation.
2.6.1

Vascular complications

The study of vascular complications has many similarities to the study of psychiatric disorders, in that the complications range widely in severity, can be transient,
and can reoccur. These characteristics, in conjunction with the lengthy manifestation of the more severe forms of these complications, make assessing the prevalence
of these complications difficult. Following the widespread adoption of intensive insulin management during the 1990s, an increasing number of studies have been
published that detail both a decline in incidence and a delay in onset of vascular
complications from T1D. A repeated cross-sectional study of adolescents from Sydney Australia (n=878), with three data collections between 1990-2002, reported a
significant decline in (i) the incidence of retinopathy (49% to 24%), (ii) elevated Albumin Excretion Rate (AER) (38% to 25%), and (iii) presence of microalbuminuria
(7% to 3%) across the study period [65]. However, while autonomic nerve abnormalities were unchanged, peripheral nerve abnormalities increased; during the study
period, median HbA1c was stable despite an increase in intensive management. A
cross-sectional study of adolescents from Turkey (n=155) between 2011-2012, reported a mean HbA1c of 8.4% and concurrent microalbuminuria, dyslipidemia, and
hypertension levels of 16.1%, 30.3%, and 12.3% respectively [66]. Severe vascular
complications typically take many years to manifest, however, these studies, while
not without their limitations, such as those found in cross-sectional design or selection bias, nonetheless demonstrate that early signs of vascular complications can be
evident early in the course of T1D.
The DCCT and the observation follow-on of the DCCT participants in the Epidemiology of Diabetes Interventions and Complications (EDIC) study, have provided
many important insights into the role of glycaemic control and other risk factors in
the development of vascular complications. At the end of the DCCT, participants
within the convention therapy (standard therapy) arm adopted intensive therapy,
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and the mean HbA1c levels of this group converged with that of the intervention
group (intensive therapy). The EDIC study gave light to the concept of metabolic
memory, after the original intervention group saw a continued reduction at the fouryear EDIC assessment in the risk of a three-step progression of retinopathy; this
was attributed to the extended period of the DCCT during which these patients
glyceamic control was significantly better (i.e. lower) than that of the conventional
group [67]. However, in contrast to the adult cohort (aged 18-39 years at DCCT
enrolment), in the adolescent cohort (aged 13-17 years at DCCT enrolment), this
benefit had waned by the ten-year EDIC assessment. While the enrolment criteria
for DCCT participants, and the treatment and clinical care they received limit the
interpretation of complication incidence within these participants, the robust study
design, comprehensive data collection, and standardised approach to complication
assessment in the DCCT and EDIC studies provided, and continue to provide, clear
evidence for the adoption of intensive management early in the course of T1D.
The quality of the population-based data registries within the Nordic countries has
facilitated many longitudinal studies into the incidence of vascular complications of
T1D. In an early adulthood follow-up study of a Danish childhood-onset T1D cohort
(n=309; mean age 21.1 years, range 12-27 years), microalbuminuria and macroalbuminuria were reported in 9.0% and 3.7% of individuals, respectively [68] and approximately 60% had level-1 retinopathy, based on the EURODIAB-Hammersmith
grading system [69]. Age, duration of diabetes, HbA1c , diastolic blood pressure
and AER were all independently associated with increased risk of retinopathy. This
study also reported sub-clinical neuropathy in 62% of the cohort and concluded that
vibration perception threshold, assessed by a handheld biothesiometer, was a suitable screening tool to detect neural abnormalities but that further studies would be
required to determine if this would prove useful for predicting the development of
clinical neuropathy. A Swedish study defined a cohort (n=426), diagnosed between
the ages 15-42 years between 1987-1988, and using questionnaires and medical record
examination over a nine-year follow-up period, observed that 5.6% of the cohort
had developed overt nephropathy [70]. A high mean HbA1c and high blood pressure
were reported as predictive risk factors for nephropathy, in addition to symptoms
of decline in renal function within the first ten-years of diabetes duration. Another
population-based study from Sweden followed a childhood-onset T1D cohort (n=94)
for a mean of twelve years into early adulthood and observed diabetic nephropathy
and background retinopathy in 18% and 48% of the cohort, respectively. Not only
was a higher mean HbA1c during follow-up associated with complication onset, but
mean HbA1c with the first five years of T1D was also predictive of complication
onset [71].
The Swedish Childhood Diabetes Registry was linked to the Swedish Hospital Discharge Register, to follow a childhood-onset T1D cohort (n=9,974), for a minimum
of ten years, to quantify the incidence of hospitalisation for vascular complications
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[72]. They reported an overall incidence rate of vascular complications as 7.3 per
1000 PY, with kidney disease being the most common cause of hospitalisation, and
63 (0.6%) having more than one diabetic complication. Female gender and older age
of T1D onset were risk factors associated with increased risk of hospitalisation. In
a cohort from Finland (n=20,005), diagnosed with T1D (aged <30 years) between
1965-1999 and followed until 2001, 632 patients developed ESRD which equated
to a cumulative incidence of 2.2% and 7.8% at twenty- and thirty-year duration,
respectively [73]. The risk of ESRD diagnosis was lower for individuals diagnosed
with T1D before the age of five years, an observation also reported elsewhere [71],
and in later calendar years. Examining these population-based data registries and
using data linkage has enabled researchers to observe and quantify the prevalence of
vascular complications early in the course of T1D and the increase in their incidence
with increasing duration of T1D, and has provided further insights into the complex
role of metabolic control as a risk factor for vascular complication development.
Magnetoencephalography was used in a matched-design study of 44 middle-aged
individuals with T1D with and without proliferative retinopathy, with the addition
of a non-diabetic control cohort, which determined that individuals’ microvascular
complication status was associated with impaired functional connectivity within the
brain [74]. While this study was preliminary research, it suggests that changes may
manifest in the brain concurrent with the development of severe microvascular complications. A cross-sectional study from the EURODIAB collaboration (n=543),
demonstrated that markers of inflammation were independently and significantly
elevated within individuals with microvascular and cardiovascular complications;
while not a causal observation, these data are consistent with the hypothesis that
inflammatory activity is involved in the pathway of small- and large-vessel disease
[75]. The Wisconsin Epidemiologic Study of Diabetic Retinopathy, a T1D cohort
(n=966) representing 82% of the patients receiving care within a defined area of
Wisconsin, United States, between 1979-1980 (with follow-up at years 4, 10, 14,
and 20), reported the twenty-year follow-up age-adjusted cumulative incidence of
angina as 18.1%, myocardial infarction as 14.8%, and stroke as 5.9% [76]. The
vast majority of these patients were under the age of 36 years at baseline, and the
study, therefore, provides valuable insights into the incidence of complications during early- to mid-adulthood. These studies highlight both the complex pathways
involved in the development of vascular complications, and the continual development and comorbidity of vascular complications in T1D populations as duration of
T1D increases.
2.6.2

Mental health related issues

The World Mental Health Survey, which was a comprehensive study from the World
Health Organisation, characterised the peak in incidence of anxiety disorders as occurring during adolescence and early adulthood, with the peak in incidence of mood
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disorders and substance dependence disorders occurring during early adulthood [77].
Given that this follows the peak in age of onset for T1D, and the outlined demands
of the T1D patient for adherence to their treatment regimen and management plan,
one may naturally form the hypothesis that individuals with T1D would be at increased risk of developing psychiatric disorders. The importance of considering T1D
patients’ mental health has been recognised for some time, with the ISPAD Consensus Guidelines 2000 stating that “Psychosocial factors are the most important
influences affecting the care and management of diabetes” [78]. A review of the literature highlights the many dynamic factors involved in the relationship between T1D
and psychiatric disorders, of which, time-in the form of both age and duration-plays
a key role.
Standardised questionnaires relating to anxiety and depressive symptoms are commonly used to assess the prevalence of psychiatric disorders within clinical and cohort
studies of adolescents and young adults have a link with T1D. A cross-sectional study
from New York, United States (n=150), of late adolescent to early adult patients
with T1D (aged 11-25 years), reported depression, anxiety, and disordered eating
as common (11.3%, 21.3%, and 20.7%, respectively) [79]. Participants in this study
completed the Beck’s Depression Inventory, the Screen for Child Anxiety-Related
Emotional Disorders anxiety screen, and the Eating Disorder Screen for Primary
Care assessment. Participants in a longitudinal clinical-cohort study of young adults
(aged 17-25 years) from the United Kingdom (n=113) were assessed at two-time
points, approximately ten years apart, via symptomology questionnaires and interviews [80]. During this interval, the prevalence of psychiatric disorders increased
from 16% to 28%, with 8% meeting the criteria for a psychiatric disorder at both
assessments. Baseline symptomology predicted both follow-up symptomology and
the incidence of acute complications. A cross-sectional study of individuals (aged 20
years and older) with T1D (n=267) from Ireland, reported high levels of moderateto-severe anxiety (16.1%) and depressive (9.7%) symptoms, determined using the
Hospital Anxiety and Depression Scale [81]. Risk factors associated with higher
symptoms scores included diabetes complications, smoking, being an ex-drinker or
a heavy drinker, female gender, and poor glycaemic control. These studies highlight
the prevalence of these disorders, as assessed via self-report symptomology, across
early adolescence to early adulthood; despite being relatively small in sample size,
they implicate glycaemic control and lifestyle choices as risk factors for increased
severity of symptoms and suggest a high level of disorder reoccurrence.
While studies examining the symptoms of psychiatric disorders provide valuable
insights, and offer logistical benefits, in terms of both cost and time, studies that
use structured interviews or apply criteria aligned with the American Psychiatric
Association Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) provide a clearer picture of clinically diagnosed psychiatric disorders. A prospective
study, commencing at T1D diagnosis, of adolescents (n=41), reported that at the
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ten-year follow-up assessment, 37.0% of the cohort met the DSM-IV criteria for a
psychiatric disorder, a level two-to-three times higher than the reference population [82]. A similar study (n=92) from Pittsburgh, using repeated assessment via
semi-structured interview during the first ten years of diagnosis reported psychiatric
disorders in 47.6% of the cohort, with major depressive episodes the most prevalent
disorder, and incidence peaking during the first year of diagnosis [83]. Further study
of this cohort, examining the course and outcome of the major depressive disorders
quantified the median time to recovery as 6.4 months and determined that within
two years post-recovery, 32% were at risk of a new episode. The risk of recurrence
was similar within the control cohort; however, the risk of recurrence was nine times
higher in young women compared to young men [84]. The prevalence of disorders
reported in earlier studies employing more thorough assessment methodologies is
notably higher than that reported in the studies assessing the symptoms of psychiatric disorders. Despite these earlier studies having a smaller sample size than the
later studies of the symptoms of psychiatric disorders, the use of more stringent criteria for diagnoses in conjunction with the breadth of data collected provide robust
support for the observations relating to recurrence, and the role of glycaemic control
and female gender, across the adolescent to early-to-mid adulthood period of life.
Few studies have examined anti-depressant use among young adults with T1D or
have incorporated data linkage into their design. A 2011 study from Finland including 50,027 persons with insulin-treated diabetes reported an unadjusted prevalence
ratio for use of antidepressants of between 1.5 and 1.6 for men and women aged
15-24 and 25-44 years, relative to the non-diabetic population of over four million
individuals [85]. A Swedish study used a national childhood diabetes registry to
identify a population-based childhood-onset T1D cohort (n=7,411); via linkage, a
matched comparison-cohort (n=30,043) was sourced and individual-level prescription data from the Swedish National Drug Register were obtained. While the study
found that antidepressant prescriptions were higher within the T1D cohort (9.5%)
compared to the comparison cohort (6.8%), after adjustment for sex, age and socioeconomic risk factors, this increase in risk was not statistically significant (OR 1.11;
95% CI; 0.99,1.21) [86]. Data linkage of patients with schizophrenia from the Danish Psychiatric Register (n=7,704) identified an increased risk of schizophrenia for
individuals with an autoimmune disease; however, the risk for patients with T1D
specifically was reduced, with an adjusted incidence rate of 0.7 (95% CI; 0.4,1.0)
[87]. The analysis of individual unit records potentially allows for the objective
analysis of both mild, prescription-defined disorders, and more severe, engagement
with specialist-care defined disorders, in addition to tracking the temporal patterns
of disorder onset and recovery within the course of T1D.
There have been multiple reviews conducted of the literature to summarise the body
of knowledge pertaining to the psychiatric disorders associated with T1D. A critical review of outcomes relating to anxiety and depression in 2003 concluded there
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was sufficient evidence of an association between the incidence of childhood-onset
T1D and the increased risk of subsequently developing a psychiatric disorder [88].
Furthermore, the authors noted, the presence of anxiety and depression disorders
immediately following the onset of T1D was deemed to play a role in adaptation
to the disease, while the relationship between psychiatric disorders and subsequent
glycaemic control was less clear. In contrast, a 2013 systematic review, of 23 articles
published between 1999-2011 examining depression within young adults (age <25
years) with T1D concluded that the evidence was inconclusive as to whether there
was an increased prevalence of depression in this population. The authors of the
review acknowledged the body of evidence supporting the contemporary observation of poor glycaemic control among those who were more depressed [89]. A major
conclusion of both these reviews was the methodological problems faced when assessing the research, including problems with research design, the measurement of
depression, inadequate reporting of results, and lack of a control group among the
studies reviewed.
Individuals with T1D are deemed to be at an increased risk of developing a psychiatric disorder when compared to their general population peers. An assessment of a patient’s risk factor profile, in conjunction with an assessment employing
a psychiatric-disorder screening-tool, may indicate that psychiatric support is required. Screening tools for determining levels of depression within individuals with
T1D have been studied, with the standard clinical assessment performing modestly (specificity 56%) in comparison to the Beck Depression Inventory, Center of
Epidemiological Studies - Depression Scale, and the Problem Areas in Diabetes assessment (specificity 87%, 79%, and 81% respectively) [90]. Hermanns et al. noted
that the ability of these measures to identify diabetes-related distress was modest.
The repeatedly reported high prevalence of psychiatric disorders in individuals with
T1D supports the need for accurate assessment tools that can be applied, within
the setting of T1D clinical care, to identify patients early in the manifestation of
their psychiatric disorder [91]. The lifestyle adjustment required of the individual
diagnosed with T1D to manage the disease can be stressful and may impede on
quality of life; particularly as it relates to childhood-onset T1D where factors like
family and school functioning play an important role in quality of life.
2.6.3

Challenges in studying chronic complications

Due to the complex nature of chronic complications of T1D, studies typically examine or present data based on a single chronic complication; however, it is highly
likely that these complications, both psychiatric and vascular, interact. A review of
the literature highlights the following major challenges that are present in studying
the chronic complications of T1D:
• Availability of (good quality) longitudinal-data
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• Complications have a broad range of severity
• Multiple ‘time’ related variables are important (age, age of T1D onset, age of
complication onset, duration of diabetes)
• Standard definitions are not always available (for both complications and risk
factors)
• Standards of care change over time and previous study findings may not be
relevant to a contemporary clinical setting
• There are many known and unknown confounders (which themselves are affected by these challenges)
• There is a broad range of tools (instruments, techniques) available for complication assessment
There have been repeated acknowledgements in the literature of the need for more
population-based studies of the complications associated with childhood-onset T1D
[72, 88]. The need for more population-based studies in this area arises from the
limitations of the current literature, which include: study design; sample representativeness; the lack of a control group in many studies; variation in complication
assessment methods; and the inappropriate handling of time in data analysis [78, 92].
2.6.4

Mortality

The introduction of insulin therapy and the refinement of multifaceted clinical management strategies throughout the twentieth century saw significant improvements
in patient mortality. However, despite these improvements, in 2003 the United
States Centers for Disease Control and Prevention estimated that a ten-year-old
developing diabetes in the year 2000 would lose, on average, approximately nineteen
years of life compared with a non-diabetic peer [93]. Mortality studies of T1D have
shifted from consisting of individual or multiple case-reports [32] to being based
on large cohorts. These cohorts are typically defined based on region-often based
on the population captured by a specific clinic [94]-or through a pharmaceuticals
registries where patients are defined based on their requirement of regular insulin,
often in conjunction with a date of diagnosis derived from their first record within
the registry [95, 96]. These studies provide valuable insights, although they are not
without limitations that stem from their design, including the introduction of bias
from non-representative samples and lack of specificity from the misclassification of
individuals.
Standardised mortality ratios (SMR) are used to quantify the mortality rate of a
population relative to a reference population, generally, the reference population in
T1D studies is either the non-diabetic or general population. Specific to T1D, excess
mortality could be attributable to either a diabetes-related acute event (occurring at
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any age) or from complications resulting from chronic disease. There is substantial
variation in recently reported SMRs for T1D, ranging from as low as 2.1 in a Swedish
cohort (n=3,228) examining death before fifteen years of age observed prior to 1985
[97], to as high as 12.7 in a Japanese cohort (n=1,408) examining death before 43
years of age observed prior to 1994 [98]. The majority of reported SMRs fall between
2.0 and 6.0 [99–102], with little relationship seen between a country’s incidence of
T1D or income (gross domestic product) and the T1D SMR [101]. The observation
within the Japanese cohort cannot be attributed entirely to the age at end of followup or duration of diabetes as these data were analysed with data sourced using
the same inclusion criteria from Finland (n=5,126) where the SMR was 3.7; and
the Japanese data reported a significant increase in survival between individuals
diagnosed between 1965-1969 and 1975-1979 where the SMR reduced from 15.7 to
6.9 respectively.
The observed decline in the SMR for T1D over time has also been quantified and
thoroughly characterised within a number of study settings. Data from the Pittsburgh Epidemiology of Diabetes Complications Study, comprising patients diagnosed with childhood-onset T1D (aged <17 years) between 1950-1980 at the Children’s Hospital of Pittsburgh, United States, were used to determine that the overall
SMR, with a median of 33 years of follow-up, was 6.9 [103]. The SMR was reported
as higher (RR=1.86) in individuals diagnosed between 1965-1969 compared with
individuals diagnosed between 1975-1979, and after an initial drop between five and
ten years of T1D duration, the SMR steadily increased with increasing duration.
A subsequent study of this cohort reports that in patients with no indication of
kidney disease (classified as normoalbuminuria) at baseline, there was no significant
increase in mortality at ten years duration (SMR 1.3) and a small increase (SMR
2.0) at twenty years’ duration, with the SMR significantly increasing with increasing severity of kidney disease [94]; these observations that are supported by earlier
studies [104].
A study of 1,338 deaths during 370,000 PY of follow-up in Finland reported a
decrease in the SMR at twenty years’ duration from 3.5 to 1.9 in the early onset
cohort (diagnosed up to fourteen years of age) between 1970-1974 and 1985-1989,
concurrent with an increase in the SMR from 1.4 to 2.9 in the late onset cohort
(diagnosed between ages 15-29 years) over the same period [96]; these observations
are also supported by earlier studies [105, 106]. The Harjutsalo et al. study also
reported a decrease in the incidence of death from chronic diabetes complications
in the early onset cohort, and an increase in the incidence of death from all acute
diabetes complications, suicide, and alcohol- or drug-related deaths in the late onset
cohort. These observations suggest there have been further delays in the onset of
severe chronic complications, in more recent periods, particularly in individuals with
childhood- and adolescent-onset T1D that have likely benefited from being of more
modern insulin therapies since diagnosis. A common observation in these studies is
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that the SMR is higher for females than for males [96, 98, 101, 106, 107], though
not all studies report this [100].
Only a minority of T1D mortality studies have incorporated individual-level clinical
data, with only a subset of these including data beyond a baseline assessment. In a
population-based cohort study from Wisconsin (n=879), being in the highest quartile for glycaemic control (HbA1c ≥ 12.1%) was associated with an increased risk of
all-cause mortality (RR 2.42; 95% CI; 1.54,3.82) and cardiovascular mortality (RR
3.28; 95% CI; 1.77,6.08) relative to individuals in the lowest quartile of glycaemic
control (HbA1c ≥ 9.4%); these findings were independent of age, sex, smoking status, body mass index, duration of diabetes, or level of proteinuria [99]. A study of
risk factors from a population-based cohort from Denmark (n=389) with data collected between 1993-1996 and mortality assessed until 2006, reported a relationship
between glycaemic control, triglycerides, low-density lipoprotein cholesterol, highdensity lipoprotein cholesterol (inversely), total cholesterol, creatinine, and macroalbuminuria and all-cause mortality [108]; these findings were independent of age, sex,
or duration of diabetes. A nested case-control study from the United Kingdom examining 98 deaths prior to the age of forty years, reported an increased odds ratio
for death based on living along (OR=4.4), past drug abuse (OR=5.7), and previous
psychiatric referral (OR=4.6) [109]. A clinical cohort (n=1,020; 21.3% T1D) from
Minnesota followed from 2005-2010 reported a 3.4 times higher mortality rate for
patients with a self-reported history of severe hypoglycaemia [110]. These observations were enabled through the collection of individual-level data, in a standardised
manner, for a large number of individuals across repeated assessments; they provide
accurate, temporal quantification of the relationship between important clinical risk
factors.
Improvements in the management of T1D have seen an increase in life expectancy
and a shift towards a mortality profile that is similar to that of the general population, where a broad range of causes of death are observed across the age spectrum.
There are challenges in studying mortality during childhood, adolescence, and early
adulthood, as it is a relatively rare event. Causes of death are not always clear
within a cohort whose disease brings numerous physiological changes, meaning access to accurate data is paramount for carrying out sound research. The value in
monitoring death within a chronic disease population is, assuming quality of life
is improved, the ultimate measure of success of the healthcare interventions which
that population undergoes. Few past studies examining the mortality of patients
with T1D have included individual-level clinical and demographic data, with only
a subset of these being population-based. Changes in patient management and the
overall metabolic profile of the T1D population over the past three decades provides
a rationale for assessing the current mortality profile of this patient population.

30

2.7. THE ROLE OF DATA LINKAGE IN COMPLICATION MONITORING

2.7

The role of data linkage in complication monitoring

The preceding overview of T1D and its management, the complications associated
with this disease, and the research completed to date highlight many of the challenges involved in T1D epidemiology research. These include the requirement of
large samples to sufficiently examine rare events, the breadth of known and hypothesised risk factors, and the long duration between T1D onset and the subsequent
development of chronic complications. It would be costly and logistically challenging for one study to adequately cover all these important study criteria, particularly
at a population level. Data linkage (also known as record linkage) is a methodology that brings together data from multiple sources to provide an enriched dataset
capable of meeting a number of these important criteria. The Western Australian
Data Linkage System (WADLS) provides the rare opportunity to combine data from
multiple population-based data registries. The WADLS uses probabilistic matching,
based on identifying details (including first name, last name, date of birth, sex, and
address) to link unit records that include, but are not limited to, births, deaths,
education, hospitalisations, and mental health support service use. Following study
and ethical approval, these data can be extracted, de-identified and made available
for researchers to use.
It is possible for data from any identified WA source to be linked with the WADLS.
Linkage of the comprehensive, longitudinal, prospectively-collected, population-based
paediatric diabetes management data from the WACDD, with data from the WADLS,
would provide a population-based dataset able to provide unique insights into the
life course of childhood-onset Type 1 diabetes. Accurate clinical records, combined
with records specific to complications and their treatment (employing standardised coding), for a total population will provide adequate statistical power, and the
necessary depth and breadth to gain insights into predictive risk factors that may
help identify patients that could benefit from modified clinical care and/or early
intervention [111].

2.8

Conclusions

Type 1 diabetes is a common chronic disease with increasing incidence. Typically,
diagnosed during childhood and adolescence, the management places many demands
on the patient and their carers, and the complications associated with the disease
represent a significant burden on the healthcare system. There is substantial variation in the severity of both the acute and chronic complications associated with
T1D, many of which are rare or develop over a long duration. The continuous evolution of diabetes treatment therapies alters the metabolic profile of patients, and
the effect this has on subsequent complication risk is often unknown or challenging
to accurately quantify. Data linkage can facilitate large, longitudinal, populationbased epidemiological studies to provide estimates into the incidence and prevalence
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of complications, with sufficient ability to characterise the relationships between
risk factors and complication onset. Such studies are necessary for monitoring the
overall burden of complications within a population and providing a contemporary
understanding of the long-term impact of changes in clinical care.

32

Chapter 3

Aims
3.1

Overall aim

The review of the literature in Chapter 2 provided an overview of the international,
national, and local burden of Type 1 diabetes (T1D), contextualising the current
epidemiological knowledge of both the acute and chronic complications experienced
by patients across childhood, adolescence, and into adulthood. It highlighted (i)
the complexity of both living with and clinically managing T1D; (ii) the breadth of
research that has been carried out to date, including cross-sectional studies, clinical cohort studies, and clinical trials; and (iii) the current knowledge gaps in the
epidemiology of the complications of T1D.
The overall aim of this thesis was to investigate the contemporary epidemiology of
the complications associated with T1D, using population-based data. The complications under examination include both acute and chronic complications observed
across childhood, adolescence, and early adulthood. All aims were met using existing, prospectively-collected data available within population-based registries. Therefore this thesis consists of a series of retrospective cohort studies. Chapters 6 through
9 employ linked data methodologies.

3.2

Research objectives

The specific research objectives addressed in this thesis are as follows:
1. To examine 12 years (2000-2011) of clinical and demographic data from a
childhood-onset T1D cohort, extracted from a population-based registry, to:
(a) quantify the temporal change in the incidence of episodes of severe hypoglycaemia (Chapter 5)
(b) characterise the contemporary relationship of risk factors associated with
episodes of severe hypoglycaemia (Chapter 5)
2. To use population-based data linkage to extract education and schooling data
(2008-2011) for a childhood onset T1D cohort and a (within school, age, and
sex-matched) comparison cohort to:
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(a) characterise any differences in achievement in national, standardised school
performance assessments, including possible changes over time, between
those with T1D and the general population (Chapter 6)
(b) quantify any differences in school attendance between individuals with T1D
and the general population (Chapter 6)
(c) examine (within the T1D cohort) the association of clinical and demographic risk factors with achievement in national, standardised school performance assessments (Chapter 6)
3. To use population-based data linkage to extract hospitalisation, mental health
service contact, and death data for a childhood onset T1D cohort and an (age
and sex-matched) comparison cohort to:
(a) characterise the contemporary incidence, prevalence, and relative risk of
microvascular complications, macrovascular complications, and psychiatric
disorders between individuals with T1D and the general population (Chapter 7 and 8)
(b) quantify the standardised mortality ratio between individuals with T1D
and the general population, and examine differences in causes of death
(Chapter 9)
(c) examine (within the T1D cohort) the association of clinical and demographic risk factors with incidence of microvascular complications, macrovascular complications, psychiatric disorders, and death (Chapter 7-9)
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Chapter 4

Methodology
4.1

Preface

This chapter details the study setting, the population from which the cohorts are
drawn, the data registries from which data were sourced, and the data manipulation techniques and statistical methodologies employed throughout the subsequent
chapters of the thesis (Chapters 5 through 9) to analyse the data and address the
thesis research objectives outlined in Chapter 3. Many elements of the methodology
are common to multiple chapters while others are unique to individual chapters.
For example, Chapter 5 utilises solely clinical and demographic data sourced from
the Western Australian Children’s Diabetes Database (WACDD), while Chapters 6
through 9 incorporate additional data and a comparison cohort sourced through the
Western Australian Data Linkage Branch, and Chapters 7 through 9 involve the use
of International Statistical Classification of Diseases and Related Health Problems
coded data. This chapter serves to provide additional technical information, particularly as it pertains to the data linkage process and the processing of the received
data files, that is not presented within each respective subsequent chapter, to reduce
duplication.
All data utilised for the studies within this thesis were in existence prior to the
commencement of candidature. With the exception of linkage of the WACDD to the
Hospital Morbidity Data System for the purposes of assessing case ascertainment and
linkage to the Western Australian Midwives Notifications System to for the purposes
of studies into the aetiology of Type 1 diabetes [112, 113], no other linkages have been
carried out between the WACDD and Western Australian administrative datasets for
the purposes of investigative research. This highlights the unique steps taken within
this thesis for gaining insights into the complications experienced by individuals with
T1D. The specific linkage and ethical approvals gained for the studies within this
thesis are also detailed within this chapter. As Chapters 5 through 9 are prepared
as concise peer-reviewed papers, this chapter services to highlight the numerous
structured steps that preceded the presentation of those study results in that form.

4.2

Overall study design

The studies within this thesis present the longitudinal follow-up of a populationbased childhood-onset T1D cohort; the design and nature of the various data sources
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used within this thesis make these studies, by definition, retrospective populationbased cohort studies.

4.3

Study setting

In 2011, the year of the nearest census prior to the commencement of this thesis,
the population in Western Australia (WA) was 2.4 million, residing largely in the
southwestern corner of the over 2.5 million km2 state [114]; 1.7 million reside within
the greater area of the capital city and wider region of Perth Metro (Figure 4.1)
[115]. The climate in Perth is temperate with mean monthly temperatures ranging
from 18◦ C in winter (June to August) through to 31◦ C in summer (December to
February); the mean monthly rainfall ranges from 150 mm through 6 mm, respectively. In contrast, the northern regions, approximately 10◦ to 15◦ of latitude closer
to the equator, experience a more tropical climate with the mean monthly temperatures ranging between 31◦ C and 37◦ C, with mean monthly rainfall peaking at 27
0mm during the summer months [116].
Fig. 4.1: Population distribution (2011) within Western Australia, plotted at the level
statistical ‘mesh block level’ [source: ABS, image modified [115]].

4.4

Data linkage

Data linkage is the process of using variables common to multiple disparate data
sources (with additional unique variables), to bring together records that are likely
to belong to a common entity into one dataset. Pertaining to health research, data
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linkage is typically the process of identifying an individual person (or family or event)
within multiple data registries containing unique variables (information) specific to
that individual. The intent is typically to extract the data into a single dataset to
facilitate those unique variables being used in a single piece of analysis.
4.4.1

Data linkage within Western Australia

The Western Australian Data Linkage Branch (WADLB), situated within and administered by the WA Department of Health, maintains the WA Data Linkage
System (WADLS). Established in 1995, the WADLS originally linked data records
within a number of ‘core’ datasets; these were administrative population-based registries, namely the; births, deaths, and marriages register; Hospital Morbidity Data
System (HMDS); cancer register; Mental Health Information System (MHIS); electoral roll, midwives’ notification system, and emergency department data collection.
The links between records from these registries are established via the probabilistic matching of any available identifying variables, including address, date of birth,
first name, last name, and sex. A manual clerical assessment of linkages between
the HMDS and the WADLS found the linkage to be 99.89% accurate [117]; this was
defined as the number of linkages that were not either false positives (linkages made
that were invalid/incorrect) or false negatives (valid linkages that were missed). The
WADLS currently maintains linkage information for over 89 million records (June
2016) [118].
Through consultation, it is possible to link data from external sources (non-core
data registries) with the WADLS to create larger, richer datasets for analysis. To
gain access to data via the WADLS, an expression of interest is submitted to the
WADLB to assess project feasibility; a process that involves assessment of the request by the data custodians of the requested datasets. Following acceptance of
the expression of interest, subsequent gaining of the appropriate ethical approvals,
and signing of stringent confidentiality agreements, a formal request for extraction
is submitted. Extracted data are manually quality checked by the WADLB before
being de-identified, and made available to the requester (Figure 4.2).
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Fig. 4.2: Flow chart (based on linkage #201209.08) showing the centralised transition
of data facilitated by the WADLB.

4.4.2

Privacy and de-identification

Privacy is paramount when working with unit record health data. As such, all possible measures are taken to ensure individuals are not identifiable within the analysis
dataset. Numerous procedures are undertaken to achieve this, including adhering
to the separation principle (segregating identifiable information from clinical/service
information), providing date variables (for example date of birth, hospital admission
etc) in truncated YYYY-MM format (as opposed to YYYY-MM-DD format) and
using encrypted individual identifiers unique to each linkage application. Following
the linkage process, the researcher is typically provided unit record data for analysis
that is considered de-identified but re-identifiable data.

4.5
4.5.1

Datasets
Western Australia Children’s Diabetes Database

The Western Australia Children’s Diabetes Database (WACDD) is a prospective,
longitudinal, population-based clinical register, which was established at Princess
Margaret Hospital (PMH) in 1987. Princess Margaret Hospital is the only referral
centre for children diagnosed with T1D in WA. Patients attend clinic approximately
once every three months. Perth metro patients attend a clinic at PMH while rural
and remote patients attend one of the numerous outreach clinics facilitated by the
PMH consultants. This model of healthcare service delivery ensures all children
and adolescents with T1D in the geographically large but, with the exception of the
wider Perth Metro region, sparsely populated state of WA (Figure 4.1) receive the
same level of care delivered by clinicians from a single cohesive-team.
The capture-recapture method has been used to show the WACDD has >99% capture of cases of T1D, aged 15 years or less, in WA [119]. During initial clinic visits
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and registration into the clinical register, patients or their carers provide informed
consent for their (de-identified) data to be used for research purposes; thus, data
for a pediatric-T1D population-based representative-sample can be obtained from
the WACDD. Data collected at routine clinical visits and entered into the WACDD
includes demographic, family history, glycaemic control, hypoglycaemic events, albuminuria, and anthropometric data.
4.5.2

Birth and Death Register

The Birth Register contains information (including date of birth, sex, indigenous
status, birth weight, gestation, parents age, and parents place of birth) on all registered births within WA. The Death Register contains information (including date of
birth, date of death, sex, indigenous status, primary cause of death code, multiple
causes of death codes, cause of death text, place of death category, and activity codes
related to the cause of death) on all deaths in WA. Cause of death is coded using the
ICD coding system (detailed below) by Australia Bureau of Statistics nosologists,
and cause of death text is extracted from the coroner’s report or death certificate
as appropriate. Where the cause of death requires substantial investigation (for example inquest, toxicology), the variables pertaining to the cause of death can take
up to three years to be updated within the registry.
Records from 1974 onwards and 1969 onwards, for the Birth Register and Death
Register respectively, are available for extraction via the WADLS. The WA Births,
Deaths, and Marriages Registration Act 1998, within the portfolio of the Attorney
General, specifies the time frames within which records must be submitted to the
relevant registries. A child’s birth must be registered within 60 days of the birth,
with both parents required to complete and sign the birth registration form received
from the hospital where the child was delivered, or from the attending midwife in
the case of home births. A death is required to be registered within 14 days of the
date of death.
4.5.3

Hospital Morbidity Data System

The HMDS contains detailed information pertaining to all inpatient hospitalisations within all WA private, public, and free-standing day hospitals, with 100%
data coverage. The (principal and additional) diagnoses and procedures performed,
and external cause of injury details (if appropriate), utilise the ICD coding system
(detailed below). Additional variables including activity code (actions that resulted
in the injury warranting hospitalisation), care type, length of stay (admission and
separation date), mode of separation, place of occurrence and source of referral
(location, transport) are defined by the maintainers of the registry. The HMDS
currently contains information on over 20 million inpatient hospital admissions.
The Department of Health employs many clinical coders that undertake the task,
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within hospitals, of encoding clinical records with the codes from the ICD coding.
All records must pass through a data quality screening process carried out by the
Department of Health’s Data Quality Team prior to being uploaded into the HMDS
[120]; a Standard Operating Procedure dictate the process for the ongoing quality
control and data edits, these processes are overseen by the Department of Health’s
Inpatient Data Collections team, the Data Integrity Directorate, and the Performance Activity and Quality Division. Records from 1970 onwards are available for
extraction via the WADLS [121].
4.5.4

Mental Health Information System

The MHIS contains detailed information for contact with WA community-based and
ambulatory mental health support services. Clinical records within the MHIS typically consist of multiple records representing ‘contact sessions’ with support services.
Primary diagnoses utilise the ICD coding system (detailed below). Additional variables, including contact type, duration of engagement, medium of contact, referral
(to and from), and outcome (based on the final session), are defined by the maintainers of the registry. Records from 1966 onwards are available for extraction via
the WADLS.
4.5.5

Education and schooling data

Through processes established by the Developmental Pathways Project [122], data
held by the WA Department of Education and the School Curriculum and Standards
Authority is available via the WADLS. Information pertaining to absenteeism, attendance, carers education, carers occupation, and the student’s school performance
is available for extraction. School performance is recorded in the form of results
from the National Assessment Program - Literacy and Numeracy (NAPLAN). The
NAPLAN comprises testing in five disciplines (grammar and punctuation, reading,
spelling, writing, and numeracy) and has been administered nationally to all Year 3,
5, 7 and 9 students since 2008. Data from 1999 onwards are available for extraction
via the WADLS.

4.6

Linkage of the WACDD

The linking of the WACDD to the datasets outlined above is carried out, in its
entirety, by the WADLS. Following the selection of the patients from the WACDD
that meet each study’s (or linkage applications) inclusion criteria, an independent
Biostatistician carries out the following steps:
1. Creates a new unique identifier for each patient
2. Creates a dataset with only the new identifier and the patient identifying variables (first name, last name, address, date of birth, sex, hospital record number)
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3. Secures (via password) this dataset, and securely transfers it directly to the
WADLB
4. Creates a dataset with only the new identifier and the clinical variables required
by the researcher for the analysis to be completed (which can include some, but
not all, of the identifying variables; for example, sex, date of birth and postcode)
This process ensures the separation principle is followed [123], wherein those analysing
the data do not have direct access to all of the patient identifying fields.
The WADLB then use the available patient identifying information to probabilistically identify the master linkage key for those patients within the WADLS. The
more identifying data that is available, and the more detailed those data are, the
higher the probability will be of finding a correct (or acceptable) match. An example of this is having a patient’s full name and address, for example, “Matthew
Cooper; 100 Roberts Road, Subiaco”, will have a higher probability of forming a
correct match than only having a patient’s abbreviated name and suburb, for example, “M. Cooper; Subiaco”. Once the master linkage keys have been identified,
they can then be directly used to extract the requested records for those patients
from the requested administrative data sources. Prior to returning the records to
the researcher, the DLB remove the master linkage key and in its place put an
alphanumeric “root” identifier that is unique to each specific linkage application
[117, 124].

4.7

Study population and control selection

The T1D cohort for each study was identified using the WACDD. The specific inclusion criteria used within each study are detailed within each chapter. For Chapter
6, a randomly sampled (5:1 age and sex matched) comparison cohort was sourced
from individuals within the same school as the identified T1D cohort. For Chapters
7 through 9, a randomly sampled (5:1 age and sex matched) comparison cohort was
sourced consisting of individuals from the WA birth register. The distribution of the
current age of subjects attending the PMH clinic during 1992, when the WACDD
data snapshot for this analysis commenced, was relatively left-skewed and centred
around a median of 12 years. New cases, both newly diagnosed and migrating to WA
with T1D between 1992 and 2011 (inclusive), have a slightly left-skewed distribution for age of diagnosis, with a median age of diagnosis of approximately 10 years.
The result of this was a right-skewed distribution for “age at the end of follow-up”,
which was the time when the data linkage was performed (January 2012; Figure
4.3). Those subjects that were between 16 and 18 years of age in 1992 represent the
subjects with the longest follow-up through early adulthood within these studies.
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4.7.1

Rationale for sourcing matched comparison cohorts

Relying solely on published statistics for the incidence of complications or death,
whether from published journal articles, Australian Bureau of Statistics reports,
or Australian Institute of Health and Welfare reports, means the analysis would
be restricted to using the same diagnosis categories (for example ‘Cardiovascular
disease’, ‘Unnatural causes’) and age groupings (for example 20-29 years, 30-39
years etc) as used in those articles and reports [125]. Additional challenges are
present when looking at rare events (for example incidence of strokes in young
adults) as many government reports use aggregation methods when cell counts are
low, typically less than 5. Avoiding these stringent restrictions on the definition of
the complications that could be examined, and the age groupings within which the
data could be reported, were the primary reasons for pursuing a matched comparison
cohort design.
In sourcing a matched comparison cohort, followed up using the same data registries
as the T1D cohort, we were able to limit the possible biases that may have been
introduced by only utilising already publicly available statistics.
Fig. 4.3: Histogram showing the distribution of the age the end of follow-up for the
T1D cohort.
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4.8

Diagnosis, procedure, and cause of death coding

The HMDS, MHIS, and Death Register all utilise the International Statistical Classification of Diseases and Related Health Problems (ICD) coding system [126]. The
ICD coding system has a storied history dating back to the 1860s with the first
formal version being produced in 1900, specifically to categorise causes of death.
Following the release of the initial version, the ICD was updated approximately
every 10 years, with the 6th edition (published in 1949) being the first version to
include morbidity categories in addition to death categories [127].
There were four versions of ICD utilised in WA during the period covered by the
data used within in this thesis; the 8th version (ICD-8), in use between 1970-01-01
and 1978-12-31; the 9th version (ICD-9), in use between 1979-01-01 and 1987-1231; the 9th version clinical modification (ICD-9CM), in use between 1988-01-01
and 1999-06-30; and the 10th version Australian modification (ICD-10AM), in use
between 1999-07-01 and the time of data extraction. The abbreviation ICD is used
broadly to refer to the collective of ICD-8, ICD-9, ICD-9CM and ICD-10AM. In
Australia, the administration of the ICD10-AM is carried out by the Australian
Consortium for Classification Development, coordinated by the National Centre for
Classification in Health (The University of Sydney) in collaboration with Western
Sydney University and KPMG. Many of the major versions of the ICD have included
iterative editions (or sub versions). For example, the ICD-10AM ninth edition is
the most recent version, released 2016-06-01. These updated editions allow for
corrections and minor updates to the coding system, for example, the update of
ICD-10AM from the eighth edition to the ninth edition saw the introduction of 147,
deletion of 14, and amendment of 28 disease codes (from a total of 16,826) [128].
The abbreviation ICD is henceforth used to broadly refer to the collective of ICD-8,
ICD-9, ICD-9CM and ICD-10AM.
4.8.1

Coding system structure

The lexical structure of the ICD codes changed substantially between the ICD8/9/9CM and the ICD-10AM. The ICD-8/9/9CM versions utilised, predominantly
a numeric system consisting of three numbers followed by a period and up to two
additional numbers, for example, 250.1. The exception here was for a limited number
of codes (related to external causes of injury and supplemental classification). These
followed the structure of a single alpha character followed by two or three numbers,
a period, and up to two additional numbers, for example, E801.2. The ICD-10AM
version utilised codes structured as a single alpha character followed by two numbers,
a period, and up to two additional numbers; for example, E10.3.
The ICD codes within each version are grouped within chapters, with each chapter
pertaining to a broad disease area, for example, “Certain infectious and parasitic
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diseases”, “Neoplasms”, or (pertinent to this thesis) “Endocrine, nutritional and
metabolic diseases”. Within each broad chapter, irrespective of coding structure,
codes are grouped into blocks which represent specific, closely related groups of
diagnoses; for example, forms of ischaemic heart disease are encompassed within the
(ICD-10AM) codes ranging I20.00 through I25.99 inclusive.

4.9

Data management

With the exception of some modelling of count data within Chapter 5 (carried out in
Stata Version 10 (StataCorp LP, College Station, TX, USA), all data manipulation,
management, and analysis for the studies within this thesis were carried out with
R (https://cran.r-project.org/) [129]. R is an open-source, freely-available
programming and statistical language that is used extensively throughout academia.
The R Core Team was established in 1997 to maintain the source code [130]. In the
two decades since then, R has grown in popularity to become arguably the most
popular statistical language used today.
R was selected as it is a platform that facilitates the implementation of the principles
of reproducible research [131]. Reproducible research, within the epidemiological
setting, is a framework where:
1. Datasets used are made available to others (where possible)
2. Computer code is made available in human-readable form to enable the reproduction of all results (including figures, tables etc)
3. Adequate documentation pertaining to the computer code and software environment in which it was executed is made available
4. Standard distribution methods are used to make the datasets, computer code,
and documentation available
The making available of study datasets is often the most challenging step to adhere
to due to ethical and legislative barriers that may prevent the researcher from such
activities. The approvals gained to facilitate access to the datasets used within this
thesis explicitly state that the data received cannot be provided to any non-listed
analysts, thus ruling out the ability to make these datasets publicly available. However, as the datasets are available through the WADLS (with the exception of the
WACDD), other interested parties are able to complete the relevant ethics applications to source the same raw data, acknowledging that the continuous updating
of linkages within the WADLS may result in some minor differences at the record
level.
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4.9.1

String searching

Due to the structure of the data (multiple records per individual), significant data
processing was required, often employing loop functions, to identify particular events
and tag them and the (temporally) surrounding records accordingly. This process
often involved the applying of regular expressions (pattern matching), which are
broadly defined as a specific sequence of alphanumeric characters and symbols that
define search parameters, to vectors of strings (alphanumeric characters and symbols). As an example, the regular expression “E1[0-4].3” was used to identify codes
including (but not limited to) “E10.3”, “E10.32”, “E11.31”, “E14.39” etc (Figure
4.4). Where these clinically defined codes of interest were identified within a record,
all records for that individual were extracted and reviewed in light of additional
information (procedures performed, length of stay etc) and (temporally) adjacent
records to rule in or out the diagnosis of a predefined complication.
Fig. 4.4: Example of searching for hospitalisation records pertaining for a specific
diagnosis (here, retinopathy).

4.9.2

Software

Numerous R packages, which are installed to provide additional specialist functionality, were used during both the data preparation and analysis carried out
within this thesis. These include dplyr [132], lubridate [133], and reshape [134]for
data processing; ggplot2 for data visualisation [135]; gee [136], lme4 [137], nlme
[138], mice [139], and survival [140]for modelling; and knitr [141], and repmis [142]
to facilitate document preparation and reproducible research. R-studio (https:
//www.rstudio.com/), a graphical user interface for R, was used to prepare all
source code, and this thesis was prepared using the document processing platform
LATEX (https://www.latex-project.org/).
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4.10

Statistical Analysis

4.10.1

Risk factors and outcomes

The definition of each predictive risk factor assessed and outcome examined are
provided within the relevant thesis chapters. These comprehensive (within chapter)
definitions include the clinical definition, how the variables were derived from the
raw data (ICD codes used), and how the variables were handled in the analysis. For
some chapters, this information was included as supplementary data (supplementary
to the publication) and hence appears within the Appendix (Page 188) of this thesis.
Presented in matrix form in Table 4.1 and 4.2 is a schematic of which risk factors and
outcomes appear, respectively, within each thesis chapter; Chapter 5 is the study of
severe hypoglycaemia, Chapter 6 is the study of school performance, Chapter 7 is
the study of vascular complications, Chapter 8 is the study of psychiatric disorders,
and Chapter 9 is the study of mortality.
Tab. 4.1: Matrix of risk factors examined, by chapter.
Chapter
Risk factor

5

6

7

8

9

Age of T1D diagnosis

X

X

X

X

Carer’s education

X

Diabetic ketoacidosis

X

Duration of T1D

X

X

X

X

X

Glycaemic control - HbA1c

X

X

X

X

X

Glycaemic variability - standard deviation of HbA1c

X

Sex

X

X

X

X

X

Severe hypoglycaemia

N/A

X

X

X

X

-economic status

X

X

X

X

X

Treatment modality

X

X

Year of T1D diagnosis

X

X

X

X

X
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Tab. 4.2: Matrix of outcomes examined, by chapter.
Chapter
Outcome

5

6

7

Affective disorders

9

X

Amputation

X

Anxiety disorders

X

Eating disorders

X

End-stage renal disease

X

Mood disorders

X

Mortality

X

Myocardial Infarction

X

X

Personality and behaviour disorder

X

Ophthalmic complications

X

Retinopathy requiring vitrectomy

X

Schizophrenia and psychosis disorders

X

School attendance

X

School performance

X

Severe hypoglycaemia

X

Stroke

X

Substance dependence disorders
Vascular intervention

4.10.2

8

X
X

Statistical methodology

Across the studies within this thesis, various statistical analysis methods common to
the field of epidemiology are employed. Descriptive statistics are presented in a variety of forms including count (percentage), mean (standard deviation), and median
(interquartile range), with basic comparisons being carried out via chi-squared test,
Fisher’s exact test and Student’s t-test, as appropriate. More advanced methodologies are used for the main analysis within each study, including negative binomial
regression with clustered standard errors to analyse longitudinal severe hypoglycaemic count data (Chapter 5), linear mixed-effects models within a nested hierarchical structure to analyse longitudinal school performance data (Chapter 6), Cox
proportional hazard modelling with right censoring to analyse hospitalisation (Chapter 7), psychiatric disorder diagnosis (Chapter 8), and mortality (Chapter 9) data,
and indirect standardisation to produce age-adjusted standardised mortality ratios
(Chapter 9).
With the exception of some key confounders within the analysis of school performance data (Chapter 6), extracted data were typically complete. To address the
missing data within the school performance analysis, multiple imputation was car47
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ried out via the mice package within R to generate pooled coefficients from multiple
linear mixed-effects regression models. Regression coefficients (beta or hazard ratios
and incidence rate ratios (exponentiated beta)) are presented throughout with 95%
confidence intervals in favour of presenting p-values [139]. Stratified analyses were
carried out where the relationship between the outcome and the variable of interest
were known or anticipated to differ within strata, for example, age group (Chapter
5). Where appropriate, consistency and sensitivity analyses (including substitution
with a proxy of the variable of interest and modified stratification) were carried out
and presented to ensure conclusions were robust.

4.11

Ethics approvals and data linkage applications

The studies within this thesis were approved under five different ethics approvals;
one existing application with the PMH Human Research Ethics Committee (HREC),
two new applications with the PMH HREC, and two new applications with the WA
DOH HREC. The two new ethics applications coincided with two applications to
the WADLB for data linkage. Approval from the DOH HREC is required prior to
applications for data being processed.
The ethics applications, by thesis chapter, are detailed below.
4.11.1

Chapter 5 approval

The study into the contemporary epidemiology of severe hypoglycaemia only used
existing data from the WACDD. This study came under an existing ethics application (1873/EP) with the PMH HREC.
4.11.2

Chapter 6 approval

The study into the school performance of children with Type 1 diabetes was approved (2001/EP) by the PMH HREC on 7th June 2012 and the WA DOH HREC
(#2012/39) on the 19th of September 2012. The data linkage application (#201209.08)
was submitted following ethics approval, and data were received on 14th May 2013.
4.11.3

Chapters 7-9 approval

The studies into the vascular complications (Chapter 7), psychiatric disorders (Chapter 8), and mortality (Chapter 9) of children with Type 1 diabetes were approved
(1939/EP) by the PMH HREC on 15th September 2011 and the WA DOH HREC
(#2011/77) on the 14th of November 2011. The data linkage application (#201201.04)
was submitted following ethics approval and data were received on 23rd May 2012.
4.11.4

Data files - linkage #201209.08

A total of 20 files were received as part of this linkage application. These included:
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• Birth registry records
• Death registry records
• Death registry records (updated)
• Hospital Morbidity Data System records
• Mental Health Information System records
Each of these sets of records was in the form of a tab-delimited flat text file with
variable headers in a separate text file (x2), and case and control records in separate
files (x2), hence 20 files in total (5x2x2). Combined, these files, with the addition
of the longitudinal clinical records from the WACDD, totalled 139,707 records.
4.11.5

Data files - linkage #201201.04

A total of 16 files were received as part of this linked application. These included:
• Attendance records
• NAPLAN test and parental education records
• School code and grade (year) records
• Suspension records
Each of these sets of records was in the form of a tab-delimited flat text file with
variable headers in a separate text file (x2) and case and control records in separate
files (x2), hence 16 files in total (4x2x2). Combined, these files, with the addition
of the longitudinal clinical records from the WACDD, totalled 143,863 records.
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Chapter 5

A population-based study of risk
factors for severe hypoglycaemia in a
contemporary cohort of
childhood-onset Type 1 diabetes.
5.1

Preface

Presented in this chapter is the study addressing the research objectives of quantifying temporal changes in the incidence
of episodes of severe hypoglycaemia and
characterising the contemporary relationship of risk factors associated with episodes
of severe hypoglycaemia (Chapter 3 - Page
33). Population-based data, extracted from
the Western Australian Children’s Diabetes
Database (WACDD), are used to quantify
the current incidence, the temporal trend
(2000-2011) in incidence, and the association
of risk factors with the acute complication
of severe hypoglycaemia. Earlier studies of
severe hypoglycaemia using data from the WACDD reported a strong association
between good glycaemic control (a low HbA1c ) and an increased risk of severe hypoglycaemia [48, 49]; however these observations were made during a time of both
relatively worse and rapidly changing glycaemic control (at the population level),
and prior to the adoption of pump therapy within this population. This study reports on the relationship between episodes of severe hypoglycaemia and these and
other risk factors, during a relatively more stable period of glycaemic control (at the
population level) and following an increased uptake in pump therapy.
This chapter was published in Diabetologia in July 2013 [1]. A copy of the typeset
paper is available within the Appendix (Page 188). What follows is a verbatim
copy of the paper text, noting that additional details pertaining to the relevant
literature, and the study setting and methodology are included in chapters 2 and 4,
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respectively.

5.2

Abstract

Aims/hypothesis:Severe hypoglycaemia is a major barrier to optimising glycaemic
control. Recent changes in therapy, however, may have altered the epidemiology of
severe hypoglycaemia and its associated risk factors. The aim of this study was to
examine the incidence rates and risk factors associated with severe hypoglycaemia
in a contemporary cohort of children and adolescents with Type 1 diabetes.
Methods: Subjects were identified from a population-based register containing data
on >99% of patients (<16 years of age) who were being treated for Type 1 diabetes
in Western Australia. Patients attend the clinic approximately every 3 months,
where data pertaining to diabetes management, demographics and complications
including hypoglycaemia are prospectively recorded. A severe hypoglycaemic event
was defined as an episode of coma or convulsion associated with hypoglycaemia.
Risk factors assessed included age, duration of diabetes, glycaemic control, sex,
insulin therapy, socio-economic status and calendar year.
Results: Clinical visit data from 1,770 patients, providing 8,214 patient-years of
data between 2000 and 2011 were analysed. During follow-up, 841 episodes of severe
hypoglycaemia were observed. No difference in risk of severe hypoglycaemia was observed between age groups. Good glycaemic control (HbA1c <7% [53 mmol/mol])
compared with the cohort average (HbA1c 8-9% [64-75 mmol/mol]) was not associated with an increased risk of severe hypoglycaemia. When compared with patients
on injection regimens, subjects aged 12-18 years on pump therapy were at reduced
risk of severe hypoglycaemia (incidence risk ratio 0.6; 95% CI; 0.4, 0.9).
Conclusions: In this population-based sample of children and adolescents with
Type 1 diabetes, contemporary therapy is associated with a changed pattern and
incidence of severe hypoglycaemia.

5.3

Introduction

The threat of hypoglycaemia as a consequence of insulin treatment is the single
most important barrier to optimising glycaemic control in Type 1 diabetes [143].
The major challenge for clinicians treating children and adolescents is to optimise
glycaemic control whilst avoiding hypoglycaemia. Fear of hypoglycaemia can have
a negative impact on quality of life [144] and metabolic control [145], which can
be detrimental to achieving improved glycaemic control. The Diabetes Control
and Complications Trial showed that intensive management resulted in a significant
increase in episodes of severe hypoglycaemia [146]. Similarly, in the early 1990s, at
our centre, increased emphasis on optimising glycaemic control was paralleled by an
increase in the rate of severe hypoglycaemia, particularly in younger children (<6
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years) [49]. In three previous publications we have reported rates of, and associations
with, severe hypoglycaemia in a population-based sample of children and adolescents
with Type 1 diabetes [48–50]. In those reports, we found that an increased risk of
severe hypoglycaemia was associated with younger age (<6 years), lower HbA1c ,
higher insulin dose, male sex, longer duration of diabetes and lower parental socioeconomic status.
Increasingly, evidence is emerging that rates of severe hypoglycaemia may be reducing [50, 147, 148]. This may have resulted from improvements in therapy [149],
suggesting that re-evaluation of the factors associated with severe events may be required. As a follow-up to the previously published analysis [48, 49] and a subsequent
update of rates of severe hypoglycaemia [50], our objectives for this study were to
characterise the current epidemiology of, and risk factors for, severe hypoglycaemia
in a contemporary child and adolescent population-based cohort.

5.4

Methods

All children and adolescents with Type 1 diabetes aged ≤18 years attending the
diabetes clinic at Princess Margaret Hospital for Children from 2000 to 2011 inclusive
participated in the study. The Department of Endocrinology and Diabetes is the
only paediatric referral centre for diabetes in the state of Western Australia (2012
population 2.4 million [114]). The case ascertainment for this centre has previously
been shown to be 99.9% for children diagnosed at <16 years of age [119]. Consent
for data to be entered into the database was obtained from all parents or guardians,
and data collection was approved by the institution’s ethics committee.
All patients attending the centre are managed by a multidisciplinary diabetes care
team, which includes a paediatric diabetologist, diabetes nurse educator, dietitian,
social worker and psychologist. Education for recognition and treatment of hypoglycaemia, and preventive measures for special circumstances such as participation
in exercise, is routine. The patients and their family were advised to keep a logbook
of blood glucose levels and insulin doses, and to record all adverse or atypical events
such as episodes of hypoglycaemia or illness. They were taught to obtain a blood
glucose level, if possible, to confirm hypoglycaemia. They were seen in the clinic
approximately every 3 months, and data on all diabetes outcomes including hypoglycaemic events and treatment types were prospectively recorded in the Western
Australian Childhood Diabetes Database, as has been described in our past reports.
Subjects exited the study upon turning 18 years, leaving the state permanently or if
12 months had lapsed following their last clinic visit. HbA1c was determined at each
clinic visit by agglutination inhibition immunoassay (non-diabetic reference <6.2%;
Siemens DCA Vantage).

53

5.4. METHODS

5.4.1

Definition of outcome event

In line with previous reports [48–50], severe hypoglycaemia was strictly defined as
a hypoglycaemic event leading to loss of consciousness or seizure. An episode of
hypoglycaemia not resulting in one of these events was not considered an outcome
for this report, although all other events were recorded. For each patient, severe
hypoglycaemic events were counted if they were reported during any clinical visit
after 1 January 2000.
5.4.2

Insulin therapy

The 12 year study period saw a number of changes to available treatment with
the emergence and use of different insulin regimens such as short- and long-acting
analogues and continuous subcutaneous insulin infusion (CSII). As previously described [49], CSII therapy was first introduced in 1999 and by 2011 a total of 26.5%
of patients were using pump therapy [50]. Treatment offered in our clinic over this
period included pump therapy (CSII), a twice-daily insulin injection (BD) regimen
(either soluble insulin or a combination of short- and intermediate-acting insulins)
or multiple-daily insulin injection (MDI) therapy (three or more injections per day).
MDI refers to subjects using a combination of short- and intermediate-acting insulins
with or without a short-acting analogue at afternoon tea; patients on a combination of short- and intermediate-acting insulins in the morning with a short-acting
analogue at dinner and a long-acting analogue (detemir) at night-time; and patients
using basal-bolus regimens (with glargine). Over the study period the use of regular insulin was gradually phased out such that by 2011 it was no longer in use for
routine clinical care. Subjects were categorised into one of three treatment groups,
pump (CSII), BD or MDI, at each clinic visit.
5.4.3

Socio-economic disadvantage

The index of relative socio-economic disadvantage (SEIFA) is calculated by the
Australia Bureau of Statistics and is derived from low income, low educational attainment, high unemployment and jobs in unskilled occupations [150]. Using the
Australia-based decile allocation for each postcode, subjects were classified as low
(1-3), medium (4-7) or high (8-10) based on their postcode at the time of diagnosis.
Each census covers a 5 year period, and SEIFA from the closest census to each subject’s date of diagnosis was used. The 2006 census was used as a proxy for diagnosis
from 2004 to 2011.
5.4.4

Statistical analysis

As the data were in the form of one record per clinic visit, it follows that the analysis
set consisted of multiple records per subject. Each record contributes events and
patient-years to the stratum (and relevant covariate levels) within which it falls. De54
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scriptive statistics were calculated by taking each subject’s last appointment within
the cohort period. The number of patient-years contributed by each respective clinic
visit was calculated as the number of days elapsed since the previous clinic visit.
For a subject’s initial clinic visit, 90 days were used to represent 3 months. Due to
limited data for CSII use in children <6 years, particularly in the earlier years of
this study, the analysis was stratified into three age groups: <6 years, 6-12 years
and 12-18 years.
Negative binomial regression, a method selected on the basis of previous research
[151], was used to assess the association of risk factors with severe hypoglycaemia.
It was implemented in Stata version 10 (StataCorp LP, College Station, TX, USA),
using robust standard errors with the vce option to allow for correlation between
repeated events on the same person. Data manipulation was carried out and figures
were produced within R 2.15.1 www.R-project.org [129]. Sensitivity analysis was
conducted including only the incident cases (newly diagnosed patients) during the
study period.
To assess the association between glycaemic control and severe hypoglycaemia, additional analyses were completed with interaction terms. A Wald test was used to
assess the collective significance of interaction terms in the model due to the use
of likelihood ratio statistics being inappropriate in the presence of robust standard
error terms [152].

5.5

Results

Data from 1,770 (48% female) children were available for analysis during the study
period, contributing a total of 8,214 years of patient data. Of these children, 1,192
were diagnosed during the study period. The mean (SD) age of diagnosis, for all
subjects, was 8.6 (4.1) years. Further clinical characteristics of the 12 year cohort
are summarised in Table 5.1 (Page 60). The total contributed patient-years by
treatment regimen and age group are summarised in Table 2, and the proportion of
subjects on each treatment regimen over time by age group is displayed in Figure
5.1 (Page 60). Of note is the predominance of the BD regimen in the 0-6 and 6-12
year age groups during the first half of the study period. By contrast, by 2011, 32%,
26% and 32% of patients in the 0-6, 6-12 and 12-18 year age groups, respectively,
were receiving CSII therapy; after 2004, the BD regimen was being used in less than
30% of 12-18 year old patients. The cohort mean HbA1c level per year fluctuated
between 8.0% (64 mmol/mol) and 8.5% (69 mmol/mol) over the 12 year period with
no significant change seen over time.
5.5.1

Hypoglycaemia incidence

A decrease in the rates of severe hypoglycaemia was observed over the 12 years of the
study. In total, 841 severe hypoglycaemic events occurred during the study period.
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The incidence rate of severe hypoglycaemia was 15.5 events per 100 patient-years
at the beginning of the study period, peaking at 21.8 in 2002. It then declined
at a rate of 3.4 events per 100 patient-years per year (p<0.05) from 2002 through
to 2006 (inclusive), to a minimum of 5.5 in 2006, before levelling off and showing
no significant change from 2006 through to 2011, following the trend illustrated in
our most recent report [50]. The incidence rate in 2011 was 6.2. During the study
period, 1,370 (77.4%) subjects had no severe hypoglycaemic events, 11.9% had one
event, 4.8% had two events and 5.9% had three or more events. Analysis with and
without adjustment for sex, calendar year and treatment showed that no significant
difference in the risk of severe hypoglycaemia was observed between the three age
groups.
5.5.2

Children aged 0-6 years

Children aged less than 6 years had a similar rate of severe events to that of other age
groups. Furthermore, no statistically significant associations were observed between
the risk factors that were examined and the incidence of severe hypoglycaemia in
children 0-6 years of age (Table 5.2 (Page 61)): that is, there was no demonstrated
association between the incidence of severe hypoglycaemia and glycaemic control,
treatment regimen, duration of diabetes, sex or socio-economic status.
5.5.3

Children aged 6-12 years

A significantly increased risk of severe hypoglycaemia was observed in children 6-12
years of age after their first year of diagnosis compared with the first year, Table
5.2 (Page 61). Relative to those in their first year of diagnosis, risk was elevated
fourfold for years 1-3 (incidence risk ratio [IRR] 4.0; 95% CI; 2.1, 7.7) and years
3-6 (IRR 3.8; 95% CI; 1.8, 7.9). A twofold increased risk was seen in those with
a diabetes duration >6 years; it should, however, be noted that there were fewer
records in this group. No significant relationship was seen between the incidence of
hypoglycaemia and treatment regimens, sex or HbA1c level.
5.5.4

Adolescents aged 12-18 years

There was a clear effect of duration of diabetes in patients 12-18 years of age.
Relative to those in their first year of diagnosis, there was a fourfold increased risk
for those with a diabetes duration 1-3 years (IRR 4.3; 95% CI; 1.5, 12.2), seven-fold
for those with a diabetes duration 3-6 years (IRR 7.5; 95% CI; 2.6, 21.8) and tenfold
for those with a diabetes duration >6 years (IRR 10.3; 95% CI; 3.5, 30.0). Relative
to those on a BD regimen, a reduced risk was observed for those on pump therapy
(IRR 0.6; 95% CI; 0.4, 0.9) and an elevated risk for those on MDI therapy (IRR
1.5; 95% CI; 1.1, 2.0). There was no statistically significant association (IRR 1.4;
95% CI; 1.0, 2.1) for those with a low HbA1c (<7% [53 mmol/mol]) compared with
those with the cohort mean level (8-9% [64-75 mmol/mol]) and a reduced risk (IRR
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0.5; 95% CI; 0.3, 0.7) for those with a high HbA1c (>10% [86 mmol/mol]). Relative
to those from a high socio-economic background, those from a low socio-economic
background were at increased risk of severe hypoglycaemia (IRR 1.6; 95% CI; 1.1,
2.4), but no difference was observed for those from a middle level socio-economic
background.
Male sex was associated with a higher rate of hypoglycaemia in the 12-18 year age
group but not for younger children.
5.5.5

Analysis limited to incident cases during the study period

While most confidence intervals for the predictors were wider due to fewer patientyears in each predictor category, when analyses were limited to incident cases, the
observed associations were consistently comparable to those outlined above for both
prevalent and incident cases. This sensitivity analysis (shown in Table 1 of the electronic supplementary material) included only cases diagnosed after 1 January 2000.
It was of particular interest that the effect size for low HbA1c (<7% [53 mmol/mol])
compared with those with the cohort mean level (8-9% [64-75 mmol/mol]) in those
aged 12-18 years was lower than observed in the full sample (IRR 1.3, 95% CI; 0.7,
2.4), and the risk for those with higher than cohort mean HbA1c (9-10% (75-86
mmol/mol)) was notably closer to 1 (IRR 0.96 [95% CI; 0.5, 1.8] compared with
0.58 [95% CI; 0.4, 0.8]) for both prevalent and incident cases.
5.5.6

Glycaemic control and severe hypoglycaemia

To further assess the association between glycaemic control and severe hypoglycaemia and any possible change in this association over time, a model was fitted
with an interaction term between glycaemic control category and calendar year.
No clinically significant change in the association of glycaemic control with severe
hypoglycaemia during the 12 year study period was observed.
A Wald test for the interaction terms only reached significance (p=0.04) in the 06 year age group (p=0.57 and p=0.30 for 6-12 and 12-18 years, respectively). In
an age-stratified time-period analysis (using periods of 4 years in length), it was
apparent that this result was being driven by having relatively fewer observations in
the poor glycaemic control groups (HbA1c 9-10% [75-86 mmol/mol] and >10% [86
mmol/mol]) in the latter years of the study period. The IRRs between time-period
models were relatively stable for the groups with good glycaemic control (HbA1c
<7% [53 mmol/mol] and 7-8% [53-64 mmol/mol]).

5.6

Discussion

There have been significant changes in the treatment of Type 1 diabetes since
the 1990s, which may have impacted on the epidemiology of severe hypoglycaemic
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events. The primary objectives of this observational study were to examine incidence
rates and risk factors for severe hypoglycaemia in a contemporary population-based
cohort of childhood-onset diabetes. Over the 12 years spanning 2000-2011, within
this population-based cohort of children and adolescents with Type 1 diabetes we
have observed the incidence of severe hypoglycaemia declining to a stable low level,
while some of the effects of traditionally associated risk factors for severe events have
been modified. The major findings, other than a reduction in overall rates, are of a
weaker relationship between good glycaemic control and severe event rates than has
been previously reported, that very young children are no longer at increased risk
of severe hypoglycaemic events, and that insulin pump treatment is associated with
a reduced risk of hypoglycaemia in adolescents. It is interesting to note that while
the relationship between good glycaemic control and cohort mean levels was stable throughout the 12 year period, it was notably weaker than in past observations
throughout the 1990s. An important feature of this cohort is that there is no selection bias, because almost all children with Type 1 diabetes in the population under
observation are included in the analysis. It is notable that lower socio-economic status in the adolescent age group proved to be an independent risk factor, which was
greater, for example, than that associated with HbA1c below 7% (53 mmol/mol),
demonstrating that a representative sample is of critical importance in surveys such
as this.
As this is an observational study, we cannot study cause and effect, and we are
limited to describing observed associations. It can only be speculated what factors
underlie the lower rate of severe hypoglycaemia particularly in those who have what
is deemed acceptable glycaemic control. Improved education and awareness of the
clinical risks that predispose to severe events, more widespread use of insulin analogues (both long and short acting), insulin pump therapy and more frequent home
glucose monitoring may all have played a role. The relative importance of these
factors, however, cannot be determined. Further improvements in rates of hypoglycaemia may be seen as feedback control on insulin dosing, such as is available with
systems that suspend insulin based on continuous glucose monitoring data, become
more widely available.
The rate of severe events reported in this cohort (6.2 events of severe hypoglycaemia
per 100 patient-years) is consistent with other reports in the literature: recently
observed rates were 6.6 per 100 patient-years in a European pump cohort [149], 9.6
per 100 patient-years in Boston, MA, and Houston, TX, [153], and 6.9 and 4.4 per
100 patient-years for children <6 years and ≥6 years, respectively, in Israel [147].
Surprisingly, we found no difference in severe hypoglycaemia rates between children
receiving MDI therapy and those on BD regimens. This may suggest that education
rather than insulin types per se is more important in avoiding severe events. We did
observe reduced rates in adolescents treated with pump therapy. While some reports
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in the past have not observed this [154, 155], our finding of reduced rates of severe
hypoglycaemia in patients treated with pump therapy is supported by more recent
reports in this age group [149, 153], including a systematic review [156]. Because of
the infrequency of hypoglycaemic convulsions and coma, no randomised trials can
be powered to compare pump and injection therapy for hypoglycaemia prevention,
and observational studies are the major source of evidence.
The risk factor associated with the largest increased risk of severe hypoglycaemia
was duration of diabetes, a result consistent with previous observations [49, 50].
The major difference, however, occurred because of a reduced risk in the first year
after diagnosis, a time when counter-regulatory deficits may be less significant and
patient vigilance may be higher. In the adolescents, we observed an increased risk
with increased diabetes duration extending beyond the second year after diagnosis,
possibly reflecting the development of hypoglycaemia-associated autonomic failure,
which is well described in this age group [43].
Reassuringly, in comparison with our previous report, there is no longer a significant
risk of severe hypoglycaemia associated with age <6 years, irrespective of treatment
modality [49]. This is an important observation for parents and clinicians. As
recently as 2005, the American Diabetes Association suggested that a treatment
goal of HbA1c 7.5-8.5% (59-69 mmol/mol) is acceptable for children <6 years of age,
due to the concerns regarding the increased risk of severe hypoglycaemia at that age
and the effect of hypoglycaemia on the developing brain [157]. This new information,
supported by the consistency between full sample and incident case-only analysis,
may suggest that it is now safer to aim for lower HbA1c in the very young.
In summary, in a population-based sample of children and adolescents with Type
1 diabetes, there has been a decrease in the rates of severe hypoglycaemia over the
past 12 years, and the previously close relationship between tight glycaemic control
and the risk of severe events is now weaker. Whether this is due to increased use
of insulin pump therapy, long- and short-acting insulin analogues, increased glucose
monitoring, improved knowledge and education, or a combination of these factors,
cannot be determined. In adolescents, pump therapy is associated with a reduced
risk of severe hypoglycaemia compared with injection therapy. The data from this
cohort have provided, and continue to provide, valuable insights into the trends and
risk factors associated with severe hypoglycaemia, but further analysis is required to
determine the factors giving rise to recurrent episodes. These data are encouraging
and suggest that the risk of severe hypoglycaemia as a barrier to treatment is in
part being overcome with modern therapy.
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Fig. 5.1: Proportion of subjects on each treatment by calendar year and age group.
Lines represent different treatment regimens; continuous subcutaneous insulin infusion (squares), twice-daily injections (circles) and multiple-daily injections (triangles).
Data are presented by patient age, <6 years (a), 6-12 years (b) and ≥12 years (c).
Patients were categorised into a treatment group based on the treatment they were
receiving at the time of their first clinical visit of each calendar year.
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Tab. 5.1: Clinical characteristics of cohort.
Variable

All subjects (n=1,770)

Number diagnosed during 12 year period

1,192

Age at diagnosis (years)

8.6 (4.1) [0, 17.80]

Sex (% female)

48.2

Duration of diabetes (years)

6.1 (4.2) [0, 17.15]

Socio-economic status (%)
Low

18.6

Middle

40.3

High

41.1

Follow-up time (years)

4.8 (3.0) [0.25, 12.15]

Data are expressed as count, mean (SD) [minimum, maximum] and percentage
Socio-economic status is assessed at the time of diagnosis; duration of diabetes is based on the difference between
age at last appointment during the follow-up period and age at diagnosis, so is not directly reflective of follow-up
time; follow-up time is based on the difference between age at last appointment during the follow-up period and
either age at diagnosis (if diagnosed after 1 January 2000) or 1 January 2000
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Tab. 5.2: Adjusted associations [IRR (95% CI)], number of incident cases and patientyears for clinical and demographic predictors of severe hypoglycaemia, presented by
age.
Variable

Age 0-6 years
IRR (95% CI)

No.

Age 6-12 years
PY

IRR (95% CI)

No.

Age 12-18 years
PY

IRR (95% CI)

No.

incident

incident

incident

cases

cases

cases

PY

Duration of diabetes (years)
<1

1

39

230

1

63

533

1

59

380

1-3

1.66 (0.8, 3.3)

27

294

3.97 (2.1, 7.7)

85

861

4.28 (1.5, 12.2)

196

891

3-6

0.96 (0.4, 2.6)

10

99

3.81 (1.8, 7.9)

108

943

7.47 (2.6, 21.8)

283

1,277

>6

N/A

N/A

N/A

2.00 (0.9, 4.4)

50

557

10.27 (3.5, 30.0)

272

2,147

<7 (53 mmol/mol)

0.44 (0.2, 1.0)

22

135

1.14 (0.7, 1.8)

71

560

1.44 (1.0, 2.1)

140

731

7-8 (53-64 mmol/mol)

0.76 (0.4, 1.3)

31

270

0.98 (0.7, 1.4)

130

1,123

1.11 (0.8, 1.5)

226

1,349

8-9 (64-75 mmol/mol)

1

12

136

1

74

781

1

189

1,279

9-10 (75-86 mmol/mol)

0.60 (0.2, 1.9)

3

43

1.04 (0.6, 1.7)

23

265

0.58 (0.4, 0.8)

120

699

>10 (86 mmol/mol)

0.76 (0.1, 4.8)

8

39

0.45 (0.2, 1.2)

8

165

0.46 (0.3, 0.7)

135

638

HbA1c (%)

Sex
Female

1

36

268

1

145

1,418

1

376

2,258

Male

0.64 (0.3, 1.3)

40

355

1.08 (0.8,1.5)

161

1,477

1.40 (1.0, 1.9)

434

2,437

Pump

1.34 (0.5, 3.7)

13

75

0.71 (0.4, 1.3)

81

493

0.58 (0.4, 0.9)

228

992

BD

1

54

491

1

162

1930

1

109

1,375

MDI

1.26 (0.4, 3.7)

9

57

1.10 (0.7, 1.6)

63

472

1.45 (1.1, 2.0)

473

2,329

Low

2.14 (0.8, 5.4)

5

111

1.32 (0.8, 2.2)

46

603

1.62 (1.1, 2.4)

149

1,002

Middle

1.65 (0.7, 4.1)

35

283

1.06 (0.7, 1.6)

150

1,218

0.92 (0.6, 1.3)

326

1,799

High

1

36

229

1

110

1,074

1

335

1,895

Treatment

SEIFA

IRR (95% CI) were calculated using a negative binomial regression model with robust standard errors (clustered
on patient ID)
The number of incident cases was based on patients’ clinical and demographic categorisation at their last recorded
clinical visit
N/A, not applicable; PY, patient-years analysed for that clinical and demographic category
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Chapter 6

School performance in children with
Type 1 diabetes: a contemporary
population-based study.
6.1

Preface

Presented in this chapter is the study addressing the research objectives of characterising any differences in school performance
assessments between individuals with Type
1 diabetes (T1D) and the general population, quantifying any differences in school
attendance between individuals with T1D
and the general population, and examining,
within individuals with T1D, the association of clinical and demographic risk factors school performance [Chapter 3 (Page
33)]. This study uses data linkage to combine data from the Western Australian Children’s Diabetes Database (WACDD) with
data sourced from the WA Department of
Education and the School Curriculum and Standards Authority, via linkages made
available by the WA Developmental Pathways Project [122]. Access to school attendance data and standardised assessments (on a continuous scale) is unique. Combined with the selection of a within school age- and sex-matched comparison cohort,
this study has a robust design allowing for a novel approach to comprehensively pursue the research objectives within this largely unexplored domain.
This chapter was published in Pediatric Diabetes in November 2014 [158]. A copy of
the typeset paper is available in the Appendix (Page 188), along with supplementary
tables that were published online with the journal. What follows is a verbatim copy
of the paper text, noting that additional details pertaining to the relevant literature,
and the study setting and methodology are included in chapters 2 and 4, respectively.
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6.2

Abstract

Aims: Our aim was to examine the school performance of children with Type 1
diabetes in comparison to their peers, exploring changes over time and the impact
of clinical factors on school performance.
Methods: The study included data on 666 children with Type 1 diabetes from the
Western Australian Children’s Diabetes Database (WACDD), a population-based
registry and 3260 school and school year matched non-diabetic children. Records
from the National Assessment Program - Literacy and Numeracy (NAPLAN) (20082011), which examines four educational outcome domains and is administered annually to all years 3, 5, 7, and 9 children in Australia, were sourced for both groups.
Clinical data were obtained for the children with diabetes from the WACDD.
Results: No significant difference was observed between those with Type 1 diabetes
and their peers, across any of the tested domains and school years analysed. No decline over time was observed, and no decline following diagnosis was observed. Type
1 diabetes was associated with decreased school attendance, 3% fewer days attended
per year. Poorer glycaemic control [higher haemoglobin A1c (HbA1c )] was associated with a lower test score [0.2-0.3 SD per 1% (10.9 mmol/mol) increase in HbA1c ],
and with poorer attendance [1.8% decrease per 1% (10.9 mmol/mol) increase in
HbA1c ]. No association was observed with history of severe hypoglycaemia, diabetic
ketoacidosis or age of onset and school test scores.
Conclusion: These results suggest that Type 1 diabetes is not associated with a
significant decrement in school performance, as assessed by NAPLAN. The association of poorer glycaemic control with poorer school performance serves as further
evidence for clinicians to focus on improving glycaemic control.

6.3

Introduction

The impact that Type 1 diabetes may have on a child’s ability to achieve at school
is a common concern for people with Type 1 diabetes and their families. Reduced
school attendance, cognitive deficits associated with diabetes, hypoglycemia, hyperglycemia, and the psychosocial effects of chronic disease are all potential factors that
may result in poorer school performance in a child with diabetes compared with his
or her peers [53, 62, 79, 159, 160]. However, there is little empirical evidence available to determine whether these concerns are warranted and if so the magnitude of
the effect.
A meta-analysis of 24 studies assessing seven cognition domains (made up of 15 subdomains) within controlled conditions, found that compared with healthy controls,
those with Type 1 diabetes exhibit mild cognitive impairment in processes such as
visuospatial ability, motor speed, writing, and sustained attention, although effect
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sizes were unlikely to be clinically significant [54]. Subsequent studies have shown
those with Type 1 diabetes exhibit poorer performance in working memory [53],
executive function and intelligence [161] and higher levels of psychiatric morbidity
[162], however, there are studies presenting no differences observed within these
domains [57, 163].
While the domain of cognitive functioning has seen some exploration, few studies
have specifically explored the impact of Type 1 diabetes on school achievement,
which is not in itself a specific domain of cognitive function, and none have had
access to details of diabetes-related clinical factors [164]. The largest relevant study
compared the final (compulsory) school grades of approximately 5000 children with
Type 1 diabetes with those from over 1 million non-diabetic peers [58]. This report found that the mean of all school marks of the children with Type 1 diabetes
was slightly lower than the school marks of the referent group (mean 3.15 vs 3.23,
p<0.001). Younger age of onset was observed to indicate poorer performance. Similar results were observed in a subsequent study of this cohort using a different study
design [59].
Another area of concern, often voiced by patients and families, is the school time that
is missed due to diabetes. A Toronto study exploring school absenteeism throughout
the 2000-2001 school year found that children with Type 1 diabetes missed slightly
more school (approximately three days per year) than their siblings and age-matched
peers [62]. It was suggested this was due to hospital appointments, parent’s attitudes
towards schooling, and poorer metabolic control. It has also been observed that
individuals with Type 1 diabetes have lower school completion rates than the general
population, though the difference observed was larger in some studies [162] compared
to others [59].
In Western Australia (WA) there is a single center that manages all children <16
years old with diabetes, where comprehensive demographic, clinical and diabetes
management related data are prospectively recorded on the Western Australian
Children’s Diabetes Database (WACDD) [119]. In Australia there is an annual,
nationally administered school performance assessment that has been in place since
2008, the National Assessment Program - Literacy and Numeracy (NAPLAN), that
involves the administration of standardised school achievement tests to all years 3,
5, 7 and 9 children [165].
These studies from Dahlquist and Persson provided important insights into the
previously unstudied area of school performance in patients with Type 1 diabetes;
however, these patients were attending school during the early 1990s, the outcome
was a teacher-assigned school achievement grade (from 1 to 5) and there was no
clinical data available beyond age of diagnosis. We had the unique opportunity to
assess these associations in a contemporary, population-based childhood-onset Type
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1 diabetes cohort, using a standardized independently assessed tool with the incorporation of comprehensive, longitudinal, retrospectively collected clinical data. Our
objectives were to explore differences in school performance between a contemporary
Type 1 diabetes cohort and a school-matched general population comparison group,
exploring possible decline over time, differences in attendance, and the association
between diabetes management related factors and measures of school performance.

6.4
6.4.1

Methods
Study design and data overview

The impact of Type 1 diabetes and related management factors on school performance was assessed using individual-level data from a statewide register, linked to
records from a nationally administered assessment of school performance. Children
with Type 1 diabetes were identified through the WACDD, described elsewhere [49].
Briefly, all children in WA (2012 population 2.4 million) with Type 1 diabetes under
the age of 16 are managed by a clinical team within the Diabetes and Endocrinology
Department at Princess Margaret Hospital for Children (PMH). In addition to the
multiple metro clinics, diabetes management for patients in rural or remote areas
is carried out through one of several outreach clinics, where patients in remote locations are given funding to travel to the most convenient clinic according to their
geographic location. All patients attend clinic approximately every 3 months where
their data is prospectively stored in the WACDD (case ascertainment >99%) [119].
Through the WA Developmental Pathways Project [122], the School Curriculum
and Standards Authority make available the NAPLAN data for all students from
public, private and catholic schools [165]. The NAPLAN is an annual (completed
during May) assessment administered to all years 3, 5, 7, and 9 children (aged approximately 7-8, 9-10, 11-12, 13-14 years, respectively, Supplementary Table 1 Appendix page 207). The NAPLAN consists of five tests assessing numeracy, reading, writing, spelling and grammar and punctuation. In 2011, the writing assessment
was adapted from being a Narrative assessment to a Persuasive assessment; these
two assessments are not directly comparable. NAPLAN tests are either assessed via
optical mark recognition, optical character recognition, or independent professional
officers prior to scaling to ensure comparability between testing years is preserved
(Appendix 1). The NAPLAN is not an assessment of cognitive function carried out
in controlled conditions, but rather and assessment of basic education, specifically,
learned literacy and numeracy. The NAPLAN is designed to assess a student’s ability to demonstrate an understanding of the core elements of the national curriculum
and to aid in identifying those students who may be not have attained the skills
required to perform academically.
Through the same program, the Western Australian Department of Education make
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available school attendance data for all students from public schools; with guidance,
each school is responsible for collecting attendance data and providing it to the
Department of Education [166]. The WA Data Linkage Branch at the Department
of Health facilitated the linkage of the WACDD to these databases. Using probabilistic matching between datasets; data is selected, extracted, de-identified, and
then made available for analysis [124]. Approval for this study was granted by the
Princess Margaret Hospital for Children’s Ethics Committee; consent for data linkage was granted by the Human Research Ethics Committee of the Western Australia
Department of Health.
6.4.2

Study subjects

There were three criteria for entry into this study; date of birth between 1 January
1994 and 30 June 2003, a date of diagnosis prior to the projected date of NAPLAN
testing and at least one clinical visit recorded after the projected date of testing.
Data for all subjects with Type 1 diabetes who met these criteria were extracted for
linkage with the education database and made up the cohort with Type 1 diabetes.
For each year of school records identified for the subjects in the Type 1 diabetes
cohort, five students of the same sex, within the same school and school year, were
selected from the education database, making up the matched, general population
comparison cohort.
6.4.3

Variables

Recorded with each NAPLAN record is data pertaining to carers’ education. During
enrolment, carers’ indicate their final completed level of high school and their level (if
any) of higher education completed [166]. These were combined and hierarchically
grouped into five categories (Supplementary Table 2 - Appendix page 207). School
attendance data were available (between 2008 and 2011) for those subjects attending
public schools. These data were a count of the number of half days available and
attended during the first half of the year. This was converted into a percentage of
available school attended.
Severe hypoglycaemia was defined as a hypoglycaemic event leading to loss of consciousness or seizure [1]. Diabetic ketoacidosis (DKA) was defined as hospitalisation
with ketoacidosis recorded as the primary diagnosis. Severe hypoglycaemia and
DKA were both analysed as a cumulative count per individual. Haemoglobin A1c
(HbA1c ) was determined at each clinic visit by agglutination inhibition immunoassay
[non diabetic reference <6.2% (44.3 mmol/mol); Siemens DCA Vantage; Siemens
Healthcare Diagnostics, Erlangen, Germany]. HbA1c was analysed as the mean of
all records in the two years prior to the date of NAPLAN testing. Data from visits
within the first three months following diagnosis were excluded from the analysis.
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6.4.4

Analysis and statistical methods

Data were in the form of one record per subject per school year where education
records were available. The NAPLAN results were converted to a z-score, using
the WA data (by sex) for each calendar year of testing. Multilevel modelling was
used to analyse the data, using the lme4 package [137] within R [129], to ensure the
appropriate adjustments were made to allow for the within person and within school
correlation present in longitudinal, clustered data. The modelling included a random
intercept term for school and student within school (where appropriate). Multiple
models were explored with potential confounders sequentially added to assess their
impact on the association of the predictors of primary interest (diabetes status,
time, glycaemic control, severe hypoglycaemia, DKA). Subjects were included in
the ‘within diabetes cohort’ analysis if they had sufficient clinical data available,
defined as at least two clinical visits in the two years prior to NAPLAN testing.
The analysis of change in school performance over time, were completed across the
three school year transitions present in the data (year 3-5, year 5-7, and year 7-9).
Where missing data were present within categorical variables, a ‘missing’ category
was used. Additional modelling was carried out as a sensitivity analysis to assess the
impact of missing data. This involved both analysis of only records with no missing
data and analysis using multiple imputation to impute all missing values [(]with
10 datasets imputed via the MICE (multivariate imputation by chained equations)
package [139]]. The coefficient estimates generated from the different models were
then examined; output from sensitivity analysis is included as supplementary data.

6.5

Results

There were 702 patients identified in the database as being of the correct age (based
on date of birth) and were present in the clinic during the period when school
performance data were available (2008-2011). Of those 666 (94.9%) were identified
as having a NAPLAN record; 271 (40.7%) of these had one record and 395 (59.3%)
had two records, providing 1,061 records for analysis. Of these, 81 were records from
pre-diagnosis, allowing for the assessment of change in performance post-diagnosis
within this subgroup. Matching of 5:1 for sex, school, and school year was achieved
for 95.7% of the 1,061 records; within the matched cohort (n=3260), 1797 (55.1%)
had two records. The 1061 records came from 454 different schools (Figure 6.1A
(Page 73)).
6.5.1

Cross-sectional

Cross sectional analyses were completed for each of the four school years separately.
There was no difference observed between those with Type 1 diabetes and their
matched peers for any of the five domains tested. This result was consistent between
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the basic models (adjusted for calendar year, sex, and age, model A Table 6.1
(Page 74)) and the models additionally adjusting for carers’ education and school
attendance (model B, Table 6.1 (page 74)). A violin plot showing the distribution of
the two groups standardised numeracy scores is shown in Figure 2; this distribution
is representative of that seen in the remaining four domains (Supplementary Figures
1-5 - Appendix page 207).
The sensitivity analysis (Supplementary Tables 3-14 - Appendix page 207) indicated
that with different approaches to addressing the missing data, there was little fluctuation in the coefficient estimates for the predictive variables of interest. Given
this stability, the sensitivity analysis was not pursued for the longitudinal modelling
and modelling of clinical data.
When attendance rate was examined as an outcome, Type 1 diabetes status was
associated with significantly (P<0.001) lower school attendance, ranging from 2.6%
lower (year 3) to 3.4% lower (year 5; Supplementary Table 15 - Appendix page
207). When attendance was examined as a predictor of school performance among
all subjects, a 1% increase in attendance rate was significantly (P<0.001) associated
with improved school performance across all five domains and all four school years
(Supplementary Tables 9-14 - Appendix page 207). The effect size ranged from 0.01
to 0.05, with the majority between 0.02 and 0.03, for each 1% increase in attendance
rate; the association was notably linear, an interaction term with case status was
modelled but was insignificant. The inclusion of attendance in the model saw little
change to the association of case status.
6.5.2

Longitudinal

Within the 81 (Type 1 diabetes) subjects who had completed a NAPLAN assessment both pre-diagnosis and post-diagnosis of diabetes, there was no significant
difference observed in the change in their NAPLAN results (Table 6.2 (Page 74),
Supplementary Table 16 - Appendix page 207).
Within the 395 (Type 1 diabetes) subjects who had completed two NAPLAN assessments, there was no significant association observed between diabetes status and
change in school performances over time (Table 6.3 (Page 75), Supplementary Table
17 - Appendix page 207), a result consistent across all five domains and the three
age transitions analysed.
6.5.3

Within Type 1 diabetes cohort

Sufficient clinical data were available for 629 (94.4%) of the 666 patients with Type
1 diabetes, providing 917 records for analysis [288 patients (43.2%) had two records
available]. The mean (SD) HbA1c during the 2 years prior to NAPLAN testing was
7.6% (0.9) [59.6 (9.8) mmol/mol; n=146], 7.8 (0.9) [61.8 (9.8) mmol/mol; n=220], 8.0
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(1.0) [63.9 (10.9) mmol/mol; n=270], and 8.2 (1.2) [66.1 (13.1) mmol/mol; n=279]
for years 3, 5, 7, and 9 students, respectively.
Adjusting for age, sex and calendar year, a higher mean HbA1c during the 2 years
prior to NAPLAN testing was associated with a decrease in numeracy score in all
years examined, in reading score in year 3, 7 and 9, in spelling score in year 9, in
grammar score in year 3 and 9, and in writing in year 3, 7 and 9. The magnitude
of these associations [for a 1% (10.9 mmol/mol) increase in HbA1c ] varied from
-0.12 [95% confidence interval (CI); -0.24, -0.005] for year 9 narrative writing to
-0.45 (95% CI; -0.80,-0.09) for year 9 persuasive writing, with the majority being
approximately -0.20 (Supplementary Table 18 - Appendix page 207). There was
little attenuation of these estimates with further adjustment for treatment regimen,
carers’ education and school attendance (Supplementary Tables 19-21 - Appendix
page 207). The analysis of treatment regimen, independent of glycaemic control,
suggested a trend towards pump therapy being associated with an increased school
performance, relative to twice-daily injections (Table 6.4 (Page 75), Supplementary
Table 19 - Appendix page 207).
No consistent association was observed between age of diagnosis, history of severe
hypoglycaemia or history of DKA, and school performance. Among public school
students, severe hypoglycaemia, DKA, and age at diagnosis showed no association
with attendance, however, a higher HbA1c was associated with lower attendance
[ranging from -1.7 (year 3) to -2.3 (year 9) per 1% (10.9 mmol/mol) increase in
HbA1c ; Supplementary Table 22 - Appendix page 207].

6.6

Discussion

We present an analysis of school performance among youth with Type 1 diabetes
relative to their sex and school matched peers. While this study is not the largest
study of this kind within this patient group, this is the first to include comprehensive clinical history data and use a national, independently marked, assessment.
There are two important findings from this study, first, following adjustment for
confounders (carers’ education and school attendance) no difference was observed
between those with Type 1 diabetes and their peers across any of the five domains
analysed and second, within cases, an association of moderate size was observed
between poorer glycaemic control and poorer school performance.
The observation of no deficit in school performance in this study is in contrast
to other studies examining similar school assessments, however, these studies used
school performance measures assessed by the school-teacher (which may contain
bias) and involved children and adolescents diagnosed during an earlier period [patients born 1973-1986 [58] and 1972-1977 [59] respectively]. While the differences
observed in these past studies were modest, it is not implausible to deduce that
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the lack of an observed difference in this study may be in part due to the cohort
being more contemporary (born 1994-2003) and being treated during a period of
improved, more stable glycaemic control with access to modern diabetes therapies
[1]. Our clinic reported a mean HbA1c during the early 1990s, when the students
in these studies attended school, of over 10% (85.8 mmol/mol) [49], since the early
2000s this has been declining to a mean level of 8.3% (67.2 mmol/mol) [50], with
notably lower levels among the younger (0-6 and 6-12 years) patients [1]. Given the
magnitude of the association between HbA1c and school performance, quantified for
the first time in this study, it may be that this temporal improvement in glycaemic
control is the main contributor to the observation of no deficit being observed between those with Type 1 diabetes and their peers. In fact, this is in line with Person
et al.’s speculation that the introduction of new treatment technologies mean later
cohorts may close the gap on education [59]. It is important to reiterate that the
assessment used in this study is administered to students aged between 7-14 years;
we can not rule out the development of deficits in basic education in later years
of schooling or during tertiary education following prolonged exposure to Type 1
diabetes, as has been shown past studies [59].
While it was estimated that school attendance for those with Type 1 diabetes was
approximately 3% lower than their peers, school performance in this group did not
appear to be impacted by this reduced attendance. A possible explanation for this is
that the observed effect size for each day (approximately 1% in this study) of school
not attended is very small and that the increase in absenteeism of approximately 3%
within the Type 1 diabetes cohort is not large effort for this effect to manifest at the
group level. The association of poorer school performance with poorer glycaemic
control was hypothesised a priori, and the analysis indicated that this association
was present independent of treatment regimen. The effect could be considered to be
of moderate size, as a 1% (10.9 mmol/mol) increase in HbA1c was associated with
an approximate decrease of 0.2 in school performance z-score, indicative of an 8%
shift in class rank (for a student with a central rank). This association must only
be interpreted within the glycaemic control range of the study observations [HbA1c
interquartile range; 7.3% (56.3 mmol/mol), 8.6% (70.5 mmol/mol)].
The pathway through which glycaemic control may be acting on school performance
remains unclear; our analysis shows this effect is independent of and not mediated by
the social factor of carers’ education. It is possible that this observed association is a
proxy for poor psychosocial outcomes, which have been linked to poorer glycaemic
control [167], or this may be due to the acute effect of glucose excursions during
NAPLAN testing. Studies have shown there to be poorer fluid performance among
school-aged children with Type 1 diabetes during periods of acute hypoglycaemia
or hyperglycaemia [168, 169], yet it remains unclear how this associates with more
learned skills, for example, school performance. We are unable to explore this, as
the students’ blood glucose level at the time of NAPLAN testing is not recorded
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and we do not have information on the psychosocial functioning of this sample. The
absence of an observed association with history of severe hypoglycaemia or DKA
will be reassuring to patients, their families and primary care teams; however, these
results must be interpreted with care given the inconsistent results observed across
testing domains and relatively low prevalence of these episodes within this cohort.
Socio-economic factors are known to have a strong association with childhood development [170] and educational outcomes [171]. In WA [172], and other locations,
Type 1 diabetes has been shown to be more prevalent in higher socio-economic
groups. We have taken steps to address this in both the study design (matching
within schools) and in the modelling (controlling for individual household level education). We saw little suggestion of a socio-economic mediation effect, as there was
minimal attenuation of the effect of diabetes status following the inclusion of the
carers’ education data in the analysis.
While there are clear strengths of this study (study design, population-based sample with matching; extensive clinical data; comprehensive, independently assessed,
nationally standardised school assessment data) there are some limitations. The
NAPLAN is an assessment of basic education achievement; it is not administered
under the same controlled conditions as traditional cognitive testing, focuses predominately on assessing a students literacy and numeracy, and is not designed to
assess important cognitive skills like ability to multitask, mental flexibility and independent problem solving. There were no data available to assess alternative or
longer-term outcomes (i.e., teacher aid use, school completion, enrolment in higher
education, and employment status). There may be bias introduced if the assumption of data missing at random is not appropriate, as there may be a tendency for
a subgroup of patients who are struggling at school to not complete these national
assessments. Despite these limitations, it is likely that these results are generalisable
to patient cohorts utilising similar multifaceted diabetes care models who achieve
similar levels of glycaemic control to those observed within this cohort. It may be
that cohorts who do not achieve similar levels of glycaemic control may see some
deficits in school performance between their patients and their peers.
In conclusion, we have presented data on an analysis of nationally administered
school assessments for a well-characterised, contemporary, population-based cohort
of subjects with childhood onset Type 1 diabetes and their school matched peers.
We observed no overall difference in school performance between these groups, and
no decline over time within the group with diabetes. In the future, these data will
be able to be assessed to examine changes in school performance in depth over a
longer term and within a larger cohort. These results provide reassuring evidence
to clinicians and families that a diagnosis during childhood of Type 1 diabetes
should not be expected to lessen school performance and reiterate the importance
of achieving optimal glycaemic control.
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Fig. 6.1: Flow chart depicting number of unique patients (Type 1 diabetes cohort)
and records for those patients available for the different analyses carried out.

Fig. 6.2: Violin plot showing distribution of (standardised) numeracy scores, by diabetes status (dark grey is non-diabetic matched peers, light grey is Type 1 diabetes
cohort) and school year.
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Tab. 6.1: Cross sectional association of diabetes status with school performance across
two statistical models (with and without carer’s education and school attendance
data), by school year.
Beta coefficient (95% CI)b
Na

Numeracy

Reading

Spelling

Grammar and

Narrative

Persuasive

Punctuation

Writingc

Writingd

Year 3
Model A

917

-0.06 (-0.24, 0.11)

-0.04 (-0.22, 0.13)

-0.01 (-0.17, 0.16)

-0.03 (-0.21, 0.16)

0.02 (-0.17, 0.21)

-0.17 (-0.48, 0.15)

Model B

655

0.02 (-0.17, 0.22)

0.05 (-0.15, 0.25)

0.03 (-0.16, 0.21)

0.05 (-0.16, 0.26)

0.13 (-0.10, 0.35)

-0.12 (-0.47, 0.22)

Model A

1419

0.03 (-0.10, 0.17)

-0.08 (-0.22, 0.05)

-0.03 (-0.16, 0.10)

-0.06 (-0.21, 0.08)

0.003 (-0.14, 0.15)

0.18 (-0.12, 0.47)

Model B

1024

0.14 (-0.02, 0.29)

-0.01 (-0.17, 0.15)

0.00 (-0.16, 0.16)

0.01 (-0.17, 0.18)

0.06 (-0.11, 0.23)

0.28 (-0.10, 0.67)

Model A

1684

0.01 (-0.11, 0.14)

0.001 (-0.12, 0.12)

-0.06 (-0.19, 0.06)

-0.04 (-0.18, 0.10)

-0.10 (-0.24, 0.04)

0.18 (-0.08, 0.45)

Model B

1163

0.14 (-0.01, 0.28)

0.13 (-0.02, 0.27)

-0.01 (-0.15, 0.13)

0.08 (-0.09, 0.25)

-0.09 (-0.25, 0.07)

0.36 (0.07, 0.65)

Model A

1760

0.01 (-0.11, 0.13)

0.04 (-0.09, 0.17)

0.03 (-0.10, 0.15)

-0.03 (-0.16, 0.11)

-0.003 (-0.16, 0.15)

0.19 (-0.09, 0.47)

Model B

1025

0.10 (-0.04, 0.24)

0.08 (-0.08, 0.24)

0.10 (-0.06, 0.27)

0.07 (-0.09, 0.24)

0.06 (-0.16, 0.28)

0.31 (-0.01, 0.62)

Year 5

Year 7

Year 9

Model A: adjusted for calendar year (where applicable)
Model B: adjusted for calendar year (where applicable), sex, age, carers education, and school attendance subset
of students attending public schools
a Number of records (subjects) in analysis
b Linear mixed effects model, random intercept per school
c Narrative writing assessment data were only available between 2008 and 2010 inclusive
d Persuasive writing assessment data were only available in 2011

Tab. 6.2: Association of incident diabetes diagnosis with school performance (n=81,
Type 1 diabetes subjects).
Beta coefficient (95% CI)a
Numeracy

a
b
c

Reading

Spelling

Grammar and

Narrative

Punctuation

Writingb

Second test

-0.09 (-0.25, 0.08)

-0.08 (-0.26, 0.09)

-0.15 (-0.31, 0.01)

-0.27 (-0.49, -0.05)

0.06 (-0.17, 0.28)

Diabetes Status (T1D)

-0.01 (-0.23, 0.20)

-0.02 (-0.24, 0.19)

-0.02 (-0.23, 0.18)

-0.18 (-0.45, 0.08)

0.11 (-0.13, 0.35)

Interactionc

0.01 (-0.22, 0.24)

-0.07 (-0.30, 0.16)

0.05 (-0.12, 0.22)

-0.01 (-0.33, 0.31)

0.03 (-0.32, 0.37)

Linear mixed effects model; adjusted for age and sex; random intercept per school
Narrative writing assessment data were only available between 2008 and 2010 inclusive
Interaction: second test x diabetes status (T1D)
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Tab. 6.3: Association of diabetes status with standardised NAPLAN scores across
two assessments
Beta coefficient (95% CI)a
Nb
Year 3 to Year 5

c
d

Spelling

Grammar and

Narrative

Punctuation

Writingc

1217
-0.03 (-0.11, 0.05)

0.01 (-0.07, 0.09)

0.02 (-0.04, 0.07)

-0.04 (-0.14, 0.05)

-0.06 (-0.17, 0.05)

Diabetes status (T1D)

0.06 (-0.14, 0.26)

-0.05 (-0.26, 0.15)

0.13 (-0.06, 0.31)

0.05 (-0.18, 0.27)

0.02 (-0.17, 0.22)

Interactiond

0.06 (-0.14, 0.25)

-0.08 (-0.27, 0.11)

-0.05 (-0.18, 0.09)

-0.03 (-0.27, 0.20)

0.11 (-0.14, 0.36)

Second test

0.01 (-0.04, 0.06)

0.01 (-0.04, 0.06)

0.01 (-0.03, 0.04)

-0.01 (-0.07, 0.05)

0.002 (-0.07, 0.07)

Diabetes status (T1D)

-0.04 (-0.16, 0.09)

-0.09 (-0.21, 0.04)

-0.09 (-0.20, 0.03)

-0.12 (-0.26, 0.02)

-0.07 (-0.19, 0.06)

Interactiond

0.04 (-0.08, 0.16)

-0.002 (-0.12, 0.11)

0.02 (-0.07, 0.10)

0.01 (-0.14, 0.16)

0.03 (-0.14, 0.20)

Second test

0.03 (-0.02, 0.07)

0.01 (-0.03, 0.06)

-0.01 (-0.05, 0.03)

0.02 (-0.05, 0.08)

0.04 (-0.04, 0.12)

Diabetes status (T1D)

-0.05 (-0.16, 0.06)

-0.08 (-0.19, 0.03)

-0.13 (-0.24, -0.02)

-0.11 (-0.24, 0.02)

-0.07 (-0.20, 0.05)

Interactiond

0.02 (-0.09, 0.13)

0.04 (-0.08, 0.15)

0.08 (-0.01, 0.17)

0.02 (-0.13, 0.17)

-0.02 (-0.21, 0.16)

3002

Year 7 to Year 9

b

Reading

Second test

Year 5 to Year 7

a

Numeracy

3258

Linear mixed effects model; adjusted for age and sex; random intercept per school
Maximum number of records (not-subjects) in analysis, does not account for missing data
Narrative writing assessment data were only available between 2008 and 2010 inclusive
Interaction: second test x diabetes status (T1D)

Tab. 6.4: Cross sectional association of glycaemic control and treatment regimen with
standardised NAPLAN scores, by school year.
Beta coefficient (95% CI)a
Nb
Year 3

Persuasive

Writingc

Writingd

-0.15 (-0.34, 0.04)

-0.12 (-0.32, 0.08)

-0.19 (-0.39, 0.01)

-0.20 (-0.41, 0.005)

-0.62 (-1.03, -0.20)

ref

ref

ref

ref

ref

ref

Treatment - MDI

16

-0.10 (-0.69, 0.48)

-0.08 (-0.56, 0.40)

0.01 (-0.49, 0.51)

0.09 (-0.42, 0.61)

-0.14 (-0.65, 0.38)

1.13 (0.05, 2.20)

Treatment - Pump

34

0.07 (-0.38, 0.51)

0.25 (-0.11, 0.62)

0.23 (-0.15, 0.62)

0.25 (-0.14, 0.65)

0.18 (-0.21, 0.58)

0.19 (-0.53, 0.92)

220
-0.17 (-0.33, -0.02)

-0.10 (-0.24, 0.04)

-0.07 (-0.21, 0.07)

-0.07 (-0.25, 0.11)

-0.10 (-0.25, 0.06)

0.03 (-0.52, 0.59)

Treatment - BD

167

ref

ref

ref

ref

ref

ref

Treatment - MDI

41

0.20 (-0.18, 0.58)

-0.10 (-0.44, 0.24)

-0.01 (-0.35, 0.33)

-0.06 (-0.51, 0.39)

0.16 (-0.28, 0.61)

0.15 (-0.61, 0.91)

Treatment - Pump

62

0.50 (0.19, 0.82)

0.38 (0.10, 0.66)

0.20 (-0.09, 0.48)

0.39 (0.02, 0.76)

0.36 (0.02, 0.69)

-0.13 (-0.90, 0.65)

270

Mean HbA1c e

-0.24 (-0.36, -0.12)

-0.15 (-0.28, -0.03)

-0.07 (-0.19, 0.06)

-0.12 (-0.27, 0.04)

-0.26 (-0.40, -0.12)

-0.02 (-0.31, 0.27)

Treatment - BD

98

ref

ref

ref

ref

ref

ref

Treatment - MDI

82

0.17 (-0.13, 0.47)

0.07 (-0.24, 0.39)

0.13 (-0.17, 0.44)

0.12 (-0.26, 0.50)

0.19 (-0.16, 0.53)

0.28 (-0.44, 1.00)

Treatment - Pump

90

0.32 (0.03, 0.62)

0.41 (0.10, 0.72)

0.22 (-0.08, 0.52)

0.14 (-0.23, 0.51)

0.16 (-0.17, 0.48)

0.30 (-0.42, 1.02)

Year 9

279

Mean HbA1c e

e

Narrative

Punctuation

-0.27 (-0.51, -0.04)

Year 7

d

Grammar and

93

Mean HbA1c e

c

Spelling

Treatment - BD

Year 5

b

Reading

143

Mean HbA1c e

a

Numeracy

-0.17 (-0.28, -0.06)

-0.18 (-0.30, -0.05)

-0.10 (-0.22, 0.01)

-0.17 (-0.30, -0.04)

-0.07 (-0.19, 0.05)

-0.53 (-0.91, -0.16)

Treatment - BD

60

ref

ref

ref

ref

ref

ref

Treatment - MDI

133

0.26 (-0.08, 0.61)

0.14 (-0.24, 0.51)

0.34 (-0.01, 0.68)

0.36 (-0.03, 0.75)

0.40 (0.04, 0.77)

-0.75 (-2.16, 0.67)

Treatment - Pump

86

0.48 (0.10, 0.85)

0.35 (-0.06, 0.76)

0.19 (-0.20, 0.58)

0.48 (0.06, 0.90)

0.58 (0.19, 0.98)

-1.06 (-2.57, 0.46)

Number of subjects
Linear mixed effects model; adjusted for age, sex, and calendar year; random intercept per school
Narrative writing assessment data were only available between 2008 and 2010 inclusive
Persuasive writing assessment data were only available in 2011
For a 1% (10.9 mmol/mol) increase in mean HbA1c in the 2 years preceding NAPLAN assessment.
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Chapter 7

Incidence of and risk factors for
hospitalisations due to vascular
complications: A population-based
Type 1 diabetes cohort (n=1,316)
followed into early adulthood
7.1

Preface

This chapter is the first of three focusing on
the chronic complications of Type 1 diabetes
(T1D) experienced during early adulthood.
Presented in this chapter is the study addressing the research objectives of characterising the contemporary incidence of vascular
complications for individuals with T1D relative to the general population and examining, within individuals with T1D, the association of clinical and demographic risk factors with the onset of vascular complications
[Chapter 3 (Page 33)]. This study uses data
linkage to combine data from the Western
Australian Children’s Diabetes Database (WACDD) with, primarily, data from the
Hospital Morbidity Data System (HMDS) to follow-up both a cohort with childhood
onset T1D and a comparison cohort into early adulthood, to compare the rates of
hospitalisation for vascular complications. In addition, within the T1D cohort, clinical risk factors are modelled to quantify their association, at the individual level,
with complication onset. The overarching purpose of this study was to identify
patient groups that may be at increased risk for early development of microvascular and macrovascular complications during early adulthood. The HMDS has
records of all WA (public and private) inpatient hospitalisations, thus facilitating
population-based epidemiological research; the linkage of this with a clinical registry
(the WACDD) provides a rich dataset containing longtudinal records detailing both
clinical history and complication data.
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7.2. ABSTRACT

This chapter was published in the Journal of Diabetes and its Complications in
January 2017 [173]. A copy of the typeset paper is available in Appendix (Page
188), along with supplementary tables that were published online with the journal.
What follows is a verbatim copy of the paper text, noting that additional details
pertaining to the relevant literature, and the study setting and methodology are
included in chapters 2 and 4, respectively.

7.2

Abstract

Aim: To determine the incidence of hospitalisations and risk factors for vascular
complications experienced during early adulthood in patients with childhood onset
Type 1 diabetes.
Methods: A population-based childhood-onset Type 1 diabetes cohort was identified from a statewide register (1992-2012). Data linkage was used to identify a
matched comparison cohort. Hospital admissions data were extracted to follow up
both cohorts into early adulthood (1975-2012).
Results: The Type 1 diabetes cohort (n=1,316) had a mean age of diagnosis of
9.5 years, 49.5% were women and mean age at the end of follow-up was 26.3 years
(range 18-38). Within the Type 1 diabetes cohort 32 (2.4%) were hospitalised with
a vascular complication during early adulthood. Poor glycaemic control during
paediatric management was associated with a significant increase in risk for ophthalmic complication with 19.4% (n=12/62) of those with a mean HbA1c >12% (108
mmol/mol) diagnosed compared to 0.72% (n=5/696) of those with mean HbA1c <9%
(75 mmol/mol), adjusted hazard ratio 8.4 (95% CI; 2.0, 34.7).
Conclusion: Severe vascular complications requiring hospital admission continue
to be observed during early adulthood. Both women and those with poor glycaemic
control are at increased risk of requiring a hospital admission for these complications
during early adulthood.

7.3

Introduction

Complications from chronic microvascular and macrovascular complications remains
a reality for those living with Type 1 diabetes despite improvements in insulins, glucose self-monitoring devices and insulin administration devices [14]. The DCCT was
the first study to thoroughly characterise the impact of good glycaemic control on the
subsequent risk of microvascular complications including progression of retinopathy,
nephropathy and neuropathy [46]. The subsequent epidemiology of diabetes intervention and complications study demonstrated this effect for macrovascular complications including nonfatal myocardial infarction and stroke [174]. Further evidence
for this relationship has since been demonstrated by numerous cohort studies including data from The Pittsburgh Epidemiology of Diabetes Complications (EDC)
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Study [175], data from the Swedish registries [176] and the EURODIAB IDDM
Complications study [177].
The subsequent adoption of intensive diabetes management has translated into improved glycaemic control in many diabetes cohorts [49, 178]. More recently, technology advances such as insulin pump therapy, continuous glucose monitoring, and
sensor augmented pump therapy have translated into further improvement in glycaemic control [179, 180]. However, despite landmark studies and improved average
glycaemic control within Type 1 diabetes populations, a significant proportion of
those with Type 1 continue to struggle to achieve tight glycaemic control, particular
during childhood and adolescence [181, 182], and hence remain at increased risk of
developing microvascular and macrovascular complications
Cohorts of patients treated with intensive management regimens since or soon after
Type 1 diabetes diagnosis are only now beginning to reach a duration by which
these chronic complications typically begin [183]. The aims of this study were to
utilise statewide WA data registries and linked data methodology to: (i) calculate
the incidence rates of microvascular and macrovascular complications requiring hospitalisation during early adulthood in those with childhood-onset Type 1 diabetes
and compare these to the general population; and (ii) within the Type 1 diabetes cohort, utilise comprehensive clinical records collected during paediatric management
to profile those patients that went on to develop these complications during early
adulthood.

7.4
7.4.1

Materials and methods
Data sources

The Type 1 diabetes cohort was identified through the Western Australia Children’s Diabetes Database (WACDD), described in detail previously [1, 119]. This
is a population-based database (established 1987), which includes demographic and
diabetes management data for all children under the age of 16 years in WA (2015
population 2.6 million) with diabetes [184]. Patients attend clinics, facilitated by
a multidisciplinary team from Princess Margaret Hospital, approximately every 3
months where these data are collected. Consent for use of the data for research purposes is gained during the initial clinic visits; case ascertainment has been demonstrated as >99% [119].
In WA, data pertaining to primary and secondary diagnoses, procedures performed,
length of stay and other pertinent information, for all hospital admissions (capturing both inpatient hospitalisations and many same-day operative procedures) within
both public and private hospitals, are stored in the Hospital Morbidity Data System.
Electronic records date back to 1970; this was used as the source of hospitalisation
data. The diagnosis and procedure variables are coded using the International Clas78
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sification of Diseases, Ninth Revision (ICD-9) from January 1979 to December 1987,
the ICD-9 Clinical Modification (ICD-9-CM) from 1988 to June 1999 and the ICD10 Australian Modification (ICD-10-AM) from July 1999 through January 2012.
The WA Mortality Register is a statutory collection containing cause of death data
for all deaths in WA. Electronic records date back to 1969; this was used as the
source of death information. The WA Birth Register contains details of all births in
WA; registration into the Birth Register within 60 days of the birth is mandatory
with electronic records dating back to 1974.
7.4.2

Subjects

The Type 1 diabetes cohort consisted of all patients from the WACDD with Type
1 diabetes who had reached 18 years of age prior to 31 January 2012. A general
population sample, matched 5:1 for sex and (exact) date of birth, was randomly selected from the Birth Register to form the comparison-cohort. The WA Department
of Health Data Linkage Branch carried out the matching and identification of the
comparison cohort, and the linkage of both cohorts to the Hospital Morbidity Data
System and the Mortality Register. The study was approved by the Princess Margaret Hospital’s Ethics Committee #1939/EP; consent for data linkage was approved
by the Human Research Ethics Committee of the Western Australian Department
of Health #2011/77.
7.4.3

Outcomes and risk factors

There were seven primary outcomes defined a priori based on commonly described
complications; these are described in Table 7.1 (Page 88), with the specific ICD
codes used to identify each outcome in Supplementary Table 1 Appendix page 287.
The outcomes were two microvascular diagnoses (end-stage renal disease (ESRD)
and ophthalmic complications), four macrovascular diagnoses (amputation, any vascular intervention (including stent insertion, angioplasty), myocardial infarction and
stroke), and any microvascular or macrovascular diagnosis. Ophthalmic complication was defined as the diagnosis of either retinopathy requiring vitrectomy or diabetic cataract concurrent with a lens extraction (or similar) procedure. These are
reported separately but were analysed together, both to align with previous studies
of diabetes complications [63, 185] and due to the increased risk of retinopathy development or progression following surgical treatment for diabetic cataracts [186].
Thus, the ‘any vascular complication’ variable is presented both including and excluding diabetic cataract concurrent with a lens extraction. Where an ICD code
of interest was identified within the primary diagnosis or primary procedure field,
all hospitalisation records pertaining to those subjects identified were extracted and
examined in detail by two members of the study team. This was to reduce the risk
of outcomes likely due to external causes being incorrectly included in the analysis
(for example amputation due to injury in a car accident).
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7.4.4

Clinical data

Within the Type 1 diabetes cohort, clinical predictors of interest included age of
Type 1 diabetes diagnosis, sex, glycaemic control, severe hypoglycaemia episodes
and socio-economic status. These variables were available from diagnosis, or first
attendance at the WA clinic for those patients who migrated to WA, through to
either age 18 years or the last clinic appointment prior to transition to adult care.
The term paediatric management is used to define this period.
HbA1c level was determined at each clinic visit via agglutination inhibition immunoassay (non-diabetic reference <44.3 mmol/mol (6.2%); Siemens DCA Vantage;
Siemens Healthcare Diagnostics, Erlangen, Germany). HbA1c was analysed in two
forms, firstly, using the mean HbA1c across all clinic visits as a measure of glycaemic control and then categorised as <9%, 9-10%, 10-11%, 11-12% and >12%.
Severe hypoglycaemia was defined in line with previous publications [1], as a hypoglycaemic event leading to loss of consciousness or seizure. This was analysed
in two forms, firstly, as a dichotomise variable for having ever had an episode of
severe hypoglycaemia, and secondly, as a rate per 100 patient-years (grouped into
categories 0, 1-9, 10-19 and ≥20 per 100 patient-years) to adjust for duration of
diabetes. Socio-economic status (SES) was assessed using the Australia Bureau of
Statistics’ index of relative socio-economic disadvantage measure [187]. State-based
deciles were used, based on residential postcode at time of diagnosis, to categorise
subjects as having a low (1-3), medium (4-7) or high (8-10) level socio-economic
background.
7.4.5

Statistical analysis

Data were in the form of one record per subject per clinical visit or hospitalisation. All data processing and analysis were performed in R 3.3.0 [129]. Subjects
were removed from analysis if they have insufficient clinical records, defined as a
single clinical visit at the time of Type 1 diabetes diagnosis. Subject characteristics are presented as mean (standard deviation (SD)), median (range) or count
and percentages, as appropriate. Student’s t-test was used to compare parametric
variables between cohorts; categorical variables were compared using a chi-squared
test. Where outcomes events were present within both cohorts, rate ratios (RRs)
were calculated using exact methods with the epitools package [188] and presented
with 95% confidence intervals (95% CIs). Incidence rates were calculated, within
intervals, as the number of incident cases divided by the sum of person years observed multiplied by 100 with confidence intervals calculated based on the exact
Poisson distribution. Cumulative incidence was calculated as the number of incident cases divided by the number of patients who entered the relevant interval; given
the censored follow-up, these estimates represent a lower limit for the cumulative
incidence. Cox proportional hazards models were used to calculate hazard ratios
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(HRs) and 95% CIs for risk factors. The underlying time variable used was time
since Type 1 diabetes diagnosis, right censored at the time of first diagnosis (for the
vascular complication being modelled), death, or 31st January 2012 (date limit for
extracted follow-up data), whichever occurred first. To assess model fit, Schoenfeld
residual plots were generated and visually inspected and time-dependent interaction
variables were tested for insignificance (P>0.05).

7.5

Results

A cohort of 1,377 subjects meeting the inclusion criteria was identified from the
WACDD; of these 1,355 were identified within the WA data linkage system (98.4%).
Subjects were excluded if they were over 18 years at the time of Type 1 diabetes
diagnosis (n=7) or if they had insufficient clinical data prior to age 18 years (n=32).
The Type 1 diabetes cohort analysed included 1,316 subjects; mean age of Type 1
diabetes diagnosis was 9.5 (SD 4.1) years, 49.5% were women, and subjects had a
median of 22 clinical visits each during the paediatric management period (Table
7.2 (Page 89)). Mean age at the end of follow-up was 26.3 years (75% percentile
30.2 years). The age- and sex-matched (5:1) general population comparison cohort
included 6,422 subjects.
During follow-up, 32 patients (2.43%) of the Type 1 diabetes cohort were hospitalised with at least one vascular complication (6 with macrovascular and 32 with
microvascular; Table 7.3 (Page 89)) at an overall incidence rate of 0.24 (95% CI;
0.16,0.34) per 100 person years. This was in contrast to only 9 people in the comparison cohort (RR 17.5; 95% CI; 8.7, 39.3). When this was repeated excluding cataract
diagnoses from the outcome, the figures were 22 and 6 (RR 17.9; 95% CI; 7.7,49.4)
for the Type 1 diabetes cohort and comparison cohort respectively. Within the
Type 1 diabetes cohort, the most common cause of hospitalisation was ophthalmic
complication (n=27, 2.05%), which incorporates the outcome retinopathy requiring
vitrectomy (n=22, 1.3%), followed by end stage renal disease (n=5, 0.38%). Within
the comparison cohort there were <5 diagnosed with end stage renal disease (Type
1 diabetes RR 8.1; 95% CI; 1.9,42.3), stroke (Type 1 diabetes RR 7.3; 95% CI;
1.1,62.9) or undergoing a vascular intervention (Type 1 diabetes RR 3.4; 95% CI;
0.4,22.4), with no cases of the other microvascular and macrovascular complications
observed.
7.5.1

Type 1 diabetes cohort analysis

Descriptive statistics for the clinical risk factors and demographic variables of those
within the Type 1 diabetes cohort hospitalised with a vascular complication are
presented in Table 7.3 (Page 89). Mean age of onset was 32 years for amputation,
end stage renal disease and stroke, and 23.9 years for ophthalmic complication. Mean
paediatric HbA1c was elevated among all complication groups, being 12.9% (117.5
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mmol/mol; P<0.01) for those that developed end stage renal disease and 11.3%
(99.8 mmol/mol; P<0.01) for those that developed an ophthalmic complication;
this compared to the remainder of the cohort with no complications (average HbA1c
9.0% (74.9 mmol/mol)).
The sex distribution was even for all complication groups with the exception of
ophthalmic complication where 23 of 27 (85.2%; P<0.01) of those diagnosed were
women. Only ophthalmic complication was significantly associated with age of
diagnosis, although the event rate for hospitalisation for other microvascular and
macrovascular disease was so low that this relationship could not be well explored.
There was a significant difference in SES background with 52% of those diagnosed
with a vascular complication being from a low SES background compared to 24%
from the remainder of the cohort (P<0.01). The HR for those from a low or medium
SES background was 1.96 (95% CI; 0.81,4.75) and 1.35 (95% CI; 0.52,3.51) respectively, relative to those from a high SES background. Seven (22%) of the 32 diagnosed with any vascular complication had a history of severe hypoglycaemia; a
history of ever experiencing severe hypoglycaemia was associated with a HR of 2.12
(95% CI; 0.80,5.6). Analysis of severe hypoglycaemia as a rate by category showed
a similar effect size.
Incidence and cumulative incidence for any vascular hospitalisation are presented
by duration of diabetes and age group in Table 7.4 (Page 90). Both incidence and
cumulative incidence peak during the 20-24 year duration interval, 0.96 per 100
person years and 3.1% respectively, and during the 25-29 year age interval, 0.60
per 100 person years and 2.2% respectively. The HR for any vascular complication,
adjusted for age of Type 1 diabetes diagnosis, sex and birth year, was 12.3 (95% CI;
3.2,46.9) for those with a mean pediatric HbA1c ≥12% (108mmol/mol) compared to
those with mean paediatric HbA1c <9% (Figure 7.1C (Page 87)); this increased to
59.2 (95% CI; 5.9,590.4) when the outcome was any vascular complication excluding
cataract (Figure 7.1D (Page 87)). Of the patients with a mean pediatric HbA1c
<7.5% (58.5 mmol/mol; n = 143), only one (0.7%) was hospitalised with a vascular
complication (mean pediatric HbA1c 7.3% (56.3 mmol/mol)); this percentage did
not significantly change when this threshold was increased to <8% (63.9 mmol/mol)
with two of 287 (0.07%) hospitalised with a vascular complication.
7.5.2

Severe diabetic eye disease analysis

Among the 27 individuals treated for ophthalmic complications, 10 underwent a lens
extraction as treatment for diabetic cataract only, and 17 underwent of a vitrectomy
for retinopathy (2 of which had had a prior lens extraction for diabetic cataract).
Compared to those with a mean paediatric HbA1c of less than 9% (75 mmol/mol),
those with a mean paediatric HbA1c of 11-12% (97-108 mmol/mol) and ≥12% (108
mmol/mol) were at increased risk of ophthalmic complication with HR 3.0 (95% CI;
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0.7,13.2) and 8.4 (95% CI; 2.0,34.7) respectively and, more specifically, requiring a
vitrectomy, HR 14.9 (95% CI; 1.3,160.7) and 33.1 (95% CI; 3.0,358.6) respectively
after adjustment for age of Type 1 diabetes diagnosis, sex and birth year (Figure
7.1A and 7.1B (Page 87)). Only 0.72% of those with a mean paediatric HbA1c <9%
(75 mmol/mol) were diagnosed with eye disease compared to 19.35% of those with
a mean paediatric HbA1c ≥12% (108 mmol/mol), these figures being 0.14% and
14.52% respectively for requiring vitrectomy.
Relative to those whose age of Type 1 diabetes diagnosis occurred at <6 years
of age, those diagnosed with Type 1 diabetes between 6-12 years and 12-18 years
were at reduced risk of ophthalmic complication, HR 0.46 (95% CI; 0.18,1.20) and
0.72 (95% CI; 0.28, 1.86) respectively, though the confidence intervals included one.
This is in part explained by those diagnosed with ophthalmic complication having
a temporally earlier mean Type 1 diabetes calendar year of diagnosis (1989 v 1995;
P<0.01), which represents this subgroup reaching an older mean age at the end of
follow-up (32 years vs 26 years), and a longer period of diabetes duration prior to
the introduction of improved diabetes management. The HR for women relative
to men was 4.35 (95% CI; 1.47,12.84), after adjustment for HbA1c , age of Type 1
diabetes diagnosis, and birth year. The HR for those from a low or medium SES
background was 1.61 (95% CI; 0.60,4.30) and 1.54 (95% CI; 0.57,4.14) respectively,
relative to those from a high SES background. A history of ever experiencing severe
hypoglycaemia was associated with a HR of 2.76 (95% CI; 0.99, 7.62). Analysis of
severe hypoglycaemia as a rate by category showed a similar effect size.

7.6

Discussion

In this study, a well-characterised population-based cohort of individuals with childhood onset Type 1 diabetes was followed into early adulthood using linked data to
assess for the onset of severe microvascular and macrovascular complications that
required inpatient hospital admission. The key findings of this study include an
observed incidence rate of vascular complications during early adulthood of 0.24 per
100 patient years, with eye disease being the most frequently diagnosed condition
(2.1% of cohort). Rates of end stage renal disease and stroke were significantly elevated compared to the general population. Poor glycaemic control was associated
with increased risk of complications, of which the exponential relationship with any
vascular complication, and eye disease was characterised in detail. Women, those
with low socioeconomic status, and those who had experienced severe hypoglycamia
were at increased risk for complication onset.
To our knowledge there are no single population-based registries that follow patients with Type 1 diabetes through the entire life course, thus the calculation of
complication rates is typically completed using either cross-sectional studies, clinical
cohorts or record linkage (or a combination). A limitation of using administrative
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health data to define outcomes is that there is a loss of specificity for the severity of
those outcomes; the choice to present both any eye disease (cataract or retinopathy
requiring vitrectomy) and vitrectomy was made to provide a broad overview of the
burden and to aid replication.
The overall incidence density of proliferative retinopathy observed in the Pittsburgh
EDC was 1.59 per 100 patients years [183], which is notably higher than that observed in the present study. However, they observed a decline in rates from 38%
to 26.5% between the 1965-1969 and 1975-1980 diagnosed cohorts respectively. A
study of the Swedish Diabetes Register (n=9,974) observed an incidence rate of
0.73 per 100 patient years for vascular complications (excluding retinopathy) [72],
the equivalent of which was 0.24 in our study. A Finnish study of patients diagnosed
with Type 1 diabetes prior to age 30 years (n=20,005) sourced data from a kidney
disease register and determined the cumulative incidence of end stage renal disease
(ESRD) to be 2.2% at 20 years and 7.8% at 30 years after diagnosis [73] and also
demonstrated increased risk with increased age of Type 1 diabetes onset; estimates
supported by similar studies [176]. The varied study design elements (cohort ascertainment, data coverage, outcome definitions) introduce challenges in comparing
findings between studies. The differences between our study and others, may in
part, be due to the shorter length of follow up and duration of diabetes as a result
of the more recent cohort ascertainment (mean year of diagnosis, 1995) of our study.
Childhood and adolescent glycaemic control was elevated among all the patients diagnosed with vascular complication during follow-up. The DCCT was the first study
to characterise the exponential increase in risk for progression of retinopathy with
increasing HbA1c , quantified within the intensive therapy arm where the highest
HbA1c decile used in determining the trend was approximately 9.2% [46]. The relationship was again demonstrated using a clinical population within the EURODIAB
study [177] and the Vascular Diabetic Complications in Southeast Sweden (VISS)
[189] where the highest HbA1c categories were ≥ 10% and ≥ 9.5% respectively.
To our knowledge, this is the first study to provide evidence of this exponential
relationship for HbA1c above 10% and using a population-based childhood-onset
cohort. The low rate of complications among individuals with a mean pediatric
HbA1c <7.5% demonstrates support for the current clinical guidelines for glycaemic
control as outlined by the International Society for Pediatric Diabetes [15] and the
American Diabetes Association [190]; this was also a factor in selecting <9% (74.9
mmol/mol) as our reference group as the event rate among individuals with a mean
pediatric HbA1c <7.5% (58.5 mmol/mol) was too low to carry out stable modelling.
The paediatric management period for many of the subjects in the present study was
during the late 1990s and early 2000s. Mean glycaemic control within the clinic has
declined significantly since that time period from above 10% [49] to below 8% [158].
A study from McKnight et al (2014) including data between 2010 and 2013 from
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over 324,000 subjects from over 19 different countries or regions showed that the
75th percentile for HbA1c for many of these cohorts (aged <24 years) remains above
or near 10%, meaning up to a quarter of these patients are within our observed high
risk categories [182]. We were unable to differentiate the effect of pump therapy
versus multiple daily injections as pump therapy was not introduced within our
clinic until 2000 [49], with usage below 30% until 2008 [1].
Our observation of reduced risk of eye disease with increased age of T1D onset is in
line with previous findings for retinopathy [191] and other microvascular diseases like
end stage renal disease [192], however, there are also contrasting studies [72, 193]. In
our study, females represented 85% of those diagnosed with eye disease. Age at onset
of puberty has been implicated as modifiers of the relationship between age of T1D
diagnosis and subsequent microvascular disease [192, 194], as has age of menarche
specifically [195], though contemporary studies examining this are limited.
A link between severe hypoglycaemia and increased risk of cardiovascular disease
has been made in type 2 diabetes [196, 197]. The data for Type 1 diabetes are
inconsistent, for example a prospective analysis from the EURODIAB study showed
no association [198], while a Swedish study observed a 1.8 fold increased risk of
mortality in the first month following a cardiovascular event for those with a history of severe hypoglycaemia [199]. In our study, we observed a two-fold increased
risk of any vascular complication and a near three-fold increased risk specifically
for ophthalmic complication for those who had experienced at least one episode of
severe hypoglycaemia, though these estimates did not reach statistical significance
and should be interpreted with some caution. Despite having access to prospectively
collected longitudinal severe hypoglycaemia data, this study was unable to provide
specific insights into the association between severe hypoglycaemia and cardiovascular disease due to the low number of cardiovascular disease events observed.
There were a number of strengths to the current study; such as the population-based
sample with high case ascertainment (>99%), longitudinal prospectively collected
clinical risk factor, capture of both public and private hospitalisations, and the
matched comparison cohort. The use of population-linked data does have some inherent limitations, as only outcomes requiring a hospital admission were able to be
examined, meaning early interventions for cardiovascular disease precursors (for example, prescriptions for blood pressure and/or cholesterol management medication)
or earlier stages of renal disease such as the development of microalbuminuria were
not able to be examined. Despite these limitations, this study contributes findings
where there is a paucity of robust contemporary studies and the findings are likely
to be generalisable to other similar populations.
In conclusion, the follow-up into early adulthood of a contemporary populationbased childhood onset Type 1 diabetes cohort has demonstrated that while the rates
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are relatively low, chronic vascular complications (requiring inpatient hospitalisations) continue to be observed in some patients during early adulthood. Despite the
low number of events observed, a clear association was characterised between poor
glycaemic control and the subsequent increased risk of onset of these complications,
and highlight that women and those from a low socioeconomic background remain
at increased risk of complications. These data demonstrate the value of maintaining
population-based registries and highlight the opportunity to expand the scope of
such registries to incorporate clinical data indicative of early complication onset to
provide further insights into avenues to reduce the personal and health care system burden of chronic microvascular and macrovascular complications within this
population.

86

7.6. DISCUSSION

Fig. 7.1: Adjusted hazard ratio for risk of (A) ophthalmic complications, (B) vitrectomy, (C) any vascular complication (including cataract), and (D) any vascular
complication (excluding cataract) during early adulthood, by mean paediatric HbA1c .
Adjusted hazard ratio and 95% confidence interval (only lower bound shown) calculated via a Cox Proportional Hazards model adjusted for sex, age at T1D diagnosis,
and birth year; right censored to disorder diagnosis, death or 31st January 2012 (at
whichever occurred first); dotted line at 1 which is the reference level for mean paediatric HbA1c <9%.
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Tab. 7.1: Definitions used for outcome diagnosis.
Definitiona

Outcome
End-stage

renal

disease

Diagnosis of diabetic nephropathy in addition to commencing

(ESRD)

haemodialysis or having undergone a kidney transplant.

Ophthalmic complications

Vitrectomy or cataract treatment - Diagnosis of diabetic retinopathy
or cataract in addition to undergoing a surgical procedure (vitrectomy) or similar (lens extraction) based ophthalmic repair.

Retinopathy requiring vitrec-

Diagnosis of diabetic retinopathy in addition to undergoing a surgical

tomy

procedure (vitrectomy).

Amputation

Limb amputation surgery with no sign of acute trauma present, diabetes specified as the primary cause with a documented history of
diabetic neuropathy.

Myocardial Infarction

Primary diagnosis and cause for hospitalisation were an acute myocardial infarction with no sign of acute trauma present

Stroke

Primary diagnosis and cause for hospitalisation were an acute stroke
with no sign of acute trauma present.

Vascular Intervention

Hospital admission for artery bypass procedure, angioplasty or insertion of a stent or similar procedure to prevent or rectify blockage of
an artery.

Any vascular complication

Any of the above

Any vascular complication

Any of the above, excluding cataract diagnoses and lens extraction

(excluding cataract)

procedures

a

IC8/ICD9/ICD9CM/ICD10AM codes used to identify records pertaining to outcomes are available in
Supplementary Table 1
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Tab. 7.2: Demographic and clinical characteristics.
Variablea

Type 1 diabetes Cohort

Comparison Cohort

(n=1,316)

(n=6,422)

26.3 (5.17)

26.4 (5.19)

652 (49.5%)

3208 (49.4%)

13,491

67,298

Age at Type 1 diabetes diagnosis (years)

9.5 (4.1)

-

Duration of diabetes at end of follow-up (years)

16.7 (6.5)

-

Mean HbA1c (%)

9.1 (1.5)

-

Mean HbA1c (mmol/mol)

75.9 (16.1)

Paediatric clinical visits (total)

22 (13, 33)

-

Low

309 (24.2%)

-

Medium

457 (35.7%)

-

High

513 (40.1%)

-

0

934 (71.0%)

-

1-9

66 (5.0%)

-

10-19

117 (8.9%)

-

20

199 (15.1%)

-

Age at the end of follow-up (years)

b

Sex (women) b
Total follow-up time (person years)

c

Socio-economic backgroundd

Severe hypoglycaemia rate (/100 person years)

a
b
c
d

Mean (standard deviation); count (percentage); median (interquartile range)
Age censored at January 31st 2012 or death, whichever occurred first
Calculated as the sum of (age at end of follow up minus age at Type 1 diabetes diagnosed)
Presented for those where data were available

Tab. 7.3: Clinical profile of subjects by vascular complication
Any vascular
Variablea

Any vascular
complication

Microvascular complications

Macrovascular complications

complication
(excluding cataract)
Retinopathy
End stage

Ophthalmic

renal disease

complications

requiring

Amputation

Any vascular

Myocardial

intervention

Infarction

Stroke

vitrectomy
Diagnosed

32 (2.43%)

22 (1.67%)

5 (0.38%)

27 (2.05%)

17 (1.3%)

2 (0.15%)

2 (0.15%)

1 (0.08%)

3 (0.23%)

Age of onset (years)

24.6 (5.1)

26.8 (2.7)

32.0 (1.7)

23.9 (4.9)

26.2 (2.1)

32.0 (2.9)

28.7 (2.5)

23

31.6 (3.4)

Duration Type 1 diabetes

9.2 (4.1)

8.2 (4.1)

9.0 (3.5)

9.1 (4.4)

7.8 (4.5)

9.0 (2.4)

10.0 (3.4)

9.3

10.4 (2.7)

Mean HbA1c (%)

11.3 (2.0)

11.9 (1.6)

12.9 (0.7)

11.3 (2.1)

12.0 (1.6)

12.9 (0.8)

10.7 (2.3)

10.2

11.6 (2.3)

Mean HbA1c

100.1 (21.95)

117.5 (7.1)

99.8 (22.7)

117.8 (8. 9)

93.2 (25.5)

88.4

103.2 (25.3)

(mmol/mol x 10)
Sex (women)

106.4 (17.5)

107.7 (17.2)

25 (78.1%)

16 (72.7%)

2 (40.0%)

23 (85.2%)

14 (82.4)

1 (50.0%)

1 (50.0%)

1 (100.0%)

1 (33.3%)

Socio-economic backgroundb

a
b

Low

14 (45.2%)

11 (52.4%)

3 (60.0%)

10 (38.5%)

7 (43.8%)

1 (50.0%)

1 (50.0%)

1 (100.0%)

2 (66.7%)

Medium

9 (29.0%)

4 (19.0 %)

1 (20.0%)

9 (34.6%)

4 (25.0%)

1 (50.0%)

0 (0.0%)

0 (0.0%)

0 (0.0%)

High

8 (25.8%)

6 (28.6%)

1 (20.0%)

7 (26.9%)

5 (31.2%)

1 (0.0%)

1 (50.0%)

0 (0.0%)

1 (33.3%)

Mean (standard deviation); count (percentage); median (interquartile range)
Presented for those where data were available
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Tab. 7.4: Incidence and cumulative incidence of any vascular hospitalisation by duration of diabetes and age
Number remaining

Number of

Person years

Incidence rate

Cumulative

at end of intervala

incident casesb

of observationc

(per 100 person years)d

incidence (%)e

0-4

1284

2

6553

0.031 (0.00,0.11)

0.15

5-9

1079

4

6017

0.066 (0.02,0.17)

0.31

10-14

751

9

4619

0.195 (0.09,0.37)

0.83

15-19

389

5

2946

0.170 (0.06,0.40)

0.67

20-24

129

12

1255

0.956 (0.49,1.67)

3.08

25-29

29

0

343

-

30-34

0

0

54

-

15-19

1154

4

6431

0.062 (0.02,0.16)

0.30

20-24

694

8

4593

0.174 (0.08,0.34)

0.69

25-29

328

15

2497

0.601 (0.34,0.99)

2.17

30-34

80

3

952

0.315 (0.06,0.92)

0.92

35-39

0

0

83

-

-

Duration of diabetes (years)

Age (years)

a

Count of participants who follow-up exceeds the upper boundary of the relevant interval, for example the count
for Duration of diabetes 59 years’ is the number of participants whose duration of diabetes follow-up exceeded 9.99
b Count of participants whose first hospitalisation occurred during the relevant interval
c Calculated as the sum of person years observed during the relevant interval censored at death, first
hospitalisation or end of follow-up (January 2012)
d Calculated as the number of incident cases over the person years of observation (within the relevant interval)
multiplied by 100; confidence interval calculation based on the exact Poisson distribution
e Calculated as the number of incident cases divided by the number of patients who entered the relevant follow-up
interval; given the censored follow-up within the during the 5 year intervals, this estimate represents a lower limit
for the cumulative incidence
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Chapter 8

Psychiatric disorders during early
adulthood in those with
childhood-onset Type 1 diabetes: rates
and clinical risk factors from
population-based follow-up
8.1

Preface

Presented in this chapter is the study addressing the research objectives of characterising the contemporary incidence of psychiatric disorders for individuals with Type
1 diabetses (T1D) relative to the general
population and examining, within individuals with T1D, the association of clinical and
demographic risk factors with the onset of
psychiatric disorders [Chapter 3 (Page 33)].
This study uses data linkage to combine data
from the Western Australian Children’s Diabetes Database (WACDD) with, primarily,
data from the Mental Health Information
System (MHIS) to follow-up both a cohort with childhood onset T1D and a comparison cohort into early adulthood, to compare the rates of engagement with specialist
support services for psychiatric disorders. In addition, within the T1D cohort, clinical risk factors are modelled to quantify their association with psychiatric disorder
onset. The overall purpose of this study was to identify patient groups that may
be at increased risk for developing psychiatric disorders during early adulthood.
The MHIS has records of engagement with community services, ambulatory mental
health support services, and WA public (and a range of private) specialist psychiatric
support services. These data include coded diagnosis data, the number of treatment
sessions, and information pertaining to session modality.
This chapter was published in Pediatric Diabetes in November 2016 [200]. A copy
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of the typeset paper is available in Appendix (Page 188), along with supplementary
tables that were published online with the journal. What follows is a verbatim
copy of the paper text, noting that additional details pertaining to the relevant
literature, and the study setting and methodology are included in chapters 2 and 4,
respectively.

8.2

Abstract

Aim: To determine the incidence of and risk factors for psychiatric disorders in
early adulthood in patients with childhood onset Type 1 diabetes (T1D).
Methods: In this retrospective-cohort study, we identified a population-based childhood onset T1D cohort and an age and sex matched (5:1) non-diabetic comparison
cohort. Data linkage was used to access inpatient hospitalisation data, mental health
support service data, and mortality data to follow-up both cohorts into early adulthood.
Results: The mean age of T1D diagnosis was 9.5 years (SD 4.1), with a mean age
at end of follow-up of 26.4 years (SD 5.2, max 37.7). The diagnosis of any psychiatric disorder was observed for 187 of 1,302 (14.3%) in the T1D diabetes cohort and
400 of 6,422 (6.2%) in the comparison cohort [adjusted hazard ratio (HR) 2.3; 95%
CI; 1.9,2.7]. Anxiety, eating, mood, and personality and behaviour disorders were
observed at higher rates among the T1D cohort. Comorbid psychiatric disorders
were more frequent, at the cohort level, within the T1D cohort (2-3 disorders 3.76%
vs 1.56%) and service utilisation was higher (15+ contacts 6.8% v 2.8%); though
these differences did not remain when restricted to only those individuals diagnosed
during follow-up. A history of poor glycaemic control was associated with an increased risk of anxiety, mood, and ‘any’ disorder (HR ranging from 1.35 to 1.42 for
each 1% increase in mean paediatric HbA1c ).
Conclusion: Our findings highlight the need for access to mental health support
services as part of routine patient care for young adults with T1D, and for better predictive tools to facilitate targeting at-risk patients with early intervention
programs.

8.3

Introduction

There are numerous studies examining psychiatric outcomes in individuals with
Type 1 diabetes (T1D). Increased incidence of psychiatric disorders such as anxiety [81], depression [81, 92] or any psychiatric disorders more generally [82, 88] has
been reported among young individuals with T1D relative to the general population. However there have also been studies showing no increased risk [201]. For
example a recent meta-analysis including data from 23 papers deemed the current
evidence of increased incidence of depression among young people with T1D to be
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inconclusive [89]. A particular limitation of research to date has been the way in
which psychiatric outcomes are defined. Previous investigators have used different
measures of symptomatology [81, 89], while others used formal diagnostic-system
based criteria [82, 92]. Data collection and completeness has also varied, including
mail-outs, in clinic questionnaires and hospital record examinations. The majority
of these studies are cross-sectional and few have directly included general population
control data [89].
The transition to adulthood presents many challenges including establishing new
social networks and increased independence; those with chronic diseases experience
additional challenges including taking over primary communication with their health
care team and increased accountability for disease management [202, 203].For those
with T1D, this period generally coincides with a change of diabetes management
providers from paediatric care to adult or general practitioner lead care[204, 205].
All of these changes occur during a time (ages 18-34 years) when the prevalence of
many psychiatric disorders peaks [77].
Early intervention for psychiatric disorders in young people has been associated with
improved psychiatric outcomes [206, 207]. Information that facilitates the prediction of those at greater risk would enable targeted intervention [78, 208]. One challenge to early intervention is understanding the direction of the relationship between
T1D and psychiatric conditions; comorbid psychiatric disorders can exacerbate T1D
metabolic control and acute T1D complications [79, 209]. Longitudinally collected
data can help to clarify the aetiology of comorbid mental health problems in T1D
and identify risk factors for their onset [210–212].
There is therefore a need for contemporary, prospectively collected data to address
the questions pertaining to psychiatric morbidity in T1D [88, 92]. In this study we
identified a population-based cohort with childhood onset T1D who were at least 18
years of age at the end of follow-up (2011) and an age and sex match comparison
cohort. Using a linked data methodology, the aims of this study were (1) to calculate
and compare the incidence, post T1D diagnosis, of psychiatric disorders within these
two cohorts; and (2) within the T1D cohort, to incorporate comprehensive clinical
history records from childhood to identify risk factors that may predict disorder
onset during early adulthood.

8.4
8.4.1

Methods
Data sources

The T1D cohort was identified through the Western Australia Childhood Diabetes
Database, described elsewhere [119]. Briefly, this is a population-based database,
established in 1987, which houses demographic and clinical diabetes management
data on all children under the age of 16 years in Western Australia (WA) (2015
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population 2.6 million [184]) with Type 1 and 2 diabetes. Consent for use of the data
in research is gained during initial clinic visits and data is collected prospectively
throughout childhood hospital admissions and 3 monthly visits with the Princess
Margaret Hospital state-wide diabetes service. The state-wide case ascertainment
for this cohort is >99% [119].
Psychiatric diagnoses were ascertained from two different state-wide registers, the
Hospital Morbidity Data System and the Mental Health Information System. The
Hospital Morbidity Data System contains data for all inpatient hospital discharges
in WA from both public and private hospitals. Variables include primary and additional diagnoses, procedures performed and length of stay. Data are in the form of
1 record per separation (the end of an episode of care). The Mental Health Information System contains data from public community services, ambulatory mental
health support services and mental health emergency response telephone lines. Data
are in the form of 1 data record per contact with the support services. Both of these
datasets are available from 1970 onwards.
The Western Australian Birth Register contains details of all births in WA, dating
back to 1974; this was used as the source of the general population comparison group.
The Western Australian Mortality Register is a statutory collection containing cause
of death data for all deaths in WA since 1969 and was used as the source of death
information.
8.4.2

Subjects

The T1D cohort consisted of all patients from the WA Childhood Diabetes Database
with T1D born prior to 1 January, 1993 to ensure they had reached 18 years of age
prior to 31 December 2011 (date limit for data extraction). A general population
sample, matched 5:1 for sex and exact date of birth, was randomly selected from
the WA Birth Register to form the comparison cohort.
8.4.3

Linkage

The WA Data Linkage Branch at the Department of Health completed the linkage of
the T1D cohort and the comparison cohort to the Hospital Morbidity Data System,
Mental Health Information System, and WA Mortality Register. Subject identifying
data were provided to the Data Linkage Branch and probabilistically matched to
master linkage keys to facilitate record extraction. Requested records were then extracted, de-identified and then made available for analysis. The study was approved
by the Princess Margaret Hospital’s Ethics Committee and consent for data linkage
was approved by the Human Research Ethics Committee of the WA Department of
Health.
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8.4.4

Psychiatric disorders and mortality

The diagnosis variables within the Hospital Morbidity Data System and the Mental Health Information System are coded using the International Classification of
Diseases, Ninth Revision (ICD-9) from January 1979 to December 1987, the ICD-9
Clinical Modification (ICD-9-CM) from 1988 to June 1999 and the International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision Australian Modification (ICD-10-AM) from July 1999 through January 2012.
The broad psychiatric disorders of interest were anxiety, eating, mood, personality
and behaviour, schizophrenia and psychosis, and substance dependence disorders.
The diagnoses included within these disorder groups and their ICD-9/9-CM/10-AM
codes are listed in Supplementary Table S1 - Appendix page 297. Cause of death
was grouped into broad categories based on either the cause of death text from the
coroner’s report or the ICD codes assigned to the death records [213].
8.4.5

Clinical risk factors

Within the T1D cohort, clinical predictors of interest included age of T1D diagnosis,
sex, glycaemic control, history of severe hypoglycaemia episodes and socio-economic
status. These variables were available from diagnosis, or first attendance at the WA
clinic for patients who migrated to WA, through to age 18 years or the last clinic
appointment prior to transition to adult care. The term paediatric management is
used to define this period.
HbA1c level was determined at each clinic visit via agglutination inhibition immunoassay (non-diabetic reference <44.3 mmol/mol (6.2%); Siemens DCA Vantage; Siemens Healthcare Diagnostics, Erlangen, Germany). A mean HbA1c was
calculated for each subject, using the values from all clinical visits between T1D
diagnosis (excluding those within the first three months’ post diagnosis) and either
age 18 years or psychiatric disorder onset, whichever occurred first. Severe hypoglycaemia was defined in line with previous publications [1], as a hypoglycaemic event
leading to loss of consciousness or seizure, self-reported during routine 3-monthly
clinical visits. This was analysed in 2 forms, firstly as a rate per 100 patient-years
(grouped into categories 0, 1-9, 10-19 and ≥20 per 100 patient-years) to adjust for
duration of diabetes, and secondly as a cumulative count (grouped into categories
0, 1, 2-3 and ≥ 4 episodes).
Socio-economic status (SES) was assessed using the socio-economic indexes for areas index of relative socio-economic disadvantage. This measure is calculated using
area-specific information pertaining to residents’ income, education attainment, unemployment and occupations, and is published by the Australia Bureau of Statistics
[187]. State-based deciles were used, based on residential postcode at time of diagnosis, to categorise subjects as having low (1-3), medium (4-7) or high (8-10)
socio-economic status.
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8.4.6

Statistical analysis

Data were received in a separate file per data source and per cohort, these were
merged based on the unique individual identifier provided by the Data Linkage
Branch. Records pertaining to psychiatric disorders were identified through searching for the ICD codes listed in Supplementary Table S1 (Appendix page 297) within
the primary diagnosis field. Where a psychiatric disorder was recorded prior to the
diagnosis of T1D, that individual and their matched controls were removed from the
analysis dataset.
Subject characteristics are presented as mean (standard deviation), median (interquartile range) or n (percentage), as appropriate. Single variable comparisons
between cohorts were carried out using t-tests (for parametric variables) or Fisher’s
exact test (for categorical variables). Because of the skewed age at the end of followup due to the study design, standard incidence rates would likely underestimate true
incidence, so age 25-years (lifetime) cumulative incidence estimates were calculated.
Cox-proportional hazard models (for each psychiatric disorder group) were used to
take into account the censoring in the data; the underlying time variable used was
time since Type 1 diabetes diagnosis, right censored at the time of first diagnosis (for
the psychiatric disorders being modelled), death, or January 31, 2012 (date limit for
extracted follow-up data), whichever occurred first. All models were adjusted for
sex and birth year. Interaction terms between status and birth year were modelled
to test for temporal differences in instantaneous risk. To assess model fit, Schoenfeld
residual plots were generated and visually inspected and time-dependent interaction
variables were tested for insignificance (P>0.05).
In the T1D cohort only analysis, clinical data for each individual was only included
for visits occurring prior to psychiatric disorder diagnosis. For example if a psychiatric disorder was diagnosed at age 15.5 years, only those clinical records available
between T1D diagnosis and 15.5 years were included. If a mood disorder was diagnosed at age 22.3 years, then all clinical records available were used (as there were
no clinical records available beyond age 18). All data manipulation and analyses
were performed in R 3.0.3 software [129].

8.5

Results

There were 1,377 subjects identified within the WA Childhood Diabetes Database
who met the inclusion criteria. Of these, 1,355 were identified with the WA Data
Linkage System (98.4%). Following exclusions for those who were over 18 years at
the time of diagnosis (n=7), those with insufficient clinical data prior to age 18 years
(n=32) and those diagnosed with a psychiatric disorder prior to their T1D diagnosis
(n=14). There were 1,302 individuals available for analysis over 22,015 patient years
of follow-up. For included individuals, 50.5% (n=657) were male, the mean age of

96

8.5. RESULTS

T1D diagnosis was 9.5 years (SD 4.1; diagnosis occurring between 1977 and 2009),
mean long-term paediatric HbA1c was 75.9 (SD 16.1) mmol/mol [9.1% (SD 1.5)] and
median number of clinical visits during paediatric management was 22 (IQR 13,33)
(see Table 8.1 (Page 103)). Individuals in the comparison cohort were removed if
they died (n=73) or were diagnosed with a psychiatric disorder (n=65) prior to
the T1D diagnosis of their matched T1D individual, ensuring incident diagnoses
occurred during the same follow-up period in both cohorts. The final matched
comparison cohort consisted of 6,422 individuals.
8.5.1

Cumulative incidence and hazard ratios

Psychiatric diagnoses are shown in Table 8.2 (Page 104). During follow-up, 187
individuals with T1D (14.4%) and 400 from the comparison cohort (6.2%) were
diagnosed with a psychiatric disorder. Within both cohorts, the most frequently
diagnosed disorders were anxiety disorders with 119 and 245 diagnosed among the
T1D and comparisons cohorts respectively (Table 8.2 (Page 104)), hazard ratio 2.5
(95% CI 1.9,3.2). The largest hazard ratio observed was for eating disorders, HR=5.0
(95% CI 2.3, 9.9) for those with T1D. Those with T1D were also at increased risk
of being diagnosed with mood disorders (HR 2.95; 95% CI 1.9,3.2) and personality
and behaviour disorders (HR 2.18; 95% CI 1.2,3.9). The least frequently diagnosed
disorder within the T1D cohort was schizophrenia and psychosis (n=9) and within
the comparisons cohort was eating disorders (n=13). No increased risk was observed for schizophrenia and psychosis or substance dependence disorders. The sex
distributions of those diagnosed were similar between cohorts and, while age of psychiatric disorder diagnosis was consistently lower within the T1D cohort (with the
exception of substance dependence disorders), this was only significantly different
between cohorts for mood disorders (p = 0.027). Interaction terms, between T1D
status and birth year, were not statistically significant and did not significantly alter
the magnitude of the main effect terms.
8.5.2

Comorbidity and service utilisation

Comorbid conditions were assessed by summing the number of unique diagnoses
(at the broad group level defined earlier, e.g. any mood disorder) per individual,
irrespective of whether those diagnoses were made during the same or separate clinical records. In line with the results above, at the cohort level, a higher proportion
of individuals in the T1D cohort were diagnosed with multiple disorders during
follow-up (2-3 conditions 3.76%, ≥4 conditions 0.3%) compared to the comparison
cohort (2-3 conditions 1.56%, ≥4 conditions 0.2%; p<0.001). Within the 28% (53
of 187) of the T1D cohort that experienced multiple diagnoses, the most commonly
co-occurring comorbidities were anxiety and mood disorders (53%), and anxiety,
mood, and personality and behaviour disorders (15%). However, when restricted
to just those diagnosed thus adjusting for the underlying increased risk within the
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T1D cohort, there were no differences in comorbidity between the T1D cohort (2-3
conditions 26.2%, ≥4 conditions 2.1%) and the comparison cohort (2-3 conditions
25%, ≥4 conditions 3%; p>0.05).
Crude service utilisation was assessed by summing the number of contacts with support services per clinical record pertaining to a psychiatric disorder per individual.
During follow-up, a higher proportion of individuals in the T1D cohort had multiple contacts per clinical record (2-3 contacts, 2.2% v 1.2%; 4-14 contacts, 3.9% v
1.4%; ≥15 contacts, 6.8% v 2.8%; p <0.001) compared with the comparison cohort.
However again, restricted to just those diagnosed thus adjusting for the underlying
increased risk within the T1D cohort, there were no differences in severity between
the T1D cohort and the comparison cohort (2-3 contacts, 11.8% v 10.2%; 4-14 contacts, 23.0% v 27.3%; 15 contacts, 45.5% v 47.1%; p>0.05).
8.5.3

Within Type 1 diabetes cohort analysis

The mean length of time between T1D diagnosis and psychiatric disorder was lowest
for anxiety disorders at 8.9 years, and highest for personality and behaviour disorders at 19.4 years, noting that the second highest was for substance dependence
disorders at 14.7 years. Paediatric glycaemic control was the clinical risk factor that
demonstrated the most consistent association with the onset of psychiatric disorder. A hazard ratio of between 1.31 [1.35] and 1.38 [1.42], for each 10 unit [1%]
increase in HbA1c mmol/mol [%] was observed for anxiety, mood, and ‘any’ disorder (see Table 8.3 (Page 105)). The effect size was similar for eating disorders
and personality and behaviour disorders although confidence intervals included 1,
possibly due to lower numbers (n=13 and 16 respectively). In line with observations
in the general population, males had reduced risk (HR ranging from 0.4 to 0.61) of
anxiety, mood, and personality and behaviour disorders compared to females, but
increased risk (HR 3.4) of schizophrenia and psychosis disorders. The association
between SES and diagnosis of the psychiatric disorders was less consistent. There
was little indication of a dose response association; relative to high SES background,
a medium SES background was associated with a 1.36 HR and low SES background
a 1.2 HR for any psychiatric disorder, but neither were significantly different from
1. No association was observed between history of severe hypoglycaemia or age of
T1D diagnosis, and psychiatric disorder onset.
8.5.4

Mortality

During follow-up 27 (2.1%) subjects within the T1D cohort and 40 (0.6%) subjects
within the comparison cohort died, this includes deaths that occurred prior to age
18 years. Of these 35% (n=9) of the T1D cohort and 20% (n=8) of comparison
cohort were diagnosed with a psychiatric disorder prior to death. Among the 18
(1.4%) within the T1D cohort who died without receiving support for a psychiatric
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disorder via a service captured within these data, 5 (27.8%) died either as a result
of suicide or from accidental narcotic overdose, in comparison to 3 (37.5%) within
the comparison cohort.

8.6

Discussion

In this retrospective-cohort study, using prospectively collected population-based
data, a cohort diagnosed with T1D during childhood and adolescence with no preexisting psychiatric disorders was identified and data linkage was utilised to follow
them, and an aged and sex matched non-diabetic comparison cohort, for a mean
of 17 years into early adulthood for incidence of psychiatric disorders. Cumulative
incidence and hazard ratios for the T1D cohort relative to the comparison cohort
were presented, as well as the association of clinical risk factors extracted from
comprehensive paediatric management records with disorder onset. Comorbidity
of multiple disorders, level of service contact/utilisation and the relationship with
subsequent death were also reported.
Overall the observed risk of psychiatric disorders was 2.3 times higher within the
T1D cohort compared with the comparison cohort, with specific diagnoses of anxiety,
eating, mood, and personality and behaviour disorders occurring more frequently
within this cohort. Using comprehensive clinical records collected during paediatric
management, history of poor glycaemic control (a higher mean HbA1c ) was identified
as a risk factor for anxiety, mood and eating disorders. No relationship was observed
with age of T1D diagnosis and psychiatric disorder onset. With the exception of
schizophrenia and psychosis disorders and substance dependence disorders, females
within this cohort had an increased risk (approximately 1.8 times) of being diagnosed
with a psychiatric disorder compared to males. At the cohort level, the rate of
comorbidity and service utilisation was higher within the T1D cohort; however,
there were no differences between cohorts when looking at only those individuals
who became engaged with the mental health support system. This suggests that,
while diagnosed more frequently, the subsequent engagement with support services
is broadly similar between cohorts. Those diagnosed with psychiatric disorders were
over-represented among those who died during follow-up and a number of those who
died without a prior psychiatric disorder diagnosis died due to suicide or engaging in
risky behaviours. We have previously reported on early adulthood mortality within
this cohort [213].
The choice to exclude the small cohort (14 of 1316) with psychiatric disorders diagnosed prior to their T1D onset was made to ensure that (1) analysis pertains to a
clearly defined outcome, psychiatric disorders developing subsequent to the onset of
T1D, and (2) we did not inflate the incidence by included pre-existing conditions.
With this design, we can be confident in the temporal relationship between our
clinical risk factors and subsequent disorder onset. The limitation is that while our
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analysis includes the vast majority (>98%) of this population based cohort, there
will be a slight underestimate of the total burden of psychiatric disorders within the
T1D population.
The cumulative incidence estimates provided here can, with some caution, be compared to a national survey published in 2007 by the Australia Bureau of Statistics;
in which the cumulative incidence among the general population aged 16-24 years
for anxiety disorders was reported as 15.4% [214]. This in-depth household survey
reported that only 34.9% of individuals with a disorder utilised any service for support, with a (maximum) of 25% of those who did utilising only general practitioners
[214], (which was not captured within our datasets). From this we would estimate
the cumulative incidence of those with anxiety disorders who utilised specialist psychiatric disorder support services to be approximately 4.0%, which is similar to the
3.1% observed within our comparison cohort.
It is possible that Berkson’s bias, a form of selection bias where ascertainment of
outcomes differs between exposure groups, is present [215]. Anecdotal evidence suggests the engagement of the T1D cohort with the health care system may facilitate
increased contact with mental health support services. The possible increased ascertainment for the T1D cohort, as a result of the datasets used to identify disorder
onset, may result in an overestimate of the true effect size. To our knowledge, the
direction and size of this potential bias has not been quantified, therefore we are
unable to make adjustments to our effect estimates. It has been demonstrated that
those with T1D can suffer from health care burnout due to ever present need to
manage their diabetes [216], particularly during transition to early adulthood care
[217, 218]. It is possible that this burnout, particularly during early adulthood, may
result in disengagement with the health care system. In support of this are reports
of decreased regimen adherence and appointment attendance during the transition
and early adulthood period [219], particularly among the patient groups we have
identified as being at increased risk of psychiatric disorders [220]. If the engagement of the T1D cohort with the health system did facilitate increased contact with
mental health support services, one might expect that those within the T1D cohort would, as a result of having reduced barriers for assessment, be diagnosed at a
comparatively younger age than their peers. In Table 8.2 (Page 104) we report an
earlier age of onset for mood disorders (approximately 1.7 years earlier than their
peers), however this effect was not consistent in size or direction across the disorders
examined.
With the exception of paediatric glycaemic control levels and sex, the analysis did
not identify a set of clinical factors with consistent, strong associations that could
aid in predicting which patients were most likely to develop psychiatric disorders in
early adulthood. This is despite having comprehensive patient records (a median
of 22 per patient). History of severe hypoglycaemia was not directly associated
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with disorder onset in this study, however indirect pathways may remain. Fear
of hypoglycaemia both impacts quality of life [17] and mediates the relationship
between social anxiety and insulin adherence, particularly in males [221]. There are
also reports of declines in metabolic control and increased acute complications among
those with comorbid psychiatric disorders [79, 209, 222]; these findings suggest a
possible feedback loop that patients with T1D may be at increased risk of falling
into. With over 14% of this cohort utilising psychiatric disorder support services
(many requiring multiple contacts) and little in the way of predictive power for
identifying those most at risk, a health economic evaluation of possible screening
and early intervention programs could prove informative to policy makers. This may
serve to improve the overall mental state of the T1D population leading to increase
regimen adherence and general health [223, 224].
The present study has number of strengths such as prospectively collected populationbased sample with high (>99%) case ascertainment, comprehensive clinical records
over the full paediatric period of management, and a matched comparison cohort.
A limitation of the study is that the psychiatric disorders captured by the mental
health information system are not exhaustive and do not include private psychiatrists, psychologists, general practitioners, or non-government funded organisations.
As a result, the incidence estimates are likely to exclude milder cases and hence be
an underestimate of true incidence. While interaction effects were modelled, the
maximal follow-up study design limited the ability to assess temporal changes in
risk. The numbers diagnosed with some disorders (for example, eating disorders)
were low and only area-based measures of SES at one point in time (T1D diagnosis)
were available for analysis, hence power is limited. Despite these limitations, the
findings from this are likely to be generalisable to contemporary populations.
A critical review of the literature published in 2003 concluded that (i) there was an
increased risk for psychological disorders among those with childhood onset T1D
and (ii) there was no clear relationship with metabolic control [88]. A more recent
systematic review published in 2013 concluded that (i) the evidence was inconclusive
for increase prevalence of depression among young people with T1D and (ii) that
those who were more depressed had poorer metabolic control [89]. Our study, responding to the call from both reviews for prospective data in this area supports the
claim that for those with childhood onset T1D there is (i) an increased risk of psychiatric disorders relative to the general population and that (ii) those with poorer
metabolic control are at increased risk of disorder onset during early adulthood.
While these data still do not address causation, they can be useful for identifying
patients at high risk for either screening or for enrolment into randomised control
trials for evaluation of early intervention programs.
A recent survey of 500 endocrinologists managing young adults with T1D reported
that clinicians often found increased time and resources were required to address
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young adult social, emotional and family issues [225]. The findings of our study
are consistent with this acknowledged burden of these disorders within this young
population. Garvey et al. also reported limited access to mental health professionals,
particularly within non-tertiary based settings. The challenge for clinicians and
researchers is to identify effective screening mechanisms for mental health issues
within standard clinical care [226].
In conclusion, the follow-up of a cohort diagnosed with T1D during childhood and
adolescence into early adulthood demonstrated a 2.3 times increased risk of psychiatric disorder diagnosis within this cohort relative to the general population.
Through robust design, this study adds to the limited data available in the literature from prospectively collected, control matched cohorts; the observations of
increased risk for anxiety, eating, mood, and personality and behaviour disorders
and the higher incidence within both females and those with a history of poor glycaemic control provides insights to clinicians as to where extra vigilance in looking
for the early signs of these disorders may be warranted. The insights contributed to
the mixed literature from this study highlight the value of maintaining populationbased, prospective registries as it pertains to aiding in the understanding of the
natural history of chronic conditions and informing clinical practice; it further highlights the importance of following patients from childhood through to adulthood
capturing data from a wide variety of sources (including inpatient data, outpatient
data, general practitioner data and prescription data).
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Tab. 8.1: Demographic and clinical characteristics.

Variablea

T1D Cohort

Comparison Cohort

Total cohort size

1,302

6,422

Age at the end of follow-up (years)b

26.4 (5.2)

26.4 (5.2)

Sex (female)

645 [49.5%]

3181 [49.5%]

Age at T1D Diagnosis (years)

9.5 (4.1)

-

HbA1c (%)

9.1 (1.5)

-

HbA1c (mmol/mol)

75.9 (16.1)

-

Length of follow-up (years)c

16.9 (6.5)

-

Paediatric clinical visits (count)

22 [13, 33]

-

Low

305 [24.1%]

-

Medium

450 [35.6%]

-

High

510 [40.3%]

-

0

923 [70.9%]

-

1-9

66 [5.1%]

-

10-19

115 [8.8%]

-

≥20

198 [15.2%]

-

SESd

Severe Hypoglycaemia Rate (/100 patient-years)

a

Count; mean (standard deviation); count [percentage]; median [inter-quartile range] as appropriate
Age censored at January 31, 2012 or death, whichever occurred first
c Difference, in years, between age at end of follow-up and at T1D diagnosis; this is duration of exposure to T1D
at the end of follow-up
d Socio-economic background, presented for those where data were available
b
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Tab. 8.2: Cumulative incidence, hazard ratios, age of diagnosis, and sex by psychiatric
disorder; T1D and comparison cohorts.

Psychiatric disordera

T1D

Comparison Cohort

HR/p-valueb

Total cohort size

1,302

6,422

-

N

119

245

2.50 (2.0,3.1)

Cumulative incidence (age 25 years)c

8.8% [62]

3.1% [109]

-

Age diagnosed (years)

20.9 (6.8)

21.1 (7.4)

0.818

Sex (female)

61.3% [73]

61.6% [151]

1

13

13

5.06 (2.3,10.9)

Anxiety disorder

Eating disorders
N
Cumulative incidence (age 25

years)c

1.3% [9]

0.3% [9]

-

Age diagnosed (years)

21.2 (6.5)

22.3 (4.2)

0.597

Sex (female)

92.3% [12]

92.3% [12]

1

92

163

2.95 (2.3,3.8)

Mood disorder
N
years)c

7.8% [55]

2.4% [85]

-

Age diagnosed (years)

22.6 (5.8)

24.3 (6.0)

0.027

Sex (female)

70.7% [65]

63.2% [103]

0.272

N

17

36

2.43 (1.4,4.3)

Cumulative incidence (age 25 years)c

1.7% [12]

0.4% [14]

-

Age diagnosed (years)

23.5 (3.6)

25.5 (5.9)

0.14

Sex (female)

70.6% [12]

61.1% [22]

0.555

N

9

58

0.81 (0.4,1.6)

Cumulative incidence (age 25 years)c

0.6% [4]

0.7% [24]

-

Age diagnosed (years)

25.1 (4.9)

25.7 (6.0)

0.752

Sex (female)

22.2% [2]

44.8% [26]

0.285

12

54

1.15 (0.6,2.2)

Cumulative incidence (age 25

Personality and behaviour disorders

Schizophrenia and psychosis disorders

Substance dependence disorders
N
Cumulative incidence (age 25

years)c

0.6% [4]

0.7% [26]

-

Age diagnosed (years)

28.8 (5.5)

25.6 (5.3)

0.087

Sex (female)

50.0% [6]

31.5% [17]

0.316

187

400

2.46 (2.1,2.9)

Any Disorder
N
Cumulative incidence (age 25

years)c

15.0% [106]

5.4% [189]

-

Age diagnosed (years)

21.3 (6.5)

22.4 (7.1)

0.068

Sex (female)

62.6% [117]

57.2% [229]

0.242

a

Count; cumulative incidence or percentage [number]; mean (standard deviation) as appropriate
Hazard ratio and 95% confidence interval calculated via a Cox-proportional hazards model adjusted for sex and
birth year, censored to age at disorder diagnosis, death or January 31, 2012 (whichever occurred first); P-value
from t-test for difference of means or fishers exact test for categories as appropriate
c Cumulative incidence as at age 25 years: calculated as the number of subjects with any previous diagnosis of the
condition (numerator) divided by the number of subjects who reach at least age 25 by end of follow-up
(denominator)
b
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Tab. 8.3: Hazard ratios for the association of clinical risk factors, assessed during
the paediatric management period, with psychiatric disorder onset within the Type
1 diabetes cohort.

Risk Factor

Anxiety disordera

Eating disordersa

Mood disordera

Personality

Schizophrenia

Substance

and behaviour

and psychosis

dependence

a

a

Any Disordera

a

disorders

disorders

disorders

N

119

13

92

16

9

12

187

Age of T1D diagnosis (years)

0.92 (0.9,1.0)

0.93 (0.8,1.1)

0.96 (0.9,1.0)

0.94 (0.8,1.1)

0.92 (0.8,1.1)

0.92 (0.8,1.1)

0.93 (0.9,1.0)

HbA1c (%)

1.42 (1.2,1.6)

1.45 (1.0,2.2)

1.38 (1.2,1.6)

1.33 (0.9,1.9)

0.94 (0.5,1.6)

1.14 (0.8,1.7)

1.35 (1.2,1.5)

1.38 (1.2,1.5)

1.4 (1.0,2.0)

1.34 (1.2,1.5)

1.30 (0.9,1.8)

0.94 (0.6,1.5)

1.13 (0.8,1.6)

1.31 (1.2,1.4)

0.61 (0.4,0.9)

-b

0.40 (0.3,0.6)

0.41 (0.1,1.2)

3.43 (0.7,16.5)

1.00 (0.3,3.1)

0.57 (0.4,0.8)

HbA1c
(mmol/mol - 10 unit change)
Sex (Male)
SES
Low

1.41 (0.9,2.2)

0.43 (0.0,3.9)

0.66 (0.4,1.2)

0.86 (0.2,3.4)

1.16 (0.2,7.0)

0.69 (0.1,3.8)

1.20 (0.8,1.8)

Medium

1.22 (0.8,1.9)

1.73 (0.5,6.2)

1.14 (0.7,1.8)

1.37 (0.5,4.1)

1.50 (0.3,6.7)

1.84 (0.5,6.5)

1.36 (1.0,1.9)

High

-

-

-

-

-

-

-

a

Count; hazard ratio and 95% confidence interval calculated via a Cox-proportional hazards model adjusted for
sex and birth year, censored to age at disorder diagnosis, death or January 31, 2012 (whichever occurred first) as
appropriate
b Estimate not presented as unstable due to low counts
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Chapter 9

Clinical and demographic risk factors
associated with mortality during early
adulthood in a population-based
cohort of childhood-onset Type 1
diabetes
9.1

Preface

This chapter is the last of three focusing on
the chronic complications of Type 1 diabetses (T1D) experienced during early adulthood. Presented in this chapter is the
study addressing the research objectives of
quantifying the standardised mortality ratio (SMR) for individuals with T1D relative to the general population and examining -within individuals with T1D- the association of clinical and demographic risk
factors with death [Chapter 3 (Page 33)].
This study uses data linkage to combine data
from the Western Australian Children’s Diabetes Database (WACDD) with data from
the WA death register to quantify the SMR for the T1D cohort relative to a general
population comparison cohort and report on the observed causes of death. The WA
death register provides detailed cause of death information extracted from the coroners report. Further analysis, within the T1D cohort, explores the ability of clinical
risk factors, collected during pediatric care and extracted from the WACDD, to
identify those individuals who are at increased risk of death during early adulthood.
This study builds on an earlier mortality study using a cohort from the WACDD
examining deaths prior to age 18 years [227].
This chapter was published in Diabetic Medicine in July 2014 [213]. A copy of the
typeset paper is available in Appendix (Page 188), along with supplementary tables
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that were published online with the journal. What follows is a verbatim copy of the
paper text, noting that additional details pertaining to the relevant literature, and
the study setting and methodology are included in chapters 2 and 4, respectively.

9.2

Abstract

Aims: To calculate standardized mortality ratios and to assess the association between paediatric clinical factors and higher risk of mortality during early adulthood
in a population-based cohort of subjects with Type 1 diabetes.
Methods: Subjects with Type 1 diabetes were identified through the Western Australian Children’s Diabetes Database and clinical data for those who reached 18
years of age (n=1309) were extracted. An age- and sex-matched (without diabetes)
comparison cohort (n=6451) was obtained from the birth registry. Mortality records
were obtained from the death registry. Participants were followed up until 31 January 2012. Associations of clinical factors (from clinic visits before 18 years of age)
with mortality were assessed using Cox proportional hazard models.
Results: The standardized mortality ratio for all-cause mortality was 1.7 (95%
CI; 0.7,3.3) for male and 10.1 (95% CI; 5.2,17.7) for female subjects with Type 1
diabetes (median age at end of study 25.6 years). The adjusted hazard ratio was
1.5 (95% CI; 1.1,2.1) for a 1% increase in mean paediatric HbA1c level, 3.8 (95% CI;
0.9,15.3) for four episodes of severe hypoglycaemia relative to zero episodes, and 6.21
(95% CI; 1.4,28.4) for a low-level socio-economic background relative to a high-level
background.
Conclusion: People with childhood-onset Type 1 diabetes have higher mortality
rates in early adulthood. At particularly high risk are women, those with a history
of poor HbA1c levels, those with recurrent severe hypoglycaemia during paediatric
management, and those from a low socio-economic background. These groups may
benefit from intensified management during transition from paediatric to adult care
facilities.

9.3

Introduction

The majority of studies on mortality in Type 1 diabetes to date have used administrative health data to verify both diagnosis and cause of death, but lack access to
clinical information that could be used to identify factors that may predict those at
higher risk of death. A notable exception is a study of 727 Danish adults, which
included four years of linked pathology data, in which the authors they observed a
hazard ratio of 1.47 (95% CI; 1.3-1.7) between mean HbA1c (%) and all-cause mortality [108]. Some studies have included patients’ baseline glycaemic control data
[99], however, this may result in misleading conclusions, as a single measurement
may not be reflective of long-term glycaemic control [228], particularly in children
108

9.4. PATIENTS AND METHODS

[147, 229]. There is a paucity of contemporaneous population-based studies that
can be used to identify people with childhood-onset Type 1 diabetes who are at the
highest risk of death during early adulthood.
Recent population-based studies report a range of standardised mortality ratios
(SMR) for those with childhood-onset Type 1 diabetes, with observations generally
varying between 2.0 and 6.0 [98–102]. A report from New South Wales, Australia, on
people with Type 1 diabetes who died at age <40 years of age found cause of death
to be, in decreasing order, unnatural (e.g. fall, motor vehicle accident, narcotic
overdose, or suicide), acute diabetes complications, sudden and unexpected (deadin-bed or undetermined), cardiovascular and other (e.g. respiratory, neurological,
cancer, or infection) [230]. Those observations suggest that causes of death during
early adulthood are different from those observed in older adulthood. Analysis of
temporal trends suggest that there has been an improvement in SMR for those with
diabetes and a more recent birth year [102, 103, 231], which reflects improved models
of diabetes care and therapies.
Western Australia (population in 2012: 2.4 million [114]) has a single service that
provides the management of paediatric patients with Type 1 diabetes (established
in 1987); data (with consent) are prospectively collected and stored in the Western
Australian Childhood Diabetes Database (WACDD). Access to state-wide statutorily collected administrative health databases, such as the birth registry and death
registry, are available through the WA Data Linkage Branch. We have recently
reported mortality within this cohort before the age of 18 years (>17 453 patientyears of follow-up), where the SMR overall was 3.1 (95% CI; 1.7,5.3), in boys was
2.2 (95% CI; 0.8,4.7) and in girls was 4.6 (95% CI; 1.9,9.6) [227]; cause of death was
attributed to diabetes for 10 (77%) of the observed deaths. Following on from the
findings of this study, our aims here were to calculate the SMR for death after 18
years of age for people with childhood-onset Type 1 diabetes relative to the general
population and, among people with Type 1 diabetes patients, to explore the association of paediatric diabetes management factors with risk of death during early
adulthood.

9.4
9.4.1

Patients and Methods
Study design

In the present study, a cohort of children and adolescents with Type 1 diabetes were
identified from a population-based clinical database (the WACDD). Clinical history
data from all clinic visits during their paediatric management (while they were aged
<18 years) were extracted. An age- and sex- matched (without diabetes) comparison
cohort was sourced from the state birth registry. Patients from both cohorts were
then followed up from the age of 18 years for death using the state death register.
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Comparisons were made between the number of and cause of deaths observed during
early adulthood (<38 years) between both cohorts. In the cohort of people with
Type 1 diabetes, associations were assessed between paediatric management factors
and death.
9.4.2

Data sources and subjects

The WACDD, established in 1987, is a prospective clinical database with records
for all children in Western Australia diagnosed with diabetes aged ≤16 years; case
ascertainment has been shown to be 99.9% [119]. At each 3-monthly clinic visit, diabetes management, anthropometric, and demographic data are recorded for those
with Type 1 diabetes and stored in the WACDD. The diagnosis of Type 1 diabetes
is based on clinical presentation, together with the presence of islet cell autoantibodies and/or autoantibodies to glutamic acid decarboxylase. Consent for data to
be entered into the WACDD was obtained from all parents or guardians. In the
present study, the cohort with Type 1 diabetes consisted of all patients from the
WACDD with Type 1 diabetes who had reached 18 years of age before 31 December
2011.
The WA Birth Register contains details of all births in WA since 1974. Entry into
the register within 60 days of the birth is mandatory. From the WA Birth Register,
a 5:1 comparison cohort (without diabetes) was probabilistically sampled (by staff
at the WA Data Linkage Branch), matched for sex and (exact) date of birth.
The WA Death Register was used as the source of mortality information. Within
this statutory data collection, cause of death was coded using the International
Classification of Diseases (ICD)-9 from 1979 to 1987, the ICD-9 Clinical Modification
from 1988 to June 1999, and the ICD-10 Australian Modification from 1 July 1999
to 31 January 2012. State population-level mortality rates were available through
the Australia Bureau of Statistics. These were available for 15-19-, 20-24-, 25-29-,
30-34- and 35-39-year age brackets.
Staff at the WA Data Linkage Branch carried out the linkage of the records from
both cohorts to the WA Death Register. The end of follow-up was 31 January 2012;
WA Death Register records for study subjects before this date were extracted for
analysis. Data collection and approval for this study were granted by the Princess
Margaret Hospital’s Ethics Committee; consent for data linkage was granted by the
Human Research Ethics Committee of the WA Department of Health.
9.4.3

Outcomes and risk factors

Causes of death were grouped into the following categories: accidental poisoning by
and exposure to noxious substances drug overdose, accident (other), cardiovascular
disease (including disease of the pericardium), diabetes-related causes, infection,
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motor vehicle accident, suicide and death from unexplained causes. Causes of death
that did not fall into one of these categories were grouped and are reported as ‘other’.
The ICD-9, ICD-9 Clinical Modification and ICD-10 Australian Modification codes
that were used to define these categories are shown in in Supplementary Table 1 Appendix page 306.
The clinical variables used for analysis within the cohort with Type 1 diabetes
included age of diagnosis, sex, glycaemic control, severe hypoglycaemia episodes and
socio-economic status. These were available from diagnosis or first attendance at
the clinic if the patient migrated to WA through to age 18 years or last appointment
if transition to adult care was earlier. In the present study, the term paediatric
management is used define this period.
At each clinic visit, HbA1c was determined by agglutination inhibition immunoassay
(non diabetic reference <6.2% (44.3 mmol/mol); Siemens DCA Vantage; Siemens
Healthcare Diagnostics, Erlangen, Germany). Both the mean HbA1c value (glycaemic control) and the standard deviation of HbA1c values (glycaemic variability)
across all clinical visits on record were used as measures of glycaemic control.
Severe hypoglycaemia was defined as a hypoglycaemic event leading to loss of consciousness or seizure [1, 48–50], and was analysed both as an individual rate per
100 patient-years (grouped into categories 0, 1-9, 10-19, and ≥20 per 100 patientyears) to account for duration of diabetes and as a cumulative count (grouped into
categories 0, 1, 2-3, and ≥4 episodes).
Socio-economic status was assessed via the index of relative socio-economic disadvantage which is provided by the Australia Bureau of Statistics and is derived from
area specific measures of residents income, education attainment, unemployment,
and occupations [150]. Using the state-based decile allocation for each postcode (at
the time of diagnosis), subjects were classified as having a low- (1-3), medium- (4-7)
or high- (8-10) level socio-economic background [187].
9.4.4

Statistical analysis

As is common and expected with a case register database, the age distribution
at the end of data follow-up was right skewed. Population-level death rates were
only available in 5-year age brackets, were variable across the follow-up period and a
well-matched age distribution is a requirement of the chosen indirect standardisation
method. Population-level cause-of-death data by sex and age group often has low
counts and these are randomly reassigned by the Australia Bureau of Statistics to
ensure confidentiality. These factors contributed to the decision to source a matched
comparison sample for the primary analysis.
Subject characteristics are presented as mean (range), median (range), or percent-
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ages, as appropriate, unless otherwise specified. The SMRs were calculated as per
the indirect method [232] for age groups 18-19, 20-24, 25-29, 30-34 and 35-38 years,
95% confidence intervals (95% CI) were calculated via the exact Poisson method
and p-values generated from a chi-squared test [233]. Person-years were calculated
as the amount of time each subject spent within each age category until during
follow-up. The additional comparisons with the state population mortality data
were completed using the same methodology, and were carried out to serve as a sensitivity analysis and to facilitate direct comparison with other published studies. In
these analyses, the mortality rate in the cohort with Type 1 diabetes was compared
to a weighted state mortality rate based on the person-years observed for each age
group per calendar year over the follow-up period.
Cox proportional hazard models (using the coxph function) were used to calculate
hazard ratios (HR). Analysis was right-censored to death or 31 January 2012. Time
to event was the number of days (since turning age 18 years) until this right-hand
endpoint. Adjusted hazard ratios and 95% CIs for all variables of interest were
calculated from univariate (adjusted only for birth year) and multivariate models.
The suitability of the proportional hazards assumption was assessed visually using
Schoenfeld residual plots and confirmed by testing time-dependent interaction variables for insignificance (p>0.05). All data manipulation and analysis was performed
in R 3.0.1 software [129]. Of interest were deaths that occurred after the age of 18
years, therefore, subjects who died prior to reaching 18 years of age did not enter
the at-risk set and were not included in the analysis.

9.5

Results

A total of 1,377 subjects with Type 1 diabetes were identified from the WACDD
who would have been at least 18 years of age at the end of follow-up (31 January
2012). Of those, 1,355 were identified within the WA data linkage system (98.4%),
seven were >18 years of age at the time of diagnosis, 32 had insufficient clinical data
before the age of 18 years, and seven died before reaching the age of 18 years, leaving
1,309 subjects with Type 1 diabetes for analysis. The cohort of people with Type
1 diabetes cohort was 50.4% male, mean age at diagnosis of Type 1 diabetes was
9.5 years, the median length of follow-up (after 18 years of age) was 7.6 years, the
median year of diagnosis was 1995 (interquartile range; 1990-2000) and a median
(interquartile range) of 3.2 (2.1-3.7) clinical records per year since diagnosis were
available per patient (Table 9.1 (Page 119)).
A total of 6,541 age- and sex-matched comparison subjects were selected from the
birth register at a matching ratio of 5:1. Of these, 91 died before reaching 18 years
of age, including 73 neonatal deaths, and insufficient matches were returned for
four individuals. Overall, this left 1,309 subjects with Type 1 diabetes and 6,451
comparison subjects (4.93:1) being followed from age 18 years of age to death or
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end of follow-up, contributing a total of >10,000 and >54,000 years of follow-up,
respectively.
Among the cohort with Type 1 diabetes cohort, there were 20 deaths recorded during
follow-up, eight men and 12 women; mean (SD) age at death was 25.7 (4.7) years.
Among the comparison cohort, there were 30 deaths recorded during follow-up, 24
men and 6 women; mean (SD) age at death was 24.3 (4.6) years.
9.5.1

Standardised mortality ratios

The SMR, standardised to the comparison cohort, was 3.3 (95% CI; 2.0,5.2) overall,
and 1.7 (95% CI; 0.7,3.3) for men and 10.1 (95% CI; 5.2,17.7) for women (Table
9.2 (Page 120)). Within both sexes the SMR was highest in the 25-29-year age
group, being 2.5 (95% CI; 0.5,7.3) in men and 20.2 (95% CI; 5.5,51.8) in women.
Standardised to the weighted state population statistics, the SMR was 1.6 (95%
CI; 0.7,3.1) for men and 5.7 (95% CI; 2.9,9.9) for women (Supplementary Table 2 Appendix page 306).
9.5.2

Specific causes of death

Causes of death among the cohort of subjects with Type 1 diabetes were accidental
poisoning by and exposure to noxious substances (20%), suicide (20%), cardiovascular disease (15%), diabetes-related deaths (15%), unexplained causes (10%), and
other (20%). Causes of death among the comparison cohort were suicide (37%), motor vehicle accident (23%), accident (13%), infection (7%), accidental poisoning by
and exposure to noxious substances (3%) and other (17%). In the cohort with Type
1 diabetes, ‘other’ included anoxic brain damage, severe asthma attack, respiratory inflammation, and epileptic fit with asphyxiation (choking). In the comparison
cohort, ‘other’ included congenital anomaly of the heart, pneumonitis, rheumatic
heart disease, cerebral palsy related complications, and severe asthma, while ‘accident’ included drowning, falling off a structure, being hit by a motor vehicle as a
pedestrian, and asphyxiation (choking).
The SMR relative to the comparison cohort was 20.0 (95% CI; 5.4,51.1; p<0.001)
for accidental poisoning by and exposure to noxious substances and 1.8 (95% CI;
0.5,4.6; p=0.23) for suicide. For men the ratios were 5.0 (95% CI; 0.1,27.7; P=0.08)
for accidental poisoning by and exposure to noxious substances and 1.7 (95% CI;
0.3,4.9; p=0.38) for suicide; for women the SMR for suicide was 2.5 (95% CI; 0.1,13.9;
p=0.34). SMR’s for other causes were not estimated due to cells with zero observations.
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9.5.3

Analysis of the cohort with Type 1 diabetes

A significant univariate association with death during early adulthood was observed
for mean HbA1c level, total number of episodes of severe hypoglycaemia, and socioeconomic status (Table 9.3 (Page 121)). Glycaemic variability (HbA1c SD) and age
of diagnosis were not significantly associated with death. The HR for mean HbA1c
(increased risk for a 1% increase in HbA1c ) was 1.6 (95% CI; 1.1,2.1). The mean
long-term HbA1c during paediatric follow-up in the 20 subjects who died was 10.8%
(94.5 mmol/mol), compared with a mean of 9.1% (76.0 mmol/mol) for those who
survived to the end of follow-up. The minimum long-term HbA1c in the 20 subjects
who died was 8.4% (68.3 mmol/mol). There were no deaths observed among those
with a mean HbA1c in the lowest quartile (≤8.14% (65.5 mmol/mol)).
No statistically significant association with death was observed with severe hypoglycaemia expressed as a rate; however, when analysed as a cumulative dose effect,
it was observed that there was no increased risk of death for those who experienced
≤3 episodes, while those who experienced ≥4 had a HR of 4.0 (95% CI; 1.1,15.2),
relative to those who experienced no episodes.
Relative to those from a high-level socio-economic background, those from a lowand medium- level socio-economic background were at a higher risk, HR 7.9 (95%
CI; 1.7,35.7) and 4.3 (95% CI; 0.9,20.6) respectively, noting that the effect for a
medium level failed to reach significance (p=0.07).
When the significant terms were entered together in a multivariate model, the observed effect sizes remained relatively unchanged in magnitude (Figure 9.1 (Page
118; Supplementary Table 3 - Appendix page 306), suggesting these factors are independently associated with risk of death. Between the univariate and adjusted
models, the HR for mean HbA1c decreased from 1.6 to 1.5, ≥4 episodes of severe
hypoglycaemia decreased from 4.0 to 3.8 and for low- and medium- level of socioeconomic background it decreased from 7.9 and 4.3 to 6.2 and 4.1, respectively.

9.6

Discussion

In the present observational cohort study, we examined death during early adulthood
in a population-based cohort with childhood-onset Type 1 diabetes. We calculated
standardised mortality ratios relative to an age- and sex- matched (without diabetes)
comparison cohort and examined the causes of deaths in both cohorts. Within the
Type 1 diabetes cohort, we used an extraction from a well-characterised populationbased clinical register to explore associations between paediatric management factors
and death during early adulthood.
When compared with the general population, the mortality rate was notably higher
in the cohort with Type 1 diabetes in the age group 20-29 years, and particularly
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those aged 25-29 years. The SMR when compared to the state-level mortality rates
as opposed to the matched comparison group were lower, but variation between
these was to be expected given the methodological differences and low number of
events. The confidence intervals from the two analyses overlap substantially, hence
the conclusions drawn are the same: a notably higher SMR among the women from
this cohort. Death by accidental poisoning by and exposure to noxious substances
was higher in the cohort with Type 1 diabetes, while the overall incidence of diabetesrelated causes of death remained relatively low.
Recent studies have also reported the SMR to be higher in womens compared with
men [96, 103, 231, 234]. Data from Japan, Pennsylvania (USA), and the United
Kingdom reporting on death during early adulthood present similar observations to
those of the present study, where the SMR for women with Type 1 diabetes was
>10 times that of the general population [103, 231, 234]. This somewhat contrasts
with studies from the extensive Scandinavian datasets [96, 100], but because of
methodological and/or cohort differences it is difficult to make sound comparisons
between countries and studies. In contrast to the SMR for females, we observed
no statistically significant elevation of risk for death in males. Further studies into
gender differences for mental health, and acute and chronic complications associated
with Type 1 diabetes may help to explain these observations.
Causes of death accounting for the majority of the deaths among women observed
in the present study included accidental poisoning by and exposure to noxious substances, cardiovascular disease, diabetic ketoacidosis, and suicide. Finnish data
suggests that among 5-year diagnosis cohorts (in the period 1970-1989) there was a
decreasing trend in the rate of suicides and alcohol/drug-related deaths among people with early-onset diabetes (diagnosed at age <15 years) and an increasing trend
in these causes for people with late-onset diabetes (diagnosed at age 15-29 years)
[96]. A follow-up study examining the subgroup of 478 deaths from ischaemic heart
disease among the people with early onset diabetes found the SMR was 83.4 (95%
CI; 49.4,132.5) for women and 19.4 (95% CI; 13.1,27.6) for men, where attained age
was <40 years [235]. The higher prevalence of death from accidental poisoning by
and exposure to noxious substances and cardiovascular disease in this group suggests there may be a higher burden of poor psychosocial outcomes and early onset
of chronic complications among a subgroup of women with Type 1 diabetes. We do
not have access to data pertaining to recreational drug use within our cohort with
Type 1 diabetes, but the implication of a higher prevalence of drug use is one that
warrants further exploration.
The analysis including clinical data within the cohort with Type 1 diabetes found
poor glycaemic control, ≥four episodes of severe hypoglycaemia, and a lower level of
socio-economic background were associated with a higher risk of all-cause mortality.
The identification of these clinical characteristics from this population-based study
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may facilitate informed planning for patients during the often challenging transition
between adolescent to adult care.
In the present study, we observed no association of severe hypoglycaemia with death
when analysed as a rate, but when analysed as cumulative count, we observed an
increased risk of death for those who experienced ≥4 episodes during their paediatric
management, suggesting it is the occurrence of these episodes, irrespective of duration, that indicates an elevated risk of death. Reassuringly, we observed no elevated
risk for those experiencing ≤3 episodes during their paediatric management, an observation that is not consistent with an observation made in older patients [110].
Nevertheless, these results must be interpreted with caution, as they are based on
observations from a small subgroup of patients. A study examining a subgroup
of adolescent patients reporting recurrent hypoglycaemic comas characterised the
subgroup as being predominantly female, with familial difficulties and reporting,
unreasonable fears of major complications [236]. It is plausible that people who experience ≥4 episodes of severe hypoglycaemia during their paediatric management
may be struggling with their diabetes management, which may be causing, or be
caused by, poor mental health.
A lower level of socio-economic status level was associated with a higher risk of
death during early adulthood. Despite our measure of socio-economic status being
assessed at the time of diagnosis and being a collective measure based on area of
residence, our findings are consistent with others [237]. The Pittsburgh Epidemiology of Diabetes Complications Study [237] used a measure of socio-economic status
that was based on individual-level data for education, income, and occupation (components which contribute to the socio-economic status variable used in the present
study) separately at age 28 years. In that study, education was the only statistically
significant association, although this association became nonsignificant after the introduction of clinical variables into the model. Associations have been observed
between low socio-economic status and higher risk of severe hypoglycaemia [1], poor
glycaemic control [238], and increased hospitalisations [239].
Although the present study has clear strengths (its population-based sample, a high
(>99.9%) case ascertainment, and a comprehensive clinical dataset), it also has
some limitations. The number of events are small; children of indigenous origin are
under-represented in our cohort with Type 1 diabetes [172] but over-represented
among deaths during early adulthood relative to the general population of WA, but
this effect is likely to be negligible. In addition, while we know that those in the
cohort with Type 1 diabetes cohort in WA through to late adolescence (from their
clinical attendance), we do not know this for our comparison cohort. These factors
mean we may be underestimating the true SMR. Other limitations include: the
lack of clinical data after the age of 18 years; limited detail pertaining to cause of
death in the mortality register; unmeasured confounding; and the relatively young
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age of subjects at the end of study. Despite these limitations, we believe these
findings should be generalizable to other similar populations with similar diabetes
care funding models.
In conclusion, we have followed up a well-characterised population-based cohort
of childhood-onset Type 1 diabetes cases through adolescence into early adulthood,
compared their mortality rate with that of the background population, and examined
the association of diabetes management and demographic risk factors with higher
risk of death. We have observed a significantly higher SMR for female subjects (particularly in the 20-29-year age group), and a higher mortality risk, independently,
for those with poor glycaemic control, ≥4 episodes of severe hypoglycaemia, and
from a low- or middle-level socio-economic background. These findings shed light
on the epidemiology of mortality in people with childhood-onset Type 1 diabetes
and can aid in the planning for patients transitioning to adult care facilities.
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Fig. 9.1: Hazard ratio (scale logged) and 95% confidence intervals from multivariate
Cox proportional hazard model (additionally adjusted for birth year and mean HbA1c )
as presented in Supplementary Table 3; (a) socioeconomic status [reference group
‘High’] and (b) number of episodes of severe hypoglycaemia prior to 18 years of age
[reference group ‘0’].
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Tab. 9.1: Clinical and demographic characteristics of the cohort with Type 1 diabetes
up until transition to adult servicesa .

Variable

All subjects (n=1,309)

Age at diagnosis (years)

9.5 (0.8,17.9)

Birth year, median (range)

1986 (1974,1993)

Diagnosis year

1995 (1977,2009)

Total paediatric clinic visits, median (range)

22 (1,82)

Clinic visits per year, median (range)

3.2 (0.1,5.5)

Glycaemic control (mean HbA1c (%))b

9.1 (4.6,14.1)

Glycaemic control (mean HbA1c (mmol/mol))b

76.0 (26.8,130.6)

Glycaemic variation (standard deviation HbA1c (%)) (n=1,294)

c

Glycaemic variation (standard deviation HbA1c (mmol/mol)) (n=1,294)

1.4 (0,4.7)
c

15.3 (0,27.9)

Length of follow-up (after 18 years age), median (range) (years)

7.6 (0.2,19.7)

Male sex, n (%)

660 (50.4)

Severe hypoglycaemia rate (/100 patient years), n (%)
0

927 (70.8)

1-9

66 (5.1)

10-19

117 (8.9)

20+

199 (15.2)

Total no. of severe hypoglycaemia episodes per patient, n (%)
0

927 (70.8)

1

166 (12.7)

2-3

123 (9.4)
93 (7.1)

4+
d

Socioeconomic background (n=1,272) , n (%)
Low (Deciles 1-3)

308 (24.2)

Medium (Deciles 4-7)

454 (35.7)

High (Deciles 8-10)

510 (40.1)

a

Data are expressed as mean (range) unless otherwise stated
Mean HbA1c across all clinical visits during paediatric management period
c Standard deviation of HbA
1c across all clinical visits during paediatric management period, only able to be
calculated for patients with ≥2 clinical visits recorded
d Socioeconomic background was measured using the postcode of residence at diagnosis (where recorded) using the
Socio-Economic Indexes for Areas provided by the Australia Bureau of Statistics
b
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Tab. 9.2: Standardised mortality ratios by age and sex for 1,309 cases with childhoodonset Type 1 diabetes followed into early adulthood.

Variable

Without diabetes

T1DM cohort

T1DM SMR

(comparison) cohort

(n=1,309)

(standardised to comparison

(n=6,451)
Age group (years)

Person years
observed

cohort)
Mortality rate
(per 1,000
person-years)

Person years
observed

Mortality rate
(per 1,000

SMR

95% CI

person-years)

Males
18-19

6,263

0.921

1,265

0.791

0.83

(0.02,4.60)

20-24

11,432

0.749

2,309

0.866

1.1

(0.13,3.97)

25-29

6,530

0.845

1,306

2.297

2.5

(0.52,7.31)

30-34

2,605

0.994

519

1.928

1.67

(0.04,9.33)

35-38

257

0

46

21.51

-

-

27,087

0.825

5,445

1.46

1.66

(0.72,3.27)

18-19

6,168

0

1,251

0.799

-

-

20-24

11,627

0.328

2,340

2.564

7.45

(2.74,16.22)

25-29

6,458

0.143

1,277

3.132

20.23

(5.51,51.78)

30-34

2,641

0

512

1.952

-

-

35-38

265

2.539

49

0

-

-

27,158

0.207

5,430

2.21

10.1

(5.22,17.65)

Overall
Females

Overall
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Tab. 9.3: Year of birth-adjusted clinical and demographic risk factors for early adulthood all-cause mortality.

Sex (male)
Glycaemic control
(mean HbA1c (mmol/mol))e
Glycaemic control
(mean HbA1c (%))e

Deathsa

Survivorsa

HRb

Pc

8 male, 12 female

652 male, 637 female

0.67 (0.3,1.6)

0.378

94.5 (86.9,102.2)

76.0 (74.9,76.0)

1.04 (1.01,1.07)

10.8 (10.1,11.5)

9.1 (9.0,9.1)

1.55 (1.1,2.1)

0.005

1.6 (1.3,1.8)

1.4 (1.3,1.4)

1.93 (0.9,4.2)

0.1

17.5 (14.2,19.7)

15.3 (14.2,15.3)

1.06 (0.99,1.14)

9.0 (7.2,10.7)

9.5 (9.3,9.8)

0.96 (0.9,1.1)

Pd

Glycaemic variation
(standard deviation HbA1c (mmol/mol))
(n=1,294)f
Glycaemic variation
(standard deviation HbA1c (%)) (n=1,294)f
Age at diagnosis (years)

0.446

Severe hypoglycaemia rate

0.495

(/100 patient years)
0

15

912

1

-

1-9

0

66

0.00 (0.0,Inf)

0.998

10-19

2

115

1.80 (0.4,8.3)

0.453

20+

3

196

1.61 (0.4,6.0)

0.478

Total no. of severe hypoglycaemia episodes per

0.256

patient
0

15

912

1

-

1

1

165

0.58 (0.1,4.5)

0.603

2-3

1

122

0.84 (0.1,6.7)

0.872

4+

3

90

4.03 (1.1,15.2)

0.04

Low

11

297

7.88 (1.7,35.7)

0.007

Medium

7

447

4.28 (0.9,20.6)

0.07

High

2

508

1

-

Socioeconomic background (n=1,272)

g

0.005

a

Count (n) or mean and 95% confidence interval
Hazard ratio and 95% confidence interval from right-censored cox proportional hazard model adjusted for birth
year
c P-value from Wald Test
d P-value from likelihood ratio test of model with and without term included
e Mean HbA
1c across all clinical visits during paediatric management period
f Standard deviation of HbA
1c across all clinical visits during paediatric management period, only able to be
calculated for patients with 2 clinical visits recorded
g Socio-economic background was measured using the postcode of residence at diagnosis (where recorded) using
the Socio-Economic Indexes for Areas provided by the Australia Bureau of Statistics
b
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Chapter 10

Discussion
10.1

Preface

This chapter brings together the key findings and collective knowledge generated
from the studies presented in the preceding chapters. The chapter begins with
a summary of the major findings from the five studies within this thesis, before
the strengths, limitations, and originality of this body of research are discussed.
A brief overview of the major observations to emerge within the Type 1 diabetes
(T1D) literature during the candidature period (2012-2017) is presented before the
epidemiological insights from each study are discussed in turn. This chapter closes
with a reflection on possible enhancements to current data registries and an outline
of future studies into the complications, and identification of predictive risk factors
for complications of childhood-onset T1D.

10.2

Summary of findings

The overall incidence of severe hypoglycaemia reduced rapidly during the first six
years of this century, before stabilising between a rate of 5.5-6.2 per 100 person-years
(PY). Individuals with good glycaemic control, an HbA1c <7%, did not have a higher
rate of severe hypoglycaemia relative to individuals with an HbA1c of 8-9%. Within
individuals aged 12-18 years, pump therapy was associated with a 40% reduction
in risk of severe hypoglycaemia. A low socio-economic background was associated
with an increased risk of severe hypoglycaemia among individuals up until the age
of six years and for individuals aged twelve to eighteen years.
No difference in school performance was observed among individuals with T1D and
their school peers, across six domains and four age groups (between the ages of seven
and fourteen years), despite days of school attended being approximately 3% lower
for individuals with T1D. No difference was observed in school performance post
diagnosis of T1D, and no change in performance over time was observed. Poorer
glycaemic control was associated with a lower test score (0.2-0.3 SD per 1% increase in HbA1c ), and no association was observed between school performance and
previous episodes of severe hypoglycaemia or diabetic ketoacidosis.
During follow-up into early adulthood (18-38 years), 32 patients (2.4%) of the T1D
cohort (n=1,316) had an inpatient hospitalisation for a vascular complication; the
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overall incidence was low (0.24 per 100 PY; 95% CI; 0.16,0.34) however this represented an eighteen fold increased risk (95% CI; 7.7, 49.4) relative to the comparison
cohort. Ophthalmic complications were the most frequently observed complication
(n=27, 2.1%). Mean paediatric management glycaemic control levels were higher
within each complication subgroup, with an exponential relationship observed between worsening glycaemic control and risk of ophthalmic complications. Females
were over-represented (78.5%) among individuals who experienced a vascular complication during early adulthood.
Engagement with specialist support for a psychiatric disorder was observed for 187
(14.4%) individuals within the T1D cohort (n=1,302), representing a 2.5 times increased risk (95% CI; 2.1,2.9) relative to the comparison cohort. Anxiety disorders
were the most commonly diagnosed disorder affecting 119 (9.1%) individuals within
the T1D cohort; comorbid psychiatric disorders were common with 28% of diagnosed individuals being diagnosed with multiple psychiatric disorders. Diagnoses
occurred at a young age, with the cumulative incidence of any disorder by age 25
years being 15.0%. Poorer glycaemic control during paediatric management was associated with an increased risk of being diagnosed with a psychiatric disorder, with
a Hazard Ratio (HR) of 1.35 for each 1% increase in mean HbA1c (95% CI; 1.2,1.5).
Relative to females with T1D, males with T1D were at a reduced risk of the most
commonly observed disorders (anxiety and mood).
During early adulthood, 20 individuals (12 female, 8 male) from the T1D cohort
(n=1,309) died; the Standardised Mortality Ratio (SMR) was a non-significant 1.7
for males with T1D (95% CI; 0.7,3.3) and a significant 10.1 for females with T1D
(95% CI; 5.2,17.1). Accidental poisoning by and exposure to noxious substances
(20%) and suicide (20%) were the most frequently observed causes of death. For
both males and females with T1D, the SMR was highest between the ages of 2529 years. Poorer glycaemic control during paediatric management was associated
with an increased risk of death, with a HR of 1.6 for each 1% increase in mean
HbA1c (95% CI; 1.1,2.1). A low socio-economic background, and a history of four
or more episodes of severe hypoglycaemia during paediatric management, were also
associated with an increased risk of death during early adulthood.

10.3

Strengths

The primary strength common to the studies within this thesis is the quality of the
data registries from which the study data were sourced. As outlined in Chapter 4
(Page 35), well-established protocols are in place within each registry that ensures
both the processes for collection and coding of the data are standardised. The refinement of these processes over the duration in which these data registries have been
collecting data, which for some exceeds 45-years, has been essential in ensuring robustness to the prospective nature in which the data are collected and recorded. All
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five studies incorporated clinical records from the Western Australian Children’s Diabetes Database (WACDD). The input of a long-standing, multi-disciplinary team,
into the WACDD, which is fundamental to the centralised delivery of statewide
clinical services, was pivotal in that it provided a population-based cohort for analysis, with complete, comprehensive data pertaining to the management history of
individuals within the cohort throughout childhood and adolescence.
The population-based nature of the studies in this thesis enables the incorporation
of information from individuals with a broad variety of combinations of clinical and
demographic parameters, which provides a strong basis for the generalisability of
the study findings. This is evident in Table 9.1 (Page 119) where the age of T1D
diagnosis for the individuals within that study cohort ranged from 0.8-17.9 years and
the mean glycaemic control ranged from 4.6%-14.2%, within individuals from a range
of different socioeconomic backgrounds. This contrasts to the landmark Diabetes
Control and Complications Trial (DCCT) where participants were restricted to being
aged 13-39 years, free from a range of diabetes and general health complications,
with an HbA1c >6.6%, and, in the primary prevention arm, a duration of T1D
between one to five years. While these criteria may appear relatively broad, one
year into the DCCT, the 75th percentiles for HbA1c were approximately 7.6% and
10% for the intensive and conventional arms respectively. Acknowledging the impact
of age, many population-based samples today, some decades after the adoption of
intensive management have the 25th percentile for HbA1c at or above 7.6% [182].
The DCCT is selected here for comparison given its prominence within the T1D
literature and the fact that it still underpins many recommendations within clinical
care guidelines [190].
An additional strength of the studies within this thesis is the study design. These
studies are observational (participants were not assigned to an exposure or intervention) retrospective (the data existed prior to the studies being undertaken) cohort
(participants were included based on criteria unrelated to the outcomes examined)
studies, utilising prospectively-collected data. Although the relationships presented
are associations and are not evidence of a causative effect, the prospective nature of
the data collection establishes a clear temporal relationship and a reduction in bias
when compared to retrospectively collected data [240, 241]. While Randomised Controlled Trials (RCT) are typically seen as providing the highest quality of researchbased evidence [242], well-designed observational studies have their own strengths
that generate unique epidemiological insights, many of which are evident in the
studies within this thesis, including: evaluating multiple effects of a single exposure
(which may be rare); examining outcomes that have a long induction/manifestation
period; and providing an understanding of natural behaviour. Further strengths
include the robustness of the statistical methodologies employed within each study
[151], the appropriate handling of time within the survival analysis models [243, 244],
and the inclusion of a control cohort. The latter was enabled through data linkage;
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a methodology that, in conjunction with the data registries available, puts WA in a
strong position, internationally, to undertake research of this nature.

10.4

Limitations

The studies within this thesis have a range of limitations; while none should cause
significant concern, they should be considered when interpreting the thesis findings.
It is in reflecting on these limitations that the insights into possible infrastructure
developments and future research questions, outlined below, are based. The primary
limitation that impacts Chapters 7, 8, and 9, and to a lesser extent, Chapter 5, is
the lack of complete clinical records (for the T1D cohort) beyond the age of sixteen
years, or any clinical records beyond the age of eighteen years. Complete clinical
data would enable; (i) analysis of glycaemic control directly prior to complication
onset, (ii)) complete disease-course glycaemic control profiling, and (iii) assessment
of other diabetes-specific comorbidities not captured by the data registries accessed
with this thesis, for example, severe hypoglycaemia not requiring hospitalisation and
microalbuminuria levels during early adulthood. It is well-established that glycaemic
control levels peak between the ages of fifteen and eighteen years [147, 181, 182];
the lack of access to data beyond this age means we were unable to differentiate between individuals based on their glycaemic control levels following this late
adolescent peak. This serves to limit the utility of these findings for clinicians managing young adults with T1D. The lack of early-adulthood clinical data relating to
parameters like prescribed medications and health insurance status may limit the
proportion of variation in risk that was able to be explained, particularly as it relates
to the period immediately prior to complication onset or exacerbation. Associations
are thus presented from the perspective of childhood and adolescent risk factors in
relation to complications during early adulthood, which remain clinically useful and
an important contribution given the paucity of studies presenting such data.
Another important limitation, impacting Chapters 7, 8, and 9, and to a lesser degree,
Chapter 6, is the lack of granularity in the defined outcomes, acknowledging that this
is a limitation that affects the majority of data linkage studies. A specific example
of this was the presentation of the End Stage Renal Disease (ESRD) and ‘retinopathy requiring vitrectomy’ data as opposed to milder but still clinically detectable
outcomes that lie on the aetiological pathway to these chronic complications, for
example, glomerular filtration rate and background retinopathy respectively. The
findings in this thesis may have had greater clinical utility if data were available
to adjust for milder levels of these and other chronic complications in the analysis;
in addition to examining these milder endpoints as an outcome indicative of early
comorbidity development.
A further limitation is the lack of access to lifestyle data, including but not limited
to, exercise data, dietary intake data, family composition and relationship status
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data, environmental data, and individual level socio-economic data, for example,
education and income data. Exercise and dietary data are particularly important to
understanding complication risk in T1D studies given glucose levels are directly impacted by these activities. Acknowledging that these and other lifestyle factors form
both direct and indirect inputs into the high-level socio-economic status variable that
was available for analysis, the inclusion of individual-level data would have enabled
increased granularity for patient risk-profiling. The truncated follow-up data, both
at the cohort and individual level, is another limitation; a limited number of subjects that had aged to over 30 years by the end of follow-up, this explains the low
number of events observed, particularly in Chapter 7. Longer follow-up of the individuals within the identified cohort would likely have captured an increased number
of events which would improve the precision of the associations reported.
Despite these limitations, the insights provided by the studies in this thesis remain
valuable. The data sources, study design, and selection of appropriate statistical
methodologies means the observations outlined are robust. The population-based
sample and the standardised healthcare system in WA means the insights gained
from these studies may be generalisable to other predominantly Caucasian populations.

10.5

Original contributions

Several original contributions have been made to the epidemiological knowledge of
the complications of T1D from the studies of this thesis. The study of episodes of
severe hypoglycaemia was the first to report a waning of the association between
tight glycaemic control and an increased risk of severe hypoglycaemia, in addition
to being the first study using longitudinal population-based data to report a lower
incidence of severe hypoglycaemia among adolescents on pump therapy compared
to adolescents on injection therapy. This is important as it demonstrates reduced
barriers for clinicians and patients to pursue optimal glycaemic control. The study
on school performance was the first study to examine a continuous, standardised
school-assessment measure that spanned six-domains; and the first to incorporate
diabetes management factors sourced from clinical records in the analysis.
The early adulthood studies were the first time the WACDD had been linked to: the
Mental Health Information System to study engagement with mental health support
services; the death register to study adulthood mortality; and the Hospital Morbidity Data System to study vascular complications. These studies represented the
first long-term follow-up of complications in Australia of a population-based T1D
cohort, and one of the first internationally that has incorporated complete paediatricmanagement records. The findings from these studies have provided important validation of the contemporary role of risk factors like sex, socio-economic background,
and glycaemic control on the subsequent development of chronic complications. The
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significantly higher early adulthood SMR for females with childhood-onset T1D, and
the novel quantification of the exponential risk of vascular complications as HbA1c
exceeds 10%, are informative for clinicians as they aim to identify high-risk patient
groups.

10.6

Thesis findings in light of emerging literature

A period of six years, the duration of candidature, passed since the studies within this
thesis were first conceived. In that time, there have been several key insights emerge
from the T1D epidemiology literature, many of which are pertinent to consider when
reflecting on the observations presented within this thesis. These include:
Updated guidelines clinical care guidelines: In recent years, major professional
bodies that produce clinical care guidelines for clinicians managing patients with
T1D have lowered their recommended paediatric glycaemic control targets. On
the 16th of June 2014, at the American Diabetes Association’s (ADA) 74th Scientific
Sessions Meeting, the ADA presented revised clinical guidelines with an HbA1c target
of 7.5% for children and adolescents of all ages; a change from the tiered targets
that had previously been in place of <8.5%, <8%, and <7.5% for patients aged
<6 years, 6-12 years, and ≥ 13 years, respectively [6, 190]. This change saw the
ADA clinical care guidelines align with the International Society for Pediatric and
Adolescent Diabetes guidelines which had stated “The target HbA1c for all agegroups is recommended to be <7.5%” since 2009 [19]. The National Institute for
Health and Care Excellence (NICE) in the United Kingdom updated their clinical
care guidelines (2015) to include an HbA1c target level of ≤ 6.5% [245].
Quantification of the substantial proportion of patients failing to meet
the clinical targets for glycaemic control: Clinicians had observed for many
years that glycaemic control deteriorated during childhood and adolescence with
levels reaching their highest [worst] point during late adolescence; however, it is
only recently that reports have focused on quantifying the extent of this issue at a
population level. A T1D Exchange study (a collaboration of United States clinical
registries; n=13,316) reported that only 36%, 57%, and 79% of patients aged <6
years, 6-12 years, and ≥ 13 years respectively, met their glycaemic control targets
of an HbA1c <8.5%, <8%, and <7.5% respectively [181]. A collaboration between
nineteen countries (n=324,501), including data from a WA cohort and many European centres, provided further evidence of this, reporting the proportion of patients
with an HbA1c ≥ 7.5% as 70% and 71% for male and female aged less than fifteen
years respectively, and 76% and 80% for male and female patients aged 15-24 years
respectively [182]. A recent study from Norway (n=874) provided further support
for this observation, reporting data by HbA1c category for individuals aged 14-30
years (Figure 10.1), data that further supported the observation that late adolescence is the time when the fewest patients reach their glyacemic control targets
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[246].
Fig. 10.1: Stacked bar graph of percentage of patients within HbA1c categories; groupings from top to bottom, HbA1c <7%, 7-8%, 8-9%, ≥ 9% [246].

Additional support of the clinical targets for glycaemic control: For many
years the clinical targets for glycaemic control have been set based on the findings
of a limited number of studies, the most prominent of which is the DCCT. With
some T1D data registries now containing upwards of thirty years of patient history data, the body of literature supporting these clinical targets has expanded.
The recent population-based Vascular Diabetic Complications in Southeast Sweden
study, which examined 24,640 HbA1c measurements collected since diagnosis from
451 patients over a mean duration of follow-up of 22 years, reported no incident
cases of severe retinopathy or persistent macroalbuminuria for patients with a longterm weighted mean HbA1c <7.6%; with 51% of patients with a long-term weighted
mean HbA1c >9.5% observed to develop proliferative retinopathy during follow-up
[189]. The findings reported within Chapter 7 of this thesis also form part of this
expanding body of research.
A rapid increase in the adoption of new therapies: Continuous subcutaneous
insulin infusions systems (CSII), in the form of an insulin pump, were first developed
in the 1970s [247, 248], however, they were not widely available until very late in
the 20th century. For example, in WA, in 2000 only 7 (<1%) patients were using an
insulin pump [49]. Over the past two decades, the proportion of patients with insulin
pumps has increased significantly; in WA, in 2012 approximately 35% of patients
were using an insulin pump [249], today that figure exceeds 50% [data unpublished].
While there remain differences in pump use across age groups [250], current usage
within paediatric cohorts is reported as exceeding 60% in Norway [251], and being
as high as 41% in Germany [250], and 60% in the United States [252].
The above points merely serve to highlight some of the overarching themes of the
contemporary literature pertaining to the complications of T1D. That is, there is an
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increased drive to optimise glycaemic control given the expanding body of evidence
that this brings to the quality and length of complication-free life; however, this is
concurrent with the acknowledgement that the majority of patients continue to fail
to reach these targets despite the rapid adoption of new therapies whose safety and
efficacy continue to be demonstrated and improved.
10.6.1

Severe hypoglycaemia

Hypoglycaemia remains a commonly experienced complication of therapy for children and adolescents with T1D. The incidence of severe hypoglycaemia has significantly declined during the past few decades after peaking immediately following the
widespread adoption of intensive management regimens during the 1990s; however,
severe hypoglycaemia is grievous in nature and persists as a complication that induces fear within T1D patients [253]. Recent epidemiological observations specific
to severe hypoglycaemia include a decrease in the risk of severe hypoglycaemia associated with good glycaemic control, a stabilisation of a population level incidence
rates of severe hypoglycaemia, and the potential for new therapies to reduce the
incidence of severe hypoglycaemia.
The most clinically important insight into the changing epidemiology of severe hypoglycaemia from the past decade is the significant reduction in the risk of severe
hypoglycaemic for children and adolescents who achieve optimal glycaemic control.
This observation, characterised in detail in Chapter 5, has since been validated in
large cohorts from both Europe [251] and the United States [254], with studies
including both longitudinal population-based cohorts [255] and aggregated crosssection data pooling [249]. While the evidence supporting this is now recognised in
the ADA’s Standards of Care [190], clinicians are still urged to consider the individual patient’s risk profile when pursuing optimal glycaemic control [190], and fear of
hypoglycaemia continues to be associated with poorer glycaemic control [17].
The incidence of severe hypoglycaemia, acknowledging minor differences in the definition and validation of episodes, was reported as 62 per 100 PY in the intensive
treatment arm of the DCCT between 1983-1993, 22 per 100 PY in an 18 country
(n=2,873) collaboration examining data collected during 1995 [256], and 16.6 per
100 patient years in a WA study (n=1,335) examining data between 1992-1995 [48].
These, and other studies from this period established the evidence base for the inverse relationship between HbA1c and the rate of severe hypoglycaemia (discussed
above). However contemporary incidence reports from multiple centres report a decline in the incidence of severe hypoglycaemia to a plateau at notably lower levels.
Chapter 5 reports an incidence rate of 6.2 per 100 PY in WA in 2011, following
five years of stability (no linear trend), a collaborative study from the Scandinavian
countries reports incidence rates ranging from 5.6 (Norway) to 8.3 (Denmark) per
100 PY in 2009 [257], and a subsequent study from Denmark (n=2,715) reports a
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rate of 4.9 per 100 PY in 2011, detailing a significant decline from 16.0 per 100 PY
in 2008 [251]. Reports also indicate a smaller percentage of patients are experiencing
this complication, with >50% of patients in the DCCT experiencing an episode of
severe hypoglycamia, compared with the 23% reported in Chapter 5, and 6.2% in
a recent study from the United States (n=9930) [254]. It is possible that the improvements seen in the rates of severe hypoglycaemia are due to behavioural change;
perhaps the result of increased clinician awareness of, and knowledge transfer to patients, about the benefits of avoiding behaviors that may lead to hypoglycaemia,
such as taking excess insulin, delaying or missing meals, increasing exercise without other adjustments, and consuming alcohol [47, 258]. These studies combine
to suggest that compared to earlier years, there now appears to be less regional
variation in the incidence of severe hypoglycaemia, a plateauing in the incidence of
severe hypoglycaemia, and an increasing proportion of patients who to avoid this
complication altogether.
There is increasing evidence that suggests new therapies, for example, insulin pumps
in combination with CGMS, may be able to simultaneously improve glycaemic control and reduce the risk of severe hypoglycaemia. The mechanism behind this is yet
to be determined, it may be as a result of a reduction in glycaemic variation due to
the insulin being delivered in a way that more closely mimics the natural function of
a healthy pancreas and reduces the risk of insulinemia. In an effort to standardise
the reporting of hypoglycaemia across current and future clinical trials of glucoselowering therapies, a recent position statement called for reporting of the frequency
of blood glucose concentrations <3.0 mmol/L [259]; this should provide increased
clarity around hypoglycaemic risk by enabling the direct comparison and pooling
of study data into the future. Reported in Chapter 5 is a reduction in the risk
of severe hypoglycaemia for individuals aged twelve to eighteen years using insulin
pump therapy relative to those using injection therapy, this has subsequently been
reported within a clinical trial setting [260], and via international registry collaborations [249], acknowledging that the reduction in the risk of severe hypoglycaemia for
individuals who achieve optimal glycaemic control has been made in both patients
treated with pump and injection therapy [249]. Given many Western centres now report the majority of their pediatric patients are already treated with pump therapy,
it may then be unlikely that further large reductions in the incidence of severe hypoglycaemia are observed at the population level, and we may be limited to observing
incremental decreases in incidence in parallel with the incremental improvements in
the pump and CGM technologies.
10.6.2

School performance

Children and adolescents spend almost half of their waking hours at school; it is
therefore no surprise that the impact of that T1D might have on a child’s schooling
has been raised as a concern by parents of children diagnosed with T1D, and ac131

10.6. THESIS FINDINGS IN LIGHT OF EMERGING LITERATURE

knowledged as a stressor that impacts quality of life [261–263]. The study in Chapter
6 adds to, and is broadly consistent with, the limited literature on the association
between T1D and school performance, finding no significant difference in school performance between individuals with T1D and their school-matched peers. The only
similar study, conducted on children born during a much early period (1972-1977
compared with 1994-2003), concluded there was a statistically significant, but small
deficit in school performance (mean difference -0.07 on a five-point scale of mean
final grade) [59]; a commentary on this study called for further research in this
area [164]. The finding, reported in Chapter 6, of an association between increased
HbA1c and lower school performance, was novel and has since been supported by
a study from the United States reporting an association between HbA1c and their
established school performance measure, the grade point average [264].
Prior to these large population-based studies assessing standardised school performance measures, there had been many studies examining the impact of T1D on
neurocognitive function. A meta-analysis of these studies, assessing 24 studies of
children and adolescents, reported T1D was associated with poorer performance on
visuospatial ability, motor speed, writing, sustained attention, reading, full intelligence, performance intelligence, and verbal intelligence; episodes of severe hypoglycaemia were linked with deficits in short-term verbal memory [54]. This, and
other meta-analyses [159], describe these observed differences as ‘mildly lower’ or
‘mild impairments’, concluding that the possible educational significance of these
mild decrements in cognitive function require clarification. It is difficult to know
what to make of these differences, and the relationship between the neurocognitive
measures and school performance. A Swedish study (n=14,425) reports a twenty
percent reduction in the odds of individuals with T1D completing high school (OR
0.81; 95% CI; 0.71,0.92) [59]. The human capital theoretical framework suggests a
contributing factor to this may be a reduced incentive for these individuals to invest
in their education because of increased uncertainty about their future productivity
and life expectancy [265, 266]. The same Swedish study reported a twenty percent
reduced odds of gainful employment at age 29 years (OR 0.82; 95% CI; 0.73,91),
with a larger reduction in odds reported for individuals with T1D that did not complete upper secondary school (OR 0.66; 95% CI; 0.51,87), relative to controls [59].
A subsequent study suggested that this impact on employment, and earnings, is
evident through to mid-adulthood and that females may be more impacted by this
than males [267].
The relationship between T1D and school performance cannot be considered in
isolation of the many externalities of daily life that may directly influence both the
student with T1D’s glycaemic control and their school performance, as well as impact
potential factors that may mediate the relationship between those two variables.
Factors like the structure of the schoolday, an increased number of eating periods, has
been associated with poorer glycaemic control [268], and diabetes-related bullying
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and symptoms of depression have been shown to be associated with poorer glycaemic
control [269, 270]. Parental stress -related to communication, emotional distress,
and medical care- has been reported as being higher among parents of children with
T1D compared to the general population, with both the mother and father stress
levels reported to change with increased T1D duration [271]. An increase in homeenvironmental confusion, an objective construct assessed via the Chaos Hubbub
and Order Scale that incorporates household factors such as ambient noise levels
and crowding, is also associated with poorer glycaemic control [272]. A study from
the United States reported parents felt that the schools, irrespective of the level of
healthcare training of school nursing staff, provided adequate care for their child, but
acknowledged that the nursing staff were not always available and that overall the
child and non-medical staff were ultimately responsible for a large proportion of the
diabetes care [263], there are no similar studies exploring this within an Australian
setting. It is important for healthcare providers to remain cognisant of these active
and often competing factors in the life of both the child with T1D and their carers. A
pilot study of shared medical appointments, incorporating the full multidisciplinary
team - pediatric endocrinologist, nurse practioner/diabetes educator, dietitian, and
social worker - demonstrated a stabilisation of glycaemic control, and improvements
in quality of life and school function [273]; while RCTs would be needed to determine
if shared medical appointments caused these positive outcomes, alternate models of
care like this could prove beneficial for individuals struggling with their diabetes
management and/or living within challenging environments.
The central nervous system has been increasingly studied, aided by improvements in
access to the technologies required to undertake such research, as a means to understand the physiological mechanisms that may be involved in the link between glucose impairment and neurocognitive related outcomes. A recent systematic review
of thirteen studies (ranging in sample size from 15-214), reported a large proportion
of the structures that make up the central nervous system are impacted by diabetes
status; observations included both reductions in the size and growth of grey and
white matter, and a strong association between recurrent hyperglycaemic attacks
and changes in matter size [274]. These findings are also reported in other studies
that did not meet the criteria for inclusion in the review [275, 276], and studies
from the Diabetes Research in Children Network (DirecNet) group [275, 277]. In
addition, a matched T1D and sibling design study reported an association between
episodes of severe hypoglycaemia and decreased white matter [278]; with another
study suggesting these differences in white matter resulting from severe hypoglycaemia, measured by markers of tissue health, worsen over time [279]. While the
majority of these studies have looked at the impact of T1D on the central nervous
system at a point in time, studies are beginning to look at concurrent changes in
brain activity while neurocognitive tasks are being completed [280]. A study is currently underway (n=460), that includes a control cohort and stratification based on
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HbA1c , that incorporates both a battery of cognitive function tests and brain structural indices (assessed via MRI), in an effort to understand the complex relationship
between T1D, cognitive function, and changes in the brain structure [281]. The series of links between these related central nervous system and cognitive outcomes is
complex; there is evidence of an impact of T1D on brain structure, and cognitive
function, but the relationship between these deficits, which are typically quantified
as being relatively small, and school performance outcomes and job prospects remain
less clear.
10.6.3

Vascular complications

Vascular complications are the leading cause of morbidity and mortality among
adults living with childhood-onset T1D; the findings from the DCCT and EDIC
studies provide a clear message - sustained hyperglycaemia is a modifiable, causative
risk factor that leads to the development and progression of chronic vascular complications [282]. This observation underpinned intensive therapy as a standard of
care, which has indefinitely improved the outlook for patients living with T1D, as
it relates to the development of chronic complications. However, it is concerning
that 25 years post the findings from the DCCT, a substantial proportion of patients, particularly adolescents, are unable to achieve the glycaemic control targets
outlined in the standards of care guidelines, that is, to achieve an HbA1c near that
observed within the intervention group of the DCCT [283]. It is acknowledged,
in contemporary research, that there remains a paucity of large population-based
studies addressing the complex relationship between glycaemic control and clinical
markers of vascular complications, with the monitoring time required to observe
these events cited as a significant limiting factor [246].
Ophthalmic complications were the most frequently observed vascular complication
within the Chapter 7 study of early adulthood vascular complications. More broadly,
diabetic retinopathy remains the leading cause of blindness among working-aged
persons in the developed world [284]. Intensive insulin treatment is associated with
early retinal deterioration [285], however, the long-term benefits of both reduced
risk of retinopathy development and delayed progression of retinopathy mean this
remains the preferred treatment program, as the progression of retinopathy can
be rapid in those with poorer glycaemic control [286]. Observations suggest that
once complications have begun to manifest, the beneficial effects of good glycaemic
control appear to become weaker [287].
Atherosclerotic, and other vasculopathic processes, begin during childhood and adolescence, as detected by assessing intima-media thickness [288] and intravascular
ultrasound of carotids and the aorta [289]. Abnormal retinal vascular profiles have
been reported as present in adolescents aged 12 and 18 years when screened (6%
and 24%, respectively) with suggestions that this is the first indication of microvas-
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cular disease development [290]. These arguments form the basis of the rationale
for both actively targeting modifiable risk factors and screening for early signs of
diabetic retinopathy during adolescence. Despite this, the National Paediatric Diabetes Audit (England), using hospital-based data (n= 27,600), reported only 64%
of eligible children were recorded as having undergone their diabetic retinopathy
screening during the previous audit year [291]; no similar figures were available for
Australia.
In Chapter 7, risk factors including age, age of T1D onset, duration of diabetes,
glycaemic control, history of severe hypoglycaemia, sex, and socio-economic status were modelled as predictors for the onset of vascular complications; however,
many other risk factors including the use of ACE inhibitors, angiotensin II receptor
blocker ARB, or statins, body mass index, blood pressure, lipid profiles, triglycerides, and urine albumin/creatinine ratio have demonstrated an association with
vascular complication development in individuals with childhood-onset T1D [246].
The role of obesity has not been well-defined; a substantial rate (>47 [292]) of overweight or obesity is observed in adults with T1D and this has been associated with
risk of retinopathy and macrovascular disease, independently of HbA1c and blood
pressure [293]. Insulin therapy is associated with weight gain, and thus the trade-off
of the modest weight gain needs to be considered carefully in relation to optimising
glycaemic control, particularly in women [174]. There is an extensive list of less
traditional risk factors that have not been well studied, potentially due to the few
registries collecting data on these risk factors.
Glycaemic variability, while lacking a singular definition, has been linked to both
vascular complications development and early markers/risk factors for vascular complication development. The defining of, data capture of, and analysis of glycaemic
variability data presents numerous challenges. Whether explicit in the calculation
or not, time is an important element of any measure of variability. Earlier studies
examining glycaemic variability looked at measures like the standard deviation, or
coefficient of variation, of repeat measures (typically three months apart) of HbA1c
[46]. Other studies have examined finger-stick blood sample readings, from selfmonitoring, which can provide blood glucose levels from across the day (eg 5-12
non-random readings within a 24-hour period) [294]. Variation in HbA1c was not
presented in the analysis in Chapter 7, though it was examined and no association
was observed, likely due to the limited number of vascular events observed during follow-up. The need for further studies of this relationship was highlighted as
a priority research question in the recent (2014) DCCT/EDIT ‘Future Directions’
statement [282]. CGMS technology can provide continuous sampling, at intervals
of 5-seconds or less [295–297]. Each of these measures presents different challenges
and limitations (consistency/regularity of capture, data accuracy); following data
collection, a true signal of variation must be identified between the noise present in
the data.
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The relationship between the identified risk factors for vascular complications in individuals with T1D is complex, and underpinning these relationships is time. Age,
age at T1D diagnosis, and duration of diabetes have all been associated with the
risk of vascular complication onset in both T1D and T2D cohorts. These time scales
are all interrelated, and the appropriate handling of time in analytical models has
been the subject of epidemiological and statistical research for some time [243]. The
regular collection of comprehensive clinical records is critical to being able to examine the chronological aspects of the complication life-course of individuals with T1D.
The EDIC study has characterised the metabolic memory phenomenon with data
from the EDIC four and ten-year (post-DCCT) analysis contrasting between adults
and adolescents as it pertains to the risk of retinopathy progression [285]. Without comprehensive clinical records during early adulthood, validating and further
understanding this observation, and subsequently being able to accurately assess a
patient’s risk profiles as they move from early- to mid-adulthood, will be challenging. Continued collection of these objective data can facilitate the undertaking of
health economic analyses to quantify (financially) the impact of changes in clinical
care (and/or interventions to improve glycaemic control); there remains a paucity
of such studies.
Overall there has been a declining incidence of vascular complications in both adolescents and adults with T1D [33]; the low rates of vascular complications presented
in Chapter 7 are in line with this observation. The traditional risk factors continue
to demonstrate a predictive ability to discriminate which individuals within the T1D
population are at increased risk of complication development, however, there is a
breadth of new and non-traditional markers that may aid in vascular-complication
risk prediction in the future.
10.6.4

Psychiatric disorders

There are few studies that have quantified the prevalence of psychiatric disorders
within T1D populations, with variation in the criteria and definitions of the disorders
examined cited as a significant limiting factor in assessing the literature [298–300].
The issues of variation in psychiatric disorder definitions form part of a broader
global issue around the widening of disease definitions [301]. The study in Chapter 8
highlighted the significant proportion of T1D patients that are engaged with mental
health support service for psychiatric disorders during early adulthood, a time when
psychiatric disorders peak in the general population [77]. The proportion of the
T1D cohort affected by psychiatric disorders was notably higher than the proportion
affected by vascular complications during the same period, as reported in Chapter
7, (14.3% v 2.4%, respectively). This estimate of the prevalence is in agreement
with that reported in a systematic review of fourteen studies, that quantified the
prevalence of depression as 12.0% and 13.4% in T1D populations across studies
that did and did not include a control group respectively [300]. It is important to
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remember that this burden was observed to occur early in adulthood, as the mean
age at the end of follow-up in the study in Chapter 8 was only 26.4 years.
Psychiatric disorders can manifest soon after T1D diagnosis, with reports that morbidity may be as much as two to three times higher than that of the general population within the first five years post T1D diagnosis [302, 303]. Large populationbased studies have reported an increased risk antidepressant use or general practicediagnosed depression among young people with T1D [302], as well as an increased
risk of attempting suicide [303], noting that psychiatric disorders themselves have
been linked to increased risk of self-harm and suicide [304] There was no increased
risk of substance dependence disorders observed in Chapter 8, however in Chapter
9 death due to accidental poisoning by exposure to noxious substances was significantly higher within the T1D cohort suggestive of engagement with risky behaviours,
with death due to suicide increased to a lesser extent and not reaching statistical
significance.
A link between poor glycaemic control and psychiatric disorders is increasingly reported [298, 305]; however, untangling the temporal nature and/or direction of
causality in this relationship is difficult, that is, does poor mental health lead to
poorer glycaemic control, or does poor glycaemic control lead to poorer mental
health, or is there a feedback loop where the effect works in both directions [79, 222]?
In an effort to present a clear temporal understanding of this relationship, the analysis in Chapter 8 only examined psychiatric disorders that were diagnosed after
the diagnosis of T1D, and only examined glycaemic control prior to the onset of
the psychiatric disorder; this is an important design element given the observation
that psychiatric medication use (as a marker of morbidity) is higher in children and
adolescents with T1D, relative to controls, prior to T1D onset [306].
Type 1 diabetes is associated with a range of mental health stressors both during adolescence [17, 79, 89, 307] and during adulthood [308]; these stressors are
linked with poor diabetes management [309]. Adolescence is a difficult period of life
and one when many major life events occur (leaving school, entering employment,
learning to drive, take reasonability for healthcare); these events are also associated
with poorer diabetes management outcomes and increased psychosocial morbidity
[305, 310]. The transition from paediatric to adult care varies between healthcare
models, the impact of this transition on glycaemic control and complications is unclear, though it is clear that psychiatric disorders and other complications manifest
in many patients during the early adulthood period [311], as demonstrated in Chapter 8. A recent systematic review of interventions aimed at improving behavioural
and psychosocial outcomes for young adults with T1D was inconclusive in determining their effectiveness [312]. As acknowledged by adult endocrinologists, there
is a greater need for access to psychiatric support for patients with T1D [225], and
the literature demonstrating the onset of psychiatric disorders and increased symp137
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tomatology observed during adolescences provides clear support for access to these
services during paediatric management.
10.6.5

Mortality

The ongoing epidemiological study of the mortality of individuals with T1D provides
clinicians and healthcare policy developers with an overall assessment of the efficacy
of T1D and complication management strategies. Studies are providing increasingly
similar estimates of the SMR for individuals with T1D [213, 313, 314], with data
demonstrating that these mortality rates continue to decline overtime [231, 315–317].
A systematic review of thirteen papers covering 23 independent studies, published in
2015, summarised these observations in addition to reporting that excess mortality
was less marked in countries with a lower infant mortality rate and higher healthcare
expenditure [316]. A picture is emerging, supported by robust data, of two diverging
patient trajectories, those who live a life largely free of chronic complications with
a life expectancy near that of the general population, and those that experience
chronic complications within the first two to three decades of T1D onset who succumb to death early [94, 231, 314]. The cause of death burden is reported to shift
from predominately acute to predominately chronic complications with increasing
duration of diabetes [94, 231, 314]. However, this must be interpreted with caution
as an Australian study using data sourced from the National Death Index data highlighted a high rate of misclassification of cause of death, with cardiovascular disease
as a cause of death being under-reported due to the classification of diabetes as the
underlying cause of death [318]. Recent studies remain mixed on whether the SMR
for females with T1D is higher than that of males as reported in Chapter 9 [313], or
whether there is no difference in sex-related risk [319]. The reasons behind the possible differences in risk of death between the sexes, and the inconsistencies between
study findings remain unknown. However, there is an increasing acknowledgement of
the increased burden of poor glycaemic control and increased complications during
early adulthood among females [320], consistent with the findings of this thesis.
Given the quantity of data supporting the relationship between glycaemic control
and complication risk, it logically follows that glycaemic control would be associated
with mortality. A large study from Sweden (n=33,915) characterising the relationship between glycaemic control and excess cause-specific mortality, reported that
even for individuals with an HbA1c <6.9%, mortality was still twice that of age,
sex, and area-matched controls, with the rate of all-cause, cardiovascular diseaserelated, and diabetes-related death increasing with increased levels of glycaemic
control [321]. Responses to the publication of this study included a query regarding
the choice of thresholds for the determination of normoalbuminuria, a desire to increase the granularity of glycaemic control categories given the large sample size, and
an acknowledgement of the potential misclassification of causes of death [322, 323].
The content of these responses serves to highlight the challenges in carrying out and
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reporting epidemiological studies, in regards to their interpretation and the ability
to harmonise the interpretation of findings across studies. A recent review of studies
examining the relationship between glycaemic control and cardiovascular mortality
in individuals with T1D highlighted how knowledge around this relationship, and
the non-linear risk relationship that exists is still in its infancy [324].
A study of over of 1.1 million Australians reported that increasing remoteness (of
residential location) increased all-cause, ischaemic-heart disease, and stroke-related
mortality rates; diabetes was associated with increased mortality across all levels of
remoteness examined; the effect was U-shaped in that the impact of diabetes status
on mortality was largest for those based in major urban areas and those in areas
classified as remote [325]. This finding is particularly relevant to WA, given its size
and the geographical distribution of its population. Advances in CGMS technology
with low glucose suspend have demonstrated a reduction in both time spent within
the hypoglycaemic range and incidence of nocturnal hypoglycaemia, with no increase in morning ketone levels [260, 326]. In conjunction with the reported increase
in chronic complications following recurrent episodes of severe hypoglycaemia [197],
this suggests the ongoing development and increased availability of new insulin therapies may lead to a reduction in death from both acute and chronic complications.

10.7

Infrastructure and further research opportunities

The studies within this thesis were all possible due to the robust data available for
analysis in WA, particularly the data captured within the WACDD. In carrying out
these studies, and reviewing both the emerging T1D epidemiological-literature and
the data sources that enabled the studies within the literature, considerations for
enhancing the WA data registries were considered in addition to opportunities for
further research.
Establishing a ‘proof of concept’: The work in these studies has established a
proof of concept that demonstrates the utility of the data linkage systems in WA
to pair with comprehensive clinical registries to provide insights into the epidemiology of complications experienced by those with a chronic disease. Regular linkage
(in conjunction with the reproducible research principles adopted during the implementation of the research in this thesis) means these data registries could be used
as a mechanism for complication monitoring, with standardised analysis performed
periodically (incorporating automation) to provide regular insights emerging epidemiological trends within the WA population with T1D. It could be argued this
will become an even more important venture to pursue as the variety of therapeutics on the market increases, as a mechanism to aid in safety and adverse event
monitoring.
Linkage of WACDD to PBS / MBS: In Australia data relating to Government-
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subsidised prescription medicines are captured by the Pharmaceutical Benefits Scheme
(PBS) registry and data relating to Government-subsidised medical services are captured by the Medicare Benefits Schedule (MBS) registry; these data registries are
maintained at the Commonwealth level. The Population Health Research Network
has recently been working to reduce barriers to enable researchers to access these
data via data linkage, which is currently enabled via remote access to a secure
unified research environment [327]. As these data become increasingly accessible,
the opportunity to examine prescription data (i.e. ACE inhibitors for blood pressure management as a proxy for hypertension) and data detailing engagement with
primary care practitioners (i.e. GP-based interventions for smoking cessation as a
method for determining smoking status) may enable the examination of ‘milder’
complications or help provide information pertaining to potential risk factors or
currently unmeasured confounders of complication development. The ability to use
the PBS and MBS data to enrich future population-based linkage studies of the
epidemiology of T1D and its complications will likely aid in addressing some of the
limitations identified in the studies within this thesis.
National paediatric T1D patient registry: Australia (population: 24.2 million,
land size 7.69 million km2 [115]) is well-placed to establish an Australia wide pediatric T1D registry, the foundations of which are underway. Such a resource would
provide larger cohorts for analysis facilitating the detection of smaller changes in
complication trends (i.e. the non-linear modelling of HbA1c with complications over
time), enhanced subgroup analysis (i.e. analysis by insulin therapy), and the standardisation of modelling and quantifying of variation by region. A full Australian
population analysis would arguably include more diversity (ethnically, geographically (climate), socio-economically) than many nations of a similar size. Efforts to
achieve this need to be cognisant of maintaining richness in the data, as the list of
known and potential risk factors for the complications of T1D continues to expand
and effort would be required to ensure missing data is minimised.
Clinical records into adulthood: The capture of clinical records into adulthood
would facilitate comprehensive patient trajectory modelling and risk profiling that
could incorporate the full spectrum of clinical endpoints - enabling a life-course
approach to diabetes healthcare and research. There are numerous challenges to
establishing such a registry including: logistical challenges, adequately training all
staff interacting with the registry; technological challenges, secure infrastructure that
is accessible to staff within a variety of different healthcare facilities(i.e. private and
public, primary and secondary); legislative challenges, such as mandatory reporting;
and ethical challenges, such as ensuring active consent, and access to and ownership
of the data. These challenges, while sizable, are not insurmountable.
There are many studies, in a variety of disciplines, where the pooling of data is used
to provide improved statistical power [328–330]. There is also an increasing number
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of regions establishing registries and data linkage facilities, in parallel to established
registries and system continuing to amass increasing totals for patient years of observation. Rigorous planning is required to ensure the data quality and specificity
of these systems provide the data required to address the research questions of the
future.
Breadth of data capture: With existing paediatric T1D data registries across the
world increasing in size and quality [257] and data pooling through collaborative research efforts becoming both more common [329, 330], many of the epidemiological
studies being published are either replication/validation studies, or providing incremental refinements to the knowledge of known phenomenon. It has been noted that
“A continuous improvement in data registration is required to unravel various factors
affecting the outcome [severe hypoglycaemia] in question.” [251], a statement making reference to the extraneous variables that may enable epidemiological studies to
continue to provide clinical insights into complication risk and contribute to ongoing
mechanistic research. Efforts need to be made to ensure databases are designed to
cope with the increasing depth and breadth of data that will become increasingly
available for capture from the varied pump and CGMS systems in use. These pump
and CGMS systems often generate more than one data record per second, with
information pertaining to patient engagement with the system, basal/bolus insulin
doses, and glucose levels. In addition to CGMS systems, of which there are a range
of manufacturers, there are also flash glucose monitoring systems, the use of which
is reported to exceed 5% in Scotland [331]. There is increasing adoption of wearable
technologies that accurately track elements of physical activity (i.e. steps) and biometrics (i.e. heart rate) with the ability for data to be uploaded directly (via the
internet) into healthcare systems. Thus, data registries need to be flexible to handle
the large datasets of varied formats that will come from these diverse devices.
These data will facilitate the real- and full-time objective measurement of patient
behaviours enabling the underlying time scale of risk factors to be modified (hourly,
weekly, monthly), thus enabling the investigation of risk factor profiles that were
previously unable to be examined.
Glycaemic control trajectory modelling: Longitudinal glycaemic control data,
typically in the form of three-monthly HbA1c measurements, collected over many
years is now available within many population-based registries. Yet the analysis of
this to data to date has typically been simplistic. For example, the most common
approach employed is to summarise these many data points into a single mean
(as was done in the studies within this thesis) in the aim of representing an overall
glycaemic burden. Weighted means have also been used (weighted based on the time
between measurements), as have average monthly glycaemic burden measures (a
function to generate a value representative of the extent and duration of time HbA1c
has exceeded X%), age-specific median HbA1c values, and dichotomous ‘HbA1c ever
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exceeded X%’ variables (X being an arbitrary value) [246, 332]. However, these
methods (i) do not make full use of information maintained within the data, and
(ii) provide a means for prediction that can not be utilised until data collection is
complete (i.e. when the patient reaches age eighteen years). Statistical methods exist
to incorporate all data values to identify common trajectories among longitudinal
data; these common trajectory groupings are defined as a latent (unobservable)
variable derived from latent class growth or growth mixture models [333, 334]. To
date, there has been only one study exploring the application of this methodology
to glycaemic control data (Figure 10.2) where five trajectories were identified using
data from 6,433 patients [335].
These trajectory patterns suggest that perhaps as early as eleven to twelve years of
age, patients who conform to a ‘worsening’ trajectory pattern may be identifiable
from their glycaemic control history alone. Following the formation of common trajectories, these trajectory groups can then be assessed for the ability to predict the
development of long-term chronic complications, a hypothesis that is currently unresearched. If this proves informative, then additional factors such as genetic, lifestyle,
microbiome, and perinatal data, could be assessed for their ability to improve the
prediction of a patient’s trajectory group membership to facilitate enhanced identification of the highest risk patients as early as possible. Once developed, the models
will need to be assessed and validated within multiple populations to demonstrate
efficacy [336].
Fig. 10.2: HbA1c trajectories with 99% CIs for five latent trajectories. The red (solid)
curve is characterised as low stable, the black (short dashed) curve as intermediate
stable, the green (long dashed) curve as high stable, the blue (dash-dot) curve as
intermediate increase, and the orange (dash dot-dotted) curve as high increase [335].
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Conclusions

Childhood-onset T1D remains one of the most common chronic diseases of childhood, with contemporary incidence studies reporting stable to slightly increasing
incidence. Its management is demanding of the diagnosed individual and their carers, and the acute and chronic complications of T1D represent a burden on the
healthcare system and impact on the individual, and their carers’, quality of life.
This thesis has provided contemporary insights into the relationship between risk
factors and severe hypoglycaemia that challenge existing dogmas has broadened the
knowledge of the schooling outcomes for children and adolescents with T1D, and has
provided the first detailed profiling of the early adulthood complications experienced
by individuals with T1D within Australia. The studies in this thesis demonstrate
the feasibility of, and breadth of knowledge that can be gained through, data linkage
as it relates to the longitudinal follow-up of cohorts of patients with chronic diseases.
Insights have been gained, backed by robust quantification, which can be used by
healthcare providers and policy-makers, within WA and Australia more broadly, to
guide the ongoing refinement of diabetes management guidelines. In addition, opportunities to enhance ongoing data collection and future research questions were
identified that will further our monitoring and understanding of the epidemiology
of childhood-onset T1D complications.
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V. Iotova, A. V. Thorsson, and G. Soltész. Early mortality in EURODIAB
population-based cohorts of type 1 diabetes diagnosed in childhood since 1989.
Diabetologia, 50(12):2439–2442, Dec. 2007. doi: 10.1007/s00125-007-0824-8.
URL
http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?
dbfrom=pubmed&id=17901942&retmode=ref&cmd=prlinks.
[102] R. Nishimura, R. E. LaPorte, J. S. Dorman, N. Tajima, D. Becker,
and T. J. Orchard. Mortality trends in type 1 diabetes. The Allegheny
County (Pennsylvania) Registry 1965-1999. Diabetes Care, 24(5):823–827,
May 2001. URL http://eutils.ncbi.nlm.nih.gov/entrez/eutils/elink.
fcgi?dbfrom=pubmed&id=11347737&retmode=ref&cmd=prlinks.
[103] A. M. Secrest, D. J. Becker, S. F. Kelsey, R. E. Laporte, and T. J. Orchard. All-cause mortality trends in a large population-based cohort with
long-standing childhood-onset type 1 diabetes: the Allegheny County type
1 diabetes registry. Diabetes Care, 33(12):2573–2579, Dec. 2010. doi:
10.2337/dc10-1170. URL http://www.ncbi.nlm.nih.gov/entrez/query.
fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=21115767.
[104] P.-H. Groop, M. C. Thomas, J. L. Moran, J. Wadèn, L. M. Thorn,
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Abstract
Aims/hypothesis Severe hypoglycaemia is a major barrier to
optimising glycaemic control. Recent changes in therapy,
however, may have altered the epidemiology of severe
hypoglycaemia and its associated risk factors. The aim of
this study was to examine the incidence rates and risk factors
associated with severe hypoglycaemia in a contemporary
cohort of children and adolescents with type 1 diabetes.
Methods Subjects were identified from a population-based
register containing data on >99% of patients (<16 years of
age) who were being treated for type 1 diabetes in Western
Australia. Patients attend the clinic approximately every
3 months, where data pertaining to diabetes management,
demographics and complications including hypoglycaemia
are prospectively recorded. A severe hypoglycaemic event
was defined as an episode of coma or convulsion associated with hypoglycaemia. Risk factors assessed included
age, duration of diabetes, glycaemic control, sex, insulin
therapy, socioeconomic status and calendar year.
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Results Clinical visit data from 1,770 patients, providing 8,214
patient-years of data between 2000 and 2011 were analysed.
During follow-up, 841 episodes of severe hypoglycaemia
were observed. No difference in risk of severe hypoglycaemia
was observed between age groups. Good glycaemic control
(HbA1c <7% [53 mmol/mol]) compared with the cohort average (HbA1c 8–9% [64–75 mmol/mol]) was not associated
with an increased risk of severe hypoglycaemia. When
compared with patients on injection regimens, subjects
aged 12–18 years on pump therapy were at reduced risk
of severe hypoglycaemia (incidence risk ratio 0.6; 95%
CI 0.4, 0.9).
Conclusions/interpretation In this population-based sample
of children and adolescents with type 1 diabetes, contemporary therapy is associated with a changed pattern and incidence of severe hypoglycaemia.
Keywords Diabetes mellitus . Hypoglycaemia . Type 1
diabetic complications
Abbreviations
BD
Twice-daily insulin injection
CSII
Continuous subcutaneous insulin infusion
IRR
Incidence risk ratio
MDI
Multiple-daily insulin injection
SEIFA Index of relative socioeconomic disadvantage

Introduction
The threat of hypoglycaemia as a consequence of insulin
treatment is the single most important barrier to optimising
glycaemic control in type 1 diabetes [1, 2]. The major challenge for clinicians treating children and adolescents is to
optimise glycaemic control whilst avoiding hypoglycaemia.
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Fear of hypoglycaemia can have a negative impact on quality
of life [3, 4] and metabolic control [5, 6], which can be
detrimental to achieving improved glycaemic control. The
Diabetes Control and Complications Trial showed that intensive management resulted in a significant increase in
episodes of severe hypoglycaemia [7, 8]. Similarly, in the
early 1990s, at our centre, increased emphasis on optimising
glycaemic control was paralleled by an increase in the rate of
severe hypoglycaemia, particularly in younger children
(<6 years) [1, 9]. In three previous publications we have
reported rates of, and associations with, severe hypoglycaemia
in a population-based sample of children and adolescents with
type 1 diabetes [1, 3, 10]. In those reports, we found that an
increased risk of severe hypoglycaemia was associated with
younger age (<6 years), lower HbA1c, higher insulin dose,
male sex, longer duration of diabetes and lower parental
socioeconomic status.
Increasingly, evidence is emerging that rates of severe
hypoglycaemia may be reducing [3, 11, 12]. This may have
resulted from improvements in therapy [13], suggesting that
re-evaluation of the factors associated with severe events
may be required. As a follow-up to the previously published
analysis [1, 10] and a subsequent update of rates of severe
hypoglycaemia [3], our objectives for this study were to
characterise the current epidemiology of, and risk factors
for, severe hypoglycaemia in a contemporary child and adolescent population-based cohort.

Methods
All children and adolescents with type 1 diabetes aged ≤18 years
attending the diabetes clinic at Princess Margaret Hospital for
Children from 2000 to 2011 inclusive participated in the study.
The Department of Endocrinology and Diabetes is the only
paediatric referral centre for diabetes in the state of Western
Australia (2012 population ∼2.4 million [14]). The case ascertainment for this centre has previously been shown to be 99.9%
for children diagnosed at <16 years of age [15]. Consent for
data to be entered into the database was obtained from all
parents or guardians, and data collection was approved by the
institution’s ethics committee.
All patients attending the centre are managed by a multidisciplinary diabetes care team, which includes a paediatric
diabetologist, diabetes nurse educator, dietitian, social worker and psychologist. Education for recognition and treatment
of hypoglycaemia, and preventive measures for special circumstances such as participation in exercise, is routine. The
patients and their family were advised to keep a logbook of
blood glucose levels and insulin doses, and to record all
adverse or atypical events such as episodes of hypoglycaemia
or illness. They were taught to obtain a blood glucose level, if
possible, to confirm hypoglycaemia. They were seen in the

clinic approximately every 3 months, and data on all diabetes
outcomes including hypoglycaemic events and treatment
types were prospectively recorded in the Western Australian
Childhood Diabetes Database, as has been described in our
past reports. Subjects exited the study upon turning 18 years,
leaving the state permanently or if 12 months had lapsed
following their last clinic visit. HbA1c was determined at each
clinic visit by agglutination inhibition immunoassay (nondiabetic reference <6.2%; Siemens DCA Vantage).
Definition of outcome event In line with previous reports [1,
3, 10], severe hypoglycaemia was strictly defined as a
hypoglycaemic event leading to loss of consciousness or
seizure. An episode of hypoglycaemia not resulting in one
of these events was not considered an outcome for this
report, although all other events were recorded. For each
patient, severe hypoglycaemic events were counted if they
were reported during any clinical visit after 1 January 2000.
Insulin therapy The 12 year study period saw a number of
changes to available treatment with the emergence and use of
different insulin regimens such as short- and long-acting
analogues and continuous subcutaneous insulin infusion
(CSII). As previously described [1], CSII therapy was first
introduced in 1999 and by 2011 a total of 26.5% of patients
were using pump therapy [3]. Treatment offered in our clinic
over this period included pump therapy (CSII), a twice-daily
insulin injection (BD) regimen (either soluble insulin or a
combination of short- and intermediate-acting insulins) or
multiple-daily insulin injection (MDI) therapy (three or more
injections per day). MDI refers to subjects using a combination of short- and intermediate-acting insulins with or without a short-acting analogue at afternoon tea; patients on a
combination of short- and intermediate-acting insulins in the
morning with a short-acting analogue at dinner and a longacting analogue (detemir) at night-time; and patients using
basal-bolus regimens (with glargine). Over the study period
the use of regular insulin was gradually phased out such that
by 2011 it was no longer in use for routine clinical care.
Subjects were categorised into one of three treatment groups,
pump (CSII), BD or MDI, at each clinic visit.
Socioeconomic disadvantage The index of relative socioeconomic disadvantage (SEIFA) is calculated by the
Australia Bureau of Statistics and is derived from low income, low educational attainment, high unemployment and
jobs in unskilled occupations [5]. Using the Australia-based
decile allocation for each postcode, subjects were classified
as low (1–3), medium (4–7) or high (8–10) based on their
postcode at the time of diagnosis. Each census covers a 5 year
period, and SEIFA from the closest census to each subject’s
date of diagnosis was used. The 2006 census was used as a
proxy for diagnosis from 2004 to 2011.
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Statistical analysis As the data were in the form of one record
per clinic visit, it follows that the analysis set consisted of
multiple records per subject. Each record contributes events
and patient-years to the stratum (and relevant covariate levels)
within which it falls. Descriptive statistics were calculated by
taking each subject’s last appointment within the cohort period. The number of patient-years contributed by each respective clinic visit was calculated as the number of days elapsed
since the previous clinic visit. For a subject’s initial clinic visit,
90 days were used to represent 3 months. Due to limited data
for CSII use in children <6 years, particularly in the earlier
years of this study, the analysis was stratified into three age
groups: <6 years, 6–12 years and 12–18 years.
Negative binomial regression, a method selected on the
basis of previous research [7], was used to assess the association of risk factors with severe hypoglycaemia. It was
implemented in Stata version 10 (StataCorp LP, College
Station, TX, USA), using robust standard errors with the vce
option to allow for correlation between repeated events on the
same person. Data manipulation was carried out and figures
were produced within R 2.15.1 (www.R-project.org) [9].
Sensitivity analysis was conducted including only the incident
cases (newly diagnosed patients) during the study period.
To assess the association between glycaemic control and
severe hypoglycaemia, additional analyses were completed
with interaction terms. A Wald test was used to assess the
collective significance of interaction terms in the model due
to the use of likelihood ratio statistics being inappropriate in
the presence of robust standard error terms [16].

Results
Data from 1,770 (48% female) children were available for
analysis during the study period, contributing a total of
8,214 years of patient data. Of these children, 1,192 were
diagnosed during the study period. The mean (SD) age of
diagnosis, for all subjects, was 8.6 (4.1)years. Further clinical characteristics of the 12 year cohort are summarised in
Table 1. The total contributed patient-years by treatment regimen and age group are summarised in Table 2, and the
proportion of subjects on each treatment regimen over time
by age group is displayed in Figure 1. Of note is the predominance of the BD regimen in the 0–6 and 6–12 year age groups
during the first half of the study period. By contrast, by 2011,
32%, 26% and 32% of patients in the 0–6, 6–12 and 12–
18 year age groups, respectively, were receiving CSII therapy;
after 2004, the BD regimen was being used in less than 30% of
12–18 year old patients. The cohort mean HbA1c level per
year fluctuated between 8.0% (64 mmol/mol) and 8.5%
(69 mmol/mol) over the 12 year period with no significant
change seen over time.

Table 1 Clinical characteristics of cohort
Variable

All subjects (n=1,770)

Number diagnosed during 12 year period
Age at diagnosis (years)
Sex (% female)
Duration of diabetes (years)
Socioeconomic status (%)
Low
Middle
High
Follow-up time (years)

1,192
8.6 (4.1) [0, 17.8]
48.2
6.1 (4.2) [0, 17.15]
18.6
40.3
41.1
4.8 (3.0) [0.25, 12.15]

Data are expressed as count, mean (SD) [minimum, maximum] and
percentage
Socioeconomic status is assessed at the time of diagnosis; duration of
diabetes is based on the difference between age at last appointment
during the follow-up period and age at diagnosis, so is not directly
reflective of follow-up time; follow-up time is based on the difference
between age at last appointment during the follow-up period and either
age at diagnosis (if diagnosed after 1 January 2000) or 1 January 2000

Hypoglycaemia incidence A decrease in the rates of severe
hypoglycaemia was observed over the 12 years of the study. In
total, 841 severe hypoglycaemic events occurred during the
study period. The incidence rate of severe hypoglycaemia was
15.5 events per 100 patient-years at the beginning of the study
period, peaking at 21.8 in 2002. It then declined at a rate of 3.4
events per 100 patient-years per year (p<0.05) from 2002
through to 2006 (inclusive), to a minimum of 5.5 in 2006,
before levelling off and showing no significant change from
2006 through to 2011, following the trend illustrated in our
most recent report [2, 3]. The incidence rate in 2011 was 6.2.
During the study period, 1,370 (77.4%) subjects had no severe
hypoglycaemic events, 11.9% had one event, 4.8% had two
events and 5.9% had three or more events. Analysis with and
without adjustment for sex, calendar year and treatment
showed that no significant difference in the risk of severe
hypoglycaemia was observed between the three age groups.
Children aged 0–6 years Children aged less than 6 years had
a similar rate of severe events to that of other age groups.
Furthermore, no statistically significant associations were
observed between the risk factors that were examined and
the incidence of severe hypoglycaemia in children 0–6 years
of age (Table 2): that is, there was no demonstrated association between the incidence of severe hypoglycaemia and
glycaemic control, treatment regimen, duration of diabetes,
sex or socioeconomic status.
Children aged 6–12 years A significantly increased risk of
severe hypoglycaemia was observed in children 6–12 years
of age after their first year of diagnosis compared with the
first year (Table 2). Relative to those in their first year of
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Table 2 Adjusted associations [IRR (95% CI)], number of incident cases and patient-years for clinical and demographic predictors of severe
hypoglycaemia, presented by age
Variable

Age 0–6 years

Duration of diabetes (years)
<1
1–3
3–6
>6
HbA1c (%)
<7 (53 mmol/mol)
7–8 (53–64 mmol/mol)
8–9 (64–75 mmol/mol)
9–10 (75–86 mmol/mol)
>10 (86 mmol/mol)
Sex
Female
Male
Treatment
Pump
BD
MDI
SEIFA
Low
Middle
High

Age 6–12 years

Age 12–18 years

IRR (95% CI)

No.
incident
cases

PY

IRR (95% CI)

No.
incident
cases

PY

IRR (95% CI)

No.
incident
cases

PY

1
1.66 (0.8, 3.3)
0.96 (0.4, 2.6)
N/A

39
27
10
N/A

230
294
99
N/A

1
3.97 (2.1, 7.7)
3.81 (1.8, 7.9)
2.00 (0.9, 4.4)

63
85
108
50

533
861
943
557

1
4.28 (1.5, 12.2)
7.47 (2.6, 21.8)
10.27 (3.5, 30.0)

59
196
283
272

380
891
1,277
2,147

0.44 (0.2, 1.0)
0.76 (0.4, 1.3)
1
0.60 (0.2, 1.9)
0.76 (0.1, 4.8)

22
31
12
3
8

135
270
136
43
39

1.14 (0.7, 1.8)
0.98 (0.7, 1.4)
1
1.04 (0.6, 1.7)
0.45 (0.2, 1.2)

71
130
74
23
8

560
1,123
781
265
165

1.44 (1.0, 2.1)
1.11 (0.8, 1.5)
1
0.58 (0.4, 0.8)
0.46 (0.3, 0.7)

140
226
189
120
135

731
1,349
1,279
699
638

1
0.64 (0.3, 1.3)

36
40

268
355

1
1.08 (0.8, 1.5)

145
161

1,418
1,477

1
1.40 (1.0, 1.9)

376
434

2,258
2,437

1.34 (0.5, 3.7)
1
1.26 (0.4, 3.7)

13
54
9

75
491
57

0.71 (0.4, 1.3)
1
1.10 (0.7, 1.6)

81
162
63

493
1,930
472

0.58 (0.4, 0.9)
1
1.45 (1.1, 2.0)

228
109
473

992
1,375
2,329

2.14 (0.8, 5.4)
1.65 (0.7, 4.1)
1

5
35
36

111
283
229

1.32 (0.8, 2.2)
1.06 (0.7, 1.6)
1

46
150
110

603
1,218
1,074

1.62 (1.1, 2.4)
0.92 (0.6, 1.3)
1

149
326
335

1,002
1,799
1,895

IRR (95% CI) were calculated using a negative binomial regression model with robust standard errors (clustered on patient ID)
The number of incident cases was based on patients’ clinical and demographic categorisation at their last recorded clinical visit
N/A, not applicable; PY, patient-years analysed for that clinical and demographic category

diagnosis, risk was elevated fourfold for years 1–3 (incidence risk ratio [IRR] 4.0; 95% CI 2.1, 7.7) and years 3–6
(IRR 3.8; 95% CI 1.8, 7.9). A twofold increased risk was
seen in those with a diabetes duration >6 years; it should,

b

2000 2002 2004 2006 2008 2010

c
90
80
70
60
50
40
30
20
10
0

Proportion of subjects (%)

90
80
70
60
50
40
30
20
10
0

Proportion of subjects (%)

Proportion of subjects (%)

a

however, be noted that there were fewer records in this
group. No significant relationship was seen between the
incidence of hypoglycaemia and treatment regimens, sex or
HbA1c level.
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Fig. 1 Proportion of subjects on each treatment by calendar year and
age group. Lines represent different treatment regimens; continuous
subcutaneous insulin infusion (squares), twice-daily injections (circles)
and multiple-daily injections (triangles). Data are presented by patient
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age, <6 years (a), 6–12 years (b) and >12 years (c). Patients were
categorised into a treatment group based on the treatment they were
receiving at the time of their first clinical visit of each calendar year
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Adolescents aged 12–18 years There was a clear effect of
duration of diabetes in patients 12–18 years of age. Relative
to those in their first year of diagnosis, there was a fourfold
increased risk for those with a diabetes duration 1–3 years
(IRR 4.3; 95% CI 1.5, 12.2), sevenfold for those with a
diabetes duration 3–6 years (IRR 7.5; 95% CI 2.6, 21.8)
and tenfold for those with a diabetes duration >6 years
(IRR 10.3; 95% CI 3.5, 30.0). Relative to those on a BD
regimen, a reduced risk was observed for those on pump
therapy (IRR 0.6; 95% CI 0.4, 0.9) and an elevated risk for
those on MDI therapy (IRR 1.5; 95% CI 1.1, 2.0). There was
no statistically significant association (IRR 1.4; 95% CI 1.0,
2.1) for those with a low HbA1c (<7% [53 mmol/mol])
compared with those with the cohort mean level (8–9%
[64–75 mmol/mol]) and a reduced risk (IRR 0.5; 95% CI
0.3, 0.7) for those with a high HbA1c (>10% [86 mmol/mol]).
Relative to those from a high socioeconomic background,
those from a low socioeconomic background were at increased risk of severe hypoglycaemia (IRR 1.6; 95% CI
1.1, 2.4), but no difference was observed for those from a
middle level socioeconomic background.
Male sex was associated with a higher rate of hypoglycaemia in the 12–18 year age group but not for younger
children.
Analysis limited to incident cases during the study period While
most confidence intervals for the predictors were wider due
to fewer patient-years in each predictor category, when analyses were limited to incident cases, the observed associations
were consistently comparable to those outlined above for
both prevalent and incident cases. This sensitivity analysis
(shown in Table 1 of the electronic supplementary material)
included only cases diagnosed after 1 January 2000. It was of
particular interest that the effect size for low HbA1c (<7%
[53 mmol/mol]) compared with those with the cohort mean
level (8–9% [64–75 mmol/mol]) in those aged 12–18 years
was lower than observed in the full sample (IRR 1.3, 95% CI
0.7, 2.4), and the risk for those with higher than cohort mean
HbA1c (9–10% [75–86 mmol/mol]) was notably closer to 1
(IRR 0.96 [95% CI 0.5, 1.8] compared with 0.58 [95% CI
0.4, 0.8]) for both prevalent and incident cases.
Glycaemic control and severe hypoglycaemia To further
assess the association between glycaemic control and severe
hypoglycaemia and any possible change in this association
over time, a model was fitted with an interaction term between glycaemic control category and calendar year. No
clinically significant change in the association of glycaemic
control with severe hypoglycaemia during the 12 year study
period was observed.
A Wald test for the interaction terms only reached significance (p=0.04) in the 0–6 year age group (p=0.57 and
p=0.30 for 6–12 and 12–18 years, respectively). In an age-

stratified time-period analysis (using periods of 4 years in
length), it was apparent that this result was being driven by
having relatively fewer observations in the poor glycaemic
control groups (HbA1c 9–10% [75–86 mmol/mol] and
>10% [86 mmol/mol]) in the latter years of the study period.
The IRRs between time-period models were relatively stable
for the groups with good glycaemic control (HbA1c <7%
[53 mmol/mol] and 7–8% [53–64 mmol/mol]).

Discussion
There have been significant changes in the treatment of type
1 diabetes since the 1990s, which may have impacted on the
epidemiology of severe hypoglycaemic events. The primary
objectives of this observational study were to examine incidence rates and risk factors for severe hypoglycaemia in a
contemporary population-based cohort of childhood-onset
diabetes. Over the 12 years spanning 2000–2011, within this
population-based cohort of children and adolescents with
type 1 diabetes we have observed the incidence of severe
hypoglycaemia declining to a stable low level, while some of
the effects of traditionally associated risk factors for severe
events have been modified. The major findings, other than a
reduction in overall rates, are of a weaker relationship between good glycaemic control and severe event rates than
has been previously reported, that very young children are no
longer at increased risk of severe hypoglycaemic events, and
that insulin pump treatment is associated with a reduced risk
of hypoglycaemia in adolescents. It is interesting to note that
while the relationship between good glycaemic control and
cohort mean levels was stable throughout the 12 year period,
it was notably weaker than in past observations throughout
the 1990s. An important feature of this cohort is that there is
no selection bias, because almost all children with type 1
diabetes in the population under observation are included in
the analysis. It is notable that lower socioeconomic status in
the adolescent age group proved to be an independent risk
factor, which was greater, for example, than that associated
with HbA1c below 7% (53 mmol/mol), demonstrating that a
representative sample is of critical importance in surveys
such as this.
As this is an observational study, we cannot study cause
and effect, and we are limited to describing observed associations. It can only be speculated what factors underlie the
lower rate of severe hypoglycaemia particularly in those who
have what is deemed acceptable glycaemic control.
Improved education and awareness of the clinical risks that
predispose to severe events, more widespread use of insulin
analogues (both long and short acting), insulin pump therapy
and more frequent home glucose monitoring may all have
played a role. The relative importance of these factors,
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however, cannot be determined. Further improvements in
rates of hypoglycaemia may be seen as feedback control on
insulin dosing, such as is available with systems that suspend
insulin based on continuous glucose monitoring data, become more widely available.
The rate of severe events reported in this cohort (6.2 events
of severe hypoglycaemia per 100 patient-years) is consistent
with other reports in the literature: recently observed rates
were 6.6 per 100 patient-years in a European pump cohort
[13], 9.6 per 100 patient-years in Boston, MA, and Houston,
TX, [17], and 6.9 and 4.4 per 100 patient-years for children
<6 years and ≥6 years, respectively, in Israel [11].
Surprisingly, we found no difference in severe hypoglycaemia rates between children receiving MDI therapy and
those on BD regimens. This may suggest that education
rather than insulin types per se is more important in avoiding
severe events. We did observe reduced rates in adolescents
treated with pump therapy. While some reports in the past
have not observed this [18, 19], our finding of reduced rates
of severe hypoglycaemia in patients treated with pump therapy is supported by more recent reports in this age group [13,
17], including a systematic review [20]. Because of the
infrequency of hypoglycaemic convulsions and coma, no
randomised trials can be powered to compare pump and
injection therapy for hypoglycaemia prevention, and observational studies are the major source of evidence.
The risk factor associated with the largest increased risk of
severe hypoglycaemia was duration of diabetes, a result
consistent with previous observations [1, 10]. The major
difference, however, occurred because of a reduced risk in
the first year after diagnosis, a time when counter-regulatory
deficits may be less significant and patient vigilance may be
higher. In the adolescents, we observed an increased risk
with increased diabetes duration extending beyond the second year after diagnosis, possibly reflecting the development
of hypoglycaemia-associated autonomic failure, which is
well described in this age group [21].
Reassuringly, in comparison with our previous report,
there is no longer a significant risk of severe hypoglycaemia
associated with age <6 years, irrespective of treatment modality [7]. This is an important observation for parents and
clinicians. As recently as 2005, the American Diabetes
Association suggested that a treatment goal of HbA1c 7.5–
8.5% (59–69 mmol/mol) is acceptable for children <6 years
of age, due to the concerns regarding the increased risk of
severe hypoglycaemia at that age and the effect of
hypoglycaemia on the developing brain [22]. This new information, supported by the consistency between full sample
and incident case-only analysis, may suggest that it is now
safer to aim for lower HbA1c in the very young.
In summary, in a population-based sample of children and
adolescents with type 1 diabetes, there has been a decrease in
the rates of severe hypoglycaemia over the past 12 years, and

the previously close relationship between tight glycaemic
control and the risk of severe events is now weaker.
Whether this is due to increased use of insulin pump therapy,
long- and short-acting insulin analogues, increased glucose
monitoring, improved knowledge and education, or a combination of these factors, cannot be determined. In adolescents, pump therapy is associated with a reduced risk of
severe hypoglycaemia compared with injection therapy.
The data from this cohort have provided, and continue to
provide, valuable insights into the trends and risk factors
associated with severe hypoglycaemia, but further analysis
is required to determine the factors giving rise to recurrent
episodes. These data are encouraging and suggest that the
risk of severe hypoglycaemia as a barrier to treatment is in
part being overcome with modern therapy.
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School performance in children with type 1
diabetes: a contemporary population-based
study
Cooper MN, McNamara KAR, de Klerk NH, Davis EA, Jones TW. School
performance in children with type 1 diabetes: a contemporary
population-based study.
Pediatric Diabetes 2016: 17: 101–111.
Aims: Our aim was to examine the school performance of children with type 1
diabetes in comparison to their peers, exploring changes over time, and the
impact of clinical factors on school performance.
Methods: The study included data on 666 children with type 1 diabetes from
the Western Australia Children’s Diabetes Database. (WACDD), a
population-based registry, and 3260 school and school year matched nondiabetic children. Records from the National Assessment Program – Literacy
and Numeracy (NAPLAN) (2008–2011), which examines four educational
outcome domains and is administered annually to all years 3, 5, 7, and 9
children in Australia, were sourced for both groups. Clinical data were
obtained for the children with diabetes from the WACDD.
Results: No significant difference was observed between those with type 1
diabetes and their peers, across any of the tested domains and school years
analysed. No decline over time was observed, and no decline following
diagnosis was observed. Type 1 diabetes was associated with decreased school
attendance, 3% fewer days attended per year. Poorer glycaemic control [higher
haemoglobin A1c (HbA1c)] was associated with a lower test score [0.2–0.3 SD
per 1% (10.9 mmol/mol) increase in HbA1c], and with poorer attendance
[1.8% decrease per 1% (10.9 mmol/mol) increase in HbA1c]. No association
was observed with history of severe hypoglycaemia, diabetic ketoacidosis or
age of onset and school test scores.
Conclusion: These results suggest that type 1 diabetes is not associated with a
significant decrement in school performance, as assessed by NAPLAN. The
association of poorer glycaemic control with poorer school performance serves
as further evidence for clinicians to focus on improving glycaemic control.

The impact that type 1 diabetes may have on a child’s
ability to achieve at school is a common concern for
people with type 1 diabetes and their families. Reduced
school attendance, cognitive deficits associated with
diabetes, hypoglycaemia, hyperglycaemia, and the
psychosocial effects of chronic disease are all potential
factors that may result in poorer school performance a
child with diabetes compared with his or her peers
(1–5). However, there is little empirical evidence
available to determine whether these concerns are
warranted and if so the magnitude of the effect.
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A meta-analysis of 24 studies assessing seven
cognition domains (made up of 15 subdomains) within
controlled conditions, found that compared with
healthy controls, those with type 1 diabetes exhibit mild
cognitive impairment in processes such as visuospatial
ability, motor speed, writing, and sustained attention,
although effect sizes were unlikely to be clinically
significant (6). Subsequent studies have shown those
with type 1 diabetes exhibit poorer performance in
working memory (5), executive function and intelligence (7) and higher levels of psychiatric morbidity (8),
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however, there are studies presenting no differences
observed within these domains (9, 10).
While the domain of cognitive functioning has
seen some exploration, few studies have specifically
explored the impact of type 1 diabetes on school
achievement, which is not in itself a specific domain
of cognitive function, and none have had access to
details of diabetes-related clinical factors (11). The
largest relevant study compared the final (compulsory)
school grades of approximately 5000 children with type
1 diabetes with those from over 1 million non-diabetic
peers (12). This report found that the mean of all
school marks of the children with type 1 diabetes was
slightly lower than the school marks of the referent
group (mean 3.15 vs. 3.23, p < 0.001). Younger age of
onset was observed to indicate poorer performance.
Similar results were observed in a subsequent study of
this cohort using a different study design (13).
Another area of concern, often voiced by patients
and families, is the school time that is missed
due to diabetes. A Toronto study exploring school
absenteeism throughout the 2000–2001 school year
found that children with type 1 diabetes missed slightly
more school (approximately 3 d/yr) than their siblings
and age-matched peers (1). It was suggested this
was due to hospital appointments, parent’s attitudes
towards schooling, and poorer metabolic control. It
has also been observed that individuals with type 1
diabetes have lower school completion rates than the
general population, though the difference observed was
larger in some studies (8) compared with others (13).
In Western Australia (WA) there is a single centre that manages all children <16 yr old with diabetes, where comprehensive demographic, clinical, and
diabetes management related data are prospectively
recorded on the Western Australian Children’s Diabetes Database (WACDD) (14). In Australia there
is an annual, nationally administered school performance assessment that has been in place since
2008, the National Assessment Program – Literacy
and Numeracy (NAPLAN), that involves the administration of standardised school achievement tests to all
years 3, 5, 7, and 9 children (15).
These studies from Dahlquist and Persson provided
important insights into the previously unstudied area
of school performance in patients with type 1 diabetes;
however, these patients were attending school during
the early 1990s, the outcome was a teacher-assigned
school achievement grade (from 1 to 5) and there was
no clinical data available beyond age of diagnosis. We
had the unique opportunity to assess these associations
in a contemporary, population-based childhoodonset type 1 diabetes cohort, using a standardised
independently assessed tool with the incorporation of
comprehensive, longitudinal, retrospectively collected
clinical data. Our objectives were to explore differences
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in school performance between a contemporary type
1 diabetes cohort and a school-matched general
population comparison group, exploring possible
decline over time, differences in attendance, and
the association between diabetes management related
factors and measures of school performance.

Methods
Study design and data overview
The impact of type 1 diabetes and related management
factors on school performance was assessed using
individual-level data from a statewide register, linked to
records from a nationally administered assessment of
school performance. Children with type 1 diabetes were
identified through the WACDD, described elsewhere
(16). Briefly, all children in WA (2012 population
2.4 million) with type 1 diabetes under the age
of 16 are managed by a clinical team within the
Diabetes and Endocrinology Department at Princess
Margaret Hospital for Children (PMH). In addition
to the multiple metro clinics, diabetes management
for patients in rural or remote areas is carried out
through one of several outreach clinics, where patients
in remote locations are given funding to travel to the
most convenient clinic according to their geographic
location. All patients attend clinic approximately every
3 months where their data is prospectively stored in the
WACDD (case ascertainment >99%) (14).
Through the WA Developmental Pathways Project
(17), the School Curriculum and Standards Authority
make available the NAPLAN data for all students
from public, private, and catholic schools (15). The
NAPLAN is an annual (completed during May) assessment administered to all years 3, 5, 7, and 9 children
(aged approximately 7–8, 9–10, 11–12, and 13–14 yr,
respectively; Table S1). The NAPLAN consists of five
tests assessing numeracy, reading, writing, spelling,
and grammar and punctuation. In 2011, the writing
assessment was adapted from being a Narrative assessment to a Persuasive assessment; these two assessments
are not directly comparable. NAPLAN tests are either
assessed via optical mark recognition, optical character
recognition, or independent professional officers prior
to scaling to ensure comparability between testing
years is preserved (Appendix S1). The NAPLAN is
not an assessment of cognitive function carried out
in controlled conditions, but rather and assessment
of basic education, specifically, learned literacy and
numeracy. The NAPLAN is designed to assess a
student’s ability to demonstrate an understanding of
the core elements of the national curriculum and to
aid in identifying those students who may not have
attained the skills required to perform academically.
Through the same program, the Western Australia
Department of Education make available school
Pediatric Diabetes 2016: 17: 101–111
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attendance data for all students from public schools;
with guidance, each school is responsible for collecting
attendance data and providing it to the Department
of Education (18). The WA Data Linkage Branch at
the Department of Health facilitated the linkage of
the WACDD to these databases. Using probabilistic
matching between datasets; data is selected, extracted,
de-identified, and then made available for analysis (19).
Approval for this study was granted by the Princess
Margaret Hospital for Children’s Ethics Committee;
consent for data linkage was granted by the Human
Research Ethics Committee of the Western Australia
Department of Health.

Study subjects
There were three criteria for entry into this study;
date of birth between 1 January 1994 and 30 June
2003, a date of diagnosis prior to the projected date
of NAPLAN testing and at least one clinical visit
recorded after the projected date of testing. Data for
all subjects with type 1 diabetes who met these criteria
were extracted for linkage with the education database
and made up the cohort with type 1 diabetes. For each
year of school records identified for the subjects in the
type 1 diabetes cohort, five students of the same sex,
within the same school and school year, were selected
from the education database, making up the matched,
general population comparison cohort.

Variables
Recorded with each NAPLAN record is data pertaining to carers’ education. During enrolment, carers’
indicate their final completed level of high school and
their level (if any) of higher education completed (18).
These were combined and hierarchically grouped into
five categories (Table S2). School attendance data were
available (between 2008 and 2011) for those subjects
attending public schools. These data were a count of
the number of half days available and attended during
the first half of the year. This was converted into a
percentage of available school attended.
Severe hypoglycaemia was defined as a hypoglycaemic event leading to loss of consciousness or
seizure (20). Diabetic ketoacidosis (DKA) was defined
as hospitalisation with ketoacidosis recorded as the
primary diagnosis. Severe hypoglycaemia and DKA
were both analysed as a cumulative count per individual. Haemoglobin A1c (HbA1c) was determined at
each clinic visit by agglutination inhibition immunoassay [non-diabetic reference <6.2% (44.3 mmol/mol);
Siemens DCA Vantage; Siemens Healthcare Diagnostics, Erlangen, Germany]. HbA1c was analysed as the
mean of all records in the 2 yr prior to the date of
NAPLAN testing. Data from visits within the first

3 months following diagnosis were excluded from the
analysis.

Analysis and statistical methods
Data were in the form of one record per subject per
school year where education records were available.
The NAPLAN results were converted to a z-score,
using the WA data (by sex) for each calendar year
of testing. Multilevel modelling was used to analyse
the data, using the lme4 package (21) within R (22),
to ensure the appropriate adjustments were made
to allow for the within person and within school
correlation present in longitudinal, clustered data.
The modelling included a random intercept term for
school and student within school (where appropriate).
Multiple models were explored with potential confounders sequentially added to assess their impact on
the association of the predictors of primary interest
(diabetes status, time, glycaemic control, severe
hypoglycaemia, and DKA). Subjects were included
in the ‘within diabetes cohort’ analysis if they had
sufficient clinical data available, defined as at least two
clinical visits in the 2 yr prior to NAPLAN testing. The
analysis of change in school performance over time,
were completed across the three school year transitions
present in the data (year 3–5, year 5–7, and year 7–9).
Where missing data were present within categorical
variables, a ‘missing’ category was used. Additional
modelling was carried out as a sensitivity analysis to
assess the impact of missing data. This involved both
analysis of only records with no missing data and
analysis using multiple imputation to impute all
missing values [with 10 datasets imputed via the MICE
(multivariate imputation by chained equations) package (23)]. The coefficient estimates generated from the
different models were then examined; output from
sensitivity analysis is included as supplementary data.

Results
There were 702 patients identified in the database as
being of the correct age (based on date of birth) and
were present in the clinic during the period when school
performance data were available (2008–2011). Of those
666 (94.9%) were identified as having a NAPLAN
record; 271 (40.7%) of these had one record and 395
(59.3%) had two records, providing 1061 records for
analysis. Of these, 81 were records from ‘prediagnosis’,
allowing for the assessment of change in performance
postdiagnosis within this subgroup. Matching of 5:1 for
sex, school, and school year was achieved for 95.7% of
the 1061 records; within the matched cohort (n = 3260),
1797 (55.1%) had two records. The 1061 records came
from 454 different schools (Fig. 1).
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702 sent for linkage

Cross Sectional: Initial
models
666 identifed
1061 records

Cross Sectional: Fully
adjusted models
454 with parent and
attendance data

Longitudinal

Clinical: initial models

395 with 2 yr of data

629 with complete clinical
data

81 with data "pre and
post" diagnosis

917 records

162 records

790 records

733 records

Pre/Post

Clinical: Fully adjusted
models
426 with complete clinical
data and parent data
630 records

Fig. 1. Flow chart depicting number of unique patients (type 1 diabetes cohort) and records for those patients available for the different
analyses carried out.

Cross sectional
Cross sectional analyses were completed for each of the
four school years separately. There was no difference
observed between those with type 1 diabetes and their
matched peers for any of the five domains tested.
This result was consistent between the basic models
(adjusted for calendar year, sex, and age, model A,
Table 1) and the models additionally adjusting for
carers’ education and school attendance (model B,
Table 1). A violin plot showing the distribution of the
two groups standardised numeracy scores is shown in
Fig. 2; this distribution is representative of that seen in
the remaining four domains (Figs S1–S5, Supporting
information).
The sensitivity analysis (Tables S3–S14) indicated
that with different approaches to addressing the
missing data, there was little fluctuation in the
coefficient estimates for the predictive variables of
interest. Given this stability, the sensitivity analysis
was not pursued for the longitudinal modelling and
modelling of clinical data.
When attendance rate was examined as an outcome,
type 1 diabetes status was associated with significantly
(p < 0.001) lower school attendance, ranging from 2.6%
lower (year 3) to 3.4% lower (year 5; Table S15). When
attendance was examined as a predictor of school
performance among all subjects, a 1% increase in
attendance rate was significantly (p < 0.001) associated
with improved school performance across all five
domains and all four school years (Tables S9–S14).
The effect size ranged from 0.01 to 0.05, with the
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majority between 0.02 and 0.03, for each 1% increase
in attendance rate; the association was notably linear,
an interaction term with case status was modelled but
was insignificant. The inclusion of attendance in the
model saw little change to the association of case status.

Longitudinal
Within the 81 (type 1 diabetes) subjects who had
completed a NAPLAN assessment both prediagnosis
and postdiagnosis of diabetes, there was no significant
difference observed in the change in their NAPLAN
results (Tables 2 and S16).
Within the 395 (type 1 diabetes) subjects who
had completed two NAPLAN assessments, there was
no significant association observed between diabetes
status and change in school performances over time
(Tables 3 and S17), a result consistent across all five
domains and the three age transitions analysed.

Within type 1 diabetes cohort
Sufficient clinical data were available for 629 (94.4%)
of the 666 patients with type 1 diabetes, providing
917 records for analysis [288 patients (43.2%)
had two records available]. The mean (SD) HbA1c
during the 2 yr prior to NAPLAN testing was 7.6%
(0.9) [59.6 (9.8) mmol/mol; n = 146], 7.8 (0.9) [61.8
(9.8) mmol/mol; n = 220], 8.0 (1.0) [63.9 (10.9) mmol/
mol; n = 270], and 8.2 (1.2) [66.1 (13.1) mmol/mol;
n = 279] for years 3, 5, 7, and 9 students, respectively.
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Table 1. Cross sectional association of diabetes status with school performance across two statistical models (with and
without carer’s education and school attendance data), by school year
Beta coefficient (95% CI)†
N*

Numeracy

Reading

Spelling

Grammar and
punctuation

Narrative
writing‡

Persuasive
writing§

Year 3
Model A

917

Model B

655

−0.06
(−0.24, 0.11)
0.02
(−0.17, 0.22)

−0.04
(−0.22, 0.13)
0.05
(−0.15, 0.25)

−0.01
(−0.17, 0.16)
0.03
(−0.16, 0.21)

−0.03
(−0.21, 0.16)
0.05
(−0.16, 0.26)

0.02
(−0.17, 0.21)
0.13
(−0.10, 0.35)

−0.17
(−0.48, 0.15)
−0.12
(−0.47, 0.22)

Year 5
Model A

1419

Model B

1024

0.03
(−0.10, 0.17)
0.14
(−0.02, 0.29)

−0.08
(−0.22, 0.05)
−0.01
(−0.17, 0.15)

−0.03
(−0.16, 0.10)
0.00
(−0.16, 0.16)

−0.06
(−0.21, 0.08)
0.01
(−0.17, 0.18)

0.003
(−0.14, 0.15)
0.06
(−0.11, 0.23)

0.18
(−0.12, 0.47)
0.28
(−0.10, 0.67)

Year 7
Model A

1684

Model B

1163

0.01
(−0.11, 0.14)
0.14
(−0.01, 0.28)

0.001
(−0.12, 0.12)
0.13
(−0.02, 0.27)

−0.06
(−0.19, 0.06)
−0.01
(−0.15, 0.13)

−0.04
(−0.18, 0.10)
0.08
(−0.09, 0.25)

−0.10
(−0.24, 0.04)
−0.09
(−0.25, 0.07)

0.18
(−0.08, 0.45)
0.36
(0.07, 0.65)

Year 9
Model A

1760

Model B

1025

0.01
(−0.11, 0.13)
0.10
(−0.04, 0.24)

0.04
(−0.09, 0.17)
0.08
(−0.08, 0.24)

0.03
(−0.10, 0.15)
0.10
(−0.06, 0.27)

−0.03
(−0.16, 0.11)
0.07
(−0.09, 0.24)

−0.003
(−0.16, 0.15)
0.06
(−0.16, 0.28)

0.19
(−0.09, 0.47)
0.31
(−0.01, 0.62)

CI, confidence interval.
Model A: adjusted for calendar year (where applicable), sex, and age.
Model B: adjusted for calendar year (where applicable), sex, age, carers education, and school attendance – subset of
students attending public schools.
*Number of records (subjects) in analysis.
†Linear mixed effects model, random intercept per school.
‡Narrative writing assessment data were only available between 2008 and 2010 inclusive.
§Persuasive writing assessment data were only available in 2011.
Table 2. Association of incident diabetes diagnosis with school performance (n = 81, type 1 diabetes subjects)
Beta coefficient (95% CI)*
Numeracy

Reading

Spelling

Grammar and
punctuation

Narrative writing†

Second test
−0.09 (−0.25, 0.08) −0.08 (−0.26, 0.09) −0.15 (−0.31, 0.01) −0.27 (−0.49, −0.05) 0.06 (−0.17, 0.28)
Diabetes status
−0.01 (−0.23, 0.20) −0.02 (−0.24, 0.19) −0.02 (−0.23, 0.18) −0.18 (−0.45, 0.08) 0.11 (−0.13, 0.35)
Interaction
0.01 (−0.22, 0.24) −0.07 (−0.30, 0.16) 0.05 (−0.12, 0.22) −0.01 (−0.33, 0.31) 0.03 (−0.32, 0.37)
[second
test × diabetes
status (type 1
diabetes)]
CI, confidence interval.
*Linear mixed effects model; adjusted for age and sex; random intercept per school.
†Narrative writing assessment data were only available between 2008 and 2010 inclusive.

Adjusting for age, sex, and calendar year, a higher
mean HbA1c during the 2 yr prior to NAPLAN testing
was associated with a decrease in numeracy score in
all years examined, in reading score in years 3, 7, and
9, in spelling score in year 9, in grammar score in
years 3 and 9, and in writing in years 3, 7, and 9. The
magnitude of these associations [for a 1% (10.9 mmol/
mol) increase in HbA1c] varied from −0.12 [95%
confidence interval (CI) −0.24, −0.005] for year 9
narrative writing to −0.45 (95% CI −0.80, −0.09)

for year 9 persuasive writing, with the majority
being approximately −0.20 (Table S18). There was
little attenuation of these estimates with further
adjustment for treatment regimen, carers’ education,
and school attendance (Tables S19–S21). The analysis
of treatment regimen, independent of glycaemic
control, suggested a trend towards pump therapy
being associated with increased school performance, relative to twice-daily injections (Tables 4
and S19).
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Year 3

Year 5

Year 7

Year 9

6.0
4.5
3.0
1.5
0.0

Numeracy z-score

–1.5
–3.0
–4.5
–6.0

6.0
4.5
3.0
1.5
0.0
–1.5
–3.0
–4.5
–6.0
Non Diabetic

T1DM

Non Diabetic

T1DM

Cohort
Fig. 2. Violin plot showing distribution of (standardised) numeracy scores, by diabetes status (dark grey is non-diabetic matched peers, light
grey is type 1 diabetes cohort) and school year.

No consistent association was observed between age
of diagnosis, history of severe hypoglycaemia or history
of DKA, and school performance. Among public
school students, severe hypoglycaemia, DKA and age
at diagnosis showed no association with attendance,
however, a higher HbA1c was associated with lower
attendance [ranging from −1.7 (year 3) to −2.3 (year 9)
per 1% (10.9 mmol/mol) increase in HbA1c; Table S22].

Discussion
We present an analysis of school performance among
youth with type 1 diabetes relative to their sex and
school matched peers. While this study is not the
largest study of this kind within this patient group, this
is the first to include comprehensive clinical history data
and use a national, independently marked, assessment.
There are two important findings from this study,
first, following adjustment for confounders (carers
education and school attendance) no difference was
observed between those with type 1 diabetes and their
peers across any of the five domains analysed and
second, within cases, an association of moderate size
was observed between poorer glycaemic control and
poorer school performance.
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The observation of no deficit in school performance
in this study is in contrast to other studies examining
similar school assessments, however, these studies used
school performance measures assessed by the schoolteacher (which may contain bias) and involved children
and adolescents diagnosed during an earlier period
[patients born 1973–1986 (12) and 1972–1977 (13),
respectively]. While the differences observed in these
past studies were modest, it is not implausible to deduce
that the lack of an observed difference in this study may
be in part due to the cohort being more contemporary
(born 1994–2003) and being treated during a period of
improved, more stable glycaemic control with access
to modern diabetes therapies (20). Our clinic reported
a mean HbA1c during the early 1990s, when the
students in these studies attended school, of over 10%
(85.8 mmol/mol) (16), since the early 2000s this has
been declining to a mean level of 8.3% (67.2 mmol/mol)
(24), with notably lower levels among the younger (0–6
and 6–12 yr) patients (20). Given the magnitude of the
association between HbA1c and school performance,
quantified for the first time in this study, it may be
that this temporal improvement in glycaemic control
is the main contributor to the observation of no deficit
being observed between those with type 1 diabetes and
Pediatric Diabetes 2016: 17: 101–111
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Table 3. Association of diabetes status with standardised NAPLAN scores across two assessments
Beta coefficient (95% CI)†
N*

Numeracy

Reading

Spelling

Grammar and
punctuation

Narrative
writing‡

1217

Interaction [second
test × diabetes status
(type 1 diabetes)]
Years 5–7
Second test

−0.03
(−0.11, 0.05)
0.06
(−0.14, 0.26)
0.06
(−0.14, 0.25)

0.01
(−0.07, 0.09)
−0.05
(−0.26, 0.15)
−0.08
(−0.27, 0.11)

0.02
(−0.04, 0.07)
0.13
(−0.06, 0.31)
−0.05
(−0.18, 0.09)

−0.04
(−0.14, 0.05)
0.05
(−0.18, 0.27)
−0.03
(−0.27, 0.20)

−0.06
(−0.17, 0.05)
0.02
(−0.17, 0.22)
0.11
(−0.14, 0.36)

3002

Diabetes status (type
1 diabetes)
Interaction [second
test × diabetes status
(type 1 diabetes)]
Years 7–9
Second test

0.01
(−0.04, 0.06)
−0.04
(−0.16, 0.09)
0.04
(−0.08, 0.16)

0.01
(−0.04, 0.06)
−0.09
(−0.21, 0.04)
−0.002
(−0.12, 0.11)

0.01
(−0.03, 0.04)
−0.09
(−0.20, 0.03)
0.02
(−0.07, 0.10)

−0.01
(−0.07, 0.05)
−0.12
(−0.26, 0.02)
0.01
(−0.14, 0.16)

0.002
(−0.07, 0.07)
−0.07
(−0.19, 0.06)
0.03
(−0.14, 0.20)

3258

0.03
(−0.02, 0.07)
−0.05
(−0.16, 0.06)
0.02
(−0.09, 0.13)

0.01
(−0.03, 0.06)
−0.08
(−0.19, 0.03)
0.04
(−0.08, 0.15)

−0.01
(−0.05, 0.03)
−0.13
(−0.24, −0.02)
0.08
(−0.01, 0.17)

0.02
(−0.05, 0.08)
−0.11
(−0.24, 0.02)
0.02
(−0.13, 0.17)

0.04
(−0.04, 0.12)
−0.07
(−0.20, 0.05)
−0.02
(−0.21, 0.16)

Years 3–5
Second test
Diabetes status

Diabetes status (type
1 diabetes)
Interaction [second
test × diabetes status
(type 1 diabetes)]

CI, confidence interval; NAPLAN, National Assessment Program – Literacy and Numeracy.
*Maximum number of records (not-subjects) in analysis, does not account for missing data.
†Linear mixed effects model; adjusted for age and sex; random intercept per school.
‡Narrative writing assessment data were only available between 2008 and 2010 inclusive.

their peers. In fact, this is in line with Person et al.’s
speculation that the introduction of new treatment
technologies mean later cohorts may close the gap
on education (13). It is important to reiterate that
the assessment used in this study is administered to
students aged between 7 and 14 yr; we can not rule
out the development of deficits in basic education in
later years of schooling or during tertiary education
following prolonged exposure to type 1 diabetes, as
has been shown past studies (13).
While it was estimated that school attendance for
those with type 1 diabetes was approximately 3% lower
than their peers, school performance in this group did
not appear to be impacted by this reduced attendance.
A possible explanation for this is that the observed
effect size for each day (approximately 1% in this
study) of school not attended is very small and that the
increase in absenteeism of approximately 3% within
the type 1 diabetes cohort is not large effort for this
effect to manifest at the group level. The association
of poorer school performance with poorer glycaemic
control was hypothesised a priori, and the analysis
indicated that this association was present independent
of treatment regimen. The effect could be considered to
be of moderate size, as a 1% (10.9 mmol/mol) increase

in HbA1c was associated with an approximate decrease
of 0.2 in school performance z-score, indicative of an
8% shift in class rank (for a student with a central
rank). This association must only be interpreted within
the glycaemic control range of the study observations
[HbA1c interquartile range; 7.3% (56.3 mmol/mol),
8.6% (70.5 mmol/mol)].
The pathway through which glycaemic control may
be acting on school performance remains unclear; our
analysis shows this effect is independent of and not
mediated by the social factor of carers’ education. It is
possible that this observed association is a proxy for
poor psychosocial outcomes, which have been linked
to poorer glycaemic control (25), or this may be due to
the acute effect of glucose excursions during NAPLAN
testing. Studies have shown there to be poorer fluid
performance among school-aged children with type
1 diabetes during periods of acute hypoglycaemia or
hyperglycaemia (26, 27), yet it remains unclear how this
associates with more learned skills, for example, school
performance. We are unable to explore this, as the
students’ blood glucose level at the time of NAPLAN
testing is not recorded and we do not have information
on the psychosocial functioning of this sample. The
absence of an observed association with history of
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Table 4. Cross sectional association of glycaemic control and treatment regimen with standardised NAPLAN scores, by
school year
Beta coefficient (95% CI)†
N*
Year 3
Mean HbA1c

Numeracy

Reading

Spelling

143

−0.27
−0.15
(−0.51, −0.04) (−0.34, 0.04)
Treatment – BD
93
Ref
Ref
Treatment – MDI
16
−0.10
−0.08
(−0.69, 0.48) (−0.56, 0.40)
Treatment – pump 34
0.07
0.25
(−0.38, 0.51) (−0.11, 0.62)
Year 5
220
Mean HbA1c
−0.17
−0.10
(−0.33, −0.02) (−0.24, 0.04)
Treatment – BD 1167
Ref
Ref
Treatment – MDI
41
0.20
−0.10
(−0.18, 0.58) (−0.44, 0.24)
Treatment – pump 62
0.50
0.38
(0.19, 0.82)
(0.10, 0.66)
Year 7
270
Mean HbA1c
−0.24
−0.15
(−0.36, −0.12) (−0.28, −0.03)
Treatment – BD
98
Ref
Ref
Treatment – MDI
82
0.17
0.07
(−0.13, 0.47) (−0.24, 0.39)
Treatment – pump 90
0.32
0.41
(0.03, 0.62)
(0.10, 0.72)
Year 9
279
Mean HbA1c
−0.17
−0.18
(−0.28, −0.06) (−0.30, −0.05)
Treatment – BD
60
Ref
Ref
Treatment – MDI 133
0.26
0.14
(−0.08, 0.61) (−0.24, 0.51)
Treatment – pump 86
0.48
0.35
(0.10, 0.85)
(−0.06, 0.76)

Grammar and
punctuation

Narrative
writing‡

Persuasive
writing§

−0.12
(−0.32, 0.08)
Ref
0.01
(−0.49, 0.51)
0.23
(−0.15, 0.62)

−0.19
−0.20
−0.62
(−0.39, 0.01) (−0.41, 0.005) (−1.03, −0.20)
Ref
Ref
Ref
0.09
−0.14
1.13
(−0.42, 0.61) (−0.65, 0.38)
(0.05, 2.20)
0.25
0.18
0.19
(−0.14, 0.65) (−0.21, 0.58) (−0.53, 0.92)

−0.07
(−0.21, 0.07)
Ref
−0.01
(−0.35, 0.33)
0.20
(−0.09, 0.48)

−0.07
(−0.25, 0.11)
Ref
−0.06
(−0.51, 0.39)
0.39
(0.02, 0.76)

−0.07
(−0.19, 0.06)
Ref
0.13
(−0.17, 0.44)
0.22
(−0.08, 0.52)

−0.12
−0.26
−0.02
(−0.27, 0.04) (−0.40, −0.12) (−0.31, 0.27)
Ref
Ref
Ref
0.12
0.19
0.28
(−0.26, 0.50) (−0.16, 0.53) (−0.44, 1.00)
0.14
0.16
0.30
(−0.23, 0.51) (−0.17, 0.48) (−0.42, 1.02)

−0.10
(−0.25, 0.06)
Ref
0.16
(−0.28, 0.61)
0.36
(0.02, 0.69)

0.03
(−0.52, 0.59)
Ref
0.15
(−0.61, 0.91)
−0.13
(−0.90, 0.65)

−0.10
−0.17
−0.07
−0.53
(−0.22, 0.01) (−0.30, −0.04) (−0.19, 0.05) (−0.91, −0.16)
Ref
Ref
Ref
Ref
0.34
0.36
0.40
−0.75
(−0.01, 0.68) (−0.03, 0.75)
(0.04, 0.77)
(−2.16, 0.67)
0.19
0.48
0.58
−1.06
(−0.20, 0.58)
(0.06, 0.90)
(0.19, 0.98)
(−2.57, 0.46)

CI, confidence interval; HbA1c, haemoglobin A1c; BD, twice-daily injections; MDI, multiple-daily injections; Ref, (reference)
baseline group.
*Number of subjects.
†Linear mixed effects model; adjusted for age, sex, and calendar year; random intercept per school.
‡Narrative writing assessment data were only available between 2008 and 2010 inclusive.
§Persuasive writing assessment data were only available in 2011.
For a 1% (10.9 mmol/mol) increase in mean HbA1c in the 2 yr preceding NAPLAN assessment.

severe hypoglycaemia or DKA will be reassuring
to patients, their families, and primary care teams;
however, these results must be interpreted with care
given the inconsistent results observed across testing
domains and relatively low prevalence of these episodes
within this cohort.
Socio-economic factors are known to have a strong
association with childhood development (28) and
educational outcomes (29). In WA (30), and other
locations, type 1 diabetes has been shown to be more
prevalent in higher socio-economic groups. We have
taken steps to address this in both the study design
(matching within schools) and in the modelling
(controlling for individual household level education).
We saw little suggestion of a socio-economic mediation

108

effect, as there was minimal attenuation of the effect
of diabetes status following the inclusion of the carers’
education data in the analysis.
While there are clear strengths of this study (study
design, population-based sample with matching;
extensive clinical data; comprehensive, independently
assessed, nationally standardised school assessment
data) there are some limitations. The NAPLAN is an
assessment of basic education achievement; it is not
administered under the same controlled conditions as
traditional cognitive testing, focuses predominately on
assessing a students’ literacy and numeracy, and is
not designed to assess important cognitive skills like
ability to multitask, mental flexibility, and independent
problem solving. There were no data available to assess
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alternative or longer-term outcomes (i.e., teacher aid
use, school completion, enrolment in higher education,
and employment status). There may be bias introduced
if the assumption of data missing at random is not
appropriate, as there may be a tendency for a subgroup
of patients who are struggling at school to not complete
these national assessments. Despite these limitations,
it is likely that these results are generalizable to patient
cohorts utilising similar multifaceted diabetes care
models who achieve similar levels of glycaemic control
to those observed within this cohort. It may be that
cohorts who do not achieve similar levels of glycaemic
control may see some deficits in school performance
between their patients and their peers.
In conclusion, we have presented data on an analysis
of nationally administered school assessments for
a well-characterised, contemporary, population-based
cohort of subjects with childhood onset type 1 diabetes
and their school matched peers. We observed no overall
difference in school performance between these groups,
and no decline over time within the group with diabetes.
In the future, these data will be able to be assessed
to examine changes in school performance in depth
over a longer term and within a larger cohort. These
results provide reassuring evidence to clinicians and
families that a diagnosis during childhood of type
1 diabetes should not be expected to lessen school
performance and reiterate the importance of achieving
optimal glycaemic control.
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z score in (A) Year 3 and (B) Year 5, (C) Year 7, and
(D) Year 9, via three different modelling methods.
Table S4. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted for
parental education, on the National Assessment Program – Literacy and Numeracy (NAPLAN) reading z
score in (A) Year 3 and (B) Year 5, (C) Year 7, and (D)
Year 9, via three different modelling methods.
Table S5. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted for
parental education, on the National Assessment Program – Literacy and Numeracy (NAPLAN) spelling z
score in (A) Year 3 and (B) Year 5, (C) Year 7, and (D)
Year 9, via three different modelling methods.
Table S6. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted for
parental education, on the National Assessment Program – Literacy and Numeracy (NAPLAN) grammar
and punctuation z score in (A) Year 3 and (B) Year
5, (C) Year 7, and (D) Year 9, via three different
modelling methods.
Table S7. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted for
parental education, on the National Assessment Program – Literacy and Numeracy (NAPLAN) narrative
writing z score in (A) Year 3 and (B) Year 5, (C) Year 7,
and (D) Year 9, via three different modelling methods.
Table S8. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted
for parental education, on the National Assessment
Program – Literacy and Numeracy (NAPLAN) persuasive writing z score in (A) Year 3, (B) Year 5, (C)
Year 7, and (D) Year 9, via three different modelling
methods.
Table S9. Sensitivity analysis: cross sectional models,
assessing the effect of diabetes status, adjusted
for parental education and school attendance, on
the National Assessment Program – Literacy and
Numeracy (NAPLAN) numeracy z score in (A) Year
3 and (B) Year 5, (C) Year 7, and Year 9, via three
different modelling methods.
Table S10. Sensitivity analysis: cross sectional
models, assessing the effect of diabetes status, adjusted
for parental education and school attendance, on
the National Assessment Program – Literacy and
Numeracy (NAPLAN) reading z score in (A) Year
3 and (B) Year 5, (C) Year 7, and (D) Year 9, via three
different modelling methods.
Table S11. Sensitivity analysis: cross sectional models, assessing the effect of diabetes status, adjusted
for parental education and school attendance, on the
National Assessment Program – Literacy and Numeracy (NAPLAN) spelling z score in (A) Year 3 and
(B) Year 5, via three different modelling methods, and
(C) Year 7 and (D) Year 9, via three different modelling
methods.
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Table S12. Sensitivity analysis: cross sectional
models, assessing the effect of diabetes status, adjusted
for parental education and school attendance, on
the National Assessment Program – Literacy and
Numeracy (NAPLAN) grammar and punctuation z
score in (A) Year 3 and (B) Year 5, (C) Year 7, and (D)
Year 9, via three different modelling methods.
Table S13. Sensitivity analysis: cross sectional
models, assessing the effect of diabetes status, adjusted
for parental education and school attendance, on
the National Assessment Program – Literacy and
Numeracy (NAPLAN) narrative writing z score in
(A) Year 3 and (B) Year 5, (C) Year 7, and (D) Year 9,
via three different modelling methods.
Table S14. Sensitivity analysis: cross sectional
models, assessing the effect of diabetes status, adjusted
for parental education and school attendance, on
the National Assessment Program – Literacy and
Numeracy (NAPLAN) persuasive writing z score in
(A) Year 3 and (B) Year 5, (C) Year 7, and (D) Year 9
and, via three different modelling methods.
Table S15. Model output assessing the adjusted
association of type 1 diabetes mellitus (T1DM) status
with school attendance.
Table S16. Model output from the subgroup that had
completed a National Assessment Program – Literacy
and Numeracy (NAPLAN) assessment both prior and
post diagnosis.
Table 17. Model output from the longitudinal
analysis for change in National Assessment Program –
Literacy and Numeracy (NAPLAN) score between the
(A) Years 3 and 5, (B) Years 5 and 7, and (C) Years 7
and 9 assessments.
Table S18. Model output assessing the association
of glycaemic control with National Assessment
Program – Literacy and Numeracy (NAPLAN) score
in (A) Year 3, (B) Year 5, (C) Year 7, and (D) Year 9.
Table S19. Model output assessing the association
of glycaemic control with National Assessment
Program – Literacy and Numeracy (NAPLAN) score,
with additional adjustment for treatment regimen, in
(A) Year 3, (B) Year 5, (C) Year 7, and Year 9.
Table S20. Model output assessing the association
of glycaemic control with National Assessment
Program – Literacy and Numeracy (NAPLAN) score,
with additional adjustment for carers education, in (A)
Year 3, (B) Year 5, (C) Year 7, and (D) Year 9.
Table S21. Model output assessing the association
of glycaemic control with National Assessment
Program – Literacy and Numeracy (NAPLAN) score,
with additional adjustment for carers education and
school attendance, in (A) Year 3, (B) Year 5, (C) Year
7, and (D) Year 9.
Table S22. Model output assessing the adjusted association of glycaemic control with school attendance.
Pediatric Diabetes 2016: 17: 101–111
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Appendix 1: NAPLAN Overview
The following is an excerpt from: Australian Curriculum Assessment and Reporting Authority 2011. NAPLAN
Achievement in Reading, Persuasive Writing, Language Conventions and Numeracy: National Report for 2011.
Sydney: ACARA; 2011.
“The National Assessment Program—Literacy and Numeracy (NAPLAN) tests are conducted in
May each year for all students across Australia in Years 3, 5, 7 and 9. All students in the same year
level are assessed on the same test items in the assessment domains of Reading, Persuasive Writing,
Language Conventions (Spelling, Grammar and Punctuation) and Numeracy.
Each year, over one million students nationally sit the NAPLAN tests, providing students, parents,
teachers, schools and school systems with important information about the literacy and numeracy
achievements of students.
…
The NAPLAN tests are developed collaboratively by the Australian Curriculum, Assessment and
Reporting Authority (ACARA), the States and Territories, the non-government education sectors and
the Australian Government. The test administration authority in each State and Territory is
responsible for printing the NAPLAN 2011 tests, and for test administration, data capture and
delivery of reports.
The NAPLAN tests broadly reflect aspects of literacy and numeracy within the curriculum in all
States and Territories, and the types of test questions and test formats are chosen so that they are
familiar to teachers and students across Australia. National Protocols for Test Administration
ensure consistency in the administration of the tests by all test administration authorities and
schools across Australia.
The test administration authority in each State and Territory manages the marking of the tests. Tests
for Reading, Language Conventions (Spelling, Grammar and Punctuation) and Numeracy are
marked using optical mark recognition software to score multiple-choice items. Writing tasks are
professionally marked using well established procedures for maintaining marker consistency across
all States and Territories.”
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Supplementary Table 1: Impact of changes to date of birth criteria on enrolment for schooling in Western
Australia

Notes:

Year 3
Year 5
Year 7
Year 9

Typical age range at the beginning of the school year (January)
Births prior to 1 January 1997 Births 1 January 1997 to 30
Births 31 July 1997 to 30
June 1997
December 2013
These students began Year 1 in
Current system at the time of
2004; approximately half the
publishing.
number of students as previous
and subsequent years.
7 to 8 years
7 to 8 years
7.5 to 8.5 years
9 to 10 years
9 to 10 years
9.5 to 10.5 years
11 to 12 years
11 to 12 years
11.5 to 12.5 years
13 to 14 years
13 to 14 years
13.5 to 14.5 years

Supplementary Table 2: Hierarchical grouping of carer education data
Level
(ordered)
1
2
3
4
0 (ref)
5

Inclusion
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced diploma or higher
Both carers completed an advanced diploma or higher
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Supplementary Figures 1: Violin plots showing distribution of (standardised) NAPLAN Reading scores using all
study subjects, by status and school year
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−1.5
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−4.5
−6.0
Non Diabetic

T1DM

Non Diabetic

T1DM

Cohort
Supplementary Figures 2: Violin plots showing distribution of (standardised) NAPLAN Spelling scores using all
study subjects, by status and school year

Year 3

Year 5

Year 7

Year 9

6.0
4.5
3.0
1.5
0.0

Spelling z−score

−1.5
−3.0
−4.5
−6.0

6.0
4.5
3.0
1.5
0.0
−1.5
−3.0
−4.5
−6.0
Non Diabetic

T1DM

Non Diabetic

Cohort

209

T1DM

APPENDIX

Supplementary Figures 3: Violin plots showing distribution of (standardised) NAPLAN Grammar and
Punctuation scores using all study subjects, by status and school year
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Supplementary Figures 4: Violin plots showing distribution of (standardised) NAPLAN Narrative Writing
scores using all study subjects, by status and school year
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Supplementary Figures 5: Violin plots showing distribution of (standardised) NAPLAN Persuasive Writing
scores using all study subjects, by status and school year
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Preamble
Supplementary Tables 3-8 present the beta coefficients and 95% confidence intervals from the sensitivity analysis to
assess the impact of missing data for the important confounder of Carers Education. These are cross sectional models,
presented for each of the NAPLAN tests, for each school year. Three different models were fitted:
Model 1 – including ‘missing’ as a category for all records with missing carers education, records where the
outcome was missing were left excluded
Model 2 – a model fitted using only complete records
Model 3 – pooled estimates from a model comprising 10 datasets created via multiple imputation for both
missing carer and output data
All models were fit using a linear mixed model framework, with a random intercept term clustered on school (as
outlined within the methods section), and were fit with the same set of covariates. Additional precision (3 decimal place
reporting) is used here to facilitate a more comprehensive assessment of variation between models.
Supplementary Table 3a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN numeracy z score in Year 3, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

872
-3.412 (-5.27,-1.54)
0.406 (0.19,0.62)

700
-2.376 (-4.41,-0.33)
0.284 (0.04,0.52)

917
-3.714 (-5.59,-1.84)
0.440 (0.22,0.66)

ref
-0.064 (-0.30,0.18)
-0.023 (-0.25,0.20)
-0.023 (-0.24,0.20)

ref
-0.032 (-0.29,0.23)
-0.047 (-0.28,0.19)
0.063 (-0.17,0.30)

ref
-0.053 (-0.30,0.20)
-0.011 (-0.24,0.22)
-0.013 (-0.24,0.21)

0.147 (-0.02,0.32)
ref

0.130 (-0.05,0.31)
ref

0.143 (-0.03,0.32)
ref

ref
-0.039 (-0.21,0.13)

ref
-0.099 (-0.29,0.09)

ref
-0.058 (-0.23,0.11)

-0.195 (-0.42,0.02)
-0.312 (-0.52,-0.11)
-0.136 (-0.37,0.09)
0.033 (-0.24,0.30)
ref

-0.326 (-0.53,-0.12)
-0.144 (-0.37,0.08)
0.013 (-0.25,0.28)
ref

-0.345 (-0.54,-0.15)
-0.138 (-0.35,0.07)
-0.002 (-0.26,0.26)
ref

0.512 (0.29,0.73)

0.514 (0.30,0.73)

0.515 (0.30,0.73)
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Supplementary Table 3b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN numeracy z score in Year 5, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1361
-2.292 (-4.01,-0.56)
0.225 (0.06,0.39)

1059
-2.309 (-4.24,-0.37)
0.222 (0.04,0.41)

1419
-2.204 (-3.94,-0.47)
0.211 (0.04,0.38)

ref
0.098 (-0.07,0.26)
0.047 (-0.11,0.20)
0.005 (-0.17,0.18)

ref
0.191 (0.00,0.38)
0.076 (-0.10,0.25)
0.037 (-0.16,0.23)

ref
0.091 (-0.08,0.26)
0.052 (-0.11,0.21)
0.033 (-0.15,0.21)

0.119 (-0.00,0.24)
ref

0.186 (0.05,0.32)
ref

0.104 (-0.02,0.23)
ref

ref
0.012 (-0.12,0.14)

ref
-0.036 (-0.18,0.11)

ref
0.016 (-0.12,0.15)

-0.434 (-0.60,-0.27)
-0.453 (-0.61,-0.30)
-0.149 (-0.33,0.03)
-0.200 (-0.43,0.03)
ref

-0.461 (-0.62,-0.30)
-0.157 (-0.34,0.02)
-0.209 (-0.44,0.02)
ref

-0.445 (-0.60,-0.30)
-0.165 (-0.33,0.00)
-0.216 (-0.42,-0.01)
ref

0.426 (0.26,0.60)

0.427 (0.26,0.60)

0.437 (0.28,0.59)
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Supplementary Table 3c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN numeracy z score in Year 7, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1596
0.426 (-1.48,2.33)
-0.017 (-0.18,0.14)

1227
1.003 (-1.20,3.22)
-0.065 (-0.25,0.12)

1684
0.399 (-1.53,2.33)
-0.022 (-0.18,0.14)

ref
-0.077 (-0.26,0.10)
-0.011 (-0.18,0.16)
-0.109 (-0.29,0.07)

ref
-0.114 (-0.30,0.07)
0.012 (-0.17,0.19)
-0.120 (-0.31,0.07)

ref
-0.079 (-0.26,0.10)
0.009 (-0.17,0.18)
-0.094 (-0.28,0.09)

-0.021 (-0.14,0.10)
ref

0.016 (-0.11,0.14)
ref

-0.019 (-0.14,0.10)
ref

ref
0.021 (-0.10,0.14)

ref
0.024 (-0.12,0.16)

ref
0.041 (-0.08,0.16)

-0.297 (-0.44,-0.15)
-0.371 (-0.52,-0.23)
-0.102 (-0.27,0.07)
0.023 (-0.22,0.26)
ref

-0.414 (-0.56,-0.27)
-0.117 (-0.29,0.05)
0.035 (-0.21,0.28)
ref

-0.348 (-0.48,-0.21)
-0.105 (-0.26,0.06)
0.081 (-0.18,0.34)
ref

0.432 (0.28,0.59)

0.480 (0.33,0.64)

0.451 (0.30,0.60)
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Supplementary Table 3d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN numeracy z score in Year 9, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1645
2.450 (0.46,4.44)
-0.163 (-0.31,-0.02)

1042
2.330 (-0.22,4.87)
-0.143 (-0.32,0.04)

1760
2.303 (0.36,4.24)
-0.151 (-0.29,-0.01)

0.033 (-0.12,0.18)
0.027 (-0.13,0.19)
0.024 (-0.15,0.20)

-0.049 (-0.24,0.14)
-0.050 (-0.25,0.15)
-0.135 (-0.35,0.08)

0.029 (-0.12,0.18)
0.009 (-0.15,0.17)
0.008 (-0.17,0.18)

-0.007 (-0.12,0.11)
ref

-0.144 (-0.28,-0.00)
ref

-0.052 (-0.16,0.06)
ref

ref
0.012 (-0.11,0.13)

ref
0.059 (-0.09,0.21)

ref
0.020 (-0.10,0.14)

-0.195 (-0.35,-0.04)
-0.433 (-0.60,-0.27)
-0.229 (-0.42,-0.04)
-0.199 (-0.43,0.03)
ref

-0.524 (-0.69,-0.36)
-0.285 (-0.48,-0.10)
-0.234 (-0.47,-0.00)
ref

-0.456 (-0.62,-0.29)
-0.197 (-0.36,-0.03)
-0.220 (-0.44,0.00)
ref

0.285 (0.11,0.46)

0.313 (0.14,0.49)

0.283 (0.10,0.46)
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Supplementary Table 4a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN reading z score in Year 3, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

869
-3.759 (-5.57,-1.93)
0.474 (0.26,0.69)

695
-3.019 (-4.98,-1.05)
0.382 (0.15,0.61)

917
-3.948 (-5.78,-2.12)
0.491 (0.28,0.71)

ref
-0.022 (-0.24,0.20)
-0.066 (-0.27,0.14)
0.043 (-0.16,0.25)

ref
0.050 (-0.19,0.28)
-0.039 (-0.26,0.18)
0.136 (-0.08,0.35)

ref
0.001 (-0.22,0.23)
-0.059 (-0.27,0.16)
0.061 (-0.15,0.27)

-0.032 (-0.19,0.12)
ref

-0.030 (-0.19,0.13)
ref

-0.042 (-0.21,0.12)
ref

ref
-0.011 (-0.18,0.16)

ref
-0.012 (-0.20,0.18)

ref
-0.028 (-0.20,0.14)

-0.412 (-0.63,-0.20)
-0.443 (-0.65,-0.24)
-0.310 (-0.53,-0.09)
-0.082 (-0.35,0.18)
ref

-0.448 (-0.65,-0.25)
-0.315 (-0.53,-0.10)
-0.111 (-0.37,0.15)
ref

-0.454 (-0.67,-0.24)
-0.334 (-0.56,-0.11)
-0.144 (-0.43,0.14)
ref

0.426 (0.21,0.64)

0.423 (0.21,0.63)

0.468 (0.26,0.68)
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Supplementary Table 4b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN reading z score in Year 5, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1362
-1.239 (-2.94,0.47)
0.132 (-0.03,0.30)

1057
-0.801 (-2.70,1.10)
0.089 (-0.09,0.27)

1419
-1.247 (-3.01,0.52)
0.127 (-0.04,0.30)

ref
0.132 (-0.02,0.28)
0.069 (-0.07,0.21)
-0.010 (-0.17,0.15)

ref
0.145 (-0.02,0.31)
0.060 (-0.09,0.21)
0.033 (-0.14,0.20)

ref
0.114 (-0.05,0.27)
0.074 (-0.07,0.22)
0.015 (-0.15,0.18)

0.121 (0.01,0.23)
ref

0.147 (0.03,0.27)
ref

0.105 (-0.01,0.22)
ref

ref
-0.104 (-0.24,0.03)

ref
-0.131 (-0.28,0.02)

ref
-0.091 (-0.22,0.04)

-0.413 (-0.57,-0.25)
-0.534 (-0.69,-0.38)
-0.200 (-0.38,-0.02)
-0.178 (-0.41,0.05)
ref

-0.549 (-0.71,-0.40)
-0.208 (-0.39,-0.03)
-0.184 (-0.41,0.04)
ref

-0.514 (-0.66,-0.37)
-0.197 (-0.40,0.00)
-0.127 (-0.35,0.09)
ref

0.397 (0.23,0.57)

0.405 (0.24,0.57)

0.410 (0.24,0.58)
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Supplementary Table 4c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN reading z score in Year 7, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1603
-1.460 (-3.36,0.45)
0.146 (-0.01,0.30)

1233
-1.383 (-3.56,0.83)
0.139 (-0.05,0.32)

1684
-1.693 (-3.64,0.25)
0.158 (-0.00,0.32)

ref
-0.123 (-0.30,0.05)
-0.144 (-0.31,0.02)
-0.205 (-0.38,-0.03)

ref
-0.125 (-0.31,0.06)
-0.115 (-0.29,0.06)
-0.205 (-0.39,-0.01)

ref
-0.132 (-0.31,0.04)
-0.144 (-0.31,0.02)
-0.200 (-0.38,-0.02)

0.014 (-0.10,0.13)
ref

0.022 (-0.10,0.14)
ref

0.031 (-0.09,0.15)
ref

ref
0.005 (-0.12,0.13)

ref
0.012 (-0.13,0.15)

ref
0.035 (-0.08,0.16)

-0.380 (-0.53,-0.24)
-0.504 (-0.65,-0.36)
-0.164 (-0.33,0.00)
-0.079 (-0.32,0.16)
ref

-0.528 (-0.67,-0.39)
-0.174 (-0.34,-0.01)
-0.073 (-0.31,0.16)
ref

-0.492 (-0.63,-0.35)
-0.170 (-0.34,-0.00)
-0.058 (-0.30,0.18)
ref

0.394 (0.24,0.55)

0.426 (0.28,0.58)

0.393 (0.25,0.54)
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Supplementary Table 4d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN reading z score in Year 9, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1638
1.790 (-0.34,3.91)
-0.109 (-0.26,0.04)

1044
1.105 (-1.55,3.76)
-0.050 (-0.24,0.14)

1760
1.634 (-0.50,3.77)
-0.095 (-0.25,0.06)

ref
-0.036 (-0.19,0.12)
-0.049 (-0.22,0.12)
-0.137 (-0.32,0.04)

ref
-0.103 (-0.30,0.09)
-0.103 (-0.31,0.11)
-0.302 (-0.52,-0.08)

ref
-0.039 (-0.19,0.11)
-0.055 (-0.22,0.11)
-0.155 (-0.33,0.02)

0.010 (-0.11,0.13)
ref

-0.092 (-0.24,0.05)
ref

-0.038 (-0.15,0.08)
ref

ref
0.040 (-0.09,0.17)

ref
0.040 (-0.12,0.20)

ref
0.036 (-0.09,0.16)

-0.220 (-0.39,-0.06)
-0.485 (-0.66,-0.31)
-0.222 (-0.42,-0.03)
-0.221 (-0.47,0.02)
ref

-0.561 (-0.74,-0.39)
-0.265 (-0.47,-0.07)
-0.251 (-0.50,-0.01)
ref

-0.520 (-0.67,-0.36)
-0.215 (-0.39,-0.04)
-0.284 (-0.52,-0.04)
ref

0.367 (0.18,0.55)

0.369 (0.19,0.55)

0.363 (0.20,0.53)
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Supplementary Table 5a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN spelling z score in Year 3, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

873
-2.889 (-4.55,-1.23)
0.363 (0.17,0.56)

699
-2.340 (-4.15,-0.54)
0.297 (0.09,0.51)

917
-3.098 (-4.74,-1.46)
0.384 (0.19,0.58)

ref
-0.074 (-0.28,0.13)
-0.009 (-0.20,0.18)
-0.042 (-0.23,0.15)

ref
-0.030 (-0.24,0.18)
0.012 (-0.19,0.21)
0.054 (-0.14,0.25)

ref
-0.044 (-0.26,0.17)
0.018 (-0.18,0.22)
-0.006 (-0.20,0.19)

0.090 (-0.06,0.24)
ref

0.052 (-0.10,0.20)
ref

0.080 (-0.07,0.23)
ref

ref
0.022 (-0.13,0.18)

ref
0.063 (-0.11,0.24)

ref
0.004 (-0.15,0.16)

-0.399 (-0.59,-0.21)
-0.561 (-0.75,-0.38)
-0.219 (-0.42,-0.02)
-0.052 (-0.30,0.19)
ref

-0.573 (-0.75,-0.39)
-0.228 (-0.43,-0.03)
-0.077 (-0.32,0.16)
ref

-0.602 (-0.79,-0.42)
-0.219 (-0.43,-0.01)
-0.094 (-0.33,0.14)
ref

0.382 (0.19,0.58)

0.386 (0.19,0.58)

0.379 (0.19,0.57)
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Supplementary Table 5b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN spelling z score in Year 5, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1370
-1.589 (-3.25,0.08)
0.167 (0.01,0.33)

1065
-1.236 (-3.06,0.61)
0.131 (-0.05,0.31)

1419
-1.682 (-3.36,-0.00)
0.169 (0.01,0.33)

ref
0.035 (-0.12,0.19)
-0.064 (-0.21,0.08)
-0.042 (-0.20,0.12)

ref
0.107 (-0.06,0.27)
-0.061 (-0.21,0.09)
0.015 (-0.15,0.18)

ref
0.035 (-0.12,0.19)
-0.060 (-0.20,0.08)
-0.019 (-0.19,0.15)

0.026 (-0.09,0.14)
ref

0.067 (-0.05,0.18)
ref

0.019 (-0.10,0.13)
ref

ref
-0.047 (-0.18,0.08)

ref
-0.081 (-0.22,0.06)

ref
-0.039 (-0.17,0.09)

-0.334 (-0.49,-0.18)
-0.408 (-0.56,-0.26)
-0.033 (-0.21,0.14)
-0.021 (-0.24,0.20)
ref

-0.429 (-0.58,-0.28)
-0.043 (-0.22,0.13)
-0.026 (-0.24,0.19)
ref

-0.389 (-0.55,-0.23)
0.002 (-0.16,0.17)
0.021 (-0.20,0.24)
ref

0.296 (0.13,0.46)

0.298 (0.14,0.46)

0.322 (0.16,0.48)
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Supplementary Table 5c – Sensitivity analysis: Cross sectional models, assessing the effect of status, adjusted for
parental education, on the NAPLAN spelling z score in Year 7, via three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1613
0.679 (-1.20,2.56)
-0.029 (-0.19,0.13)

1241
2.086 (-0.08,4.26)
-0.149 (-0.33,0.03)

1684
0.608 (-1.25,2.47)
-0.030 (-0.18,0.12)

ref
-0.105 (-0.27,0.07)
-0.062 (-0.22,0.10)
-0.252 (-0.42,-0.08)

ref
-0.077 (-0.26,0.11)
0.045 (-0.13,0.22)
-0.172 (-0.36,0.01)

ref
-0.130 (-0.31,0.05)
-0.058 (-0.23,0.11)
-0.250 (-0.43,-0.07)

-0.027 (-0.14,0.09)
ref

0.001 (-0.12,0.12)
ref

-0.019 (-0.14,0.10)
ref

ref
-0.060 (-0.18,0.06)

ref
-0.051 (-0.19,0.08)

ref
-0.053 (-0.17,0.07)

-0.339 (-0.48,-0.20)
-0.423 (-0.57,-0.28)
-0.050 (-0.22,0.12)
-0.035 (-0.27,0.20)
ref

-0.431 (-0.57,-0.29)
-0.058 (-0.22,0.11)
-0.023 (-0.26,0.21)
ref

-0.398 (-0.54,-0.26)
-0.027 (-0.18,0.13)
0.017 (-0.22,0.25)
ref

0.250 (0.10,0.40)

0.266 (0.12,0.42)

0.259 (0.11,0.41)
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Supplementary Table 5d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN spelling z score in Year 9, via three different modelling
methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1658
3.289 (1.21,5.38)
-0.225 (-0.37,-0.08)

1052
3.062 (0.49,5.65)
-0.198 (-0.38,-0.01)

1760
3.205 (1.16,5.25)
-0.217 (-0.36,-0.07)

ref
0.029 (-0.13,0.18)
-0.001 (-0.16,0.16)
-0.062 (-0.24,0.11)

ref
-0.080 (-0.27,0.10)
-0.063 (-0.26,0.13)
-0.160 (-0.36,0.04)

ref
0.018 (-0.14,0.18)
-0.002 (-0.17,0.17)
-0.083 (-0.26,0.09)

-0.011 (-0.12,0.10)
ref

-0.128 (-0.26,0.00)
ref

-0.047 (-0.16,0.07)
ref

ref
0.030 (-0.09,0.15)

ref
0.071 (-0.09,0.23)

ref
0.029 (-0.09,0.15)

-0.134 (-0.29,0.02)
-0.376 (-0.55,-0.21)
-0.124 (-0.32,0.07)
-0.154 (-0.40,0.09)
ref

-0.448 (-0.62,-0.28)
-0.160 (-0.36,0.03)
-0.170 (-0.41,0.07)
ref

-0.395 (-0.55,-0.24)
-0.102 (-0.27,0.07)
-0.154 (-0.38,0.08)
ref

0.222 (0.04,0.40)

0.235 (0.06,0.41)

0.247 (0.08,0.41)
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Supplementary Table 6a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN grammar and punctuation z score in Year 3, via three
different modelling methods

Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

873
-1.784 (-3.70,0.15)
0.238 (0.01,0.46)

699
-1.028 (-3.09,1.04)
0.147 (-0.10,0.39)

917
-1.832 (-3.75,0.09)
0.240 (0.01,0.47)

ref
-0.088 (-0.31,0.13)
-0.111 (-0.32,0.09)
-0.065 (-0.27,0.14)

ref
-0.032 (-0.26,0.20)
-0.075 (-0.29,0.14)
0.024 (-0.19,0.24)

ref
-0.082 (-0.31,0.15)
-0.100 (-0.32,0.12)
-0.045 (-0.26,0.17)

0.001 (-0.15,0.16)
ref

-0.031 (-0.19,0.13)
ref

-0.012 (-0.18,0.15)
ref

ref
0.001 (-0.18,0.18)

ref
-0.046 (-0.25,0.16)

ref
-0.034 (-0.22,0.15)

-0.391 (-0.61,-0.17)
-0.491 (-0.70,-0.28)
-0.259 (-0.49,-0.02)
0.047 (-0.24,0.33)
ref

-0.501 (-0.71,-0.30)
-0.262 (-0.49,-0.03)
0.026 (-0.25,0.30)
ref

-0.548 (-0.76,-0.34)
-0.250 (-0.48,-0.02)
-0.028 (-0.30,0.24)
ref

0.456 (0.23,0.68)

0.453 (0.23,0.67)

0.476 (0.26,0.69)
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Supplementary Table 6b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN grammar and punctuation z score in Year 5, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1370
-2.044 (-3.92,-0.17)
0.209 (0.03,0.39)

1065
-1.837 (-3.93,0.26)
0.187 (-0.01,0.39)

1419
-2.147 (-4.04,-0.25)
0.214 (0.03,0.39)

ref
0.067 (-0.10,0.23)
-0.034 (-0.19,0.12)
0.049 (-0.13,0.23)

ref
0.100 (-0.09,0.29)
-0.028 (-0.20,0.14)
0.142 (-0.05,0.33)

ref
0.058 (-0.11,0.23)
-0.031 (-0.19,0.13)
0.069 (-0.11,0.25)

0.056 (-0.07,0.18)
ref

0.096 (-0.04,0.23)
ref

0.049 (-0.08,0.17)
ref

ref
-0.083 (-0.23,0.06)

ref
-0.121 (-0.28,0.04)

ref
-0.064 (-0.21,0.08)

-0.387 (-0.56,-0.21)
-0.506 (-0.68,-0.33)
-0.172 (-0.37,0.03)
-0.157 (-0.41,0.10)
ref

-0.525 (-0.70,-0.36)
-0.182 (-0.38,0.01)
-0.167 (-0.42,0.08)
ref

-0.507 (-0.67,-0.34)
-0.151 (-0.33,0.03)
-0.132 (-0.38,0.11)
ref

0.403 (0.22,0.59)

0.413 (0.23,0.60)

0.405 (0.22,0.59)
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Supplementary Table 6c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN grammar and punctuation z score in Year 7, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1613
-0.545 (-2.72,1.64)
0.073 (-0.11,0.25)

1241
0.612 (-1.81,3.06)
-0.022 (-0.23,0.18)

1684
-0.603 (-2.82,1.61)
0.071 (-0.11,0.25)

ref
-0.175 (-0.37,0.02)
-0.153 (-0.34,0.03)
-0.246 (-0.44,-0.05)

ref
-0.180 (-0.38,0.02)
-0.098 (-0.29,0.09)
-0.241 (-0.44,-0.04)

ref
-0.194 (-0.40,0.01)
-0.146 (-0.33,0.04)
-0.230 (-0.43,-0.03)

-0.012 (-0.14,0.12)
ref

-0.022 (-0.15,0.11)
ref

-0.009 (-0.14,0.12)
ref

ref
-0.033 (-0.17,0.11)

ref
-0.032 (-0.18,0.12)

ref
-0.028 (-0.17,0.11)

-0.389 (-0.56,-0.23)
-0.445 (-0.61,-0.28)
-0.100 (-0.29,0.09)
-0.137 (-0.41,0.14)
ref

-0.472 (-0.63,-0.31)
-0.111 (-0.30,0.08)
-0.119 (-0.38,0.15)
ref

-0.461 (-0.64,-0.28)
-0.073 (-0.27,0.13)
-0.122 (-0.41,0.16)
ref

0.474 (0.30,0.65)

0.508 (0.34,0.68)

0.501 (0.33,0.67)
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Supplementary Table 6d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN grammar and punctuation z score in Year 9, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1658
2.782 (0.55,5.02)
-0.184 (-0.34,-0.02)

1052
2.309 (-0.46,5.08)
-0.138 (-0.34,0.06)

1760
2.810 (0.54,5.08)
-0.185 (-0.35,-0.02)

ref
0.056 (-0.11,0.22)
0.032 (-0.14,0.21)
-0.033 (-0.23,0.16)

ref
-0.076 (-0.28,0.13)
-0.034 (-0.25,0.18)
-0.197 (-0.42,0.03)

ref
0.059 (-0.11,0.23)
0.045 (-0.13,0.22)
-0.040 (-0.23,0.15)

-0.053 (-0.18,0.07)
ref

-0.159 (-0.31,-0.01)
ref

-0.101 (-0.22,0.02)
ref

ref
-0.025 (-0.16,0.11)

ref
-0.011 (-0.18,0.16)

ref
-0.016 (-0.15,0.12)

-0.198 (-0.37,-0.03)
-0.502 (-0.68,-0.32)
-0.178 (-0.39,0.03)
-0.142 (-0.40,0.12)
ref

-0.586 (-0.77,-0.41)
-0.222 (-0.43,-0.02)
-0.177 (-0.44,0.08)
ref

-0.510 (-0.69,-0.33)
-0.152 (-0.39,0.08)
-0.139 (-0.39,0.11)
ref

0.346 (0.15,0.54)

0.364 (0.17,0.56)

0.357 (0.18,0.54)
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Supplementary Table 7a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN narrative writing z score in Year 3, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

648
-2.010 (-4.02,-0.01)
0.260 (0.03,0.50)

503
-0.849 (-2.99,1.26)
0.115 (-0.13,0.37)

687
-2.097 (-4.06,-0.13)
0.266 (0.04,0.50)

ref
0.004 (-0.21,0.22)
-0.128 (-0.33,0.07)

ref
0.093 (-0.13,0.31)
-0.001 (-0.21,0.20)

ref
0.029 (-0.19,0.25)
-0.100 (-0.31,0.11)

0.088 (-0.08,0.26)
ref

0.120 (-0.06,0.30)
ref

0.092 (-0.09,0.27)
ref

ref
0.043 (-0.14,0.23)

ref
-0.000 (-0.20,0.20)

ref
0.041 (-0.15,0.23)

-0.346 (-0.58,-0.12)
-0.324 (-0.55,-0.10)
-0.147 (-0.41,0.11)
-0.086 (-0.40,0.22)
ref

-0.349 (-0.56,-0.14)
-0.163 (-0.41,0.08)
-0.126 (-0.42,0.16)
ref

-0.393 (-0.64,-0.15)
-0.163 (-0.40,0.08)
-0.190 (-0.49,0.11)
ref

0.369 (0.13,0.61)

0.360 (0.13,0.59)

0.368 (0.14,0.60)
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Supplementary Table 7b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN narrative writing z score in Year 5, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1122
-1.582 (-3.42,0.27)
0.161 (-0.02,0.34)

860
-1.111 (-3.16,0.95)
0.115 (-0.08,0.31)

1161
-1.664 (-3.56,0.23)
0.162 (-0.02,0.34)

ref
0.049 (-0.11,0.20)
0.011 (-0.13,0.15)

ref
0.053 (-0.12,0.22)
0.005 (-0.15,0.16)

ref
0.065 (-0.09,0.22)
0.028 (-0.12,0.17)

0.012 (-0.11,0.14)
ref

0.059 (-0.08,0.20)
ref

0.007 (-0.13,0.14)
ref

ref
-0.012 (-0.16,0.13)

ref
-0.058 (-0.21,0.10)

ref
-0.009 (-0.15,0.14)

-0.297 (-0.47,-0.13)
-0.381 (-0.55,-0.21)
-0.127 (-0.33,0.07)
-0.043 (-0.30,0.21)
ref

-0.383 (-0.55,-0.22)
-0.133 (-0.33,0.06)
-0.048 (-0.30,0.20)
ref

-0.360 (-0.54,-0.18)
-0.081 (-0.26,0.10)
-0.018 (-0.26,0.22)
ref

0.411 (0.23,0.59)

0.406 (0.23,0.59)

0.426 (0.25,0.60)
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Supplementary Table 7c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN narrative writing z score in Year 7, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1236
-0.927 (-3.06,1.21)
0.103 (-0.07,0.28)

939
-0.965 (-3.47,1.57)
0.106 (-0.11,0.32)

1299
-1.054 (-3.18,1.07)
0.105 (-0.07,0.28)

ref
-0.108 (-0.27,0.06)
-0.077 (-0.24,0.08)

ref
-0.127 (-0.31,0.06)
-0.060 (-0.24,0.12)

ref
-0.112 (-0.28,0.05)
-0.067 (-0.23,0.10)

-0.040 (-0.16,0.08)
ref

-0.022 (-0.16,0.11)
ref

-0.039 (-0.16,0.09)
ref

ref
-0.103 (-0.24,0.03)

ref
-0.136 (-0.29,0.02)

ref
-0.094 (-0.23,0.04)

-0.395 (-0.55,-0.24)
-0.428 (-0.59,-0.27)
-0.028 (-0.22,0.16)
-0.124 (-0.40,0.15)
ref

-0.438 (-0.61,-0.27)
-0.035 (-0.23,0.16)
-0.129 (-0.41,0.15)
ref

-0.381 (-0.53,-0.23)
0.011 (-0.17,0.20)
-0.071 (-0.33,0.19)
ref

0.293 (0.13,0.46)

0.302 (0.13,0.48)

0.301 (0.13,0.47)
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Supplementary Table 7d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN narrative writing z score in Year 9, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1301
2.812 (0.38,5.23)
-0.179 (-0.35,-0.00)

801
1.846 (-1.02,4.71)
-0.098 (-0.30,0.11)

1386
2.752 (0.36,5.14)
-0.176 (-0.35,-0.01)

ref
-0.188 (-0.35,-0.03)
-0.068 (-0.24,0.10)

ref
-0.336 (-0.52,-0.15)
-0.179 (-0.38,0.02)

ref
-0.179 (-0.34,-0.02)
-0.065 (-0.23,0.10)

0.108 (-0.02,0.24)
ref

0.036 (-0.12,0.19)
ref

0.060 (-0.07,0.19)
ref

ref
-0.003 (-0.16,0.15)

ref
-0.033 (-0.22,0.15)

ref
-0.031 (-0.19,0.13)

-0.290 (-0.49,-0.10)
-0.491 (-0.71,-0.28)
-0.182 (-0.43,0.06)
-0.246 (-0.55,0.06)
ref

-0.525 (-0.73,-0.33)
-0.201 (-0.43,0.02)
-0.262 (-0.55,0.02)
ref

-0.510 (-0.73,-0.29)
-0.122 (-0.33,0.09)
-0.239 (-0.52,0.04)
ref

0.308 (0.08,0.53)

0.314 (0.11,0.52)

0.335 (0.14,0.53)
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Supplementary Table 8a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN persuasive writing z score in Year 3, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

221
-3.016 (-6.37,0.30)
0.411 (0.02,0.81)

193
-3.995 (-7.43,-0.59)
0.525 (0.12,0.93)

230
-3.346 (-6.73,0.04)
0.448 (0.04,0.85)

-0.168 (-0.46,0.13)
ref

-0.207 (-0.52,0.10)
ref

-0.188 (-0.51,0.13)
ref

ref
-0.181 (-0.49,0.13)

ref
-0.031 (-0.36,0.30)

ref
-0.173 (-0.47,0.13)

-0.527 (-0.95,-0.11)
-0.643 (-1.01,-0.28)
-0.302 (-0.67,0.06)
-0.036 (-0.46,0.39)
ref

-0.625 (-0.99,-0.26)
-0.277 (-0.65,0.08)
-0.026 (-0.44,0.39)
ref

-0.681 (-1.04,-0.32)
-0.265 (-0.62,0.09)
-0.027 (-0.44,0.39)
ref

-0.134 (-0.49,0.23)

-0.112 (-0.47,0.24)

-0.140 (-0.51,0.23)
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Supplementary Table 8b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN persuasive writing z score in Year 5, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

245
-1.675 (-5.46,2.11)
0.173 (-0.19,0.53)

203
-1.118 (-4.90,2.68)
0.115 (-0.25,0.48)

258
-1.076 (-5.00,2.85)
0.111 (-0.26,0.49)

0.229 (-0.03,0.48)
ref

0.314 (0.06,0.57)
ref

0.185 (-0.10,0.47)
ref

ref
0.182 (-0.11,0.47)

ref
0.301 (0.00,0.60)

ref
0.167 (-0.13,0.47)

-0.722 (-1.11,-0.35)
-0.528 (-0.87,-0.20)
-0.325 (-0.70,0.05)
-0.044 (-0.49,0.41)
ref

-0.553 (-0.86,-0.25)
-0.321 (-0.67,0.02)
-0.056 (-0.47,0.37)
ref

-0.568 (-0.90,-0.24)
-0.299 (-0.66,0.07)
-0.032 (-0.47,0.40)
ref

0.332 (-0.06,0.73)

0.345 (-0.02,0.71)

0.391 (-0.00,0.78)
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Supplementary Table 8c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN persuasive writing score in Year 7, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

375
-1.469 (-5.65,2.81)
0.130 (-0.21,0.47)

300
0.799 (-3.86,5.60)
-0.053 (-0.44,0.32)

385
-1.088 (-5.33,3.15)
0.097 (-0.24,0.44)

-0.081 (-0.35,0.19)
ref

-0.045 (-0.32,0.23)
ref

-0.087 (-0.36,0.19)
ref

ref
0.191 (-0.07,0.45)

ref
0.238 (-0.06,0.53)

ref
0.203 (-0.06,0.46)

-0.397 (-0.73,-0.07)
-0.474 (-0.78,-0.17)
-0.180 (-0.54,0.18)
-0.191 (-0.68,0.30)
ref

-0.505 (-0.81,-0.21)
-0.214 (-0.57,0.14)
-0.168 (-0.64,0.31)
ref

-0.507 (-0.80,-0.21)
-0.244 (-0.59,0.10)
-0.209 (-0.70,0.28)
ref

0.188 (-0.14,0.52)

0.232 (-0.08,0.56)

0.221 (-0.10,0.54)
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Supplementary Table 8d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education, on the NAPLAN persuasive writing z score in Year 9, via three different
modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

347
3.613 (-2.47,9.69)
-0.265 (-0.69,0.16)

246
-1.514 (-8.44,5.45)
0.108 (-0.38,0.60)

374
2.450 (-4.09,8.99)
-0.174 (-0.63,0.29)

-0.254 (-0.62,0.12)
ref

-0.439 (-0.86,-0.02)
ref

-0.274 (-0.64,0.09)
ref

ref
0.202 (-0.07,0.48)

ref
0.151 (-0.18,0.48)

ref
0.208 (-0.07,0.48)

0.408 (0.04,0.77)
-0.165 (-0.53,0.20)
-0.012 (-0.42,0.39)
0.005 (-0.51,0.53)
ref

-0.267 (-0.65,0.10)
-0.094 (-0.51,0.32)
0.067 (-0.46,0.60)
ref

-0.256 (-0.61,0.10)
-0.112 (-0.62,0.40)
0.021 (-0.47,0.51)
ref

0.696 (0.31,1.08)

0.671 (0.28,1.06)

0.728 (0.36,1.10)
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Preamble
Supplementary Tables 9-14 present the beta coefficients and 95% confidence intervals from the sensitivity analysis to
assess the impact of missing data for the important confounder of Carers Education within the subgroup who attended
public schools, and had attendance data available. These are cross sectional models, presented for each of the NAPLAN
tests, for each school year. Three different models were fitted:
Model 1 – including ‘missing’ as a category for all records with missing carers education, records where the
outcome was missing were left excluded
Model 2 – a model fitted using only complete records
Model 3 – pooled estimates from a model comprising 10 datasets created via multiple imputation for both
missing carer and output data
All models were fit using a linear mixed model framework, with a random intercept term clustered on school (as
outlined within the methods section), and were fit with the same set of covariates. Additional precision (3 decimal place
reporting) is used here to facilitate a more comprehensive assessment of variation between models.
Supplementary Table 9a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN numeracy z score in Year 3, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

625
-7.647 (-10.01,-5.29)
0.554 (0.30,0.80)

475
-6.216 (-8.99,-3.45)
0.468 (0.19,0.75)

655
-7.432 (-9.88,-4.98)
0.572 (0.32,0.83)

ref
-0.100 (-0.38,0.18)
-0.027 (-0.28,0.23)
-0.051 (-0.30,0.20)
0.032 (0.02,0.04)

ref
-0.093 (-0.40,0.22)
-0.061 (-0.34,0.21)
0.020 (-0.24,0.29)
0.025 (0.01,0.04)

ref
-0.106 (-0.39,0.18)
-0.020 (-0.29,0.25)
-0.040 (-0.29,0.21)
0.029 (0.02,0.04)

0.127 (-0.06,0.32)
ref

0.114 (-0.09,0.32)
ref

0.078 (-0.13,0.28)
ref

ref
0.024 (-0.17,0.22)

ref
-0.076 (-0.30,0.15)

ref
-0.010 (-0.21,0.19)

-0.191 (-0.44,0.05)
-0.368 (-0.61,-0.13)
-0.040 (-0.31,0.22)
-0.077 (-0.40,0.24)
ref

-0.398 (-0.64,-0.16)
-0.066 (-0.33,0.19)
-0.111 (-0.42,0.20)
ref

-0.424 (-0.65,-0.20)
-0.043 (-0.30,0.21)
-0.105 (-0.40,0.19)
ref

0.632 (0.36,0.90)

0.632 (0.37,0.90)

0.644 (0.38,0.90)
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Supplementary Table 9b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN numeracy z score in Year 5, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

978
-4.759 (-6.99,-2.53)
0.244 (0.05,0.44)

695
-4.645 (-7.33,-1.97)
0.290 (0.06,0.52)

1024
-4.542 (-6.79,-2.29)
0.232 (0.03,0.43)

ref
0.119 (-0.07,0.31)
0.006 (-0.18,0.19)
0.027 (-0.18,0.24)
0.024 (0.01,0.03)

ref
0.233 (0.01,0.45)
0.031 (-0.19,0.25)
0.062 (-0.18,0.30)
0.018 (0.01,0.03)

ref
0.122 (-0.07,0.32)
0.030 (-0.16,0.22)
0.076 (-0.14,0.29)
0.023 (0.01,0.03)

0.105 (-0.04,0.25)
ref

0.191 (0.02,0.36)
ref

0.084 (-0.06,0.23)
ref

ref
0.136 (-0.02,0.29)

ref
0.076 (-0.11,0.26)

ref
0.124 (-0.04,0.29)

-0.478 (-0.67,-0.29)
-0.522 (-0.72,-0.33)
-0.272 (-0.49,-0.06)
-0.202 (-0.50,0.10)
ref

-0.547 (-0.74,-0.36)
-0.289 (-0.51,-0.07)
-0.216 (-0.51,0.08)
ref

-0.505 (-0.69,-0.32)
-0.278 (-0.48,-0.08)
-0.208 (-0.49,0.07)
ref

0.444 (0.22,0.68)

0.459 (0.23,0.69)

0.450 (0.24,0.66)
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Supplementary Table 9c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN numeracy z score in Year 7, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1099
-2.945 (-5.40,-0.51)
0.013 (-0.18,0.20)

776
-1.859 (-4.83,1.13)
-0.062 (-0.29,0.17)

1163
-2.525 (-4.92,-0.13)
-0.004 (-0.19,0.19)

ref
0.035 (-0.18,0.25)
0.057 (-0.14,0.26)
-0.055 (-0.27,0.15)
0.032 (0.02,0.04)

ref
-0.015 (-0.26,0.22)
0.090 (-0.14,0.31)
-0.064 (-0.30,0.17)
0.030 (0.02,0.04)

ref
0.031 (-0.18,0.24)
0.088 (-0.11,0.29)
-0.018 (-0.23,0.19)
0.028 (0.02,0.04)

-0.051 (-0.18,0.08)
ref

-0.044 (-0.19,0.10)
ref

-0.044 (-0.18,0.09)
ref

ref
0.135 (-0.01,0.28)

ref
0.142 (-0.03,0.31)

ref
0.150 (0.00,0.30)

-0.332 (-0.50,-0.17)
-0.404 (-0.58,-0.23)
-0.233 (-0.43,-0.03)
-0.010 (-0.29,0.27)
ref

-0.435 (-0.61,-0.27)
-0.243 (-0.44,-0.04)
0.002 (-0.28,0.29)
ref

-0.429 (-0.59,-0.27)
-0.252 (-0.45,-0.06)
0.045 (-0.25,0.34)
ref

0.485 (0.28,0.69)

0.526 (0.32,0.73)

0.504 (0.30,0.70)
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Supplementary Table 9d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN numeracy z score in Year 9, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

937
0.253 (-2.26,2.76)
-0.198 (-0.37,-0.03)

493
0.512 (-2.81,3.83)
-0.149 (-0.38,0.08)

1025
0.303 (-2.19,2.80)
-0.172 (-0.34,-0.00)

ref
0.035 (-0.18,0.24)
0.125 (-0.09,0.34)
0.142 (-0.09,0.37)
0.027 (0.02,0.03)

ref
-0.143 (-0.45,0.16)
-0.058 (-0.38,0.26)
-0.105 (-0.43,0.21)
0.020 (0.01,0.03)

ref
0.009 (-0.21,0.22)
0.080 (-0.14,0.30)
0.085 (-0.15,0.32)
0.024 (0.02,0.03)

-0.073 (-0.21,0.06)
ref

-0.254 (-0.43,-0.08)
ref

-0.120 (-0.26,0.02)
ref

ref
0.102 (-0.04,0.24)

ref
0.174 (-0.02,0.36)

ref
0.086 (-0.05,0.22)

-0.101 (-0.30,0.10)
-0.353 (-0.56,-0.15)
-0.119 (-0.36,0.12)
-0.118 (-0.43,0.20)
ref

-0.449 (-0.66,-0.24)
-0.207 (-0.45,0.03)
-0.138 (-0.45,0.17)
ref

-0.410 (-0.59,-0.23)
-0.144 (-0.34,0.05)
-0.098 (-0.39,0.19)
ref

0.284 (-0.00,0.57)

0.307 (0.03,0.59)

0.395 (0.15,0.64)
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Supplementary Table 10a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN reading z score in Year 3, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

622
-7.144 (-9.59,-4.70)
0.548 (0.29,0.81)

471
-4.816 (-7.68,-1.96)
0.439 (0.15,0.73)

655
-6.772 (-9.19,-4.35)
0.541 (0.29,0.79)

ref
-0.014 (-0.28,0.25)
0.019 (-0.22,0.26)
0.076 (-0.16,0.32)
0.029 (0.02,0.04)

ref
0.042 (-0.25,0.33)
0.029 (-0.23,0.29)
0.169 (-0.08,0.42)
0.014 (-0.00,0.03)

ref
-0.024 (-0.31,0.26)
0.022 (-0.24,0.28)
0.109 (-0.14,0.36)
0.025 (0.01,0.04)

-0.001 (-0.18,0.18)
ref

-0.011 (-0.20,0.18)
ref

-0.042 (-0.24,0.16)
ref

ref
0.053 (-0.15,0.25)

ref
-0.020 (-0.25,0.21)

ref
0.011 (-0.19,0.21)

-0.376 (-0.63,-0.13)
-0.447 (-0.70,-0.20)
-0.308 (-0.58,-0.03)
-0.154 (-0.48,0.17)
ref

-0.479 (-0.72,-0.24)
-0.348 (-0.61,-0.08)
-0.201 (-0.52,0.12)
ref

-0.480 (-0.74,-0.23)
-0.317 (-0.58,-0.05)
-0.189 (-0.51,0.13)
ref

0.626 (0.35,0.91)

0.609 (0.34,0.88)

0.602 (0.33,0.87)
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Supplementary Table 10b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN reading z score in Year 5, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

980
-2.675 (-4.92,-0.43)
0.119 (-0.08,0.32)

695
-1.810 (-4.45,0.84)
0.115 (-0.12,0.35)

1024
-2.252 (-4.49,-0.02)
0.104 (-0.09,0.30)

ref
0.116 (-0.06,0.29)
0.009 (-0.16,0.18)
-0.003 (-0.20,0.19)
0.017 (0.01,0.03)

ref
0.119 (-0.08,0.31)
-0.021 (-0.21,0.17)
0.055 (-0.16,0.27)
0.008 (-0.00,0.02)

ref
0.112 (-0.07,0.29)
0.020 (-0.16,0.20)
0.033 (-0.16,0.23)
0.014 (0.00,0.02)

0.083 (-0.05,0.22)
ref

0.096 (-0.05,0.25)
ref

0.048 (-0.08,0.18)
ref

ref
-0.011 (-0.17,0.15)

ref
-0.051 (-0.24,0.14)

ref
-0.021 (-0.18,0.14)

-0.432 (-0.62,-0.25)
-0.551 (-0.74,-0.36)
-0.259 (-0.48,-0.04)
-0.157 (-0.45,0.14)
ref

-0.581 (-0.77,-0.40)
-0.273 (-0.49,-0.06)
-0.162 (-0.45,0.13)
ref

-0.533 (-0.71,-0.35)
-0.224 (-0.43,-0.02)
-0.083 (-0.40,0.23)
ref

0.319 (0.09,0.55)

0.342 (0.12,0.57)

0.347 (0.11,0.58)
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Supplementary Table 10c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN reading z score in Year 7, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1104
-3.476 (-5.97,-0.98)
0.130 (-0.06,0.32)

780
-2.620 (-5.61,0.42)
0.073 (-0.16,0.30)

1163
-3.306 (-5.79,-0.82)
0.113 (-0.08,0.31)

ref
-0.151 (-0.37,0.07)
-0.186 (-0.39,0.02)
-0.236 (-0.45,-0.02)
0.025 (0.02,0.03)

ref
-0.143 (-0.39,0.11)
-0.153 (-0.39,0.08)
-0.245 (-0.49,0.00)
0.023 (0.01,0.04)

ref
-0.160 (-0.39,0.07)
-0.146 (-0.36,0.07)
-0.191 (-0.42,0.04)
0.024 (0.02,0.03)

-0.050 (-0.19,0.08)
ref

-0.072 (-0.22,0.08)
ref

-0.052 (-0.19,0.08)
ref

ref
0.129 (-0.02,0.27)

ref
0.132 (-0.04,0.30)

ref
0.159 (0.02,0.30)

-0.483 (-0.65,-0.31)
-0.583 (-0.76,-0.41)
-0.329 (-0.53,-0.13)
-0.153 (-0.44,0.14)
ref

-0.600 (-0.77,-0.43)
-0.336 (-0.54,-0.13)
-0.143 (-0.43,0.14)
ref

-0.580 (-0.73,-0.43)
-0.326 (-0.52,-0.13)
-0.070 (-0.34,0.21)
ref

0.253 (0.05,0.46)

0.272 (0.07,0.48)

0.243 (0.04,0.45)
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Supplementary Table 10d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN reading z score in Year 9, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

933
0.345 (-2.51,3.17)
-0.175 (-0.37,0.02)

496
0.318 (-3.45,4.03)
-0.121 (-0.38,0.14)

1025
0.627 (-2.36,3.61)
-0.180 (-0.38,0.02)

ref
-0.070 (-0.30,0.16)
0.004 (-0.23,0.24)
0.008 (-0.24,0.26)
0.024 (0.02,0.03)

ref
-0.260 (-0.60,0.07)
-0.191 (-0.54,0.15)
-0.283 (-0.63,0.06)
0.019 (0.01,0.03)

ref
-0.062 (-0.30,0.17)
-0.025 (-0.27,0.22)
-0.022 (-0.27,0.23)
0.023 (0.01,0.03)

-0.094 (-0.24,0.05)
ref

-0.217 (-0.41,-0.03)
ref

-0.137 (-0.29,0.02)
ref

ref
0.081 (-0.08,0.24)

ref
0.094 (-0.12,0.31)

ref
0.082 (-0.08,0.24)

-0.060 (-0.29,0.17)
-0.358 (-0.60,-0.12)
-0.114 (-0.39,0.16)
-0.006 (-0.36,0.35)
ref

-0.447 (-0.69,-0.21)
-0.197 (-0.48,0.07)
-0.037 (-0.39,0.31)
ref

-0.421 (-0.65,-0.19)
-0.116 (-0.35,0.12)
-0.036 (-0.40,0.32)
ref

0.507 (0.18,0.83)

0.513 (0.20,0.84)

0.544 (0.23,0.85)
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Supplementary Table 11a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN spelling z score in Year 3, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

625
-4.318 (-6.64,-2.01)
0.308 (0.07,0.55)

474
-3.049 (-5.78,-0.31)
0.211 (-0.06,0.48)

655
-4.364 (-6.60,-2.12)
0.317 (0.08,0.56)

ref
-0.103 (-0.36,0.15)
0.022 (-0.21,0.25)
0.045 (-0.18,0.27)
0.020 (0.01,0.03)

ref
-0.048 (-0.32,0.22)
0.040 (-0.20,0.28)
0.178 (-0.06,0.41)
0.015 (-0.00,0.03)

ref
-0.109 (-0.37,0.15)
0.036 (-0.20,0.27)
0.054 (-0.18,0.29)
0.019 (0.01,0.03)

0.107 (-0.07,0.28)
ref

0.059 (-0.12,0.24)
ref

0.059 (-0.12,0.24)
ref

ref
0.028 (-0.16,0.21)

ref
0.045 (-0.17,0.26)

ref
0.011 (-0.17,0.19)

-0.343 (-0.58,-0.11)
-0.557 (-0.79,-0.33)
-0.155 (-0.41,0.10)
-0.156 (-0.47,0.15)
ref

-0.583 (-0.81,-0.36)
-0.185 (-0.44,0.06)
-0.200 (-0.50,0.09)
ref

-0.594 (-0.82,-0.37)
-0.135 (-0.39,0.12)
-0.174 (-0.47,0.13)
ref

0.565 (0.31,0.83)

0.567 (0.32,0.82)

0.578 (0.33,0.83)
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Supplementary Table 11b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN spelling z score in Year 5, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

987
-4.055 (-6.24,-1.87)
0.196 (0.00,0.39)

702
-3.500 (-6.04,-0.94)
0.191 (-0.04,0.42)

1024
-3.939 (-6.12,-1.76)
0.198 (0.00,0.39)

0.085 (-0.09,0.26)
-0.110 (-0.28,0.06)
-0.036 (-0.23,0.16)
0.023 (0.01,0.03)

0.153 (-0.04,0.35)
-0.122 (-0.31,0.07)
0.039 (-0.17,0.25)
0.018 (0.01,0.03)

0.094 (-0.09,0.28)
-0.102 (-0.28,0.08)
-0.007 (-0.21,0.20)
0.021 (0.01,0.03)

-0.004 (-0.14,0.13)
ref

0.046 (-0.10,0.19)
ref

-0.027 (-0.17,0.11)
ref

ref
0.000 (-0.16,0.16)

ref
-0.063 (-0.24,0.12)

ref
0.002 (-0.16,0.16)

-0.341 (-0.53,-0.16)
-0.383 (-0.57,-0.20)
-0.081 (-0.30,0.13)
0.028 (-0.27,0.32)
ref

-0.424 (-0.61,-0.24)
-0.098 (-0.31,0.11)
0.018 (-0.27,0.31)
ref

-0.363 (-0.54,-0.18)
-0.066 (-0.26,0.13)
0.062 (-0.21,0.33)
ref

0.306 (0.08,0.53)

0.327 (0.11,0.55)

0.296 (0.08,0.52)
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Supplementary Table 11c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN spelling z score in Year 7, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1112
-1.730 (-4.21,0.74)
0.003 (-0.19,0.19)

784
0.515 (-2.48,3.53)
-0.185 (-0.42,0.05)

1163
-1.662 (-4.18,0.86)
-0.009 (-0.20,0.18)

ref
-0.139 (-0.36,0.08)
-0.138 (-0.34,0.07)
-0.301 (-0.52,-0.09)
0.023 (0.01,0.03)

ref
-0.109 (-0.36,0.14)
-0.001 (-0.23,0.23)
-0.200 (-0.44,0.04)
0.022 (0.01,0.03)

ref
-0.142 (-0.37,0.08)
-0.106 (-0.31,0.10)
-0.270 (-0.49,-0.05)
0.022 (0.01,0.03)

-0.081 (-0.21,0.05)
ref

-0.071 (-0.22,0.08)
ref

-0.082 (-0.22,0.06)
ref

ref
-0.012 (-0.15,0.13)

ref
0.005 (-0.16,0.17)

ref
0.006 (-0.14,0.15)

-0.376 (-0.54,-0.21)
-0.434 (-0.61,-0.26)
-0.161 (-0.36,0.04)
-0.148 (-0.44,0.14)
ref

-0.433 (-0.61,-0.26)
-0.161 (-0.36,0.04)
-0.121 (-0.41,0.16)
ref

-0.406 (-0.58,-0.23)
-0.122 (-0.37,0.12)
-0.079 (-0.38,0.22)
ref

0.212 (0.01,0.42)

0.233 (0.03,0.44)

0.197 (-0.01,0.41)
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Supplementary Table 11d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN spelling z score in Year 9, via three
different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

948
1.290 (-1.62,4.19)
-0.267 (-0.47,-0.07)

501
0.571 (-3.34,4.45)
-0.173 (-0.44,0.10)

1025
1.174 (-1.93,4.28)
-0.236 (-0.45,-0.02)

ref
0.110 (-0.12,0.34)
0.204 (-0.04,0.44)
0.099 (-0.15,0.35)
0.025 (0.02,0.03)

ref
-0.059 (-0.39,0.26)
0.056 (-0.28,0.39)
-0.092 (-0.43,0.24)
0.021 (0.01,0.03)

ref
0.074 (-0.15,0.30)
0.146 (-0.09,0.38)
0.016 (-0.22,0.25)
0.023 (0.02,0.03)

-0.074 (-0.22,0.07)
ref

-0.228 (-0.41,-0.05)
ref

-0.120 (-0.26,0.02)
ref

ref
0.103 (-0.06,0.27)

ref
0.216 (-0.01,0.44)

ref
0.086 (-0.09,0.26)

-0.006 (-0.24,0.23)
-0.337 (-0.58,-0.09)
0.086 (-0.20,0.37)
-0.065 (-0.43,0.30)
ref

-0.419 (-0.67,-0.18)
0.016 (-0.27,0.30)
-0.055 (-0.42,0.31)
ref

-0.402 (-0.63,-0.18)
0.080 (-0.15,0.31)
-0.121 (-0.44,0.20)
ref

0.410 (0.08,0.74)

0.422 (0.10,0.75)

0.376 (0.09,0.66)
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Supplementary Table 12a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN grammar and punctuation z score in
Year 3, via three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

625
-4.918 (-7.58,-2.27)
0.248 (-0.03,0.52)

474
-3.061 (-6.19,0.08)
0.159 (-0.15,0.47)

655
-4.877 (-7.63,-2.13)
0.265 (-0.02,0.55)

ref
-0.039 (-0.32,0.25)
-0.108 (-0.37,0.15)
-0.015 (-0.27,0.24)
0.031 (0.02,0.04)

ref
0.060 (-0.25,0.37)
-0.074 (-0.35,0.20)
0.106 (-0.16,0.38)
0.020 (0.00,0.04)

ref
-0.047 (-0.34,0.25)
-0.098 (-0.37,0.17)
0.000 (-0.27,0.27)
0.030 (0.02,0.04)

0.026 (-0.17,0.22)
ref

-0.016 (-0.22,0.19)
ref

-0.018 (-0.22,0.19)
ref

ref
0.050 (-0.16,0.26)

ref
-0.031 (-0.28,0.21)

ref
-0.007 (-0.22,0.20)

-0.306 (-0.58,-0.04)
-0.463 (-0.73,-0.20)
-0.206 (-0.50,0.08)
-0.020 (-0.37,0.33)
ref

-0.500 (-0.76,-0.24)
-0.234 (-0.52,0.05)
-0.057 (-0.40,0.28)
ref

-0.505 (-0.76,-0.25)
-0.237 (-0.50,0.03)
-0.090 (-0.43,0.25)
ref

0.643 (0.35,0.94)

0.630 (0.34,0.92)

0.642 (0.36,0.92)
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Supplementary Table 12b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN grammar and punctuation z score in
Year 5, via three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

987
-3.424 (-5.86,-1.00)
0.120 (-0.10,0.34)

702
-2.628 (-5.52,0.26)
0.099 (-0.16,0.35)

1024
-3.253 (-5.78,-0.72)
0.121 (-0.10,0.34)

ref
0.082 (-0.10,0.27)
-0.087 (-0.27,0.10)
0.040 (-0.17,0.25)
0.024 (0.01,0.04)

ref
0.113 (-0.10,0.33)
-0.089 (-0.30,0.12)
0.176 (-0.05,0.41)
0.018 (0.01,0.03)

ref
0.070 (-0.12,0.26)
-0.084 (-0.28,0.11)
0.066 (-0.15,0.28)
0.022 (0.01,0.03)

0.048 (-0.09,0.19)
ref

0.106 (-0.06,0.27)
ref

0.026 (-0.12,0.18)
ref

ref
0.005 (-0.17,0.18)

ref
-0.048 (-0.25,0.16)

ref
0.009 (-0.17,0.19)

-0.380 (-0.58,-0.18)
-0.469 (-0.68,-0.26)
-0.254 (-0.49,-0.02)
-0.102 (-0.43,0.22)
ref

-0.504 (-0.71,-0.30)
-0.273 (-0.51,-0.04)
-0.114 (-0.44,0.21)
ref

-0.469 (-0.66,-0.28)
-0.240 (-0.46,-0.02)
-0.095 (-0.38,0.19)
ref

0.410 (0.16,0.67)

0.438 (0.19,0.69)

0.412 (0.18,0.65)
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Supplementary Table 12c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN grammar and punctuation z score in
Year 7, via three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

1112
-3.711 (-6.64,-0.79)
0.087 (-0.14,0.31)

784
-1.544 (-4.93,1.89)
-0.106 (-0.37,0.16)

1163
-3.535 (-6.49,-0.58)
0.059 (-0.18,0.29)

ref
-0.168 (-0.41,0.07)
-0.178 (-0.41,0.05)
-0.284 (-0.52,-0.04)
0.033 (0.02,0.04)

ref
-0.147 (-0.41,0.11)
-0.092 (-0.34,0.15)
-0.260 (-0.51,-0.00)
0.035 (0.02,0.05)

ref
-0.165 (-0.41,0.08)
-0.149 (-0.38,0.08)
-0.229 (-0.47,0.02)
0.033 (0.02,0.05)

-0.023 (-0.17,0.12)
ref

-0.034 (-0.19,0.12)
ref

-0.016 (-0.17,0.13)
ref

ref
0.082 (-0.09,0.25)

ref
0.070 (-0.13,0.27)

ref
0.100 (-0.07,0.27)

-0.467 (-0.66,-0.27)
-0.523 (-0.73,-0.32)
-0.254 (-0.49,-0.02)
-0.151 (-0.49,0.19)
ref

-0.543 (-0.74,-0.35)
-0.264 (-0.49,-0.04)
-0.135 (-0.46,0.19)
ref

-0.496 (-0.70,-0.29)
-0.242 (-0.48,-0.00)
-0.049 (-0.37,0.28)
ref

0.391 (0.15,0.64)

0.438 (0.21,0.68)

0.370 (0.14,0.60)
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Supplementary Table 12d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN grammar and punctuation z score in
Year 9, via three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
2011
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

948
1.196 (-1.77,4.15)
-0.287 (-0.49,-0.08)

501
0.560 (-3.41,4.50)
-0.180 (-0.45,0.09)

1025
1.272 (-1.72,4.27)
-0.281 (-0.49,-0.07)

0.112 (-0.13,0.35)
0.207 (-0.05,0.46)
0.164 (-0.10,0.43)
0.030 (0.02,0.04)

-0.042 (-0.40,0.31)
0.115 (-0.25,0.48)
-0.020 (-0.39,0.35)
0.023 (0.01,0.03)

0.100 (-0.15,0.35)
0.180 (-0.08,0.44)
0.122 (-0.14,0.38)
0.029 (0.02,0.04)

-0.183 (-0.33,-0.03)
ref

-0.310 (-0.51,-0.11)
ref

-0.221 (-0.38,-0.07)
ref

ref
0.074 (-0.09,0.24)

ref
0.186 (-0.04,0.41)

ref
0.070 (-0.11,0.25)

-0.021 (-0.26,0.22)
-0.375 (-0.63,-0.13)
-0.003 (-0.29,0.28)
0.034 (-0.34,0.41)
ref

-0.465 (-0.72,-0.22)
-0.080 (-0.38,0.21)
0.011 (-0.36,0.38)
ref

-0.375 (-0.60,-0.15)
0.015 (-0.23,0.26)
0.055 (-0.28,0.39)
ref

0.265 (-0.07,0.60)

0.267 (-0.07,0.61)

0.198 (-0.14,0.53)
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Supplementary Table 13a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN narrative writing z score in Year 3, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

452
-5.310 (-8.08,-2.59)
0.290 (0.00,0.58)

326
-3.205 (-6.55,0.07)
0.139 (-0.18,0.46)

478
-5.079 (-7.84,-2.32)
0.280 (-0.00,0.56)

ref
-0.033 (-0.30,0.24)
-0.116 (-0.36,0.13)
0.032 (0.02,0.05)

ref
0.038 (-0.25,0.33)
0.010 (-0.25,0.27)
0.022 (0.00,0.04)

ref
-0.050 (-0.33,0.23)
-0.086 (-0.34,0.17)
0.030 (0.02,0.04)

0.129 (-0.08,0.34)
ref

0.177 (-0.05,0.40)
ref

0.115 (-0.11,0.34)
ref

ref
0.125 (-0.10,0.35)

ref
0.034 (-0.22,0.29)

ref
0.092 (-0.15,0.33)

-0.343 (-0.62,-0.07)
-0.387 (-0.67,-0.11)
-0.082 (-0.41,0.24)
-0.025 (-0.43,0.37)
ref

-0.430 (-0.70,-0.17)
-0.118 (-0.42,0.19)
-0.073 (-0.45,0.30)
ref

-0.486 (-0.77,-0.20)
-0.040 (-0.34,0.26)
-0.065 (-0.50,0.37)
ref

0.406 (0.08,0.73)

0.384 (0.08,0.69)

0.385 (0.06,0.71)
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Supplementary Table 13b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN narrative writing z score in Year 5, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

818
-4.027 (-6.45,-1.59)
0.169 (-0.05,0.39)

574
-3.165 (-6.02,-0.30)
0.148 (-0.11,0.40)

848
-4.049 (-6.56,-1.54)
0.160 (-0.06,0.38)

ref
0.136 (-0.04,0.31)
-0.005 (-0.18,0.17)
0.025 (0.01,0.04)

ref
0.132 (-0.07,0.33)
-0.030 (-0.23,0.17)
0.018 (0.01,0.03)

ref
0.139 (-0.05,0.32)
-0.006 (-0.18,0.17)
0.025 (0.01,0.04)

-0.012 (-0.16,0.14)
ref

0.046 (-0.12,0.21)
ref

-0.007 (-0.16,0.15)
ref

ref
0.060 (-0.11,0.23)

ref
0.006 (-0.19,0.21)

ref
0.050 (-0.12,0.22)

-0.272 (-0.48,-0.07)
-0.373 (-0.59,-0.16)
-0.201 (-0.45,0.04)
0.012 (-0.32,0.35)
ref

-0.400 (-0.61,-0.19)
-0.218 (-0.46,0.02)
0.011 (-0.32,0.34)
ref

-0.378 (-0.57,-0.18)
-0.188 (-0.41,0.03)
-0.018 (-0.34,0.30)
ref

0.375 (0.13,0.63)

0.384 (0.14,0.63)

0.344 (0.10,0.59)
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Supplementary Table 13c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN narrative writing z score in Year 7, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

830
-2.289 (-5.07,0.47)
0.084 (-0.13,0.30)

570
-1.634 (-5.04,1.80)
0.038 (-0.23,0.30)

874
-2.209 (-5.12,0.70)
0.055 (-0.17,0.28)

ref
-0.122 (-0.33,0.08)
-0.121 (-0.32,0.08)
0.018 (0.01,0.03)

ref
-0.090 (-0.33,0.15)
-0.056 (-0.29,0.18)
0.017 (0.00,0.03)

ref
-0.115 (-0.33,0.10)
-0.083 (-0.29,0.12)
0.020 (0.01,0.03)

-0.134 (-0.28,0.01)
ref

-0.163 (-0.33,0.01)
ref

-0.142 (-0.29,0.01)
ref

ref
-0.089 (-0.25,0.07)

ref
-0.179 (-0.37,0.01)

ref
-0.064 (-0.23,0.10)

-0.437 (-0.62,-0.25)
-0.461 (-0.66,-0.27)
-0.126 (-0.36,0.10)
-0.093 (-0.42,0.23)
ref

-0.457 (-0.66,-0.26)
-0.116 (-0.35,0.12)
-0.089 (-0.42,0.24)
ref

-0.416 (-0.60,-0.23)
-0.083 (-0.34,0.17)
-0.006 (-0.31,0.30)
ref

0.295 (0.07,0.53)

0.309 (0.08,0.54)

0.305 (0.10,0.52)
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Supplementary Table 13d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN narrative writing z score in Year 9, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Calendar Year
2008
2009
2010
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

688
0.456 (-3.05,3.95)
-0.231 (-0.47,0.01)

332
0.637 (-3.74,5.02)
-0.158 (-0.46,0.14)

749
0.268 (-3.43,3.97)
-0.197 (-0.44,0.05)

ref
-0.071 (-0.31,0.17)
0.183 (-0.06,0.43)
0.030 (0.02,0.04)

ref
-0.312 (-0.63,0.00)
-0.013 (-0.33,0.31)
0.019 (0.01,0.03)

ref
-0.096 (-0.34,0.15)
0.133 (-0.13,0.40)
0.028 (0.02,0.04)

-0.009 (-0.18,0.16)
ref

-0.076 (-0.30,0.14)
ref

-0.041 (-0.23,0.15)
ref

ref
0.060 (-0.16,0.28)

ref
0.044 (-0.24,0.33)

ref
0.029 (-0.20,0.26)

-0.085 (-0.41,0.24)
-0.263 (-0.61,0.09)
-0.105 (-0.51,0.30)
0.031 (-0.47,0.54)
ref

-0.314 (-0.63,0.00)
-0.169 (-0.54,0.20)
0.025 (-0.44,0.49)
ref

-0.356 (-0.66,-0.05)
-0.196 (-0.49,0.10)
-0.080 (-0.54,0.38)
ref

0.234 (-0.25,0.72)

0.246 (-0.20,0.69)

0.239 (-0.15,0.63)
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Supplementary Table 14a – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN persuasive writing z score in Year 3, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

170
-5.843 (-10.58,-1.20)
0.549 (0.07,1.04)
0.019 (-0.01,0.04)

146
-5.411 (-10.52,-0.38)
0.624 (0.10,1.16)
0.008 (-0.02,0.04)

177
-5.954 (-10.71,-1.19)
0.640 (0.15,1.13)
0.011 (-0.01,0.04)

-0.203 (-0.55,0.15)
ref

-0.263 (-0.64,0.11)
ref

-0.166 (-0.54,0.21)
ref

ref
-0.120 (-0.47,0.22)

ref
-0.078 (-0.48,0.32)

ref
-0.106 (-0.46,0.25)

-0.413 (-0.91,0.07)
-0.720 (-1.16,-0.29)
-0.238 (-0.69,0.19)
-0.104 (-0.60,0.38)
ref

-0.757 (-1.21,-0.31)
-0.257 (-0.72,0.19)
-0.118 (-0.63,0.39)
ref

-0.678 (-1.10,-0.26)
-0.225 (-0.64,0.19)
-0.096 (-0.57,0.38)
ref

-0.125 (-0.57,0.32)

-0.138 (-0.60,0.32)

-0.113 (-0.55,0.33)
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Supplementary Table 14b – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN persuasive writing z score in Year 5, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

166
-3.285 (-8.75,2.05)
0.081 (-0.39,0.55)
0.028 (0.01,0.05)

126
-2.640 (-8.56,3.22)
-0.004 (-0.49,0.48)
0.029 (0.00,0.06)

176
-2.676 (-8.31,2.95)
0.030 (-0.46,0.52)
0.026 (0.00,0.05)

0.131 (-0.21,0.46)
ref

0.314 (-0.03,0.65)
ref

0.072 (-0.28,0.43)
ref

ref
0.284 (-0.10,0.67)

ref
0.488 (0.08,0.90)

ref
0.287 (-0.10,0.67)

-0.655 (-1.11,-0.21)
-0.536 (-0.98,-0.11)
-0.295 (-0.74,0.15)
0.006 (-0.61,0.63)
ref

-0.595 (-0.99,-0.20)
-0.306 (-0.71,0.10)
-0.023 (-0.59,0.55)
ref

-0.571 (-0.98,-0.16)
-0.255 (-0.68,0.17)
0.025 (-0.55,0.60)
ref

0.549 (-0.03,1.14)

0.579 (0.05,1.11)

0.596 (0.02,1.17)
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Supplementary Table 14c – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN persuasive writing score in Year 7, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

283
-3.010 (-8.30,2.40)
0.016 (-0.39,0.41)
0.032 (0.01,0.05)

215
0.504 (-5.49,6.81)
-0.215 (-0.67,0.22)
0.025 (0.00,0.05)

289
-2.473 (-7.90,2.95)
-0.001 (-0.40,0.40)
0.029 (0.01,0.05)

-0.178 (-0.48,0.13)
ref

-0.152 (-0.48,0.17)
ref

-0.177 (-0.48,0.13)
ref

ref
0.361 (0.07,0.65)

ref
0.457 (0.13,0.78)

ref
0.366 (0.07,0.66)

-0.425 (-0.78,-0.07)
-0.538 (-0.88,-0.20)
-0.272 (-0.67,0.13)
-0.476 (-1.07,0.12)
ref

-0.574 (-0.90,-0.26)
-0.331 (-0.70,0.04)
-0.453 (-1.01,0.10)
ref

-0.606 (-0.94,-0.27)
-0.361 (-0.76,0.04)
-0.539 (-1.23,0.15)
ref

-0.254 (-0.69,0.20)

-0.209 (-0.62,0.22)

-0.195 (-0.66,0.27)
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Supplementary Table 14d – Sensitivity analysis: Cross sectional models, assessing the effect of diabetes status,
adjusted for parental education and school attendance, on the NAPLAN persuasive writing z score in Year 9, via
three different modelling methods
Beta coefficient (95% CI)

N
Intercept
Age (years)
Attendance (rate)
Sex
Male
Female
Diabetes Status
Non diabetic
T1DM
Parents Education
Nothing stated for either carer
Neither carer completed high school
One carer completed high school
Both carers completed high school
One carer completed an advanced
diploma or higher
Both carers completed an advanced
diploma or higher

Model 1:
Missing data in
predictor variables
included as a ‘missing
category’ (results
represented within
manuscript

Model 2:
Complete data
records only

Model 3:
Pooled estimates
from 10 datasets
where data was
imputed for all
variables with
missing data

251
-3.827 (-11.40,3.74)
-0.081 (-0.60,0.43)
0.052 (0.03,0.07)

165
-10.536 (-19.88,-1.13)
0.392 (-0.24,1.01)
0.054 (0.03,0.08)

276
-6.207 (-13.98,1.57)
0.086 (-0.45,0.62)
0.054 (0.04,0.07)

-0.322 (-0.74,0.11)
ref

-0.633 (-1.17,-0.10)
ref

-0.368 (-0.81,0.08)
ref

ref
0.305 (-0.01,0.62)

ref
0.244 (-0.15,0.64)

ref
0.352 (0.03,0.68)

0.391 (-0.03,0.81)
-0.160 (-0.58,0.26)
0.011 (-0.46,0.48)
0.285 (-0.38,0.95)
ref

-0.212 (-0.66,0.23)
-0.021 (-0.51,0.47)
0.375 (-0.32,1.07)
ref

-0.290 (-0.70,0.12)
0.031 (-0.52,0.58)
0.400 (-0.15,0.95)
ref

0.577 (0.06,1.10)

0.590 (0.05,1.14)

0.568 (0.07,1.06)
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Year 5

Year 7

N
890
1,527
1,784
Intercept
96.17 (94.88, 97.47)
94.74 (93.73, 95.74)
94.14 (93.04, 95.23)
Age (years)b
-0.15 (-1.55, 1.26)
0.23 (-0.86, 1.31)
-0.28 (-1.30, 0.73)
Sex
Male
-1.12 (-2.05, -0.19)
-0.04 (-0.77, 0.69)
0.13 (-0.58, 0.83)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
-1.73 (-2.95, -0.52)
-0.42 (-1.38, 0.54)
-0.79 (-1.93, 0.35)
2010
-1.37 (-2.63, -0.12)
0.08 (-0.88, 1.04)
-0.27 (-1.31, 0.76)
2011
-1.10 (-2.37, 0.16)
-1.11 (-2.21, -0.02)
-0.34 (-1.43, 0.76)
Diabetes Status
Non Diabetic
ref
ref
ref
T1DM
-2.63 (-3.79, -1.47)
-3.37 (-4.31, -2.42)
-2.95 (-3.83, -2.07)
Parents Education
Nothing stated for either carer
-1.97 (-3.28, -0.66)
-1.35 (-2.33, -0.36)
-1.27 (-2.17, -0.38)
Neither carer completed high school
-1.98 (-3.33, -0.63)
-2.35 (-3.36, -1.33)
-0.79 (-1.72, 0.13)
One carer completed high school
-1.51 (-3.01, -0.002)
-0.32 (-1.52, 0.89)
0.73 (-0.35, 1.82)
Both carers completed high school
-0.37 (-2.27, 1.53)
0.13 (-1.51, 1.78)
0.53 (-0.99, 2.05)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
-0.39 (-1.96, 1.18)
0.72 (-0.51, 1.94)
1.43 (0.33, 2.54)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Age centred within each school years analysis

Year 3

Beta coefficient (95% CI)a

Supplementary Table 15 – Model output assessing the adjusted association of T1DM status with school attendance

-1.74 (-3.41, -0.06)
-1.48 (-3.26, 0.30)
-1.32 (-3.37, 0.74)
1.29 (-1.42, 4.00)
ref
1.96 (-0.49, 4.41)

ref
-3.01 (-4.44, -1.58)

ref
-0.82 (-2.50, 0.85)
1.40 (-0.27, 3.07)
1.96 (0.22, 3.70)

0.62 (-0.41, 1.64)
ref

1,494
90.70 (88.53, 92.87)
-1.87 (-3.33, -0.41)

Year 9
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Supplementary Table 16 – Model output from the subgroup that had completed a NAPLAN assessment both
prior and post diagnosis
Beta coefficient (95% CI)a
Numeracy

Reading

Spelling

Grammar and
Punctuation

Narrative
Writingb

N
832
828
835
835
691
Intercept
0.05 (-2.00, 2.09)
-0.26 (-2.29, 1.78)
0.86 (-1.17, 2.89)
0.35 (-2.03, 2.73)
-0.81 (-3.11, 1.50)
Age (years)
-0.02 (-0.26, 0.22)
0.01 (-0.22, 0.25)
-0.13 (-0.37, 0.11)
-0.05 (-0.33, 0.23)
0.09 (-0.18, 0.36)
Year Level
3
ref
ref
ref
ref
ref
5
0.22 (-0.26, 0.71)
0.12 (-0.36, 0.60)
0.42 (-0.05, 0.89)
0.34 (-0.23, 0.92)
-0.25 (-0.81, 0.31)
7
0.42 (-0.52, 1.35)
0.17 (-0.76, 1.10)
0.79 (-0.12, 1.71)
0.51 (-0.58, 1.61)
-0.34 (-1.39, 0.71)
9
0.43 (-0.96, 1.81)
0.18 (-1.20, 1.56)
1.13 (-0.24, 2.49)
0.60 (-1.01, 2.22)
-0.54 (-2.10, 1.02)
Sex
Male
-0.14 (-0.34, 0.06)
0.02 (-0.19, 0.23)
0.06 (-0.14, 0.27)
0.01 (-0.23, 0.25)
-0.10 (-0.33, 0.14)
Female
ref
ref
ref
ref
ref
Test
-0.09 (-0.25, 0.08)
-0.08 (-0.26, 0.09) -0.15 (-0.31, 0.01)
-0.27 (-0.49, -0.05)
0.06 (-0.17, 0.28)
Diabetes Status
Non diabetic
ref
ref
ref
ref
ref
T1DM
-0.01 (-0.23, 0.20)
-0.02 (-0.24, 0.19) -0.02 (-0.23, 0.18)
-0.18 (-0.45, 0.08)
0.11 (-0.13, 0.35)
Test*Diabetes Status
0.01 (-0.22, 0.24)
-0.07 (-0.30, 0.16)
0.05 (-0.12, 0.22)
-0.01 (-0.33, 0.31)
0.03 (-0.32, 0.37)
Interaction
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Supplementary Table 17a – Model output from the longitudinal analysis for change in NAPLAN score between
the Year 3 and Year 5 assessments
Beta coefficient (95% CI)a
Numeracy

Reading

Spelling

Grammar and
Punctuation

Narrative
Writingb

N
1,161
1,158
1,162
1,162
931
Intercept
-0.04 (-0.18, 0.11)
0.01 (-0.13, 0.14)
-0.10 (-0.23, 0.03)
0.04 (-0.12, 0.19)
0.11 (-0.04, 0.25)
Sex
Male
0.01 (-0.17, 0.18)
0.04 (-0.12, 0.20)
0.11 (-0.05, 0.27)
-0.05 (-0.23, 0.13)
-0.07 (-0.25, 0.11)
Female
ref
ref
ref
ref
ref
Test
-0.03 (-0.11, 0.05)
0.01 (-0.07, 0.09)
0.02 (-0.04, 0.07)
-0.04 (-0.14, 0.05)
-0.06 (-0.17, 0.05)
Diabetes Status
Non diabetic
ref
ref
ref
ref
ref
T1DM
0.06 (-0.14, 0.26)
-0.05 (-0.26, 0.15)
0.13 (-0.06, 0.31)
0.05 (-0.18, 0.27)
0.02 (-0.17, 0.22)
Test*Diabetes Status
0.06 (-0.14, 0.25)
-0.08 (-0.27, 0.11) -0.05 (-0.18, 0.09)
-0.03 (-0.27, 0.20)
0.11 (-0.14, 0.36)
Interaction
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
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Supplementary Table 17b – Model output from the longitudinal analysis for change in NAPLAN score between
the Year 5 and Year 7 assessments
Beta coefficient (95% CI)a
Numeracy

Reading

Spelling

Grammar and
Punctuation

Narrative
Writingb

N
2,879
2,877
2,894
2,894
2,302
Intercept
-0.01 (-0.10, 0.08)
0.004 (-0.08, 0.09) 0.01 (-0.06, 0.09)
0.03 (-0.06, 0.12)
0.03 (-0.05, 0.11)
Sex
Male
0.05 (-0.05, 0.16)
0.07 (-0.04, 0.17)
0.05 (-0.05, 0.14)
0.04 (-0.07, 0.15)
0.02 (-0.08, 0.12)
Female
ref
ref
ref
ref
ref
Test
0.01 (-0.04, 0.06)
0.01 (-0.04, 0.06)
0.01 (-0.03, 0.04)
-0.01 (-0.07, 0.05)
0.002 (-0.07, 0.07)
Diabetes Status
Non diabetic
ref
ref
ref
ref
ref
T1DM
-0.04 (-0.16, 0.09)
-0.09 (-0.21, 0.04) -0.09 (-0.20, 0.03)
-0.12 (-0.26, 0.02)
-0.07 (-0.19, 0.06)
Test*Diabetes Status
0.04 (-0.08, 0.16)
-0.002 (-0.12,
0.02 (-0.07, 0.10)
0.01 (-0.14, 0.16)
0.03 (-0.14, 0.20)
Interaction
0.11)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Supplementary Table 17c – Model output from the longitudinal analysis for change in NAPLAN score between
the Year 7 and Year 9 assessments
Beta coefficient (95% CI)

N
Intercept

Numeracy

Reading

Spelling

Grammar and
Punctuation

Narrative
Writing

3,122
0.07 (-0.02, 0.15)

3,117
0.05 (-0.04, 0.13)

3,146
0.06 (-0.02, 0.13)

3,146
0.06 (-0.03, 0.15)

2,478
-0.0003 (-0.08,
0.08)

-0.01 (-0.11, 0.09)

0.04 (-0.06, 0.14)

0.03 (-0.07, 0.12)

0.03 (-0.07, 0.13)

0.02 (-0.08, 0.11)

ref

ref

ref

ref

ref

0.03 (-0.02, 0.07)

0.01 (-0.03, 0.06)

-0.01 (-0.05, 0.03)

0.02 (-0.05, 0.08)

0.04 (-0.04, 0.12)

Sex
Male
Female
Test
Diabetes Status
Non diabetic
T1DM

ref

ref

ref

ref

ref

-0.05 (-0.16, 0.06)

-0.08 (-0.19, 0.03)

-0.13 (-0.24, 0.02)
0.08 (-0.01, 0.17)

-0.11 (-0.24, 0.02)

-0.07 (-0.20, 0.05)

Test*Diabetes Status
0.02 (-0.09, 0.13)
0.04 (-0.08, 0.15)
0.02 (-0.13, 0.17)
-0.02 (-0.21, 0.16)
Interaction
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
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Reading

Spelling

Grammar and
Punctuation

N
135
134
135
135
Intercept
-3.06 (-8.35, 2.23)
-1.68 (-6.06, 2.70)
-0.78 (-5.43, 3.87)
-0.41 (-5.19, 4.38)
Age (years)
0.65 (0.03, 1.27)
0.38 (-0.13, 0.89)
0.24 (-0.30, 0.78)
0.28 (-0.28, 0.84)
Sex
Male
-0.09 (-0.46, 0.28)
-0.11 (-0.42, 0.19)
0.09 (-0.23, 0.41)
-0.10 (-0.43, 0.23)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.06 (-0.46, 0.57)
-0.02 (-0.46, 0.41)
-0.07 (-0.54, 0.39)
-0.04 (-0.52, 0.44)
2010
-0.10 (-0.59, 0.39)
-0.05 (-0.45, 0.36)
-0.36 (-0.79, 0.06)
-0.33 (-0.77, 0.10)
2011
-0.42 (-0.93, 0.09)
-0.005 (-0.42, 0.41)
-0.39 (-0.83, 0.05)
-0.36 (-0.81, 0.09)
HbA1c (%)
-0.31 (-0.52, -0.09)
-0.19 (-0.36, -0.01)
-0.14 (-0.32, 0.04)
-0.22 (-0.41, -0.03)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

Supplementary Table 18a – Model output assessing the association of glycaemic control with NAPLAN score in Year 3

33
3.92 (-6.10, 13.94)
-0.09 (-1.29, 1.11)
-0.22 (-0.90, 0.47)
ref
ref
N/A
N/A
N/A
-0.40 (-0.74, -0.06)

0.09 (-0.22, 0.40)
ref
ref
-0.06 (-0.46, 0.33)
-0.15 (-0.51, 0.22)
N/A
-0.23 (-0.43, -0.03)

Persuasive Writingc

101
0.90 (-3.72, 5.52)
0.11 (-0.41, 0.63)

Narrative Writingb

These are cross sectional models, presented for each of the NAPLAN tests, for each school year. All models were fit using a linear mixed model framework, with a random intercept
term clustered on school (as outlined within the methods section), and, within each table, were fit with the same set of covariates.

Supplementary Tables 18-21 present results from analysis including only those within the T1DM cohort and include data from the clinical database (WACDD). Initially the
association of glycaemic control is assessed (Supplementary Table 17), then this association is assessed with the additional of a treatment regimen variable (Supplementary Table
18). The association of glycamic control and school performance is then assessed with adjustment for carers education (Supplementary Table 19) and (on the subset that attended
public school) carers education and attendance (Supplementary Table 20). Persuasive Writing (only administered in 2011) was not analysed within the public school subset
(Supplermentary Table 20) as the numbers were two small to generate stable estimates.

Preamble
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Reading

Spelling

Grammar and
Punctuation

N
205
202
206
206
Intercept
-1.34 (-6.31, 3.63)
-2.88 (-7.31, 1.56)
-4.90 (-9.25, -0.56)
-4.16 (-9.89, 1.56)
Age (years)
0.25 (-0.22, 0.72)
0.36 (-0.06, 0.77)
0.53 (0.12, 0.94)
0.45 (-0.09, 0.99)
Sex
Male
0.11 (-0.17, 0.40)
0.16 (-0.09, 0.42)
-0.13 (-0.37, 0.12)
-0.04 (-0.36, 0.29)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.33 (-0.07, 0.72)
0.34 (-0.01, 0.69)
0.14 (-0.21, 0.48)
0.33 (-0.12, 0.79)
2010
0.13 (-0.24, 0.50)
0.15 (-0.17, 0.48)
0.15 (-0.17, 0.48)
0.15 (-0.27, 0.58)
2011
0.10 (-0.30, 0.51)
0.01 (-0.36, 0.37)
0.14 (-0.21, 0.49)
0.29 (-0.17, 0.75)
HbA1c (%)
-0.18 (-0.34, -0.03)
-0.13 (-0.27, 0.005)
-0.08 (-0.22, 0.05)
-0.10 (-0.27, 0.08)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

Supplementary Table 18b – Model output assessing the association of glycaemic control with NAPLAN score in Year 5

41
-8.44 (-17.81, 0.94)
0.78 (-0.05, 1.61)
-0.02 (-0.62, 0.58)
ref
ref
N/A
N/A
N/A
0.07 (-0.46, 0.60)

-0.09 (-0.39, 0.21)
ref
ref
0.04 (-0.33, 0.42)
0.20 (-0.15, 0.55)
N/A
-0.10 (-0.25, 0.05)

Persuasive Writingc

164
-2.05 (-7.47, 3.37)
0.27 (-0.24, 0.79)

Narrative Writingb
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Reading

Spelling

Grammar and
Punctuation

N
254
254
258
258
Intercept
0.49 (-4.37, 5.36)
-0.50 (-5.60, 4.60)
0.96 (-3.96, 5.88)
5.09 (-1.01, 11.19)
Age (years)
0.16 (-0.24, 0.56)
0.19 (-0.23, 0.61)
0.004 (-0.40, 0.41)
-0.31 (-0.81, 0.20)
Sex
Male
-0.22 (-0.47, 0.02)
-0.10 (-0.35, 0.16)
-0.16 (-0.41, 0.08)
-0.20 (-0.50, 0.11)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
-0.16 (-0.53, 0.21)
-0.16 (-0.55, 0.23)
-0.20 (-0.58, 0.18)
-0.12 (-0.59, 0.35)
2010
-0.32 (-0.68, 0.05)
-0.35 (-0.73, 0.03)
-0.33 (-0.70, 0.04)
-0.32 (-0.78, 0.14)
2011
-0.16 (-0.54, 0.22)
-0.10 (-0.49, 0.30)
-0.34 (-0.72, 0.04)
-0.15 (-0.62, 0.32)
HbA1c (%)
-0.27 (-0.39, -0.15)
-0.19 (-0.32, -0.06)
-0.08 (-0.21, 0.04)
-0.13 (-0.28, 0.02)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

Supplementary Table 18c – Model output assessing the association of glycaemic control with NAPLAN score in Year 7

62
-5.81 (-16.78, 5.17)
0.51 (-0.36, 1.38)
-0.22 (-0.75, 0.31)
ref
ref
N/A
N/A
N/A
-0.04 (-0.32, 0.24)

-0.12 (-0.39, 0.15)
ref
ref
0.10 (-0.27, 0.46)
-0.04 (-0.40, 0.32)
N/A
-0.27 (-0.40, -0.14)

Persuasive Writingc

195
2.87 (-2.57, 8.31)
-0.05 (-0.51, 0.40)

Narrative Writingb
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Reading

Spelling

Grammar and
Punctuation

N
261
261
264
264
Intercept
8.20 (2.81, 13.60)
11.27 (5.41, 17.12)
10.41 (4.78, 16.03)
13.44 (7.24, 19.63)
Age (years)
-0.46 (-0.85, -0.08)
-0.67 (-1.09, -0.25)
-0.66 (-1.07, -0.26)
-0.83 (-1.27, -0.38)
Sex
Male
-0.05 (-0.30, 0.19)
-0.17 (-0.44, 0.10)
-0.20 (-0.45, 0.06)
-0.35 (-0.63, -0.07)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.03 (-0.30, 0.37)
0.04 (-0.32, 0.41)
-0.003 (-0.35, 0.35)
0.15 (-0.24, 0.53)
2010
0.22 (-0.14, 0.58)
-0.05 (-0.44, 0.34)
0.15 (-0.23, 0.53)
0.23 (-0.18, 0.64)
2011
0.31 (-0.06, 0.69)
0.20 (-0.20, 0.61)
0.27 (-0.12, 0.66)
0.40 (-0.02, 0.83)
HbA1c (%)
-0.21 (-0.32, -0.11)
-0.21 (-0.32, -0.09)
-0.13 (-0.24, -0.02)
-0.22 (-0.34, -0.10)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

Supplementary Table 18d – Model output assessing the association of glycaemic control with NAPLAN score in Year 9

60
13.57 (-4.05, 31.20)
-0.67 (-1.94, 0.61)
-0.50 (-1.21, 0.21)
ref
ref
N/A
N/A
N/A
-0.45 (-0.80, -0.09)

0.14 (-0.14, 0.42)
ref
ref
-0.20 (-0.54, 0.14)
-0.29 (-0.65, 0.07)
N/A
-0.12 (-0.24, -0.005)

Persuasive Writingc

201
4.74 (-1.24, 10.73)
-0.26 (-0.68, 0.17)

Narrative Writingb
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Reading

Spelling

Grammar and
Punctuation

N
132
131
132
132
Intercept
-2.38 (-7.71, 2.95)
-1.46 (-5.90, 2.98)
-0.10 (-4.78, 4.59)
0.28 (-4.54, 5.10)
Age (years)
0.53 (-0.10, 1.15)
0.31 (-0.21, 0.84)
0.13 (-0.42, 0.68)
0.16 (-0.41, 0.72)
Sex
Male
-0.10 (-0.47, 0.27)
-0.11 (-0.42, 0.19)
0.09 (-0.23, 0.41)
-0.10 (-0.43, 0.23)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.14 (-0.39, 0.66)
0.02 (-0.42, 0.46)
-0.0002 (-0.47, 0.47)
0.04 (-0.44, 0.53)
2010
-0.02 (-0.52, 0.48)
-0.03 (-0.44, 0.39)
-0.34 (-0.77, 0.09)
-0.30 (-0.75, 0.14)
2011
-0.34 (-0.87, 0.19)
-0.01 (-0.45, 0.42)
-0.36 (-0.82, 0.09)
-0.34 (-0.81, 0.12)
HbA1c (%)
-0.27 (-0.51, -0.04)
-0.15 (-0.34, 0.04)
-0.12 (-0.32, 0.08)
-0.19 (-0.39, 0.01)
Treatment
BD
ref
ref
ref
ref
MDI
-0.10 (-0.69, 0.48)
-0.08 (-0.56, 0.40)
0.01 (-0.49, 0.51)
0.09 (-0.42, 0.61)
Pump
0.07 (-0.38, 0.51)
0.25 (-0.11, 0.62)
0.23 (-0.15, 0.62)
0.25 (-0.14, 0.65)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

32
-0.40 (-10.86, 10.06)
0.58 (-0.73, 1.88)
-0.04 (-0.72, 0.65)
ref
ref
N/A
N/A
N/A
-0.62 (-1.03, -0.20)
ref
1.13 (0.05, 2.20)
0.19 (-0.53, 0.92)

0.09 (-0.23, 0.40)
ref
ref
-0.01 (-0.41, 0.39)
-0.13 (-0.50, 0.24)
N/A
-0.20 (-0.41, 0.005)
ref
-0.14 (-0.65, 0.38)
0.18 (-0.21, 0.58)

Persuasive Writingc

99
1.28 (-3.49, 6.05)
0.04 (-0.51, 0.58)

Narrative Writingb

Supplementary Table 19a – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for treatment regimen, in Year 3
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Reading

Spelling

Grammar and
Punctuation

N
204
201
205
205
Intercept
-1.60 (-6.45, 3.26)
-3.09 (-7.41, 1.23)
-4.97 (-9.33, -0.60)
-4.25 (-9.97, 1.48)
Age (years)
0.25 (-0.21, 0.71)
0.34 (-0.07, 0.75)
0.52 (0.11, 0.94)
0.43 (-0.11, 0.97)
Sex
Male
0.09 (-0.19, 0.36)
0.13 (-0.12, 0.38)
-0.14 (-0.39, 0.11)
-0.05 (-0.38, 0.27)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.31 (-0.08, 0.70)
0.29 (-0.05, 0.64)
0.12 (-0.23, 0.47)
0.31 (-0.15, 0.76)
2010
0.16 (-0.20, 0.52)
0.16 (-0.16, 0.48)
0.17 (-0.16, 0.49)
0.19 (-0.23, 0.62)
2011
0.11 (-0.29, 0.50)
0.05 (-0.30, 0.41)
0.15 (-0.21, 0.50)
0.33 (-0.14, 0.79)
HbA1c (%)
-0.17 (-0.33, -0.02)
-0.10 (-0.24, 0.04)
-0.07 (-0.21, 0.07)
-0.07 (-0.25, 0.11)
Treatment
BD
ref
ref
ref
ref
MDI
0.20 (-0.18, 0.58)
-0.10 (-0.44, 0.24)
-0.01 (-0.35, 0.33)
-0.06 (-0.51, 0.39)
Pump
0.50 (0.19, 0.82)
0.38 (0.10, 0.66)
0.20 (-0.09, 0.48)
0.39 (0.02, 0.76)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

41
-8.79 (-18.93, 1.34)
0.84 (-0.08, 1.75)
-0.01 (-0.65, 0.63)
ref
ref
N/A
N/A
N/A
0.03 (-0.52, 0.59)
ref
0.15 (-0.61, 0.91)
-0.13 (-0.90, 0.65)

-0.12 (-0.42, 0.18)
ref
ref
0.03 (-0.35, 0.40)
0.23 (-0.12, 0.58)
N/A
-0.10 (-0.25, 0.06)
ref
0.16 (-0.28, 0.61)
0.36 (0.02, 0.69)

Persuasive Writingc

163
-1.90 (-7.32, 3.51)
0.25 (-0.27, 0.76)

Narrative Writingb

Supplementary Table 19b – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for treatment regimen, in Year 5
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Reading

Spelling

Grammar and
Punctuation

N
254
254
258
258
Intercept
0.37 (-4.53, 5.26)
-0.95 (-6.05, 4.16)
0.97 (-4.00, 5.94)
5.17 (-1.01, 11.34)
Age (years)
0.14 (-0.26, 0.55)
0.19 (-0.24, 0.61)
-0.02 (-0.43, 0.39)
-0.32 (-0.84, 0.19)
Sex
Male
-0.22 (-0.46, 0.02)
-0.08 (-0.33, 0.17)
-0.15 (-0.40, 0.09)
-0.19 (-0.50, 0.11)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
-0.16 (-0.53, 0.21)
-0.15 (-0.53, 0.24)
-0.20 (-0.57, 0.18)
-0.12 (-0.59, 0.35)
2010
-0.35 (-0.72, 0.01)
-0.38 (-0.75, -0.001)
-0.35 (-0.72, 0.02)
-0.34 (-0.80, 0.12)
2011
-0.21 (-0.59, 0.17)
-0.13 (-0.53, 0.26)
-0.37 (-0.76, 0.01)
-0.18 (-0.66, 0.30)
HbA1c (%)
-0.24 (-0.36, -0.12)
-0.15 (-0.28, -0.03)
-0.07 (-0.19, 0.06)
-0.12 (-0.27, 0.04)
Treatment
BD
ref
ref
ref
ref
MDI
0.17 (-0.13, 0.47)
0.07 (-0.24, 0.39)
0.13 (-0.17, 0.44)
0.12 (-0.26, 0.50)
Pump
0.32 (0.03, 0.62)
0.41 (0.10, 0.72)
0.22 (-0.08, 0.52)
0.14 (-0.23, 0.51)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

62
-5.59 (-16.70, 5.52)
0.46 (-0.43, 1.35)
-0.27 (-0.82, 0.28)
ref
ref
N/A
N/A
N/A
-0.02 (-0.31, 0.27)
ref
0.28 (-0.44, 1.00)
0.30 (-0.42, 1.02)

-0.10 (-0.38, 0.17)
ref
ref
0.09 (-0.28, 0.46)
-0.06 (-0.43, 0.30)
N/A
-0.26 (-0.40, -0.12)
ref
0.19 (-0.16, 0.53)
0.16 (-0.17, 0.48)

Persuasive Writingc

195
3.21 (-2.33, 8.75)
-0.10 (-0.56, 0.37)

Narrative Writingb

Supplementary Table 19c – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for treatment regimen, in Year 7
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Reading

Spelling

Grammar and
Punctuation

N
260
260
263
263
Intercept
7.35 (1.92, 12.78)
10.75 (4.82, 16.68)
9.84 (4.20, 15.47)
12.43 (6.20, 18.65)
Age (years)
-0.45 (-0.83, -0.06)
-0.67 (-1.09, -0.25)
-0.66 (-1.06, -0.26)
-0.81 (-1.25, -0.37)
Sex
Male
0.01 (-0.24, 0.26)
-0.12 (-0.39, 0.15)
-0.18 (-0.44, 0.08)
-0.28 (-0.57, 0.001)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.02 (-0.31, 0.36)
0.03 (-0.34, 0.40)
0.03 (-0.32, 0.37)
0.15 (-0.23, 0.53)
2010
0.22 (-0.15, 0.59)
-0.07 (-0.47, 0.33)
0.23 (-0.15, 0.61)
0.27 (-0.15, 0.69)
2011
0.22 (-0.16, 0.60)
0.13 (-0.28, 0.54)
0.25 (-0.14, 0.65)
0.32 (-0.11, 0.75)
HbA1c (%)
-0.17 (-0.28, -0.06)
-0.18 (-0.30, -0.05)
-0.10 (-0.22, 0.01)
-0.17 (-0.30, -0.04)
Treatment
BD
ref
ref
ref
ref
MDI
0.26 (-0.08, 0.61)
0.14 (-0.24, 0.51)
0.34 (-0.01, 0.68)
0.36 (-0.03, 0.75)
Pump
0.48 (0.10, 0.85)
0.35 (-0.06, 0.76)
0.19 (-0.20, 0.58)
0.48 (0.06, 0.90)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

60
14.91 (-2.96, 32.79)
-0.65 (-1.93, 0.63)
-0.58 (-1.30, 0.15)
ref
ref
N/A
N/A
N/A
-0.53 (-0.91, -0.16)
ref
-0.75 (-2.16, 0.67)
-1.06 (-2.57, 0.46)

0.24 (-0.05, 0.52)
ref
ref
-0.19 (-0.53, 0.14)
-0.28 (-0.64, 0.09)
N/A
-0.07 (-0.19, 0.05)
ref
0.40 (0.04, 0.77)
0.58 (0.19, 0.98)

Persuasive Writingc

200
3.64 (-2.31, 9.59)
-0.24 (-0.66, 0.18)

Narrative Writingb

Supplementary Table 19d – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for treatment regimen, in Year 9
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Reading

Spelling

Grammar and
Punctuation

N
135
134
135
135
Intercept
-3.26 (-8.55, 2.02)
-1.93 (-6.33, 2.47)
-1.09 (-5.57, 3.38)
-0.67 (-5.32, 3.98)
Age (years)
0.66 (0.04, 1.27)
0.41 (-0.11, 0.92)
0.28 (-0.24, 0.81)
0.29 (-0.25, 0.83)
Sex
Male
-0.13 (-0.50, 0.24)
-0.14 (-0.45, 0.16)
0.05 (-0.26, 0.36)
-0.13 (-0.45, 0.19)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.08 (-0.44, 0.60)
-0.001 (-0.44, 0.44)
0.01 (-0.44, 0.46)
0.03 (-0.44, 0.50)
2010
-0.05 (-0.54, 0.44)
-0.01 (-0.42, 0.39)
-0.25 (-0.66, 0.16)
-0.26 (-0.69, 0.16)
2011
-0.41 (-0.92, 0.10)
-0.004 (-0.43, 0.42)
-0.40 (-0.83, 0.02)
-0.34 (-0.78, 0.11)
HbA1c (%)
-0.32 (-0.53, -0.10)
-0.19 (-0.36, -0.01)
-0.12 (-0.30, 0.05)
-0.23 (-0.41, -0.04)
Parents Education
Nothing stated for either carer
0.23 (-0.31, 0.77)
-0.16 (-0.61, 0.29)
-0.49 (-0.94, -0.04)
0.08 (-0.39, 0.54)
Neither carer completed high school
0.01 (-0.55, 0.57)
0.04 (-0.44, 0.52)
-0.54 (-1.02, -0.07)
-0.12 (-0.61, 0.37)
One carer completed high school
0.46 (-0.18, 1.10)
0.03 (-0.50, 0.57)
-0.20 (-0.73, 0.34)
0.36 (-0.20, 0.92)
Both carers completed high school
0.30 (-0.43, 1.02)
0.38 (-0.24, 1.00)
-0.07 (-0.70, 0.55)
0.21 (-0.44, 0.85)
One carer completed an advanced
ref
ref
ref
ref
diploma or higher
Both carers completed an
0.80 (0.15, 1.46)
0.40 (-0.13, 0.94)
0.43 (-0.10, 0.97)
0.88 (0.32, 1.44)
advanced diploma or higher
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

33
4.04 (-6.62, 14.70)
-0.11 (-1.37, 1.14)
-0.26 (-0.97, 0.44)
ref
ref
N/A
N/A
N/A
-0.40 (-0.79, -0.001)
-0.44 (-1.53, 0.66)
-0.07 (-1.21, 1.08)
0.28 (-0.82, 1.39)
0.54 (-0.65, 1.72)
ref
0.75 (-0.51, 2.02)

0.08 (-0.24, 0.39)
ref
ref
-0.01 (-0.41, 0.39)
-0.10 (-0.47, 0.27)
N/A
-0.22 (-0.42, -0.01)
-0.20 (-0.67, 0.27)
-0.28 (-0.76, 0.20)
-0.06 (-0.64, 0.53)
-0.35 (-1.04, 0.34)
ref
0.17 (-0.39, 0.74)

Persuasive Writingc

101
0.68 (-4.04, 5.40)
0.14 (-0.40, 0.67)

Narrative Writingb

Supplementary Table 20a– Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education, in Year 3
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Reading

Spelling

Grammar and
Punctuation

N
205
202
206
206
Intercept
-1.31 (-6.15, 3.53)
-2.76 (-7.12, 1.61)
-4.52 (-8.82, -0.23)
-3.93 (-9.56, 1.70)
Age (years)
0.17 (-0.29, 0.63)
0.28 (-0.13, 0.69)
0.45 (0.04, 0.85)
0.34 (-0.19, 0.87)
Sex
Male
0.12 (-0.15, 0.40)
0.19 (-0.06, 0.44)
-0.11 (-0.36, 0.13)
-0.02 (-0.34, 0.30)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.35 (-0.03, 0.74)
0.34 (0.001, 0.69)
0.12 (-0.22, 0.46)
0.35 (-0.10, 0.80)
2010
0.05 (-0.31, 0.41)
0.08 (-0.24, 0.40)
0.07 (-0.25, 0.39)
0.09 (-0.33, 0.51)
2011
0.14 (-0.25, 0.53)
0.04 (-0.32, 0.39)
0.14 (-0.21, 0.48)
0.32 (-0.13, 0.77)
HbA1c (%)
-0.11 (-0.27, 0.04)
-0.07 (-0.21, 0.07)
-0.02 (-0.16, 0.11)
-0.01 (-0.19, 0.16)
Parents Education
Nothing stated for either carer
0.10 (-0.34, 0.54)
0.04 (-0.35, 0.44)
0.02 (-0.37, 0.41)
0.22 (-0.30, 0.73)
Neither carer completed high school
0.01 (-0.41, 0.42)
0.02 (-0.36, 0.40)
-0.27 (-0.64, 0.09)
-0.04 (-0.52, 0.44)
One carer completed high school
0.55 (0.10, 1.00)
0.26 (-0.14, 0.67)
0.04 (-0.36, 0.43)
0.31 (-0.21, 0.83)
Both carers completed high school
0.29 (-0.46, 1.04)
-0.16 (-0.84, 0.51)
0.14 (-0.52, 0.81)
0.47 (-0.40, 1.34)
One carer completed an advanced
ref
ref
ref
ref
diploma or higher
Both carers completed an
0.84 (0.40, 1.28)
0.70 (0.30, 1.09)
0.52 (0.13, 0.90)
1.02 (0.51, 1.53)
advanced diploma or higher
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

41
-8.63 (-17.17, -0.08)
0.74 (-0.05, 1.52)
0.42 (-0.27, 1.11)
ref
ref
N/A
N/A
N/A
0.13 (-0.40, 0.66)
-0.82 (-1.45, -0.19)
-0.02 (-0.87, 0.83)
0.13 (-0.75, 1.02)
-0.40 (-1.56, 0.77)
ref
0.39 (-0.71, 1.50)

-0.12 (-0.41, 0.16)
ref
ref
0.01 (-0.35, 0.36)
0.11 (-0.22, 0.45)
N/A
-0.02 (-0.17, 0.14)
0.20 (-0.26, 0.65)
-0.23 (-0.67, 0.20)
0.18 (-0.28, 0.65)
-0.20 (-1.29, 0.89)
ref
0.82 (0.37, 1.26)

Persuasive Writingc

164
-2.01 (-7.17, 3.16)
0.20 (-0.30, 0.69)

Narrative Writingb

Supplementary Table 20b– Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education, in Year 5
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Reading

Spelling

Grammar and
Punctuation

N
254
254
258
258
Intercept
-0.31 (-5.09, 4.47)
-1.50 (-6.54, 3.54)
0.72 (-4.28, 5.72)
4.22 (-1.93, 10.37)
Age (years)
0.20 (-0.20, 0.60)
0.25 (-0.17, 0.67)
0.02 (-0.40, 0.43)
-0.25 (-0.76, 0.26)
Sex
Male
-0.25 (-0.49, -0.01)
-0.09 (-0.34, 0.16)
-0.15 (-0.40, 0.10)
-0.18 (-0.49, 0.13)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
-0.22 (-0.59, 0.14)
-0.27 (-0.65, 0.12)
-0.23 (-0.61, 0.15)
-0.20 (-0.67, 0.28)
2010
-0.34 (-0.69, 0.02)
-0.38 (-0.76, -0.01)
-0.35 (-0.73, 0.02)
-0.36 (-0.82, 0.10)
2011
-0.18 (-0.55, 0.19)
-0.12 (-0.50, 0.27)
-0.36 (-0.74, 0.02)
-0.19 (-0.66, 0.28)
HbA1c (%)
-0.22 (-0.34, -0.10)
-0.14 (-0.27, -0.01)
-0.06 (-0.19, 0.07)
-0.08 (-0.24, 0.08)
Parents Education
Nothing stated for either carer
-0.11 (-0.45, 0.24)
-0.44 (-0.81, -0.07)
-0.25 (-0.62, 0.11)
-0.35 (-0.80, 0.11)
Neither carer completed high school
-0.28 (-0.64, 0.08)
-0.39 (-0.76, -0.01)
-0.16 (-0.53, 0.21)
-0.42 (-0.87, 0.04)
One carer completed high school
0.17 (-0.22, 0.55)
-0.23 (-0.64, 0.17)
0.05 (-0.35, 0.46)
-0.09 (-0.59, 0.41)
Both carers completed high school
1.06 (0.26, 1.86)
0.56 (-0.28, 1.40)
-0.18 (-1.02, 0.66)
0.16 (-0.88, 1.19)
One carer completed an advanced
ref
ref
ref
ref
diploma or higher
Both carers completed an
0.39 (0.01, 0.77)
0.25 (-0.15, 0.65)
0.05 (-0.35, 0.44)
0.13 (-0.36, 0.62)
advanced diploma or higher
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

62
-5.47 (-16.70, 5.77)
0.44 (-0.46, 1.34)
-0.06 (-0.64, 0.51)
ref
ref
N/A
N/A
N/A
0.02 (-0.26, 0.31)
-0.45 (-1.26, 0.35)
0.04 (-0.76, 0.85)
-0.31 (-1.14, 0.52)
-0.38 (-2.54, 1.77)
ref
0.47 (-0.44, 1.37)

-0.14 (-0.41, 0.13)
ref
ref
0.02 (-0.35, 0.39)
-0.08 (-0.44, 0.28)
N/A
-0.22 (-0.35, -0.08)
-0.22 (-0.62, 0.17)
-0.42 (-0.82, -0.02)
-0.03 (-0.47, 0.42)
0.18 (-0.70, 1.05)
ref
0.17 (-0.25, 0.59)

Persuasive Writingc

195
1.85 (-3.62, 7.32)
0.01 (-0.45, 0.47)

Narrative Writingb

Supplementary Table 20c– Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education, in Year 5
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Reading

Spelling

Grammar and
Punctuation

N
261
261
264
264
Intercept
7.57 (2.36, 12.78)
10.68 (4.98, 16.39)
9.90 (4.25, 15.54)
12.95 (6.82, 19.08)
Age (years)
-0.43 (-0.80, -0.05)
-0.65 (-1.06, -0.24)
-0.64 (-1.04, -0.24)
-0.81 (-1.25, -0.37)
Sex
Male
-0.08 (-0.32, 0.16)
-0.18 (-0.44, 0.08)
-0.22 (-0.48, 0.04)
-0.36 (-0.64, -0.09)
Female
ref
ref
ref
ref
Calendar Year
2008
ref
ref
ref
ref
2009
0.11 (-0.22, 0.43)
0.12 (-0.24, 0.48)
0.03 (-0.32, 0.38)
0.20 (-0.18, 0.59)
2010
0.27 (-0.08, 0.63)
0.03 (-0.36, 0.41)
0.16 (-0.22, 0.54)
0.27 (-0.13, 0.68)
2011
0.35 (-0.02, 0.71)
0.26 (-0.14, 0.66)
0.29 (-0.11, 0.69)
0.43 (-0.001, 0.85)
HbA1c (%)
-0.17 (-0.27, -0.07)
-0.16 (-0.27, -0.05)
-0.10 (-0.22, 0.01)
-0.18 (-0.30, -0.06)
Parents Education
Nothing stated for either carer
-0.30 (-0.67, 0.08)
-0.18 (-0.59, 0.23)
-0.06 (-0.47, 0.36)
-0.07 (-0.50, 0.36)
Neither carer completed high school
-0.79 (-1.19, -0.38)
-0.71 (-1.16, -0.27)
-0.37 (-0.81, 0.06)
-0.53 (-0.99, -0.06)
One carer completed high school
-0.41 (-0.95, 0.12)
-0.36 (-0.94, 0.22)
0.04 (-0.52, 0.60)
-0.02 (-0.62, 0.58)
Both carers completed high school
-0.24 (-0.84, 0.35)
-0.09 (-0.74, 0.56)
0.21 (-0.43, 0.86)
0.27 (-0.42, 0.96)
One carer completed an advanced
ref
ref
ref
ref
diploma or higher
Both carers completed an advanced
0.29 (-0.15, 0.73)
0.43 (-0.05, 0.91)
0.29 (-0.19, 0.77)
0.48 (-0.02, 0.99)
diploma or higher
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive
c
Persusive writing assessment data was only available in 2011

Numeracy

Beta coefficient (95% CI)a

60
13.38 (-3.83, 30.58)
-0.66 (-1.90, 0.59)
-0.57 (-1.25, 0.11)
ref
ref
N/A
N/A
N/A
-0.50 (-0.84, -0.16)
0.90 (-0.09, 1.89)
-0.12 (-1.06, 0.82)
1.19 (0.06, 2.32)
1.06 (-1.61, 3.74)
ref
1.06 (-0.03, 2.15)

0.09 (-0.19, 0.36)
ref
ref
-0.13 (-0.46, 0.20)
-0.26 (-0.61, 0.10)
N/A
-0.06 (-0.17, 0.06)
-0.19 (-0.62, 0.24)
-0.68 (-1.16, -0.20)
0.04 (-0.58, 0.67)
-0.12 (-0.76, 0.52)
ref
0.41 (-0.11, 0.92)

Persuasive Writingc

201
3.65 (-2.19, 9.49)
-0.20 (-0.62, 0.21)

Narrative Writingb

Supplementary Table 20d– Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education, in Year 9
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Reading

Spelling

N
103
102
103
Intercept
-6.43 (-12.07, -0.78)
-4.49 (-9.52, 0.55)
1.13 (-4.45, 6.70)
Age (years)
0.56 (-0.11, 1.23)
0.49 (-0.09, 1.08)
0.26 (-0.35, 0.88)
Sex
Male
-0.02 (-0.43, 0.38)
-0.08 (-0.43, 0.27)
0.10 (-0.29, 0.49)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
0.15 (-0.42, 0.72)
-0.05 (-0.56, 0.46)
-0.20 (-0.74, 0.35)
2010
-0.04 (-0.55, 0.48)
-0.10 (-0.55, 0.35)
-0.28 (-0.75, 0.20)
2011
-0.51 (-1.05, 0.02)
-0.21 (-0.67, 0.26)
-0.63 (-1.10, -0.16)
Attendance (rate)
0.03 (0.01, 0.06)
0.01 (-0.01, 0.04)
-0.02 (-0.05, 0.01)
HbA1c (%)
-0.22 (-0.45, 0.01)
-0.14 (-0.34, 0.06)
-0.18 (-0.39, 0.03)
Parents Education
Nothing stated for either carer
0.30 (-0.32, 0.92)
0.06 (-0.48, 0.61)
-0.39 (-0.97, 0.20)
Neither carer completed high school
-0.13 (-0.76, 0.51)
0.08 (-0.49, 0.65)
-0.60 (-1.19, -0.01)
One carer completed high school
0.58 (-0.11, 1.28)
0.22 (-0.39, 0.84)
0.03 (-0.63, 0.69)
Both carers completed high school
0.48 (-0.31, 1.26)
0.70 (-0.01, 1.41)
0.03 (-0.73, 0.78)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
0.98 (0.24, 1.72)
0.66 (0.01, 1.30)
0.81 (0.13, 1.48)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Numeracy

Beta coefficient (95% CI)a

ref
-0.11 (-0.59, 0.37)
-0.06 (-0.47, 0.36)
N/A
-0.0001 (-0.03, 0.03)
-0.22 (-0.45, 0.01)

ref
-0.03 (-0.59, 0.53)
-0.39 (-0.88, 0.11)
-0.51 (-1.02, 0.005)
0.04 (0.01, 0.07)
-0.13 (-0.35, 0.09)

-0.04 (-0.60, 0.52)
-0.35 (-0.93, 0.22)
0.13 (-0.54, 0.80)
-0.09 (-0.90, 0.72)
ref
0.44 (-0.24, 1.11)

0.24 (-0.13, 0.61)
ref

-0.06 (-0.44, 0.32)
ref

0.14 (-0.44, 0.72)
-0.21 (-0.82, 0.39)
0.51 (-0.15, 1.17)
0.34 (-0.41, 1.10)
ref
0.94 (0.26, 1.62)

75
1.29 (-4.38, 6.96)
0.04 (-0.57, 0.66)

Narrative Writingb

103
-4.76 (-10.48, 0.96)
0.27 (-0.36, 0.91)

Grammar and
Punctuation

Supplementary Table 21a – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education and school
attendance, in Year 3
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Reading

Spelling

N
150
148
151
Intercept
-4.31 (-10.33, 1.71)
-3.11 (-8.62, 2.40)
-5.85 (-11.27, -0.44)
Age (years)
0.20 (-0.33, 0.73)
0.24 (-0.24, 0.73)
0.35 (-0.13, 0.83)
Sex
Male
0.05 (-0.28, 0.37)
0.11 (-0.19, 0.40)
-0.11 (-0.40, 0.18)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
0.31 (-0.12, 0.74)
0.30 (-0.09, 0.69)
0.18 (-0.20, 0.57)
2010
0.20 (-0.24, 0.64)
0.01 (-0.39, 0.41)
0.21 (-0.18, 0.61)
2011
0.20 (-0.30, 0.70)
0.03 (-0.42, 0.48)
0.13 (-0.32, 0.57)
Attendance (rate)
0.03 (0.003, 0.05)
0.01 (-0.01, 0.03)
0.02 (-0.001, 0.04)
HbA1c (%)
-0.09 (-0.26, 0.09)
-0.11 (-0.27, 0.05)
0.02 (-0.13, 0.18)
Parents Education
Nothing stated for either carer
0.03 (-0.49, 0.55)
0.10 (-0.37, 0.57)
-0.11 (-0.57, 0.36)
Neither carer completed high school
-0.07 (-0.57, 0.44)
0.18 (-0.29, 0.65)
-0.44 (-0.89, 0.02)
One carer completed high school
0.44 (-0.11, 0.99)
0.26 (-0.23, 0.76)
-0.09 (-0.58, 0.40)
Both carers completed high school
0.88 (-0.09, 1.84)
0.28 (-0.60, 1.16)
0.48 (-0.39, 1.34)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
0.97 (0.38, 1.55)
0.81 (0.29, 1.34)
0.32 (-0.20, 0.84)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Numeracy

Beta coefficient (95% CI)a

ref
0.11 (-0.31, 0.53)
0.25 (-0.18, 0.68)
N/A
0.02 (-0.01, 0.05)
0.02 (-0.16, 0.19)

ref
0.38 (-0.10, 0.86)
0.24 (-0.25, 0.73)
0.36 (-0.20, 0.91)
0.04 (0.01, 0.07)
0.04 (-0.16, 0.24)

0.05 (-0.49, 0.60)
-0.36 (-0.90, 0.18)
-0.06 (-0.65, 0.54)
-0.46 (-1.86, 0.93)
ref
0.70 (0.09, 1.30)

-0.15 (-0.49, 0.20)
ref

-0.01 (-0.37, 0.35)
ref

0.16 (-0.42, 0.75)
0.04 (-0.53, 0.60)
0.27 (-0.35, 0.88)
1.30 (0.22, 2.38)
ref
0.91 (0.26, 1.57)

124
-4.12 (-10.66, 2.41)
0.21 (-0.37, 0.78)

Narrative Writingb

151
-5.83 (-12.56, 0.91)
0.14 (-0.45, 0.73)

Grammar and
Punctuation

Supplementary Table 21b – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education and school
attendance, in Year 5
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Reading

Spelling

N
178
178
181
Intercept
-2.53 (-8.50, 3.45)
-3.14 (-9.69, 3.40)
-0.31 (-6.25, 5.64)
Age (years)
0.02 (-0.44, 0.48)
0.02 (-0.48, 0.52)
-0.20 (-0.66, 0.25)
Sex
Male
-0.26 (-0.54, 0.02)
-0.25 (-0.55, 0.05)
-0.27 (-0.55, 0.01)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
0.09 (-0.36, 0.54)
-0.19 (-0.67, 0.30)
-0.09 (-0.53, 0.36)
2010
0.06 (-0.38, 0.50)
-0.31 (-0.78, 0.17)
-0.16 (-0.60, 0.27)
2011
0.15 (-0.28, 0.59)
0.07 (-0.41, 0.55)
-0.10 (-0.53, 0.34)
Attendance (rate)
0.04 (0.01, 0.07)
0.04 (0.01, 0.07)
0.03 (0.01, 0.06)
HbA1c (%)
-0.17 (-0.31, -0.03)
-0.05 (-0.21, 0.10)
-0.02 (-0.16, 0.12)
Parents Education
Nothing stated for either carer
-0.05 (-0.47, 0.36)
-0.45 (-0.90, -0.005)
-0.15 (-0.56, 0.26)
Neither carer completed high school
-0.26 (-0.70, 0.18)
-0.58 (-1.06, -0.11)
-0.08 (-0.51, 0.35)
One carer completed high school
0.04 (-0.45, 0.52)
-0.38 (-0.90, 0.14)
0.03 (-0.44, 0.51)
Both carers completed high school
0.93 (0.03, 1.82)
0.30 (-0.67, 1.27)
-0.20 (-1.09, 0.69)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
0.74 (0.22, 1.26)
0.38 (-0.19, 0.94)
0.26 (-0.25, 0.78)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Numeracy

Beta coefficient (95% CI)a

ref
0.06 (-0.39, 0.51)
0.02 (-0.42, 0.47)
N/A
0.04 (0.01, 0.07)
-0.15 (-0.30, 0.01)

ref
-0.10 (-0.64, 0.45)
-0.12 (-0.65, 0.41)
0.20 (-0.33, 0.73)
0.05 (0.02, 0.09)
-0.03 (-0.20, 0.14)

-0.01 (-0.49, 0.47)
-0.38 (-0.89, 0.14)
-0.05 (-0.61, 0.51)
0.42 (-0.57, 1.41)
ref
0.41 (-0.18, 1.00)

-0.16 (-0.49, 0.16)
ref

-0.25 (-0.59, 0.08)
ref

-0.24 (-0.74, 0.27)
-0.37 (-0.90, 0.16)
-0.19 (-0.78, 0.39)
0.21 (-0.88, 1.30)
ref
0.26 (-0.36, 0.89)

131
-1.26 (-8.27, 5.75)
-0.12 (-0.66, 0.42)

Narrative Writingb

181
2.76 (-4.51, 10.03)
-0.59 (-1.15, -0.03)

Grammar and
Punctuation

Supplementary Table 21c – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education and school
attendance, in Year 7
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Reading

Spelling

N
156
156
158
Intercept
10.10 (3.35, 16.84)
11.55 (3.34, 19.76)
8.25 (0.30, 16.21)
Age (years)
-0.73 (-1.17, -0.28)
-0.89 (-1.44, -0.34)
-0.67 (-1.20, -0.14)
Sex
Male
-0.21 (-0.49, 0.08)
-0.46 (-0.81, -0.10)
-0.34 (-0.68, -0.0003)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
-0.10 (-0.58, 0.39)
0.10 (-0.50, 0.70)
-0.24 (-0.82, 0.34)
2010
0.11 (-0.38, 0.60)
0.14 (-0.46, 0.73)
-0.03 (-0.61, 0.55)
2011
0.45 (-0.06, 0.96)
0.44 (-0.17, 1.06)
0.01 (-0.60, 0.61)
Attendance (rate)
0.01 (-0.01, 0.03)
0.01 (-0.01, 0.03)
0.02 (-0.002, 0.04)
HbA1c (%)
-0.09 (-0.21, 0.02)
-0.06 (-0.20, 0.09)
-0.04 (-0.18, 0.10)
Parents Education
Nothing stated for either carer
-0.15 (-0.72, 0.42)
0.20 (-0.51, 0.91)
0.08 (-0.60, 0.75)
Neither carer completed high school
-0.62 (-1.20, -0.04)
-0.39 (-1.13, 0.35)
-0.21 (-0.90, 0.49)
One carer completed high school
-0.08 (-0.82, 0.66)
0.24 (-0.67, 1.15)
0.58 (-0.28, 1.44)
Both carers completed high school
-0.03 (-0.85, 0.79)
0.43 (-0.61, 1.46)
0.25 (-0.74, 1.24)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
0.30 (-0.39, 0.99)
0.98 (0.13, 1.84)
0.77 (-0.05, 1.59)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Narrative writing assessment data was only available between 2008 and 2010 inclusive

Numeracy

Beta coefficient (95% CI)a

ref
-0.14 (-0.67, 0.39)
-0.14 (-0.66, 0.38)
N/A
0.01 (-0.01, 0.03)
-0.01 (-0.15, 0.13)

ref
-0.05 (-0.67, 0.56)
0.08 (-0.52, 0.68)
0.33 (-0.30, 0.95)
0.02 (0.001, 0.04)
-0.07 (-0.22, 0.07)

0.33 (-0.53, 1.18)
-0.08 (-0.99, 0.83)
0.78 (-0.32, 1.88)
0.49 (-0.58, 1.55)
ref
0.97 (-0.15, 2.09)

0.01 (-0.38, 0.40)
ref

-0.58 (-0.94, -0.22)
ref

-0.03 (-0.73, 0.66)
-0.43 (-1.16, 0.30)
0.34 (-0.54, 1.22)
0.28 (-0.76, 1.33)
ref
0.51 (-0.34, 1.36)

109
4.14 (-4.13, 12.42)
-0.37 (-0.92, 0.17)

Narrative Writingb

158
13.81 (5.44, 22.18)
-1.06 (-1.62, -0.50)

Grammar and
Punctuation

Supplementary Table 21d – Model output assessing the association of glycaemic control with NAPLAN score, with additional adjustment for carers education and school
attendance, in Year 9
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Year 5

Year 7

N
110
162
189
Intercept
112.57 (99.68, 125.46)
105.70 (92.64, 118.77)
106.06 (98.28, 113.83)
Age (years)b
7.46 (2.63, 12.29)
1.65 (-3.12, 6.42)
-0.04 (-3.26, 3.18)
Sex
Male
-4.03 (-6.97, -1.09)
-1.05 (-3.96, 1.85)
-0.85 (-2.82, 1.12)
Female
ref
ref
ref
Calendar Year
2008
ref
ref
ref
2009
-3.45 (-7.76, 0.86)
2.08 (-1.77, 5.92)
1.24 (-1.97, 4.45)
2010
0.41 (-3.55, 4.37)
0.16 (-3.68, 3.99)
-0.16 (-3.30, 2.99)
2011
-0.55 (-4.57, 3.47)
-1.60 (-5.79, 2.60)
1.04 (-2.10, 4.17)
HbA1c (%)
-2.32 (-3.96, -0.67)
-1.87 (-3.42, -0.31)
-1.77 (-2.72, -0.82)
Parents Education
Nothing stated for either carer
-2.31 (-6.96, 2.33)
-1.25 (-5.69, 3.19)
-2.43 (-5.40, 0.54)
Neither carer completed high school
-1.12 (-5.87, 3.64)
-1.75 (-6.29, 2.79)
-1.30 (-4.40, 1.80)
One carer completed high school
-3.48 (-8.63, 1.68)
0.27 (-4.69, 5.24)
-0.001 (-3.42, 3.42)
Both carers completed high school
-1.15 (-7.10, 4.80)
-3.80 (-12.69, 5.08)
0.53 (-5.46, 6.53)
One carer completed an advanced diploma or higher
ref
ref
ref
Both carers completed an advanced diploma or higher
1.41 (-4.11, 6.94)
1.57 (-3.68, 6.83)
-1.38 (-5.06, 2.31)
a
Model output from a linear mixed effects model, with a random intercept term, clustered on school and student ID within school
b
Age centred within each school years analysis

Year 3

Beta coefficient (95% CI)a

Supplementary Table 22 – Model output assessing the adjusted association of glycaemic control with school attendance

-0.84 (-6.69, 5.01)
-1.48 (-7.56, 4.60)
-1.40 (-8.79, 6.00)
3.38 (-5.39, 12.15)
ref
-0.86 (-8.08, 6.35)

ref
-6.11 (-11.03, -1.20)
-1.76 (-6.62, 3.11)
1.90 (-3.25, 7.05)
-1.73 (-2.87, -0.60)

-1.86 (-4.81, 1.10)
ref

168
105.44 (94.24, 116.65)
-5.89 (-10.24, -1.53)

Year 9

APPENDIX

279

APPENDIX

Journal of Diabetes and Its Complications 31 (2017) 843–849

Contents lists available at ScienceDirect

Journal of Diabetes and Its Complications
j o u r n a l h o m e p a g e : W W W. J D C J O U R N A L . C O M

Incidence of and risk factors for hospitalisations due to vascular
complications: A population-based type 1 diabetes cohort (n = 1316)
followed into early adulthood
Matthew N. Cooper a, Martin I. de Bock b, Kim W. Carter a, Nicholas H. de Klerk a, c, Timothy W. Jones a, b, c,
Elizabeth A. Davis a, b, c,⁎
a
b
c

Telethon Kids Institute, The University of Western Australia, Perth, Australia
Department of Endocrinology and Diabetes, Princess Margaret Hospital for Children, Perth, Western Australia, Australia
The School of Paediatrics and Child Health, The University of Western Australia, Perth, Western Australia, Australia

a r t i c l e

i n f o

Article history:
Received 24 October 2016
Received in revised form 25 November 2016
Accepted 28 November 2016
Available online 20 January 2017
Keywords:
Type 1 diabetes mellitus
Microvascular complications
Macrovascular complications
Hospitalization
Glycemic control

a b s t r a c t
Aim: To determine the incidence of hospitalisations and risk factors for vascular complications experienced
during early adulthood in patients with childhood onset type 1 diabetes.
Methods: A population-based childhood onset type 1 diabetes cohort was identiﬁed from a statewide register
(1992–2012). Data linkage was used to identify a matched comparison cohort. Hospital admissions data were
extracted to follow up both cohorts into early adulthood (1975–2012).
Results: The type 1 diabetes cohort (n = 1316) had a mean age of diagnosis of 9.5 years, 49.5% were women and
mean age at the end of follow-up was 26.3 years (range 18–38). Within the type 1 diabetes cohort 32 (2.4%) were
hospitalised with a vascular complication during early adulthood. Poor glycaemic control during paediatric
management was associated with a signiﬁcant increase in risk for ophthalmic complication with 19.4% (n = 12/62)
of those with a mean HbA1c N12% (108 mmol/mol) diagnosed compared to 0.72% (n = 5/696) of those with mean
HbA1c b9% (75 mmol/mol), adjusted hazard ratio 8.4 (95% CI 2.0, 34.7).
Conclusion: Severe vascular complications requiring hospital admission continue to be observed during early
adulthood. Both women and those with poor glycaemic control are at increased risk of requiring a hospital
admission for these complications during early adulthood.
© 2017 Elsevier Inc. All rights reserved.

1. Introduction
Complications from chronic microvascular and macrovascular complications remain a reality for those living with type 1 diabetes despite
improvements in insulins, glucose self-monitoring devices, and insulin
administration devices (American Diabetes Association, 2012). The DCCT
was the ﬁrst study to thoroughly characterise the impact of good glycaemic
control on the subsequent risk of microvascular complications including
progression of retinopathy, nephropathy, and neuropathy (The Diabetes
Control and Complications Trial Research Group, 1993). The subsequent
epidemiology of diabetes intervention and complications study demonstrated this effect for macrovascular complications including nonfatal
myocardial infarction and stroke (Nathan et al., 2005). Further evidence for
this relationship has since been demonstrated by numerous cohort studies
including data from The Pittsburgh Epidemiology of Diabetes Complications (EDC) Study (Miller, Secrest, Ellis, Becker, & Orchard, 2013), data from
Duality of interest: No potential conﬂicts of interest relevant to this article were reported.
⁎ Corresponding author at: Princess Margaret Hospital for Children, Department of
Endocrinology and Diabetes, GPO Box D184, Perth WA 6840, Australia. Tel.: +61 8 9340
7023; fax: +61 8 9340 8605.
E-mail address: Elizabeth.Davis@health.wa.gov.au (E.A. Davis).
http://dx.doi.org/10.1016/j.jdiacomp.2016.11.022
1056-8727/© 2017 Elsevier Inc. All rights reserved.
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the Swedish registries (Möllsten et al., 2010), and the EURODIAB IDDM
Complications study (Stephenson & Fuller, 1994).
The subsequent adoption of intensive diabetes management has
translated into improved glycaemic control in many diabetes cohorts
(Bulsara, Holman, Davis, & Jones, 2004; Chase et al., 2001). More recently,
technology advances such as insulin pump therapy, continuous glucose
monitoring, and sensor augmented pump therapy have translated into
further improvement in glycaemic control (Johnson, Cooper, Jones, &
Davis, 2013; Weissberg-Benchell, Antisdel-Lomaglio, & Seshadri, 2003).
However, despite landmark studies and improved average glycaemic
control within type 1 diabetes populations, a signiﬁcant proportion of
those with type 1 continue to struggle to achieve tight glycaemic control,
particular during childhood and adolescence (McKnight et al., 2014;
Wood et al., 2013), and hence remain at increased risk of developing
microvascular and macrovascular complications
Cohorts of patients treated with intensive management regimens
since or soon after type 1 diabetes diagnosis are only now beginning to
reach a duration by which these chronic complications typically begin
(Pambianco et al., 2006). The aims of this study were to utilise statewide
Western Australia (WA) data registries and linked data methodology to:
(i) calculate the incidence rates of microvascular and macrovascular
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complications requiring hospitalisation during early adulthood in those
with childhood onset type 1 diabetes and compare these to the general
population; and (ii) within the type 1 diabetes cohort, utilise comprehensive clinical records collected during paediatric management to
proﬁle those patients that went on to develop these complications during
early adulthood.

Table 1
Deﬁnitions used for outcome diagnosis.
Outcome

2.1. Data sources

2.2. Subjects
The type 1 diabetes cohort consisted of all patients from the
WACDD with type 1 diabetes who had reached 18 years of age prior to
31 January 2012. A general population sample, matched 5:1 for sex
and (exact) date of birth, was randomly selected from the Birth
Register to form the comparison-cohort. The WA Department of
Health Data Linkage Branch carried out the matching and identiﬁcation of the comparison cohort, and the linkage of both cohorts to the
Hospital Morbidity Data System and the Mortality Register. The study
was approved by the Princess Margaret Hospital's Ethics Committee
#1939/EP; consent for data linkage was approved by the Human
Research Ethics Committee of the Western Australian Department of
Health #2011/77.
2.3. Outcomes and risk factors
There were seven primary outcomes deﬁned a priori based on
commonly described complications; these are described in Table 1, with
the speciﬁc ICD codes used to identify each outcome in Supplementary
Table 1. The outcomes were two microvascular diagnoses (end-stage
renal disease (ESRD) and ophthalmic complications), four macrovascular diagnoses (amputation, any vascular intervention (including stent
insertion, angioplasty), myocardial infarction and stroke), and any
microvascular or macrovascular diagnosis. Ophthalmic complication

a

Diagnosis of diabetic nephropathy in addition to
commencing haemodialysis or having undergone a
kidney transplant.
Ophthalmic complications Vitrectomy or cataract treatment — Diagnosis of
diabetic retinopathy or cataract in addition to
undergoing a surgical procedure (vitrectomy) or
similar (lens extraction) based ophthalmic repair.
Retinopathy requiring
Diagnosis of diabetic retinopathy in addition to
vitrectomy
undergoing a surgical procedure (vitrectomy).
Amputation
Limb amputation surgery with no sign of acute trauma
present, diabetes speciﬁed as the primary cause with a
documented history of diabetic neuropathy.
Myocardial Infarction
Primary diagnosis and cause for hospitalisation were an
acute myocardial infarction with no sign of acute trauma
present
Stroke
Primary diagnosis and cause for hospitalisation were
an acute stroke with no sign of acute trauma present.
Vascular Intervention
Hospital admission for artery bypass procedure,
angioplasty or insertion of a stent or similar procedure
to prevent or rectify blockage of an artery.
Any vascular complication Any of the above
Any vascular complication Any of the above, excluding cataract diagnoses and
(excluding cataract)
lens extraction procedures

2. Materials and methods

The type 1 diabetes cohort was identiﬁed through the Western
Australia Children's Diabetes Database (WACDD), described in detail
previously (Cooper, O'Connell, Davis, & Jones, 2013; Haynes, Bower,
Bulsara, Jones, & Davis, 2004). This is a population-based database
(established 1987), which includes demographic and diabetes management data for all children under the age of 16 years in WA (2015
population 2.6 million) with diabetes (Australian Bureau of Statistics,
2015). Patients attend clinics, facilitated by a multidisciplinary team
from Princess Margaret Hospital, approximately every 3 months where
these data are collected. Consent for use of the data for research
purposes is gained during the initial clinic visits; case ascertainment has
been demonstrated as N99% (Haynes et al., 2004).
In WA, data pertaining to primary and secondary diagnoses,
procedures performed, length of stay and other pertinent information,
for all hospital admissions (capturing both inpatient hospitalisations
and many same-day operative procedures) within both public and
private hospitals, are stored in the Hospital Morbidity Data System.
Electronic records date back to 1970; this was used as the source of
hospitalisation data. The diagnosis and procedure variables are coded
using the International Classiﬁcation of Diseases, Ninth Revision (ICD-9)
from January 1979 to December 1987, the ICD-9 Clinical Modiﬁcation
(ICD-9-CM) from 1988 to June 1999, and the ICD-10 Australian
Modiﬁcation (ICD-10-AM) from July 1999 through January 2012. The
WA Mortality Register is a statutory collection containing cause of death
data for all deaths in WA. Electronic records date back to 1969; this was
used as the source of death information. The WA Birth Register contains
details of all births in WA; registration into the Birth Register within
60 days of the birth is mandatory, with electronic records dating back
to 1974.

Deﬁnition

End-stage renal disease
(ESRD)

a
IC8/ICD9/ICD9CM/ICD10AM codes used to identify records pertaining to outcomes
are available in Supplementary Table 1.

was deﬁned as the diagnosis of either retinopathy requiring vitrectomy
or diabetic cataract concurrent with a lens extraction (or similar)
procedure. These are reported separately but were analysed together,
both to align with previous studies of diabetes complications (DCCT/
EDIC Research Group et al., 2015; Kohner, 2008) and due to the
increased risk of retinopathy development or progression following
surgical treatment for diabetic cataracts (Fong et al., 2004). Thus, the
‘any vascular complication’ variable is presented both including and
excluding diabetic cataract concurrent with a lens extraction. Where an
ICD code of interest was identiﬁed within the primary diagnosis or
primary procedure ﬁeld, all hospitalisation records pertaining to those
subjects identiﬁed were extracted and examined in detail by two
members of the study team. This was to reduce the risk of outcomes
likely due to external causes being incorrectly included in the analysis
(for example amputation due to injury in a car accident).
2.4. Clinical data
Within the type 1 diabetes cohort, clinical predictors of interest
included age of type 1 diabetes diagnosis, sex, glycaemic control, severe
hypoglycaemia episodes and socio-economic status. These variables
were available from diagnosis, or ﬁrst attendance at the WA clinic for
those patients who migrated to WA, through to either age 18 years or
the last clinic appointment prior to transition to adult care. The term
paediatric management is used to deﬁne this period.
HbA1c level was determined at each clinic visit via agglutination
inhibition immunoassay (non-diabetic reference b 44.3 mmol/mol
(6.2%); Siemens DCA Vantage; Siemens Healthcare Diagnostics, Erlangen,
Germany). HbA1c was analysed in two forms, ﬁrstly, using the mean
HbA1c across all clinic visits as a measure of glycaemic control and then
categorised as b 9%, 9%–10%, 10%–11%, 11%–12% and ≥12%. Severe
hypoglycaemia was deﬁned in line with previous publications (Cooper
et al., 2013), as a hypoglycaemic event leading to loss of consciousness or
seizure. This was analysed in two forms, ﬁrstly, as a dichotomous variable
for having ever had an episode of severe hypoglycaemia, and secondly, as
a rate per 100 patient-years (grouped into categories 0, 1–9, 10–19 and
≥ 20 per 100 patient-years) to adjust for duration of diabetes.
Socio-economic status (SES) was assessed using the Australia Bureau of
Statistics' index of relative socio-economic disadvantage measure
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Variablea

Type 1 diabetes Cohort Comparison Cohort
(n = 1316)
(n = 6422)

26.3 (5.2)
Age at the end of follow-up (years)b
Sex (women)
652 (49.5%)
c
Total follow-up time (person years)
13,491
Age at Type 1 diabetes diagnosis (years)
9.5 (4.1)
Duration of diabetes at end of
16.7 (6.5)
follow-up (years)
Mean HbA1c (%)
9.1 (1.5)
Mean HbA1c (mmol/mol)
75.9 (16.1)
Paediatric clinical visits (total)
22 (13, 33)
Socio-economic backgroundd
Low
309 (24.2%)
Medium
457 (35.7%)
High
513 (40.1%)
Severe hypoglycaemia rate
(/100 person years)
0
934 (71.0%)
1–9
66 (5.0%)
10–19
117 (8.9%)
20
199 (15.1%)
a
b
c
d

845

were calculated, within intervals, as the number of incident cases
divided by the sum of person years observed multiplied by 100 with
conﬁdence intervals calculated based on the exact Poisson distribution. Cumulative incidence was calculated as the number of incident
cases divided by the number of patients who entered the relevant
interval; given the censored follow-up, these estimates represent a
lower limit for the cumulative incidence. Cox proportional hazards
models were used to calculate hazard ratios (HRs) and 95% CIs for risk
factors. The underlying time variable used was time since type 1
diabetes diagnosis, right censored at the time of ﬁrst diagnosis (for the
vascular complication being modelled), death, or 31st January 2012
(date limit for extracted follow-up data), whichever occurred ﬁrst. To
assess model ﬁt, Schoenfeld residual plots were generated and
visually inspected and time-dependent interaction variables were
tested for insigniﬁcance (P N 0.05).

Table 2
Demographic and clinical characteristics.

26.4 (5.2)
3208 (49.4%)
67,298
–
–
–
–
–
–
–

3. Results

–
–
–
–

Mean (standard deviation); count (percentage); median (interquartile range).
Age censored at January 31st 2012 or death, whichever occurred ﬁrst.
Calculated as the sum of (age at end of follow up minus age at Type 1 diabetes diagnosed).
Presented for those where data were available.

(Australian Bureau of Statistics, 2006). State-based deciles were used,
based on residential postcode at time of diagnosis, to categorise subjects
as having a low (1–3), medium (4–7) or high (8–10) level socioeconomic background.
2.5. Statistical analysis
Data were in the form of one record per subject per clinical visit or
hospitalisation. All data processing and analysis were performed in R
3.3.0 (R Core Team, 2013). Subjects were removed from analysis if
they had insufﬁcient clinical records, deﬁned as a single clinical visit at
the time of type 1 diabetes diagnosis. Subject characteristics are
presented as mean (standard deviation (SD)), median (range) or
count and percentages, as appropriate. Student's t-test was used to
compare parametric variables between cohorts; categorical variables
were compared using a chi-squared test. Where outcome events were
present within both cohorts, rate ratios (RRs) were calculated using
exact methods with the epitools package (Developer, 2012) and
presented with 95% conﬁdence intervals (95% CIs). Incidence rates

A cohort of 1377 subjects meeting the inclusion criteria was
identiﬁed from the WACDD; of these 1355 were identiﬁed within the
WA data linkage system (98.4%). Subjects were excluded if they were
over 18 years at the time of type 1 diabetes diagnosis (n = 7) or if
they had insufﬁcient clinical data prior to age 18 years (n = 32). The
type 1 diabetes cohort analysed included 1316 subjects; mean age of
type 1 diabetes diagnosis was 9.5 (SD 4.1) years, 49.5% were women,
and subjects had a median of 22 clinical visits each during the
paediatric management period (Table 2). Mean age at the end of
follow-up was 26.3 years (75% percentile 30.2 years). The age- and
sex-matched (5:1) general population comparison cohort included
6422 subjects.
During follow-up, 32 patients (2.43%) of the type 1 diabetes cohort
were hospitalised with at least one vascular complication (6 with
macrovascular and 32 with microvascular; Table 3) at an overall
incidence rate of 0.24 (95% CI 0.16, 0.34) per 100 person years. This was
in contrast to only 9 people in the comparison cohort (RR 17.5; 95% CI
8.7, 39.3). When this was repeated excluding cataract diagnoses from
the outcome, the ﬁgures were 22 and 6 (RR 17.9; 95% CI 7.7, 49.4) for the
T1D cohort and comparison cohort respectively. Within the type 1
diabetes cohort, the most common cause of hospitalisation was
ophthalmic complication (n = 27, 2.05%), which incorporates the
outcome retinopathy requiring vitrectomy (n = 22, 1.3%), followed
by end stage renal disease (n = 5, 0.38%). Within the comparison
cohort there were b5 people diagnosed with end stage renal disease
(type 1 diabetes RR 8.1; 95% CI 1.9, 42.3), stroke (type 1 diabetes RR 7.3;
95% CI 1.1, 62.9), or undergoing a vascular intervention (type 1 diabetes

Table 3
Clinical proﬁle of subjects by vascular complication.
Variablea

Any vascular
complication

Microvascular complications
Macrovascular complications
Any vascular
complication
(excluding cataract)
End stage
Ophthalmic
Retinopathy requiring Amputation
Any vascular Myocardial
renal disease
complications vitrectomy
intervention Infarction

Diagnosed
32 (2.43%)
22 (1.67%)
Age of onset (years)
24.6 (5.1)
26.8 (2.7)
Duration type 1 diabetes
9.2 (4.1)
8.2 (4.1)
Mean HbA1c (%)
11.3 (2.0)
11.9 (1.6)
Mean HbA1c
100.1 (21.95) 106.4 (17.5)
(mmol/mol × 10)
Sex (women)
25 (78.1%)
16 (72.7%)
Socio-economic
b
background
Low
14 (45.2%)
11 (52.4%)
Medium
9 (29.0%)
4 (19.0%)
High
8 (25.8%)
6 (28.6%)
a
b

5 (0.38%)
27 (2.05%)
32.0 (1.7)
23.9 (4.9)
9.0 (3.5)
9.1 (4.4)
12.9 (0.7)
11.3 (2.1)
117.5 (7.1)
99.8 (22.7)
2 (40.0%)

23 (85.2%)

3 (60.0%)
1 (20.0%)
1 (20.0%)

10 (38.5%)
9 (34.6%)
7 (26.9%)

Mean (standard deviation); count (percentage).
Presented for those where data were available.
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17 (1.3%)
26.2 (2.1)
7.8 (4.5)
12.0 (1.6)
107.7 (17.2)
14 (82.4)

7 (43.8%)
4 (25.0%)
5 (31.2%)

2 (0.15%)
2 (0.15%)
32.0 (2.9)
28.7 (2.5)
9.0 (2.4)
10.0 (3.4)
12.9 (0.8)
10.7 (2.3)
117.8 (8. 9)
93.2 (25.5)

1 (0.08%)
23.0
9.3
10.2
88.4

Stroke
3 (0.23%)
31.6 (3.4)
10.4 (2.7)
11.6 (2.3)
103.2 (25.3)

1 (50.0%)

1 (50.0%)

1 (100.0%)

1 (33.3%)

1 (50.0%)
1 (50.0%)
1 (0.0%)

1 (50.0%)
0 (0.0%)
1 (50.0%)

1 (100.0%)
0 (0.0%)
0 (0.0%)

2 (66.7%)
0 (0.0%)
1 (33.3%)
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RR 3.4; 95% CI 0.4, 22.4), with no cases of the other microvascular and
macrovascular complications observed.
3.1. Type 1 diabetes cohort analysis
Descriptive statistics for the clinical risk factors and demographic
variables of those within the type 1 diabetes cohort hospitalised with a
vascular complication are presented in Table 3. Mean age of onset was
32 years for amputation, end stage renal disease and stroke, and
23.9 years for ophthalmic complication. Mean paediatric HbA1c was
elevated among all complication groups, being 12.9% (117.5 mmol/mol;
P b 0.01) for those that developed end stage renal disease and 11.3%
(99.8 mmol/mol; P b 0.01) for those that developed an ophthalmic
complication; this compared to the remainder of the cohort with no
complications (average HbA1c 9.0% (74.9 mmol/mol)).
The sex distribution was even for all complication groups with the
exception of ophthalmic complication where 23 of 27 (85.2%;
P b 0.01) of those diagnosed were women. Only ophthalmic complication was signiﬁcantly associated with age of diagnosis, although the
event rate for hospitalisation for other microvascular and macrovascular diseases were so low that this relationship could not be well
explored. There was a signiﬁcant difference in SES background with
52% of those diagnosed with a vascular complication being from a low
SES background compared to 24% from the remainder of the cohort
(P b 0.01). The HR for those from a low or medium SES background
was 1.96 (95% CI; 0.81, 4.75) and 1.35 (95% CI; 0.52, 3.51) respectively,
relative to those from a high SES background. Seven (22%) of the 32
diagnosed with any vascular complication had a history of severe
hypoglycaemia; a history of ever experiencing severe hypoglycaemia
was associated with an HR of 2.12 (95% CI; 0.80, 5.6). Analysis of
severe hypoglycaemia as a rate by category showed a similar effect
size.
Incidence and cumulative incidence for any vascular hospitalisation
are presented by duration of diabetes and age group in Table 4. Both
incidence and cumulative incidence peak during the 20–24 year duration
interval, 0.96 per 100 person years and 3.1% respectively, and during the
25–29 year age interval, 0.60 per 100 person years and 2.2% respectively.
The HR for any vascular complication, adjusted for age of type 1 diabetes
diagnosis, sex and birth year, was 12.3 (95% CI; 3.2, 46.9) for those with a
mean paediatric HbA1c ≥12% (108 mmol/mol) compared to those with
mean paediatric HbA1c b9% (Fig. 1C); this increased to 59.2 (95% CI; 5.9,

590.4) when the outcome was any vascular complication excluding
cataract (Fig. 1D). Of the patients with a mean paediatric HbA1c b7.5%
(58.5 mmol/mol; n = 143), only one (0.7%) was hospitalised with a
vascular complication (mean paediatric HbA1c 7.3% (56.3 mmol/mol));
this percentage did not signiﬁcantly change when this threshold was
increased to b8% (63.9 mmol/mol) with two of 287 (0.07%) hospitalised
with a vascular complication.
3.2. Severe diabetic eye disease analysis
Among the 27 individuals treated for ophthalmic complications, 10
underwent a lens extraction as treatment for diabetic cataract only,
and 17 underwent a vitrectomy for retinopathy (2 of which had had a
prior lens extraction for diabetic cataract). Compared to those with a
mean paediatric HbA1c of less than 9% (75 mmol/mol), those with a
mean paediatric HbA1c of 11%–12% (97–108 mmol/mol) and ≥ 12%
(108 mmol/mol) were at increased risk of ophthalmic complication
with HR 3.0 (95% CI; 0.7, 13.2) and 8.4 (95% CI; 2.0, 34.7) respectively
and, more speciﬁcally, requiring a vitrectomy, HR 14.9 (95% CI; 1.3,
160.7) and 33.1 (95% CI; 3.0, 358.6) respectively after adjustment for
age of type 1 diabetes diagnosis, sex and birth year (Fig. 1A and B).
Only 0.72% of those with a mean paediatric HbA1c b 9% (75 mmol/
mol) were diagnosed with eye disease compared to 19.35% of those
with a mean paediatric HbA1c ≥ 12% (108 mmol/mol), these ﬁgures
being 0.14% and 14.52% respectively for requiring vitrectomy.
Relative to those whose age of type 1 diabetes diagnosis occurred at
b 6 years of age, those diagnosed with Type 1 diabetes between 6 and
12 years and 12–18 years were at reduced risk of ophthalmic
complication, HR 0.46 (95% CI; 0.18, 1.20) and 0.72 (95% CI; 0.28,
1.86) respectively, though the conﬁdence intervals included one. This is
in part explained by those diagnosed with ophthalmic complication
having a temporally earlier mean type 1 diabetes calendar year of
diagnosis (1989 vs 1995; P b 0.01), which represents this subgroup
reaching an older mean age at the end of follow-up (32 years vs
26 years), and a longer period of diabetes duration prior to the
introduction of improved diabetes management. The HR for women
relative to men was 4.35 (95% CI; 1.47, 12.84), after adjustment for
HbA1c, age of type 1 diabetes diagnosis, and birth year. The HR for those
from a low or medium SES background was 1.61 (95% CI; 0.60, 4.30) and
1.54 (95% CI; 0.57, 4.14) respectively, relative to those from a high SES
background. A history of ever experiencing severe hypoglycaemia was

Table 4
Incidence and cumulative incidence of any vascular hospitalisation by duration of diabetes and age.

Duration of diabetes (years)
0–4
5–9
10–14
15–19
20–24
25–29
30–34
Age (years)
15–19
20–24
25–29
30–34
35–39

Number remaining
at end of intervala

Number of
incident casesb

Person years of
observationc

Incidence rate
(per 100 person years)d

Cumulative
incidence (%)

1284
1079
751
389
129
29
0

2
4
9
5
12
0
0

6553
6017
4619
2946
1255
343
54

0.031
0.066
0.195
0.170
0.956
–
–

(0.00,0.11)
(0.02,0.17)
(0.09,0.37)
(0.06,0.40)
(0.49,1.67)

0.15
0.31
0.83
0.67
3.08

1154
694
328
80
0

4
8
15
3
0

6431
4593
2497
952
83

0.062
0.174
0.601
0.315
–

(0.02,0.16)
(0.08,0.34)
(0.34,0.99)
(0.06,0.92)

0.30
0.69
2.17
0.92
–

e

a
Count of participants who follow-up exceeds the upper boundary of the relevant interval, for example the count for ‘Duration of diabetes 5–9 years’ is the number of participants
whose duration of diabetes follow-up exceeded 9.99 years.
b
Count of participants whose ﬁrst hospitalisation occurred during the relevant interval.
c
Calculated as the sum of person years observed during the relevant interval censored at death, ﬁrst hospitalisation or end of follow-up (January 2012).
d
Calculated as the number of incident cases over the person years of observation (within the relevant interval) multiplied by 100; conﬁdence interval calculation based on the
exact Poisson distribution.
e
Calculated as the number of incident cases divided by the number of patients who entered the relevant follow-up interval; given the censored follow-up within the during the
5 year intervals, this estimate represents a lower limit for the cumulative incidence.
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Fig. 1. Adjusted hazard ratio for risk of (A) ophthalmic complications, (B) vitrectomy, (C) any vascular complication (including cataract), and (D) any vascular complication
(excluding cataract) during early adulthood, by mean paediatric HbA1c Adjusted hazard ratio and 95% conﬁdence interval (only lower bound shown) calculated via a Cox
Proportional Hazards model adjusted for sex, age at T1D diagnosis, and birth year; right censored to disorder diagnosis, death or 31st January 2012 (at whichever occurred ﬁrst);
dotted line at 1 which is the reference level for mean paediatric HbA1c b9%.

associated with an HR of 2.76 (95% CI; 0.99, 7.62). Analysis of severe
hypoglycaemia as a rate by category showed a similar effect size.
4. Discussion
In this study, a well-characterised population-based cohort of
individuals with childhood onset type 1 diabetes was followed into
early adulthood using linked data to assess for the onset of severe
microvascular and macrovascular complications that required a hospital
admission. The key ﬁndings of this study include an observed incidence
rate of vascular complications during early adulthood of 0.24 per 100
patient years, with eye disease being the most frequently diagnosed
condition (2.1% of cohort). Rates of end stage renal disease and stroke
were signiﬁcantly elevated compared to the general population. Poor
glycaemic control was associated with increased risk of complications,
of which the exponential relationship with any vascular complication,
and eye disease was characterised in detail. Women, those with low
socioeconomic status, and those who had experienced severe hypoglycaemia were at increased risk for complication onset.
To our knowledge there are no single population-based registries
that follow patients with type 1 diabetes through the entire life course;
thus the calculation of complication rates is typically completed using
either cross-sectional studies, clinical cohorts, or record linkage (or a
combination). A limitation of using administrative health data to deﬁne
outcomes is that there is a loss of speciﬁcity for the severity of those
outcomes; the choice to present both any eye disease (cataract or
retinopathy requiring vitrectomy) and vitrectomy was made to provide
a broad overview of the burden and to aid replication. The overall
incidence density of proliferative retinopathy observed in the Pittsburgh
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EDC was 1.59 per 100 patients years (Pambianco et al., 2006), which is
notably higher than that observed in the present study. However, they
observed a decline in rates from 38% to 26.5% between the 1965–1969
and 1975–1980 diagnosed cohorts respectively. A study of the Swedish
Diabetes Register (n = 9974) observed an incidence rate of 0.73 per
100 patient years for vascular complications (excluding retinopathy)
(Dahlquist, Möllsten, & Kallen, 2008), the equivalent of which was 0.24
in our study. A Finnish study of patients diagnosed with type 1 diabetes
prior to age 30 years (n = 20,005) sourced data from a kidney disease
register and determined the cumulative incidence of end stage renal
disease (ESRD) to be 2.2% at 20 years and 7.8% at 30 years after
diagnosis (Finne, Reunanen, Stenman, Groop, & Grönhagen-Riska,
2005) and also demonstrated increased risk with increased age of
type 1 diabetes onset; estimates supported by similar studies (Möllsten
et al., 2010). The varied study design elements (cohort ascertainment,
data coverage, outcome deﬁnitions) introduces challenges in comparing
ﬁndings between studies. The differences between our study and others
may, in part, be due to the shorter length of follow up and duration of
diabetes as a result of the more recent cohort ascertainment (mean year
of diagnosis, 1995) of our study.
Childhood and adolescent glycaemic control was elevated among
all the patients diagnosed with vascular complication during
follow-up. The DCCT was the ﬁrst study to characterise the
exponential increase in risk for progression of retinopathy with
increasing HbA1c, quantiﬁed within the intensive therapy arm where
the highest HbA1c decile used in determining the trend was
approximately 9.2% (The Diabetes Control and Complications Trial
Research Group, 1993). The relationship was again demonstrated
using a clinical population within the EURODIAB study (Stephenson &
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Fuller, 1994) and the Vascular Diabetic Complications in Southeast
Sweden (VISS) (Nordwall et al., 2015) where the highest HbA1c
categories were 10%+ and 9.5%+ respectively. To our knowledge, this
is the ﬁrst study to provide evidence of this exponential relationship for
HbA1c above 10% and using a population-based childhood-onset cohort.
The low rate of complications among individuals with a mean paediatric
HbA1c ≤7.5% demonstrates support for the current clinical guidelines for
glycaemic control as outlined by the International Society for Pediatric
Diabetes (International Diabetes Federation, 2011) and the American
Diabetes Association (American Diabetes Association, 2016); this was
also a factor in selecting b 9% (74.9 mmol/mol) as our reference group as
the event rate among individuals with a mean paediatric HbA1c b7.5%
(58.5 mmol/mol) was too low to carry out stable modelling.
The paediatric management period for many of the subjects in the
present study was during the late 1990s and early 2000s. Mean glycaemic
control within the clinic has declined signiﬁcantly since that time period
from above 10% (Bulsara et al., 2004) to below 8% (Cooper, McNamara, de
Klerk, Davis, & Jones, 2016). A study from McKnight et al. (2014)
including data between 2010 and 2013 from over 324,000 subjects from
over 19 different countries or regions showed that the 75th percentile for
HbA1c for many of these cohorts (aged b24 years) remains above or near
10%, meaning that up to a quarter of these patients are within our
observed high risk categories. We were unable to differentiate the effect
of pump therapy versus multiple daily injections as pump therapy was
not introduced within our clinic until 2000 (Bulsara et al., 2004), with
usage below 30% until 2008 (Cooper et al., 2013).
Our observation of reduced risk of eye disease with increased age of
T1D onset is in line with previous ﬁndings for retinopathy (Hletala et al.,
2010) and other microvascular diseases like end stage renal disease
(Svensson, Nyström, Schön, & Dahlquist, 2006); however, there are also
contrasting studies (Dahlquist et al., 2008; Donaghue et al., 2003). In our
study, females represented 85% of those diagnosed with eye disease. Age
at onset of puberty has been implicated as modiﬁers of the relationship
between age of T1D diagnosis and subsequent microvascular disease
(Rogers et al., 1987; Svensson et al., 2006), as has age of menarche
speciﬁcally (Harjutsalo, Maric-Bilkan, Forsblom, Groop, FinnDiane Study
Group, 2016), though contemporary studies examining this are limited.
A link between severe hypoglycaemia and increased risk of
cardiovascular disease has been made in type 2 diabetes (Desouza,
Salazar, Cheong, Murgo, & Fonseca, 2003; Goto, Arah, Goto, Terauchi, &
Noda, 2013). The data for type 1 diabetes are inconsistent, for example a
prospective analysis from the EURODIAB study showed no association
(Gruden et al., 2012), while a Swedish study observed a 1.8 fold
increased risk of mortality in the ﬁrst month following a cardiovascular
event for those with a history of severe hypoglycaemia (Lung et al.,
2014; McCoy et al., 2012). In our study, we observed a two-fold
increased risk of any vascular complication and a near three-fold
increased risk speciﬁcally for ophthalmic complication for those who
had experienced at least one episode of severe hypoglycaemia, though
these estimates did not reach statistical signiﬁcance and should be
interpreted with some caution. Despite having access to prospectively
collected longitudinal severe hypoglycaemia data, this study was unable
to provide speciﬁc insights into the association between severe
hypoglycaemia and cardiovascular disease due to the low number of
cardiovascular disease events observed.
There were a number of strengths to the current study; such as the
population-based sample with high case ascertainment (N 99%),
longitudinal prospectively collected clinical risk factor and outcome
data, capture of both public and private hospitalisations, and the
matched comparison cohort. The use of population-linked data does
have some inherent limitations, as only outcomes requiring a hospital
admission could be examined, meaning early interventions for
cardiovascular disease precursors (for example, prescriptions for
blood pressure and/or cholesterol management medication) or earlier
stages of renal disease such as the development of microalbuminuria
were not able to be examined. Despite these limitations, this study

contributes ﬁndings where there is a paucity of robust contemporary
studies and the ﬁndings are likely to be generalisable to other similar
populations.
In conclusion, the follow-up into early adulthood of a contemporary
population-based childhood onset type 1 diabetes cohort has demonstrated that while the rates are relatively low, chronic vascular
complications (requiring a hospital admission) continue to be observed
in some patients during early adulthood. Despite the low number of
events observed, a clear association was characterised between poor
glycaemic control and the subsequent increased risk of onset of these
complications, and highlight that women and those from a low
socioeconomic background remain at increased risk of complications.
These data demonstrate the value of maintaining population-based
registries and highlight the opportunity to expand the scope of such
registries to incorporate clinical data indicative of early complication
onset to provide further insights into avenues to reduce the personal
and health care system burden of chronic microvascular and macrovascular complications within this population.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jdiacomp.2016.11.022.
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APPENDIX

Supplementary Table 1: Outcome definition and relative clinical coding used to identify records
Outcome
End-stage renal
disease (ESRD)

Ophthalmic
complications

Amputation

Myocardial
Infarction

ICD8/9/9CM Codes a
Diagnosis
249.40, 249.41, 249.42, 249.43 250.40, 250.41,
250.42, 250.43
(investigated) V45.1, V56.0, V56.1, V56.8

ICD10AM Codes b
Diagnosis
E10.2, E11.2, E12.2, E13.2, E14.2

Procedure
39.27, 39.42, 39.43, 39.44, 39.95, 54.98

Procedure
13100-00, 13100-06, 13100-07, 13100-08, 13104-00,
13109-01, 13110-00, 13112-00, 90351-00, 90352-00,
90353-00, 90353-01

Diagnosis of diabetic retinopathy in
addition to undergoing a surgical
procedure (vitrectomy) or similar (noncataract) based ophthalmic repair.

249.30, 249.31, 249.32, 249.33, 250.30, 250.31,
250.32, 250.33, 366

E10.3, E11.3, E12.3, E13.3, E14.3, H25-H28

Procedure (ruled in/out post inspection)
13.3, 13.43, 13.65, 13.69, 14.24

Limb amputation surgery with no sign of
acute trauma present, diabetes specified
as the primary cause with a documented
history of diabetic neuropathy.

Diagnosis
249.60, 249.61, 249.62, 249.63, 250.60, 250.61,
250.62, 250.63

Procedure (ruled in/out post inspection)
34528-0, 42698-02, 42698-03, 42702-04, 42702-05,
42702-06, 42702-07, 42716-00, 42719-01, 42722-01,
42725-00, 42740-03, 42743-00, 42809-00
Diagnosis
E10.4, E11.4, E12.4, E13.4, E14.4
(investigated) T87.3-T87.6, Y83.5

Definition
Diagnosis of diabetic nephropathy in
addition to commencing (minimum of 3
sessions) haemodialysis or having
undergone a kidney transplant.

Primary diagnosis and cause for
hospitalisation was an acute myocardial
infarction with no sign of acute trauma
present.

(investigated) Z49.0-Z49.2, Z99.2

(investigated) 885.0, 885.1, 886.0, 886.1, 887.6
895.0, 895.1, 896.0, 896.2, 897.6, 997.6.0, 997.61
V49.61, V49.63, V49.64, V49.73 V49.74, V49.77,
E878.5
Procedure

Procedure

8.62-8.66, 8.71, 8.73-8.75, 8.77, 8.78, 58.40-58.42,
58.45-58.48, 58.5, 84.01-84.03, 84.05, 84.07, 84.09
84.11, 84.12, 84.17, 84.19, 84.3, 84.91

44325-00, 44325-01, 44328-00, 44328-01, 44334-00,
44338-00, 44358-00, 44364-00, 44364-01, 44367-00,
44367-02, 44370-00, 44373-00, 44376-00, 46464-00,
46465-00, 46480-00, 46483-00

410-414

I21-I25
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a

Stroke

Primary diagnosis and cause for
hospitalisation was an acute stroke with
no sign of acute trauma present.

430-438

I60-I69

Vascular
Intervention

Inpatient hospitalisation for artery
bypass procedure, angioplasty or
insertion of a stent or similar procedure
to prevent or rectify blockage of an
artery.

Procedure

Procedure

36.06, 36.07, 36.1, 36.15, 36.16, 38.2, 39.24, 39.25,
39.28, 39.29, 39.66, 39.9, 53.61, 53.96, A8.84,
E878.2

32700-0(0-8), 32700-1(0-1), 32708-0(0-2),
32712-0(0-1), 32715-0(1-2), 32718-0(0-1),
32739-00, 32742-00, 32751-0(0-1), 32763-00,
32763-0(2-3), 32763-0(6-9), 32763-1(1-4), 32763-16,
32763-18, 34803-0(0-1), 34806-0(0-1), 34809-00,
34812-0(0-1), 35303-0(6-7), 35306-0(0-5),
35307-0(0-1), 35309-0(0-9), 35310-00, 35310-03,
35315-0(0-1), 35338-0(0-1), 35344-0(0-1), 38306-00,
38306-03, 38312-0(0-1), 38318-0(0-1), 38500-0(0-2),
38503-0(0-2), 38600-00, 38603-00, 55294-00,
90211-0(0-6), 90212-00, 90212-0(2-7), 90212-09,
90212-10, 90231-00,

Any of the above

Any of the above

Any complication

International Classification of Diseases, Ninth Revision (IC9) and Clinical Modification (ICD9CM); search included all codes with each sub classification listed, for example 296 represents codes
296.00 through to 296.99
b
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision Australian Modification (ICD10AM); search included all codes with each sub classification listed, for
example F50 represents codes F50.00 through F50.99, and F30.0 represents F30.00 through F30.09, and 32700-0(0-8) represents 32700-00 through 32700-08
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Psychiatric disorders during early adulthood in those with
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3

Department of Endocrinology and Diabetes,
Princess Margaret Hospital for Children, Perth,
Australia
Corresponding Author: Elizabeth Davis,
Department of Endocrinology and Diabetes,
Princess Margaret Hospital for Children, GPO
Box D184, Perth, WA 6840, Australia
(Elizabeth.Davis@health.wa.gov.au).
Funding information
NHMRC Early Career Fellowship,Grant/Award
number: #1072593.

was used to access inpatient hospitalization data, mental health support service data, and mortality data to follow-up both cohorts into early adulthood.
Results: The mean age of T1D diagnosis was 9.5 years (SD 4.1), with a mean age at end of
follow-up of 26.4 years (SD 5.2, max 37.7). The diagnosis of any psychiatric disorder was
observed for 187 of 1302 (14.3%) in the T1D cohort and 400 of 6422 (6.2%) in the comparison
cohort [adjusted hazard ratio (HR) 2.3; 95% CI 1.9, 2.7]. Anxiety, eating, mood, and personality
and behaviour disorders were observed at higher rates within the T1D cohort. Comorbid psychiatric disorders were more frequent, at the cohort level, within the T1D cohort (2-3 disorders
3.76% vs 1.56%) and service utilization was higher (15+ contacts 6.8% vs 2.8%); though these
differences did not remain when restricted to only those individuals diagnosed during followup. A history of poor glycaemic control was associated with an increased risk of anxiety, mood,
and ‘any’ disorder (HR ranging from 1.35 to 1.42 for each 1% increase in mean paediatric
HbA1c).
Conclusion: Our ﬁndings highlight the need for access to mental health support services as part
of routine patient care for young adults with T1D, and for better predictive tools to facilitate
targeting at-risk patients with early intervention programs.
KEYWORDS

mental health, morbidity, psychiatric disorders, risk factors, type 1 diabetes

1 | I NTRO DUC T I O N

to be inconclusive.6 A particular limitation of the research to date has

There are numerous studies examining psychiatric outcomes in indivi-

investigators have used different measures of symptomatology,1,6

duals with type 1 diabetes (T1D). Increased incidence of psychiatric

while others used formal diagnostic-system based criteria.2,3 Data

been the way in which psychiatric outcomes are deﬁned. Previous

1

1,2

or any psychiatric disorders

collection and completeness has also varied, including mail-outs, in

more generally3,4 has been reported among young individuals with

clinic questionnaires and hospital record examinations. The majority

T1D relative to the general population. However there have also

of these studies are cross-sectional and few have directly included

been studies showing no increased risk.5 For example a recent meta-

general population control data.6

disorders such as anxiety, depression,

analysis including data from 23 papers deemed the current evidence

The transition to adulthood presents many challenges including

of increased incidence of depression among young people with T1D

establishing new social networks and increased independence; those
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with chronic diseases experience additional challenges including tak-

1 data record per contact with the support services. Both of these

ing over primary communication with their health care team and

datasets are available from 1970 onwards.

increased accountability for disease management.7,8 For those with

The Western Australian Birth Register contains details of all

T1D, this period generally coincides with a change of diabetes man-

births in WA, dating back to 1974; this was used as the source of the

agement providers from paediatric care to adult or general practi-

general population comparison group. The Western Australian Mor-

tioner lead care.9,10 All of these changes occur during a time (ages

tality Register is a statutory collection containing cause of death data

18-34 years) when the prevalence of many psychiatric disorders

for all deaths in WA since 1969 and was used as the source of death

peaks.11

information.

Early intervention for psychiatric disorders in young people has
been associated with improved psychiatric outcomes.12,13 Informa-

2.2 | Subjects

tion that facilitates the prediction of those at greater risk would enable targeted intervention.14,15 One challenge to early intervention is

The T1D cohort consisted of all patients from the WA Childhood

understanding the direction of the relationship between T1D and

Diabetes Database with T1D born prior to January 1, 1993 to ensure

psychiatric conditions; comorbid psychiatric disorders can exacerbate

they had reached 18 years of age prior to December 31, 2011 (date

T1D metabolic control and acute T1D complications.16,17 Longitudi-

limit for data extraction). A general population sample, matched 5:1

nally collected data can help to clarify the aetiology of comorbid

for sex and exact date of birth, was randomly selected from the WA

mental health problems in T1D and identify risk factors for their

Birth Register to form the comparison cohort.

onset.18–20

2.3 | Linkage

There is therefore a need for contemporary, prospectively collected data to address the questions pertaining to psychiatric morbid-

The WA Data Linkage Branch at the Department of Health com-

ity in T1D.2,4 In this study we identiﬁed a population-based cohort

pleted the linkage of the T1D cohort and the comparison cohort to

with childhood onset T1D who were at least 18 years of age at the

the Hospital Morbidity Data System, Mental Health Information Sys-

end of follow-up (2011) and an age and sex match comparison

tem, and WA Mortality Register. Subject identifying data were pro-

cohort. Using a linked data methodology, the aims of this study were

vided to the Data Linkage Branch and probabilistically matched to

(1) to calculate and compare the incidence, post T1D diagnosis, of

master linkage keys to facilitate record extraction. Requested records

psychiatric disorders within these 2 cohorts; and (2) within the T1D

were then extracted, de-identiﬁed and then made available for analy-

cohort, to incorporate comprehensive clinical history records from

sis. The study was approved by the Princess Margaret Hospital’s Eth-

childhood to identify risk factors that may predict disorder onset dur-

ics Committee and consent for data linkage was approved by the

ing early adulthood.

Human Research Ethics Committee of the WA Department of
Health.

2 | METHODS

2.4 | Psychiatric disorders and mortality
The diagnosis variables within the Hospital Morbidity Data System and

2.1 | Data sources

the Mental Health Information System are coded using the InternaThe T1D cohort was identiﬁed through the Western Australia Child-

tional Classiﬁcation of Diseases, Ninth Revision (ICD-9) from January

hood Diabetes Database, described elsewhere.21 Brieﬂy, this is a

1979 to December 1987, the ICD-9 Clinical Modiﬁcation (ICD-9-CM)

population-based database, established in 1987, which houses demo-

from January 1988 to June 1999 and the International Statistical Clas-

graphic and clinical diabetes management data on all children under

siﬁcation of Diseases and Related Health Problems, Tenth Revision

the age of 16 years in Western Australia (WA) (2015 population 2.6

Australian Modiﬁcation (ICD-10-AM) from July 1999 through January

million)22 with type 1 and 2 diabetes. Consent for use of the data in

2012. The broad psychiatric disorders of interest were anxiety, eating,

research is gained during initial clinic visits and data is collected pro-

mood, personality and behaviour, schizophrenia and psychosis, and

spectively throughout childhood hospital admissions and 3 monthly

substance dependence disorders. The diagnoses included within these

visits with the Princess Margaret Hospital state-wide diabetes serv-

disorder groups and their ICD-9/9-CM/10-AM codes are listed in

ice. The state-wide case ascertainment for this cohort is >99%.21

Table S1 (Supporting information). Cause of death was grouped into

Psychiatric diagnoses were ascertained from 2 different state-

broad categories based on either the cause of death text from the cor-

wide registers, the Hospital Morbidity Data System and the Mental

oner’s report or the ICD codes assigned to the death records.23

Health Information System. The Hospital Morbidity Data System contains data for all inpatient hospital discharges in WA from both public

2.5 | Clinical risk factors

and private hospitals. Variables include primary and additional diagnoses, procedures performed and length of stay. Data are in the form

Within the T1D cohort, clinical predictors of interest included age of

of 1 record per separation (the end of an episode of care). The Men-

T1D diagnosis, sex, glycaemic control, history of severe hypoglycae-

tal Health Information System contains data from public community

mia episodes, and socio-economic status. These variables were availa-

services, ambulatory mental health support services and mental

ble from diagnosis, or ﬁrst attendance at the WA clinic for patients

health emergency response telephone lines. Data are in the form of

who migrated to WA, through to age 18 years or the last clinic
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appointment prior to transition to adult care. The term paediatric

age 15.5 years, only those clinical records available between T1D

management is used to deﬁne this period.

diagnosis and 15.5 years were included. If a mood disorder was

HbA1c level was determined at each clinic visit via agglutination

diagnosed at age 22.3 years, then all clinical records available were

inhibition immunoassay [non-diabetic reference < 44.3 mmol/mol

used (as there were no clinical records available beyond age 18). All

(6.2%); Siemens DCA Vantage; Siemens Healthcare Diagnostics,

data manipulation and analyses were performed in R 3.0.3

Erlangen, Germany]. A mean HbA1c was calculated for each subject,

software.26

using the values from all clinical visits between T1D diagnosis
(excluding those within the ﬁrst 3 months’ post diagnosis) and either
age 18 years or psychiatric disorder onset, whichever occurred ﬁrst.
Severe

hypoglycaemia

was

deﬁned

in

line

with

3 | RE SU LT S

previous

publications,24 as a hypoglycaemic event leading to loss of consciousness or seizure, self-reported during routine 3-monthly clinical visits.

There were 1377 subjects identiﬁed within the WA Childhood Diabe-

This was analysed in 2 forms, ﬁrstly as a rate per 100 patient-years

tes Database who met the inclusion criteria. Of these, 1355 were

(grouped into categories 0, 1-9, 10-19, and ≥20 per 100 patient-

identiﬁed within the WA Data Linkage System (98.4%). Following

years) to adjust for duration of diabetes, and secondly as a cumulative

exclusions for those who were over 18 years at the time of diagnosis

count (grouped into categories 0, 1, 2-3, and ≥4 episodes).

(n = 7), those with insufﬁcient clinical data prior to age 18 years

Socio-economic status was assessed using the socio-economic

(n = 32) and those diagnosed with a psychiatric disorder prior to their

indexes for areas index of relative socio-economic disadvantage. This

T1D diagnosis (n = 14), there were 1302 individuals available for

measure is calculated using area-speciﬁc information pertaining to

analysis with over 22 015 patient-years of follow-up. For included

residents’ income, education attainment, unemployment and occupa-

individuals, 50.5% (n = 657) were male, the mean age of T1D diagno-

tions, and is published by the Australia Bureau of Statistics.25 State-

sis was 9.5 years (SD 4.1; diagnosis occurring between 1977 and

based deciles were used, based on residential postcode at time of

2009), mean long-term paediatric HbA1c was 75.9 (SD 16.1) mmol/

diagnosis, to categorize subjects as having low (1-3), medium (4-7), or

mol [9.1% (SD 1.5)] and median number of clinical visits during pae-

high (8-10) socio-economic status.

diatric management was 22 (IQR 13, 33) (see Table 1). Individuals in
the comparison cohort were removed if they died (n = 73) or were
diagnosed with a psychiatric disorder (n = 65) prior to the T1D diag-

2.6 | Statistical analysis

nosis of their matched T1D individual, ensuring incident diagnoses

Data were received in a separate ﬁle per data source and per cohort,

occurred during the same follow-up period in both cohorts. The ﬁnal

these were merged based on the unique individual identiﬁer provided

matched comparison cohort consisted of 6422 individuals.

by the Data Linkage Branch. Records pertaining to psychiatric disorders were identiﬁed through searching for the ICD codes listed in
Table S1 within the primary diagnosis ﬁeld. Where a psychiatric dis-

3.1 | Cumulative incidence and hazard ratios

order was recorded prior to the diagnosis of T1D, that individual and
their matched controls were removed from the analysis dataset.

Psychiatric diagnoses are shown in Table 2. During follow-up,

Subject characteristics are presented as mean (standard devia-

187 individuals with T1D (14.4%) and 400 from the comparison

tion), median (interquartile range) or n (percentage), as appropriate.

cohort (6.2%) were diagnosed with a psychiatric disorder. Within

Single variable comparisons between cohorts were carried out using

both cohorts, the most frequently diagnosed disorders were anxiety

t-tests (for parametric variables) or Fisher’s exact test (for categorical

disorders with 119 and 245 diagnosed among the T1D and compar-

variables). Because of the skewed age at the end of follow-up due to

isons cohorts respectively (Table 2), hazard ratio 2.5 (95% CI

the study design, standard incidence rates would likely underestimate

1.9,3.2). The largest hazard ratio observed was for eating disorders,

true incidence, so age 25-years (lifetime) cumulative incidence esti-

HR = 5.0 (95% CI 2.3, 9.9) for those with T1D. Those with T1D

mates were calculated. Cox-proportional hazard models (for each psy-

were also at increased risk of being diagnosed with mood disorders

chiatric disorder group) were used to take into account the censoring

(HR 2.95; 95% CI 1.9, 3.2) and personality and behaviour disorders

in the data; the underlying time variable used was time since type 1

(HR 2.18; 95% CI 1.2, 3.9). The least frequently diagnosed disorder

diabetes diagnosis, right censored at the time of ﬁrst diagnosis (for

within the T1D cohort was schizophrenia and psychosis (n = 9) and

the psychiatric disorders being modelled), death, or January 31, 2012

within the comparisons cohort was eating disorders (n = 13). No

(date limit for extracted follow-up data), whichever occurred ﬁrst. All

increased risk was observed for schizophrenia and psychosis or sub-

models were adjusted for sex and birth year. Interaction terms

stance dependence disorders. The sex distributions of those diag-

between status and birth year were modelled to test for temporal dif-

nosed were similar between cohorts and, while age of psychiatric

ferences in instantaneous risk. To assess model ﬁt, Schoenfeld resid-

disorder diagnosis was consistently lower within the T1D cohort

ual plots were generated and visually inspected and time-dependent

(with the exception of substance dependence disorders), this was

interaction variables were tested for insigniﬁcance (P > 0.05).

only signiﬁcantly different between cohorts for mood disorders

In the T1D cohort only analysis, clinical data for each individual

(P = 0.027). Interaction terms, between T1D status and birth year,

was only included for visits occurring prior to psychiatric disorder

were not statistically signiﬁcant and did not signiﬁcantly alter the

diagnosis. For example if a psychiatric disorder was diagnosed at

magnitude of the main effect terms.
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TABLE 1

Demographic and clinical characteristics

Variable1

T1D Cohort

Total cohort size

1302

Age at the end of follow-up
(years)2

26.4 (5.2)

Sex (female)

645 [49.5%]

adjusting for the underlying increased risk within the T1D cohort,
Comparison
Cohort

there were no differences in severity between the T1D cohort and

6422

23.0% vs 27.3%; ≥15 contacts, 45.5% vs 47.1%; P > 0.05).

the comparison cohort (2-3 contacts, 11.8% vs 10.2%; 4-14 contacts,

26.4 (5.2)
3181 [49.5%]

3.3 | Within T1D cohort analysis

Age at T1D diagnosis (years)

9.5 (4.1)

–

9.1 (1.5)

–

The mean length of time between T1D diagnosis and psychiatric dis-

HbA1c (%)

75.9 (16.1)

–

16.9 (6.5)

–

HbA1c (mmol/mol)
Length of follow-up (years)

3

order was lowest for anxiety disorders at 8.9 years, and highest for
personality and behaviour disorders at 19.4 years, noting that the
second highest was for substance dependence disorders at

22 [13, 33]

–

Low

305 [24.1%]

–

Medium

450 [35.6%]

–

High

510 [40.3%]

–

923 [70.9%]

–

viour disorders although conﬁdence intervals included 1, possibly due

66 [5.1%]

–

to lower numbers (n = 13 and 16, respectively). In line with observa-

10-19

115 [8.8%]

–

tions in the general population, males had reduced risk (HR ranging

20

198 [15.2%]

–

from 0.4 to 0.61) of anxiety, mood, and personality and behaviour

Paediatric clinical visits (count)

14.7 years. Paediatric glycaemic control was the clinical risk factor

SES4

that demonstrated the most consistent association with the onset of
a psychiatric disorder. A hazard ratio of between 1.31 [1.35] and 1.38
[1.42], for each 10 unit [1%] increase in HbA1c mmol/mol [%] was
observed for anxiety, mood, and ‘any’ disorder (see Table 3). The

Severe hypoglycaemia rate (/100
patient-years)
0
1-9

1

effect size was similar for eating disorders and personality and beha-

disorders compared to females, but increased risk (HR 3.4) of schizoCount; mean (standard deviation); count [percentage]; median [interquartile range] as appropriate.

2

Age censored at January 31, 2012 or death, whichever occurred ﬁrst.

3

Difference, in years, between age at end of follow-up and at T1D diagnosis; this is duration of exposure to T1D at the end of follow-up.

4

Socio-economic background, presented for those where data were
available.

phrenia and psychosis disorders. The association between Socioeconomic Status (SES) and diagnosis of the psychiatric disorders was less
consistent. There was little indication of a dose response association;
relative to high SES background, a medium SES background was associated with a 1.36 HR and low SES background a 1.2 HR for any psychiatric disorder, but neither were signiﬁcantly different from 1. No
association was observed between history of severe hypoglycaemia
or age of T1D diagnosis, and psychiatric disorder onset.

3.2 | Comorbidity and service utilization
Comorbid conditions were assessed by summing the number of
unique diagnoses (at the broad group level deﬁned earlier, eg any

3.4 | Mortality

mood disorder) per individual, irrespective of whether those diag-

During follow-up 27 (2.1%) subjects within the T1D cohort and

noses were made during the same or separate clinical records. In line

40 (0.6%) subjects within the comparison cohort died, this includes

with the results above, at the cohort level, a higher proportion of

deaths that occurred prior to age 18 years. Of these 35% (n = 9) of

individuals in the T1D cohort were diagnosed with multiple disorders

the T1D cohort and 20% (n = 8) of the comparison cohort were diag-

during follow-up (2-3 conditions 3.76%, ≥4 conditions 0.3%) com-

nosed with a psychiatric disorder prior to death. Among the

pared to the comparison cohort (2-3 conditions 1.56%, ≥4 conditions

18 (1.4%) within the T1D cohort who died without receiving support

0.2%; P < 0.001). Within the 28% (53 of 187) of the T1D cohort that

for a psychiatric disorder via a service captured within these data,

experienced multiple diagnoses, the most commonly co-occurring

5 (27.8%) died either as a result of suicide or from accidental narcotic

comorbidities were anxiety and mood disorders (53%), and anxiety,

overdose, in comparison to 3 (37.5%) within the comparison cohort.

mood, and personality and behaviour disorders (15%). However,
when restricted to just those diagnosed thus adjusting for the underlying increased risk within the T1D cohort, there were no differences

4 | DI SCU SSION

in comorbidity between the T1D cohort (2-3 conditions 26.2%, ≥4
conditions 2.1%) and the comparison cohort (2-3 conditions 25%, ≥4

In this retrospective-cohort study, using prospectively collected

conditions 3%; P > 0.05).

population-based data, a cohort diagnosed with T1D during child-

Crude service utilization was assessed by summing the number

hood and adolescence with no pre-existing psychiatric disorders was

of contacts with support services per clinical record pertaining to a

identiﬁed and data linkage was utilized to follow them, and an aged

psychiatric disorder per individual. During follow-up, a higher propor-

and sex matched non-diabetic comparison cohort, for a mean of

tion of individuals in the T1D cohort had multiple contacts per clinical

17 years into early adulthood for incidence of psychiatric disorders.

record (2-3 contacts, 2.2% vs 1.2%; 4-14 contacts, 3.9% vs 1.4%; ≥15

Cumulative incidence and hazard ratios for the T1D cohort relative to

contacts, 6.8% vs 2.8%; P <0.001) compared with the comparison

the comparison cohort were presented, as well as the association of

cohort. However again, when restricted to just those diagnosed thus

clinical risk factors extracted from comprehensive paediatric
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TABLE 2

Cumulative incidence, hazard ratios, age of diagnosis, and sex by psychiatric disorder; T1D and comparison cohorts

Psychiatric disorder1
Total cohort size

T1D

Comparison Cohort

1302

6422

HR/P-value2
–

Anxiety disorder
N

119

245

2.50 (2.0, 3.1)

Cumulative incidence (age 25 years)3

8.8% [62]

3.1% [109]

–

Age diagnosed (years)

20.9 (6.8)

21.1 (7.4)

0.818

Sex (female)

61.3% [73]

61.6% [151]

1

Eating disorders
N

13

13

Cumulative incidence (age 25 years)3

1.3% [9]

0.3% [9]

–

Age diagnosed (years)

21.2 (6.5)

22.3 (4.2)

0.597

92.3% [12]

92.3% [12]

Sex (female)

5.06 (2.3,10.9)

1

Mood disorder
N

92

163

2.95 (2.3,3.8)

Cumulative incidence (age 25 years)3

7.8% [55]

2.4% [85]

–

Age diagnosed (years)

22.6 (5.8)

24.3 (6.0)

0.027

63.2% [103]

0.272

Sex (female)

70.7% [65]

Personality and behaviour disorders
N

17

36

2.43 (1.4,4.3)

Cumulative incidence (age 25 years)3

1.7% [12]

0.4% [14]

–

Age diagnosed (years)

23.5 (3.6)

25.5 (5.9)

0.14

70.6% [12]

61.1% [22]

Sex (female)

0.555

Schizophrenia and psychosis disorders
N

9

58

0.81 (0.4,1.6)

Cumulative incidence (age 25 years)3

0.6% [4]

0.7% [24]

–

Age diagnosed (years)

25.1 (4.9)

25.7 (6.0)

0.752

44.8% [26]

0.285

Sex (female)

22.2% [2]

Substance dependence disorders
N

12

54

1.15 (0.6,2.2)

Cumulative incidence (age 25 years)3

0.6% [4]

0.7% [26]

–

Age diagnosed (years)

28.8 (5.5)

25.6 (5.3)

0.087

31.5% [17]

0.316

Sex (female)

50.0% [6]

Any disorder
N
Cumulative incidence (age 25 years)3
Age diagnosed (years)
Sex (female)

187

400

15.0% [106]

5.4% [189]

2.46 (2.1,2.9)
–

21.3 (6.5)

22.4 (7.1)

0.068

62.6% [117]

57.2% [229]

0.242

1

Count; cumulative incidence or percentage [number]; mean (standard deviation) as appropriate.

2

Hazard ratio and 95% conﬁdence interval calculated via a Cox-proportional hazards model adjusted for sex and birth year, censored to age at disorder
diagnosis, death or January 31, 2012 (whichever occurred ﬁrst); P-value from t-test for difference of means or ﬁshers exact test for categories as
appropriate.

3

Cumulative incidence as at age 25 years: calculated as the number of subjects with any previous diagnosis of the condition (numerator) divided by the
number of subjects who reach at least age 25 by end of follow-up (denominator).

management records with disorder onset. Comorbidity of multiple

No relationship was observed with age of T1D diagnosis and psychi-

disorders, level of service contact/utilization and the relationship with

atric disorder onset. With the exception of schizophrenia and psycho-

subsequent death were also reported.

sis disorders and substance dependence disorders, females within

Overall the observed risk of psychiatric disorders was 2.3 times

this cohort had an increased risk (approximately 1.8 times) of being

higher within the T1D cohort compared with the comparison cohort,

diagnosed with a psychiatric disorder compared to males. At the

with speciﬁc diagnoses of anxiety, eating, mood, and personality and

cohort level, the rate of comorbidity and service utilization was

behaviour disorders occurring more frequently within this cohort.

higher within the T1D cohort; however, there were no differences

Using comprehensive clinical records collected during paediatric man-

between cohorts when looking at only those individuals who became

agement, history of poor glycaemic control (a higher mean HbA1c)

engaged with the mental health support system. This suggests that,

was identiﬁed as a risk factor for anxiety, mood and eating disorders.

while diagnosed more frequently, the subsequent engagement with
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TABLE 3

Hazard ratios for the association of clinical risk factors, assessed during the paediatric management period, with psychiatric disorder
onset within the type 1 diabetes cohort

Risk factor

Anxiety
disorder1

Eating
disorders1

Mood
disorder1

Personality and
behaviour
disorders1

Schizophrenia and
psychosis
disorders1

Substance
dependence
disorders1

Any
disorder1

N

119

13

92

16

9

12

187

Age of T1D
diagnosis
(years)

0.92 (0.9, 1.0)

0.93 (0.8, 1.1)

0.96 (0.9, 1.0)

0.94 (0.8, 1.1)

0.92 (0.8, 1.1)

0.92 (0.8, 1.1)

0.93 (0.9, 1.0)

HbA1c (%)

1.42 (1.2, 1.6)

1.45 (1.0, 2.2)

1.38 (1.2, 1.6)

1.33 (0.9, 1.9)

0.94 (0.5, 1.6)

1.14 (0.8, 1.7)

1.35 (1.2, 1.5)

HbA1c (mmol/
mol—10 unit
change)

1.38 (1.2, 1.5)

1.4 (1.0, 2.0)

1.34 (1.2, 1.5)

1.30 (0.9, 1.8)

0.94 (0.6, 1.5)

1.13 (0.8, 1.6)

1.31 (1.2, 1.4)

Sex (male)

0.61 (0.4, 0.9)

–2

0.40 (0.3, 0.6)

0.41 (0.1, 1.2)

3.43 (0.7, 16.5)

1.00 (0.3, 3.1)

0.57 (0.4, 0.8)

Low

1.41 (0.9, 2.2)

0.43 (0.0, 3.9)

0.66 (0.4, 1.2)

0.86 (0.2, 3.4)

1.16 (0.2, 7.0)

0.69 (0.1, 3.8)

1.20 (0.8, 1.8)

Medium

1.22 (0.8, 1.9)

1.73 (0.5, 6.2)

1.14 (0.7, 1.8)

1.37 (0.5, 4.1)

1.50 (0.3, 6.7)

1.84 (0.5, 6.5)

1.36 (1.0, 1.9)

High

–

–

–

–

–

–

–

SES

1

Count; hazard ratio and 95% conﬁdence interval calculated via a Cox-proportional hazards model adjusted for sex and birth year, censored to age at disorder diagnosis, death or January 31, 2012 (whichever occurred ﬁrst) as appropriate.

2

Estimate not presented as unstable due to low counts.

support services is broadly similar between cohorts. Those diagnosed

ascertainment for the T1D cohort, as a result of the datasets used to

with psychiatric disorders were over-represented among those who

identify disorder onset, may result in an overestimate of the true

died during follow-up and a number of those who died without a

effect size. To our knowledge, the direction and size of this potential

prior psychiatric disorder diagnosis died due to suicide or engaging in

bias has not been quantiﬁed, therefore we are unable to make adjust-

risky behaviours. We have previously reported on early adulthood

ments to our effect estimates. It has been demonstrated that those

mortality within this cohort.23

with T1D can suffer from health care burnout due to the ever pres-

The choice to exclude the small cohort (14 of 1316) with psychi-

ent need to manage their diabetes,29 particularly during transition to

atric disorders diagnosed prior to their T1D onset was made to

early adulthood care.30,31 It is possible that this burnout, particularly

ensure that (1) analysis pertains to a clearly deﬁned outcome, psychi-

during early adulthood, may result in disengagement with the health

atric disorders developing subsequent to the onset of T1D, and

care system. In support of this are reports of decreased regimen

(2) we did not inﬂate the incidence by included pre-existing condi-

adherence and appointment attendance during the transition and

tions. With this design, we can be conﬁdent in the temporal relation-

early adulthood period,32 particularly among the patient groups we

ship between our clinical risk factors and subsequent disorder onset.

have identiﬁed as being at increased risk of psychiatric disorders.33 If

The limitation is that while our analysis includes the vast majority

the engagement of the T1D cohort with the health system did facili-

(>98%) of this population-based cohort, there will be a slight underes-

tate increased contact with mental health support services, one might

timate of the total burden of psychiatric disorders within the T1D

expect that those within the T1D cohort would, as a result of having

population.

reduced barriers for assessment, be diagnosed at a comparatively

The cumulative incidence estimates provided here can, with

younger age than their peers. In Table 2 we report an earlier age of

some caution, be compared to a national survey published in 2007 by

onset for mood disorders (approximately 1.7 years earlier than their

the Australia Bureau of Statistics; in which the cumulative incidence

peers), however this effect was not consistent in size or direction

among the general population aged 16-24 years for anxiety disorders

across the disorders examined.

was reported as 15.4%.27 This in-depth household survey reported

With the exception of paediatric glycaemic control levels and

that only 34.9% of individuals with a disorder utilized any service for

sex, the analysis did not identify a set of clinical factors with consist-

support, with a (maximum) of 25% of those who did utilizing only

ent, strong associations that could aid in predicting which patients

general practitioners,27 (which was not captured within our datasets).

were most likely to develop psychiatric disorders in early adulthood.

From this we would estimate the cumulative incidence of those with

This is despite having comprehensive patient records (a median of

anxiety disorders who utilized specialist psychiatric disorder support

22 per patient). History of severe hypoglycaemia was not directly

services to be approximately 4.0%, which is similar to the 3.1%

associated with disorder onset in this study, however indirect path-

observed within our comparison cohort.

ways may remain. Fear of hypoglycaemia both impacts quality of

It is possible that Berkson’s bias, a form of selection bias where

life34 and mediates the relationship between social anxiety and insu-

ascertainment of outcomes differs between exposure groups, is pres-

lin adherence, particularly in males.35 There are also reports of

28

ent.

Anecdotal evidence suggests the engagement of the T1D

declines in metabolic control and increased acute complications

cohort with the health care system may facilitate increased contact

among those with comorbid psychiatric disorders;16,17,36 these ﬁnd-

with mental health support services. The possible increased

ings suggest a possible feedback loop that patients with T1D may be
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at increased risk of falling into. With over 14% of this cohort utilizing

behaviour disorders and the higher incidence within both females

psychiatric disorder support services (many requiring multiple con-

and those with a history of poor glycaemic control provides insights

tacts) and little in the way of predictive power for identifying those

to clinicians as to where extra vigilance in looking for the early signs

most at risk, a health economic evaluation of possible screening and

of these disorders may be warranted. The insights contributed to the

early intervention programs could prove informative to policy makers.

mixed literature from this study highlight the value of maintaining

This may serve to improve the overall mental state of the T1D popu-

population-based, prospective registries as it pertains to aiding in the

lation leading to increase regimen adherence and general health.37,38

understanding of the natural history of chronic conditions and

The present study has a number of strengths such as a prospec-

informing clinical practice; it further highlights the importance of fol-

tively collected population-based cohort with high (>99%) case ascer-

lowing patients from childhood through adulthood capturing data

tainment, comprehensive clinical records over the full paediatric

from a wide variety of sources (including inpatient data, outpatient

period of management, and a matched comparison cohort. A limita-

data, general practitioner data, and prescription data).

tion of the study is that the psychiatric disorders captured by the
mental health information system are not exhaustive and do not
include private psychiatrists, psychologists, general practitioners, or
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A critical review of the literature published in 2003 concluded
that (1) there was an increased risk for psychological disorders among
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Table S1: ICD codes used to form psychiatric disorder diagnoses
Psychiatric disorder
Anxiety disorders

Eating disorders

Mood disorders

Personality and behaviour
disorders

Schizophrenia and psychosis
disorders
Substance dependence disorders

Conditions included (but not
limited to)
Includes phobias, obsessivecompulsive disorders, severe
stress, dissociative disorders and
other neurotic disorders.
Includes anorexia, bulimia and
overeating and vomiting
associated with psychological
disturbances.
Includes manic episodes,
bipolar disorder I and II,
depressive episodes and
persistent mood disorders.
Includes paranoia, habit and
impulse disorders, gender
identity disorders and sexual
preference and development
disorders
Includes schizophrenia,
persistent delusional disorders,
and schizoaffective disorders
Includes withdrawal from and
psychosis induced from alcohol,
opioids, cannabinoids,
sedatives, cocaine,
hallucinogens and volatile
substances.
Excludes acute harmful use
(overdose).

ICD9 / ICD9CMa

ICD10AMb

300, 306.00-309.99

F40.0-F48.9

307.5

F50

296, 311

F30.0-F39.9

301.00-302.99

F60.0-F69.9

295, 297, 298

F20.0-F29.9

F10.2, F10.5-F10.9,
F11.2, F11.5-F11.9,
F12.2, F12.5-F12.9,
F13.2, F13.5-F13.9,
F14.2, F14.5-F14.9,
F15.2, F15.5-F15.9,
F16.2, F16.5-F16.9,
F17.2, F17.5-F17.9,
F18.2, F18.5-F18.9,
F19.2, F19.5-F19.9
a
International Classification of Diseases, Ninth Revision (IC9) and Clinical Modification (ICD9CM); search included all codes with
each sub classification listed, for example 296 represents codes 296.00 through to 296.99
a
International Statistical Classification of Diseases and Related Health Problems, Tenth Revision Australian Modification
(ICD10AM); search included all codes with each sub classification listed, for example F50 represents codes F50.00 through F50.99,
and F30.0 represents F30.00 through F30.09
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Abstract
Aims To calculate standardized mortality ratios and to assess the association between paediatric clinical factors and
higher risk of mortality during early adulthood in a population-based cohort of subjects with Type 1 diabetes.
Methods Subjects with Type 1 diabetes were identified through the Western Australian Children’s Diabetes Database
and clinical data for those who reached 18 years of age (n = 1309) were extracted. An age- and sex-matched (without
diabetes) comparison cohort (n = 6451) was obtained from the birth registry. Mortality records were obtained from the
death registry. Participants were followed up until 31 January 2012. Associations of clinical factors (from clinic visits
before 18 years of age) with mortality were assessed using Cox proportional hazard models.

The standardized mortality ratio for all-cause mortality was 1.7 (95% CI 0.7–3.3) for male and 10.1 (95% CI
5.2–17.7) for female subjects with Type 1 diabetes (median age at end of study 25.6 years). The adjusted hazard ratio
was 1.5 (95% CI 1.1–2.1) for a 1% increase in mean paediatric HbA1c level, 3.8 (95% CI 0.9–15.3) for four episodes of
severe hypoglycaemia relative to zero episodes, and 6.21 (95% CI 1.4–28.4) for a low-level socio-economic background
relative to a high-level background.

Results

Conclusions People with childhood-onset Type 1 diabetes have higher mortality rates in early adulthood. At
particularly high risk are women, those with a history of poor HbA1c levels, those with recurrent severe hypoglycaemia
during paediatric management, and those from a low socio-economic background. These groups may benefit from
intensified management during transition from paediatric to adult care facilities.

Diabet. Med. 31, 1550–1558 (2014)

Introduction
The majority of studies on mortality in Type 1 diabetes to
date have used administrative health data to verify both
diagnosis and cause of death, but lack access to clinical
information that could be used to identify factors that may
predict those at higher risk of death. A notable exception is a
study of 727 Danish adults, which included 4 years of linked
pathology data, in which the authors observed a hazard ratio
of 1.47 (95% CI 1.3–1.7) between mean HbA1c (%) and
all-cause mortality [1]. Some studies have included patients’
baseline glycaemic control data [2]; however, this may result
in misleading conclusions, as a single measurement may not
be reflective of long-term glycaemic control [3], particularly
Correspondence to: Elizabeth Davis.
E-mail: Elizabeth.Davis@health.wa.gov.au

in children [4,5]. There is a paucity of contemporaneous
population-based studies that can be used to identify people
with childhood-onset Type 1 diabetes who are at the highest
risk of death during early adulthood.
Recent population-based studies report a range of standardized mortality ratios for those with childhood-onset
Type 1 diabetes, with observations generally varying between
2.0 and 6.0 [2,6–9]. A report from New South Wales,
Australia, on people with Type 1 diabetes who died at age
< 40 years found cause of death to be, in decreasing order,
unnatural (e.g. a fall, motor vehicle accident, narcotic
overdose or suicide), acute diabetes complications, sudden
and unexpected (dead-in-bed or undetermined), cardiovascular and other (e.g. respiratory, neurological, cancer or
infection) [10]. Those observations suggest that causes of
death during early adulthood are different from those
observed in older adulthood. Analysis of temporal trends
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What’s new?
• This was a population-based cohort with a high case
ascertainment of childhood-onset Type 1 diabetes cases
from a population of 2.4 million.
• We obtained comprehensive clinical data from 3monthly clinic visits throughout paediatric management
from a well-established, long-standing clinical register.
• The study used population-linked health data, providing comprehensive subject follow-up.
• The study had a robust design and statistical analysis
that addressed the limitations of previous studies on this
topic.
• We obtained clear results, providing novel insights into
those subgroups of patients who are at higher risk of
mortality during early adulthood.
• The findings can be easily translated into clinical
practice with the aim of improving patient outcomes.
suggest that there has been an improvement in standardized
mortality ratios for those with diabetes and a more recent
birth year [8,11,12], which reflects improved models of
diabetes care and therapies.
Western Australia (population in 2012: 2.4 million [13])
has a single service that provides the management of
paediatric patients with Type 1 diabetes (established in
1987); data (with consent) are prospectively collected and
stored in the Western Australia Children’s Diabetes Database. Access to state-wide statutorily collected administrative health databases, such as the birth registry and death
registry, are available through the Western Australia Data
Linkage Branch. We have recently reported mortality
within this cohort before the age of 18 years (>17 453
patient-years of follow-up), where the standardized mortality ratio overall was 3.1 (95% CI 1.7–5.3), in boys was
2.2 (95% CI 0.8–4.7) and in girls was 4.6 (95% CI 1.9–
9.6) [14]; cause of death was attributed to diabetes for 10
(77%) of the observed deaths. Following on from the
findings of that study, our aims in the present study were
to calculate the standardized mortality ratio for death after
18 years of age for people with childhood-onset Type 1
diabetes relative to the general population and, among
people with Type 1 diabetes, to explore the association of
paediatric diabetes management factors with risk of death
during early adulthood.

Subjects and methods
Study design

In the present study, a cohort of children and adolescents with
Type 1 diabetes were identified from a population-based

DIABETICMedicine

clinical database (the Western Australia Children’s Diabetes
Database). Clinical history data from all clinic visits during
their paediatric management (while they were aged <18 years)
were extracted. An age- and sex-matched (without diabetes)
comparison cohort was sourced from the state birth registry.
Patients from both cohorts were then followed up from the age
of 18 years for death using the state death register. Comparisons were made between the number of and cause of deaths
observed during early adulthood (<38 years) between both
cohorts. In the cohort of people with Type 1 diabetes,
associations were assessed between paediatric management
factors and death.

Data sources and subjects

The Western Australia Children’s Diabetes Database, established in 1987, is a prospective clinical database with records
for all children in Western Australia diagnosed with diabetes aged ≤ 16 years; case ascertainment has been shown to
be 99.9% [15]. At each 3-monthly clinic visit, diabetes
management, anthropometric and demographic data are
recorded for those with Type 1 diabetes and stored in the
Western Australia Children’s Diabetes Database. The diagnosis of Type 1 diabetes is based on clinical presentation,
together with the presence of islet cell autoantibodies and/or
autoantibodies to glutamic acid decarboxylase. Consent for
data to be entered into the Western Australia Children’s
Diabetes Database was obtained from all parents or guardians. In the present study, the cohort with Type 1 diabetes
consisted of all the people in the Western Australia Childhood Diabetes Database with Type 1 diabetes who had
reached 18 years of age before 31 December 2011.
The Western Australia Birth Register contains details of all
births in Western Australia since 1974. Entry into the register
within 60 days of the birth is mandatory. From the Western
Australia Birth Register, a 5:1 comparison cohort (without
diabetes) was probabilistically sampled (by staff at the
Western Australia Data Linkage Branch) and matched for
sex and (exact) date of birth.
The Western Australia Death Register was used as the
source of mortality information. Within this statutory data
collection, cause of death was coded using the International
Classification of Diseases (ICD)-9 from 1979 to 1987, the
ICD-9 Clinical Modification from 1988 to June 1999 and the
ICD-10 Australian Modification from 1 July 1999 to 31
January 2012. State population-level mortality rates were
available from the Australia Bureau of Statistics. These were
available for 15–19-, 20–24-, 25–29-, 30–34- and 35–
39-year age brackets.
Staff at the Western Australia Data Linkage Branch carried
out the linkage of the records from both cohorts to the
Western Australia Death Register. The end of follow-up was
31 January 2012; the Western Australia Death Register
records for study subjects before this date were extracted for
analysis. Data collection and approval for this study were
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granted by the Princess Margaret Hospital’s Ethics Committee; consent for data linkage was granted by the Human
Research Ethics Committee of the Western Australia Department of Health.

Outcomes and risk factors

Causes of death were grouped into the following categories:
accidental poisoning by and exposure to noxious substances,
accident (other), cardiovascular disease (including disease of
the pericardium), diabetes-related causes, infection, motor
vehicle accident, suicide and death from unexplained causes.
Causes of death that did not fall into one of these categories
were grouped and are reported as ‘other’. The ICD-9, ICD9
Clinical Modification and ICD-10 Australian Modification
codes that were used to define these categories are shown in
Table S1.
The clinical variables used for analysis within the cohort
with Type 1 diabetes included age of diagnosis, sex, glycaemic
control, severe hypoglycaemia episodes and socio-economic
status. These were available from diagnosis, or first attendance at the clinic if the patient migrated to Western
Australia, through to age 18 years or last appointment if
transition to adult care was earlier. In the present study, the
term paediatric management is used define this period.
At each clinic visit, HbA1c level was determined by
agglutination inhibition immunoassay (non-diabetic reference
< 44.3 mmol/mol (6.2%); Siemens DCA Vantage; Siemens
Healthcare Diagnostics, Erlangen, Germany). Both the mean
HbA1c value (glycaemic control) and the standard deviation
of HbA1c values (glycaemic variability) across all clinical visits
on record were used as measures of glycaemic control.
Severe hypoglycaemia was defined as a hypoglycaemic
event leading to loss of consciousness or seizure [16–19], and
was analysed both as an individual rate per 100 patient-years
(grouped into categories 0, 1–9, 10–19 and ≥20 per 100
patient-years) to account for duration of diabetes and as a
cumulative count (grouped into categories 0, 1, 2–3 and ≥4
episodes).
Socio-economic status was assessed via the index of
relative socio-economic disadvantage, which is provided by
the Australia Bureau of Statistics and is derived from
area-specific measures of residents income, education attainment, unemployment and occupations [20]. Using the
state-based decile allocation for each postcode (at time of
diagnosis), subjects were classified as having a low- (1–3),
medium- (4–7) or high- (8–10) level socio-economic background [21].

Statistical analysis

As is common and expected with a case register database, the
age distribution at the end of data follow-up was right
skewed. Population-level death rates were only available in
5-year age brackets, were variable across the follow-up

period and a well-matched age distribution is a requirement
of the chosen indirect standardization method. Population-level cause-of-death data by sex and age group often
has low counts and these are randomly reassigned by the
Australia Bureau of Statistics to ensure confidentiality. These
factors contributed to the decision to source a matched
comparison cohort for the primary analysis.
Subject characteristics are presented as mean (range),
median (range) or percentages, as appropriate, unless otherwise
specified. The standardized mortality ratios were calculated as
per the indirect method [22] for age groups 18–19, 20–24, 25–
29, 30–34 and 35–38 years, 95% CIs were calculated using the
exact Poisson method and P values were generated from a
chi-squared test [23]. Person-years were calculated as the
amount of time each subject spent within each age category
during follow-up. The additional comparisons with the state
population mortality data were completed using the same
methodology, and were carried out to serve as a sensitivity
analysis and to facilitate direct comparison with other
published studies. In these analyses, the mortality rate in the
cohort of people with Type 1 diabetes was compared with a
weighted state mortality rate based on the person-years
observed for each age group per calendar year over the
follow-up period.
Cox proportional hazard models (using the coxph function) were used to calculate hazard ratios. Analysis was
right-censored to death or 31 January 2012. Time to event
was the number of days (since turning age 18 years) until
this right-hand endpoint. Adjusted hazard ratios and 95%
CIs for all variables of interest were calculated from
univariate (adjusted only for birth year) and multivariate
models. The suitability of the proportional hazards assumption was assessed visually using Schoenfeld residual plots
and confirmed by testing time-dependent interaction variables for insignificance (P>0.05). All data manipulation and
analysis was performed in R 3.0.1 software [24].Of interest
were deaths that occurred after the age of 18 years,
therefore, subjects who died before reaching 18 years of
age did not enter the at-risk set and were not included in the
analysis.

Results
A total of 1377 subjects with Type 1 diabetes were identified
from the Western Australia Children’s Diabetes Database,
who would have been at least 18 years of age at the end of
follow-up (31 January 2012). Of those, 1355 were identified
within the Western Australia data linkage system (98.4%),
seven were >18 years of age at the time of diagnosis, 32 had
insufficient clinical data before the age of 18 years, and seven
died before reaching the age of 18 years, leaving 1309
subjects with Type 1 diabetes for analysis. The cohort of
people with Type 1 diabetes was 50.4% male, the mean age
at diagnosis of Type 1 diabetes was 9.5 years, the median
length of follow-up (after 18 years of age) was 7.6 years, the
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median year of diagnosis was 1995 (interquartile range
1990–2000) and a median (interquartile range) of 3.2 (2.1–
3.7) clinical records per year since diagnosis were available
per patient (Table 1).
A total of 6541 age- and sex-matched comparison subjects
were selected from the birth register at a matching ratio of
5:1. Of these, 91 died before reaching 18 years of age,
including 73 neonatal deaths, and insufficient matches were
returned for four individuals. Overal, this left 1309 subjects
with Type 1 diabetes and 6451 comparison subjects (4.93:1)
being followed from age 18 years to death or end of
follow-up, contributing a total of >10 000 and >54 000 years
of follow-up, respectively.
Among the cohort with Type 1 diabetes, there were 20
deaths recorded during follow-up, eight men and 12 women;
the mean (SD) age at death was 25.7 (4.7) years. Among the
comparison cohort, there were 30 deaths recorded during

Table 1 Clinical and demographic characteristics of the cohort with
Type 1 diabetes (n = 1309) up until transition to adult services
Mean (range) age at diagnosis, years
Median (range) birth year
Mean (range) diagnosis year
Median (range) total number of
paediatric clinic visits
Median (range) clinic visits per year
Glycaemic control*
Mean (range) HbA1c, mmol/mol
Mean (range) HbA1c, %
Glycaemic variation† (n = 1294)
Mean (range) standard deviation
HbA1c, mmol/mol
Mean (range) standard deviation
HbA1c, %
Median (range) follow-up
(after 18 years age), years
Male sex, n (%)
Severe hypoglycaemia rate per
100 patient-years, n (%)
0
1–9
10–19
≥20
Total no. of severe hypoglycaemia
episodes per patient, n (%)
0
1–2
2–3
≥4
Socio-economic background level‡
(n = 1272), n (%)
Low (deciles 1–3)
Medium (deciles 4–7)
High (deciles 8–10)

9.5
1986
1995
22

(0.8–17.9)
(1974–1993)
(1977–2009)
(1–82)

3.2 (0.1–5.5)
76.0 (26.8–130.6)
9.1 (4.6–14.1)
15.3 (0–27.9)
1.4 (0–4.7)
7.6 (0.2–19.7)
660 (50.4)

927
66
117
199

(70.8)
(5.1)
(8.9)
(15.2)

927
166
123
93

(70.8)
(12.7)
(9.4)
(7.1)

308 (24.2)
454 (35.7)
510 (40.1)

follow-up, 24 men and six women; the mean (SD) age at death
was 24.3 (4.6) years.

Standardized mortality ratios

The standardized mortality ratio, standardized to the comparison cohort, was 3.3 (95% CI 2.0–5.2) overall, and 1.7
(95% CI 0.7–3.3) for men and 10.1 (95% CI 5.2–17.7) for
women (Table 2). Within both sexes the standardized
mortality ratio was highest in the 25–29-year age group,
being 2.5 (95% CI 0.5,7.3) for men and 20.2 (95% CI
5.5,51.8) for women. Standardized to the weighted state
population statistics, the standardized mortality ratio was
1.6 (95% CI 0.7,3.1) for men and 5.7 (95% CI 2.9,9.9) for
women (Table S2).

Specific causes of death

Causes of death among the cohort of subjects with Type 1
diabetes were accidental poisoning by and exposure to
noxious substances (20%), suicide (20%), cardiovascular
disease (15%), diabetes- related deaths (15%), unexplained
causes (10%) and other (20%). Causes of death among the
comparison cohort were suicide (37%), motor vehicle
accident (23%), accident (13%), infection (7%), accidental
poisoning by and exposure to noxious substances (3%) and
other (17%). In the cohort with Type 1 diabetes, ‘other’
included anoxic brain damage, severe asthma attack, respiratory inflammation and epileptic fit with asphyxiation
(choking). In the comparison cohort, ‘other’ included
congenital anomaly of the heart, pneumonitis, rheumatic
heart disease, cerebral palsy-related complications and severe
asthma, while ‘accident’ included drowning, falling off a
structure, being hit by a motor vehicle as a pedestrian and
asphyxiation (choking).
The standardized mortality ratio relative to the comparison cohort was 20.0 (95% CI 5.4–51.1; P < 0.001) for
accidental poisoning by and exposure to noxious substances and 1.8 (95% CI 0.5–4.6; P = 0.23) for suicide. For
men the ratios were 5.0 (95% CI 0.1–27.7; P = 0.08) for
accidental poisoning by and exposure to noxious substances and 1.7 (95% CI 0.3–4.9; P = 0.38) for suicide; for
females the standardized mortality ratio for suicide was 2.5
(95% CI 0.1–13.9; P = 0.34). Standardized mortality ratios
for other causes were not estimated due to cells with zero
observations.

*

Analysis of the cohort with Type 1 diabetes

†

A significant univariate association with death during early
adulthood was observed for mean HbA1c level, total
number of episodes of severe hypoglycaemia and socio-economic status (Table 3). Glycaemic variability (HbA1c
standard deviation) and age of diagnosis were not significantly associated with death. The hazard ratio for mean

Mean HbA1c level across all clinic visits during paediatric
management period.
Standard deviation of HbA1c level across all clinic visits during
paediatric management period, which could only be calculated
for patients with ≥2 clinical visits recorded.
‡
Socio-economic background was measured by the postcode of
residence at diagnosis (where recorded) using the Socio-Economic Indexes for Areas provided by the Australia Bureau of
Statistics .
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Table 2 Standardised mortality ratios by age and sex for 1309 subjects with childhood-onset Type 1 diabetes followed into early adulthood
Cohort without diabetes
(comparison
cohort): n = 6451

Cohort with Type 1 diabetes:
n = 1309

SMR (standardized to comparison
cohort) for Type 1 diabetes

Person-years
observed

Mortality rate (per
1000 person-years)

Person-years
observed

Mortality rate (per
1000 person-years)

SMR

years
years
years
years
years

6263
11 432
6530
2605
257
27 087

0.921
0.749
0.845
0.994
0.000
0.825

1,265
2,309
1,306
519
46
5445

0.791
0.866
2.297
1.928
21.510
1.460

0.83
1.10
2.50
1.67
—
1.66

(0.02–4.60)
(0.13–3.97)
(0.52–7.31)
(0.04–9.33)
—
(0.72–3.27)

years
years
years
years
years

6168
11,627
6,458
2,641
265
27 158

0.000
0.328
0.143
0.000
2.539
0.207

1,251
2,340
1,277
512
49
5430

0.799
2.564
3.132
1.952
0.000
2.210

—
7.45
20.23
—
—
10.10

—
(2.74–16.22)
(5.51–51.78)
—
—
(5.22–17.65)

Age group
Men
18–19
20–24
25–29
30–34
35–38
Overall
Women
18–19
20–24
25–29
30–34
35–38
Overall

95% CI

SMR, standardized mortality ratio.
Table 3 Year of birth-adjusted clinical and demographic risk factors for early adulthood all-cause mortality

Sex (male)
Glycaemic control§
Mean HbA1c, mmol/mol
Mean HbA1c, %
Glycaemic variation¶ (n = 1294)
Standard deviation HbA1c, mmol/mol
Standard deviation HbA1c, %
Age at diagnosis, years
Severe hypoglycaemia rate per 100 patient-years
0
1–9
10–19
≥20
Total no. of severe hypoglycaemia episodes
per patient
0
1
2–3
≥4
Socio-economic background level** (n = 1272)
Low
Medium
High

Deaths (n = 20)
n or mean (95% CI)

Survivors (n = 1289)
n or mean (95% CI)

Hazard ratio*

P†

8 male, 12 female

652 male, 637 female

0.67 (0.3,1.6)

0.378

94.5 (86.9–102.2)
10.8 (10.1–11.5)

76.0 (74.9–76.0)
9.1 (9.0–9.1)

1.04 (1.01–1.07)
1.55 (1.1–2.1)

0.005

17.5 (14.2–19.7)
1.6 (1.3–1.8)
9.0 (7.2–10.7)

15.3 (14.2–15.3)
1.4 (1.3–1.4)
9.5 (9.3–9.8)

15
0
2
3

912
66
115
196

1
0.00 (0.0, Infinity)
1.80 (0.4–8.3)
1.61 (0.4,6.0)

—
0.998
0.453
0.478

15
1
1
3

912
165
122
90

1
0.58 (0.1,4.5)
0.84 (0.1,6.7)
4.03 (1.1,15.2)

—
0.603
0.872
0.040

11
7
2

297
447
508

7.88 (1.7,35.7)
4.28 (0.9,20.6)
1

0.007
0.070
—

1.06 (0.99–1.14)
1.93 (0.9–4.2)
0.96 (0.9–1.1)

P‡

0.100
0.446
0.495

0.256

0.005

*

Hazard ratio and 95% CI from right-censored Cox proportional hazard model, adjusted for birth year.
Wald test.
Likelihood ratio test of model, with and without term included.
§
Mean HbA1c across all clinical visits during paediatric management period.
¶
Standard deviation of HbA1c across all clinical visits during paediatric management period, only able to be calculated for patients with ≥2
clinical visits recorded.
**
Socio-economic background was measured using the postcode of residence at diagnosis (where recorded) using the Socio-Economic Indexes
for Areas provided by the Australia Bureau of Statistics.
†
‡

HbA1c increased risk for a 1% increase in HbA1c) was 1.6
(95% CI 1.1–2.1). The mean long-term HbA1c level
during paediatric follow-up in the 20 subjects who died
was 94.5 mmol/mol (10.8%), compared with a mean of
76.0 mmol/mol (9.1%) for those who survived to the end

of follow-up. The minimum long-term HbA1c level in
the 20 subjects who died was 68.3 mmol/mol (8.4%).
There were no deaths observed among those with a
mean HbA1c in the lowest quartile [65.5 mmol/mol
(≤8.1%)].
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No statistically significant association with death was
observed with severe hypoglycaemia expressed as a rate;
however, when analysed as a cumulative dose effect, it was
observed that there was no increased risk of death for those
who experienced ≤3 episodes, while those who experienced
≥4 episodes had a hazard ratio of 4.0 (95% CI 1.1,15.2),
relative to those who experienced no episodes.
Relative to those from a high-level socio-economic background, those from a low- and medium-level socio-economic
background were at a higher risk, hazard ratio 7.9 (95% CI
1.7–35.7) and 4.3 (95% CI 0.9–20.6) respectively, noting
that the effect for a medium-level socio-economic background failed to reach significance (P = 0.07).
When the significant terms were entered together in a
multivariate model, the observed effect sizes remained relatively unchanged in magnitude (Fig. 1, Table S3), suggesting
these factors are independently associated with risk of death.
Between the univariate and adjusted models, the hazard ratio
for mean HbA1c decreased from 1.6 to 1.5, for ≥4 episodes of
severe hypoglycaemia it decreased from 4.0 to 3.8 and for lowand medium-level of socio-economic background it decreased
from 7.9 and 4.3 to 6.2 and 4.1, respectively.

Discussion
In the present observational cohort study, we examined
death during early adulthood in a population-based cohort
with childhood-onset Type 1 diabetes. We calculated standardized mortality ratios relative to an age- and sex-matched
(without diabetes) comparison cohort and examined the
causes of deaths in both cohorts. Within the Type 1 diabetes
cohort, we used an extraction from a well-characterized
population-based clinical register to explore associations
between paediatric management factors and death during
early adulthood.
When compared with the general population, the mortality
rate was notably higher in the cohort with Type 1 diabetes in

32.00

the age group 20–29 years, and particularly in those aged
25–29 years. The standardized mortality ratios when compared with the state-level mortality rates as opposed to the
matched comparison group were lower, but variation
between these was to be expected given the methodological
differences and low number of events. The confidence
intervals from the two analyses overlap substantially, hence
the conclusions drawn are the same: a notably higher
standardized mortality ratio among the women in this
cohort. Death by accidental poisoning by and exposure to
noxious substances was higher in the cohort with Type 1
diabetes, while the overall incidence of diabetes-related
causes of death remained relatively low.
Recent studies have also reported the standardized mortality ratio to be higher in women compared with men
[11,12,25,26]. Data from Japan, Pennsylvania (USA) and the
UK reporting on death during early adulthood present
similar observations to those of the present study, where
the standardized mortality ratio for women with Type 1
diabetes was > 10 times that of the general population
[11,12,26]. This somewhat contrasts with studies from
extensive Scandinavian datasets [6,25], but because of
methodological and/or cohort differences it is difficult to
make sound comparisons between countries and studies. In
contrast to the SMR for females, we observed no statistically
significant elevation of risk for death in males. Further
studies into gender differences for mental health and acute
and chronic complications associated with Type 1 diabetes
may help to explain these observations.
Causes of death accounting for the majority of the deaths
among women observed in the present study included
accidental poisoning by and exposure to noxious substances,
cardiovascular disease, diabetic ketoacidosis and suicide.
Finnish data suggest that among 5-year diagnosis cohorts (in
the period 1970–1989) there was a decreasing trend in the
rate of suicides and alcohol/drug-related deaths among
people with early-onset diabetes (diagnosed at age <15

32.00

(a)

(b)

16.00

Adjusted Hazard Ratio

Adjusted Hazard Ratio

16.00
8.00
4.00
2.00
1.00
0.50
0.25

8.00
4.00
2.00
1.00
0.50
0.25

Low

Medium

0

High

1

2−3

4+

Number of episodes of severe
hypoglycaemia prior to 18 years age

Socio-economic status

FIGURE 1 Hazard ratio (scale logged) and 95% CIs from multivariate Cox proportional hazard model (additionally adjusted for birth year and
mean HbA1c level) as presented in Table S3. (a) Socio-economic status (reference group ‘High’). (b) Number of episodes of severe hypoglycaemia
before 18 years of age (reference group ‘0’).
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years) and an increasing trend in these causes for people with
late-onset diabetes (diagnosed at age 15–29 years)[25]. A
follow-up study examining the subgroup of 478 deaths from
ischaemic heart disease among the people with early-onset
diabetes found the standardized mortality ratio was 83.4
(95% CI 49.4–132.5) for women and 19.4 (95% CI 13.1–
27.6) for men, where attained age was < 40 years [27]. The
higher prevalence of death from accidental poisoning by and
exposure to noxious substances and cardiovascular disease in
this group suggests there may be a higher burden of poor
psychosocial outcomes and early onset of chronic complications among a subgroup of women with Type 1 diabetes. We
do not have access to data pertaining to recreational drug use
within our cohort with Type 1 diabetes, but the implication
of a higher prevalence of drug use is one that warrants
further exploration.
The analysis including clinical data within the cohort with
Type 1 diabetes found that poor glycaemic control, ≥4 episodes of severe hypoglycaemia and lower level of socio-economic background were associated with a higher risk of
all-cause mortality. The identification of these clinical
characteristics from this population-based study may facilitate informed planning for patients during the often
challenging transition between adolescent to adult care.
In the present study, we observed no association of severe
hypoglycaemia with death when analysed as a rate, but when
analysed as a cumulative count, we observed a higher risk of
death for those who experienced ≥4 episodes during their
paediatric management, suggesting it is the occurrence of
these episodes, irrespective of duration, that indicates an
elevated risk of death. Reassuringly, we observed no elevated
risk for those experiencing ≤3 episodes during their paediatric management, an observation that is not consistent with
an observation made in older patients [28]. Nevertheless,
these results must be interpreted with caution, as they are
based on observations from a small subgroup of patients. A
study examining a subgroup of adolescent patients reporting
recurrent hypoglycaemic comas characterized the subgroup
as being predominantly female, with familial difficulties and
reporting unreasonable fears of major complications [29]. It
is plausible that people who experience ≥4 episodes of severe
hypoglycaemia during their paediatric management may be
struggling with their diabetes management, which may be
causing, or be caused by, poor mental health.
A lower socio-economic status level was associated with a
higher risk of death during early adulthood. Despite our
measure of socio-economic status being assessed at the time of
diagnosis and being a collective measure based on area of
residence, our findings are consistent with those of others [30].
The Pittsburgh Epidemiology of Diabetes Complications
Study [30] used a measure of socio-economic status that was
based on individual-level data for education, income and
occupation (components which contribute to the socio-economic status variable used in the present study) separately at
age 28 years. In that study, education was the only statistically

significant association, although this association became
nonsignificant after the introduction of clinical variables into
the model. Associations have been observed between low
socio-economic status and higher risk of severe hypoglycaemic
[16], poor glycaemic control [31] and increased hospitalizations [32].
Although the present study has clear strengths (its
population-based sample, a high (>99.9%) case ascertainment
and a comprehensive clinical dataset), it also has some
limitations. The number of events are small; children of
indigenous origin are under-represented in our cohort with
Type 1 diabetes [33], but are over-represented among deaths
during early adulthood relative to the general population of
Western Australia, but this effect is likely to be negligible. In
addition, while we know that those in the cohort with Type 1
diabetes remained in Western Australia through to late
adolescence (from their clinical attendance), we do not know
this for our comparison cohort. These factors mean we may be
underestimating the true standardized mortality ratio. Other
limitations include: the lack of clinical data after the age of 18
years; limited detail pertaining to cause of death in the
mortality register; unmeasured confounding; and the relatively
young age of subjects at the end of the study. Despite these
limitations, we believe these findings should be generalizable
to other similar populations with similar diabetes care funding
models.
In conclusion, we have followed up a well-characterized
population-based cohort of childhood-onset Type 1 diabetes
cases through adolescence into early adulthood, compared
their mortality rate with that of the background population
and examined the association of diabetes management and
demographic risk factors with higher risk of death. We have
observed a significantly higher standardized mortality ratio
for female subjects (particularly in the 20–29-year age
group), and a higher mortality risk, independently, for those
with poor glycaemic control, ≥4 episodes of severe hypoglycaemia and from a low- or middle-level socio-economic
background. These findings shed light on the epidemiology of
mortality in people with childhood-onset Type 1 diabetes
and can aid in the planning for patients transitioning to adult
care facilities.
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Supplementary Table 1: Cause of death groupings (ICD-9, ICD-9CM and ICD-10AM)
ICD-9 a and ICD-9CM b

ICD-10AM c

Period in use

January 1979 to June 1999

July 1999 to January 2012

Accidental poisoning by and

E850-E858

X40-X49

E800-E809, E814, E816-E849, E880-

W00-W99, X00-X39, X50-X59

exposure to noxious substances
Accident (other)

E929
Cardiovascular disease

410-429

I20-I28, I30-I49

Diabetes related

249-259

E10.0, E10.1, E14.0. E14.1

Infection

001-139

A41.9, B95.4, J18.0, J18.8, Q02

Motor vehicle accident

E810-813, E815-816

V40-49

Suicide

E950-E959

X60-84

Unexplained causes

799

R99

a

ICD- 9: International Classification of Diseases, Ninth Revision

b

ICD-9CM: International Classification of Diseases, Ninth Revision Clinical Modification

c

ICD-10AM: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision

Australian Modification
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Supplementary Table 2: Standardised Mortality Ratios (SMR) by age and sex for 1,309 cases of childhood-onset
type 1 diabetes followed into early adulthood
T1DM cohort

State (general
population)

T1DM SMR (standardised to

a

general population)

Age group

Person

Mortality rate

Mortality rate

(years)

years

(per 1,000

(per 1,000

SMR

95% CI

observed

person-years)

person-years)

15-19

1,265

0.791

0.6950

1.137

(0.03,6.34)

20-24

2,309

0.866

0.9930

0.872

(0.11,3.15)

25-29

1,306

2.297

0.9820

2.339

(0.48,6.83)

30-34

519

1.928

1.1280

1.709

(0.04,9.52)

35-39

46

21.510

1.2830

16.765

(0.42,93.41)

5,445

1.460

N/A

1.569

(0.68,3.09)

15-19

1,251

0.799

0.3200

2.497

20-24

2,340

2.564

0.3740

6.856

(0.06,13.91)

25-29

1,277

3.132

0.4350

7.200

(2.52,14.92)

30-34

512

1.952

0.4760

4.100

(1.96,18.43)

49

0.000

0.6830

0.000

-

5,430

2.210

N/A

5.691

(2.94,9.94)

Men

Overall

Females

35-39
Overall
a

State level mortality rates sourced from Australia Bureau of Statistics, available in 5 year age groupings, weighted

based on person years observed in each age group for each calendar year of follow-up
T1DM, type 1 diabetes mellitus
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Supplementary Table 3: Adjusted (year of birth and variables present in table) clinical and demographic risk
factors for early adulthood all-cause mortality (n=1,272, complete data)
HRa
Glycaemic control (mean HbA1c (%))d
Glycaemic control (mean HbA1c

Pb

1.51 (1.1,2.1)
1.04 (1.01,1.07)

(mmol/mol))d

0.012

Total no. of severe hypoglycaemia episodes

0.344

0

1

-

1

0.69 (0.1,5.5)

0.722

2-3

0.98 (0.1,7.9)

0.981

4+

3.78 (0.9,15.3)

0.062

Socioeconomic background

0.019

Low

6.21 (1.4,28.4)

0.019

Medium

4.14 (0.9,20.0)

0.076

1

-

High
a

Pc

hazard ratio and 95% confidence interval from right-censored Cox proportional hazard model adjusted for birth year

and other variables present in the table
b

p-value from Wald Test

c

p-value from likelihood ratio test of model with and without term included

d

mean HbA1c across all clinical visits during paediatric management period
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