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ABSTRACT
Introduction
There is an established international body of literature investigating nursing care quality,
a subset of which aims to explicate the association between nurse staffing levels and
inpatient complication rates. Systematic reviews of the topic have reached inconsistent
conclusions about this relationship, and some have proposed that overcoming certain
methodological challenges may resolve incongruent findings. There is also some evidence
that perceptions of the impact of nursing care on patient outcomes vary across nursing
roles (e.g. patient care, education, research, or management). This study sought to explore
this complex issue by applying data linkage analysis methods in a way which had not been
previously examined in the nursing care quality research. Data linkage draws together
information from varied administrative sources to provide a detailed longitudinal record
of the current and previous health status of unique individuals. This approach enabled the
following methodological challenges to be addressed: accurate attribution of inpatient
complications to nursing care and not the patient’s underlying health condition;
measurement of nurse staffing at the unit level per fortnight; measurement of specific
inpatient exposure to nurse staffing levels based on the units patients were admitted to
during each hospitalisation; and hospitalisation-specific adjustment for patient
comorbidities and characteristics such as socioeconomic status.
Methods
This study addresses four aspects of nursing care quality: nurses’ perceptions of the
impact of nursing care on clinical outcomes, identification of nursing sensitive inpatient
complications, measurement of nurse staffing levels, and the association between nurse
staffing levels and inpatient complication rates. An exploratory survey of nurses’
perceptions of the impact of nursing care on inpatient complications was conducted with a
convenience sample of nurses attending a three day nursing practice conference.
Investigation of nurse staffing and inpatient complications used a retrospective
longitudinal hospitalisation-level cohort design comprising Western Australian
Department of Health administrative data collections spanning 1 January 2004 to 31
December 2008. Adult inpatient hospitalisation data and nurse staffing records for
intensive care, high dependency, cardiac care, general medical, and general surgical units
at three metropolitan acute care hospitals were analysed.
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Existing algorithms which identify nursing sensitive inpatient complications in
administrative data were modified to include look-back periods. Linked health data
enabled the algorithms to include look-back periods which identified patient-specific
disease information recorded during earlier hospital admissions when classifying whether
an inpatient complication should be attributed to the patients underlying health condition
or nursing care. Survival analysis was used to examine how look-back periods impacted on
nursing sensitive inpatient complication rates.
Nursing payroll and inpatient unit movement records were combined to measure two
aspects of unit-level nurse staffing per fortnight: nursing hours per patient day and
nursing skill mix. Fortnightly nursing hours per patient day were validated against figures
reported by the Western Australian Department of Health using linear mixed models,
descriptive statistics compared the frequencies with which nursing hours per patient day
met set targets, and the proportions of nursing care hours delivered by nurses of different
skill levels were graphically presented.
Generalised estimating equations were used to test the impact of nurse staffing on
inpatient complications. Nurse staffing was measured using average exposure to skill mix
adjusted nursing hours per day in hospital, individually computed per hospitalisation.
Nursing sensitive inpatient complications were identified with a two year look-back
period included in the identification algorithms. T-tests and chi-squared tests were used to
compare demographic characteristics of inpatients with and without complications.
Results
Nurses with different educational backgrounds and work roles had different opinions
regarding the extent to which nursing care impacts on thirteen clinical indicators but
agreed on the indicators most affected by nursing care. Nurses who worked in roles
delivering patient care or who had lower levels of educational attainment were less likely
to indicate that nursing care impacted on inpatient complications than their non-clinical,
postgraduate educated counterparts.
There was a reduction in estimated rates of all nursing sensitive inpatient complications
when a look-back period was applied. The majority of relevant patient disease information
was identified with a two year look-back period from the hospitalisation during which the
nursing sensitive inpatient complication was identified.
There was no significant difference between mean nursing hours per patient day
estimated using raw administrative data sources and those reported by the Western
Australian Department of Health (p=0.788). Using raw administrative data to measure
iv

nursing skill mix and fortnightly (as opposed to annual) nursing hours represented a more
detailed yet equally accurate alternative to publicly reported nurse staffing information.
Hours of nursing care met set targets the majority of fortnights during the study period.
The directions of the associations between nurse staffing and each inpatient complication
were not consistent; nor were they consistent across nurse skill mix groups, or
hospitalisations with different unit movement patterns. Hospitalisations with
complications had significantly different demographic characteristics compared to those
without (all p<0.001).
Conclusions
This study has furthered our understanding of how nurses delivering patient care perceive
the impact they have and how data linkage methods can strengthen nursing care quality
research methodology. Using linked hospitalisation data to incorporate look-back periods
improves the accuracy of estimating nursing sensitive inpatient complications in
administrative data. Rates may be overestimated if look-back periods are not applied.
Fortnightly, unit-level measures of both hours of nursing care and skill mix were derived
from the administrative data sources, representing a more detailed alternative to publicly
available staffing measures. Accessing raw data enabled analysis of nurse staffing skill mix
which would not have been possible with publicly reported information. Despite
addressing a number of methodological challenges cited in the literature, this study did
not find a clear relationship between patient exposure to nurse staffing and nursing
sensitive inpatient complication rates. Despite large sample sizes, detailed administrative
data and increased methodological rigour, evidence suggests that there is a need for a
wider scope to examine the nurse staffing patient complications paradigm.
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1 INTRODUCTION
1.1 Background
The relationship between nursing care and patient health outcomes has been under
scrutiny in recent years in the context of ever-tighter health care budgets and nursing
workforce shortages. Researchers have attempted to measure the impact of nursing care
by studying the occurrence of specific inpatient complications. When complications such
as hospital acquired infections, pressure ulcers, or deep vein thrombosis cannot be
attributed to a patient’s underlying medical condition, they have been conceptually
associated with inadequate nursing care and termed nursing sensitive inpatient
complications. The occurrence of nursing sensitive inpatient complications has been used
to justify employing higher numbers of nurses overall and/or higher proportions of
university educated nurses.
Researchers have faced many challenges when testing the association between nursing
sensitive inpatient complications and optimal nursing care. One such challenge is finding a
clear and measurable definition of nursing care. Nurse staffing characteristics are
measured as quantifiable indicators of capacity to provide nursing care; commonly, the
number of nursing hours available for patient care or the proportion of hours of care
provided by nurses with higher skill levels is used as a surrogate for adequacy of nursing
care.
Much of the research investigating the relationship between nursing care and inpatient
complications in the acute care hospital setting has used administrative data sources,
which has advantages and disadvantages. Although administrative data sources provide
the large sample sizes required to investigate relatively rare adverse outcomes, data is
often aggregated at the hospital level, and inpatient complication rates and nurse staffing
levels are necessarily averaged across whole hospitals. This is a problem because each
patient’s characteristics such as their age and comorbidities influence their risk of
experiencing an inpatient complication independently of the nursing care received. Data
aggregation is also a problem for accurate measurement of nurse staffing because unit
level staffing varies widely from the hospital average. Determining whether detected
inpatient complications are pre-existing on a particular hospitalisation is another
challenge when administrative data sources are used.
Using linked health data is one way to retain the benefits of large population-based sample
size and also incorporate each patient’s detailed lifetime health information. Data linkage
1

allows researchers to identify when ordinarily standalone inpatient hospitalisation
records refer to the same individual and is described in greater detail in Section 1.3. This
doctoral study explores the use of linked health data to address the limitations of using
administrative data sources when investigating the relationship between nurse staffing
and inpatient complications.

1.2 Aim and scope
The primary aim of this research is to explore the relationship between nurse staffing and
inpatient complications identified using linked health data. This project adds to the
existing research in this field by:
1. exploring nurses’ perceptions of the impact of nursing care on inpatient complications,
2. exploring the effect of using linked hospitalisation data on estimated incidence rates of
nursing sensitive inpatient complications by looking back through a patient’s
hospitalisation history to identify relevant patient disease information,
3. using hospital payroll and inpatient unit movement data to measure unit-level nurse
staffing per patient day, and
4. comparing characteristics of hospitalisations with and without complications and
examining the impact of nurse staffing on inpatient complications across different unit
types.
In this study, the relationship between nurse staffing and inpatient complications is
investigated using individual hospitalisation level data in the context of three adult
metropolitan tertiary public hospitals in Western Australia (WA). Nurse staffing levels for
each unit per fortnight were measured using hospital payroll and inpatient unit movement
data for the period 1 January 2004 to 31 December 2008. Nursing sensitive inpatient
complications are based on an established set of indicators that can be identified using
hospital morbidity and mortality data for adults admitted to the study hospitals. These
data are used in conjunction with data on socioeconomic status and hospital
characteristics to statistically adjust for patient risk.

1.3 Data Linkage
Over the course of an individual’s lifetime, separate administrative records are routinely
generated and retained by a wide variety of entities. For example, branches of government
maintain records of inpatient hospitalisations, electoral enrolments, and registries of
births, deaths and marriages. Data linkage brings together, into a single file, information
from different sources that is thought to belong to the same person (Hobbs & McCall,
1970). For example, inpatient hospitalisation records, known as hospital morbidity data,
2

are usually kept as standalone records for each hospitalisation, but data linkage allows
researchers to identify when different hospital morbidity records refer to the same
individual. Whenever a person is hospitalised, the record of that event in the hospital
morbidity data is later linked to form a chain of person-specific hospitalisation records.

1.3.1 Western Australian Data Linkage Branch
The Western Australian Data Linkage Branch (WADLB) manages linkages between a
number of core population health data sets: hospital morbidity data; mental health
information; emergency department presentations data; WA Cancer Registry; midwives
notifications; registries of births and deaths; and electoral roll (website accessed on 6 Jun.
15: http://www.datalinkage-wa.org/). Data custodians manage access to specific
information about the different health events.
The WADLB uses internationally accepted privacy preserving probabilistic matching
methods to construct person-specific linkage keys between data sets (Holman et al., 1999;
Tromp et al., 2011). Probabilistic matching compares personal demographic information
(e.g. name, date of birth, address, sex, record date) across information sources and
calculates the likelihood that records refer to the same individual. A probable link is
established when pre-set information matching thresholds are reached and the records
are then linked by a linkage key. The linkage key is a unique identifier for each individual
that is identical across different data sets but does not contain any specific personal
demographic information. This process protects privacy because researchers do not see
the personal demographic information of their study participants, only the anonymised
linkage keys attached to the health information.
Researchers have reported on the validity of linkages in WA and the WADLB has
continuous feedback mechanisms in place to remediate any errors that are detected.
Holman, Bass, Rouse, and Hobbs (1999) tested whether WADLB linkages accurately
matched the same individuals over time and found that missed links or incorrect matches
occurred with an error rate of 0.11%. Linkage quality is maintained over time with the
WADLB correcting errors detected through their review process or reported by
researchers (Holman et al., 2008).
The WADLB provides data for research, planning and evaluation projects managed by
university, government and hospital based organisations (Brook et al., 2008). Access to
data is subject to approvals from all custodians of data sets required for the project and
the Western Australian Department of Health (WADOH) and relevant institutional Human
Research Ethics Committees (copies of these approvals are included in Appendix B). The
3

data access framework conforms to Sections 95 and 95A of the Privacy Act 1988 and
Section 90 of the National Health and Medical Research Council Act 1992.

1.4 Study context
Data for this study came from three tertiary hospitals in Perth, the capital city of WA. The
state is home to approximately one tenth of the total Australian population and covers one
third of its geographical area (WADOH, 2005). In 2008, there were approximately 2.2
million residents in WA and around 70% lived in the Perth metropolitan area (Australian
Bureau of Statistics, 2010).
Publicly provided health care facilities in the state include tertiary metropolitan hospitals,
district or regional hospitals, mental health facilities, community and child health services,
paediatric services, maternity services, and remote nursing posts (Wood et al., 2009).
Hospitals are made up of units which admit patients under specific medical or surgical
specialties; for example, cardiology, respiratory, orthopaedics, or neurology. Care for the
most complex patient needs is provided at the tertiary metropolitan hospitals, district and
regional hospitals provide care for patients with less complex care needs. Adult inpatient
care in the metropolitan area is managed under the jurisdiction of the North and South
Metropolitan Area Health Services and by the WA Country Health Service in nonmetropolitan areas (Wood et al., 2009). The Executive Officers of each Area Health Service
are Data Custodians for data routinely held by the hospitals that fall within their
jurisdictions, such as staff payroll records or inpatient management information (i.e.
records of inpatient locations within the hospital during a hospitalisation episode).
At the time of this study the Nursing and Midwifery Board of WA set policy and
professional standards of practice for nurses practising within the state. It was
compulsory for all nurses working in WA to be registered or enrolled with The Board.
Nursing care in the study hospitals was provided by a combination of Registered Nurses
(RNs) and Enrolled Nurses (ENs). To qualify for registration, RNs must have completed an
accredited nursing degree at a university, with the course meeting specific minimum
components of coursework theory and supervised clinical practice. To qualify to be
enrolled, ENs must have completed an accredited vocational training course which
includes theory and supervised clinical practice but is not as comprehensive as the RN
requirements. Australian ENs are similar to Licensed Practical Nurses in North America.
Several challenges have been identified in WA that make health workforce reform a high
priority: shortages of skilled health professionals; inadequate infrastructure; ageing
population and workforce; and undervaluing of health professionals (Chamber of
Commerce and Industry of WA, 2008). Evidence from studies which explore the impact of
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nursing care on patient outcomes provides a basis for plans that aim to address health
workforce challenges.

1.5 Structure of the thesis
This thesis is presented as a combination of chapters, peer reviewed publications and a
manuscript that is currently under peer review. The thesis structure and chapter content
are described below.
The current state of the nursing care quality literature is discussed in Chapter 2, with a
specific focus on studies that investigate the relationship between nurse staffing levels and
inpatient complication rates. An exploratory study of nurses’ perceptions of the impact of
nursing care on inpatient complications is presented in Chapter 3 (published in
Contemporary Nurse (Schreuders et al., 2012)). The process of accessing and preparing
the linked health data files for analysis is described in Chapter 4; the study required
extensive data manipulation to prepare the raw data files for statistical analysis.
Chapter 5 explores how estimated rates of nursing sensitive inpatient complications are
affected by including disease information from earlier hospitalisations and whether
patient-specific characteristics were associated with rates of nursing sensitive inpatient
complications. The chapter was published in the International Journal of Nursing Studies
(Schreuders et al., 2014).
Chapter 6 describes the feasibility of calculating unit-level measurement of nurse staffing
per fortnight using raw staffing data and compares observed nurse staffing levels with
target levels set by WA legislation. The chapter is currently under review by The Collegian
(submitted 18 July 2015).
An investigation of the association between nurse staffing levels and inpatient
complication rates at three tertiary metropolitan hospitals in WA between 1 January 2004
and 31 December 2008 is presented in Chapter 7. This chapter draws together the
identification of nursing sensitive inpatient complications and the unit-level measurement
of nurse staffing described in Chapters 5 and 6. The chapter was published in the Journal
of Advanced Nursing (Schreuders et al., 2015).
Chapter 8 contains a discussion of the overarching findings of the study, its strengths and
limitations, policy implications, areas of future research, and final conclusions.
References appear at the end of each chapter. Appendices include: the data collection tool
and ethics approval for Chapter 3; approval letters from Data Custodians and institutional
ethics committees for Chapters 5, 6 and 7; the linkage key used for mapping the nurse
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staffing and inpatient data files; graphs comparing annually and fortnightly calculated
mean nursing hours per patient day; and a list of conference presentations.
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2 LITERATURE REVIEW
2.1 Introduction
This study is situated within the broader field of health care quality and within the more
specific sub-field of nursing care. The chapter begins with a definition of quality health
care and an overview of the individuals who contributed influential ideas that have shaped
current methods of testing health care quality. This is followed by a definition of quality
nursing care and an overview of frameworks that have been developed to conceptualise
nursing care and its outcomes. Finally, a review of studies which explore the relationship
between nurse staffing and patient outcomes is presented.

2.2 Quality of health care
2.2.1 Definition of quality health care
Health care quality is a complex concept that is broadly defined as “the degree to which
health services for individuals and populations increase the likelihood of desired health
outcomes and are consistent with current professional knowledge” (Lohr & Schroeder,
1990, p.707). The Institute of Medicine state that high quality health care should aim to be
safe, effective, patient-centred, timely, efficient, and equitable (National Research Council,
2001).

2.3 Historical perspective
There are several forerunners upon whose contributions our ability to quantitatively
measure health care quality is founded. The landmark ideas of three individuals that are of
particular relevance are expanded upon in the following paragraphs.
During the 19th century Crimean War, Florence Nightingale reviewed the causes of
soldier’s deaths and found they were overwhelmingly due to infection, malnourishment
and disease, rather than battle. She concluded soldiers were dying from being hospitalised,
not from their injuries. Nightingale proposed that the quality of care delivered to patients
had an impact on their recovery and suggested survival rates would improve if better
sanitation, nutrition, fresh air, and rest were delivered (Nightingale, 1863). Nightingale
was among the first to use statistics in healthcare, to demonstrate the impact of living
conditions in hospitals on patient mortality rates. It was many more years before another
individual pioneered further reform which laid the groundwork for the research
presented in this thesis.
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In the early 20th century a medical doctor, Ernest Amory Codman, conceived the End
Result Idea: that hospitals and physicians follow up patients they had treated to determine
whether health care interventions were successful (Codman, 1918). Codman
recommended that physicians write, maintain, and keep medical records for their patients,
rather than relying on memory. Although this was unpopular among his contemporaries,
medical records are now central to health care delivery.
In the 1980s another physician, Avedis Donabedian, acknowledged the lack of recognition
Codman received for his significant and lasting contributions (Donabedian, 1989).
Donabedian also made an important contribution with his Structure-Process-Outcome
model of the relationship between patient outcomes and healthcare inputs (Donabedian,
1966). The model conceptualised health outcomes as being affected by processes
undertaken to cause them and by the structural context of the systems in which they
occur. Many conceptual frameworks which describe the relationship between nursing care
and patient outcomes are based on Donabedian’s model.
Health care quality research has been shaped by the varied contributions of many. Using
statistics to demonstrate the relationship between health care and patient outcomes,
maintaining records of patient health outcomes, and recognising the complexity of the
health care environment in producing patient outcomes, are key historical milestones in
this field. These concepts and ideas represent those providing the broad historical
foundations of research on health care quality relevant to this study.

2.4 Quality of nursing care
Early studies of health care quality have been followed by research that deals specifically
with nursing care quality. Nursing care quality research has sought to define ‘nursing care’
and it has provided varied conceptual frameworks to explicate the relationship between
nursing care and patient outcomes. Identification of measureable nursing care outcomes
has been a priority about which the profession is yet to reach a consensus. Nurses practise
in a diverse range of settings, administering nursing care to individuals across their
lifespans in varied states of health and wellness. Since this study explores nursing care and
adult patient outcomes in the acute hospital setting, the definition and outcomes of
nursing care discussed in the following sections are those relevant to that context.

2.4.1 Definition of nursing care
Nurses care for hospitalised patients 24 hours a day, seven days a week – making nursing
the health profession that provides the closest interface with patients in hospital (Wilson,
2005). There are many definitions of nursing care proposed in the literature. Difficulty
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agreeing on a single definition within the profession may be due to the diverse range of
contexts in which nurses provide care, coupled with the intangible, subjective, and evershifting nature of the role (Gunther & Alligood, 2002). The Royal College of Nursing
(United Kingdom) defines nursing care as “the use of clinical judgement in the provision of
care to enable people to improve, maintain, or recover health, to cope with health
problems, and to achieve the best possible quality of life, whatever their disease or
disability, until death” (Clark, 2003, p.3). In the acute hospital context, the surveillance
role of the nurse involves recognition of risk factors for, and early detection of,
deterioration in a patient’s condition and other adverse outcomes (Kutney-Lee et al.,
2009). Prompt recognition means therapeutic interventions can be instituted in a timely
manner to either prevent or moderate adverse outcomes (Aiken et al., 2002). Research
about nursing care quality explores the association between certain adverse patient
outcomes and less than optimal nursing care, acknowledging that patient complications
result from the interaction of patient characteristics, health system characteristics and
health care processes.

2.4.1.1 Measuring nursing care
Exploration of the impact of nursing care on patient outcomes is contingent upon the
ability to accurately measure the nursing care received by patients. Though this is a
challenging task, nursing hours per patient day (NHpPD) and skill mix are two quantifiable
nurse staffing measures commonly used as indicators of capacity to provide nursing care
(Griffiths et al., 2008; Van den Heede et al., 2007). NHpPD are calculated by dividing hours
worked by all nurses by the average patient census. The term NHpPD is used by
researchers to refer to a measure of nursing care but can also be used by nurse managers
as a method of planning appropriate staffing levels. As a method, NHpPD is a tool used to
plan the amount of nursing time required to meet patient care needs. Nurse skill mix
refers to the combination of types of nurses delivering direct patient care (McGillis Hall et
al., 2004). For example, when care is delivered by a mixture of Registered Nurses (RNs)
and Enrolled Nurses (ENs), skill mix may be defined as the proportion of total nursing
hours delivered by RNs.

2.4.2 Conceptual frameworks describing nursing care and its outcomes
Conceptual frameworks provide a theoretical basis for how the relationship between
nursing care and patient outcomes (i.e. framework elements) might be modelled and thus
tested. Though several researchers have conceptualised how the complex construct of
nursing care might be related to outcomes, no single theory has yet been ratified. The
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following overview demonstrates that a diverse range of framework elements have been
proposed but there are commonalities among the elements that are considered important.
Many of the conceptual frameworks for the outcomes of nursing care are derived from
Donabedian’s (1966) structure-process-outcome paradigm (Cho, 2001; Duffy & Hoskins,
2003; Holzemer, 1994; Irvine et al., 1998; Mitchell et al., 1998; Subirana et al., 2014; Yen &
Lo, 2004). These theorise a linear sequence in which structural components like nurse
staffing, pre-existing patient health status and organisational resources feed into the
processes of nursing care and result in patient outcomes. Nurse-researchers have
combined the structure-process-outcome model with other theories to better reflect the
complexity of the relationships between nursing care and outcomes. Cho’s (2001) Nurse
Staffing and Patient Outcomes Model drew from error modelling research (Reason, 1990)
to describe how latent and active failures are related to specific structural and process
deficiencies. This model conceptualises nursing surveillance as a defence against adverse
outcomes, initially through prevention and then by reducing severity. The Quality Caring
Model (Duffy & Hoskins, 2003) integrated the caring theory of nursing (Watson, 1999) to
describe how nurses’ Independent and Collaborative Relationships are the mediating
processes through which outcomes are reached. The Nursing Role Effectiveness Model
(Irvine et al., 1998) suggested that the Independent, Interdependent and Dependent Role
Functions of nurses within health care organisations are the processes that result in
patient outcomes. Subriana et al. (2014), proposed a model using realist review and
evaluation, and logic modelling of the results of existing literature. In this model, clinical
judgement, nurse surveillance, and timely intervention following early detection of
complications are the processes at work between structural and outcome variables
(Subirana et al., 2014). These frameworks each followed a linear format and drew similar
conclusions about which structural and outcome variables should be included in
conceptualisations of nursing care, but they differ in the process components of their
frameworks.
Other linear conceptualisations of nursing care and outcomes draw from organisational
research (Aiken et al., 1997; Tourangeau, 2005), structural contingency theory (Mark et
al., 1996) and human factors modelling (Holden et al., 2011). Another variation on the
conceptualisation of how nursing processes relate to patient outcomes is provided by Lee
et al. (1999) with a conceptual framework based on the assessment, diagnosis,
intervention and evaluation phases of the nursing process. This framework relates the
nursing care process to patient outcomes. Though structural elements were not included
in their conceptual framework, the authors contend that structure “causes changes in
outcomes only by means of changes in what nurses do (process)” (Lee et al., 1999,
12

p.1028). Proposed conceptual frameworks exhibit similar structural and process
indicators but conceptualisation of how they are related through the nursing process is yet
to reach consensus.
With their Quality Health Outcomes Model (QHOM), Mitchell et al. (1998) contended that
linear conceptual frameworks did not adequately represent the dynamic relationship
between nursing care and outcomes. Building on Holzemer’s work (1994), the QHOM
showed interventions resulted in outcomes through the mediating interactions of system
and patient characteristics. More recently, other researchers have come to similar
conclusions about the inadequacies of linear conceptualisations. The Nursing Services
Delivery Theory (Meyer & O'Brien-Pallas, 2010) and Patient Care Delivery Model (O'BrienPallas et al., 2011) are both influenced by Jelinek’s (1967) structural model for patient
care operation and by Open System Theory (Katz & Kahn, 1978) and General Systems
Theory (von Bertalanffy, 1950), respectively. Though published only a year after
Donabedian’s structure-process-outcome paradigm, and specifically dealing with the
measurement of nursing’s contribution to patient care, Jelenik’s work (1967) received
much less attention in quality nursing care research.
Though there are no standardised naming conventions for the elements of these
conceptual frameworks or the levels at which measurements take place, there is
agreement about which indicators should be measured. Whether the element has been
dubbed structure (Duffy & Hoskins, 2003; Irvine et al., 1998), inputs (Meyer & O'BrienPallas, 2010; O'Brien-Pallas et al., 2011), operant mechanisms (Aiken et al., 1997), context
(Holzemer, 1994), or even not specifically grouped and labelled (Tourangeau, 2005), there
are common measureable indicators of that element at the hospital/organisational/
system, nurse/provider, and patient/care recipient levels. The same is true of the two
other main elements of the proposed conceptual frameworks: process (Duffy & Hoskins,
2003; Irvine et al., 1998) or throughput (Meyer & O'Brien-Pallas, 2010; O'Brien-Pallas et
al., 2011); and outcomes (Aiken et al., 1997; Duffy & Hoskins, 2003; Irvine et al., 1998) or
outputs (Meyer & O'Brien-Pallas, 2010; O'Brien-Pallas et al., 2011). Table 2-1 (over page)
contains a synthesis of common measurable indicators within the matrix of structure,
process and outcome at patient, nurse and organisation levels.
Most nursing care quality research explores the association between indicators within two
or more of the elements illustrated in Table 2-1. The relationships between multiple
indicators from patient, nurse or organisation levels have been explored with and without
statistical adjustment for patient, nurse and organisation structural characteristics. It is
recognised that certain structural indicators have an independent impact on patient
outcomes, therefore these are measured so they can be included in statistical adjustment
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(Van den Heede et al., 2007). This study sits within the sub-group that specifically
investigates the relationship between nurse staffing (skill mix and nursing hours of patient
care) and patient complications (italicised in Table 2-1). Other studies falling within this
sub-group are discussed in greater detail in the following section.
TABLE 2-1: MEASURABLE INDICATORS OF STRUCTURE, PROCESS AND OUTCOME ELEMENTS AT PATIENT, NURSE
AND ORGANISATION LEVELS

Structure

Patient

Nurse

Organisation
(hospital or
unit)

Process

Satisfaction
Perceived care quality
Adverse outcomes (e.g.
complications, infection,
falls, medication errors,
mortality)
Symptom management
Health status
Quality of life
Safety

Demographic characteristics
Illness severity
Comorbidity
Admission type
Socioeconomic
characteristics

Knowledge
Education
Experience
Expertise
Work environment
Employment status
Nurse-physician
communication

Outcome

Nursing care
Nursing surveillance
Nursing interventions
Nurses’ Independent,
Interdependent, and
Dependent Roles
Independent and
Collaborative Caring
Relationships
Nursing Care Delivery
Models
Assessment, diagnosis,
intervention, and
evaluation
Patient care system

Nursing hours for patient care
Skill mix
Workload
Technology
Leadership
Financial resources
Organisation culture
Size (number of beds)
Teaching status
Resource adequacy
Hospital location

Job satisfaction
Burnout
Safety
Absenteeism
Intention to leave
Stress
Perceived care quality

Resource utilisation
Costs
Quality of care
Readmissions
Length of stay
Nurse turnover
Efficiency

NB: Indicators used in this study are italicised

2.5 Nurse staffing and patient outcomes in the acute care setting
For over a decade attempts have been made to quantify the relationship between the
quality and quantity of nursing care and patient outcomes. It has become accepted that
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nursing care has a direct ability to change patient health status independently of other
factors, such as diagnosis, patient demographic and socioeconomic characteristics, and the
quality of care delivered by other health professionals (International Council of Nurses,
2007). Specific patient outcomes have been measured in attempts to quantify the impact
of nursing care. The literature includes many labels for these specific patient outcomes:
nursing sensitive outcomes, patient outcomes, outcomes potentially sensitive to nursing,
nursing sensitive indicators, nursing sensitive outcome indicators, nursing quality
indicators, nurse sensitive patient outcomes, and nursing sensitive inpatient
complications. The term adverse outcome is also often used as many of the negative
indicators measured are already recorded in routinely collected databases (Stanton &
Rutherford, 2004).

2.5.1 Landmark studies
The two most widely cited studies that investigate the association between nurse staffing
and patient outcomes were published in 2002 (Aiken et al., 2002; Needleman et al., 2002).
They used different data sources and measures of nurse staffing and patient outcomes but
both concluded that patient outcomes were adversely affected by lower RN staffing levels.
Needleman et al. (2002) concluded that better care for hospitalised patients was
associated with more hours of care per day being delivered by RNs; Aiken et al. (2002)
found there was higher risk of death within 30 days of admission and failure to rescue (i.e.
death following pneumonia, shock or cardiac arrest, upper gastrointestinal bleeding,
sepsis or deep vein thrombosis (Needleman et al., 2002)) in hospitals with higher patientto-nurse staffing ratios. One study measured nurse staffing as hours of nursing care per
day using state-reported hospital staffing data (Needleman et al., 2002), whereas the other
used nurse-reported patient care from survey data to estimate mean patient load across
all staff RNs (Aiken et al., 2002). Aiken et al., contended that their method was “superior to
those derived from administrative databases” (Aiken et al., 2002, p.1988) because they
could exclude nurses who did not have direct patient care from their nurse staffing
measures, a limitation that Needleman et al. (2002) mitigated with statistical adjustment.
Both studies looked at the relationship between nurse staffing and mortality and failure to
rescue but Needleman et al. (2002) looked at 12 additional outcomes: length of stay (LOS),
urinary tract infection (UTI), pressure ulcers, hospital acquired pneumonia, shock or
cardiac arrest, upper gastrointestinal (GI) bleeding, hospital acquired sepsis, deep vein
thrombosis (DVT), central nervous system (CNS) complications, wound infection,
pulmonary failure and physiologic or metabolic derangement (Needleman et al., 2002).
Both studies used nurse staffing measures at the hospital level and Aiken et al. (2002)
asserted that this was not a limitation as there is no evidence of advantage in considering
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specialty-specific staffing. In contrast, more recent research holds that a lack of unit level
data is a major limitation in the area of research because staffing levels can vary widely
within hospitals on different units (Minnick & Pabst, 1998; Twigg et al., 2011; Van den
Heede et al., 2009a).

2.5.2 Other early work
Needleman et al. (2002) and Aiken et al.’s (2002) landmark works heralded an emerging
interest in exploration of the relationship between nursing care and patient outcomes.
These early studies ranged in size from large, multi-hospital samples (Aiken et al., 2003;
Blegen & Vaughn, 1998; Cho et al., 2003; Estabrooks et al., 2005; Kovner & Gergen, 1998;
Kovner et al., 2002; Lichtig et al., 1999; Mark et al., 2004; McCloskey & Diers, 2005;
McGillis Hall et al., 2004; Person et al., 2004; Rafferty et al., 2007; Tourangeau et al., 2002;
Whitman et al., 2002) to smaller studies at a single hospital, often with a sample of only a
few units (Blegen et al., 1998; Cimiotti et al., 2006; Robert et al., 2000; SasichayAkkadechanunt et al., 2003; Seago et al., 2006; Tarnow-Mordi et al., 2000). The majority
have been conducted in the United States (Aiken et al., 2003; Blegen et al., 1998; Blegen &
Vaughn, 1998; Cho et al., 2003; Cimiotti et al., 2006; Kovner & Gergen, 1998; Kovner et al.,
2002; Lichtig et al., 1999; Mark et al., 2004; Person et al., 2004; Robert et al., 2000; Seago
et al., 2006; Whitman et al., 2002) but the relationship has also been investigated in New
Zealand (McCloskey & Diers, 2005), Thailand (Sasichay-Akkadechanunt et al., 2003),
United Kingdom (Rafferty et al., 2007; Tarnow-Mordi et al., 2000), and Canada
(Estabrooks et al., 2005; McGillis Hall et al., 2004; Tourangeau et al., 2002).
There was recognition of the need for studies to assess outcomes at the unit level (Dunton
et al., 2007) since that is where nursing care is actually delivered (Whitman et al., 2002). It
is preferable to measure nurse staffing at the unit level rather than the hospital level
because unit-level nurse staffing averages vary from the hospital average (Mark et al.,
2004). Analysis of only hospital-level studies was cited as one of the limitations of the 43
studies reviewed by Lang et al. (2004). Hospital level aggregation of both patient and
nurse staffing data may cause confounding when the unit level patterns of either are not
homogenous (Lang et al., 2004; Minnick & Pabst, 1998; Mitchell & Shortell, 1997).
However, one of the challenges of using unit-level data is that patients often move
between units during the course of a hospitalisation episode which makes it difficult to
attribute complications or adverse outcomes to care in a specific unit (Needleman et al.,
2007; Sales et al., 2008).
Accurately attributing adverse outcomes to nursing care is another ongoing challenge in
the field. One component of this is ensuring the same individual is not counted twice in
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multi-hospital studies. Tourangeau et al. (2002) excluded all hospitalisations that were
transfers from other acute care hospitals to avoid double-counting the same individual. A
second component of the problem is ensuring pre-existing health conditions are not
counted as new nursing sensitive adverse outcomes. The present at onset variable was
used by some to establish whether the potentially nursing-sensitive outcomes being
measured occurred during a hospitalisation or were pre-existing when the patient was
admitted (Cho et al., 2003; Lichtig et al., 1999). However, this present at onset variable has
not been widely available and Lichtig et al. (1999) noted it was a new and unreliable
variable at the time of their study.
Data availability can determine the research methods that can be used to investigate a
question of interest. Ideally, there would be no data restrictions and the research question
would always determine the data collection methods employed. Jiang et al. (2006) found
that the data sources used can impact on the associations found between nurse staffing
and patient outcomes. The most common data sources used for both nurse staffing and
patient outcomes are hospital administrative data, routine compulsory hospitalaggregated reporting (usually to the government), and surveys.
Logistic regression was the most commonly used statistical method to estimate the
relationship between the independent staffing variables and dependent patient outcome
variables. Some studies of multiple units and/or hospitals accounted for clustering of
subjects with multilevel hierarchical models or focussed on sample-averaged effects using
generalised estimating equations. The relatively sophisticated statistical techniques and
risk adjustment prevalent in the published literature reflects the complex nature of the
relationships being investigated. Simple correlation analysis was not used often (Kovner &
Gergen, 1998; Whitman et al., 2002) and very few regression analyses did not include risk
adjustment for patient or hospital characteristics (McCloskey & Diers, 2005; McGillis Hall
et al., 2004). Patient-level risk adjustment factors most commonly included age, sex,
whether the hospitalisation was planned or emergency, and patient comorbidities. At the
hospital level, number of beds, technology level, teaching status, rural or metropolitan
location, and proportion of patients covered by insurance were the most common risk
adjustment factors.
The studies commonly used hours of nursing care per patient day as the primary nurse
staffing measure (Cimiotti et al., 2006; Kovner & Gergen, 1998; Kovner et al., 2002; Lichtig
et al., 1999; Mark et al., 2004; Robert et al., 2000; Whitman et al., 2002), sometimes with
the addition of a skill mix measure (defined as the proportion of total nursing hours
delivered by RNs)(Blegen et al., 1998; Blegen & Vaughn, 1998; Cho et al., 2003; McCloskey
& Diers, 2005; Person et al., 2004; Seago et al., 2006). Some other measures used were
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nurse to patient ratio (Rafferty et al., 2007; Robert et al., 2000; Sasichay-Akkadechanunt et
al., 2003; Tarnow-Mordi et al., 2000), average education attainment (Aiken et al., 2003;
Estabrooks et al., 2005; Sasichay-Akkadechanunt et al., 2003), nurse perceptions of
staffing adequacy (Estabrooks et al., 2005; McGillis Hall et al., 2004) and elements of the
nursing practice environment (Estabrooks et al., 2005; McGillis Hall et al., 2004;
Tourangeau et al., 2002). Like Aiken et al. (2002), many researchers focussed only on the
association between staffing and mortality or failure to rescue (Aiken et al., 2003;
Estabrooks et al., 2005; Person et al., 2004; Rafferty et al., 2007; Sasichay-Akkadechanunt
et al., 2003; Tarnow-Mordi et al., 2000; Tourangeau et al., 2002). Non-fatal outcome
indicators included medication error, falls, pressure ulcer, pneumonia, urinary tract
infection, surgical wound infection, hospital-acquired blood stream infection, deep vein
thrombosis, pulmonary embolism, restraint use (rate or duration), nurse perceptions of
quality of care, shock, myocardial infarction, upper gastrointestinal bleeding, physiologic
or metabolic derangement, and patient satisfaction with general care, pain management
and education (Blegen et al., 1998; Blegen & Vaughn, 1998; Cho et al., 2003; Cimiotti et al.,
2006; Kovner & Gergen, 1998; Kovner et al., 2002; Lichtig et al., 1999; Mark et al., 2004;
McCloskey & Diers, 2005; McGillis Hall et al., 2004; Robert et al., 2000; Seago et al., 2006;
Whitman et al., 2002).
Overall, researchers concluded that their study findings supported an inverse relationship
between nurse staffing levels and rates of adverse patient outcome. Despite this, neither
nursing hours per patient day nor skill mix (percentage of care by RNs) were significantly
associated with common patient outcome measures consistently across studies, as
reflected by the conclusions drawn by the literature reviews discussed in the following
section.

2.5.3 Reviews of the literature
Approximately 30 literature reviews which specifically aimed to synthesise findings on the
relationship between nurse staffing and patient outcomes were published between 2000
and 2013. Some authors concluded that increased nursing hours of care and/or improved
skill mix resulted in reduced adverse outcome rates but others acknowledged evidence of
an association did not imply causation or concluded there was inconsistent or insufficient
evidence of the relationship. Despite reaching conflicting conclusions, many agreed that
more robust study designs were important for future research. A critique of the
contrasting conclusions reached by the reviews and a synthesis of commonly suggested
study design improvements are presented in the following paragraphs.
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Multiple attempts to synthesise the main findings in this field have not resulted in a
consensus about the nature of the relationship between nurse staffing and patient
outcomes. Many reviews reported limited or inconsistent evidence of an association
between increasing nursing hours of care and/or improving skill mix and reduced rates of
adverse outcome (Ayre et al., 2007; Blegen, 2006; Curtin, 2003; Dimick et al., 2001;
Garretson, 2004; Garrett, 2008; Haberfelde et al., 2005; Lake & Cheung, 2006; Needleman
et al., 2007; Numata et al., 2006; Stone et al., 2003; Thungjaroenkul et al., 2007;
Tourangeau et al., 2006; Twigg et al., 2011; Unruh et al., 2008; West et al., 2009), and three
studies concluded there was insufficient evidence of any association (Donaldson &
Shapiro, 2010; McGahan et al., 2012; Shullanberger, 2000). Four reviews determined that
the study results demonstrated an association but there was insufficient evidence of
causation (Flynn & McKeown, 2009; Hugonnet et al., 2004; Kane et al., 2007; Penoyer,
2010). Several authors qualified their conclusion that an association was present. They
pointed out that many patient and hospital characteristics interact to produce patient
outcomes (such as those in Table 2-1) and adequate staffing is not the sole condition
needed for the delivery of high quality nursing care in the complex health care
environment (Blegen, 2006; Kane et al., 2007; Krueger et al., 2013; Needleman et al., 2007;
Shekelle, 2013; Tourangeau et al., 2006). Some suggested that publication bias may be the
reason for the lack of evidence that there is no relationship between nurse staffing and
patient outcomes (Hugonnet et al., 2004; Thungjaroenkul et al., 2007).
Hugonnet et al. (2004) propose that inadequate nurse staffing levels should be
conceptualised as an underlying determinant of adverse patient outcomes, rather than a
causal risk factor. A number of authors agree that there is not enough evidence to
determine optimal nurse staffing levels or skill mix (Ayre et al., 2007; Blegen, 2006;
Donaldson & Shapiro, 2010; Hyun et al., 2008; Lang et al., 2004; Shullanberger, 2000).
Inconsistent results may challenge the implicit prevailing assumption that increased nurse
staffing levels lead to improved patient outcomes in all circumstances and the appropriate
study design for measuring the relationship has not yet emerged. One possible reason for
the lack of consensus is that study designs have failed to capture the complexities of the
phenomena being investigated.
Insufficiently robust design is the most common explanation for inconsistent findings on
the relationship between nurse staffing and patient outcomes, but different aspects of
study design are highlighted. Some observe that inadequate risk adjustment is carried out
for confounding variables (Blegen, 2006; Haberfelde et al., 2005; He et al., 2013; Hugonnet
et al., 2004; McGahan et al., 2012; Needleman et al., 2007; Numata et al., 2006; Stone et al.,
2003; Tourangeau et al., 2006), resulting in biased estimates of the effect of staffing (He et
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al., 2013; Lankshear et al., 2005). Other suggested improvements to study design include:
increased sample size (Blegen, 2006; Heinz, 2004; McGahan et al., 2012); prospective data
collection (McGahan et al., 2012; Thungjaroenkul et al., 2007); and unit-level data analysis
(Ayre et al., 2007; Blegen, 2006; Unruh et al., 2008). It has been found that analysis
conducted with aggregated hospital-level data may obfuscate the relationship between
nurse staffing and patient outcomes, in contrast with unit-level analysis where actual
nursing hours are matched to patients (Blegen, 2006; Heinz, 2004; Lang et al., 2004;
Lankshear et al., 2005; Shekelle, 2013). Many who have tried to draw together the
evidence note that comparisons are made difficult by the wide variation in data sources
(Brennan et al., 2013; Haberfelde et al., 2005; Kane et al., 2007; Lake, 2006a; Lake, 2006b;
Stone et al., 2003) and inconsistent definitions and measures of both nurse staffing and
patient outcomes (Ayre et al., 2007; Blegen et al., 1998; Brennan et al., 2013; Haberfelde et
al., 2005; Heinz, 2004; Lankshear et al., 2005; McGahan et al., 2012; Penoyer, 2010;
Stanton & Rutherford, 2004; Stone et al., 2003; Thungjaroenkul et al., 2007; Tourangeau et
al., 2006; Wilson et al., 2012).
Consistent variable definitions are challenging in the context of a lack of agreement about
what variables should even be measured. Mortality, for example, is a commonly used
outcome and while some think it is a useful indicator of whether high quality nursing care
has been delivered (Shekelle, 2013; Tourangeau et al., 2006), others state it is not
sufficiently sensitive to changes in nursing care (Blegen, 2006; Butler et al., 2011;
Needleman et al., 2007; Numata et al., 2006; Penoyer, 2010; Stanton & Rutherford, 2004).
Hammermeister et al. (1995) assert that a large component of the variation in health
outcomes may not be able to be measured and health professionals do not adequately
acknowledge the limitations of outcomes as measures of quality. The inefficiency of health
outcomes as measures of quality is related to low complication incidence rates and time
lag between the hospitalisation and identification of outcome occurrence (Hammermeister
et al., 1995). Despite this, attempts have been made to reach a consensus about which
variables should be measured (Jennings et al., 1999; Van den Heede et al., 2007). Several
organisations have come up with lists of outcomes thought to be nursing sensitive. For
example: the Agency for Healthcare Research and Quality's Patient Safety Indicators
(United States of America); the Quality and Outcomes Framework (United Kingdom); the
Collaborative Alliance for Nursing Outcomes; and the National Database of Nursing Quality
Indicators by the American Nurses Association (United States of America). Perhaps most
telling is the lack of overlap between the variables selected by the different organisations.
Some researchers offer explanations for inconsistent findings that are not related to study
design. Lang et al. (2004) report that the clinical significance and effect size of statistically
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significant results were rarely interpreted in the studies they reviewed. For example, a
10% risk reduction may only represent a small change in outcome occurrence frequency.
A number of authors observe that study results are interpreted with the implicit
assumption that the relationship between nurse staffing and patient outcomes is linear.
This can be seen in statements such as, “each additional patient per nurse was associated
with a 7% increase in the likelihood of dying within 30 days of admission and a 7%
increase in the odds of failure-to-rescue” (Aiken et al., 2002, p.1987). But there is rising
recognition that the relationship may be non-linear. A curvilinear relationship may be
present in which there is a diminishing reduction in adverse outcome rates as nurse
staffing increases (Lankshear et al., 2005; West et al., 2009). This concept was first
published in a 1967 study which found higher nursing numbers were associated with
“progressively lesser increments in the amount of time devoted to direct patient care”
(Jelinek, 1967, p.241). Alternatively, there may be a threshold after which the efficacy of
further increases to nurse staffing is reduced (Heinz, 2004; Hugonnet et al., 2004; Wilson
et al., 2012). Garretson et al. (2004) proposed that the adaptability of nurses enables them
to cope with below-ideal staffing levels until a point at which safe care cannot be
delivered. Similarly, the effect of changes to nurse staffing detected in the population being
studied may depend on the baseline nurse staffing levels or adverse outcome rates (Kane
et al., 2007; Lang et al., 2004) or the degree of variation observed in staffing levels
(Donaldson & Shapiro, 2010).
In summary, while the literature exhibits a recurring theme of calls for improved study
design to strengthen the evidence it has been recognised that the relationship under
investigation is highly complex and nurse staffing may not always have the same impact
on patient outcomes. There is an overlap in the studies drawn on by the literature reviews
discussed above. The 20 articles most commonly included in literature reviews are now a
decade or more old (Aiken et al., 2003; Aiken et al., 2002; Aiken et al., 1994; Amaravadi et
al., 2000; Blegen et al., 1998; Blegen & Vaughn, 1998; Cho et al., 2003; Dang et al., 2002;
Dimick et al., 2001; Fridkin et al., 1996; Kovner & Gergen, 1998; Kovner et al., 2002;
Lichtig et al., 1999; Mark et al., 2004; Needleman et al., 2002; Pronovost et al., 1999; Sovie
& Jawad, 2001; Tourangeau et al., 2002; Unruh et al., 2008). The next section of this
chapter explores the degree to which these review findings have been applied in more
recently published literature.

2.5.4 Recent work (since 2008)
Since 2008, recognition of potential study design limitations has led to studies that aim to
address one or more of the limitations highlighted. In response to comments on the
limitations of hospital-aggregated analysis and variation in nurse staffing measures,
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several recently published studies have conducted unit-level analysis and used the NHpPD
staffing measure (Cook et al., 2012; Duffield et al., 2011; He et al., 2013; Needleman et al.,
2011; Patrician et al., 2011; Sales et al., 2008; Shuldham et al., 2009; Tschannen & Kalisch,
2009; Twigg et al., 2011). The association between nurse staffing and patient outcomes
has also been investigated at the patient-level (Tschannen & Kalisch, 2009) and nursing
shift-level (Needleman et al., 2011; Patrician et al., 2011). Some studies conducted
hospital-level analysis, but focussed on other noted limitations, such as: excluding preexisting complications from being counted as nursing sensitive outcomes (Mark & Harless,
2010; Van den Heede et al., 2009b); ensuring only productive hours of nursing care were
measured (Blegen et al., 2011; Harless & Mark, 2010; Mark & Harless, 2010; Spetz et al.,
2013; Twigg et al., 2011; Unruh & Zhang, 2012; Van den Heede et al., 2009b; Zhu et al.,
2012); including patient- and hospital-level risk adjustment (Cook et al., 2012; He et al.,
2013; Needleman et al., 2011; Sales et al., 2008; Van den Heede et al., 2009b; Zhu et al.,
2012); and using consensus-defined outcome measures (i.e. those agreed upon by
organisations such as the Agency for Healthcare Research and Quality)(Blegen et al., 2011;
Harless & Mark, 2010; Mark & Harless, 2010; Spetz et al., 2013; Unruh & Zhang, 2012; Van
den Heede et al., 2009b). Studies of the association between nurse staffing and patient
outcomes in non-US contexts have expanded to include Australia (Duffield et al., 2011;
Twigg et al., 2011); Europe (Gunnarsdóttir et al., 2009; Hinno et al., 2012; Shuldham et al.,
2009; Van den Heede et al., 2009b; You et al., 2013); and Asia (Liang et al., 2012;
Nantsupawat et al., 2011; You et al., 2013; Zhu et al., 2012).
Arguably, improved study design rigor has not resulted in more definitive results when
investigating the relationship between nurse staffing and patient outcomes. Though
implementing various study design improvements, many studies found little or no
evidence of a significant association (Blegen et al., 2011; Cook et al., 2012; Duffield et al.,
2011; Mark & Harless, 2010; Shuldham et al., 2009; Spetz et al., 2013; Twigg et al., 2011;
Unruh & Zhang, 2012; Van den Heede et al., 2009b). Studies that did find a significant
relationship more commonly measured only one or two outcomes, conducted patient-,
nursing shift- or unit-level rather than hospital-level analysis, and used direct measures of
productive hours of nursing care (Butler et al., 2011; Harless & Mark, 2010; He et al., 2013;
Needleman et al., 2011; Patrician et al., 2011; Sales et al., 2008; Tschannen & Kalisch,
2009). Greater attention to the timeline of nursing sensitive outcome development may
mean they can be more accurately attributed to the location in which they actually
developed (Patrician et al., 2011). There is a risk that studies that investigate a large
number of outcomes may find a small number of significant results through chance and
conclude there is evidence of a relationship between nurse staffing and patient outcomes.
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2.5.4.1 Analyses of the impact of implementing minimum nurse staffing
legislations
Evidence in support of specific ideal staffing levels is limited (Ayre et al., 2007; Blegen,
2006; Donaldson & Shapiro, 2010; Hyun et al., 2008; Lang et al., 2004; Shullanberger,
2000). Despite this, there are a number of places in the world where minimum staffing
levels have been legislated and studies of the effectiveness of this legislation in reducing
patient complication rates are now emerging. In 2004, legislation mandating minimum
nurse to patient ratios was introduced in California (United States of America). The
mandate resulted in significant increases in productive NHpPD but was not associated
with decreased adverse outcome rates (Cook et al., 2012; Spetz et al., 2013). In contrast,
minimum nurse staffing legislation in Western Australia (WA) did not result in a
significant increase in nurse staffing levels (Twigg et al., 2011). This study found an
association between higher NHpPD and decreased rates of five out of twelve outcomes
measured at the unit level (Twigg et al., 2011). This contrast in efficacy of minimum
staffing legislation could be because the Californian model mandated a blanket hospitallevel patient-to-nurse ratio (i.e. did not account for within-hospital variation in patient
care needs on different units) whereas the WA model classified individual units based on
usual patient acuity needs and mandated staffing minimums in bands depending on these
classifications. These results suggest that though nurse staffing may be an important
component of overall strategies to deliver high quality patient care, staffing relative to
patient acuity requirements is more important to adverse outcome rates than absolute
staffing levels (Cook et al., 2012; Sales et al., 2008).

2.5.5 Related research in the area of quality of nursing care
There are some areas of research, tangentially related to this study, that are concerned
with nursing care and its outcomes but which do not deal directly with nurse staffing
and/or patient outcomes in the acute care setting. For example, research that does not
measure nursing care in terms of nurse staffing, studies that measure the processes of
nursing care, research that uses nurse outcomes or alternative patient outcomes, studies
set outside of the acute hospital setting, and studies of nurses’ perceptions of the impact of
nursing care.

2.5.5.1 Non-staffing surrogate measures of nursing care
Some researchers have addressed the question of the impact of nursing care on patient
outcomes by either measuring staffing without using NHpPD or skill mix, or by using
measures of nursing care other than staffing levels. A diverse range of tools have been
employed to measure hospital nurse staffing (Brusco et al., 1993; Diers & Bozzo, 1997;
23

Forte & Forstrom, 1998; Miranda et al., 1996; O'Brien-Pallas et al., 1997; Sznajder et al.,
1998), and their heterogeneity makes the efficacy of each difficult to compare
(Shullanberger, 2000). Nurse to patient ratios are used internationally, but they have been
criticised as being insufficiently responsive to dynamic patient care needs (Lang et al.,
2004; Spetz, 2005). Researchers have investigated the impact of non-staffing measures of
quality nursing care (nurse experience, RN educational preparation, hospital nursing
leadership styles) on variables such as nurse competence, nursing process variables, nurse
burnout, nurse-physician relationships, nursing work environment, nursing workload, and
clinical nursing support (Aiken et al., 2008; Aiken et al., 1999; Blegen et al., 2013;
Cummings et al., 2010; Duffield et al., 2009; Kazanjian et al., 2005; Lake, 2007; Lang et al.,
2004; Poghosyan et al., 2010; Seago & Faucett, 1997; Stone et al., 2007; Tourangeau, 2005;
Unruh et al., 2008).

2.5.5.2 Research studying the impacts of other aspects of nursing care
Researchers have explored how processes of nursing care are influenced by nurse staffing
levels in ways that might impact on adverse outcome rates. Studies of staffing
interventions are limited, but they suggest that the introduction of specialist nursing roles
or specialist support staff may improve patient outcomes (Butler et al., 2011). Other
assessments of the impact of nurse staffing interventions or other strategies to improve
nursing care capacity without changing the number of nurses on a unit include research
that investigates: the impact of the introduction of nursing care plans or other care
strategies on patient outcomes (Chaboyer et al., 2010; Jansson et al., 2010; Meyer et al.,
2009); the impact of nurse satisfaction and ‘churn’ (Duffield et al., 2009); the role of expert
nurses (Currie & Watterson, 2009); how staffing adequacy influences nurses’ decisions
about prioritisation of patient care needs (Anthony, 2008; Lucero et al., 2010; Schubert et
al., 2008); and the effect of implementation of education programs (Müller-Staub et al.,
2007). But there is a paucity of evidence in this area - possibly due to a lack of
standardised and evidence-based measures of nursing assessment, planning, education,
counselling and monitoring interventions (Bolton et al., 2007; Lee et al., 1999). This is an
area that requires further research to support how nursing processes link nurse staffing
and patient outcomes.

2.5.5.3 Research using non-patient outcomes
Another related area of research is concerned with the impact of nursing care on nursing
outcomes or non-clinical patient outcomes, such as patient satisfaction with care or
nurses’ satisfaction. Following on from early research that investigated the association
between nurse staffing and patient outcomes came the idea that nurses were more likely
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to be able to deliver safe and effective care when they experienced positive nursing
outcomes themselves. Satisfied nurses were thought to provide higher quality of care and
be less likely to leave nursing, thus looking after the wellbeing of the nursing workforce
would potentially have a beneficial knock-on effect in the health care system at large
(Aiken et al., 2002). Nurse outcomes that have been linked to staffing levels include: job
satisfaction; burnout; intention to leave job or the nursing profession; and turnover
(Garrett, 2008; Hayes et al., 2006). Patient satisfaction (Aiken et al., 2012; TervoHeikkinen et al., 2008), falls (Blegen & Vaughn, 1998; Dunton et al., 2004; Potter et al.,
2003; Shuldham et al., 2009; Unruh, 2003), medication errors (Blegen et al., 1998; Blegen
& Vaughn, 1998; Grillo-Peck & Risner, 1995; Patrician et al., 2011), management of pain
and other symptoms (McGillis Hall et al., 2003), length of stay (Blegen et al., 2011;
Tschannen & Kalisch, 2009), economic outcomes (Dall et al., 2009; Goryakin et al., 2011;
Needleman et al., 2006), and nurse-perceived quality of care (Aiken et al., 2012) are
examples of the other patient outcomes that have been looked at in the field but were
outside the scope of this study. These outcomes are difficult to measure using routinely
collected administrative data, yet it is challenging to reach sample sizes large enough to
yield significant results with prospective data collection.

2.5.5.4 Nursing care and patient outcomes research outside the general
acute hospital setting
Though outside the scope of this research, quantifying the impact of nursing care is
relevant in the varied settings in which it occurs. Research exploring the impact of nursing
care on outcomes in a variety of contexts has expanded to anaesthetic recovery/post
anaesthesia care units (Mamaril et al., 2007), operating theatres (Talsma et al., 2013),
neonatal and paediatric hospital care (Sherenian et al., 2013; Wilson et al., 2012), specialty
dialysis units (Thomas-Hawkins et al., 2008; Wolfe, 2011), long-term care (Mueller &
Karon, 2004), psychiatric care (Bowers et al., 2009), smaller hospitals (Cramer et al.,
2011), general practice (Griffiths et al., 2010), maternity care (Clark et al., 2014; Wilson &
Blegen, 2010), and aged care (Backhaus et al., 2014; Hodgkinson et al., 2011; Spilsbury et
al., 2011). In these specialist settings the outcomes of nursing care fall beyond those
relevant in the acute care setting and reflect the varied impact nursing care has in each
unique context.

2.5.5.5 Nurses’ perceptions of the impact of nursing care
At the front line of patient care delivery, nurses are well placed to influence patient
outcomes (Aiken et al., 2002), but their motivation to moderate their behaviour to
optimise patient care may be compromised if nurses do not recognise the potential impact
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of their actions (Wood et al., 1998). Whether nurses from varied clinical and educational
backgrounds are aware of literature exploring the relationship between nursing care and
patient outcomes has not been widely explored (Jordan, 2011). A study investigating
nurses’ perceptions of the impact on nursing care on patient outcomes was conducted in
parallel with the main line of investigation presented in this thesis and is presented as
Chapter 3 (Schreuders et al., 2012). Nurses who worked in direct patient care roles were
less likely to identify that nursing care impacted on patient outcomes than nurses in
education, management or research roles (Schreuders et al., 2012). These findings suggest
that there is a need to raise awareness among nurses of the influence of their care on
patient outcomes.

2.6 Conclusion
Researchers have built on early explorations of health care quality by specifically
addressing the question of nursing care quality. A major component of the nursing care
quality literature investigates the relationship between nurse staffing levels and patient
complication rates. However, study results have not been consistent and there are ongoing
calls for further investigation from within the research community and nursing profession
(Armstrong, 2006; Armstrong, 2009; Gerdtz & Nelson, 2007; Nelson, 2005). Even though
evidence is mixed, there is a general sense in the field that the association is true and the
lack of consistent evidence is the result of inadequate research methods. Given the nature
of the phenomenon under investigation it may not be possible to overcome the
methodological challenges that impact on the generalizability of results. Current research
has been used as evidence for nurse staffing policy decisions but implementation of
legislation mandating minimum staffing levels in hospitals has not resulted in the
expected reductions in adverse outcome rates.
The nurse staffing and patient outcomes literature may be strengthened if future research
is able to explore why there have been inconsistent findings about relationships between
nurse staffing and patient outcomes. This study aims to contribute to existing work by:
describing a novel way of using linked health data to take advantage of the benefits of
using administrative data while ensuring pre-existing patient complications are not
attributed to nursing care; using hospitalisation-level analysis with accurate measurement
of individual patients’ exposure to nurse staffing; using detailed statistical risk adjustment;
and including only productive hours of nursing care. It is possible that the combination of
adjusting for patient comorbidity, having a sufficiently large sample size, and measuring
nurse staffing and patient outcomes at the hospitalisation level will offer new insights.
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3 NURSE PERCEPTIONS OF THE IMPACT OF NURSING
CARE ON PATIENT OUTCOMES: AN EXPLORATORY
STUDY
F OREWORD
This chapter is a copy of an original manuscript published in Contemporary Nurse, 2012;
41(2), 190-197. The manuscript describes an exploratory survey of a convenience sample
of Western Australian nurses in which they were asked about their perceptions of the
relationship between nursing care and inpatient complications. The results indicate
nurses’ perceptions of how nursing care influences inpatient outcomes is related to their
educational background and work role. This component of the thesis was a preliminary
piece of work conducted during the preparation phase of the main study involving linked
data; factors which reduce nursing sensitive complications will need to be understood by
nurses in patient care roles for successful translation into prevention policies. This
manuscript was published before the final decision was taken to use the term ‘nursing
sensitive inpatient complication’ for the outcomes of interest throughout the thesis; the
term ‘nursing sensitive outcome (NSO)’ is used instead. Appendix A contains
supplementary material for this chapter: the data collection tool and institutional ethics
approval.
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A BSTRACT
The aim of this research was to explore registered nurses’ perceptions of the relationship
between nursing care and clinical outcomes. We conducted an exploratory survey using a
convenience sample of nurses attending a three day nursing practice conference. Nurses
with postgraduate degrees and those whose main work role was clinical had higher mean
scores for the impact of nursing care on patient outcomes. Nurses reported that pressure
ulcers and surgical wound infection were most affected by nursing care. Falls, medication
errors, pain management, and patient education were some of the clinical indicators
suggested as additional appropriate measures of nursing care. Our results suggest that
nurses’ educational background and work role may influence their perception of the
impact of nursing care on patient outcomes.
Keywords: nursing sensitive outcomes, nurse perceptions, nursing
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3.1 Introduction
For almost a decade researchers have investigated the relationship between the quality
and/or quantity of nursing care and adverse patient outcomes (Aiken et al., 2002; Kane et
al., 2007; Lankshear et al., 2005; Needleman et al., 2002). Interest in quantifying this
relationship emerged in response to a trend of reducing numbers of Registered Nurses per
patient in an effort to curb rising health care costs (Aiken et al., 2000; McCloskey & Diers,
2005; Shindul-Rothschild et al., 1996). Some of the challenges in this field of research are
yet to be fully resolved, for example, defining and accurately measuring nursing care
(Reinier et al., 2005) and deciding upon suitable and measurable indicators of quality
nursing care (Doran et al., 2006; Jennings et al., 1999; Spetz et al., 2008). In 2002, a team of
researchers constructed fourteen clinical indicators (listed in Table 3-1) that could be both
conceptually linked to nursing care and feasibly measured using routinely collected
hospital discharge information from administrative data sets (Needleman et al., 2002).
Following on from the work of Aiken et al. (1994) and Needleman et al. (2001) there has
been growth in the literature in the field. A systematic review of studies relating to
hospital nurse staffing and patient outcomes was commissioned by the Agency for
Healthcare Research and Quality, published in 2007 (Kane et al.). Of the 94 eligible studies
included in the meta-analysis, the pooled results showed that: every additional registered
nurse full-time equivalent (FTE) per patient day was associated with a “relative risk
reduction in hospital-related mortality by 9 per cent in intensive care units and 16 per
cent in surgical patients” (Kane et al., 2007, p.2); the death rate decreased 1.98% for each
additional nurse hour per patient day (95% CI 0.96%-3.0%) (Kane et al., 2007); and there
was a significant negative correlation between the percentage of nurses with Bachelor of
Nursing Science degrees and the incidence of death related to health care (r=-0.46,
p=0.02) (Kane et al., 2007). The systematic review concluded that increased nurse staffing
in hospitals is associated with better patient outcomes, but acknowledged that the
relationship does not necessarily imply causation (Kane et al., 2007).
Despite the concept of nursing sensitive outcomes (NSO) being embraced internationally
(International Council of Nurses, 2007) and a growing research focus in Australia there is
limited evidence to support the conceptual validity of Needleman’s fourteen NSOs for
practising nurses in Australia (Duffield et al., 2007; Twigg et al., 2011). There is a lack of
research elucidating practising nurse’s perceptions of how NSO have been defined and
how NSO may be affected by measures of nursing care. Moreover we were interested in
whether characteristics of the nurse, such as age, education level or job description,
influence a registered nurse’s perception of the impact of nursing care on NSOs. Aiken et
al. (2002), argue that nurses are at the front line of patient care delivery and as such are
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well placed to influence patient outcomes, but is this potentially compromised if nurses do
not recognise the effect of their care on patient outcomes? In addition, nurses at the ‘front
line’ of patient care may have novel ideas about additional indicators that might reflect the
quality of nursing care delivered.

3.2 Aim
The aim of our study was to explore registered nurses’ perceptions of the impact of
nursing care on 13 of the 14 clinical outcomes defined by Needleman et al. (2001). We
targeted Registered Nurses attending a nursing practice conference where the keynote
speaker was an international researcher into nurse sensitive outcomes. We hypothesised
that nurses with a higher level of education would be more likely to identify the potential
for the quality of nursing care to impact on patient outcomes.

3.3 Methods
3.3.1 Design
This is an exploratory survey using a convenience sample of Registered Nurses attending a
three day nursing practice conference in Perth (Western Australia) in 2011. Participants
visiting one of the conference trade booths were invited to complete a short questionnaire
about their perceptions of the impact of nursing care on NSOs.

3.3.2 The questionnaire
The questionnaire was developed by the authors, piloted by six volunteer nurses
(colleagues of the authors), and amended based on their feedback. One of the original 14
indicators developed by Needleman et al. (2001), “failure to rescue” (FTR), was not
included as it is a more complex concept than the other clinical indicators and could not be
adequately explained within the limitations of a short survey form. As FTR has only lately
been defined and explored within the research literature, understanding across nurses
might be variable and consequently the responses would be difficult to interpret.
Part A of the questionnaire contained demographic questions about the participant
including age, years of nursing experience, educational attainment and main work role.
Participants were asked to indicate their highest level of educational attainment from a list
of six options: hospital diploma, bachelor’s degree, postgraduate certificate, postgraduate
diploma, master’s degree, and doctor of philosophy or professional doctorate. For analysis
purposes, responses of hospital diploma or bachelor’s degree were grouped together as
‘qualifying degree’ and other responses were grouped as ‘postgraduate degree’.
Participants also selected their main work role from four options: clinical, education,
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management or research. Responses of education, management, research or a
combination of these were grouped as ‘non-clinical main work role’ and responses of
clinical on its own or combined with any other role were grouped as ‘clinical main work
role’.
In Part B participants were asked to indicate on a five-point Likert scale how much of an
impact they thought nursing care had on each of the thirteen clinical indicators. One
represented a ‘Very small impact’ and five represented a ‘Very large impact’. Participants
were then asked to select the three clinical indicators for patient outcomes most
influenced by nursing care. Finally, they were asked to list additional clinical indicators
they thought were influenced by nursing care.

3.3.3 Data analysis
Statistical analyses were completed using Statistical Package for the Social Sciences (SPSS)
Version 19.0 software. Demographic data and survey responses were described using
medians and/or means and standard deviations (sd) for continuous variables, and
percentages for categorical variables. Likert scale responses were treated as continuous
variables for descriptive purposes, but were treated as ordinal for the multivariable
modelling. An odds ratio (OR) of one indicates that the reported average impact of nursing
care is just as likely in both groups, an OR greater than one indicates that a larger score is
more likely in the comparison group than the reference group (listed first). The p value
indicates whether the OR is significantly different from one and the 95% confidence
interval indicates the possible range of the population odds ratio. Associations were tested
at the 5% level of significance. Rather than only presenting a subset of our results or
decreasing the significance level to adjust for multiple tests, all results have been reported
with 95% confidence intervals. This approach is consistent with the advice of Perneger
(1998). Mann Whitney U tests were used to compare overall nursing impact scores and
ordinal regression (Norusis, 2010) was used to compare age adjusted responses to the
impact of nursing care for each clinical indicator between different groups.
Participant suggestions for additional clinical indicators influenced by nursing care were
analysed qualitatively. Responses were recorded verbatim from the questionnaire,
distilled to the essential components while still retaining the original meaning of the text,
and themes were abstracted from the condensed text by coding common responses and
grouping them together (Graneheim & Lundman, 2004). The major themes and their
descriptions are reported.
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3.3.4 Ethical considerations
Individuals were not subjected to any prejudice or adverse consequence as a result of
their refusal or agreement to participate. Identifying information was removed from the
responses prior to analysis. Ethics approval for this research was granted by The
University of Western Australia Human Research Ethics Committee (RA/4/1/4665).

3.4 Results
3.4.1 Participant group characteristics
Approximately 100 conference delegates were invited to participate and 73 returned
questionnaires, providing a 73% response rate. Participants were all registered nurses
with an average age of 44.8 years (sd=10.23 years). The average length nursing practise
was 22.5 years (sd=10.95 years). The majority of participants were from Western
Australia (85%) but a small proportion were from other Australian states or territories
(8%) or overseas (7%). Their highest levels of educational attainment were hospital
diploma (17%), bachelor’s degree equivalent (22%), postgraduate certificate (13%),
postgraduate diploma (16%), master’s degree (21%) and PhD or professional doctorate
(11%). Participants reported their main work role as either clinical (24%), education
(33%), management (18%), research (9%) or a combination of these roles (16%).

3.4.2 Impact of nursing care on clinical indicators
Table 3-1 shows the mean and standard deviation of responses for the overall group when
asked to quantify the impact of nursing care on the each of the clinical outcomes using the
scale of ‘one’ to ‘five’, and the percentage of participants who ranked that particular
clinical indicator in the top three most affected by nursing care. On average, participants
responded that nursing care had a moderate to large impact on each of the clinical
indicators. The majority of participants (84%) listed pressure ulcers in the top three
indicators most affected by nursing care. Opinions were divided on which of the other
clinical indicators were most affected by nursing care but there were several indicators
that were scored in the ‘top three’ by less than 10% of nurses and no-one listed upper
gastrointestinal tract bleed as being related to nursing care (see Table 3-1).
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TABLE 3-1: OVERALL RESPONSES TO IMPACT OF NURSING CARE ON CLINICAL INDICATORS

Mean response
for impact of
nursing care on
clinical
indicator

Standard
deviation

Percentage of
participants
ranking clinical
indicator in top
three

Pressure ulcers
Length of stay

4.6
4.2

0.74
0.96

84%
39%

Surgical wound infection

4.2

0.94

48%

Clinical indicator

Deep vein thrombosis

4.0

1.03

26%

Hospital acquired pneumonia

4.0

1.07

25%

Urinary tract infection

3.9

1.05

23%

Sepsis
Death in hospital or within 30 days of
discharge
Shock and myocardial infarction

3.8

1.09

30%

3.6

1.07

7%

3.4

1.14

12%

Pulmonary failure

3.4

1.10

1%

Physiologic or metabolic derangement

3.3

1.08

3%

Central nervous system complications
Upper gastrointestinal tract bleed

3.3
2.8

1.08
1.16

1%
0%

3.4.3 Group comparisons of impact of nursing care on clinical indicators
Nurses with postgraduate degrees had significantly higher mean scores for the effect of
nursing care on patient outcomes overall (median=4, mean=3.8, sd=0.79) compared with
nurses who had not completed postgraduate degrees (median=3, mean=3.6, sd=0.53;
p=0.005). Likewise, nurses in non-clinical roles had significantly higher mean scores
(median=3, mean=3.9, sd=0.61) than nurses in clinical work roles (median=3, mean=3.4,
sd=0.78; p=0.013).
Nurses’ responses to the impact of nursing care on each clinical indicator were compared
for nurses with different levels of education and nurses with different main work roles.
Table 3-2 reports the OR for the likelihood that nurses with certain characteristics would
report larger impacts of nursing care on clinical indicators. Nurses with a postgraduate
degree were significantly more likely to report that nursing care had a larger impact on
urinary tract infection and sepsis (Table 3-2). Nurses whose work role included
management, education, research or any combination of these non-clinical roles were
more likely to report nursing care had a larger impact on seven out of thirteen clinical
indicators (see Table 3-2).
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TABLE 3-2: AGE ADJUSTED ODDS RATIO FOR REPORTING A LARGER IMPACT OF NURSING CARE ON CLINICAL
INDICATORS

Clinical indicator
Death in hospital or within
30 days of discharge
Central nervous system
complications
Surgical wound infection

Postgraduate degree versus
qualifying degree
OR
95% CI
p value

Non-clinical role versus
primarily clinical
OR
95% CI
p value

1.76a

(0.74,4.15)a

0.20a

1.87

(0.77,4.54)

0.17

1.52

(0.64,3.66)

0.35

1.88

(0.76,4.64)

0.17

1.43

(0.59,3.49)

0.43

3.20

(1.25,8.17)

0.02

Pulmonary failure

2.46

(0.99,6.09)

0.05

2.77

(1.08,7.10)

0.03

Urinary tract infection

2.66a

(1.11,6.38)a

0.03a

3.73a

(1.49,9.32)a

0.01a

Pressure ulcers
Hospital acquired
pneumonia
Deep vein thrombosis
Upper gastrointestinal
tract bleed
Sepsis
Physiologic or metabolic
derangement
Shock and myocardial
infarction
Length of stay

1.23

(0.44,3.39)

0.69

2.11

(0.75,5.92)

0.16

2.12

(0.88,5.14)

0.10

3.09

(1.23,7.78)

0.02

1.69

(0.69,4.10)

0.25

2.14

(0.86,5.33)

0.10

2.04

(0.81,5.12)

0.13

2.47

(0.94,6.46)

0.07

3.09

(1.26,7.54)

0.01

3.96

(1.56,10.05)

<0.01

2.24

(0.89,5.69)

0.09

3.41

(1.26,9.24)

0.02

1.22

(0.52,2.88)

0.65

2.66

(1.07,6.61)

0.04

1.53

(0.63,3.75)

0.35

1.52

(0.61,3.80)

0.37

a

These results were not adjusted for nurses’ age to satisfy model fit requirements.

3.4.4 Comparisons of clinical indicators most impacted by nursing care
All respondents agreed that nursing care had the most impact on pressure ulcers, length of
stay and surgical wound infection. All nurses listed pressure ulcers and surgical wound
infection as the two clinical indicators that nursing care had the most impact on. Five
indicators, death in hospital or within 30 days of discharge, physiologic or metabolic
derangement, central nervous system complications, pulmonary failure and upper
gastrointestinal tract bleed, were least likely to be suggested by all groups as being in the
top three indicators most impacted by nursing care.

3.4.5 Additional clinical indicators impacted by nursing care
Of the 73 people who completed the questionnaire, 32 suggested one or more additional
clinical indicators they thought were related to nursing care, yielding a total of 72
individual suggestions. Broader definitions of hospital acquired infections, mental
wellbeing, falls and patient education were among the most common themes. Table 3-3
outlines the 12 themes and gives examples for each.
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TABLE 3-3: PARTICIPANTS SUGGESTIONS OF ADDITIONAL CLINICAL INDICATORS ON WHICH NURSING CARE HAS AN
IMPACT

Clinical indicator

Infection
Mental health indicators
Falls
Physiological outcomes
Patient education
Readmission to hospital
Medication errors
Positive outcomes
Discharge information
Pain management

Percentage of
respondents
making this
suggestion (n=32)

Examples

“blood stream infection”, “sepsis”, and “hospital
acquired infection”
“psychosocial stressors”, “patient coping
mechanisms”, “psychological wellbeing”, and
“delirium”
“falls”, and “falls injury”
“clinical deterioration”, “malnutrition”, and
“physiological wellness”
“patient education”, and “better patient
knowledge”
“readmission”, “rehospitalisation d/t
complications”, and “representation for similar”
“medication errors”
“positive effects not adverse effects”,
“breastfeeding rates”, “patient satisfaction with
care”, and “opportunistic immunisation”
“discharge planning”, “patient compliance”, and
“discharge information”
“pain management” and “symptoms (pain)”

34%
31%
25%
19%
16%
12%
12%
12%
9%
6%

3.5 Discussion
3.5.1 Impact of nursing care on clinical indicators
We surveyed a convenience sample of registered nurses to explore their views about the
impact of nursing care on a number of clinical indicators that are purported in the
literature to be associated with the quantity and/or quality of nursing care. We found that
nurses with different educational backgrounds and work roles had different opinions
about how much of an impact nursing care has on thirteen clinical indicators but agreed
on the indicators most affected by nursing care. Despite an increasing body of literature
regarding the relationship between nursing care quality and quantity on patient outcomes,
there is a dearth of research about whether nurses from varied clinical and educational
backgrounds recognise this association (Jordan, 2011).
Nurses who worked in roles delivering patient care or who had lower levels of educational
attainment were less likely to indicate that nursing care impacted on patient outcomes
than their non-clinical, postgraduate educated counterparts. This is concerning given that
these are the nurses providing direct patient care and the likelihood of individuals to
moderate their behaviour to optimise patient outcomes is reduced if they do not recognise
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the potential impact of their actions (Wood et al., 1998). It is not clear why nurses with
these characteristics have given lower average responses. It is possible that these nurses
have not been afforded the same exposure to the research literature reporting the impact
of nursing care on clinical indicators and unlike managers, researchers and educators have
not seen the ‘big picture’ of the impact of nursing care on patient outcomes. The clinical
indicators used in this survey were selected because they have been used widely in the
international literature, and there is evidence to demonstrate that nursing care influences
a patient’s likelihood of suffering one of these complications (Kane et al., 2007; Lankshear
et al., 2005). The results of this survey suggest a relative lack of appreciation of the
application of research evidence to the practice of some nurses. This may indicate that
better mechanisms should be implemented for disseminating this research evidence
within the profession.

3.5.2 Top three clinical indicators most effected by nursing care
Although there were differences in opinions about the extent of the impact of nursing care
on certain clinical indicators, there was agreement that pressure ulcers, surgical wound
infection and length of hospital stay are those most affected by nursing care. Respondents
agreed on the five indicators least likely to be related to nursing care, these being: death in
hospital or within 30 days of discharge, physiologic or metabolic derangement, central
nervous system complications, pulmonary failure, and upper gastrointestinal tract bleed.
Since pressure area care and wound care lie firmly within the traditional domain of
nursing, it is not surprising that these were identified as being most influenced by nursing
care. The other indicators represent patient complications that can be associated with a
failure in nursing care. However, they are also affected by the interactions of the
interdisciplinary health care team and hence the impact of nursing care is more
challenging to extricate from other influences within the complex health care
environment. It is important that nurses have an understanding of the important role
nursing plays within the health care team and can articulate the relevance of their role
with respect to patient outcomes.

3.5.3 Additional clinical indicators
Eighty one per cent of the 32 participants who suggested additional indicators were
nurses with university degrees whose primary work role was non-clinical although
participants with these characteristics made up only 67% of the total sample. Thus, the
additional clinical indicators were suggested by nurses who had demonstrated that they
believed nursing care had a larger impact on patient outcomes than nurses with lower
education levels and those who worked in clinical roles. In most cases their suggestions
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echoed work that has already begun in the field to find additional appropriate measures of
nursing care. Broader definitions of hospital acquired infections, falls, medication errors,
positive outcomes and pain management have all been considered by researchers as
outcome indicators in this field (Lankshear et al., 2005; Lee et al., 1999; McGillis Hall et al.,
2004; Seago et al., 2006). Patient education and discharge information are two possible
indicators that have not been widely explored. They reflect core nursing care activities and
could also be constructed as positive outcome indicators for measuring when nursing care
is optimal, as opposed to indicators which focus on inadequate nursing care. Readmission
to hospital, which was suggested by 12% of participants, was originally considered as a
clinical indicator by Needleman, et al. (2002). However, it was not included in this earlier
work as it was deemed too difficult to measure using the data available at the time. It may
be time to revisit the practicalities of operationalising outcomes such as this which have
been rejected in the past but may now be feasible given advances in patient data
management systems.

3.5.4 Limitations
Participants in this study represent nurses from a variety of age groups, years of
experience, education levels, and work roles. However we make no claim that our sample
is representative of all nurses. This study used a convenience sampling method and a
small sample size. The research reported here was intended as a preliminary exploration
of nurses’ opinions about nursing sensitive outcomes and took advantage of a situation
where a large number of nurses were in one place for a concentrated period of time. It is
likely that nurses who attended the conference and responded to the questionnaire are
not representative of all nurses. Although the average age of respondents (44.8 years) is
similar to the average age of nurses in general (44.1 years)(AIHW, 2010) the educational
and work role characteristics of the sample may mean they are more likely to be attuned
to evidence based outcomes. However, this suggests that a more representative sample
may produce results that show even less appreciation of the evidence of the impact of
nursing care on patient outcomes – which is concerning.

3.6 Conclusion
These results suggest that nurses’ educational background and work role may affect their
ideas about the impact of nursing care on patient outcomes. The aim of measuring the
relationship between nursing care and patient outcomes is to identify strategies to
optimise patient care and it follows that it is important to ensure that nurses ‘at the
coalface’ appreciate the impact of their actions on patient outcomes. Our results indicate
that there is a need to raise awareness among nurses of the influence of their care on
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patient outcomes. In addition, we need to give further consideration to the validation of
the additional clinical indicators suggested by nurses in our survey as being potentially
better measures of the impact of nursing care on patient outcomes.
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4 DATA LINKAGE ANALYSIS METHODS
4.1 Introduction
This chapter describes the data sources for the components of the study described in
Chapters 5, 6 and 7. It outlines the steps taken to access and prepare the data used to
explore the relationship between nurse staffing and patient outcomes, and includes
descriptions of the variables used in analyses. Chapters 5, 6 and 7 each detail the analytic
methods used to investigate the specific question addressed in that chapter.

4.2 Permission and access to data sources
The study was subject to approvals from The University of Western Australia (UWA) and
Western Australian Department of Health (WADOH) Human Research Ethics Committees
(HREC). UWA HREC approval is required for all PhD studies with human subjects (granted
in August 2009; reference code RA/4/1/2469), and all studies that access linked health
data in Western Australia (WA) require WADOH HREC approval (granted in December
2009; reference code 2009/56). Although the study used de-identified patient and nursing
hours data, ethics approval required special permission from WADOH Executive Officers
because the data were more detailed than those routinely requested. Merging unit-specific
nursing hours and inpatient data resulted in datasets from which patients or hospital units
could potentially be re-identified.
Executive Officers of the three bodies that manage inpatient hospital services in WA
(North Metropolitan Area Health Service, South Metropolitan Area Health Service, and WA
Country Health Service) granted permission to access the data in October 2009. The
permissions stipulated that publications stemming from the research would not identify
individual nurses, patients, units, or hospitals and that each Executive Officer be notified of
intention to publish any results (Appendix B).

4.3 Study data acquisition
Three branches of the WADOH, the Health Corporate Network (HCN), the Health
Information Network (HIN), and the WA Data Linkage Branch (WADLB), provided distinct
components of the study data. Once the necessary approvals were granted, personnel
within each branch were liaised with to confirm the exact variables they would supply, as
outlined below.
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4.3.1 Nursing hours data
Nursing hours data were provided by the HCN in the form of payroll records for all WA
public hospital nursing employees. Hospital payroll data had three main benefits: it was
immediately accessible; did not require payment to access; and offered the prospect of a
highly detailed and precise staffing exposure per unit per fortnight for all hospitals
included in the study sample. The HCN does not routinely provide data for research
purposes and several trial ‘data pulls’ were undertaken before the data provided could be
used as planned. The hospital nurse payroll dataset was received in April 2010 and
included information from every cost centre in which an employee with any nurse-type
classification code had been paid during the study period. The dataset was transported in
an encrypted format.

4.3.2 Inpatient unit movement data
All inpatient unit movements that occurred during hospitalisation episodes were recorded
by information management software and stored by the HIN. In addition to other
functions, information management software records the physical location of inpatients
on units throughout their hospitalisation episode from admission to separation (i.e.
discharge from hospital). Access to inpatient unit movement data was necessary for two
reasons. Firstly, to calculate the patient census on a unit per fortnight; an essential
component of the nursing hours per patient day (NHpPD) staffing measure used in the
study (described in Section 4.5.2.3, p73). Secondly, to calculate time spent on each unit
during a hospitalisation episode, and enable calculation of nurse staffing exposure
estimates since unit staffing levels varied within hospitals.
Unit movement data requirements were negotiated with personnel at the HIN. Since data
kept by the HIN includes personal identifier variables of hospitalised individuals, the unit
movement dataset was sent to the WADLB where it was linked to other data requested for
the study (see Section 4.3.3, below). The WADLB created randomly generated anonymised
keys (known as linkage keys) to link the de-identified inpatient unit movement data to
other de-identified health information for the study that was provided from other sources.
The datasets were received as multiple encrypted plain text files with a separate file for
each study hospital.

4.3.3 Patient hospitalisation, mortality and socioeconomic status data
The WADLB provided de-identified information about hospitalisations, mortality, and
socioeconomic status for individuals in WA. The WADLB maintains a system of linkages
which connect data about health events experienced by all individuals in WA. The WADLB
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manages linkage of ‘core’ datasets and can create linkages for additional specific data as
required. This study required linkage of three core datasets (Hospital Morbidity Data Set,
WA Mortality Register, and WA Electoral Roll (for socioeconomic status data, described at
Section 4.4.3.2, p65)), and one additional dataset (unit movement data from HIN). Data
linkage processes and the role of the WADLB are detailed in Section 1.3 (p2). Data were
received from the WADLB in August 2010 in plain text file format (i.e. .txt files). The
encrypted files were collected and transported in person from the WADLB office. The
linkage key for the files was communicated separately by WADLB staff.

4.4 Data file preparation
IBM SPSS (Version 21, IBM SPSS Inc. 2010, Chicago, Il, www.spss.com) software was used
to prepare the data files. The raw data were converted to SPSS file format and then
required extensive data cleaning and manipulation prior to analysis. The objectives of the
data preparation phase were to:
1. standardise the file formats,
2. review and clarify all the variables and their values,
3. ensure anomalies in the files were identified and appropriately addressed,
4. perform manipulations to restructure the files in preparation for analysis and merging,
and
5. formulate matching variables within each file to facilitate the file merging phase.
This section outlines the steps undertaken to prepare the nursing hours, inpatient unit
movement, and patient characteristics data files for analysis.

4.4.1 Nursing hours file
Patient exposure to nurse staffing during hospitalisation episodes was estimated from
hospital payroll data. Total nursing hours per fortnight on each unit during the study
period were computed based on hours worked by individual nurses recorded in the
payroll data. Total nursing hours per unit were matched to the corresponding total patient
days per unit in the unit movement file to construct the nursing hours per patient day
(NHpPD) exposure variable.

4.4.1.1 Description of nursing hours file
The successfully merged SPSS nursing hours data file contained 2,771,140 records1. In this
initial file, each record represented different hours a cost centre paid to an individual
1

In SPSS, a ‘record’ refers to a single row of data.

61

nurse during a fortnightly pay period. Multiple records could refer to the same nurse in
the same cost centre and fortnight. For example, if a nurse was rostered to work ten shifts
per fortnight, but had two sick days, a study day and worked the remaining days this
would be represented in the file across three records: one record for the two days of ‘sick
leave’, one for the day of ‘special leave’ and one for the seven days of ‘ordinary’ hours.
Agency nursing hours files were kept separate initially because they were reconciled
monthly when all other nursing hours data were in fortnightly pay periods.
The nurse staffing variables described four elements: time (i.e. fortnightly pay period),
location (i.e. unit and hospital), quantity of nursing hours (i.e. hours worked, excluding
non-worked hours like sick leave or annual leave), and type of nurse (e.g. Registered
Nurses (RNs) and Enrolled Nurses (ENs) at different pay levels).

4.4.1.2 Refining the nursing hours file to contain only relevant information
In order to ensure capture of all relevant information, the HCN provided data for every
nurse paid by any WA hospital cost centre during the study period. Data were selected
based on whether the individual was classified as a nurse, regardless of the job description
code or area in which they worked (as indicated by the cost centre code). Records were
retained if: the classification variable indicated the record referred to hours which
involved patient care (i.e. ordinary hours or overtime hours); the personnel variable
described clinical nursing staff (e.g. Clinical Nurse, Staff Development Nurse, RN, EN); and
keywords in the cost centre variable indicated the record referred to a unit which
delivered inpatient care.

4.4.1.3 Reorganisation of nursing hours file
The final step in nursing hours data manipulation was to aggregate the data to a single
record per unit per fortnight. It involved transforming the file from one in which there
were multiple records for individual nurses into one which showed the number of hours
worked by different types of nurses, and with all records grouped by different units in
each fortnight. After the nurse type and unit variables were appropriately cleaned for
individual nurses, the SPSS aggregate function was used to add together hours worked by
each nurse type per unit per fortnight. A simplified version of the file transformation is
illustrated in Figure 4-1 (p63).

4.4.1.4 Final characteristics of the nursing hours file
Each record held information on nursing hours worked per unit per fortnight for the study
hospitals. In this format, the file was ready to merge with the unit movement file so that
NHpPD could be calculated for each unit per fortnight. Next, unit movement data were
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prepared so that the two files could be merged using newly created unit matching and
study fortnight number variables.

FIGURE 4-1: AGGREGATING HOURS WORKED TO A SINGLE RECORD PER UNIT PER FORTNIGHT

4.4.2 Inpatient unit movement files
To fulfil the primary aims of this research, inpatient unit movement data were obtained
which identified all unit-to-unit transfers patients experienced during a hospitalisation.
This data contributed to construction of the NHpPD nurse staffing measure and was used
to statistically adjust for total patient moves and ‘churn’ (i.e. patient unit moves divided by
total length of inpatient stay) in the statistical analysis testing the association between
nurse staffing and patient outcomes (Chapter 7, p117). The ‘per patient day’ component of
NHpPD was constructed using unit movement data. Inpatient stays were broken down
into the hours each patient spent on different units per hospitalisation. Total patient time
on each unit was added up for each fortnight and matched to the corresponding value in
the nursing hours data file to construct the NHpPD variable.

4.4.2.1 Reorganisation of inpatient unit movement file
The problem of incompatible time variables in the unit movement file and the nursing
hours file needed to be resolved so the files could be linked. Initially, the time variable in
the unit movement file represented exact moments when patient location within the
hospital changed, whereas the time variable in the nursing hours file represented
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fortnightly pay periods. The unit movement file was reorganised by: calculating during
which fortnightly period the unit movement occurred; expanding the file so unit stays that
spanned multiple fortnight periods were new records; and adjusting the length of stay per
unit movement to reflect this change. A simplified version of this file transformation is
illustrated in Figure 4-2.

FIGURE 4-2: TRANSFORMATION OF UNIT MOVEMENT FILE IN PREPARATION FOR MATCHING TO NURSING HOURS
FILE

4.4.2.2 Final characteristics of the unit movement file
Individual records represented the number of patient days per unit per fortnight. The file
was used in two ways. Total patient days were added together for each unit per fortnight,
and this total constituted the patient days component of the NHpPD variable when merged
with the nursing hours file. Then the NHpPD variable was merged back onto the prepared
file and used to calculate average exposure to nurse staffing for each day a patient was
hospitalised. The average exposure variable was used in statistical analysis of the
relationship between nurse staffing and patient outcomes. Section 4.5 (p69) contains a
detailed explanation of these data file merges.

4.4.3 Patient characteristics files
Three data sources were combined to provide information about patient characteristics:
mortality data, inpatient morbidity data, and socioeconomic status data. The inpatient
morbidity data and mortality data were used to identify when nursing sensitive inpatient
complications had occurred during the study period. Inpatient morbidity data and
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socioeconomic status data were used to adjust for patient characteristics in the statistical
analysis. The preparation steps are outlined below.

4.4.3.1 Importing the patient characteristics data into an SPSS file
Data were originally received from the WADLB in 20 text files. The files were not in a
format supported by the SPSS Import Wizard software tool. A Perl2 script was written to
convert the files to a tab delimited file format which could be imported into the SPSS data
analysis program using its built-in import wizard. Inpatient morbidity, mortality and
socioeconomic status data were received as text files, imported into separate SPSS files,
and later combined using the SPSS merge utility by matching on the patient’s unique
identifier variable, ROOTNUM, in each file. ROOTNUM is a 13 character linkage key
randomly generated by the WADLB; each ROOTNUM represents a unique individual in
separate files but allows their identity to remain anonymous.

4.4.3.2 Description of the patient characteristics files
The inpatient morbidity file was used as the master file to which relevant variables from
the mortality and socioeconomic status files were added, matching on shared variables.
The mortality variables were added matching on the ROOTNUM variable and
socioeconomic status variables were matched with both ROOTNUM and the unique
identifier for specific hospitalisations. The characteristics of each of the files are outlined
separately below.
Inpatient morbidity file
The morbidity file contained 5,690,600 records. Each record represented a unique
hospital admission for an individual and had its own identification code which was used to
link hospitalisations in the inpatient morbidity, socioeconomic status, and unit movement
files. For an individual with at least one hospitalisation at a study hospital between 1
January 2004 and 31 December 2008, the data set also contained any prior WA
hospitalisation for the individual since 1980. Thus, records could refer to different
hospitalisations for the same individual over time. For example, if an individuals’ first
hospitalisation during the study period was on 6th June 2007, this admission would be
included as well as any admissions they had between 1980 and the start of the study
period.

2

Perl is an open source computer programming language, which can be used to find patterns in and
edit text files (http://www.perl.org/).
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The 84 variables in the inpatient morbidity file described patient demographic
characteristics, timing of the hospitalisation, descriptive information, and diagnosis and
procedure codes. Demographic variables included: sex, date of birth, WA postcode and
marital status at the time of the hospitalisation, and whether the patient was Aboriginal or
Torres Strait Islander. Date of admission to and separation from hospital, and length of
hospital stay minus any time on leave were the hospitalisation timing variables.
Descriptive information about the hospitalisation included: whether the patient came
from or was discharged to their home, another hospital, residential aged care or other type
of care facility; whether the hospitalisation was elective or emergency; the number of
leave periods taken; and the source of payment for care. Lastly, 40 variables contained
information about the diagnoses for which the patient required care and any procedures
they had during the hospitalisation. A minimum of one and maximum of 21 diagnosis
codes and zero to 11 procedure codes were recorded using the International Classification
of Diseases3 10th Revision Clinical Modification (ICD-10-CM) for hospitalisations ending
after 31 July 1999 and ICD 9th Revision for those prior. Australian Refined Diagnosis
Related Group (AR-DRG)4 code variables provided further information about diagnoses for
which patients required care.
Mortality file
The mortality data file contained 41,990 records which detailed information about the
death of an individual hospitalised during the study period, regardless of whether the
death occurred during a hospitalisation. Mortality file variables described demographic
characteristics of the deceased person (e.g. age, sex, whether the person was Aboriginal or
Torres Strait Islander, marital status), the date of death, and a description of the
circumstances associated with the death (including: cause of death, place of death, activity
at the time of death, and whether a post-mortem examination was carried out).
Socioeconomic status file
The socioeconomic status file contained 5,690,597 records; one for each of hospitalisation
episode documented in the inpatient morbidity file. The data file included five relevant
variables: unique identifiers of the person and hospitalisation, postcode, and an indicator

3

The International Classification of Diseases (ICD) is a standardised coding system for the
classification of diseases and other health problems endorsed by the World Health Organisation.
ICD codes are widely used to record information on different health records (e.g. inpatient
morbidity data, death certificates).
4 Diagnosis Related Group (DRG) codes are used to group inpatient hospitalisations according to
their use of hospital resources. Codes are based on a combination of patient age group, sex, length
of stay, and ICD codes, as well as other factors. AR-DRG codes are further grouped into Major
Diagnostic Categories, primarily according to which body system they affect.
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of the patient’s socioeconomic status. Constructed by the Australian Bureau of Statistics,
the Index of Relative Socioeconomic Disadvantage (IRSD) is an indicator of the average
level of disadvantage experienced by usual residents of a particular geographical area
(Pink, 2008). The IRSD is an ordinal ranking based on census data including income,
education, employment, occupation, home ownership, and disability (Pink, 2008).
Rankings are informed by five-yearly census data and are used by researchers to
statistically adjust for patient socioeconomic status inferred by the postcode at which the
patient lived immediately prior to their hospitalisation (Adhikari, 2006; Pink, 2008).
Census Collection District was the geographical area used for this study; it is the smallest
spatial unit and thus most likely to represent homogeneity of the approximately 200
households captured (Edwards, 2001; Pink, 2008).

4.4.3.3 Refining the patient characteristics data relevant information
The WADLB data request was based on the preliminary research plan and included
inpatient hospitalisations at all hospitals in WA. Two main exclusion steps were carried
out in order to retain only the relevant data. Firstly, the study sample was restricted to
hospitalisations which occurred at one of the three tertiary metropolitan hospitals. If an
individual had one or more ‘tagged’ hospitalisation episodes, all other records for that
person were also retained no matter when or at which hospital they occurred. The nonstudy period or non-tertiary metropolitan hospital episodes were not used in the data
analysis but were used to adjust for patient comorbidities and to contribute to the
identification of nursing sensitive inpatient complications. Secondly, the study sample was
further restricted to patients whose inpatient stay during at least one of the ‘tagged’
hospitalisations was at least overnight. The assumption was made that complications that
arose in a shorter timeframe were probably not related to nursing care, but an underlying
patient condition. These restrictions resulted in a dataset which contained all
hospitalisation records for individuals who had at least one overnight hospitalisation at a
tertiary metropolitan hospital during the study period.

4.4.3.4 Data cleaning and variable manipulation of the patient
characteristics files
A certain level of error in data entry is a reality of using administrative data for health
research. With respect to linked health data, there is a risk that the probabilistic matching
procedure used to link records for the same individual could combine the records of more
than one individual. Data cleaning was conducted with the aim of checking the reliability
of records used in the final data analysis (N=356,948 records).
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Inpatient morbidity file
Data cleaning was carried out to check that sex and date of birth had the same value for all
records referring to one individual. Under the assumption that the sex recorded for the
last hospitalisation was correct, 0.01% (n=42) of previous values did not match the last
value for the same patient. To standardise the sex recorded for each individual the most
common value across all admissions was used. Similarly, the date of birth recorded for
each individual should be the same for every entry. Assuming the final entry in the data for
each individual is their correct date of birth, 0.3% (n=1,190) of earlier records did not
match the final record for the patient. Because of the nature of the values of this variable it
was not possible to standardise using the same method as the sex variable. Despite a small
proportion of disagreement, the value recorded for each hospitalisation was the one used
for analysis.
Data cleaning was also conducted to confirm the sequence of hospitalisations for the same
individual. There are several legitimate reasons why an admission date might occur before
the previous separation date. For example, an individual may attend a same day
appointment or procedure at a different hospital while admitted to the first hospital; or an
individual may have one or more admissions to tertiary hospitals for single or multiple
days while remaining an inpatient of a psychiatric facility, or while in hospital awaiting a
bed in an aged-care facility. Alternatively, these anomalies may indicate that an individual
was transferred between hospitals but not properly discharged from the first hospital
until a later date, or incorrect matching of multiple individuals to a single ROOTNUM. The
878 records in the study sample with an admission date that occurred before at least one
previous separation date were excluded from analysis.
Mortality file
The mortality data were inspected for errors before being merged with the inpatient
morbidity file. Two death dates were recorded for 20 individuals. Correspondence with
the WADLB was undertaken to discern which records were correct. On the advice of the
mortality data custodian, these records were reviewed and the most complete record was
retained.
After merging the mortality and inpatient morbidity files (described in Section 4.5.1, p69)
further mortality-specific data cleaning was carried out to correct for instances where an
individual’s final hospitalisation separation date was after their date of death (n=317).
Advice from the WADLB suggested a death date between one and three days before a final
separation date was likely indicative of clerical data entry error and that those person
linkages were correct. The records that met these criteria were retained and the death
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date amended to be the same as the final separation date (n=310). The other seven
individuals had a death date ranging from 4 to 1,214 days before the final separation date
and the person linkage for these individuals was reviewed by the WADLB. In four cases all
records for the individual were excluded from analysis because the person linkage was
thought to be incorrect. For the remaining three individuals, the latest hospitalisation
record was deleted as the death date occurred on the same date as the second last
separation date.

4.4.3.5 Final characteristics of the patient characteristics files
The inpatient morbidity and socioeconomic status files had a single record that
represented each hospitalisation between 1 January 2004 and 31 December 2008 at one
of the three study hospitals, and at least one of these hospitalisations was overnight or
longer. For each individual with a hospitalisation that met these criteria, the inpatient
morbidity file also contained records of any earlier hospitalisations for that individual at
any other hospital in WA since 1980. The mortality file contained a record for individuals
in the study sample who had died (i.e. those with a hospitalisation during the study period
at one of the study hospitals). Each file contained matching scrambled identifier variables
which distinguished between individuals (ROOTNUM) and hospitalisations (LPNUM).

4.5 Merging prepared files
The data files described up to this point were combined in different ways to form the data
sets that were analysed to answer the specific research questions addressed in Chapters 5,
6 and 7 of the thesis. This section contains a description of how the files were merged.

4.5.1 Patient characteristics file
The inpatient morbidity, mortality and socioeconomic status files were merged to form the
patient characteristics file, which was used to answer the research question explored in
Chapter 5 (p81) and formed a component of the file used for the analysis in Chapter 7
(p117). Variables from the mortality and socioeconomic status files were appended to the
end of each record in the inpatient morbidity file. Variables from the mortality file were
matched on the unique ROOTNUM variable shared by all files. If a person with a record in
the inpatient morbidity file died during the study period, the date of death was added to
their hospitalisation records. The IRSD variable from the socioeconomic status file was
matched on the unique identifier for the specific hospitalisation.
Once the patient characteristics file was formed, the original disease and procedure codes
variables were used to calculate each patient’s Charlson Comorbididy Score and to identify
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when nursing sensitive inpatient complications occurred. Creation of these variables is
described below. With the addition of these variables, the patient characteristics file
contained all outcome variables and variables used for statistical adjustment.

4.5.1.1 Calculating Charlson Comorbidity Score
The Charlson Comorbidity Score (CCS) is a weighted score that takes into account the
number and severity of comorbid diseases an individual has by identifying the presence of
specific disease codes in their inpatient morbidity records (Charlson et al., 1987). The CCS
was calculated using the disease codes in the Deyo, Cherkin and Ciol (1992) and Quan et
al. (2005) methods. SPSS syntax for calculating the CCS was shared by UWA colleagues Dr
T-H. Teng and Professor D. Preen5. Three different scores were calculated for each
hospitalisation. The first took into consideration only codes recorded for a specific
hospitalisation. The second and third scores included disease codes that appeared during
hospitalisations for the same patient within one and five year look-back periods,
respectively. Including disease codes from earlier hospitalisations is a way of improving
the capture of relevant codes from the patient’s history.

4.5.1.2 Identifying occurrence of nursing sensitive inpatient complications
The main outcomes of interest for this research were 13 nursing sensitive inpatient
complications, based on the coding rules first published by Needleman et al. (2001)(see
Table 4-1, over page). Nursing sensitive inpatient complications were identified according
to the presence and/or absence of specific disease codes, procedure codes, and events (e.g.
death date) documented at each hospitalisation.

Table 4-1 contains a summary of conditions necessary for the identification of each
nursing sensitive inpatient complication. The SPSS syntax that was used to identify
occurrences of nursing sensitive inpatient complications was based on coding rules6. The
syntax used the codes documented in each record to produce a new variable for each of
the 13 complications with a binary value that indicated whether or not the complication
could be considered nursing sensitive. Chapter 5 (p81) explores the impact on nursing
sensitive inpatient complication detection of including codes recorded during earlier
hospitalisations for the same person.
5

Syntax used to find CCS was adapted from that received from Teng and Preen based on the codes
included in Quan et al. (2005).
6 A modified version of the NSO identification syntax created by Professor J. Finn for Professor D.
Twigg’s PhD was used with their permission.
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TABLE 4-1: NURSING SENSITIVE INPATIENT COMPLICATION INCLUSION AND EXCLUSION CRITERIA*

Central nervous system complications
Inclusion criteria
Secondary diagnosis of:
Unspecified coma OR Delirium OR Reactive confusion
Adjustment disorders

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria
Major Diagnostic Category of:
Nervous System OR Mental Diseases & Disorders OR
Alcohol/Drug Use or Induced Mental Disorders

Surgical wound infections
Inclusion criteria
Secondary diagnosis of:
Infection following a procedure OR Posttraumatic wound
infection

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria

Pulmonary failure
Inclusion criteria
Secondary diagnosis of:
Pulmonary oedema OR Acute pulmonary insufficiency
following surgery OR Acute respiratory failure OR Acute
respiratory distress syndrome OR Hypostatic pneumonia

Exclusion criteria
Any diagnosis of:
Injury & burns
Primary diagnosis of any diseases recorded as inclusion
criteria
Major Diagnostic Category of:
Respiratory System OR Circulatory System

Urinary tract infection
Inclusion criteria
Secondary diagnosis of:
Urinary tract infection (site unspecified) OR Infection &
inflammatory reaction due to indwelling catheter

Exclusion criteria
Any diagnosis of:
Pregnancy or delivery related infection
Primary diagnosis of any diseases recorded as inclusion
criteria or:
Streptococcal and other septicaemia
Major Diagnostic Category of:
Kidney & Urinary Tract OR Male Reproductive System OR
Female Reproductive System OR Pregnancy, Childbirth &
Puerperium OR Newborn & Other Neonates

Pressure ulcer
Inclusion criteria
Secondary diagnosis of:
Decubitus ulcer (various sites)

Exclusion criteria
Any diagnosis of:
Cerebral palsy OR Hemiplegia OR Paraplegia &
tetraplegia OR Other paralytic syndromes
Primary diagnosis of any diseases recorded as inclusion
criteria
Length of stay greater than 4 days
Major Diagnostic Category of:
Skin, Subcutaneous Tissue & Breast

Pneumonia
Inclusion criteria
Secondary diagnosis of:
Pneumonitis due to food & vomit OR Ventilator associated
pneumonia OR Hypostatic pneumonia OR Chronic
pulmonary oedema OR Pneumonia due to haemophilus
influenzae OR Bacterial pneumonia OR Infection with drug
resistant microorganisms OR Legionnaires’ disease OR
Bronchopneumonia OR Pneumonia

Exclusion criteria
Any diagnosis of:
Disorders involving the immune system
Primary diagnosis of any diseases recorded as inclusion
criteria
Major Diagnostic Category of:
Respiratory System

Sepsis
Inclusion criteria
Secondary diagnosis of:
Septicaemia OR Bacteraemia

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria
Any diagnosis of:
Disorders involving the immune system
Length of stay greater than 3 days
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Deep vein thrombosis or pulmonary emboli
Inclusion criteria
Secondary diagnosis of:
Phlebitis & thrombophlebitis of deep veins of lower
extremities OR Pulmonary embolism (including iatrogenic)
OR Acute venous embolism & thrombosis OR Air embolism
following infusion, transfusion & therapeutic injection OR
Vascular complications following a procedure OR Other
complications of cardiac & vascular prosthetic devices,
implants & grafts

Exclusion criteria
Primary diagnosis of:
any diseases recorded as inclusion criteria
Any diagnosis of:
Thromboembolism in pregnancy

Ulcer or gastritis or upper gastrointestinal bleed
Inclusion criteria
Secondary diagnosis of:
Gastric ulcer (with & without complications) OR Duodenal
ulcer (with & without complications) OR Peptic ulcer (with
& without complications) OR Gastrojejunal ulcer (with &
without complications) OR Acute gastritis (with & without
bleeding)

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria
Major Diagnostic Category of:
Digestive System OR Hepatobiliary System

Physiologic or metabolic derangement
Inclusion criteria
Secondary diagnosis of:
Non-diabetic hypoglycaemic coma OR Insulin & noninsulin dependent diabetes mellitus with ketoacidosis OR
Anuria & oliguria for records with primary diagnosis of
acute myocardial infarction or cardiac dysrhythmia or
gastrointestinal haemorrhage OR Shock during or
resulting from a procedure for records with any procedure
code OR Other disorders of fluid, electrolyte & acid-base
balance for records without Major Diagnostic Category of
codes for Circulatory System or Hepatobiliary System &
Pancreas or Endocrine, Nutritional & Metabolic System or
Kidney & Urinary Tract

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria or:
Injury & burns

Shock or cardiac arrest
Inclusion criteria
Secondary diagnosis of:
Cardiac arrest OR Shock OR Cardiogenic shock OR
Respiratory arrest
Any procedure code of:
Cardiopulmonary resuscitation OR Non-mechanical
methods of resuscitation OR Closed chest cardiac massage

Exclusion criteria
Primary diagnosis of any diseases recorded as inclusion
criteria or:
Haemorrhage OR Melena OR Injury & burns
Major Diagnostic Category of:
Respiratory System OR Circulatory System

Failure to rescue
Inclusion criteria
Death date equal to separation date
AND
One of the following NSOs identified for the
hospitalisation:
Pneumonia OR Shock or cardiac arrest OR Ulcer or
gastritis or upper gastrointestinal bleed OR Sepsis OR Deep
vein thrombosis or pulmonary emboli

Exclusion criteria
n/a

Death within 30 days of hospital admission
Inclusion criteria
Death date occurs less than or equal to 30 days after
hospitalisation admission date

Exclusion criteria
n/a

* Adapted from: Needleman, J, Buerhaus, P, Mattke, S, Stewart, M, & Zelevinsky, K (2001). Nurse staffing and patient
outcomes in hospitals, Boston: Harvard School of Public Health.
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4.5.2 Nurse staffing file
The primary measure of nurse staffing used for the study was NHpPD; and a number of
skill mix variables were used as secondary measures, including nursing hours delivered by
RNs, beginner level nurses, and agency nurses as a proportion of total nursing hours.
Beginner level nurses included RNs with two or fewer years of experience and ENs. To
create the NHpPD measure it was necessary to combine nursing hours data from the
nursing payroll records and patient unit length of stay data from the unit movement data.
Two common variables were created in each file upon which the matching was based; a
unit identifier variable and a time variable (consecutively numbered fortnights during the
study period). Fortnightly NHpPD and skill mix variable values were calculated per unit.

4.5.2.1 Unit identifier variable
Matching the nursing hours and unit movement files involved manually finding cost centre
descriptions from the hospital payroll information that corresponded to inpatient unit
codes recorded by The Open Patient Administration Software (TOPAS). Careful
deliberation was undertaken before finalising each matching decision. Probable
associations were identified first and personnel familiar with the unit names at each
hospital clarified and confirmed matches. Appendix C contains the matching keys, a list of
excluded cost centre descriptions, and TOPAS codes for each hospital.

4.5.2.2 Time variable
The time variable in the nursing hours file was split into 131 numbered fortnights
corresponding to pay periods in the original data. The number of patient days per unit for
each fortnight needed to be added to the file. This was challenging because the unit
movement data recorded the total patient length of stay on each unit, which often included
time in multiple fortnight periods. Once individual patient length of stay that spanned
more than one fortnight was broken up (described in Section 4.4.2.1, p63), the stay
durations were summed to form a variable whose value indicated the total patient days
per unit per fortnight throughout the study period. For example, one patient present on a
unit for the whole fortnight would contribute 14 patient days and a 20-bed unit at full
capacity for a whole fortnight would have a total of 280 patient days (20 patients
multiplied by 14 days).

4.5.2.3 Measures of nurse staffing levels
The NHpPD measure was calculated using the formula shown in Figure 4-3. The skill mix
measures were calculated by dividing the number of hours worked by RNs, beginners, and
agency nurses by the total number of nursing hours worked. NHpPD and skill mix at the
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unit level on a fortnightly basis represent a highly detailed picture of nurse staffing levels
throughout the study period. Validation was carried out against average annual NHpPD
levels reported by the WADOH to confirm the reliability of the process used to calculate
NHpPD for the study; this validation is described in greater detail in Chapter 6 (p101).

FIGURE 4-3: FORMULA FOR CALCULATING NURSING HOURS PER PATIENT DAY

4.5.2.4 Calculating exposure to nurse staffing
NHpPD and skill mix variables from the nurse staffing file were merged with the unit
movement file, by matching on unit and fortnight variables (illustrated in Figure 4-4). The
average exposure to nurse staffing calculation was weighted by the amount of time a
patient spent at each staffing level during the hospitalisation. Average exposure to NHpPD
for each hospitalisation was calculated by adding together the products of NHpPD and unit
length of stay per fortnight, and then dividing by total length of stay.

FIGURE 4-4: COMBINING NURSE STAFFING AND UNIT MOVEMENT DATA TO CALCULATE EXPOSURE TO NURSE
STAFFING FOR EACH HOSPITALISATION
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For example, Figure 4-4 shows hospitalisation W1F2BE0Q1 was made up of time spread
across four study fortnights on two units (ICU-HOSP2 and KKK). The patient experienced
approximately 24 days of intensive care-level staffing followed by 17 days of care on a
regular unit which resulted in an average of approximately 23 hours of nursing care per
day of the hospitalisation. This average exposure to NHpPD calculation is illustrated in
Figure 4-5. Skill mix exposure was calculated in the same way, substituting the ‘proportion
of hours by’ variable value for the NHpPD variable value.

FIGURE 4-5: EXAMPLE CALCULATION OF AVERAGE EXPOSURE TO NURSING HOURS PER PATIENT DAY PER
HOSPITALISATION

4.5.3 Nurse staffing and patient outcomes file
The nurse staffing and patient outcomes file was formed by merging the patient exposure
to nurse staffing variables with the patient characteristics analysis file. This file was used
to investigate the relationship between nurse staffing levels and patient complication rates
(described in Chapter 7, p117). NHpPD and skill mix variables (calculated as described in
Section 4.5.2.4, p74) were merged with the patient characteristics file, by matching on the
‘Unique hospitalisation identifier’ variable. The file described in Section 4.5.1 (p69)
included all hospitalisations since 1980 for individuals with at least one hospitalisation
between 1 January 2004 and 31 December 2008, because hospitalisations prior to the
study period were necessary to calculate the CCS and patient outcomes variables with
look-back periods. However, the version of the patient characteristics file used for
statistical analysis (Chapters 5 and 7) included only records for hospitalisations at one of
the three tertiary metropolitan study hospitals during the study period. The file included
NHpPD and skill mix exposure variables, nursing sensitive inpatient complication
variables, and variables used for statistical adjustment of specific patient and
hospitalisation characteristics.

4.5.3.1 Variables for statistical adjustment
This study includes an investigation of the relationship between nurse staffing and
inpatient complication rates with statistical adjustment for other factors that may
independently influence the likelihood of an inpatient complication occurring. Four
variables were included to adjust for specific patient characteristics: patient age at the
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time of admission, sex, comorbid disease, and socioeconomic status (based on usual
residential postcode at time of hospitalisation). Seven hospitalisation-specific
characteristics were controlled for: year of admission, whether the hospitalisation was
planned or an emergency, total number of times a patient moved units during the
hospitalisation, where a patient usually lived prior to the hospitalisation (e.g. home, acute
hospital, residential aged care, other), number of days since the patients most recent
previous hospitalisation, whether the hospitalisation was part of a transfer chain, and total
number of nursing sensitive inpatient complications experienced during an individual
hospitalisation. The rationale for inclusion of each variable is summarised in Table 4-2.
TABLE 4-2: DESCRIPTION OF VARIABLES USED FOR STATISTICAL ANALYSIS

Variable
name

Variable description

Rationale for inclusion as adjustment variable

ROOTNUM

Unique identifier for each
individual

NA

LPNUM

Unique identifier for each
hospitalisation

NA

YEAR

Year of admission

To account for time effects over the study period

AGE

Age in years at time of
admission (rounded up)

Age adjustment is common in epidemiological studies.
Individuals with nursing sensitive inpatient complications were
significantly older than those without.

SEX

Sex (male or female)

Sex adjustment is common in epidemiological studies. Some of
the outcomes of interest were not evenly experienced by both
sexes (e.g. urinary tract infection was more common in women
than men).

CCS5

Charlson Comorbidity Score
with 5 years of look-back

CCS1 provides a measure of comorbidity, indicating the patient
is already sick and therefore may be at increased risk of death
or of experiencing other in-hospital complications. CCS was
significantly higher for patients who experienced a nursing
sensitive inpatient complication compared to those who did not.

SES

Index of Relative
Socioeconomic
Disadvantage Decile based
on postcode of place of
abode immediately prior to
hospitalisation

Lower socioeconomic status has been linked to poorer health
outcomes. This variable represents the relative level of
disadvantage divided into 10 equal groups with 1 the most
disadvantaged and 10 the least disadvantaged.

ADM_TYPE

Elective or emergency
admission

Nursing sensitive inpatient complications were more common
among patients in hospital on an emergency type admission.

N_WDMV

Total number of unit
movements during the
hospitalisation

Moving units multiple times during a single hospitalisation
indicates a lack of continuity of nursing care and increases
workload of nurses, and both are factors that have been linked
to increased patient complication rates (Duffield et al., 2009).

TF

Flag to identify
hospitalisations that were
part of a transfer chain

Hospitalisations that are part of a transfer chain also reflect a
lack of continuity of nursing care and potential for missed care
to occur; it is difficult to distinguish where during the
hospitalisation ‘journey’ a patient experienced the nursing
sensitive inpatient complication and therefore whether they
were transferred because of it (i.e. attribution of exposure to
nursing care is difficult).
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Variable
name

Variable description

Rationale for inclusion as adjustment variable

SOR

Place of abode prior to
hospitalisation (home, acute
hospital, residential aged
care, other)

Whether the patient lived in a home environment or somewhere
they could receive assistance with activities of daily living
provides an indication of their health and possibly their
likelihood of independently experiencing a patient complication.

LOS

Days of hospital stay minus
any days on leave

Although LOS2 is often included as an outcome variable, it has
been included as an adjustment variable in this study because
longer LOS means each patient is at risk of complication for a
longer period of time. The assumption was made that the
likelihood of a patient complication occurring had a stronger
relationship to LOS than the relationship between exposure to
nursing care and total LOS. That is, due to its complexity, LOS is
better defined as a confounding variable to be adjusted for than
as an independent outcome of exposure to nurse staffing levels
(Schorr, 2012), especially since increased LOS could be said to
increase risk of all other patient complications that are being
considered.

CHURN

Total number of unit moves
during hospitalisation
divided by length of stay

High patient turnover has been found to be associated with
increased nursing workload (Unruh & Fottler, 2006).

N_NSO

Total number of nursing
sensitive inpatient
complications recorded
during each hospitalisation

Patients who experience more than one nursing sensitive
inpatient complications during a hospitalisation may be
different to those who only experience one, and this may also
affect their susceptibility to inadequate nurse staffing levels.

PREV_HOSP

Whether or not the
individual had any previous
hospitalisations recorded
since 1 Jul. 99

DAYS2PREV

1
2

Number of days since the
patients most recent
previous admission

Perhaps patients who have been regularly hospitalised over the
years are more likely to have patient complications
independently of the nursing care they are exposed to during
any one hospitalisation.

CCS: Charlson Comorbidity Score
LOS: length of stay

Duffield, C, Diers, D K, Aisbett, C, & Roche, M (2009). Churn: patient turnover and casemix. Nursing Economic$,
27(3), 185-191.
Schorr, E (2012). Theoretical framework for determining hospital length of stay (LOS). BioMed Central
Proceedings, 6(Suppl 4), 32.
Unruh, L Y & Fottler, M D (2006). Patient turnover and nursing staff adequacy. Health Services Research, 41(2),
599-612.

4.6 Summary
This study included all adult inpatient hospitalisation episodes at three tertiary
metropolitan public hospitals in Perth, WA between 1 January 2004 and 31 December
2008. An adult was defined as an individual over 18 years of age at the time of admission.
Exposure to nurse staffing, inpatient unit movements, and patient characteristics and
complications were measured at the hospitalisation level. Administrative data from three
branches of WADOH were sourced to investigate the aims of this research: to explore the
relationship between nurse staffing and inpatient complication rates using linked health
data. Data access, preparation and merging were completed in four steps. Firstly, ethics
approval was received from the HREC of UWA and the WADOH. Secondly, there was a
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period of liaising with each of the branches of the WADOH that provided components of
the data to confirm the exact variables needed. Thirdly, data cleaning was conducted
which involved transforming the raw files from each data source into compatible analysis
files. The final step was the merging of analysis files to create individual files for the
statistical analysis that was used to answer each research question.
Very large file size, creating matching variables in files from different sources, file
restructuring, and merging files were among the challenges encountered in transforming
the data from the raw state in which it was received to a format suitable for analysis.
Expert advice was sought where appropriate and each data management or data cleaning
decision was carefully considered before a final strategy was implemented. The statistical
methods used to analyse the prepared files are detailed in the following chapters, each of
which addresses a specific study question.
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5 USING LINKED HOSPITALISATION DATA TO DETECT
NURSING SENSITIVE OUTCOMES: A RETROSPECTIVE
COHORT STUDY
F OREWORD
This chapter is a copy of an original manuscript published in the International Journal of
Nursing Studies, 2014; 51(3), 470-478. The manuscript is an exploration of how
incorporating linked data methodology helps with the problem of distinguishing nursing
sensitive inpatient complications from complications not related to nursing care when
using only administrative data sources. Inpatient complications were classified as nursing
sensitive only after disease information from all hospitalisations for each individual was
taken into account, by linking together multiple hospital records for the same individual
over time. The data manipulation and analysis file preparation described in Chapter 4
expands upon the brief description in this manuscript and there is some unavoidable
repetition of the background section. As with Chapter 3, this manuscript was published
before the final decision was taken to use the term ‘nursing sensitive inpatient
complication’ for the outcomes of interest throughout the thesis; the term ‘nursing
sensitive outcome (NSO)’ is used instead. Supplementary material for this chapter is
included in Appendix B: the access permission letters from the data custodians and
Human Research Ethics Committee approvals.
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A BSTRACT
Background: Nursing sensitive outcomes are adverse patient health outcomes that have
been shown to be associated with nursing care. Researchers have developed specific
algorithms to identify nursing sensitive outcomes using administrative data sources,
although contention still surrounds the ability to adjust for pre-existing conditions.
Existing nursing sensitive outcome detection methods could be improved by using lookback periods that incorporate relevant health information from patient’s previous
hospitalisations.
Design and setting: Retrospective cohort study at three tertiary metropolitan hospitals in
Perth, Western Australia.
Objectives: The objective of this research was to explore the effect of using linked
hospitalisation data on estimated incidence rates of eleven adverse nursing sensitive
outcomes by retrospectively extending the timeframe during which relevant patient
disease information may be identified. The research also explored whether patient
demographics and/or the characteristics of their hospitalisations were associated with
nursing sensitive outcomes.
Results: During the five year study period there were 356,948 hospitalisation episodes
involving 189,240 patients for a total of 2,493,654 inpatient days at the three tertiary
metropolitan hospitals. There was a reduction in estimated rates for all nursing sensitive
outcomes when a look-back period was applied to identify relevant health information
from earlier hospitalisations within the preceding two years. Survival analysis
demonstrates that the majority of relevant patient disease information is identified within
approximately two years of the baseline nursing sensitive outcomes hospitalisation.
Compared to patients without, patients with nursing sensitive outcomes were significantly
more likely to be older (70 versus 58 years), female, have Charleson comorbidities, be
direct transfers from another hospital, have a longer inpatient stay and spend time in
intensive care units (p<0.001).
Conclusions: The results of this research suggest that nursing sensitive outcome rates may
be over-estimated using current detection methods. Linked hospitalisation data enables
the use of look-back periods to identify clinically relevant diagnosis codes recorded prior
to the hospitalisation in which a nursing sensitive outcome is detected. Using linked
hospitalisation data to incorporate look-back periods offers an opportunity to increase the
accuracy of nursing sensitive outcome detection when using administrative data sources.
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W HAT IS ALREADY KNOWN ABOUT THE TOPIC ?
•

Researchers have developed specific algorithms which use disease codes in
administrative hospital data to identify when nursing sensitive outcomes may have
occurred.

•

This algorithmic method uses data sources in which multiple hospitalisations for the
same individual on different occasions are not linked together.

•

Existing chronic or long term medical conditions that affect nursing sensitive outcome
risk are not always recorded in the same hospitalisation as a nursing sensitive
outcome is detected.

W HAT THE PAPER ADDS
•

Using linked hospitalisation data to incorporate look-back periods offers an
opportunity to increase the accuracy of nursing sensitive outcome detection when
using administrative data sources.

•

Nursing sensitive outcomes rates may be over-estimated using current detection
methods.
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5.1 Background
5.1.1 Introducing nursing sensitive outcomes
In recent decades an international body of literature has emerged addressing the need to
quantify the contribution of nursing to quality health care (Aiken et al., 2002; Duffield et
al., 2007; Flood & Diers, 1988; Griffiths et al., 2008; Halloran, 1983; Kane et al., 2007;
McCloskey & Diers, 2005; Needleman et al., 2001; Twigg et al., 2011). Nursing sensitive
outcomes (NSOs) have been developed, which are specific patient health outcomes that
have been shown to be associated with the quality and/or quantity of nursing care (Maas
et al., 1996). There is a recognised need for NSOs that reflect positive outcomes of high
quality and/or adequate quantities of nursing care delivery, but adverse outcomes are
often used due to the challenges of data collection, generalizability, and outcome
measurement (Griffiths et al., 2008; Savitz et al., 2005). Eleven adverse outcomes, referred
to as NSOs, were used in this study: central nervous system complications, surgical wound
infection, pulmonary failure, urinary tract infection (UTI), pressure ulcer, hospital
acquired pneumonia, deep vein thrombosis, upper gastrointestinal bleeding, sepsis,
physiologic or metabolic derangement, and shock or myocardial infarction (Griffiths et al.,
2008; Kane et al., 2007; Van den Heede et al., 2007).

5.1.2 The use of administrative data in determining NSOs
Hospital morbidity data from administrative sources have been utilised to identify and
quantify NSOs as they afford the large sample size required for statistical analyses of these
relatively rare occurrences. Hospital morbidity data are derived from inpatient discharge
summaries and contain demographic characteristics and International Classification of
Disease (ICD) codes which represent medical conditions and procedures experienced by
individuals during inpatient hospitalisations (National Center for Health Statistics, 1991;
National Centre for Classification in Health, 2008; Zhan & Miller, 2003). ICD codes from
hospital morbidity data are used to identify NSOs that occur during an inpatient stay; this
is explained in greater detail below (Section 5.1.3, p85). Validation studies have reported
high accuracy levels in the diagnosis coding of the Western Australian hospital morbidity
data (Mnatzaganian et al., 2012; Teng et al., 2008). Adding to their feasibility for use in
NSO detection, administrative data sources are usually accessible for research purposes,
cost-effective to access and collected over time in a reasonably uniform format (Mitchell et
al., 1994; Virnig & McBean, 2001).
Two disadvantages associated with using hospital morbidity data to identify NSOs are:
firstly, in addition to nursing care quality, patient outcomes are influenced by the
underlying health status of the patient and other factors (i.e. hospital characteristics
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including number of beds, metropolitan or non-metropolitan location, teaching status)
(Griffiths et al., 2008; Irvine et al., 1998; Kane et al., 2007); and secondly, hospital
morbidity data does not typically distinguish whether a particular condition was present
prior to hospitalisation and thus a comorbidity, or whether it was a complication that
developed during hospitalisation (Iezzoni et al., 1994; Lawthers et al., 2000; Miller et al.,
2001; Zhan & Miller, 2003). Researchers have aimed to resolve the first of these
disadvantages by statistically adjusting for patient characteristics and other factors (Aiken
et al., 2002; Needleman et al., 2001). Without access to a reliable present on admission
indicator (POA, described Section 5.1.5, p86), the second disadvantage has been addressed
by designing specific algorithms to classify as NSOs only those cases which were avoidable
inpatient complications and not attributable to the patient’s underlying health status
(Iezzoni et al., 1994; Miller et al., 2001; Needleman et al., 2001).

5.1.3 NSO identification algorithms
Researchers have developed specific algorithms for each NSO which use ICD codes in the
hospital morbidity data to identify when NSOs may have occurred (Iezzoni et al., 1994;
Needleman et al., 2001). The NSO algorithms use a combination of inclusion and exclusion
criteria to ensure only conditions that cannot be explained by the patient’s underlying
health status are counted as NSOs. For example, when an ICD code for pressure ulcer is
found, the event is only counted as an NSO in the absence of a code for paralysis, since
paralysis increases the patient’s risk of pressure ulcer independently of the nursing care
administered. This method was designed to enhance the specificity of NSO identification
even though researchers only had access to data sources in which each hospitalisation is
recorded as a discrete event (i.e. multiple hospitalisations for the same individual on
different occasions are not linked together) (Needleman et al., 2001). Accurate NSO
identification using this unlinked method relies on the assumption that all conditions that
affect a patient’s risk of NSO occurrence will be recorded in the discharge summary for the
same hospitalisation during which the NSO is documented. However, it has been found
that existing chronic or long term medical conditions that affect NSO risk are not always
recorded in the same hospitalisation as an NSO is detected (Wilson et al., 2012). Stable
diagnoses (e.g. paraplegia occurring in the past) may not be recorded in the discharge
summary or coded into the hospital morbidity data every time a person is an inpatient if
they did not specifically contribute to that hospitalisation, even though they may still
influence NSO risk. Using linked hospitalisation data to apply look-back periods to NSO
detection algorithms is one way to address this problem. Linked hospitalisation data and
look-back periods are explained in the following two sections.
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5.1.4 Linked hospitalisation data
Data linkage refers to “the bringing together in a single file, of records derived from
different sources, but relating to the same individual” (Hobbs & McCall, 1970, p.375).
Whereas hospital morbidity data normally consist of standalone records for each
hospitalisation, linked hospitalisation data identify when different hospitalisation records
refer to the same individual over time and at different hospitals. Every time a person is
hospitalised, the record of that event in the hospital morbidity data is linked to form a
chain of person-specific hospitalisation records. NSO identification accuracy could be
improved by taking advantage of linked hospitalisation data to include all relevant
diagnoses from a patient’s chain of hospitalisations. This would build on existing NSO
detection methods by using look-back periods that incorporate previous hospitalisations
in the patient’s chain into established NSO identification algorithms, thus extending the
period during which relevant exclusion codes are identified. Holman, Bass, Rouse, and
Hobbs (1999) detail the probabilistic matching methods used by the Western Australian
Data Linkage Branch (WADLB), a body within the state’s Department of Health, to
construct master linkage keys linking hospital morbidity data. The validity of the linkages
(i.e. whether the linked hospitalisations do in fact refer to the same individuals over time)
has been tested and an error rate of 0.11% was reported, including missed links and
incorrect matches (Holman et al., 1999). Master linkage keys are maintained over time and
any errors detected are reported to the WADLB, thus continuously maintaining the linkage
quality (Holman et al., 2008).

5.1.5 Look-back periods
Look-back periods identify diagnosis codes recorded during all identified past
hospitalisations for each patient (Zhang et al., 1999). With look-back periods, an adverse
event is labelled an NSO based on the ICD codes detected during a certain period of time as
opposed to only those detected during a single hospitalisation. When an adverse outcome
is detected, previous hospitalisations for that patient within the look-back period are
taken into account when deciding whether the adverse outcome should be attributed to
nursing care or the patient’s underlying health status. Using look-back periods to identify
relevant ICD codes in a patient’s hospitalisation history has the potential to contribute to
more accurate NSO detection in two ways. Firstly, by enabling the detection of clinically
relevant exclusion codes that are not recorded during the same hospitalisation as the NSO.
For example, if a person meets the criteria for pressure ulcer during a 2005 hospitalisation
but had a code for paraplegia (i.e. an exclusion code in the pressure ulcer NSO algorithm)
recorded during a hospitalisation in 2003, the pressure ulcer may be attributed to the
patient’s underlying health status (paraplegia) and therefore not counted as an NSO.
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Secondly, by ensuring an NSO is not counted repeatedly for a person who had multiple
hospitalisations within a short time. For example, if a pressure ulcer is recorded for the
same person during two hospitalisations only five days apart, it is probable the codes do
not represent two clinically independent events. This study used NSO-specific look-back
periods so that only disease codes relevant to that particular NSO were considered
relevant when applying the look-back period. For example, previous hospitalisations
including pneumonia NSO were not considered relevant to a hospitalisation where UTI
NSO was detected.
The look-back method applied in the study builds on other work in the field which has
included inpatient data from previous hospitalisations for the same person. Sales et al.
(2008) did not attribute adverse outcomes to nursing care if a patient had the same
complication more than once in 12 months. This study expands their work by exploring
the timeframe that should be used to look-back for the same NSO and for other disease
codes already established as relevant in algorithms routinely used to identify NSOs. Other
attempts to improve differentiation between hospital acquired and present on admission
(POA) adverse outcomes recorded in administrative hospital data have been reported in
the literature (Mark & Harless, 2010). Though this indicator is useful for indicating
whether an NSO was POA, look-back periods also capture exclusion codes that may not be
documented on the same hospitalisation record, even though they are relevant to whether
the adverse outcomes should be classified as NSOs (Wilson et al., 2012). In addition, POA
indicator reliability is still being established in administrative data sources in which it is
available (Bahl et al., 2008; Hughes et al., 2006; Jackson et al., 2006; Naessens et al., 2007).

5.2 Aim
The aim of this research was to explore how NSO rates are affected when linked
hospitalisation data are used to capture relevant ICD codes recorded in a patient’s
hospitalisation history compared to algorithms that use only a single hospitalisation
record. The specific research questions investigated were: does using linked
hospitalisation data to incorporate look-back periods into NSO detection algorithms
1. identify relevant exclusion codes recorded during previous hospitalisations,
2. detect when a patient has the same NSO recorded on multiple hospitalisations, or
3. have an effect on NSO rates?
The research also explored whether patient demographics and/or the characteristics of
their hospitalisations were associated with NSOs.

87

5.3 Methods
5.3.1 Study design and population
A retrospective cohort study design was used to address the research questions. The
cohort comprised adult inpatient hospitalisation episodes at three tertiary metropolitan
hospitals in WA between 1 January 2004 and 31 December 2008. Patients were
considered adults if they were 18 years or older at the time of admission to hospital.
Inpatient hospitalisations were defined as those including at least an overnight stay. Data
used in the analysis were extracted in two stages from the Hospital Morbidity Data Set and
Mortality Data Set by the WADLB. In the first stage all hospitalisations meeting the cohort
criteria were extracted. Following this, mortality data and the chains of all previous
hospitalisations were extracted for all patients with a hospitalisation identified during the
first stage. Look-back period analysis incorporated data from the second stage of
extraction to identify when relevant ICD codes were recorded earlier in a patient
hospitalisation chain. Linked mortality data were used to identify when death occurred
within 30 days of a hospital admission, including when the death did not occur in hospital.
Hospitalisation chains extracted in the second stage were drawn from data at all WA
hospitals since 1 July 1999. Ethics approval for this study was granted by the Human
Research Ethics Committees of The University of Western Australia (reference:
RA/4/1/2469) and the Government of Western Australia Department of Health (Project
#2009/56).

5.3.2 Measures
5.3.2.1 Measure of NSOs
The outcomes of interest, NSOs, were identified using an inclusion and exclusion criteria
algorithm based on the presence and/or absence of particular disease codes (using the
ICD 9th and 10th revisions (National Center for Health Statistics, 1991; National Centre for
Classification in Health, 2008)). The algorithms used to identify NSOs in this study were
first developed and published by Needleman et al. (2001) using ICD-9 disease codes that
were subsequently mapped to ICD-10 (McCloskey & Diers, 2005), and have been used to
identify NSOs in a WA inpatient population (Twigg et al., 2011). For an NSO to be detected
when no look-back period was applied a hospitalisation record had to contain an NSO
inclusion code for the specific NSO and have none of the exclusion codes for that same
NSO. Rates calculated based on NSO detection where no look-back period was applied are
referred to throughout the paper as baseline NSO rates. Look-back periods were then
applied to adjust the baseline NSO rates, no longer counting patients who had had the
same NSO or that NSOs exclusion codes within the look-back period timeframe. For each
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hospitalisation record where a baseline NSO was identified, linked hospitalisation records
for that patient were examined to determine the number of days since their last
hospitalisation with recorded ICD codes that were relevant to the baseline NSO. For an
NSO to be detected when a look-back period was applied a hospitalisation record had to
contain an NSO inclusion code for the specific NSO and that patient had to have no
hospitalisations during look-back with same NSO or its exclusion codes. NSO rates per
1,000 inpatient days were calculated as per the formula in Figure 5-1: Nursing sensitive
outcome rate per 1,000 patient days equationFigure 5-1.

FIGURE 5-1: NURSING SENSITIVE OUTCOME RATE PER 1,000 PATIENT DAYS EQUATION

5.3.2.2 Applying look-back periods to the measure of NSOs using linked
hospitalisation data
It is possible to employ look-back periods by taking advantage of the longitudinal,
population level, individually linked inpatient and mortality data available through the
WADLB. Individual NSO algorithms were treated separately when the look-back period
was applied and only ICD codes already part that NSOs detection algorithm were
considered in the look-back (i.e. when a sepsis NSO was detected, only codes already in the
NSO detection algorithm for sepsis were searched for during look-back). The cut-off for
look-back was 1 July 1999, thus the maximum possible look-back was 1,645 days for those
at the beginning of the study period and 3,470 days for those at the end.

5.3.2.3 Charlson Comorbidity Score
The Charlson Comorbidity Score (CCS) is a weighted score that takes into account the
number and severity of comorbid diseases an individual has recorded in their
hospitalisation history (Charlson et al., 1987). In this study the CCS was used as a
descriptive characteristic to compare the comorbid conditions of those with and without
NSOs. CCS was calculated using a combination of the Deyo, Cherkin and Ciol (1992) and
Quan et al. (2005) methods.

5.3.3 Analysis
Analysis was done using IBM SPSS Statistics Version 21 (IBM SPSS Inc. 2010, Chicago, Il,
www.spss.com). Demographic data were summarised using means, standard deviations
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and proportions as appropriate. T-tests and chi-squared tests were used to compare
differences in demographic data between those with and without NSOs. NSO rates were
calculated per 1,000 inpatient days (Figure 5-1). Survival analysis was conducted to
support look-back period length. Assessing each NSO individually, the survival analysis
shows the proportion of those with a baseline NSO who have hospitalisations with ICD
codes relevant to that NSO recorded during the days of look-back. Two survival functions
were plotted for each NSO, one to show the days since the NSOs exclusion codes were last
recorded and the other to show the number of days since the same NSO was last recorded.
Proportional changes in NSO rates adjusted to include a two year look-back period were
compared to the baseline NSO rates.

5.4 Results
During the five year study period there were 356,948 hospitalisation episodes involving
189,240 patients for a total of 2,493,654 inpatient days at the three tertiary metropolitan
hospitals in Perth. Table 5-1 contains a comparison of demographic characteristics for
hospitalisation episodes in which no NSOs were documented and those in which one or
more NSOs were documented. Using NSO detection algorithms for identifying baseline
NSOs (i.e. not including any look-back component), one or more NSOs were recorded
during approximately 18% (n=64,258) of hospitalisation episodes in the study period.
Individuals who experienced an NSO during a hospitalisation were on average 12 years
older and more likely to be female (53% versus 45%, p<0.001). Three quarters of
hospitalisations with baseline NSOs also had one or more of the Charlson comorbidities
(CCS≥1) documented in the previous five years. The proportion of hospitalisations with
one or more Charlson comorbidities in the previous five years was significantly higher
among those with baseline NSOs (75% versus 46%, p<0.001).
Table 5-1 also details descriptive characteristics of the hospitalisation episodes and shows
the differences between hospitalisations with and without documented baseline NSOs.
Compared with those for which an NSO was not recorded, hospitalisations with an NSO
were significantly more likely to be preceded by time spent in another acute hospital or
other care facility (35% versus 21%, p<0.001) and were more likely to be an emergency
admission (80% versus 74%, p<0.001). Average length of stay was 7.7 days longer for
hospitalisations in which an NSO was recorded compared to those with no NSOs
documented (p<0.001). Hospitalisations with one or more NSOs recorded were four times
more likely to include time spent in the Intensive Care Unit (ICU; 12% versus 3%,
p<0.001)) and time spent in the ICU was longer as a proportion of total length of stay
(39% versus 23%, p<0.001). Only 7% of hospitalisations with NSOs recorded did not have
any previous hospitalisations during the look-back period.
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TABLE 5-1: DESCRIPTIVE CHARACTERISTICS OF THE HOSPITALISATION EPISODES

Hospitalisations with
no baseline NSOs1
recorded

Hospitalisations with
one or more baseline
NSOs1 recorded

292,690
58.0 (20.7)

64,258
70.0 (18.6)

55
45

47
53

46

75

79
18
3

65
27
8

74
26
5.6 (8.4)

80
20
13.3 (17.0)

34

125

23 (21)

39 (31)

14

7

Hospitalisation episodes, n
Age, mean (SD)
Sex, %
Male
Female
Proportion of hospitalisation with a CCS2>1
(based on previous 5 years), %
Source of referral, %
Home
Other acute hospital
Other3
Hospitalisation type, %
Emergency
Elective
Length of stay in days, mean (SD)
Proportion of hospitalisations including time
spent in ICU, %
Percentage of length of stay in ICU, IF time
was spent there, mean % (SD)
Proportion of hospitalisations during the
study period with no other hospitalisations
during the look-back period, %

NB: bold typeface indicates statistically significant difference of p<0.001 comparing values for
hospitalisations with no NSOs recorded and hospitalisations with one or more NSOs recorded
1.
2.
3.
4.
5.

Baseline NSOs (i.e. not including the look-back component for identifying exclusion codes)
Charlson Comorbidity Score
Other referral sources included residential aged care facility, prison, psychiatric hospital and unspecified
source
ICU data was incomplete therefore this is a proportion of 289,384 (missing data is less than 1.13% of
sample)
ICU data was incomplete therefore this is a proportion of 63,862 (missing data is less than 0.62% of
sample)

Survival curves were plotted to depict the proportion of individuals with each baseline
NSO that had a disease code relevant to that NSO (y-axis) over the days of look-back (xaxis). The curves for all NSOs followed a similar pattern so the curves for UTI are
described in detail as an example (Figure 5-2). In Figure 5-2 (a), over the maximum lookback length of 3,470 days, approximately 33% (1.0 minus the point at which the curve
tails off, 0.67) of those with a baseline UTI NSO had previous hospitalisations with a UTI
exclusion code. Similarly, approximately 40% had another UTI NSO detected within the
maximum look-back (Figure 5-2(b)). As demonstrated by the UTI examples in Figure 5-2,
survival curves for all NSOs declined steeply in the early part of the look-back and levelled
out as the maximum look-back was reached.
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a)

b)

FIGURE 5-2: SURVIVAL CURVES FOR THE PROPORTION OF BASELINE NURSING SENSITIVE URINARY TRACT
INFECTIONS FOR WHICH THERE ARE HOSPITALISATIONS WITH RELEVANT DISEASED CODES DURING THE LOOKBACK PERIOD (BASELINE N=15,458)

Table 5-2 shows the number of days of look-back it took for 75% of relevant codes to be
detected for each NSO and the rate of each NSO per 1,000 inpatient days with no look-back
period incorporated (i.e. the baseline NSO) compared to the NSO rates per 1,000 inpatient
days calculated with a 2 year (730 days) look-back period. Including a look-back period
causes a reduction in NSO rate compared to the baseline rate for all NSOs.
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TABLE 5-2: DAYS OF LOOK-BACK TO FIND 75% OF RELEVANT DISEASE CODES FOR EACH NURSING SENSITIVE
OUTCOME AND OUTCOME RATES (95% CONFIDENCE INTERVALS) PER 1,000 INPATIENT DAYS AT BASELINE AND
FOLLOWING APPLICATION OF A 2 YEAR LOOK-BACK PERIOD

Days of look-back taken to
detect 75% of previous:

NSO
Central nervous system
complication
Wound infection
Pulmonary failure
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Upper gastrointestinal
tract bleed
Sepsis
Physiologic or metabolic
derangement
Shock or myocardial
infarction

NSO rate (95% confidence
interval):

Exclusion
codes for the
same NSO

Same NSO

With no lookback period
(baseline)

With a 2 year
look-back
period

715

776

4.57 (4.48, 4.65)

2.72 (2.66, 2.79)

2,094
316
1,019
52
886
1,278

1,071
1,702
581
180
1,199
184

1.47 (1.43, 1.52)
1.09 (1.05, 1.13)
6.20 (6.10, 6.30)
1.66 (1.61, 1.71)
3.72 (3.64, 3.79)
0.91 (0.87, 0.94)

1.24 (1.19, 1.28)
0.61 (0.57, 0.64)
3.64 (3.57, 3.72)
0.41 (0.38, 0.43)
2.59 (2.53, 2.66)
0.67 (0.64, 0.70)

431

1,897

0.89 (0.86, 0.93)

0.50 (0.47, 0.53)

27

1,124

1.58 (1.53, 1.63)

0.42 (0.40, 0.45)

1,470

911

7.28 (7.17, 7.38)

5.03 (4.94, 5.12)

205

2,378

0.46 (0.43, 0.49)

0.23 (0.21, 0.25)

5.5 Discussion
The primary aim of this study was to use linked hospitalisation records to investigate the
impact on NSO rates of applying look-back periods to NSO detection algorithms. When
using administrative data to identify NSOs, researchers incorporated exclusion criteria
into identification algorithms in an effort to accurately classify adverse events as nursing
sensitive only when they could not be attributed to prior events or patients’ pre-existing
conditions (Needleman et al., 2001). The underlying assumption of this study is that
though an adverse event during one hospitalisation is attributed to nursing care (i.e.
labelled an NSO), there may be information recorded during earlier hospitalisations for
the same person which clarify that it is more appropriate to attribute the adverse event to
the patient’s underlying health status.
The results of this study indicate that the majority of disease codes relevant to whether an
adverse event during a hospitalisation should be attributed to nursing care are detected
within two years. Combining a two year look-back period with existing NSO detection
algorithms resulted in a significant reduction of all 11 NSO rates estimated. This is
consistent with the recent research finding that pre-existing events or conditions relevant
to NSO identification are not always coded in the hospitalisation during which an NSO is
detected (Wilson et al., 2012). If all relevant pre-existing events or conditions experienced
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by a patient were always coded during every hospitalisation, a proportion of adverse
outcomes attributed to nursing care would be instead ascribed to the underlying health
status of the patient. With due consideration of clinically appropriate look-back period
timeframes, retrospectively extending the period during which relevant exclusion criteria
are detected represents an improvement in the accuracy of NSO identification.
The characteristics of hospitalisations during which NSOs were recorded were
significantly different from those without; older patients and those with additional
comorbid conditions more commonly experienced NSOs. There was greater complexity to
hospitalisations with one or more NSOs identified; they were significantly more likely to
start as a transfer from another care facility, have a longer inpatient period, include time in
an ICU and include a relatively greater proportion of time in ICU. The relationship between
hospitalisation complexity and NSOs warrants further explication. In some cases greater
hospitalisation complexity may be a precursor to increased risk of NSOs whereas in other
cases greater complexity of care may be required as a result of an NSO having developed.
Clearer understanding of this relationship could help to identify individuals at higher risk
of experiencing an NSO so that their care can be tailored to prevent these complications,
for example by implementing specific NSO prevention care plan pathways.
This research demonstrates that incorporating look-back periods into NSO detection
algorithms results in a reduction in estimated NSO rates. The types of codes in the
exclusion criteria algorithms for different NSOs may be related to variations in rate
reduction between NSOs. Rates of wound infection and deep vein thrombosis were least
affected with overall reductions of 16% and 26%, respectively. The NSO algorithm for
wound infection excludes only those with a primary diagnosis of wound infection and the
deep vein thrombosis NSO algorithm excludes those with a primary diagnosis of
pregnancy or deep vein thrombosis. The smaller impact of look-back periods on these NSO
rates may be related to the limited exclusion criteria in the baseline detection algorithms.
Pressure ulcer and sepsis had the largest reductions (75% and 73% respectively). Among
the exclusion criteria for the pressure ulcer NSO algorithm are those with a primary
diagnosis of pressure ulcer or a diagnosis of hemiplegia, quadriplegia or paraplegia.
Similarly, the sepsis NSO algorithm excludes those with a primary diagnosis of sepsis or a
diagnosis indicating an immunocompromised state (e.g. acquired immune deficiency
syndrome). In both of these NSOs, broader exclusion criteria included chronic conditions
(paralysis and compromised immune system) that would impact on a patient’s NSO risk
even if they were recorded during an earlier hospitalisation. Extending the period of lookback from two years to include all hospitalisations may be clinically relevant when the
exclusion codes for an NSO include chronic conditions such as paralysis or diabetes which
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are often permanent afflictions. Many relevant exclusion codes are captured within two
years and the clinical relevance and feasibility of linking data for longer look-back periods
must be weighed against the additional benefit of doing so.
The most appropriate look-back period for each NSO should take into consideration the
pathophysiology underpinning the NSO and the type of exclusion criteria. Disease codes
should only be included from previous hospitalisations if they are still clinically relevant to
the hospitalisation during which the NSO is identified. Pressure ulcers are an example of
an NSO where the application of a longer look-back period may be appropriate. A pressure
ulcer NSO is counted using Needleman et al.’s (2001) algorithm when a hospitalisation has
a pressure ulcer disease code recorded unless it is the primary disease code (i.e. the
primary reason they were hospitalised) or there is also a disease code for paralysis.
Although paralysis places an individual at higher risk of suffering a pressure ulcer
independently of the quality of nursing care he or she receives it may not be coded for in
the hospitalisation during which the pressure ulcer NSO is documented, 75% of paralysis
codes are detected in the first 52 days of look-back (Table 5-2). A look-back period would
enable detection of relevant paralysis disease codes occurring earlier in the patient’s
hospitalisation history. Including a look-back period will increase the likelihood that all
disease codes relevant to NSO identification are detected.
Limited use of look-back periods in the literature to date may mean that NSO rates
calculated using administrative data have been over-estimated. Because other
hospitalisations are not normally included in algorithms that detect NSOs, the current
implicit assumption is that previous hospitalisations, even if they only occurred within the
preceding month, have no bearing on the NSO event. In this study two year look-back
periods were used in an effort to accurately adjust for patient’s underlying health status as
this timeframe captured the majority of relevant hospitalisation history for patients with
baseline NSOs. Detection algorithms that have been constructed to identify NSOs in
administrative data should be revisited in the context of the availability of linked
hospitalisation data.
Access to linked hospitalisation data in this study made it possible to use look-back
periods to calculate the rates of NSOs in a large cohort of hospitalisations across three
teaching hospitals. Linked hospitalisation data may be used to gain other useful insights in
the study of NSOs. In this study the hospitalisations of 27% of patients with a baseline NSO
documented began as transfers from other acute care hospitals, compared with 18% of
those without NSOs identified. Linked hospitalisation data could be used to explore the
burden of NSO occurrence to the health care system; whether individuals are transferred
because of the NSO or due to deterioration in their condition, and whether the
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interruption to their continuity of care has an impact on health outcomes. Linked
hospitalisation data could also be used to explore the burden individuals who suffer
multiple NSOs over time place on the health care system.

5.5.1 Limitations
There are several limitations of the study. Present on admission (POA) indicators are
increasingly used in administrative data internationally and these study results may not
be generalizable to those contexts (Mark & Harless, 2010; Sales et al., 2008). A POA
indicator was not available in the data source used for this study. Although coding errors
or code omissions are problems associated with using administrative data, high levels of
accuracy have been reported in validation studies of the WA hospital morbidity data
(Mnatzaganian et al., 2012; Teng et al., 2008). The scope of this study allowed for the
comparison of characteristics of those with and without NSOs only when NSOs were
detected using the baseline detection algorithm. Future studies should address whether
differences in the characteristics of those with and without NSOs are preserved when
NSOs are detected using look-back periods. Finally, look-back periods require linkage of all
hospitalisation episodes in a patient’s history to comprehensively identify all diagnosis
codes that may be relevant to NSO detection. WA is geographically isolated, with a welldeveloped linked health data system. However, it is possible that not all hospitalisations
for an individual were included in the data linkage system because it does not capture
hospitals in other states of Australia or overseas.

5.6 Conclusion
The results of this research suggest that NSO rates may be over-estimated using current
detection methods. Detection algorithms were originally designed to try to restrict the
identification of NSO cases to only those suffering complications which could not be
attributed to their pre-existing health status. To date, research in this field has been
circumscribed by access to non-linked hospital morbidity data which does not have the
capacity to identify multiple hospitalisation records that relate to the same individual.
Linked hospitalisation data enables the use of look-back periods to identify clinically
relevant diagnosis codes recorded prior to the hospitalisation in which an NSO is detected.
Using linked hospitalisation data to incorporate look-back periods offers an opportunity to
increase the accuracy of NSO detection when using administrative data sources. A lookback period of 2 years for relevant disease codes captures the majority of relevant disease
codes for individuals who experience them.
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Further exploration is needed to elucidate the most appropriate look-back period for each
NSO. Whereas some NSO exclusion codes are relevant even if they were recorded years
earlier, others are only relevant if recorded in close proximity to the NSO. Future
investigation should take into consideration the disease process of each NSO and the types
of codes included as exclusion criteria. Future research should explore whether
incorporating look-back periods in NSO detection affects the relationship between NSO
incidence and the quality and/or quantity of nursing care delivered.
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6 FEASIBILITY OF USING PAYROLL DATA TO ESTIMATE
HOSPITAL NURSE STAFFING LEVELS
F OREWORD
This chapter is a copy of an original manuscript currently under review at The Collegian
(submitted 18 July, 2015). In this manuscript, the feasibility of using raw nursing payroll
and inpatient unit movement data to achieve unit-level measurement of nurse staffing per
fortnight is explored. Linked data methods were applied to combine the nursing payroll
and inpatient movement data. Fortnightly nurse staffing levels per unit calculated for the
study were compared with average annual nurse staffing reported by the WADOH. As with
Chapter 5, the data manipulation and analysis file preparation described in Chapter 4
expands upon the brief description in this manuscript. Supplementary material for this
chapter is included: the access permission letters from the data custodians and Human
Research Ethics Committee approvals (Appendix B); mapping keys for matching unit
names between data sets (Appendix C); and graphs comparing fortnightly and annual
nursing hours per patient day calculations (Appendix D).
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A BSTRACT
Introduction: The capacity for a hospital inpatient unit to provide high quality nursing care
depends on a complex range of factors. Accurately identifying and measuring these factors
is one of the challenges of nursing care quality research. Nursing hours per patient day
and skill mix are two quantifiable indicators used as measures of capacity to provide
nursing care.
Aims: The aims of the study are to measure fortnightly, unit-level nurse staffing and
compare them to target nurse staffing levels.
Method: Nurse staffing and inpatient unit movement data were sourced from
administrative records for three Western Australian tertiary metropolitan hospitals
(2004-2008). The impact of data source on nurse staffing estimates was tested with linear
mixed models, adjusting for financial year. Counts, proportions, means, and standard
deviations were used to describe nurse staffing data. Bar graphs depict proportion of
nursing hours provided by nurses of different skill levels.
Results: Data source did not significantly affect estimate of nursing hours per patient day
(p=0.788). Fortnights during which nurse staffing targets were not reached were recorded
for all units. Skill mix varied between units with different staffing targets.
Conclusion: It is feasible to calculate fortnightly nursing hours and skill mix per hospital
unit from raw nursing payroll and inpatient unit movement records. Fortnightly, unit-level
measurement highlights nurse staffing fluctuations that are masked by annually
aggregated data and are relevant for studies which investigate the association between
nurse staffing levels and inpatient complication rates. Staffing shortfalls may affect nurses’
experiences of working or patients’ care experiences.
Keywords: Nurse staffing; Nursing hours per patient day; Skill mix
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6.1 Introduction
Nurses provide 24 hour care to inpatients of hospital units as part of the health care team.
There is evidence that patient health outcomes are directly influenced by the quality and
quantity of nursing care provided on inpatient units (Kane et al., 2007; Subirana et al.,
2014). Complex factors, both within and outside nurses’ control, interact to either enable
or hinder their capacity to provide high quality care to patients (Griffiths et al., 2008; Van
den Heede et al., 2007). Such factors include: appropriate numbers of skilled nurses with
adequate experience and expertise; work environment; hospital commitment to inpatient
safety; collaboration and communication between health professionals; and nurse burnout
(Aiken & Patrician, 2000; Kane et al., 2007; Lake, 2007; O'Brien Pallas & Hayes, 2008).

6.2 Background
Skill mix and nursing hours per patient day (NHpPD) are two quantifiable nurse staffing
indicators used as measures of capacity to provide nursing care (Griffiths et al., 2008; Van
den Heede et al., 2007). The term ‘skill mix’ refers to the proportions of hours of nursing
care that are delivered by nurses with different skill levels; for example, university
educated Registered Nurses (RNs), or vocationally trained Enrolled Nurses (ENs, similar
to Licensed Practical Nurses in North America). NHpPD is the number of hours of nursing
care required to meet each patient’s care needs in a 24 hour period. The term NHpPD is
used in two ways: by researchers to refer to a measure of nursing care (Van den Heede et
al., 2007), and by nurse managers to describe a method of planning appropriate future
staffing levels (Twigg & Duffield, 2009).
Planning appropriate staffing levels for units is challenging and requires a flexible
approach in response to changeable patient care needs. Using usual patient profiles for
each unit, the NHpPD method takes into account multiple factors that impact on nurse
workload to allocate units to categories which are then used to guide nurse staffing
requirements (described in Table 6-1, p105).
NHpPD are calculated by dividing productive hours worked by all nurses in a day by the
number of patients on a unit in the same day. ‘Productive hours’ are those worked by
nurses in direct patient care roles, and exclude hours during which education or leave
occur. Productive hours by nurses delivering patient care are the recommended nurse
staffing predictor of inpatient complications in statistical modelling (Park et al., 2015).
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6.2.1 Data sources for measuring nurse staffing
Accessing suitable data sources for measuring nursing care indicators like NHpPD and
skill mix can be difficult when conducting nursing care quality research (Clarke &
Donaldson, 2008). Hospital nurse staffing levels are commonly measured using data
sourced from two broad categories: firstly, prospective surveys of nurses about staffing
levels and/or workload (Aiken et al., 2008; Duffield et al., 2011) and secondly,
retrospective access to nurse staffing records (Blegen et al., 1998; Needleman et al., 2011;
Twigg et al., 2011). Nurse staffing records include hospital data submitted to regulatory
bodies (e.g. numbers and educational attainment of nurses employed at a particular
facility), operational records obtained specifically for the purpose of a research project
(e.g. nurse staffing rosters), or data used for other functions necessary for the running of
the hospital (e.g. nursing payroll records). Data are recorded at the unit level or
aggregated to the departmental or hospital level. Records do not always distinguish
between nursing staff with direct patient care roles and those caring for outpatients, and
may be recorded over varying time periods (e.g. daily, fortnightly, quarterly or annually)
(Blegen, 2006). Researchers can find that the calculation of the nurse staffing measure is
dictated by data source access limitations, rather than the research question (Harless &
Mark, 2006). Careful consideration of the limitations of different nurse staffing data
sources is warranted since the measure of nurse staffing used has been found to affect the
association between nurse staffing and inpatient complication rates (Brennan et al., 2013;
Jiang et al., 2006; Kane et al., 2007; Spetz et al., 2008).

6.2.2 Outline of using payroll data, including challenges
Hospital nursing staff payroll records have been used in the international literature to
construct measures of nurse staffing (Blegen et al., 1998; Twigg et al., 2011). Nurse
staffing payroll records for public hospital employees in Western Australia (WA) are
centrally housed at the Health Corporate Network, part of the Western Australian
Department of Health (WADOH). However, because nursing payroll data are collected for
fiscal rather than research purposes, potential limitations include: not capturing nurses
who ‘float’ (i.e. are moved from their usual unit to work somewhere different for a shift) to
different units without cost-recovery; not accounting for non-direct patient care activities
such as nurses being off the unit for short education sessions; and payroll data may not be
as carefully updated when changes do not affect payment (i.e. if a nurse moves unit but
does not change pay rate, payroll data may not be updated in a timely manner).
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6.2.3 Western Australian context
In 2002 the WA government applied the NHpPD staffing method to plan the amount of
nursing time required to meet patient care needs, and this effectively mandated minimum
staffing levels on units in all public hospitals (Twigg & Duffield, 2009). Specific hospital
units were observed and allocated to specific NHpPD target categories using the method.
Guiding characteristics considered before a unit is allocated to a category include patient
complexity, turnover, and intervention levels (Table 6-1)(Twigg & Duffield, 2009). There
are also specific NHpPD targets for units designated as tertiary Intensive Care Units (ICU,
31.5 hours), Coronary Care Units (CCU, 14.16 hours) or High Dependency Areas (HDA,
14.16 hours). Patients in category A units, for example, typically have highly complex
medical conditions and high intervention levels, and usually require 7.5 hours of nursing
care each day of their hospitalisation.
TABLE 6-1: NURSING HOURS PER PATIENT DAY GUIDING PRINCIPLES (Twigg & Duffield, 2009)

Unit
category

NHpPD

Criteria for measuring diversity, complexity and nursing tasks
required

A

7.5

High complexity
High dependency unit (6 beds within a unit)
Tertiary step down Intensive Care Unit
High intervention level
Specialist unit, tertiary level 1:2 staffing

B

6.0

High complexity
No high dependency unit
Tertiary step down Coronary or Intensive Care Unit
Moderate to high intervention level
Special unit including Mental Health Unit
High patient turnover1 >50%

C

5.75

High complexity
Acute care unit
Moderate patient turnover >35% OR Emergency patient
admissions >50%

D

5.0

Moderate complexity
Acute rehabilitation secondary level
Acute care unit
Moderate patient turnover >35% OR Emergency patients
admissions >40%

1Turnover

is defined as the number of admissions, transfers and discharges divided by bed number.

Twigg et al. (2011) investigated the impact of the introduction of the NHpPD method on
inpatient complications. They found that when the mandated NHpPD constituted an
improvement in nurse staffing it was associated with a decreased incidence of several
inpatient complications. However, this research did not specifically investigate whether
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mandated NHpPD matched actual nurse staffing levels (Twigg et al., 2011). The WADOH
reports target NHpPD for each unit compared to actual annual average NHpPD, but the
comparisons are of aggregated averages which provide a much coarser estimate of
attainment of NHpPD target staffing levels than is possible with fortnightly payroll and
daily patient movement data (Government of Western Australia Department of Health,
2005; Government of Western Australia Department of Health, 2006; Government of
Western Australia Department of Health, 2007; Government of Western Australia
Department of Health, 2008).
The NHpPD method used in WA does not take into account the proportion of total nursing
hours provided by RNs or any other indicator of skill mix despite skill mix having been
recognised as an important indicator in the literature (Van den Heede et al., 2007). Skill
mix indicators such as proportion of hours provided by novice level nurses (Benner, 1982)
and agency nursing staff could provide additional insight into the nursing care capacity of
a unit.

6.3 Aims
The aims of this study are threefold:
1. To validate fortnightly NHpPD calculations conducted using raw nursing payroll and
inpatient unit movements data against annual figures released by the WADOH,
2. To explore the unit-level attainment rates of the NHpPD target staffing levels on a
fortnightly, as opposed to an annual, basis, and
3. To explore whether nursing skill mix levels compensate when target NHpPD levels are
not reached.

6.4 Methods
The study sample comprised inpatient units at three tertiary metropolitan hospitals in WA
from 1 July 2004 to 31 December 2008. Ethics approval was granted by the Human
Research Ethics Committees of The University of WA (reference: RA/4/1/2469) and the
WADOH (Project #2009/56).

6.4.1 Data sources
Hospital payroll and inpatient movement data were selected to examine their feasibility as
sources to accurately measure fortnightly nurse staffing levels per hospital unit. The
hospital payroll and inpatient unit movement data used to measure nurse staffing for this
project were accessible for research purposes, did not incur charges, and offered the
prospect of a complete, detailed, and precise staffing exposure per unit per fortnight for all
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hospital units included in the study sample. Alternative data sources were unsuitable for
several reasons. Firstly, the WA government only make publicly available annual average
NHpPD per hospital unit and does not provide information about unit-level skill mix.
Secondly, implementing a prospective questionnaire method was not appropriate because
comprehensive patient hospitalisation data was only available for a historical period (up
to December 2008). Finally, the time and financial resources required to administer such a
questionnaire to nurses in the study hospitals were outside the scope of the project.
Annually aggregated NHpPD levels reported by the WADOH do not show the fluctuations
in staffing levels that could be seen if the data were ‘broken down’ over a shorter time
frame. Therefore, fortnightly nursing payroll records and inpatient unit movement data
were accessed so that more detailed nurse staffing measures could be calculated. Because
raw data were manipulated to calculate the study’s fortnightly staffing measures, the
results were validated against annually aggregated NHpPD levels reported by the WADOH.
Data on hours of nursing care were sourced from Health Corporate Network nursing
payroll data. Hours were averaged over fortnightly pay periods and only productive hours
were included (i.e. only hours spent in direct patient care). Hours worked by nurses in
administrative, management and education roles, and hours paid for by Health Corporate
Network during which direct patient care was not undertaken by the nurse were excluded,
such as sick leave, workers compensation, and annual and study leave. Supernumerary
shifts were indistinguishable in the payroll data as were education sessions not classified
as study leave. The payroll data were recorded in fortnightly pay periods per nurse, which
were aggregated to inpatient unit groups.
Data on days of inpatient care were sourced from hospital patient administrative
information management systems. All inpatient days per unit were included; patient leave
days were excluded. Time spent off unit while an inpatient was indistinguishable in the
patient administration management system data (e.g. when a patient went to imaging for
2 hours during the day). Fortnights of unit data were excluded if there was not
corresponding information in both the unit movement and nurse staffing files for that
fortnight.

6.4.2 Data preparation
After preliminary data cleaning, the separate nurse staffing and inpatient unit movement
files were linked by matching units and time periods. This process was not
straightforward because the variables describing these characteristics were different in
the two sources. The payroll data identified units by cost centre descriptions but the unit
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movement data used codes from the inpatient information management software, The
Open Patient Administration System (TOPAS). When the description and code were
obviously alike, matching was straightforward. For example, the cost centre description
‘UNIT G41’ could be connected to the TOPAS code ‘G41’. Some codes needed to be merged,
as in the case of pairing ‘INTENSIVE CARE UNIT’ with ‘ICUG’ and ‘ICUS’ (general and
surgical ICU respectively). Sometimes the cost centre description did not appear to
correspond with any of the TOPAS codes for someone without insider knowledge of the
hospital. For example, ‘SUPERVISED CARE UNIT’ could not be readily matched to ‘V5S’.
The process was further complicated by several other characteristics of the data:
1. there were many more cost centre descriptions and TOPAS codes at each hospital than
there were actual inpatient units, as
a. staffing data contained information from every cost centre that had ever paid
for any type of nurse during the study period regardless of whether the cost
centre referred to a unit where inpatient care was performed, and
b. unit movement information contained TOPAS codes for any area that had ever
held a patient, regardless of whether it was an inpatient unit area,
2. cost centre descriptions changed during the study period when new units were
created or existing units were renamed, and
3. TOPAS codes changed during the study period due to merging of units, changes in
designations of beds within a unit (e.g. the creation of high acuity specific beds within
a unit), or temporary movement of the physical location of a unit.
The accuracy of the matching process was central to creating a meaningful measure of
nurse staffing. In the context of these challenges, careful deliberation was undertaken
prior to finalising each matching decision. Probable associations were identified and
confirmed by nurse managers who had knowledge of both the cost centre descriptions and
TOPAS unit codes. The nurse managers also confirmed that nurses working on different
units were paid for by separate cost centres and nurses in direct patient care roles were
paid from different cost centres to those in management and education roles. When nurses
‘float’, their costs would usually be recouped through a process resulting in all worked
hours appearing next to the cost centre corresponding to where the care was provided,
regardless of where the nurse usually worked.

6.4.3 Data validation
Analyses were performed using IBM SPSS (Version 21, IBM SPSS Inc. 2010, Chicago, Il,
www.spss.com). To establish their validity, the fortnightly NHpPD estimates calculated
using the nursing payroll and inpatient unit movement data were compared to those
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published in WADOH NHpPD Annual Reports. The WADOH produced five NHpPD Annual
Reports during the study period which listed the target staffing category and the mean
NHpPD for each inpatient unit (Government of Western Australia Department of Health,
2005; Government of Western Australia Department of Health, 2006; Government of
Western Australia Department of Health, 2007; Government of Western Australia
Department of Health, 2008). Linear mixed models were used to test the impact of data
source on estimated mean NHpPD, adjusting for financial year. The significance level was
p=0.05 and repeated measurements within each hospital and unit category were
accounted for by applying an unstructured covariance structure.

6.4.4 Descriptive analysis
For each unit category, counts, proportions, means, and standard deviations were used to
describe NHpPD and related data. Graphical representations show the proportions of
NHpPD provided by RNs, beginner-level nurses, and agency nurses. Beginner-level nurses
included ENs and RNs with less than two years of post-university working experience
(Benner, 1982).

6.5 Results
The validation analysis found no significant difference between the mean NHpPD
estimated using nursing payroll and inpatient unit movement data and the means
reported by the WADOH (p=0.788). There was considerable fluctuation in fortnightlycalculated NHpPD which was masked when NHpPD was reported annually (see Appendix
D). Unit category was a significant factor in the mixed model, indicating that units with
different target category classifications did have statistically significant differences in
NHpPD (p=0.012). There was no significant difference in NHpPD between hospitals
(p=0.452).
Mean versus target NHpPD per unit category are summarised in Table 6-2. The average
census levels in ICU and CCU/HDA were 13 and 11 patients respectively; the other
categories had average census levels between 23 and 26 patients (Table 6-2, column 5).
Overall, units in higher NHpPD target categories met their targets less frequently than
units with lower targets, but units in all categories had a proportion of fortnights during
which staffing was below target (Table 6-2, column 7). CCU/HDA and A category units
were 11% below NHpPD target levels 58% and 49% of the time respectively. ICU and C
category units were approximately 7% below NHpPD target levels 22% and 16% of the
time respectively. Approximately 17% of the time, B category units were 5.5% below
target. B+ and D category units did not fall short of target by more than 4% on average. A
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graphical representation of annual versus fortnightly NHpPD estimates per unit is
included in Appendix D.
TABLE 6-2: NURSING HOURS PER PATIENT DAY SUMMARIES PER UNIT CATEGORY

NHpPD1
category

Target
NHpPD

Units

Fortnights
with valid
data2

ICU3
CCU4/HDA5
A
B+
B
C
D

31.5
14.16
7.5
6.5
6.0
5.75
5

3
4
8
2
25
16
4

343
356
847
127
1,963
1,253
228

Mean
number of
patients
per unit

Mean
NHpPD
(SD)

13
11
23
25
24
24
26

34.2 (4.03)
13.7 (2.01)
7.6 (1.21)
7.9 (1.00)
6.8 (1.03)
6.5 (1.01)
6.0 (0.77)

Proportion
Mean
of
NHpPD
fortnights
below
below
target (SD)
target
0.22
0.58
0.49
0.08
0.17
0.16
0.13

-2.11 (1.62)
-1.52 (0.96)
-0.85 (0.62)
-0.12 (0.07)
-0.33 (0.39)
-0.38 (0.49)
-0.22 (0.13)

Nursing hours per patient day
Number of fortnights per unit ranged from 8 to 128
3 Intensive Care Unit
4 Coronary Care Unit
5 High Dependency Area
1
2

Figures 6.1, 6.2, and 6.3 compare the skill mix levels in each unit category when NHpPD
targets are met and when they are not met. Measures of skill mix were greater in unit
categories with the highest NHpPD targets; a higher proportion of hours of care were
provided by RNs (Figure 6-1) and a lower proportion by beginners (Figure 6-2). When
NHpPD was below target, a greater proportion of hours of care were provided by RNs
(Figure 6-1, all except category D) and beginners (Figure 6-2, all except ICU). Across all
categories, the proportion of NHpPD provided by agency staff was lower on fortnights
when targets were not met (Figure 6-3).
1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Below target NHpPD
At or above target
NHpPD

NHpPD target category

FIGURE 6-1: PROPORTION OF NURSING HOURS PER PATIENT DAY PROVIDED BY REGISTERED NURSES ON
FORTNIGHTS BELOW CATEGORY TARGET VS THOSE AT OR ABOVE TARGET
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0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Below target NHpPD
At or above target
NHpPD

NHpPD target category

FIGURE 6-2: PROPORTION OF NURSING HOURS PER PATIENT DAY PROVIDED BY BEGINNER LEVEL NURSES ON
FORTNIGHTS BELOW CATEGORY TARGET VS THOSE AT OR ABOVE TARGET

0.1

Below target NHpPD
At or above target
NHpPD

0

NHpPD target category

FIGURE 6-3: PROPORTION OF NURSING HOURS PER PATIENT DAY PROVIDED BY AGENCY NURSES ON FORTNIGHTS
BELOW CATEGORY TARGET VS THOSE AT OR ABOVE TARGET

6.6 Discussion
This study showed that estimates of NHpPD calculated using raw payroll and inpatient
unit movement data were not significantly different from those documented in the
WADOH NHpPD Annual Reports (WADOH, 2005; 2006; 2007; 2008). Calculating NHpPD
from raw data offered two benefits over using the government reported estimates. Firstly,
compared to annual aggregates, fortnightly estimates of units’ NHpPD are more detailed
and capture varying trends in staffing levels over time. Secondly, the variables recorded in
nursing payroll data enable measurement of skill mix, a variable not included in the
WADOH reports. The validation analysis provided evidence that the data cleaning and file
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manipulation independently undertaken for this research resulted in more detailed yet
analogous NHpPD estimates compared with the WADOH values.
Overall, units in higher NHpPD categories experienced below target staffing levels more
often than units with lower targets (see Table 6-2 and Appendix D). Patient exposure to
shortfalls in nurse staffing levels during an inpatient stay has been associated with
increased risk of death (Needleman et al., 2011) and nursing sensitive inpatient
complications (Twigg et al., 2015). Before judgements can be made about the seriousness
of these shortfalls, the specific context should be considered. It may be unrealistic for
staffing levels to never fall below the target levels. The circumstances around which the
hours are not met should be taken into consideration, especially since the NHpPD staffing
method does not include consideration of skill mix. When NHpPD targets were not
reached, skill mix was greater in some regards (i.e. greater proportion of NHpPD provided
by RNs, Figure 6-1) but not in others (i.e. greater proportion of NHpPD provided by
beginners, Figure 6-2). Even though there were more RNs, they had less experience so it is
difficult to infer whether skill mix characteristics made up for the NHpPD shortfall on the
unit at the time.
In certain circumstances it may have been appropriate that below NHpPD target staffing
levels were not acted upon. The shortfalls could have been demand based and a result of
Nurse Managers adjusting staffing appropriately in response to temporary decreases in
patient acuity or improvements in nurse staffing skill mix. The results present a mixed
view of whether skill mix was better when staffing hours were below target depending on
the measure used. Defined as the proportion of nursing hours provided by RNs, skill mix is
better; RNs provided a higher proportion of NHpPD in all unit categories except D when
staffing targets were not met (Figure 6-1). Conversely, when defined as the proportion of
nursing hours provided by beginner level nurses, skill mix was worse; when staffing
targets were not met, beginners provided a higher proportion of NHpPD in all unit
categories except ICU (Figure 6-2). The magnitude of effect these skill mix differences
would have had in the context of below target NHpPD staffing levels cannot be deduced
from the data.
If staffing does not fall far enough below the target parameters to warrant adding an
additional staff member, below target staffing levels may not be acted upon. Though there
are thresholds for adding an additional staff member when staffing falls short of a unit’s
NHpPD target, they do not take skill mix into account; a factor that would potentially be
taken into consideration by the Nurse Manager making staffing decisions.
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Needleman et al., (2011) measured shift-by-shift nurse staffing and flagged when staffing
was 8 hours or more below target. Staffing levels that fall short of target levels have been
associated with increased likelihood of experiencing inpatient complications (Needleman
et al., 2011; Twigg et al., 2015). Arguably, nurses’ experiences of working on units and
patients’ experiences of being cared for may be noticeably affected even if staffing levels
fall short of targets by fewer than 8 hours. To illustrate this point, consider units in
category A, which are on average 0.85 NHpPD below NHpPD target on approximately half
of the fortnights during the study period (Table 6-2, row 4, columns 7 and 8). This amount
of NHpPD equates to 51 minutes of patient care time forgone by patients who have been
assessed as requiring 7.5 hours of nursing care per day. What amount of nursing care
would a nurse usually achieve in this time and what care is forfeited? Could more highly
skilled nurses (i.e. maybe those with more experience or education) make better decisions
about what care to prioritise OR could they have more advanced time management skills,
enabling them to leave fewer tasks not completed compared with nurses who have lower
skill levels? Further research is warranted to explore how nurses make decisions about
prioritising care when staffing falls below adequate levels.
Below target NHpPD becomes problematic when supply-based shortfalls mean that
staffing cannot be maintained at the target level. This study indicates that agency staff
were relied upon to achieve target staffing levels, since higher proportions of nursing
hours were provided by agency staff when NHpPD targets were met or exceeded (Figure
6-3). But agency staff were not always available to ensure target staffing levels were
reached. A lower proportion of NHpPD provided by agency staff when targets were not
met may have been because there were insufficient agency staff available at these times.

6.6.1 Limitations
We acknowledge the following limitations. Firstly, the skill mix measures selected were
constrained by the availability of administrative data. Further research is needed to
elucidate which, if any, of these measures most faithfully reflect differences in nurses’ skill
levels. Secondly, factors other than skill mix and hours of nursing care impact on a unit’s
nursing care capacity, but this information is not recorded in administrative data sources
and measuring other factors was not within the scope of the study. Thirdly, payroll data
does not capture circumstances where nurses are absent from the unit if that absence
does not require cost-recovery or if cost-recovery is not done for some reason. Finally,
although WADOH reported NHpPD levels were the most feasible comparator for the
validation analysis, other comparators may have provided a more rigorous validation
baseline.
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6.7 Conclusion
In this study, there was wide variation between NHpPD target categories in the proportion
of fortnights that did not reach target NHpPD levels, even though the degree of shortfall
did not frequently reach a threshold that would result in allocation of an additional staff
member. However, even if a pre-determined threshold was not reached, the staffing
shortfall may have affected nurses’ experiences of working or patients’ experiences of
being cared for at these times. Fortnightly, unit-level measurement of NHpPD highlights
the considerable variation in staffing levels that is masked in annually aggregated reports
and would be an asset in studies which investigate the association between nurse staffing
levels and inpatient complication rates. It is feasible to calculate fortnightly NHpPD and
skill mix per hospital unit from raw nursing payroll and inpatient unit movement records.
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7 THE RELATIONSHIP BETWEEN NURSE STAFFING AND
INPATIENT COMPLICATIONS
F OREWORD
This chapter is a copy of an original manuscript published in the Journal of Advanced
Nursing, 2015; 71(4), 800-812. The manuscript contains an investigation of the
association between nurse staffing levels and inpatient complication rates at three tertiary
metropolitan hospitals in WA between 1 January 2004 and 31 December 2008. Access to
linked health data facilitated the ability to study the association between nurse staffing
and inpatient complication rates at the individual hospitalisation level. This chapter draws
together the method of identifying nursing sensitive inpatient complications described in
Chapter 5 and the fortnightly unit-level nurse staffing measurement described in Chapter
6. Though they use the same base analysis file, there is a discrepancy in the number of
hospitalisation episodes reported in Chapters 5 (n=356,948) and 7 (n=256,984). This is
because the Chapter 5 analysis considered the patient outcome data in isolation but the
Chapter 7 analyses combined the nurse staffing data with the patient outcome data and
necessarily excluded hospitalisation episodes from analysis if the nurse staffing variable
for that episode was incomplete. As with the preceding two chapters, the data
manipulation and analysis file preparation described in Chapter 4 expands upon the brief
description in this manuscript and there is some unavoidable repetition of the background
section. Supplementary material for this chapter is included in Appendix B: the access
permission letters from the data custodians and Human Research Ethics Committee
approvals.
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A BSTRACT
Aim: To compare characteristics of hospitalisations with and without complications and
examine the impact of nurse staffing on inpatient complications across different unit
types.
Background: Studies investigating the relationship between nurse staffing and inpatient
complications have not shown consistent results. Methodological limitations have been
cited as the basis for this lack of uniformity. Our study was designed to address some of
these limitations.
Design: Retrospective longitudinal hospitalisation-level study.
Method: Adult hospitalisations to high intensity, general medical, and general surgical
units at three metropolitan tertiary hospitals were included. Data were sourced from
Western Australian Department of Health administrative data collections from 2004 to
2008.
T-tests and chi-squared tests were used to compare demographic characteristics of
inpatients with and without complications. Generalised estimating equations were used to
test the impact of nurse staffing on inpatient complications.
Results: The study included 256,984 hospitalisations across 58 inpatient units.
Hospitalisations with complications had significantly different demographic
characteristics compared to those without (all p<0.001). The direction of the association
between nurse staffing and inpatient complications was not consistent for different
inpatient complications, nurse skill mix groups, or for hospitalisations with different unit
movement patterns.
Conclusion: Our study design addressed limitations noted in the field, but our results did
not support the widely held assumption that improved nurse staffing levels are associated
with decreased patient complication rates. Despite a strong international focus on
improving nurse staffing to reduce inpatient complications, our results suggest that
adding more nurses is not a panacea for reducing inpatient complications to zero.
Keywords: Adult Nursing; Medical Record Linkage; Nursing Methodology Research;
Outcome Assessment; Quality Indicators
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W HY IS THIS RESEARCH NEEDED ?
•

Research linking nurse staffing levels and inpatient complications has not shown
consistent results.

•

The lack of uniform results has been attributed to methodological limitations.

W HAT ARE THE KEY FINDINGS ?
•

Our results did not support the widely held assumption that improved nurse staffing
levels result in decreased patient complication rates.

•

Baseline nurse staffing levels and patient complication rates impact on the effect of
increasing nurse staffing levels.

•

Increasing nurse staffing is not sufficient to significantly reduce patient complications
in all situations.

H OW SHOULD THESE FINDINGS BE USED TO INFLUENCE POLICY , PRACTICE , AND
FUTURE RESEARCH ?
•

Policy makers should recognise that implementation of legislation mandating specific
minimum staffing levels is not associated with significantly fewer patient
complications.

•

Innovative ways of defining, measuring, and evaluating nursing care quality beyond
the staffing proxy should be developed.

•

Patient outcome measures that can be temporally linked to nursing care should be
investigated.
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7.1 Introduction
Nursing care is thought to directly influence inpatient health outcomes independent of
other health professional’s interventions and patient factors, such as, diagnosis and
demographic or socioeconomic characteristics (International Council of Nurses, 2007).
However, there is limited or inconsistent evidence that increases in two common staffing
measures of nursing care (nursing hours of care and nurse skill levels) are associated with
decreases to inpatient complications; this has been attributed to study design limitations
(Ayre et al., 2007; Blegen, 2006; Curtin, 2003; Dimick et al., 2001; Garretson, 2004;
Garrett, 2008; Haberfelde et al., 2005; Lake & Cheung, 2006; Needleman et al., 2007;
Numata et al., 2006; Stone et al., 2003; Thungjaroenkul et al., 2007; Tourangeau et al.,
2006; Twigg et al., 2011; Unruh et al., 2008; West et al., 2009). We present a study that
addressed several of these design limitations and discuss other factors which may
contribute to inconsistent findings on the relationship between nurse staffing and
inpatient complications.

7.1.1 Background
The association between nurse staffing and inpatient complications has been a topic of
research interest for nearly three decades. A 2007 systematic review reported an
association between increased RN (Registered Nurse) staffing and decreased likelihood of
hospital related mortality and patient complications in acute care hospitals (Kane et al.,
2007). Some commonly measured complications within this area of research include:
pressure ulcer, shock or myocardial infarction (MI), and hospital acquired infections
(Griffiths et al., 2008; Kane et al., 2007; Van den Heede et al., 2007).These inpatient
complications, sometimes known as ‘nursing sensitive outcomes’ or ‘outcomes potentially
sensitive to nursing’, can be theoretically linked to nursing care (Subirana et al., 2014).
Staffing is measured as a proxy for a hospital or unit’s capacity to provide nursing care.
Greater numbers or better skilled nurses may improve capacity to provide nursing care
and prevent nursing sensitive complications (Kutney-Lee et al., 2009).
Despite theoretical links between nurse staffing levels and inpatient complications, studies
investigating the association have not yielded consistent results (Ayre et al., 2007; Blegen,
2006; Haberfelde et al., 2005; Lake & Cheung, 2006; Needleman et al., 2007; Numata et al.,
2006; Stone et al., 2003; Thungjaroenkul et al., 2007; Tourangeau et al., 2006; Unruh et al.,
2008; West et al., 2009). Study design limitations have been cited as potential reasons for
this, including: differences in risk adjustment variables and measures of nurse staffing and
inpatient complications (Mark, 2006; Van den Heede et al., 2007); masking of true
associations through aggregation of heterogeneous groups of individual patient data
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(Sales et al., 2008); hospital-level analysis despite wide variation in staffing levels between
individual units (Minnick & Pabst, 1998; Twigg et al., 2011; Van den Heede et al., 2009a);
difficulty estimating individual patient exposure to nurse staffing (Harless & Mark, 2006;
Mark, 2006; Penoyer, 2010; Sales et al., 2008); difficulty distinguishing pre-existing
patient complications from those potentially related to nursing care (Mark & Harless,
2010; Schreuders et al., 2014); and finally, that the effect of an increase in nurse staffing
may depend on the baseline staffing (Blegen et al., 1998; Hendrix, 2003; Jelinek, 1967;
Mark et al., 2004a).
This study of the relationship between nurse staffing and nursing sensitive inpatient
complications in Western Australian (WA) public hospitals was designed to address a
number of methodological limitations commonly cited in the field. All analyses were
conducted at the hospitalisation-level, to avoid grouping patients with discordant
characteristics and to enable a fine-grained estimate of actual patient exposure to nurse
staffing (Harless & Mark, 2006; Mark, 2006; Penoyer, 2010; Sales et al., 2008). The choice
of analysis variables was guided by recommendations in the literature (Griffiths et al.,
2008; Mark, 2006; Van den Heede et al., 2007). Our method of identifying complications
was designed to minimise the likelihood that pre-existing complications were attributed
to nursing care (Mark & Harless, 2010; Schreuders et al., 2014).

7.2 The study
7.2.1 Aims
We aimed to: firstly, describe the nurse staffing characteristics of study units; secondly,
compare patient characteristics of hospitalisations with and without complications; and
finally, examine the impact of patient exposure to nurse staffing on the odds of eight
patient complications for different inpatient unit movement patterns.

7.2.2 Study design and participants
This was a retrospective longitudinal study of inpatient hospitalisations between 1
January 2004 and 31 December 2008 at three adult tertiary hospitals in WA. These
hospitals offered the ‘cleanest’ nurse staffing data in terms of identifying nursing hours
that provided direct patient care on inpatient units. All three are teaching hospitals, based
in the metropolitan area, government-owned, large (≥200 beds), and provide high
technology services (e.g. organ transplantation, cardiac catheterisation, trauma care).
Hospitalisations of patients younger than 18 years and those admitted to paediatric,
maternity, rehabilitation, or psychiatric care units were excluded. Repeat hospitalisations
were included in analysis because the five year study period meant it was possible for the
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same person to be hospitalised multiple times for unrelated reasons and be at risk of
different NSOs. The way that NSOs were identified ensured that they could not be counted
twice within the same NSO group.

7.2.3 Data collection and analysis variables
Administrative nurse and patient data were sourced from three branches within the WA
Department of Health (WADOH): the Health Corporate Network (HCN); the WA Data
Linkage Branch (WADLB); and the Health Information Network (HIN). Brief descriptions
of the data from each branch follow.

7.2.3.1 Nurse staffing data
The total number of nursing hours was sourced from government hospital payroll records
maintained by the HCN and used to estimate each patient’s average exposure to nursing
hours and skill mix. Using hospital payroll records to calculate nurse staffing has the
advantages of being quantifiable at the unit-level and counts only productive hours (i.e.
hours paid as leave were excluded). The data were used to calculate total nursing hours
worked on each unit per fortnight during the study period, both overall and by RNs or
other types of nurses (as described below). At all three hospitals, nurses who provided
direct inpatient care were paid from separate cost centres to nurses who provided nondirect patient care (i.e. those in management or educational roles) or outpatient care. This
enabled us to estimate hours of direct patient care without having to adjust for a
proportion of hours being used for outpatient care.
Exposure to nurse staffing was estimated by measuring nursing hours per patient day
(NHpPD) and skill mix (i.e. proportion of total nursing hours worked by RNs). These are
thought to improve nursing care capacity by increasing total nurse hours available per
patient and/or having care delivered by nurses with a more comprehensive educational
preparation (Kutney-Lee et al., 2009). Data on number of nursing hours were combined
with inpatient unit movement data to construct the NHpPD staffing measure. This
measure achieved the highest level of consensus among international experts in a study
about the usefulness of different nurse staffing, patient outcome, and background
variables (Van den Heede et al., 2007) and has been employed internationally (Needleman
et al., 2002; Van den Heede et al., 2009b) and in Australia (Duffield et al., 2011; Twigg et
al., 2011). The nurse skill mix measure was defined as the proportion of total nursing
hours provided by RNs, where total nursing hours also included Enrolled Nurses (ENs)
and Nursing Assistants (NAs). In Australia ENs and NAs receive vocational training that is
less comprehensive than RN university-level education; they are analogous to licensed
practical nurses and nurse aides.
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Hospitalisations with incomplete nurse staffing data were excluded; for example when
there were no or very few nursing hours recorded for a fortnight on a particular unit. Of a
potential 7,598 fortnights of data, 1,168 were excluded for this reason.

7.2.3.2 Inpatient unit movement data
The HIN manages stored inpatient unit movement data from the patient information
management system, which tracks patient locations within the hospital from admission to
discharge. ‘Inpatient units’ were those with patients admitted for multiple days including
Intensive Care Unit (ICU), Coronary Care Unit (CCU), High Dependency Area (HDA), and
general and specialty medical and surgical units. Day surgery units, outpatient units, and
areas where inpatients attend diagnostic or other procedures (e.g. dialysis or imaging)
were excluded. Inpatient unit movement data provided admission and discharge times
from any patient care area (e.g., emergency department, inpatient units, operating
theatres). These data were used to calculate the amount of nursing exposure for each
patient (the time each patient spent on different units), the total number of patient days
that were spent on a unit, and the total number of unit movements per hospitalisation.
Patients often spend time on more than one unit during a hospitalisation and there may be
wide variation in staffing levels between units; for example, when comparing ICU and a
general medical unit. Rather than assuming a single staffing level, we calculated a
composite nurse staffing exposure for each inpatient episode by combining the staffing
levels on all the units that patients attended and weighting them by the length of time
spent on each unit. These weighted values were summed and divided by the total length of
stay (LOS) to quantify the average exposure to nurse staffing per day of hospitalisation.
We stratified our analysis by time spent on a high intensity unit and at which time point
during the hospital episode that it occurred; because higher staffing levels in those units
led to inflated average daily exposure to nurse staffing. We have used the term “high
intensity units” to encompass ICU, HDA (i.e. similar to ICU step-down), and CCU; the term
“low intensity units” refers to general and specialty medical and surgical units. The
following criteria were applied to stratify hospitalisations with similar unit movement
patterns: none of the LOS in high intensity; the whole LOS in high intensity; high intensity
at the beginning of the stay followed by low intensity, high intensity after theatre, and low
intensity at the beginning of the stay followed by high intensity.

7.2.3.3 Mortality and inpatient morbidity data
The WADLB connects mortality (WA death records), inpatient morbidity (WA
hospitalisation records) and socioeconomic status data collections; records in each
collection that refer to the same person are linked into chains of person-specific records.
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In addition to demographic details, the inpatient morbidity data include a principal
diagnosis code and up to 21 additional diagnoses coded using the ICD-10, Australian
Modification (ICD 10 AM) (National Centre for Classification in Health, 2008). Linked
mortality and inpatient morbidity data allowed us to track a single individual’s events over
time, including death within 30 days of admission, even when it occurred out of hospital. A
standardised index of relative socioeconomic disadvantage (IRSD), based on patient’s
residential location immediately prior to hospital admission, was linked to the personspecific chain as an indicator of socioeconomic status (Adhikari, 2006; Pink, 2006). The
IRSD uses census data to score the economic and social resources of a residential area and
groups them into deciles, with the first decile representing greatest relative disadvantage
(i.e. many households with low income and/or with lower educational attainment) and the
tenth representing least relative disadvantage. Data linkage was used to determine when
the primary outcomes, nursing sensitive patient complications, had occurred and to
generate the demographic variables used in statistical risk adjustment.

7.2.3.4 Nursing sensitive patient complications
Our choice of outcome variables were informed by recommendations in the literature
(Griffiths et al., 2008; Van den Heede et al., 2007). Six nursing sensitive patient
complications were identified based on the presence or absence of specific ICD-10-AM
diagnosis codes in the linked morbidity data: (1) surgical wound infection, (2) urinary
tract infection, (3) pressure ulcer, (4) pneumonia, (5) deep vein thrombosis, and (6) shock
or myocardial infarction. Two further complications used inpatient morbidity and
mortality data, failure to rescue (i.e. death following pneumonia, shock or cardiac arrest,
upper gastrointestinal bleeding, sepsis or deep vein thrombosis (Needleman et al., 2002))
and 30-day mortality (i.e. in or out of hospital deaths within 30 days of admission).
Inpatient complications were assumed to be nursing sensitive only when the patient had
no relevant disease codes recorded within two years prior to the episode captured by our
study criteria. Therefore if an individual experienced the same inpatient complication on
separate hospitalisations that were less than two years apart, only the first event was
counted in our analysis. Our method for identifying nursing sensitive patient
complications is described in greater detail elsewhere (Schreuders et al., 2014).

7.2.4 Ethical considerations
Ethics approval for this research was granted by the Government of Western Australia
Department of Health Human Research Ethics Committee (reference: RA/4/1/2469) and
The University of Western Australia Human Research Ethics Committee (Project
#2009/56).
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7.2.5 Data analysis
7.2.5.1 Risk adjustment
The inpatient morbidity data allowed us to risk adjust for: age, sex, relative decile of
socioeconomic status (based on residential postcode) (Adhikari, 2006; Pink, 2006), month
of admission, admission type (elective or emergency), whether their hospitalisation was
an inter-hospital transfer, which of the three hospitals they attended, Charlson
Comorbidity Score (CCS) (Charlson et al., 1987; Quan et al., 2005) calculated with 5 years
of look-back and total number of complications detected for the hospitalisation. The CCS is
a weighted measure of the number and severity of comorbid diseases an individual has
recorded in their hospitalisation history (Charlson et al., 1987). Lower CCS values indicate
an individual has fewer comorbid medical conditions. Data sourced from the HCN and HIN
enabled risk adjustment of: percentage of the hospitalisation with below-target nurse
staffing levels, the total number of inpatient unit movements and LOS. LOS is often
included as an outcome variable but was included in risk adjustment here since longer
total hospital LOS has been independently associated with increased risk of patient
complications (Graves et al., 2005; Hauck & Zhao, 2011; Khan et al., 2006) and it was not
within the scope of the study to measure deviation from expected LOS (Tschannen &
Kalisch, 2009). Below-target staffing levels were ascertained based on whether units met
the WA state government’s mandated minimum nurse staffing levels for the fortnight
during which the hospitalisation occurred (Government of Western Australia Department
of Health, 2005). Appropriate risk adjustment has been recognised as essential to ensure
the association between nurse staffing and inpatient complications is not confounded by
extraneous variables (Needleman et al., 2007).

7.2.5.2 Analytic methods
Analyses were performed using IBM SPSS (Version 21, IBM SPSS Inc. 2010, Chicago, Il,
www.spss.com), and statistical significance was set at 5%. Summary statistics were used
to describe demographic and nurse staffing characteristics (NHpPD and skill mix). T-tests
and chi-squared tests were used to compare differences in demographic characteristics of
inpatients with and without complications.
We applied generalised estimating equation methodology to binomial logistic regression
to account for correlation between the responses of patients who had multiple
hospitalisations. An unstructured correlation structure was assumed. Preliminary analysis
suggested stratifying because hospitalisations that included time in a high intensity unit
had different nurse staffing distributions. Analysis was stratified by the pattern of unit
movements during hospitalisation. Each nursing sensitive outcome was modelled
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separately with NHpPD, skill mix and the NHpPD:skill mix interaction as explanatory
variables, adjusted for age, sex, Charlson Comorbidity Score, socioeconomic status, LOS,
admission type, hospital transfer, hospital, percentage of hospitalisation on units with
below-target NHpPD, number of unit movements per hospitalisation, and total number of
nursing sensitive inpatient complications per hospitalisation. NHpPD was included as a
continuous variable and skill mix was separated into three categories based on the
percentage of total nursing care hours provided by RNs: low (RNs provided <74% of
hours), medium (RNs provided >74% and < 83% of hours), and high (RNs provided >83%
of hours). The models estimated the changes in odds of each nursing sensitive
complication at each level of skill mix with a one hour increase in NHpPD. The interaction
between NHpPD and skill mix was included to reflect the complexity of the real-world
situation in which additional hours by RNs may have a different effect than additional
hours at a lower skill mix (Mark et al., 2004b).

7.2.6 Validity and reliability
Data were routinely collected by the WA Department of Health. Validation studies of the
diagnosis coding of the Western Australian hospital morbidity data report high levels of
reliability and validity of this source (Holman et al., 1999; Mnatzaganian et al., 2012; Teng
et al., 2008). Payroll data has been demonstrated to provide complete information for
nurse staffing measures (Jiang et al., 2006).

7.3 Results
Over the five year study period there were 256,984 inpatient hospitalisations for 144,319
individuals across 58 inpatient units in the three hospitals; 36,773 (14%) of these
hospitalisations included time in ICU or HDA. Of the 144,319 hospitalised individuals, 65%
had only one hospitalisation during the study period (n=93,539), 18% had two
hospitalisations (n=26,427), 8% had three hospitalisations (n=10,988), and the remaining
9% were hospitalised four or more times (n= 13,365). Approximately 20% of individuals
experienced a complication during at least one hospitalisation (n=28,789).
The NHpPD range of 3.3 to 18.8 hours in low intensity units was markedly lower than the
10.3 to 48.2 hour range in high intensity units (24 NHpPD is equivalent to a nurse to
patient ratio of 1:1, Table 7-1). Although both high and low intensity units had a maximum
RN skill mix of 100%, the minimums dropped to 32% and 55% respectively (Table 7-1).
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TABLE 7-1: NURSING HOURS PER PATIENT DAY AND REGISTERED NURSE SKILL MIX FOR HIGH AND LOW INTENSITY
UNITS

Nursing hours per patient day
High intensity units*
Low intensity units†
RN skill mix‡
High intensity units*
Low intensity units†

No.
units

No. fortnights
with complete
data

Mean

SD

Min

Max

9
49

947
4,951

22.7
6.8

9.59
1.20

10.3
3.3

48.2
18.8

9
49

947
4,951

86.5
75.8

8.94
11.15

55.0
32.0

100.0
100.0

*High intensity units included Intensive Care Units, High Dependency Areas, and Coronary Care Units.
†Low intensity units included general and specialty medical and surgical units.
‡RN (Registered Nurse) skill mix was the percentage of nursing hours provided by RNs as a proportion of total
nursing hours.

One or more inpatient complication was identified during 11% of hospitalisations
(n=27,280). Patient demographic characteristics were significantly different during
hospitalisations with complications compared to those without (p<0.001). Patients were
approximately 10 years older, more likely to be female and to have comorbid health
conditions during hospitalisations with complications compared to those without (Table
7-2).
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TABLE 7-2: COMPARISON OF CHARACTERISTICS FOR HOSPITALISATIONS WITH AND WITHOUT NURSING SENSITIVE
COMPLICATIONS DETECTED

No inpatient
complications
Hospitalisations, n
Age in years, mean (Range)
Sex (%)
Male
Female
Admission type (%)
Elective
Emergency
Charlson Comorbidity Score, mean (SD)
Socioeconomic status decile, mean (SD)
Transfer (%)
Not transfer
Possible transfer
Source of referral (%)
Home
Residential aged care facility
Another acute care hospital
Other*
Number of unit moves, mean (SD)
Number of inpatient complications per hospitalisation,
mean (SD)
Length of stay in days, mean (SD)
Percentage of length of stay with below-target staffing,
mean (SD)
Length of stay on high intensity units† in days, mean (SD)‡
Percentage of total length of stay on high intensity units†,
mean (SD)‡

One or more
inpatient
complications

229,704
61.52 (18-106)

27,280
71.83 (18-107)

54.6
45.4

47.8
52.2

25.5
74.5
1.97 (2.644)
7.02 (2.474)

17.2
82.8
3.39 (3.177)
7.17 (2.467)

77.1
22.9

63.3
36.7

75.6
2.7
21.1
0.6
2.74 (1.331)
NA

66.0
7.8
25.7
0.5
3.17 (2.036)
1.19 (0.544)

6.80 (7.921)
20.6 (37.59)

13.54 (13.256)
21.3 (35.33)

0.39 (1.715)
62.5 (37.54)

1.50 (4.808)
49.6 (35.87)

NB: Bold typeface indicates statistically significant difference of p<0.001 for t-test or chi-square test comparing
values for hospitalisations with no inpatient complications recorded and hospitalisations with one or more inpatient
complications recorded.
*Other referral sources included residential aged care facility, prison, psychiatric hospital, and unspecified source.
†High intensity units included Intensive Care Units, High Dependency Areas, and Coronary Care Units.
‡Calculated using the subset of hospitalisations that included time on high intensity units (n=36,773).

Table 7-3a shows the relationship between NHpPD and inpatient complications at each
level of skill mix for hospitalisations in only low intensity units. Significant associations
between the outcome and NHpPD were demonstrated in the lowest skill mix category,
where each additional NHpPD was associated with a 29% increase in odds of surgical
wound infection and a 19% decrease in odds of failure to rescue. In the medium skill mix
category, there was a 17% increase in odds of pressure ulcer for each additional NHpPD.
Table 7-3b shows the relationship between skill mix-adjusted NHpPD and inpatient
complications for hospitalisations with the whole LOS on high intensity units. Fourteen of
the estimated associations between the outcome and NHpPD were significant. Increased
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NHpPD were associated with decreased odds of surgical wound infection across all three
skill mix categories and urinary tract infection across the mid and high skill mix
categories. In the lowest skill mix category, the odds of shock or MI decreased with
increased NHpPD but this association was reversed in the medium and high skill mix
categories. Increased NHpPD were associated with increased odds of 30-day mortality
across skill mix categories and failure to rescue in the lowest and highest skill mix
categories.
TABLE 7-3: NURSE STAFFING AND INPATIENT COMPLICATIONS FOR HOSPITALISATIONS WITH A) NONE OF THE
LENGTH OF STAY ON A HIGH INTENSITY UNIT* (N=220,045) OR B) WHOLE LENGTH OF STAY ON A HIGH INTENSITY
UNIT* (N=15,652)

a. Hospitalisations with none of the length of stay on a high intensity unit* (n=220,045)
n

Surgical wound
infection
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Shock or myocardial
infarction
Failure to rescue
30-day mortality

NHpPD† & Low RN‡%
OR (95% CI)
p

NHpPD & Mid RN%
OR (95% CI)
p

NHpPD & High RN%
OR (95% CI)
p

1,740

1.29 (1.22,1.37)

<0.001

1.01 (0.93,1.09)

0.833

0.94 (0.85,1.03)

0.192

6,259
680
3,304
1,113

0.98 (0.94,1.02)
1.06 (0.97,1.17)
1.01 (0.96,1.07)
0.96 (0.87,1.06)

0.293
0.195
0.688
0.438

0.98 (0.93,1.03)
1.17 (1.05,1.32)
0.99 (0.92,1.06)
1.02 (0.92,1.14)

0.428
0.007
0.788
0.658

1.03 (0.96,1.10)
0.85 (0.71,1.02)
0.96 (0.87,1.05)
1.05 (0.94,1.17)

0.418
0.074
0.340
0.415

153

1.13 (0.93,1.37)

0.209

0.94 (0.73,1.21)

0.627

0.93 (0.65,1.32)

0.690

1,053
8,325

0.81 (0.70,0.94)
1.00 (0.96,1.04)

0.004
0.970

0.82 (0.66,1.01)
0.98 (0.93,1.04)

0.065
0.543

0.88 (0.72,1.08)
1.05 (0.99,1.11)

0.227
0.140

b. Hospitalisations with whole length of stay on a high intensity unit* (n=15,652)
n

Surgical wound
infection
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Shock or myocardial
infarction
Failure to rescue
30-day mortality

NHpPD & Low RN%
OR (95% CI)
p

NHpPD & Mid RN%
OR (95% CI)
p

NHpPD & High RN%
OR (95% CI)
p

89

0.92 (0.86,0.99)

0.025

0.85 (0.79,0.92)

<0.001

0.92 (0.85,0.99)

0.018

185
31
362
41

0.97 (0.92,1.03)
1.07 (0.90,1.28)
1.03 (1.00,1.06)
0.89 (0.74,1.06)

0.363
0.448
0.099
0.201

0.85 (0.79,0.92)
0.99 (0.91,1.07)
1.03 (1.00,1.07)
1.04 (0.94,1.15)

<0.001
0.732
0.069
0.472

0.87 (0.82,0.93)
1.05 (0.95,1.15)
1.05 (1.03,1.08)
1.00 (0.92,1.08)

<0.001
0.363
<0.001
0.918

91

0.91 (0.89,0.93)

<0.001

1.08 (1.03,1.13)

0.001

1.16 (1.12,1.21)

<0.001

177
896

1.08 (1.00,1.16)
1.11 (1.05,1.17)

0.045
<0.001

1.02 (0.94,1.09)
1.16 (1.11,1.20)

0.690
<0.001

1.06 (1.01,1.10)
1.15 (1.13,1.17)

0.012
<0.001

All models adjusted for age, sex, Charlson Comorbidity Score, socioeconomic status, length of stay, admission type, hospital
transfer, hospital, percentage of hospitalisation on units with below-target NHpPD, number of unit movements per
hospitalisation, total number of nursing sensitive inpatient complications per hospitalisation.
*High intensity units are Intensive Care Units, High Dependency Areas, and Coronary Care Units.
†NHpPD (nursing hours per patient day).
‡RN (Registered Nurse).

Table 7-4 shows the relationship between skill mix-adjusted NHpPD and inpatient
complications when only part of the LOS was on high intensity units. Although estimated
associations varied across models and skill mix categories, odds of surgical wound
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infection and urinary tract infection complications tended to decrease, while shock or MI
and 30-day mortality tended to increase with additional NHpPD.
TABLE 7-4: NURSE STAFFING AND INPATIENT COMPLICATIONS FOR HOSPITALISATIONS WITH LENGTH OF STAY ON
BOTH HIGH AND LOW INTENSITY UNITS

a. Hospitalisations with first part of length of stay on a high intensity unit* (n=9,277)
n

Surgical wound
infection
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Shock or myocardial
infarction
Failure to rescue
30-day mortality

NHpPD† & Low RN‡%
OR (95% CI)
p

NHpPD & Mid RN%
OR (95% CI)
p

NHpPD & High RN%
OR (95% CI)
p

161

0.91 (0.83,0.99)

0.029

385
80
836
<25

0.87 (0.79,0.95)
0.96 (0.87,1.06)
0.98 (0.93,1.03)

0.003
0.387
0.423

86

1.08 (1.02,1.16)

0.014

1.06 (1.01,1.12)

0.017

1.17 (1.12,1.21)

<0.001

75
286

1.07 (0.91,1.26)
1.06 (0.98,1.16)

0.406
0.151

1.01 (0.93,1.09)
1.07 (1.02,1.13)

0.913
0.006

1.09 (1.00,1.18)
1.06 (1.02,1.10)

0.058
0.004

0.90 (0.85,0.95)

<0.001

0.95 (0.91,1.01)

0.91 (0.87,0.94) <0.001 0.93 (0.90,0.96)
1.03 (0.97,1.10)
0.340
1.09 (1.04,1.14)
1.01 (0.98,1.03)
0.679
1.03 (1.00,1.05)
Numbers too small to compute

0.077
<0.001
<0.001
0.022

b. Hospitalisations with admission to a high intensity unit* following a theatre procedure (n=6,333)
n

Surgical wound
infection
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Shock or myocardial
infarction
Failure to rescue
30-day mortality

NHpPD & Low RN%
OR (95% CI)
p

NHpPD & Mid RN%
OR (95% CI)
p

NHpPD & High RN%
OR (95% CI)
p

264

0.63 (0.50,0.80)

<0.001

0.78 (0.72,0.85)

<0.001

0.89 (0.84,0.93)

<0.001

202
37
522
45

1.04 (0.93,1.17)
1.11 (1.00,1.23)
0.93 (0.83,1.04)
0.91 (0.74,1.11)

0.473
0.054
0.213
0.331

1.00 (0.93,1.07)
1.03 (0.91,1.17)
1.00 (0.95,1.04)
0.86 (0.69,1.07)

0.888
0.640
0.836
0.167

0.91 (0.87,0.96)
1.01 (0.94,1.09)
1.04 (1.01,1.07)
0.98 (0.89,1.07)

<0.001
0.738
0.016
0.577

52

0.95 (0.68,1.34)

0.777

1.10 (0.99,1.22)

0.066

1.09 (1.03,1.15)

0.006

64
185

0.17 (0.06,0.49)
0.94 (0.84,1.06)

0.001
0.340

1.11 (0.98,1.24)
1.16 (1.08,1.23)

0.092
<0.001

0.99 (0.91,1.08)
1.11 (1.05,1.17)

0.882
<0.001

c. Hospitalisations with admission to a high intensity unit* following a low intensity unit† inpatient unit (n=5,511)
n

Surgical wound
infection
Urinary tract infection
Pressure ulcer
Pneumonia
Deep vein thrombosis
Shock or myocardial
infarction
Failure to rescue
30-day mortality

NHpPD & Low RN%
OR (95% CI)
p

NHpPD & Mid RN%
OR (95% CI)
p

NHpPD & High RN%
OR (95% CI)
p

205

0.88 (0.77,1.01)

0.060

0.91 (0.86,0.96)

0.002

0.97 (0.93,1.01)

0.169

261
41
485
82

0.92 (0.81,1.06)
1.12 (0.96,1.31)
0.97 (0.90,1.04)
0.90 (0.76,1.06)

0.246
0.159
0.380
0.198

0.93 (0.89,0.96)
0.99 (0.92,1.07)
0.97 (0.94,1.01)
0.93 (0.87,0.99)

<0.001
0.793
0.098
0.020

0.92 (0.88,0.97)
0.97 (0.91,1.04)
1.00 (0.97,1.03)
1.00 (0.94,1.05)

0.001
0.373
0.953
0.903

78

1.13 (1.02,1.25)

0.016

1.02 (0.96,1.08)

0.501

1.11 (1.06,1.17)

<0.001

144
484

0.91 (0.81,1.02)
1.08 (0.94,1.24)

0.109
0.302

0.97 (0.92,1.03)
1.08 (1.04,1.13)

0.338
<0.001

1.06 (1.01,1.12)
1.06 (1.02,1.10)

0.031
0.004

All models adjusted for age, sex, Charlson Comorbidity Score, socioeconomic status, length of stay, admission type, hospital
transfer, hospital, percentage of hospitalisation on units with below-target NHpPD, number of unit movements per
hospitalisation, total number of nursing sensitive inpatient complications per hospitalisation.
*High intensity units included Intensive Care Units, High Dependency Areas, and Coronary Care Units.
†Low intensity units included general and specialty medical and surgical units.
†NHpPD (nursing hours per patient day).
‡RN (Registered Nurse).
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7.4 Discussion
We found that the direction of the association between nurse staffing and patient
complications was not consistent across different patient complications, nurse skill mix
categories, or for hospitalisations with different unit movement patterns. Surgical wound
infection and urinary tract infection were the only complications that consistently
decreased with improved staffing levels. In contrast, improved staffing levels tended to be
associated with increased odds of pressure ulcer, pneumonia, shock or myocardial
infarction (MI), and 30-day mortality. In some models, failure to rescue decreased with
improved staffing, but when all or the first part of the hospitalisation was on a high
intensity unit, the odds increased.
It is currently accepted that improvements in nurse staffing are associated with decreased
rates of certain patient complications and mortality. Our study’s results were not in
keeping with this, despite addressing some recognised previous limitations, such as risk
adjustment. Others have acknowledged a similar lack of consistency (Jiang et al., 2006;
Mark, 2006; Needleman et al., 2007), particularly for mortality (Penoyer, 2010), which
suggests there are key challenges that require discussion before policy decisions draw on
this evidence.
The mechanism of action by which patient complication rates are associated with
improvements in nurse staffing is not yet fully understood. Many conceptual frameworks
have been suggested to elucidate these mechanisms (Aiken et al., 1997; Cho, 2001; Duffy &
Hoskins, 2003; Holzemer, 1994; Irvine et al., 1998; Lee et al., 1999; Mark et al., 1996;
Meyer & O'Brien-Pallas, 2010; Mitchell et al., 1998; O'Brien-Pallas et al., 2011; Subirana et
al., 2014; Tourangeau, 2005; Yen & Lo, 2004). No consensus has been reached but many
frameworks feature complex relationships between multiple factors and are based on a
structure-process-outcome paradigm (Donabedian, 1966). Nursing processes of care,
effectiveness of health professional communication, nursing care delivery models, clinical
judgement, and timely interventions are some of the process factors that have been
proposed as mediating the relationship between staffing and complications (Duffy &
Hoskins, 2003; Irvine et al., 1998; O'Brien-Pallas et al., 2011; Sidani et al., 2004; Subirana
et al., 2014; Tourangeau, 2005). Like other researchers, we were unable to overcome the
challenges of adequately measuring nursing process factors.
In the framework recently published by Subirana et al. (2014), clinical judgement, nurse
surveillance, early detection of complications, timely intervention, expertise, and tasks left
undone are processes identified as mediating the relationship between nurse staffing and
patient complications. However, only the last two have been research-tested, and the
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others are ‘suggested variables’. Theoretically, adequate staffing hours and skill mix result
in improved patient outcomes because processes of care can be carried out unimpeded.
These process factors are difficult to measure, but are important since they mediate the
relationship between nurse staffing and patient complications. It is possible that
unmeasured structure or nursing process variables in our study are the reason for our
unexpected results.
Another reason for our contrary results may be that baseline staffing levels and
complication rates have a greater impact than previously understood. There is often an
implicit assumption that the relationship between nurse staffing and patient
complications is always linear. For example, Kane et al. (2007) reported that if the
association between staffing and complications was causal, a one unit increase in staffing
would result in seven fewer cases of hospital-acquired pneumonia per 1,000 hospitalised
patients. However, as early as 1967 it was noted that nurse staffing increases would
eventually result in gradually smaller changes to the actual amount of time spent on
patient care (Jelinek, 1967). Despite decades of research, few have acknowledged that as
nurse staffing levels increase, progressively smaller reductions in patient complications
should be expected (Blegen et al., 1998; Hendrix, 2003; Mark et al., 2004a). Our results are
consistent with the idea that nurse staffing level and patient complication rates have
thresholds after which further improvements to nurse staffing have little or no effect.
It is plausible that nurse staffing levels and patient complication rates in this study had
already reached a threshold level. The hospitals in the study were operating under a
government mandated minimum nurse staffing policy, introduced approximately two
years prior to commencement (Twigg & Duffield, 2009). Implementation of the policy
resulted in a state-wide 3.47% increase in nurse staffing in 2004, 86% of which went to
the three study hospitals (Government of Western Australia Department of Health, 2005).
Even though attainment of mandated staffing levels on units was high, and approximately
80% of unit-fortnights met or exceeded targets (Table 7-2: ‘Percentage of length of stay
with below-target staffing’) the odds of several patient complications increased with
higher NHpPD and improved skill mix. Similarly, analysis of the impact of Californian
minimum staffing legislation demonstrated significant increases to nurse staffing but no
concomitant reductions in patient complication rates (Cook et al., 2012; Spetz et al., 2013).
This adds weight to assertions that there is still insufficient evidence to support the
efficacy of specific minimum staffing levels (Ayre et al., 2007; Blegen, 2006; Donaldson &
Shapiro, 2010; Hyun et al., 2008; Lang et al., 2004; Shullanberger, 2000).
Finally, finer complication measures may be needed to accurately assess the impact of
nursing care. Nurses provide 24 hour care, and their role is one of surveillance,
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assessment, planning, action, and re-assessment. For a missed task or lack of surveillance
to lead to a reportable complication, the oversight would have to coincide with
unfavourable patient characteristics, multiple missed tasks, and lack of identification of
the missed tasks by subsequent shifts of nurses, or by any other health care professionals
with patient contact. As others have found, measuring the missed tasks themselves, rather
than complications arising from an unlikely sequence of omissions, may provide a more
sensitive response to changes of a single hour of nursing care (Kalisch et al., 2009). The
complications that have been commonly measured thus far have been useful in
progressing the field to this point, but now it may be necessary to refine the methodology.
Staffing levels and baseline complication rates in some populations have improved to the
extent that existing outcome measures are not sufficiently sensitive to detect incremental
decreases associated with changes to already adequate staffing. Considering the inability
to establish a causal relationship with nurse staffing levels, we join others in concluding
that it may be time to identify and develop more sensitive outcome measures (Flynn &
McKeown, 2009; Mark et al., 2004a). In reality, as well as the adjustment variables
included in this study, unmeasured nursing process variables, high baseline staffing and
low patient complication rates, insufficiently sensitive outcome measures, and possibly
other factors we have not considered are likely to have contributed to nursing sensitive
patient complications.
One of the strengths of this work was that the study design addressed several common
shortcomings in the nurse staffing and patient outcomes literature. To maximise
comparability of our results, variable selection was guided by expert consensus on key
risk adjustment variables and measures of nurse staffing and patient complications (Mark,
2006; Van den Heede et al., 2007). The analysis was completed without aggregating
patient data to minimise masking true associations by combining heterogeneous groups
(Sales et al., 2008). Our threefold approach to measuring patient exposure to nurse
staffing reduced measurement error bias and most closely emulated the reality of each
patient’s experience. We computed exposure to nurse staffing for every patient based on
their actual unit movements, we measured nurse staffing per fortnight at unit level
counting only productive hours of care, and our analysis was stratified by the unit
movement pattern of each patient hospitalisation (Harless & Mark, 2006; Mark, 2006;
Penoyer, 2010; Sales et al., 2008). Finally, our restrictive criteria for classifying
complications as nursing sensitive distinguished those that were pre-existing from those
potentially related to nursing care (Mark & Harless, 2010; Schreuders et al., 2014).
Past rationales for inconsistencies in the relationship between nurse staffing and patient
complications have suggested that study designs which address the above limitations may
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resolve ambiguous findings. We draw attention to the fact that, like the findings of this
study, other studies which have addressed limitations have not yielded definitive results.
Harless & Mark (2010) used a ‘present on admission’ indicator to distinguish pre-existing
patient complications from those related to nursing care and found greater RN hours were
associated with increases in all three post-operative complications investigated:
pneumonia, septicaemia, and urinary tract infection. Mark et al. (2004a) conducted a
longitudinal hospital-level study and found that patient complication ratios increased
when staffing was increased at low skill mix levels, but decreased at high skill mix levels. A
pattern seems to be emerging that as study design becomes more sophisticated the
associations between nurse staffing and patient complications do not continue to conform
to currently accepted norms.

7.4.1 Limitations
We acknowledge some limitations. Firstly, process factors that may mediate the
relationship between nursing care and inpatient complications have not been measured.
For example: work environment, hospital commitment to inpatient safety, nurse-doctor
collaboration and communication, and RN satisfaction (Aiken & Patrician, 2000; Kane et
al., 2007; Lake & Friese, 2006; O'Brien Pallas & Hayes, 2008). Secondly, though offering
several advantages, hospital payroll records are not perfect in their estimation of nurse
staffing; we were unable to capture ‘float’ nursing to other units, staffing was averaged
across fortnights despite per-shift staffing variations on individual days, and monthly
agency hours were distributed evenly over the fortnightly pay periods. Thirdly, although
great care was taken to ensure data integrity was maintained, the datasets we used were
large and complex and data preparation decisions may have impacted our findings.
Finally, our non-experimental study design means a causal relationship between nurse
staffing and inpatient complications cannot be inferred.

7.5 Conclusion
Our study was designed to address some commonly cited limitations in this field of
research. Despite doing so, increases in nurse staffing were not consistently associated
with reductions in the eight inpatient complications investigated. There has been a strong
focus on improving nurse staffing to reduce inpatient complications, but adequate nursing
hours and skill mix are just two of the factors that affect how nursing processes contribute
to quality care. Likewise, inpatient complications are just one way that the delivery of
quality nursing care can be measured. It is time to more seriously consider innovative
ways of defining, measuring, and evaluating nursing care quality beyond the staffing
proxy. In addition, more sensitive patient outcome measures should be investigated. This
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study adds weight to the argument that reducing inpatient complications to zero cannot
be achieved simply by adding more nurses in contexts where acceptable staffing levels
have been achieved.
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8 DISCUSSION AND CONCLUSION
8.1 Introduction
Studies of nursing care quality have identified an association between nurse staffing levels
and the incidence of nursing sensitive inpatient complications. However, the direction and
strength of the association has been inconsistent and the need for further research is
receiving growing recognition within the research community and nursing profession.
Previous studies addressed the potential confounding effects of patient comorbidities and
pre-existing conditions with sophisticated algorithms to identify nursing sensitive
inpatient complications (Needleman et al., 2002) but analysing unlinked hospitalisation
data means relying on the assumption that all relevant disease codes are recorded at every
hospitalisation, which is not the case (Wilson et al., 2012). This study implemented linked
data methods to address the issue of potential confounding which enabled hospitalisationlevel analysis that incorporated relevant data from prior hospitalisations for each patient.
Administrative nurse staffing and inpatient hospitalisation data sources are used with the
intention of exploring the unique contribution of nursing in the acute care hospital
context. Nursing quality research contributes to the evidence base for policy decisions
about how hospitals should be staffed. Given the large proportion of the acute care health
budget necessary for nurses’ salaries, the need to optimise care for patients and the
competing demands for the health dollar, it is important that nurse staffing policy
decisions are based on the highest quality evidence possible. As such, exploration of
resources, like linked health data, with the potential to improve methodological rigor are
warranted. Linked health data enables longitudinal, person-specific analysis across whole
populations, and retains the benefits of using administrative sources; for example, access
to routinely and uniformly recorded inpatient health data.
This chapter considers the overarching contribution of the study, discusses the strengths
and limitations and outlines the policy implications and future research stemming from
the study findings.

8.2 Overarching contribution
It was demonstrated that increased methodological rigor using linked health data can
increase our understanding of the impact of nursing care on patient outcomes. Using
linked data methods enabled patient complications to be more accurately attributed to
nursing care and nurse staffing levels to be measured in greater detail than publicly
available data allowed. Furthermore, use of linked data enabled the study to incorporate
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several design characteristics which would have been challenging to achieve otherwise:
hospitalisation-specific risk adjustment for patient comorbidities and characteristics such
as socioeconomic status; longitudinal study design; measurement of variables at the
hospitalisation level; and large sample size.
This study contributed to an internationally recognised area of research by applying
rigorous methods in the Western Australian (WA) context. The inconsistent relationship
between nurse staffing and inpatient complication rates was unexpected given that the
literature had suggested this issue may be resolved by some of the study design features
that were applied. That this was not the case supports the understanding that nursing care
quality is a complex concept that is not yet adequately understood.
In the findings described in Chapter 3, clinical nurses (i.e. those in direct patient care
roles) and those who were less educated were less likely to indicate that nursing care
impacted on patient outcomes than non-clinical, postgraduate educated nurses. Before
having conducted the analysis described in Chapter 7, it seemed that this might be because
clinical nurses were not afforded the same exposure to the research literature and were
thus potentially unable to see the ‘big picture’ of the impact of nurses seen by managers,
educators and researchers. But it is worth considering that the clinical nurses’
perceptions supported the finding that the nursing sensitive inpatient complications that
are currently routinely measured may not to be the best indicators of nursing care quality.
Perhaps these high level outcomes captured in administrative datasets are not the thing
that speaks to the experiences of nurses in direct patient care.
A more accurate estimation of nursing sensitive inpatient complication rates can be
calculated with the benefit of linked health data to create look-back periods (Chapter 5,
p81). Potential nursing sensitive inpatient complications were first identified with
unlinked patient data and followed up with further analysis which revealed that disease
codes relevant to classifying whether inpatient complications were ‘nursing sensitive’ or
not were recorded up to two years prior to the hospitalisation under analysis. The lookback periods helped ensure that pre-existing patient complications were not attributed to
current nursing care. These results suggest that studies that do not factor in patientspecific earlier health records may be overestimating nursing sensitive inpatient
complication rates.
With the help of data linkage methods, hospital payroll and inpatient unit movement data
were used to measure nurse staffing (Chapter 6, p101). Though the state government
publishes reports on nurse staffing levels in WA hospital units, only one type of staffing
measure (nursing hours per patient day) is calculated and it is averaged over an entire
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year. This study measured nursing skill mix in addition to nursing hours per patient day
(NHpPD), calculating these measures for every unit per fortnight during the study period,
thus achieving greater detail than the WA government annual reports.
Finally, linked data methods were applied when examining the relationship between
nurse staffing levels and inpatient complication rates at three acute care hospitals in WA
(Chapter 7, p117). The results did not show a consistent pattern, finding that increased
nurse staffing levels were associated with lower rates of some complications (e.g. surgical
wound infection and urinary tract infection) but higher rates of others (e.g. pressure ulcer,
pneumonia, and shock or myocardial infarction). It seems intuitive that units with greater
numbers of nurses and/or more highly skilled nurses should have superior nursing care
delivery and thus lower rates of nursing sensitive inpatient complications. This was not
the case in this study which indicates that there are circumstances in which increasing
nurse staffing numbers or improving skill mix will not result in decreased inpatient
complication rates.

8.3 Strengths of the study
A major strength of the study was how the capacity of the linked data was leveraged to
enable access to a large study sample, incorporate multiple hospitals, track patients who
attended multiple hospitals (whether during the same hospitalisation or on different
occasions), and provide longitudinal data analysis. In addition, several cited shortcomings
in the nursing care quality literature were addressed by the study design. Firstly, variables
were selected based on published expert opinion on key risk adjustment variables and
measures of nurse staffing and patient complications in order to maximise generalizability
of the results (Mark, 2006; Van den Heede et al., 2007). Secondly, the analysis was
completed without aggregating patient data so that true associations would not be masked
by combining heterogeneous groups (Sales et al., 2008). Thirdly, patient exposure to nurse
staffing used a threefold approach to minimise measurement error bias and to most
closely emulate the reality of each patient’s experience. Fourthly, exposure to nurse
staffing was computed for every patient based on their actual unit movements, nurse
staffing per fortnight was measured at the unit level counting only productive hours of
care, and analysis was stratified by the unit movement pattern of each patient
hospitalisation (Harless & Mark, 2006; Mark, 2006; Penoyer, 2010; Sales et al., 2008).
Finally, the study used restrictive criteria for classifying complications as nursing sensitive
to distinguished those that were pre-existing from those potentially related to nursing
care (Mark & Harless, 2010; Schreuders et al., 2014).
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8.4 Discussion of reasons for ongoing inconsistent findings
Studies of the relationship between nurse staffing levels and inpatient complication rates
have yielded inconsistent findings, but these inconsistencies could potentially be resolved
with improved study design (Ayre et al., 2007; Blegen, 2006; Curtin, 2003; Dimick et al.,
2001; Garretson, 2004; Garrett, 2008; Haberfelde et al., 2005; Lake & Cheung, 2006;
Needleman et al., 2007; Numata et al., 2006; Stone et al., 2003; Thungjaroenkul et al.,
2007; Tourangeau et al., 2006; Twigg et al., 2011; Unruh et al., 2008; West et al., 2009).
The linked data methods used in this study enabled the contribution of a number of design
characteristics (outlined above, Section 8.2) with the potential to resolve inconsistencies
detected in the relationship between nurse staffing and inpatient complications. But the
study design changes did not resolve all of the inconsistencies as proposed. This may be
because the methodological changes achieved were not sufficiently dramatic to have an
impact; further methodology improvements may be needed. Other explanations for the
inconsistencies shift focus from improving study design, theorising that the
responsiveness of patient complication rates to changes in nurse staffing may vary in
different contexts.

8.4.1 Further methodological development
Exploration of the complexities of nursing care quality necessitates studying a wide
variety of structure, process and outcome indicators measured at the patient, nurse and
organisational level (Table 2-1, p14). Characteristics of individual nurses such as
knowledge, expertise, experience and communication skills (i.e. nurse-level structural
variables) may influence the quality the nursing care they deliver and have great potential
to moderate the efficacy of a change in nurse staffing. However, because these structural
variables are challenging to accurately measure on a large enough scale they are not
routinely included in modelling of the relationship with patient outcomes. Furthermore,
how the quality of individual nurses’ practice might moderate changes in the amount of
nursing hours available could be further influenced by work environment and other
factors that are challenging to quantify.
Survey questionnaires are a useful measurement tool for collecting nurse-level data, but
result in aggregated variables that do not directly link to individual patient outcomes and
can be costly and time consuming to administer. Researchers may need to decide between
prioritising patient-level variable measurements or being able to collect a wider variety of
aggregated variables. This study measured the nurse staffing levels patients experienced
during individual hospitalisations (i.e. fortnightly unit-level staffing was not aggregated to
hospital-level or over a longer time period). It was not feasible to measure nurse-level
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structural variables such as knowledge, expertise, or work environment for this study.
Perhaps study designs that measure a broader range of nurse-level structural variables
hold a key to resolving inconsistencies in the relationship between nurse staffing and
patient complication rates.
Outcome measures gleaned from administrative datasets represent a trade-off in variable
suitability; the opportunity to collect highly specialised nursing care outcomes (i.e.
detailed work situation information from survey questionnaires) is sacrificed in favour of
accessing large sample sizes and routinely recorded data. The ultimate antecedent of
nursing sensitive inpatient complications recorded in administrative datasets is missed
nursing care; this may be a more suitable indicator of whether quality nursing care has
been provided but it is more difficult to glean from administrative data and therefore
measure at the patient level (Schubert et al., 2007). Whether due to unintentional
oversight or purposeful prioritisation of patient care tasks necessitated by limited
resources, missed nursing care may not always lead to inpatient complications that are
recorded in administrative datasets. One of the benefits of the round the clock nature of
nursing care delivery is its capacity to ‘rescue’ patients from the potential complications of
instances of missed nursing care. But instances of missed care are challenging to measure,
especially on a large scale.
The inconsistent relationship between nurse staffing levels and inpatient complication
rates could be because one or more important variables are not routinely included in
analysis; for example, staffing levels of non-nursing health professionals that provide
inpatient care. Focussing on the unique contribution of the nursing profession to patient
outcomes means that other health professional variables have not routinely been included
in analysis. Perhaps measures of nurse staffing do not reflect the complexity of the health
care delivery system with sufficient accuracy to fully elucidate the contribution of nursing
care.
Researchers have applied sophisticated research methods aiming to capture the
complexity of the contribution of nursing care to patient outcomes but many acknowledge
the relationship has not yet been fully explained (Ayre et al., 2007; Blegen, 2006; Curtin,
2003; Dimick et al., 2001; Garretson, 2004; Garrett, 2008; Haberfelde et al., 2005; Lake &
Cheung, 2006; Needleman et al., 2007; Numata et al., 2006; Stone et al., 2003;
Thungjaroenkul et al., 2007; Tourangeau et al., 2006; Unruh et al., 2008; West et al., 2009).
Improving research requires a multifaceted approach, so improvements in study design
and methodology need to be accompanied by re-examination of underlying assumptions.
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8.4.2 Nursing care capacity and nurse staffing
Inconsistent results could be explained if the underpinning assumption of a linear
relationship between nurse staffing and patient complications is flawed. Some authors
have explored a non-linear relationship (Hendrix, 2003; Jelinek, 1967; Jones & Yoder,
2010). An ‘s’ curve could explain the varied responsiveness of patient complication rates
to increases in nurse staffing, where unique study populations have underlying nurse
staffing levels at different points along the curve. Mixed results could reflect that capacity
for nursing care increases by different amounts per unit increase in nurse staffing
depending on the initial staffing levels (i.e. Diminishing marginal returns). Inconsistent
results such as those found in this study could be explained if the study design is sensitive
enough to detect changes in nursing care capacity from ‘a’ to ‘b’ but not sufficiently
sensitive to detect the impact of changes to nursing care capacity effected by nurse staffing
changes from ‘b’ to ‘c’ (see Figure 8-1), each of which result from a 2 unit increase in nurse
staffing.

FIGURE 8-1: PROPOSED EXAMPLE OF NURSING CARE CAPACITY CHANGE PER UNIT OF NURSE STAFFING
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This conceptualisation of how nursing care capacity is affected by changes to nurse
staffing accommodates shifts in the curve due to changes in factors other than nurse
staffing levels. For example, the curve is shifted upwards if changes in the nurse practice
environment foster better inter-professional communication. In summary, adequate
staffing is not the sole condition necessary for providing high quality nursing care, and
improvements to nursing care capacity achieved by increasing nurse staffing follow a
pattern of diminishing marginal returns (Hendrix, 2003; Jelinek, 1967).
Another possible explanation for ongoing inconsistent results is that once a certain level of
nurse staffing has been achieved the nature of the relationship between nurse staffing and
inpatient complications is altered. Perhaps there is a certain point after which staffing
levels become a less important predictor of patient complications than some other
variable that has not been measured and therefore is not captured by this study.

8.4.3 The impact of baseline nurse staffing levels
Inconsistent results may reflect the complex nature of quantifying nursing care quality.
Studies of nurse staffing and patient complications such as this one have been conducted
in varied contexts all over the world. Different baseline nurse staffing levels in each study
population are a potential cause of the varied findings.
Prior to the study period, the WA state government assessed hospital inpatient units and
classified their staffing requirements, taking into consideration the usual patient
requirements for each unit. The process of classifying each unit’s staffing requirements
was rigorous; therefore, it is not unreasonable to assume that the target staffing levels
have been ‘correctly’ assessed. It follows that below-target staffing levels would be
expected to be associated with inpatient complications, but there was not a statistically
significant association in this study (see Chapter 7). Neither was there a consistent inverse
relationship between nurse staffing levels and inpatient complication rates.
Unit-level nurse staffing during the study period was at or above target levels 80% of the
time. Thus, the results provide insight about the relationship between nurse staffing and
inpatient complication rates when minimum nurse staffing legislation is already in place.

8.5 Limitations
The following limitations should be noted when considering the study results.
Look-back periods were used to solve the problem of distinguishing between nursing
sensitive inpatient complications and pre-existing conditions. Since the study was
conducted a ‘present on admission’ variable, which has been used elsewhere to solve the
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same problem, has become available in WA administrative hospitalisation data collections
(Harless & Mark, 2010). This variable goes some way towards solving the problem but
needs to be validated for its ability to identify pre-existing patient conditions, especially
since others have found that not all relevant conditions are necessarily captured when a
patient is admitted (Wilson et al., 2012).
The retrospective, non-experimental study design and administrative morbidity and
mortality data available for this study did not allow identification of the point at which a
complication started during a hospitalisation or the precise shift-by-shift staffing levels on
each unit. This lack of temporal information means that the exact staffing on a specific day
or shift could not be linked to the exact start point of a complication. Therefore there is
still uncertainty as to whether any associations are causative.
It is probable that there are multiple factors which contribute towards the capacity of a
unit to provide high quality nursing care. Despite its strengths, the administrative data
used in this study did not capture more than nursing hours and skill mix. Structural
nursing variables, such as work environment and communication between health
professionals, were not feasible to measure but may impact on the unit-level capacity for
nursing care.

8.6 Policy implications of study findings
This study contributes to the evidence base for effective nurse staffing policy. Baseline
nurse staffing levels and the characteristics of specific inpatient populations should be
carefully assessed prior to implementation of policy that aims to decrease nursing
sensitive inpatient complication rates. The findings suggest that increasing productive
hours of care or having more Registered Nurses provide care may not be the most
effective way to increase nursing care capacity when baseline staffing levels are above a
critical point.
Results of early research in the field were used to support decisions to implement
minimum staffing legislation in the form of static ‘across the board’ nurse to patient ratios.
Subsequent assessment of the impact of this legislation shows that while staffing
increased, there was no associated decrease in nursing sensitive patient complication
rates as anticipated (Donaldson & Shapiro, 2010; Lang et al., 2004, Cook, 2012 #518; Spetz
et al., 2013). Unit-specific analysis of the typical nursing care requirements for particular
patient populations is warranted before legislating minimum staffing levels, which should
include provision for reassessment of nursing care requirements.
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8.7 Areas of future research
There is evidence that the nurse staffing – patient complications paradigm does not fully
explain the mechanisms working to facilitate delivery of high quality nursing care. Future
research would benefit from including measurement of all health care staffing levels, not
just nursing care. Nurses work as part of a health care team but levels of staffing provided
for by other professions are not routinely included in the investigation of the relationship
between staffing and patient outcomes. Also, although staffing levels are an important
indicator of capacity to provide nursing care, other factors that are not as easily measured
using administrative data sources impact on capacity to provide nursing care. These are
identified in the literature and should be studied in the many contexts in which nursing
care is practised.
The addition of the present on admission (POI) indicator to the variables routinely coded
in the WA hospital morbidity data opens an area for future research related to this study.
The POI should adequately capture the majority of pre-existing conditions to be useful for
deciding whether inpatient complications are attributable to nursing care or the patient’s
underlying health status. The POI could be validated using the nursing sensitive outcome
detection methods used for this study and taking advantage of WAs established data
linkage infrastructure.
Another potential area of future research is the identification of feasible large-scale
methods of measuring missed nursing care. Though the relationship between nurse
staffing and patient complications was inconsistent in the WA population, outcome
measures that capture events with the potential to become complications might represent
a more sensitive indicator of nursing care quality.

8.8 Conclusion
The work of Avedis Donabedian provided an important foundation for health care quality
research. In 1966 he wrote in reference to evaluation of medical care, ‘Greater neutrality
and detachment are needed in studies of quality. More often one needs to ask, “What goes
on here?” rather than, “What is wrong; and how can it be made better?”’ (Donabedian,
1966, p.247). This distinction is also relevant to the evaluation of nursing care quality.
Nursing care quality research did not emerge amid an attitude of neutrality and
detachment, but rather, as a result of a need for the nursing profession to quantify its
contribution to patient health outcomes. Inpatient complications resulting from
inadequate nursing care were identified as what was wrong and it was assumed that
improving nurse staffing levels would make them better by reducing inpatient
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complication rates. When studies of the relationship between nurse staffing levels and
inpatient complications produced mixed results it was suggested that improving
methodological rigor would resolve the inconsistencies. But the methodological changes
implemented in this study did not result in a consistent association between nurse staffing
levels and inpatient complication rates. Research seeking to elucidate the unique
contribution of nursing care to patient outcomes must look further afield than the nurse
staffing-patient complications paradigm.
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APPENDIX A: DATA COLLECTION TOOL AND ETHICS
PERMISSION FOR CHAPTER 3
Appendix A includes the data collection tool and University of Western Australia Human
Research Ethics Committee approval for the published manuscript that comprises Chapter
3 of the thesis.
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APPENDIX B: ETHICS PERMISSIONS FOR CHAPTERS 5 TO 7
Appendix B includes supplementary materials for Chapters 5, 6 and 7: letters of
permission to access nurse staffing and unit-level inpatient data granted by the Chief
Executive Officers of the Western Australian Country, North Metropolitan, and South
Metropolitan Area Health Services; and Human Research Ethics Committee approvals
from The University of Western Australia and the Western Australian Department of
Health.
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APPENDIX C: MAPPING OF UNIT VARIABLES BETWEEN
DATA FILES
This appendix contains the mapping keys created for each tertiary metropolitan hospital
matching cost centre descriptions from the staffing data to the unit codes from the TOPAS
database. In each separate data file a new variable (wd_match_var) was created that could
be used to standardise the unit variable values and the data files were then merged. A
table is provided for each hospital outlining the mapping key.
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R OYAL P ERTH H OSPITAL UNIT NAME MAPPING KEY
wd_match_var

Cost centre descriptions
‘WARD 3K GEM UNIT’, ‘WARD 4A UROLOGY
MEDICAL CARDIOLOGY’

3K

‘WARD 4A UROLOGY MEDICAL CARDIOLOGY’

4A

‘WARD 4F’
‘5A ( REOPENED FOR 2000/2001 )’
‘RPH WARD 5B’
‘WARD 5E’
‘WARD 5F (ENT PLASTIC EYE GYNAE)’
‘WARD 5G ORTHOPAEDICS’
‘WARD 5H NEUROSURGERY’
‘WARD 6A’
‘RPH 6B MEDICAL DAY WARD’
‘RPH CARDIOTHORAIC / VASCULAR’
‘RPH GENERAL SURGERY 6H’
‘RPH GENERAL SURGERY 7A’
‘WARD 8A’
‘WARD 9A’
‘RPH WARD 9B’
‘WARD 9C’

4F
5A
5B
5E
5F
5G
5H
6A
6B
6G
6H
7A
8A
9A
9B
9C

‘WARD 10A/B (CANCER MEDICAL)’

10A
AAU
BMTU
BURNS
CCU-RPH
HDA
ICU-RPH
IDU
WINTER
STU

‘ACUTE ADMISSIONS UNIT’
‘BONE MARROW TRANSPLANT UNIT’
‘BURNS UNIT’, ‘TELSTRA BURNS UNIT’
‘CORONARY CARE UNIT’
‘HIGH DEPENDENCY AREA’
‘INTENSIVE CARE UNIT’
‘IMMUNODEFICIENCY UNIT’
‘WINTER WARD’
‘RPH TRAUMA SERVICE’, ‘TRAUMA WARD’
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TOPAS codes
‘3K’, ‘3K7B’
‘4A’, ‘4AD23’, ‘4AEDU’, ‘7A4A’,
‘7B4A’
‘4F’
‘5A’
‘5B’, ‘5BWP’, ‘7B5B’
‘5E’
‘5F’, ‘7B5F’
‘5G’
‘5H’
‘6A’
‘6BMDW’, ‘6BSSW’
‘6G’
‘6H’
‘7A’
‘8A’, ‘7B8A’
‘9A’
‘9B’, ‘7B9B’
‘9C’
‘10A’, ‘5A10A’, ‘9A10A’,
‘9B10A’
‘AAU’
‘BMTU’
‘BU’
‘CCU’
‘HDA’, ‘HDU’
‘ICUG’, ‘ICUS’
‘IDU’
‘7BWP’
‘STU’, ‘STUA’, ‘3G’, ‘3GTHA’

S IR C HARLES G AIRDNER H OSPITAL UNIT MAPPING KEY
wd_match_var

Cost centre descriptions
‘SCGH WARD C14’
‘SCGH SUB ACUTE MEDICAL UNIT’
‘SCGH WARD G41’
‘SCGH WARD G42’
‘SCGH INTENSIVE CARE UNIT’
‘SCGH WARD G51’
‘SCGH WARD G52’
‘SCGH WARD G53’
‘SCGH WARD G54 - RESPIRATORY MEDICINE’
‘SCGH WARD G61’
‘SCGH WARD G62’
‘SCGH WARD G63’
‘SCGH WARD G64’
‘SCGH WARD G66’
‘SCGH WARD G71’
‘SCGH WARD G72’
‘SCGH WARD G73’
‘SCGH WARD G74’
‘SCGH G74 SPECIALS UNIT’
‘SCGH WARD G75’

C14
C16
G41
G42
ICU-SCGH
G51
G52
G53
G54
G61
G62
G63
G64
G66
G71
G72
G73
G74
NOSA
G75

TOPAS codes
‘C14’
‘C16’
‘G41’
‘G42’
‘G44’
‘G51’
‘G52’
‘G53’
‘G54’
‘G61’
‘G62’
‘G63’, ‘G63D’
‘G64’
‘G66’
‘G71’
‘G72’
‘G73’, ‘G73C’
‘G74’
‘NOSA’
G75’, ‘G75U’

F REMANTLE H OSPITAL UNIT MAPPING KEY
Cost centre descriptions

wd_match_var

‘WARD B3’
‘WARD B7N’
‘WARD B7S’
‘WARD B8N’
‘WARD B8S’
‘WARD B9N’
‘WARD B9S’
‘CORONARY CARE’
‘WARD F6’
‘(FH) INTENSIVE CARE UNIT’, ‘INTENSIVE
CARE UNIT’
‘(FH) RESTORATIVE UNIT’
‘SUPERVISED CARE UNIT’
‘WARD V6’

B3
B7N
B7S
B8N
B8S
B9N
B9S
CCU-FH
F6

‘B3’
‘B7N’
‘B7S’
‘B8N’, ‘NSU’, ‘NSU8N’
‘B8S’
‘B9N’
‘B9S’
‘CCU’
‘F6’

ICU-FH

‘ICU’, ‘ICU1’, ‘ICU2’

V5
V5S
V6
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TOPAS codes

‘V5’
‘V5S’
‘V6’

APPENDIX D: COMPARISON OF NURSING HOURS PER
PATIENT DAY ESTIMATES
This appendix includes comparison graphs of annual mean nursing hours per patient day
(NHpPD) publicly reported by the Western Australian Department of Health (WADOH)
and fortnightly mean NHpPD estimated using nursing payroll and inpatient unit
movement data. There is a brief description of each NHpPD target category. NHpPD
targets set by the WADOH benchmark nurse staffing levels per unit based on expected
patient care requirements. Graphs comparing the target NHpPD for each unit to the mean
NHpPD estimates of the WADOH and those of this study are displayed grouped by unit
category.
Twelve units were reclassified during the study period, all were moved to a higher NHpPD
staffing target category. No units were reclassified more than once. Hospital’s A and B had
six units each reclassified and hospital C had none. One reclassification occurred in the
2005/2006 financial year, four in 2007/2008 and the remaining seven in 2008/2009.
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