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Chapter

The health of a nation’s population is one of its most valuable assets. Healthcare 

spending accounts for a significant proportion of gross domestic product (GDP) in a 

number of countries. Among Organization for Economic Cooperation and Development 

countries (OECD), it ranges from 5.9% in Mexico to 16% in the United States.1 In 2008, 

total per capita spending on healthcare in US$ Purchasing Power Parity was $7,538 

in the United States, $4,063 in the Netherlands, $3,737 in Germany and $3,129 in 

the United Kingdom.1 Despite the differences in the organization of these four health 

systems and the varied balance between their public and private sector financing, the 

rise in healthcare spending is putting a strain on the budgets of all of them. The rise in 

costs has not correlated with better individual health or improved outcomes.2-4 Rising 

costs and limited budgets have increased the importance of identifying cost-effective 

healthcare quality improvement programs.

In the last few years, different countries have introduced reforms in various aspects 

of their healthcare systems with the aim of reducing costs and improving quality. In the 

Netherlands there is increased competition in the health insurance sector, and England is 

shifting from a top-down to a bottom-up system, empowering general practitioners with 

the aim of reducing bureaucracy and costs.5, 6 Healthcare reform in the United States 

addresses the issues of cost and quality in a number of ways.  In the search for efficiency 

in healthcare spending, the first question asked is how well the system performs.7-9

Measuring Health System performance

Frameworks and standards have been devised to measure various aspects of the health 

system and provide transparency.10-14 At the international level, health status indicators 

give an overall sense of health in a nation. They include measures such as life expectancy, 

disability-adjusted life expectancy (DALE), neonatal mortality, under-five mortality 

rates, potential years of life lost (PYLL), and vaccination coverage. In 2000, the World 

Health Organization ranked health systems based on criteria related to three domains: 

health status, fairness of financial contribution, and responsiveness to non-medical 

expectations.15 The OECD routinely collects health systems data and publishes side-by-

side comparisons of countries on a variety of indicators. Other international organizations, 

such as the Commonwealth Fund, publish international profiles of health systems.16 At 

the national level, health systems performance takes a different focus. The approach 

looks at quality, access, and costs with equity and efficiency cutting across these three 

areas.7 The Dutch Healthcare Performance report, the United States National Healthcare 

Quality report, and the Canadian Health Indicators report are examples of national 

reports issued periodically.17-19 

In comparison to cost and access, the quality of care field tends to draw the most 

attention. Various definitions of quality have been put forward over the years.8 A widely 

accepted description by the Institute of Medicine (IOM) refers to high quality care as 
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“health care that is safe, effective, patient centered, efficient, and equitable”.20 These 

key words make up the various dimensions of health system performance assessment. 

Performance indicators presumed to measure quality for the different conditions populate 

each of these dimensions. The major areas of research have focused on effectiveness, 

patient safety, and increasingly, patient centeredness. The aforementioned rise in costs 

has raised the prominence of efficiency. In England, the National Institute for Health and 

Clinical Excellence (NICE) provides evidence-based guidance on a number of issues aimed 

at improving quality and lowering costs.21 In the United States, the American Recovery 

and Reinvestment Act of 2009 with its associated funding, and the Patient-Centered 

Outcomes Research Institute established by Patient Protection and Affordable Care act of 

2010, have placed comparative effectiveness research at the forefront of health services 

research.22, 23 Using performance assessment, one method of controlling cost has been 

to link payments to performance as measured by performance indicators. 

Structure – Process – Outcome model

The indicators used to measure the quality of healthcare can be classified, based on 

criteria first provided by Avedis Donabedian, into structure, process, and outcome 

indicators.24, 25 Structure indicators are those related to the attributes of the setting 

in which care occurs. They include measures of the human and material resources 

available to a hospital such as funding, availability of a computerized tomography (CT) 

scanner or magnetic resonance imaging, specialists employed, hospital patient volume, 

and organizational factors such as deployment of staff and planning of shifts. Process 

indicators refer to the interaction between the doctor and patient reflecting what is done 

to, or communicated to the patient.  They vary widely between conditions, but usually 

reflect specific recommendations in treatment guidelines. The recommendations may 

refer to specific treatments patients should have, advice patients should be given (e.g. 

smoking cessation), or tests that they should receive. Outcome indicators refer to the 

final disposition of the patient, or markers of treatment progress. They include health 

status measures such as mortality and morbidity measures, quality of life, and measures 

of patient satisfaction.

The structure-process-outcome model forming the Donabedian triad is ubiquitous 

in healthcare. It is flexible as it can be applied to the macro-, meso-, and micro-levels of 

care. It is a natural approach to categorizing performance information collected within 

dimensions of a performance framework. The simple triad was supposed to lend itself 

to performance evaluation and possibly, causal inference.24, 25 For years, in measuring 

and monitoring the quality of care the question was one of what to measure. The 

pendulum has swung predominantly between process and outcome measures.26-29 

Structure indicators have formed a natural measure of minimum requirements, or 

assessment of resources. Process measures have been viewed as amenable targets for 
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quality improvement programs. Outcome measures can serve as markers of progress or 

indicators of deficiency or disparity. In some cases, their application is logical: a hospital 

without renal dialysis facilities would be an inappropriate place for patients with renal 

failure. Initiatives such as those from the Leapfrog group have imposed minimum volume 

standards on hospitals with encouraging results.30 However, no specific aspect of the 

triad is sufficient to completely describe the quality of care.31, 32 In recognition of this, 

measurement frameworks have incorporated structure, process, and outcome indicators 

in order to provide a more complete picture of the quality of healthcare.33, 34

The science of performance measurement has not kept up with its application.35, 36 

Traditionally, the selection of indicators is based on criteria such as ease of measurement, 

availability of data, importance, validity, susceptibility to change, and consensus.37 The 

number of defined indicators has grown exponentially examining system level quality, 

diagnosis related quality, prescribing quality etc. However, it has not always been clear 

whether all measures selected reflect the underlying effect we are interested in, improving 

the processes and outcomes of healthcare for patients. Does improved performance 

on an indicator lead to improved outcomes (lower mortality, reduced morbidity etc.)? 

Do specific structures lead to better processes or outcomes? Are specific healthcare 

processes associated with other related processes? Are specific structure, process, and 

outcome indicators valid for their intended purposes? Are quality scores reflective of 

actual healthcare quality?

Discussions of validity have often focused on measurement validity in place of the 

equally important construct validity.38 Some studies have tried to demonstrate directly 

or indirectly the presence of construct validity among indicators.39-40 For example, in the 

United States, two quality frameworks from the Joint Commission on Accreditation of 

Healthcare Organizations, and Medicare displayed a surprising amount of discordance 

in their rankings of hospitals.41 The Quality and Outcomes framework in the United 

Kingdom aimed at improving adherence to a number of process measures by providing 

financial incentives to general practitioners. The program yielded the improved 

performance but this did not translate to improved patient health.42 Some studies have 

demonstrated relationships between condition specific indicators, but other indicators 

have failed to show the requisite improvement in quality of care in the real world that 

is theoretically expected.43-46 

In his book “An Introduction to Quality Assurance in Health Care”, Donabedian 

discusses the relative merits of structure, process, and outcome measures as the approach 

to assessing performance.33 He recommended that an approach that combines structure, 

process, and outcome measures would provide the best picture of quality. He also noted; 

“Inferences about quality are not possible unless there is a predetermined relationship 

among the three approaches…” He simplified this as shown in figure 1.33 
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As he points out with the use of the ‘p’ these relationships are probabilities with 

the higher the probability, the more credible our judgments about quality can be. This 

relationship can be much more complicated with structure affecting multiple processes 

that in turn have different effects on other processes or outcomes. In turn, outcomes 

may have direct or indirect effects on structure or vice versa. Figure 2 shows some of 

these potential relationships.

Each of the arrows indicates potential bidirectional relationships that may exist 

between indicators. These relationships are potentially complex. As can be seen from 

the diagram, the theoretical relationships do not extend only between structure or 

Figure 2. SPOkes model - expanded potential relationships between structure, process, and outcome

Table 1. Overview of the chapters of the thesis showing the relationship examined

Chapter Title Relationship examined Data sources Patient population Analytical approach

2 A review of the process-outcome relationship 
for three time-related performance indicators 
in myocardial infarction, hip fracture, and 
pneumonia.

Process - Outcome PubMed, Embase 
and Cochrane 
review library

Patients with an:
Acute Myocardial Infarction
Hip fracture
Pneumonia

Systematic review

3 Hospital stroke volume and case-fatality 
revisited.

Structure - Outcome Dutch Medical 
discharge register

73,077 ischemic stroke patients admitted to 114 Dutch hospitals 
in the years 2000 through 2004

Multilevel binary logistic regression 
modeling

4 A multifaceted look at time of admission and 
its impact on case-fatality among a cohort of 
ischemic stroke patients.

Structure - Outcome Dutch Medical 
discharge register

82,219 ischemic stroke patients admitted to 115 Dutch hospitals 
in the years 2000 through 2004

Multilevel binary logistic regression 
modeling

5 Process to Process correlation: The interpretive 
validity of indicators.

Process - Process Netherlands 
Information 
Network for General 
Practice 

Primary care patients treated for skin infections, sinusitis, acute 
throat pain or urinary tract infections at 118 Dutch general 
practices in the years 2000 through 2005

Multilevel binary logistic regression 
modeling

6 The relationship between shift-of-admission and 
surgical delay for hip fracture patients: 
A multilevel multinomial analysis.

Structure - Process Dutch Medical 
discharge register

43,967 hip fracture patients admitted to 96 Dutch hospitals in 
the years 2003 through 2007 

Multilevel multinomial logistic regression 
modeling

Figure 1. Simplified relationships between structure, process, and outcome
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process and outcomes, but also within and between each aspect of the triad. Beyond 

the relationships between indicators, there is a question of how the results should be 

interpreted and applied. The applications are obvious when the relationship with desired 

outcomes is well specified, but in the face of insufficient evidence the interpretation of 

performance should be more nuanced and its application circumspect. 

Aims and outline

This thesis concentrates on the effectiveness domain of healthcare, and explores the 

relationships between indicators of structure, process, and outcome of healthcare using 

a series of case studies. It applies a high degree of methodological rigor to testing the 

relationships between performance indicators and questioning how they can be used to 

improve healthcare.

Each chapter of this thesis examines one of the potential associations displayed in 

figure two in the form of a case study (see Table 1). We use them to answer questions in 

the following broad themes.

1. To what extent are pre-specified process indicators related to expected outcomes 

of healthcare for a specific condition?

 Case study 1 (Chapter 2): What is the validity of the relationship between three 

time-dependent process measures and case-fatality, for myocardial infarction, 

hip fracture, and pneumonia patients?

2. To what extent are pre-specified structure indicators related to expected 

outcomes of healthcare for a specific condition? 

 Case study 2 (Chapter 3): What is the relationship between hospital 

case-volume and case-fatality among ischemic stroke patients?

Table 1. Overview of the chapters of the thesis showing the relationship examined

Chapter Title Relationship examined Data sources Patient population Analytical approach

2 A review of the process-outcome relationship 
for three time-related performance indicators 
in myocardial infarction, hip fracture, and 
pneumonia.

Process - Outcome PubMed, Embase 
and Cochrane 
review library

Patients with an:
Acute Myocardial Infarction
Hip fracture
Pneumonia

Systematic review

3 Hospital stroke volume and case-fatality 
revisited.

Structure - Outcome Dutch Medical 
discharge register

73,077 ischemic stroke patients admitted to 114 Dutch hospitals 
in the years 2000 through 2004

Multilevel binary logistic regression 
modeling

4 A multifaceted look at time of admission and 
its impact on case-fatality among a cohort of 
ischemic stroke patients.

Structure - Outcome Dutch Medical 
discharge register

82,219 ischemic stroke patients admitted to 115 Dutch hospitals 
in the years 2000 through 2004

Multilevel binary logistic regression 
modeling

5 Process to Process correlation: The interpretive 
validity of indicators.

Process - Process Netherlands 
Information 
Network for General 
Practice 

Primary care patients treated for skin infections, sinusitis, acute 
throat pain or urinary tract infections at 118 Dutch general 
practices in the years 2000 through 2005

Multilevel binary logistic regression 
modeling

6 The relationship between shift-of-admission and 
surgical delay for hip fracture patients: 
A multilevel multinomial analysis.

Structure - Process Dutch Medical 
discharge register

43,967 hip fracture patients admitted to 96 Dutch hospitals in 
the years 2003 through 2007 

Multilevel multinomial logistic regression 
modeling
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 Case study 3 (Chapter 4): What is the relationship between time-of-admission 

and mortality among ischemic stroke patients?

3. To what extent are pre-specified process indicators related to other theoretically 

related process indicators? 

 Case study 4 (Chapter 5): What is the relationship between four guideline-

based process indicators of prescribing quality used in general practice?

4. To what extent are pre-specified structure indicators related to subsequent 

process indicators? 

 Case study 5 (Chapter 6): What is the relationship between time-of-admission 

and time-to-surgery among elderly hip fracture patients?

In the general discussion, we integrate the various observations from each chapter 

and examine the validity of the presumed relationships between structure, process, and 

outcome.
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ABSTRACT

Purpose: To examine the validity of the relationship between three time-dependent 

process measures and mortality for myocardial infarction, hip fracture, and pneumonia.

Data sources: Literature search of PubMed, Embase, and the Cochrane review database.

Study selection: Empirical studies in the English language published since 1995 

examining the direct relationship between time-to-reperfusion, time-to-first antibiotic 

dose, time-to-surgery, and mortality among myocardial infarction, pneumonia and hip 

fracture patients respectively.

Results of data synthesis: More than 90% of the 12 studies observed an association 

between time-to-reperfusion and mortality among ST-elevated myocardial infarction 

patients. About half of the 28 studies observed an inverse association between time-to-

surgery and mortality among hip fracture patients. One-third of the nine studies observed 

an association between time-to-first antibiotic dose and mortality among community 

acquired pneumonia patients.   

Conclusions: For myocardial infarction, the relationship between time-to-reperfusion and 

mortality appears to be well established, but the specific patient population it applies to 

is unclear. The relationship between time-to-surgery and mortality is mixed and questions 

remain as to which populations it applies. The time limits set for time-to-first antibiotic 

dose among pneumonia patients do not appear to produce a valid quality indicator. 

The functional nature of these indicators has not been clearly defined. More research is 

needed before they should be widely used in policy programs like pay-for-performance.  
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INTRODUCTION

Risk adjusted mortality rates vary between healthcare institutions. This variation is 

attributed to differences in the quality of care they provide to their patients. Performance 

reporting programs routinely measure the quality of care and publish comparisons of 

hospitals and in some cases individual physicians. These programs use performance 

indicators derived predominantly from clinical practice guidelines and the structure-

process-outcome model created by Donabedian as an approach to performance 

measurement.1,2 As the cost of healthcare continues to rise, there is a policy shift towards 

increasing transparency in performance in public reporting, and linking performance to 

reimbursement in pay-for-performance (P4P) initiatives.3-5 This shift requires high quality 

performance information to support it.6

 The structure-process-outcome model is based on the assumption that there 

are relationships between the three measures.2 Structure refers to the organizational 

attributes, process reflects what is done to the patient, and outcome the intermediate 

or final result of the care provided. If correctly specified these relationships will describe 

the appropriate environment to provide appropriate care at the right time. Structure, 

process, and outcome measures are used to encapsulate the quality of care provided 

by healthcare institutions. It is because of these presumed relationships that these 

measures are used to encapsulate the quality of care provided by healthcare institutions. 

As performance information is more widely disseminated, it is imperative that clear and 

consistent links between measures and desired outcomes are empirically established. 

In addition, the limitations of the indicators should be acknowledged in order to avoid 

drawing erroneous conclusions about performance. 

The extent to which process measures have been linked to outcomes in systematic, 

empirical research is questionable. Yet they have been used for a variety of quality 

improvement programs. This paper reviews studies that examine the empirical relationship 

between clinical process indicators and mortality among hospitalized patients in the 

acute phase of treatment. Pneumonia and acute myocardial infarction are prominent 

conditions for which a core set of indicators have been defined. We have included a 

surgical condition, hip fracture. An initial mapping of the literature identified them as 

among the most commonly studied conditions. In the acute phase of care, timeliness is 

an important aspect and time limits have been incorporated into clinical guidelines and 

performance frameworks. We focused on three time-related guideline-based process 

indicators used to reflect the quality of care for these conditions. The indicators and 

conditions we selected are prominent in healthcare quality research. The goal of this 

review is not to reassess the evidence on which expert panels based their decisions when 

formulating guidelines, but to weigh the recent evidence of an association between these 

process measures and mortality. Where the evidence is mixed, we look for reasons that 

might explain the pattern. To do so we compare how these studies have operationalized 
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the indicators, and assess the populations in which they have been studied. We also 

look at the effect the findings may have on the application of the indicator in pay-for-

performance and public reporting initiatives.

METHODS

Performance indicators

The three performance indicators selected were: 

Time-to-reperfusion for patients with ST-elevated myocardial infarction (STEMI)
This was defined as the time from patient contact with the healthcare system until 

initiation of fibrinolytic therapy (door-to-needle time), or percutaneous coronary 

intervention (door-to-balloon time).  The recommended time is within 30 minutes for 

door-to-needle time, and within 90 minutes for door-to-balloon time. In the 2009 

guideline update the America College of Cardiology/American Heart Association 

graded the evidence supporting this as level B (data derived from a single randomized 

trial, or nonrandomized trials).7 It is included as a part of Medicare’s Hospital Compare, 

and the Hospital Quality Alliance and Joint Commission acute myocardial infarction 

(AMI) performance measures.8 

Time-to-surgery for patients with a hip fracture
This was defined as the time from hospital admission until surgery. The recommended 

time limit is within 48 hours. It is used as an indicator of the quality of surgical 

care by the Organization for Economic Cooperation and Development (OECD) and 

in countries such as the Netherlands, Australia, and Canada.9 In an examination of 

quality indicators for hip surgery, RAND cited studies recommending surgery within 

24 – 48 hours.10 The National Institute for Clinical Excellence (NICE) in England is 

currently developing a guideline for the management of hip fracture patients for 

which this measure is being considered.11 The Scottish hip fracture guidelines rate 

the evidence as Grade C (a body of evidence including well conducted observational 

studies with a low risk of confounding or bias, and a moderate probability that the 

relationship is causal, directly applicable to the target population and demonstrating 

overall consistency of results, or extrapolated from high quality systematic reviews of 

observational studies, or observational studies with a very low risk of confounding or 

bias and a high probability that the relationship is causal).12

Time-to-first antibiotic dose for patients with community acquired pneumonia 
(CAP)
This was defined as the time from hospital arrival to when they receive their first 

antibiotic dose. It is a part of Medicare’s Hospital Compare, and the Hospital Quality 
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Alliance and Joint Commission pneumonia performance measures.8 The initial 

guideline recommendation of antibiotics within four hours of admission has been 

extended to six hours. The American Thoracic Society (ATS) in their most recent 

update declined to specify a specific time limit beyond that they were given in 

the emergency department.13 ATS grades the evidence supporting this as level III 

(evidence from well-designed, controlled trials without randomization including 

cohort, patient series, and case-control studies).13

Search strategy

We carried out a computerized database search using Medline (1995 to July 2010), Embase 

(1995 to July 2010), and the Cochrane Database of Systematic Reviews (July 2010). The 

queries consisted of National Library of Medicine Medical Subject Headings (MeSH) and 

free text entries. The search terms included the following terms quality, quality of care, 

quality improvement, performance measurement, evidence-based care, evidence-based 

treatments, evidence-based policy, evidence-based guidelines, process measures, process-

outcome association, process-outcome correlation, validating protocols, validating 

indicators, protocols, death, case-fatality, and mortality in various combinations. We also 

included more specific terms related to the individual indicators such as door-to-balloon, 

door-to-needle, percutaneous coronary intervention, thrombolysis, time-to-treatment, 

time-to-surgery, surgical delay, and time-to-first antibiotic dose in combination with the 

individual diagnoses.

Selection criteria

We selected studies that empirically examined the direct relationship between one of 

our clinical process indicators and mortality. Only English language studies in humans 

published from 1995 were included. One author reviewed the titles and abstracts, and the 

full texts of eligible studies were then retrieved. One of the co-authors reviewed studies 

of questionable relevance. We identified other relevant articles from the references of 

the articles we retrieved. We also assessed articles citing retrieved articles for relevance.

Despite the expansion of outcomes studied, risk-adjusted mortality is still one of the 

most commonly studied outcome variables. Mortality is a hard end-point that permits 

comparison across studies and countries.

Data extraction and synthesis

The data elements extracted from each article consisted of year of study, setting, study 

design, study population, definition of process measure examined, mortality outcome 

examined and key findings. Studies were grouped according to the indicator studied and 

for the AMI indicator whether they examined door-to-needle or door-to-balloon time. 
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Because of significant differences in the methods used in the studies, we carried out a 

narrative synthesis as opposed to a quantitative synthesis such as meta-analysis.

Table 1. Studies examining the association between time-to-reperfusion and mortality for patients with STEMI

Study Population Process measure* Key findings

Cannon et al. 200042 27,080 patients admitted to 661 community or 
tertiary hospitals between 1994 and 1998.

DTB in minutes: 0 – 60; 61 – 90; 
91 – 120; 121 – 150; 151 – 190; 
>190

Door-to-balloon time >2 hours is associated with an increase in in-
hospital mortality.

Berger et al. 200043 17,379 patients admitted to a non-Federal 
acute-care medical center between 1994 and 
1996.

DTN in minutes: 0 – 30; 31 – 90; 
91 – 360

Door-to-needle time >90 minutes is associated with an increase in 
30-day and 1-year mortality.

Brodie et al. 200144 1,232 patients participating in a randomized 
clinical trial. OTD < 12 hours.

DTB in hours: <2; 2 – <4; 4 – 
<6; ≥6

Door-to-balloon time was not associated with 1-month or 6-month 
mortality.

Brodie et al. 200645 2,322 patients treated at a single US hospital 
from 1984 to 2003.

DTB in hours: 0 – 1.4; 1.5 – 1.9; 
2 – 2.9; ≥3 

Door-to-balloon time >1.4 hours was associated with increased in-
hospital mortality and late mortality.

DTB in hours: ≤2; >2 Door-to-balloon time >2 hours was associated with increased later 
mortality in high-risk patients but not in low risk patients.

McNamara et al. 200646 29,222 patients admitted to 395 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTB in 30 minute intervals Door-to-balloon time >90 minutes was associated with increased 
in-hospital mortality.

Brodie et al. 200647 1,909 patients participating in a randomized 
clinical trial. OTD < 12hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with 1-year mortality among 
those presenting <2 hours after onset.

McNamara et al. 200748 62,470 patients admitted to 973 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTN in minutes: <30; 31 – 45; 
>45

Door-to-needle time >30 minutes was associated with an increase 
in in-hospital mortality. 

Nallamothu et al. 200749 1,786 patients admitted to 106 hospitals in 14 
countries. 

DTN in 10 minute intervals Door-to-needle time was associated with an increase in 6-month 
mortality.

2,173 patients admitted to 106 hospitals in 14 
countries.

DTB in 10 minute intervals Door-to-balloon time was associated with an increase in 6-month 
mortality.

Rathore et al. 200950 1,932 Medicare patients admitted to acute care 
non-governmental hospitals between 1994 and 
1996. OTD < 12 hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with an increase in 30-day 
and 1-year mortality.

Rathore et al. 200951 43,801 patients enrolled in the American 
College of Cardiology National Cardiovascular 
Data Registry 2005 to 2006. OTD < 12 hours.

DTB in minutes as a continuous 
variable 

Increased door-to-balloon time was associated with an increase in 
in-hospital mortality.

Hannan et al. 201052 5,092 patients admitted to a non-federal 
hospital in New York state from 2004 to 2006. 
OTD <12 hours.

DTB in minutes: <90; 90 – 179; 
≥180

Door-to-balloon time was not associated with an increase in 
mortality (up to 3 years of follow-up).

Brodie et al. 201053 4,548 patients participating in two randomized 
clinical trials.

DTB in minutes: ≤90; >90 Door-to-balloon time >90 minutes was associated with an increase 
1-year mortality in early presenters but not in late presenters.

*- Bold text indicates the reference group
DTB – Door-to-balloon time, DTN – Door-to-needle time, OTD – Onset-to-door time

26

Chapter 2 Timeliness and the process-outcome relationship



2
Chapter

Table 1. Studies examining the association between time-to-reperfusion and mortality for patients with STEMI

Study Population Process measure* Key findings

Cannon et al. 200042 27,080 patients admitted to 661 community or 
tertiary hospitals between 1994 and 1998.

DTB in minutes: 0 – 60; 61 – 90; 
91 – 120; 121 – 150; 151 – 190; 
>190

Door-to-balloon time >2 hours is associated with an increase in in-
hospital mortality.

Berger et al. 200043 17,379 patients admitted to a non-Federal 
acute-care medical center between 1994 and 
1996.

DTN in minutes: 0 – 30; 31 – 90; 
91 – 360

Door-to-needle time >90 minutes is associated with an increase in 
30-day and 1-year mortality.

Brodie et al. 200144 1,232 patients participating in a randomized 
clinical trial. OTD < 12 hours.

DTB in hours: <2; 2 – <4; 4 – 
<6; ≥6

Door-to-balloon time was not associated with 1-month or 6-month 
mortality.

Brodie et al. 200645 2,322 patients treated at a single US hospital 
from 1984 to 2003.

DTB in hours: 0 – 1.4; 1.5 – 1.9; 
2 – 2.9; ≥3 

Door-to-balloon time >1.4 hours was associated with increased in-
hospital mortality and late mortality.

DTB in hours: ≤2; >2 Door-to-balloon time >2 hours was associated with increased later 
mortality in high-risk patients but not in low risk patients.

McNamara et al. 200646 29,222 patients admitted to 395 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTB in 30 minute intervals Door-to-balloon time >90 minutes was associated with increased 
in-hospital mortality.

Brodie et al. 200647 1,909 patients participating in a randomized 
clinical trial. OTD < 12hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with 1-year mortality among 
those presenting <2 hours after onset.

McNamara et al. 200748 62,470 patients admitted to 973 hospitals 
participating in the US National Registry of 
Myocardial Infarction from 1999 to 2002.

DTN in minutes: <30; 31 – 45; 
>45

Door-to-needle time >30 minutes was associated with an increase 
in in-hospital mortality. 

Nallamothu et al. 200749 1,786 patients admitted to 106 hospitals in 14 
countries. 

DTN in 10 minute intervals Door-to-needle time was associated with an increase in 6-month 
mortality.

2,173 patients admitted to 106 hospitals in 14 
countries.

DTB in 10 minute intervals Door-to-balloon time was associated with an increase in 6-month 
mortality.

Rathore et al. 200950 1,932 Medicare patients admitted to acute care 
non-governmental hospitals between 1994 and 
1996. OTD < 12 hours.

DTB in minutes as a continuous 
variable

Door-to-balloon time was associated with an increase in 30-day 
and 1-year mortality.

Rathore et al. 200951 43,801 patients enrolled in the American 
College of Cardiology National Cardiovascular 
Data Registry 2005 to 2006. OTD < 12 hours.

DTB in minutes as a continuous 
variable 

Increased door-to-balloon time was associated with an increase in 
in-hospital mortality.

Hannan et al. 201052 5,092 patients admitted to a non-federal 
hospital in New York state from 2004 to 2006. 
OTD <12 hours.

DTB in minutes: <90; 90 – 179; 
≥180

Door-to-balloon time was not associated with an increase in 
mortality (up to 3 years of follow-up).

Brodie et al. 201053 4,548 patients participating in two randomized 
clinical trials.

DTB in minutes: ≤90; >90 Door-to-balloon time >90 minutes was associated with an increase 
1-year mortality in early presenters but not in late presenters.

*- Bold text indicates the reference group
DTB – Door-to-balloon time, DTN – Door-to-needle time, OTD – Onset-to-door time

RESULTS

Forty-nine articles met our inclusion criteria. Twelve examined the AMI indicator (Table 

1), twenty-eight the hip fracture indicator (Table 2), and nine the pneumonia indicator 

(Table 3). 

Twelve studies examined the association between time-to-reperfusion and mortality 

among patients with STEMI, eleven of them observed an empirical association between 
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture

Study Population Process measure* Key findings

Rogers et al. 199554 82 patients aged 65 years and older admitted 
to a single US hospital from 1987 to 1992. 

<24 hours; 24 – 72 hours; 
>72 hours

Surgical delay in stable patients increased mortality odds.

Zuckerman. 199555 367 patients aged 65 years and older admitted 
to a single US hospital from 1988 to 1990.

≤2 days; >2 days Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds

Stoddart et al. 200256 138 patients aged 60 years and older admitted 
to a single New Zealand hospital in 1998.

≤24 hours; 24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 1-year mortality odds.

Brundage et al. 200257 1,362 patients admitted to a single US hospital 
from 1995 to 1997. 

<24 hours; 24 – 48 hours; 
48 – 120 hours; >120 hours

Surgical delay beyond 24 hours was not associated with an 
increase in mortality odds 

Clague et al. 200258 622 patients admitted to a single English 
hospital from 1996 to 1999.

≤24 hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 90-day mortality odds

Grimes et al. 200259 8,383 patients aged 60 years and older 
admitted to twenty US hospitals 1983 to 1993 

Continuous in 24 hour intervals Surgical delay was not associated with an increase in 30-day 
mortality odds.

Dorotka et al. 200360 182 patients admitted to a single Austrian 
hospital from 1997 to 1998.

<24 hours; ≥24 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds

Elliott et al. 200361 1,780 patients admitted to two Irish teaching 
hospitals in 1999.

Square root of days to surgery Longer time to surgery was associated with an increase in 1-year 
mortality odds.

Orosz et al. 200462 1,206 patients aged 50 years and older 
admitted to 4 New York hospitals from 1996 to 
1999.

≤24hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 6-month mortality odds.

Gdalevich et al. 200463 651 patients aged 60 years and older admitted 
to a single Israeli hospital from 1995 to 1997.

≤48 hours; >48 hours Surgical delay beyond 48 hours was associated with an increase in 
1-year mortality odds.

Doruk et al. 200464 65 patients aged 65 years and older admitted 
to a single Turkish hospital from 2000 to 2002.

≤5 days; >5 days Surgical delay beyond 5 days was associated with an increase in 
1-year mortality odds.

Moran et al. 200565 2,660 patients admitted to a single English 
hospital from 1999 to 2003.

Continuous variable in days Surgical delay beyond four days was associated with an increase in 
the 30-day and 1-year mortality odds.

Willams and Jester. 200566 381 patients admitted to a single English 
hospital from 2000 to 2002.

Continuous variable in hours Surgical delay was not associated with increased odds of 1-year 
mortality.

timely reperfusion and mortality. Nine studies looked at the door-to-balloon time and two 

examined the door-to-needle time. One study examined both. The mortality outcomes 

examined included in-hospital, 30-day, 6-month, 1-year, and 3-year. The measurement of 

door-to-balloon time also varied, with some using it as a categorical variable and others 

using it as a continuous variable. The size of the study populations ranged from 1,232 

to 62,470 patients. The settings ranged from single center, to regional, national, and 

international. Onset-to-door time was used as an exclusion criteria in seven studies, and 

as a covariate in four studies.

Twenty-eight studies examined the association between time-to-surgery and 

mortality. Fifteen studies found an inverse association. The range of outcomes and 

definitions of early surgery in studies with negative and positive findings were similar. 

Among the studies that demonstrated an association, the definition of early surgery 

ranged from within 6 hours to the same day or the next day, 24 hours, 2 nights, and 
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture

Study Population Process measure* Key findings

Rogers et al. 199554 82 patients aged 65 years and older admitted 
to a single US hospital from 1987 to 1992. 

<24 hours; 24 – 72 hours; 
>72 hours

Surgical delay in stable patients increased mortality odds.

Zuckerman. 199555 367 patients aged 65 years and older admitted 
to a single US hospital from 1988 to 1990.

≤2 days; >2 days Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds

Stoddart et al. 200256 138 patients aged 60 years and older admitted 
to a single New Zealand hospital in 1998.

≤24 hours; 24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 1-year mortality odds.

Brundage et al. 200257 1,362 patients admitted to a single US hospital 
from 1995 to 1997. 

<24 hours; 24 – 48 hours; 
48 – 120 hours; >120 hours

Surgical delay beyond 24 hours was not associated with an 
increase in mortality odds 

Clague et al. 200258 622 patients admitted to a single English 
hospital from 1996 to 1999.

≤24 hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 90-day mortality odds

Grimes et al. 200259 8,383 patients aged 60 years and older 
admitted to twenty US hospitals 1983 to 1993 

Continuous in 24 hour intervals Surgical delay was not associated with an increase in 30-day 
mortality odds.

Dorotka et al. 200360 182 patients admitted to a single Austrian 
hospital from 1997 to 1998.

<24 hours; ≥24 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds

Elliott et al. 200361 1,780 patients admitted to two Irish teaching 
hospitals in 1999.

Square root of days to surgery Longer time to surgery was associated with an increase in 1-year 
mortality odds.

Orosz et al. 200462 1,206 patients aged 50 years and older 
admitted to 4 New York hospitals from 1996 to 
1999.

≤24hours; >24 hours Surgical delay beyond 24 hours was not associated with an 
increase in 6-month mortality odds.

Gdalevich et al. 200463 651 patients aged 60 years and older admitted 
to a single Israeli hospital from 1995 to 1997.

≤48 hours; >48 hours Surgical delay beyond 48 hours was associated with an increase in 
1-year mortality odds.

Doruk et al. 200464 65 patients aged 65 years and older admitted 
to a single Turkish hospital from 2000 to 2002.

≤5 days; >5 days Surgical delay beyond 5 days was associated with an increase in 
1-year mortality odds.

Moran et al. 200565 2,660 patients admitted to a single English 
hospital from 1999 to 2003.

Continuous variable in days Surgical delay beyond four days was associated with an increase in 
the 30-day and 1-year mortality odds.

Willams and Jester. 200566 381 patients admitted to a single English 
hospital from 2000 to 2002.

Continuous variable in hours Surgical delay was not associated with increased odds of 1-year 
mortality.

2 days. One study was a systematic review and eight of them were retrospective. Eight 

studies involved single centers and nine used clinical data. Ten studies were restricted to 

patients aged at least 50 years. Four adjusted for the pre-fracture mobility of a patient, 

and eight for the American Society of Anesthesiologists (ASA) score. The study size 

ranged from 82 to 57,315, the review included 257,367 patients. The proportion of 

patients who had early surgery ranged from approximately 13% to 85%. Among the 

13 studies that did not observe an association, one was a systematic review and nine 

were retrospective. Seven were single center studies, seven used clinical data, and six 

limited the study population to those at least 50 years of age. Two studies adjusted for 

pre-fracture mobility and six adjusted for ASA score. One study adjusted for the potential 

clustering of outcomes. The study size ranged from 138 to 8,383, the review included 

Timeliness and the process-outcome relationship

29



Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture (cont.)

Study Population Process measure* Key findings

Sund and Liski. 200567 16,881 patients aged 65 years and older 
admitted to 47 Finnish hospitals from 1998 to 
2001.

0 – 2 nights; ≥3 nights Surgical delay beyond two nights was associated with increased 
1-year mortality odds.

Franzo et al. 200568 6,629 patients aged 65 and older admitted to 
13 Italian hospitals from 1996 to 2000.

≤1 day; ≥ 2 days Surgical delay beyond one day was not associated with an increase 
in in-hospital, 1-month, 6-month, or 1-year mortality odds.

Weller et al. 200569 57,315 patients aged 50 and older admitted to 
hospitals in Ontario, Canada from 1993 to 1999.

Continuous in days Surgical delay was associated with an increase in in-hospital, 
1-month, 6-month, or 1-year mortality odds.

<1 day; 1 -2 days; 2 – 3 days; 
3 – 7 days

Surgical delay beyond one day was associated with an increase in 
in-hospital, 1-month, 6-month, or 1-year mortality odds.

Bergeron et al. 200670 977 patients aged 15 years and older admitted to 
a single Canadian hospital from 1993 to 2003

<24 hours; 24 – 48 hours; 
>48 hours

Surgical delay beyond 24 hours was not associated with increased 
in-hospital mortality odds when the delay is for medical reasons.

Bottle and Aylin. 200671 129,522 patients 65 years and older admitted to 
English hospitals from 2001 to 2004.

same day/next day; later Surgical delay beyond the day of admission or next day was 
associated with increased in-hospital mortality odds.

≤2nd day; later Surgical delay beyond the 2nd day of admission was associated 
with increased in-hospital mortality odds.

Novack et al. 200772 4,633 patients 65 years and older admitted to 
7 Israeli hospitals. 

<2 days; 2 – 4 days; >4 days; no operation Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds.

Verbeek et al. 200773 229 patients aged 55 and older admitted to a 
Dutch level -1 trauma center.

<24 hours; ≥ 24 hours Surgical delay beyond 24 hours was not associated with increased 
1-year mortality odds.

Rae et al. 200774 222 patients aged 51 years and older admitted 
to a single Australian hospital from 2002 to 
2004.

Continuous variable in days Surgical delays beyond two days were not associated with 
increased odds of 30-day mortality.

Vidal et al. 200875 3,754 patients aged 60 years and older 
admitted to hospitals in Quebec, Canada from 
2003 to 2004.

Same day; 1 – 2 days; ≥ 3 days Surgical delay beyond the day of admission was not associated 
with an increase in in-hospital mortality odds.

Holt et al. 200876 18,817 patients admitted to 22 Scottish 
hospitals from 1998 to 2004.

<24 hours; 24 – 48 hours; 48 – 72 hours; 
>72 hours

Surgical delay of 72 hours was associated with an increase in 30-
day mortality odds.

Shiga et al. 200829 A systematic review of 257,367 patients from 16 
prospective and retrospective studies published 
from 1990 to 2007.

<48 hours; ≥ 48 hours Surgical delay beyond 48 hours was associated with an increase in 
30-day and 1-year mortality odds.

Smektala et al. 200877 2,916 patients aged 65 years and older admitted 
to 268 German hospitals from 2002 to 2003.

≤12 hours;  >12 hours to ≤36 hours; >36 
hours 

Surgical delay beyond 12 hours was not associated with an 
increase in 1-year mortality odds.

Khan et al. 200928 A systematic review of 291,413 patients from 52 
prospective and retrospective studies published 
from 1960 to 2007.

<24 hours; 24 – 48 hours; >48 hours Surgical delay was not associated with an increase in mortality.

Maggi et al. 200978 3,707 patients aged 51 years and older admitted 
to nine Italian hospitals from 2003 to 2005.

<24 hours; 24 – 48 hours; >48 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds.

Carretta et al. 201079 1,320 patients aged 65 years and older admitted 
to a single Italian hospital from 2004 to 2007.

≤2days; >2days Surgical delay beyond 2 days was associated with an increase in 
30-day mortality odds.

* Bold indicates reference group
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Table 2. Studies examining the association between time-to-surgery and mortality for patients with a hip fracture (cont.)

Study Population Process measure* Key findings

Sund and Liski. 200567 16,881 patients aged 65 years and older 
admitted to 47 Finnish hospitals from 1998 to 
2001.

0 – 2 nights; ≥3 nights Surgical delay beyond two nights was associated with increased 
1-year mortality odds.

Franzo et al. 200568 6,629 patients aged 65 and older admitted to 
13 Italian hospitals from 1996 to 2000.

≤1 day; ≥ 2 days Surgical delay beyond one day was not associated with an increase 
in in-hospital, 1-month, 6-month, or 1-year mortality odds.

Weller et al. 200569 57,315 patients aged 50 and older admitted to 
hospitals in Ontario, Canada from 1993 to 1999.

Continuous in days Surgical delay was associated with an increase in in-hospital, 
1-month, 6-month, or 1-year mortality odds.

<1 day; 1 -2 days; 2 – 3 days; 
3 – 7 days

Surgical delay beyond one day was associated with an increase in 
in-hospital, 1-month, 6-month, or 1-year mortality odds.

Bergeron et al. 200670 977 patients aged 15 years and older admitted to 
a single Canadian hospital from 1993 to 2003

<24 hours; 24 – 48 hours; 
>48 hours

Surgical delay beyond 24 hours was not associated with increased 
in-hospital mortality odds when the delay is for medical reasons.

Bottle and Aylin. 200671 129,522 patients 65 years and older admitted to 
English hospitals from 2001 to 2004.

same day/next day; later Surgical delay beyond the day of admission or next day was 
associated with increased in-hospital mortality odds.

≤2nd day; later Surgical delay beyond the 2nd day of admission was associated 
with increased in-hospital mortality odds.

Novack et al. 200772 4,633 patients 65 years and older admitted to 
7 Israeli hospitals. 

<2 days; 2 – 4 days; >4 days; no operation Surgical delay beyond 2 days was associated with an increase in 
1-year mortality odds.

Verbeek et al. 200773 229 patients aged 55 and older admitted to a 
Dutch level -1 trauma center.

<24 hours; ≥ 24 hours Surgical delay beyond 24 hours was not associated with increased 
1-year mortality odds.

Rae et al. 200774 222 patients aged 51 years and older admitted 
to a single Australian hospital from 2002 to 
2004.

Continuous variable in days Surgical delays beyond two days were not associated with 
increased odds of 30-day mortality.

Vidal et al. 200875 3,754 patients aged 60 years and older 
admitted to hospitals in Quebec, Canada from 
2003 to 2004.

Same day; 1 – 2 days; ≥ 3 days Surgical delay beyond the day of admission was not associated 
with an increase in in-hospital mortality odds.

Holt et al. 200876 18,817 patients admitted to 22 Scottish 
hospitals from 1998 to 2004.

<24 hours; 24 – 48 hours; 48 – 72 hours; 
>72 hours

Surgical delay of 72 hours was associated with an increase in 30-
day mortality odds.

Shiga et al. 200829 A systematic review of 257,367 patients from 16 
prospective and retrospective studies published 
from 1990 to 2007.

<48 hours; ≥ 48 hours Surgical delay beyond 48 hours was associated with an increase in 
30-day and 1-year mortality odds.

Smektala et al. 200877 2,916 patients aged 65 years and older admitted 
to 268 German hospitals from 2002 to 2003.

≤12 hours;  >12 hours to ≤36 hours; >36 
hours 

Surgical delay beyond 12 hours was not associated with an 
increase in 1-year mortality odds.

Khan et al. 200928 A systematic review of 291,413 patients from 52 
prospective and retrospective studies published 
from 1960 to 2007.

<24 hours; 24 – 48 hours; >48 hours Surgical delay was not associated with an increase in mortality.

Maggi et al. 200978 3,707 patients aged 51 years and older admitted 
to nine Italian hospitals from 2003 to 2005.

<24 hours; 24 – 48 hours; >48 hours Surgical delay beyond 24 hours was associated with an increase in 
6-month mortality odds.

Carretta et al. 201079 1,320 patients aged 65 years and older admitted 
to a single Italian hospital from 2004 to 2007.

≤2days; >2days Surgical delay beyond 2 days was associated with an increase in 
30-day mortality odds.

* Bold indicates reference group
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Table 3. Studies examining the association between time-to-first antibiotic dose and mortality for patients with CAP

Study Population Process measure* Key findings

Meehan et al. 199780 14,069 patients 65 years and older admitted to 
3,555 US hospitals.

≤8 hours; > 8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in 30-day mortality odds.

Dedier et al. 200135 1,457 patients aged 18 years and older admitted 
to 38 US hospitals from 1997 to 1998.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

Ziss et al. 200381 155 patients admitted to a single US hospital from 
1999 to 2000.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in mortality odds. 

Houck. 200482 13,771 patients aged 65 years and older admitted 
to US hospitals from 1998 to 1999.

<4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was associated 
with an increase in in-hospital and 30-day mortality odds.

Marrie and Wu. 200536 3,043 patients admitted to 6 Canadian hospitals 
from 2000 to 2002. 

≤4 hours; 4 – 8 hours; 
> 8 hours

Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 5-day in-hospital mortality odds.

Waterer et al. 200633 158 patients aged 65 years and older admitted to 
a single US hospital from 1998 to 2001. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in mortality odds.

Werner and Bradlow. 
200683

3,567 patients aged 65 years and older admitted 
to US hospitals in 2004.

≤6 hours; >6 hours Administration of first antibiotic dose beyond 6 hours was associated 
with an increase in in-hospital, 30-day, and 1-year mortality odds.

Bruns et al. 200884 152 patients participating in a randomized 
controlled trial in Dutch teaching hospitals from 
2000 to 2003. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 3-day in-hospital mortality odds.

Cheng and Buising. 200934 501 patients aged 65 years and older admitted to 
a single Australian hospital from 2003 to 2006.

≤8 hours;  >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

* Bold indicates reference group

291,413 patients. The proportion of patients who had early surgery ranged from 22% to 

68%.

Nine studies examined the relationship between time-to-first antibiotic dose and 

mortality, among patients with CAP. Three observed an association between early 

antibiotic administration and decreased mortality. These three studies, by Meehan et 

al, Houck, and Werner and Bradlow defined early administration as within 8, 4, and 6 

hours respectively. They were all multicenter retrospective studies, using administrative 

databases, and restricted to patients aged 65 years and older. Thirty-day mortality was 

examined in all studies. Other outcomes included in-hospital and one-year mortality. 

Werner and Bradlow used aggregated hospital-level data while the other studies used 

patient-level data. In the two patient-level studies, the study populations were 13,771 and 

14,069 patients, and between 61% and 76% of the patients received antibiotics within 

the specified time. The study by Houck was the only one that adjusted for potential 

clustering of outcomes, included a pneumonia severity index (PSI), and identified patients 

who received pre-hospital antibiotics. Six studies did not find an association between 

time-to-first antibiotics and mortality. These studies defined early antibiotic administration 

as within 4 hours or 8 hours. They all used clinical data, four were retrospective, and 

two were prospective. Two were multicenter studies and only two restricted the study 

population to those aged 65 years and older. The outcome examined, where specified, 

was in-hospital mortality. The study populations ranged from 152 to 3,043 patients and 
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Table 3. Studies examining the association between time-to-first antibiotic dose and mortality for patients with CAP

Study Population Process measure* Key findings
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with an increase in 30-day mortality odds.
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≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

Ziss et al. 200381 155 patients admitted to a single US hospital from 
1999 to 2000.

≤8 hours; >8 hours Administration of first antibiotic dose beyond 8 hours was associated 
with an increase in mortality odds. 

Houck. 200482 13,771 patients aged 65 years and older admitted 
to US hospitals from 1998 to 1999.

<4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was associated 
with an increase in in-hospital and 30-day mortality odds.

Marrie and Wu. 200536 3,043 patients admitted to 6 Canadian hospitals 
from 2000 to 2002. 

≤4 hours; 4 – 8 hours; 
> 8 hours

Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 5-day in-hospital mortality odds.

Waterer et al. 200633 158 patients aged 65 years and older admitted to 
a single US hospital from 1998 to 2001. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in mortality odds.

Werner and Bradlow. 
200683

3,567 patients aged 65 years and older admitted 
to US hospitals in 2004.

≤6 hours; >6 hours Administration of first antibiotic dose beyond 6 hours was associated 
with an increase in in-hospital, 30-day, and 1-year mortality odds.

Bruns et al. 200884 152 patients participating in a randomized 
controlled trial in Dutch teaching hospitals from 
2000 to 2003. 

≤4 hours; >4 hours Administration of first antibiotic dose beyond 4 hours was not associated 
with an increase in 3-day in-hospital mortality odds.

Cheng and Buising. 200934 501 patients aged 65 years and older admitted to 
a single Australian hospital from 2003 to 2006.

≤8 hours;  >8 hours Administration of first antibiotic dose beyond 8 hours was not associated 
with an increase in in-hospital mortality odds.

* Bold indicates reference group

the proportion of patients receiving early antibiotics ranged from 44.9% to 91%. The 

two multicenter studies accounted for the potential for clustering of outcomes. Five 

studies adjusted for the pneumonia severity index and three accounted for patients who 

received pre-hospital antibiotics.

DISCUSSION

The overwhelming majority of STEMI studies observed a relationship between reperfusion, 

within set time limits, and reduced mortality. The association between early surgery or 

early antibiotics and mortality for patients with a hip fracture or CAP respectively was not 

widely demonstrated. There was a large degree of heterogeneity between the studies in 

terms of the operationalization of the indicator, inclusion criteria, and the characteristics 

of the study populations.

This review focuses on three process indicators related to receiving timely treatment in 

the acute phase of care. In 1995, Hammermeister et al reviewed papers linking structure 

and process indicators with patient outcomes. They noted a paucity of evidence linking 

these indicators.14 They cataloged a series of early failed attempts to link indicators to 

outcomes but also noted studies such as those by Khan et al and Rubenstein et al in 1990 

that observed a relationship between some process indicators and outcomes.15,16 These 
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associations were seen for heart failure, acute myocardial infarction, and pneumonia, 

but not for hip fracture patients. Shroyer et al revisited this theme in 1995 advocating 

a systematic approach to modeling the structure-process-outcome association.17 In the 

intervening fifteen years, the prominence of indicators for these conditions has increased, 

and they are widely accepted as markers of quality by both payers and the public. Yet the 

link between some of these process indicators and patient outcomes has not clearly been 

established and documented in the literature. 

Houck et al assessed whether the evidence supporting the time limit for the 

administration of the first antibiotic dose and mortality in pneumonia was sufficient to be 

termed causal.18 They felt there was a need for more research. Werner et al went further 

and examined not only the process-outcome link but also the link with unmeasured 

markers of care.19 They concluded that a relationship exists but stressed the need for a 

complete set of process measures. In a recent review of stroke performance measures, 

Reeves et al restated the need to link care to outcome.20 There is however, a growing 

section of the literature that examines the relationship between compliance with clinical 

guidelines and patient outcomes.21-24 This approach can be compared to the use of 

composite measures. While the validity of the entire guideline can be tested, it cannot 

distinguish the relative importance of each aspect of the guideline and thus allow for 

the development of targeted quality interventions. Such targeted interventions promote 

cost-effective spending of limited resources.

From a theoretical perspective, process indicators derived from clinical practice 

guidelines should be appropriate for measuring the quality of care. The process of 

developing clinical practice guidelines is evidence-based and consists of a mix of 

evidence, expert-opinion, and consensus. However, the intent of guideline development 

was to assist clinicians in their management of patients and as such, they include 

various exceptions and treatment pathways. Thus, the translation of guidelines into 

process measures is not always simple. In addition, the selection of process indicators 

is constrained by pragmatism with regard to features such as ease of measurement, 

cost, and availability of data. These restrictions may lead to indicators that fail to live 

up to ideal characteristics affecting the quality of information provided by performance 

indicators.25 Erroneous or faulty inferences derived from observed performance may be 

due to insufficient or misapplication of existing knowledge.2,6 The presumed relationship 

between process indicators and outcome is central to their use as a quality indicator. 

Performance should not be equated to quality unless it is effective at achieving the 

desired result of care. 

The evidence supporting a link between time-to-reperfusion and mortality appears 

to be strong. From a physiological point of view, ischemic time correlates with the degree 

of cardiac muscle damage and thus subsequent functioning of the heart. The application 

of this concept as a quality of care indicator requires a different set of considerations. 
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The door-to-balloon or door-to-needle times are simply one in a series of events, some 

of which are beyond the control of hospitals. Both the patient and the ambulance 

service determine onset-to-door time. Studies have indicated that there is no association 

between door-to-needle and door-to-balloon time if onset-to-door time is prolonged. 

Figure 1. Three potential sufficient cause models for STEMI patients

DTB - Door-to-balloon time, OTD - Onset-to-door time

Other studies have shown that the effect of door-to-balloon or door-to-needle time varies 

by risk group. Some studies noted that in low risk patients, door-to-balloon or door-to-

needle time was not associated with mortality. The sufficient cause model of causality 

would ask which component causes form a sufficient cause. Three examples of potential 

sufficient causes are presented in figure 1. 

It could be argued that, based on the studies we reviewed, adhering to the indicator 

will lead to lower mortality rates among patients in a high-risk group who have short 

onset-to-door time. However, onset-to-door time is not routinely collected in existing 

administrative databases. Extensive research in cardiology has associated better 

performance on some measures with better outcomes.26 But a 2006 study by Bradley 

observed that publicly reported AMI performance measures explained only a small 

proportion of the variation in risk standardized short-term mortality.27 This should warrant 

restraint in the dissemination of performance data, and linking it to reimbursement.

The evidence of an inverse association between time-to-surgery and mortality 

among hip fracture patients is mixed. The definition of surgical delay has not been 

clearly established. In those studies that observed an inverse association, the effect 

was observed at between one and four days. The variability in the definition of the 

time measure (24-hour period; 1 – 2 nights) makes it difficult to combine studies. The 

hip fracture studies also raise the same question of which component causes form a 

sufficient cause. The results of the studies we reviewed showed stratification by age, 

risk group (based on the American Society of Anesthesiologists score), mental status, 

and anesthetic technique used. It is acceptable and desirable for patients with medical 

conditions to delay surgery. Research is ongoing as to the implications of delayed hip 
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fracture surgery in the multi-injured patient. The results of two recent systematic reviews 

indicated that there is an association, but recommended more research in order to 

establish this with greater certainty.28,29 The studies we reviewed were largely restricted 

to elderly patients, which means that the generalizability of the results to a younger 

population is uncertain. It appears that this indicator in its simplest form is not ready for 

the additional scrutiny of public reporting or P4P.

The recent evidence of an inverse relationship between time-to-first antibiotic dose 

and mortality among CAP patients is mostly negative. Time-to-first antibiotic dose was 

the least frequently studied indicator with most studies using the eight-hour limit instead 

of the six-hour limit presented in the guideline. This particular indicator has resulted in 

counter-productive behavior with the over-prescribing of antibiotics and the attendant 

risk of promoting antibiotic resistant infections.30,31 The studies we reviewed discussed 

issues of confounding by indication with more severe patients receiving antibiotics earlier, 

and delays in diagnosing the patient.32-36 Yu and Wyer in a recent review concluded 

there was no justification for the inflated sense of priority of the 4-hour limit.37 The 

relatively low death rate, the use of pre-hospital antibiotics, and the weak evidence 

linking adherence to outcome indicates a need for further evaluation of this indicator/

association.6 In this instance, the application of the indicator has been restricted. The 

American Academy of Emergency Medicine weighed the benefits and harms resulting 

from the time-limit recommendation for antibiotic administration and deemed it not 

acceptable/not appropriate.38 The Center for Medicaid and Medicare Services included it 

as a publicly reported performance measure but not in its P4P scheme.39

The literature on the performance measures we examined showed numerous 

differences in the operationalization of indicators and the populations in which they were 

studied. The combined results are inconclusive and meta-analysis difficult to perform 

given these variations. Decisions should balance the benefits and harm for the patient. 

We have examined the association with mortality; relationships that are more consistent 

might exist between these indicators, and other outcomes. The relationship between 

time-to-surgery and mortality is equivocal, but early surgery reduces pain and suffering 

experienced by the patient and shortens the length of stay and morbidities.40 The goal 

is to obtain simple performance measures linked with outcomes, but the absence of this 

is not a reason to discard an indicator. However, the limitations of an indicator should be 

recognized, and all interpretations placed in an appropriate light. 

The measurement of the quality of care is not perfect but it is also not static. The 

field is evolving. Reperfusion time as an indicator in STEMI patients has been established 

with a large degree of certainty. Time-to-surgery in hip fractures is not well established, 

and the use of time-to-first antibiotic dose as an indicator for CAP is questionable. 

P4P and public reporting are useful initiatives, but the indicators used may limit their 

effectiveness.41 This review assessed the recent evidence for a few timeliness related 
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indicators and identified qualifying characteristics unaccounted for in the current 

definitions. For myocardial infarction, the relationship between time-to-reperfusion and 

mortality appears to be well established but the specific patient population it applies to is 

unclear. The relationship between time-to-surgery and mortality is mixed, and questions 

remain as to which populations it applies. The time limits set for time-to-first antibiotic 

dose among pneumonia patients do not appear to produce a valid quality indicator. 

Establishing the nature of the relationships in the structure-process-outcome model is the 

key to providing interpretable, unambiguous measures of performance. The components 

of potential sufficient causes should be taken into account when these indicators are 

used to measure performance.
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ABSTRACT

Background: A few studies have found an inverse association between hospital 

patient volume and case-fatality among stroke patients.  However, the different stroke 

categorizations used in these studies might have influenced the findings. Furthermore, 

the relevance of the association observed remains questionable given that the relatively 

small magnitude may not support volume-based referral policies. We re-examined this 

association in a large nationwide study, paying attention to the influence of volume 

categorizations. 

Methods: Applying multilevel logistic regression, we re-examined the relationship 

between hospital stroke volume and seven-day case-fatality using admissions data 

obtained from Statistics Netherlands on 73,077 stroke patients for the years 2000 to 

2004. Different cut-offs were used to categorize hospitals in volume groups. We also 

examined the implications of a volume based referral strategy.

Results: Stroke patients in high-volume hospitals had decreased risk of dying within seven 

days of admission even when different hospital categorizations are applied. For instance, 

the odds ratio was 0.45 (95% CI 0.20 – 0.99) in high-volume (>200 case-volume) versus 

low-volume (<50 case-volume) hospitals but 0.89 (95% CI 0.79 – 1.00) in high-volume 

(>250 case-volume) versus low-volume (≤250 case-volume) hospitals. Ignoring travel time 

and workload implications, an optimistic volume-based referral policy would save 183 

patients when all patients are referred to the >200 case-volume hospital. A non-transfer 

policy aimed at reducing mortality by 10% in all those hospitals would save 1260 patients. 

Conclusions: Stroke patients in low-volume versus high-volume hospitals have higher 

odds of dying. This finding may not lend itself to a substantial volume-based referral 

strategy.
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INTRODUCTION

Stroke represents a significant cause of mortality in the developed and increasingly in 

the developing world.1-3 The projection is that this will rise in the coming decades.2 

Policies aimed at monitoring and improving the quality of stroke care are of increasing 

importance. Since 2001, six studies have examined the relationship between hospital 

stroke volume and case-fatality for stroke patients (Table 1).4-9 Three of the studies were 

restricted to patients with subarachnoid hemorrhage and the other three to patients 

with ischemic strokes. The studies of subarachnoid hemorrhage had significantly smaller 

admissions per hospital, and cut-offs. The three studies examining ischemic stroke 

patients used different cut-offs to denote their low- and high-volume categories. Overall, 

the results were as mixed as the cut-offs, with four studies demonstrating significant 

inverse associations between hospital stroke volume and case-fatality. Two studies 

observed non-significant associations.

In their review, Murray and Teasdale raised a number of concerns about the quality 

of the evidence for volume-outcome associations in general.10 Aside from case-mix 

concerns, and the effect of clustering of outcomes within hospitals, there were concerns 

regarding volume thresholds, and causation. The potential for bias due to small numbers, 

and thus low variability, in the low-volume groups was also noted. The review concluded 

that volume thresholds influenced the magnitude of associations found in studies and 

that any observed association might be of some policy relevance. Votruba et al went 

further by examining the potential implications of a volume-based referral policy for 

stroke patients concluding that the benefits would be negligible or even harmful due to 

an increase in travel time.11

Currently in the Netherlands, the yearly patient volume of abdominal aortic aneurysm 

(AAA), and esophageal and cardiac resection patients are patient safety indicators in the 

Dutch Healthcare Performance Report.12 The minimum acceptable levels were originally 

in line with the Leapfrog volume recommendations but have been adjusted, as have 

the Leapfrog recommendations,13 over the years. Among stroke patients, studies of 

volume-outcome associations have been equivocal and policy recommendations were 

based on weak and conflicting evidence.14 Using nationwide data on stroke patients in 

the Netherlands, we re-examined the association between the average annual hospital 

stroke volume and case-fatality. We also examined the policy effects of stroke patient 

referral, based on different published volume thresholds.
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METHODS

Setting and Patients

This is an observational study using a retrospective cohort of hospital admissions. 
We obtained data for this study from Statistics Netherlands, which links the medical, 

population, and mortality registers in the Netherlands.15 The Dutch Medical Register (LMR), 

collected since 1964, contains over 99% of hospital admissions in the Netherlands. In 

their paper, de Bruin et al concluded that the linkage, with overall success rates of 87.6%, 

was of sufficient quality to support scientific research.15 The quality and reliability of the 

LMR data and linkage have also been studied and it has formed the base or served as a 

source of information for a number of studies.16-21 The diagnoses were coded according 

to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD 

9-CM). We identified all admissions with a discharge diagnosis of stroke (ICD 9-CM 430 – 

Table 1. Studies examining the association between hospital stroke volume and stroke case-fatality†

Study (Year) Diagnosis Outcome measured Volume category (admissions per year) Patients (n) Hospitals (n) Results OR (95% CI)

Saposnik et al  (2007)
Ischemic stroke only

Seven-day case-fatality Low (<50)
Medium-low (50 – 99)
Medium High (100 – 199)
High (≥200)
Total (N)

5,273
4,722
10,075
6,606
26,676

NR
NR
NR
NR
607

1.00
0.94 (0.78 – 1.13)
0.77 (0.64 – 0.92)
0.66 (0.53 – 0.83)

Male Female

Heuschmann et al (2004)
Ischemic stroke only

In-hospital case-fatality Low (≤250)
High (>250)
Total (N)

NR
NR

10,800

76
28
104

1.00
0.7 (0.6 - 1.0)

1.00
1.0 (0.8 - 1.2)

Johnston SC (2003)
SAH only

In-hospital case-fatality Volume modeled as a continuous variable. OR for 
every 10 patient increase in volume
Total (N)

NA

9,354

NA

70

0.99 (0.96 – 1.03)

Cross et al (2003) 
SAH only

In-hospital case-fatality Low (1 – 9)
Medium-low (10 – 18)
Medium-high (19 – 35)
High (36 – 158)
Total (N)

2,268
2,235
2,482
2,305
9,290

834
236
268
84

1,312

1.4 (1.2 – 1.6)
1.3 (1.1 – 1.6)
1.1 (0.98 – 1.3)

1.00 

Bardach et al (2002)
SAH only

In-hospital case-fatality Low (0-8)
Medium-low 
Medium-high
High (19 – 70)
Total (N)

3,154
3,322
3,207
3,121

12,084

262
62
39
27

390

1.00
0.78 (0.70 – 0.88)
0.75 (0.64 – 0.87)
0.58 (0.49 – 0.68)

Reed et al (2001)
Ischemic stroke only 

In-hospital case-fatality Low (<100)
Medium (100 – 299)
High (≥300)
Total (N)

NR
NR
NR

23,058

83
47
7

137

1.00
0.93 (0.76 – 1.14)
0.93 (0.67 – 1.29)

†Volume categories in bold displayed statistically significant differences from the reference group, NR = 
Not reported, NA = Not applicable, SAH = Subarachnoid hemorrhage, OR = Odds ratio, 95% CI = 95% 
Confidence Interval
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434 and 436), in the five years from January 1, 2000 to December 31, 2004. Three stroke 

subtypes were defined: subarachnoid hemorrhage (ICD 9-CM 430), other intracranial 

bleeds (ICD 9-CM 431, 432), and ischemic (ICD 9-CM 433, 434 and 436).22 We excluded 

patients who were younger than 50 or older than 100 years at the time of diagnosis, 

had missing data, were transferred to another hospital, or could not be followed in the 

database. Readmissions to the same hospital within five days of discharge were merged 

with the previous episode and considered a continuous episode of care. Readmissions to 

different hospitals within five days of discharge were considered transfers and both the 

original and second admission were excluded. After graphical assessment, one hospital 

with an outlier volume was excluded.

Outcome

Seven-day case-fatality was defined as a death occurring up to seven days from the day 

of admission, counting the day of admission as day one. Thirty-day case-fatality was 

Table 1. Studies examining the association between hospital stroke volume and stroke case-fatality†

Study (Year) Diagnosis Outcome measured Volume category (admissions per year) Patients (n) Hospitals (n) Results OR (95% CI)

Saposnik et al  (2007)
Ischemic stroke only

Seven-day case-fatality Low (<50)
Medium-low (50 – 99)
Medium High (100 – 199)
High (≥200)
Total (N)

5,273
4,722
10,075
6,606
26,676

NR
NR
NR
NR
607

1.00
0.94 (0.78 – 1.13)
0.77 (0.64 – 0.92)
0.66 (0.53 – 0.83)

Male Female

Heuschmann et al (2004)
Ischemic stroke only

In-hospital case-fatality Low (≤250)
High (>250)
Total (N)

NR
NR

10,800

76
28
104

1.00
0.7 (0.6 - 1.0)

1.00
1.0 (0.8 - 1.2)

Johnston SC (2003)
SAH only

In-hospital case-fatality Volume modeled as a continuous variable. OR for 
every 10 patient increase in volume
Total (N)

NA

9,354

NA

70

0.99 (0.96 – 1.03)

Cross et al (2003) 
SAH only

In-hospital case-fatality Low (1 – 9)
Medium-low (10 – 18)
Medium-high (19 – 35)
High (36 – 158)
Total (N)

2,268
2,235
2,482
2,305
9,290

834
236
268
84

1,312

1.4 (1.2 – 1.6)
1.3 (1.1 – 1.6)
1.1 (0.98 – 1.3)

1.00 

Bardach et al (2002)
SAH only

In-hospital case-fatality Low (0-8)
Medium-low 
Medium-high
High (19 – 70)
Total (N)

3,154
3,322
3,207
3,121

12,084

262
62
39
27

390

1.00
0.78 (0.70 – 0.88)
0.75 (0.64 – 0.87)
0.58 (0.49 – 0.68)

Reed et al (2001)
Ischemic stroke only 

In-hospital case-fatality Low (<100)
Medium (100 – 299)
High (≥300)
Total (N)

NR
NR
NR

23,058

83
47
7

137

1.00
0.93 (0.76 – 1.14)
0.93 (0.67 – 1.29)

†Volume categories in bold displayed statistically significant differences from the reference group, NR = 
Not reported, NA = Not applicable, SAH = Subarachnoid hemorrhage, OR = Odds ratio, 95% CI = 95% 
Confidence Interval
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defined as a death occurring up to thirty days from the day of admission. The linkage 

with the mortality register allowed us to identify deaths occurring outside the hospital. 

Hospital volume

For each hospital in our dataset, we determined the total number of admissions over 

the five-year study period. In determining this total patient volume for each hospital, 

we included all admissions irrespective of the patients’ age or transfer status, meaning 

some patients were counted in more than one hospital (transfers). This was based on the 

premise that every contact with a stroke patient provided ‘experience’ for the hospital 

concerned. We then calculated the average annual number of admissions by dividing 

each hospitals’ total volume by the number of years they reported at least one admission. 

We created volume quartiles of approximately equal numbers of patients. Hospitals were 

divided into low-volume (<162 admissions per year), medium-low (162 – 249 admissions 

per year), medium-high-volume (250 – 353 admissions per year), and high-volume (>353 

patients per year).

We also used volume cut-offs based on the three previous publications relating 

hospital stroke volume to case-fatality among ischemic stroke patients (see table 1). We 

restricted it to the ischemic stroke studies as the other studies presented very low-volume 

cut-offs due to the relatively few subarachnoid hemorrhage admissions in most hospitals.

Covariates

Based on the literature on hospital volume and stroke mortality, we included variables 

expected to influence the outcome and confound the volume-outcome relationship. These 

variables included age on admission, gender, socioeconomic status, type of insurance, 

ethnicity, stroke subtype, urgency, previous stroke, Charlson comorbidity score, time of 

admission, attending physician specialty, hospital teaching status, and hospital location.

The patient level variable age on admission was categorized in 10-year groups from 50 

to 100. Socioeconomic status was based on ranked postal code income data. Insurance 

was either public or private. Ethnicity was defined by country of birth and divided into 

three groups (ethnic Dutch or other westerners, Turks or Moroccans, and Surinamese, 

Antilleans, or other non-westerners).23 Ethnic differences in risk factors, acute care and 

outcomes have been demonstrated in other populations and we suspected they might 

have an influence in the Dutch population.24, 25 Urgent admissions were defined as those 

admissions that were not planned but could not be delayed because care was required. 

Previous stroke was ascertained by looking back the previous five years, until 1 January 

1994 (at which time all patients were at least 45 years old). The prognostic validity of the 

Charlson-Deyo index has been demonstrated in a cohort of ischemic stroke patients.26 

As in that study, we excluded cerebrovascular disease and hemiplegia from the scoring 

system; weights were applied as originally published. Comorbidities were identified by 

48

Chapter 3 Hospital stroke volume and case-fatality revisited



3
Chapter

extracting the relevant Charlson index diagnosis codes from the registered primary and 

secondary diagnoses of each patient in the year leading up to and including the index 

stroke admission. The score was categorized as 0, 1 or >1. Time of admission was defined 

either as weekend or weekday based on calendar time. Attending physician specialty was 

defined as either neurologist/neurosurgeon or other specialty.

At the hospital level we included hospital teaching status (academic, top clinical and 

general), hospital location (rural or four different grades of urban based on population 

density) and year of admission to capture advances in treatment protocols or treatments 

themselves. Top clinical hospitals are general hospitals accredited for residency training. 

The degree of urbanization was defined as follows: less than 500 addresses per km2 

were classified as rural, and then four grades of urban, namely 500 to 1000 addresses 

(urban 1), 1000 – 1500 addresses (urban 2), 1500 – 2500 addresses (urban 3), and 

greater than 2500 addresses per km2 (urban 4).

Statistical analysis

We carried out a descriptive analysis of our patient population in the volume quartiles. 

We used chi-square and one-way analysis of variance to test for statistically significant 

differences between the quartiles. Given the hierarchical nature of the data of patients 

nested within hospitals, multilevel logistic regression was used to estimate the effect of 

volume on case-fatality, adjusting for patient and hospital characteristics. The multilevel 

modeling took into account the clustering of outcomes within hospitals and estimated 

the amount of variation in outcomes attributable to between-hospitals differences. The 

low-volume group was designated the reference group in all models.

We built our multilevel model by first modeling our outcome against the volume 

quartiles and then adding the patient level covariates and hospital level covariates. 

For each model, we obtained estimates of the variance attributed to the hospital. The 

variances obtained were used to estimate measures of heterogeneity at the hospital 

level: the intraclass-correlation coefficient (ICC) and the median odds ratio (MOR). The 

ICC is the amount of the variance that can be attributed to the hospital level. The MOR 

expresses the heterogeneity on an odds ratio scale. The MOR represents the median 

increase in odds of dying when two individuals with the same covariates are compared if 

one is admitted to a hospital in a cluster with a lower likelihood of mortality (in this case 

a high-volume hospital).27, 28 It was estimated thus:

where:  is the cluster (hospital-level) variance.

     is the 75th percentile of the cumulative distribution function of the  

normal distribution with mean 0 and variance 1.

 ( )( )75.02exp 12 −×= φσMOR
2σ
( )75.01−φ
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We carried out sensitivity analyses by modeling urgent stroke patients, ischemic 

stroke patients, and first-time stroke patients separately. We carried out this process 

for each volume categorization, the first based on the quartiles derived from the data, 

and the remaining three from cut-offs published in the literature. We also repeated this 

analysis using thirty-day case-fatality as the outcome. All analyses were carried out using 

Stata version 9.2.

To determine the effect of a volume based referral strategy we calculated the 

potential number of avoidable deaths by multiplying the number of deaths in the original 

category (low or medium volume) by the difference in the odds of dying between the 

original category and the high-volume category.29

RESULTS

Our study population consisted of 73,077 admissions out of the 118,946 admission 

recorded in our data set. We excluded 30,273 admissions identified as referrals; 10,109 

admissions for patients outside the set age limits; 4,967 admissions were excluded as 

untraceable in the data, 63 admissions were excluded because of missing data (38 

for insurance status, 21 for socioeconomic status and 4 for ethnicity). Readmissions 

accounted for an additional 455 excluded admissions and 2 admissions were to the 

excluded outlier hospital. Table 2 displays the study population characteristics. The mean 

age on admission was 73 years, and more men (54.1%) than women were admitted. The 

overwhelming majority of the admissions (97.9%) were individuals with an ethnic Dutch 

background. Subarachnoid hemorrhage accounted for 2.9% of cases while ischemic 

strokes accounting for 79.8%. About 78.7% of admissions occurred during weekdays 

and 77% of all admissions were urgent. Approximately 23% of admissions were of 

individuals with comorbidities listed in the Charlson comorbidity index. Diabetes was the 

most commonly encountered, seen in 40% of those with a comorbid illness. This was 

followed by myocardial infarction (19.7%) and chronic obstructive pulmonary disease 

(12.3%).

These admissions were to 114 hospitals (144 separate locations) in the Netherlands. 

Academic medical centers accounted for 7% of these hospitals, top clinical hospitals 

15%, and general hospitals 78%. Eight percent of admissions were to hospitals in rural 

areas. Top clinical hospitals accounted for 64.5% of admission while academic hospitals 

accounted for 10%. Table 3 displays the distribution of admissions and hospitals across 

the different hospital volume categorizations. 

Table 4 presents the unadjusted and adjusted odds ratios (OR), and 95% confidence 

intervals (CI) for seven-day case-fatality. In the quartile categorization, we see no 

significant associations between hospital stroke volume and case-fatality. The volume 

measures based on previous studies present differing associations at various levels. 
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Table 2. Characteristics of study population*

Overall population† n (%)

Number of hospitals in the study 114

Age, Mean (SD) 73.1 (10.4)

Gender, Male 39,553 (54.1)

Ethnicity 

   Dutch and westerners 71,534 (97.9)

   Turks and Moroccans 350 (0.5)

   Surinamese, Antilleans, Arubans and other non-westerners 1,193 (1.6)

Urgency of admissions

   Urgent 56,285 (77.0)

   Non-urgent 16,792 (23.0)

Time of admission

   Weekday 57,532 (78.7)

   Weekend 15,545 (21.3)

Insurance

   Private 19,652 (26.9)

   Public 53,425 (73.1)

Attending physician 

   Neurologist/Neurosurgeon 62,816 (86.0)

   Other Specialty 10,261 (14.0)

Stroke subtype

   Subarachnoid hemorrhage 2,094 (2.9)

   Other intracranial bleeds 12,631 (17.3)

   Ischemic Stroke 58,352 (79.8)

Charlson comorbidity score 

   Score 0 56,491 (77.3)

   Score 1 10,126 (13.9)

   Score >1 6,460 (8.8)

Previous stroke 10,300 (14.1)

Length of stay

   1 – 14 days 53,712 (73.5)

   15 – 30 days 13,448 (18.4)

   > 30 days 5,917 (8.1)

Discharges by year 

2000 13,951 (19.1)

2001 14,100 (19.3)

2002 14,700 (20.1)

2003 14,863 (20.3)

2004 15,463 (21.2)
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The most striking is in the categorization based on Saposnik et al,9 OR 0.45 (95% CI 

0.20 – 0.99) in the high- versus low-volume hospitals. The volume categories based on  

Heuschmann et al6 showed a significant association, while that of Reed et al8 showed no 

significant association in the high- versus low-volume hospitals, OR 0.89 (95% CI 0.79 – 

1.00) and OR 0.85 (95% CI 0.71 – 1.02) respectively. 

The results of the sensitivity analyses modeling urgent patients, ischemic stroke 

patients and first time stroke patients separately did not differ significantly from the main 

analysis (See table A1 – Appendix 1), though they displayed wider confidence intervals. 

The full models for seven-day case-fatality, for all categorizations with all covariates are 

shown in tables A2 – A5 (Appendix 1). The full models for thirty-day case-fatality, for all 

categorizations are shown in tables A6 – A9 (Appendix 1).

An examination of the measures of heterogeneity for all our models (demonstrated 

in table 4) shows intraclass correlation coefficients (ICC) of 0.016, 0.016, 0.016 and 

0.015 for the volume measures based on quartiles, Saposnik et al, Heuschmann et al and 

Reed et al respectively. This implies that 1.6%, 1.6%, 1.6% and 1.5% of the variation is 

attributed to the hospital level. Similarly, the median odds ratios (MOR) were 1.25, 1.25, 

1.25, and 1.23.

In table 5, the effect of a volume-based referral strategy versus an across the board 

10% reduction in mortality (via say, quality improvement) are projected for the different 

volume categorizations used. Using the estimates from the quartile categorization, 886 

deaths could be potentially avoided by a volume based referral strategy. Alternatively, 

a 10% reduction in mortality in all hospital volume categories would potentially avoid 

1,263 deaths. Using the categorizations based on Saposnik et al, Heuschmann et al, 

Table 2. Characteristics of study population* (cont.)

Overall population† n (%)

Discharges by hospital teaching status 

   General hospital 18,603 (25.5)

   Top Clinical hospital 47,118 (64.5)

   Academic Medical Center 7,356 (10.1)

Discharges by hospital location††

   Rural 5,880 (8.0)

   Urban 1 2,259 (3.1)

   Urban 2 9,332 (12.8)

   Urban 3 32,908 (45.0)

   Urban 4 22,698 (31.1)

Observed Seven-day case-fatality (%) 17.3

Observed Thirty-day case-fatality (%) 26.0

*Total Sample N= 73,077, †Percentages represent proportion of total sample, †† Rural <500 addresses/
km2; Urban 1: 500 – 1000 addresses/ km2; Urban 2: 1000 – 1500 addresses/km2; Urban 3: 1500 – 2500 
addresses/km2 and Urban 4: >2500 addresses/km2
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Table 3. Distribution of study patients and hospitals using different volume categorizations*

Volume categorizations Number of patients n (%)
Total N = 73,077

Number of hospitals n (%)
Total N = 114

Based on Quartile 

   Low (<162) 18,779 (25.7) 52 (45.6)

   Medium low (162 – 249)   17,785 (24.3) 30 (26.3)

   Medium high (250 – 353) 18,796 (25.7) 18 (15.8)

   High (>353) 17,717 (24.2) 14 (12.3)

Based on Saposnik et al 

   Low (<50) 47 (0.1) 2 (1.8)

   Medium low (50 – 99) 4,342 (5.9) 16 (14.0)

   Medium high (100 – 199) 21,582 (29.5) 47 (41.2)

   High (≥200) 47,106 (64.5) 49 (43.0)

Based on Heuschmann et al 

   Low (≤250) 37,570 (51.4) 83 (72.8)

   High (≥250) 35,507 (48.6) 31 (27.2)

Based on Reed et al 

   Low (<100) 4,389 (6.0) 18 (15.8)

   Medium  (100 – 299) 39,399 (53.9) 72 (63.2)

   High (≥300) 29,289 (40.1) 24 (21.1)

 *Percentages represent proportion of total population (N)

and Reed et al the estimated numbers of avoidable deaths from a volume based referral 

strategy are 183, 773, and 1,421 respectively. Alternatively, a 10% reduction in mortality 

in all quartiles would potentially avoid 1,260, 1,260, and 1,291 deaths for the same 

categorizations respectively. 

DISCUSSION

This study revisits the relationship of hospital stroke volume and seven-day case-fatality 

using a large nationwide dataset and appropriate multilevel techniques. It examines the 

impact of the varying thresholds used so far in other studies and quantifies the remaining 

influence of hospital level factors on the variation in case-fatality. We observe that at lower 

volume cut-offs a consistent inverse relationship exists between hospital stroke volume 

and seven-day case-fatality. Even after adjusting for numerous characteristics, between 

1.5% and 1.6% of the variation was attributed to differences between hospitals. The 

MOR represents this as an increase in the seven-day case-fatality odds of 23% - 25%, if a 

patient had been admitted into a low-volume hospital instead of a high-volume hospital. 
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The limitations of our study included inaccurate data regarding stroke units, severity 

of stroke, and as expected for an administrative database the absence of clinical data 

(e.g. treatment received) on each case. As at 2003, most hospitals in the Netherlands 

had stroke units or were part of a stroke service. The inclusion in the database of a code 

differentiating urgent from non-urgent admissions goes some way in assessing severity  

improving the case mix adjustment usually insufficient in administrative databases. 

Table 4. Unadjusted and fully adjusted odds ratios showing the effect of average annual hospital stroke 
volume of seven-day case-fatality

Volume category† Unadjusted  OR (95% CI) Fully adjusted†† OR (95% CI)

Based on Quartiles

Low (<162) 1.00 1.00

Medium low (162 – 249) 0.94 (0.82 – 1.09) 0.96 (0.84 – 1.09)

Medium high (250 – 353) 0.80 (0.68 – 0.94) 0.88 (0.75 – 1.02)

High (>353) 0.81 (0.67 – 0.97) 0.86 (0.72 – 1.02)

ICC 0.025 0.016

MOR 1.32 1.25

Based on Saposnik et al

Low (<50) 1.00 1.00

Medium low (50 – 99) 0.47 (0.22 – 1.03) 0.47 (0.21 – 1.04)

Medium high (100 – 199) 0.48 (0.22 – 1.05) 0.49 (0.22 – 1.09)

High (≥200) 0.42 (0.19 – 0.91) 0.45 (0.20 – 0.99)

ICC 0.026 0.016

MOR 1.33 1.25

Based on Heuschmann et al

Low (≤250) 1.00 1.00

High (>250) 0.81 (0.72 – 0.92) 0.89 (0.79 – 1.00)

ICC 0.025 0.016

MOR 1.32 1.25

Based on Reed et al

Low (<100) 1.00 1.00

Medium  (100 – 299) 0.99 (0.83 – 1.18) 1.02 (0.87 – 1.19)

High (≥300) 0.77 (0.63 – 0.94) 0.85 (0.71 – 1.02)

ICC 0.024 0.015

MOR 1.32 1.23

† All volume categories with the exception of that based on quartiles use cut-offs published in the 
corresponding papers; ††  Adjusted for age on admission, gender, socioeconomic status, type of insurance, 
ethnicity, stroke subtype, urgency, previous stroke, Charlson comorbidity score, time of admission, attending 
physician specialty, hospital teaching status, and hospital location; ICC = Intraclass Correlation coefficient, 
MOR = Median Odds Ratio, OR = Odds ratio, 95% CI = 95% Confidence Interval

54

Chapter 3 Hospital stroke volume and case-fatality revisited



3
Chapter

Underreporting of comorbidities in the dataset is mitigated by the increased likelihood 

of reporting those included in the Charlson index, given their impact on management.  

Transfers of stroke patients between hospitals in the Netherlands are limited.30 However, 

referral bias was addressed by excluding all cases transferred between hospitals. Time to 

treatment is known to influence treatment options available and thus stroke outcomes 

but individual data is not available in our database.31, 32 However, the Dutch National 

Healthcare Performance report 2008 indicates that only 0.6% of the population would 

be unable to reach a hospital within 30 minutes.12 The absence of the fifth digit of the 

ICD coding hampers case identification (for ICD codes 433 and 434), but this is not 

expected to bias the result in a specific direction as there is no expectation that this is 

unequally distributed across hospitals.

Typically, in volume-outcome studies, the patient population is divided into 
approximately equal number of patients and either the high- or low-volume category is 

chosen as the reference group.33 The previous studies involving stroke patients, with the 

exception of Heuschmann et al,6 have followed a similar procedure. Heuschmann et al6 

determined his cut-off using another technique. We employed the typical procedure in 

our study population and observed no significant association between hospital volume 

and seven-day case-fatality. However, we should note that when we compare the cut-offs 

derived from this procedure to those published in other studies, we observe that our 

low-volume category encompasses almost the first three lowest categories defined by 

Saposnik et al,9 and lowest 1½ categories defined by Reed et al.8 When we applied these 

published cut-offs to our data we observed a consistent inverse association between 

hospital volume and seven-day case-fatality.  The relatively high case-fatality odds when 

volume categorization is based on Saposnik et al9 are striking. Murray and Teasdale10 

mentioned the potential for bias due to small numbers in the low-volume category which 

we see when using the categories based on Saposnik et al (see table 3), but this cannot 

be said for the other volume categorizations. The results from applying these alternative 

volume categorizations to our data agree with the results from the original studies.

In outcomes research, debate continues over the appropriateness of different 

measures. However, as pointed out in a study on quality in stroke care, the choice of a 

measure or outcome should be determined by the nature of the information required.34 

Seven-day mortality represents the effects of immediate treatment after taking into 

account the severity of the condition. Mortality is highest during this period with survival 

followed by varying degrees of morbidity. Case-fatality increased by 8.7% between day 

seven and day thirty. A wider range of factors that might cloud the association with 

hospital experience may affect the thirty-day and longer case-fatality models. However, 

the results of the thirty-day case-fatality model did not differ significantly from the 

seven-day mortality model (See tables A6 – A9 - Appendix 1).

Votruba et al modeled stroke as a continuous variable and examined the effect of a 

volume based referral strategy.11 He concluded the potential benefit from such a policy 
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would be lost because of the increase in mortality resulting from prolonged travel times. 

Our analysis of volume-based referral strategy (see table 5) was optimistic. The estimates 

did not take into account the deleterious effects of increased travel time or burden on 

the resources of the high-volume hospitals. A policy aimed at reducing mortality in all 

hospitals by 10% would avoid 1,260 to 1,291 deaths per year, and not be affected by 

travel time. We believe that increasing volume or redirecting patients is not the answer to 

this volume-associated disparity. 

Our study indicates that approximately 2% of the variation in seven-day case-fatality is 

attributable to characteristics or processes related to the hospitals. When we consider the 

variance on an odds ratio scale, using the median odds ratio, it is interpreted as follows. If 

two patients with the same characteristics presented, one at a low-volume hospital and 

the other at a high-volume hospital, the patient at the low-volume hospital would have 

about a 23% increase in the odds of dying within seven-days. This study does not provide 

clear-cut answers to the question of why this association exists. However, it points in the 

direction of structural or procedural differences between high- and low-volume hospitals. 

We can only theorize looking at factors such as the experience at the point of first 

patient contact or the adherence to, or absence/presence of comprehensive protocols 

in low-volume hospitals. Saposnik et al have gone on in a recent paper to explore the 

relationship between socioeconomic status and low-volume hospitals exploring one 

of the pathways through which this association might be explained.35 A recent study 

highlighted the importance of adjusting for patient characteristics and points out that 

residual variation in stroke outcomes exists between hospitals.36 A comprehensive 

approach to discovering factors/practices associated with low-volume hospitals may shed 

light on other pathways providing targets for quality improvement measures.

This study was drawn from virtually the entire population of the Netherlands. This is 

an advantage over some studies restricted to regional or state populations. It covers all 

categories of hospitals, in rural and urban locations. The hierarchical modeling employed 

not only adjusts for clustering but the apportioning of variance between the levels adds 

additional information to the debate and significance of the various factors. The inclusion 

of all categories of stroke represents a situation closer to reality as a definitive diagnosis 

of ischemic or hemorrhagic, is not made before admission. Thus, diagnosis specific 

performance information is less useful to policy makers. 

The categorizations applied affected the relationship between case-fatality and 

hospital stroke volume, but there appears to be a survival differential between low- 

and high-volume hospitals. A volume based referral policy may not produce the desired 

effect but the association exists and stroke mortality may be reduced by identifying the 

pathways that mediate it.
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Table 5. Effects of a volume-based referral strategy on mortality

Characteristic Volume Categorization
 

Total number of 
potentially avoidable 

deaths††† 

 Based on quartiles

Case-volume <162 162 – 249 250 – 353 >353 

Number of hospitals 52 30 18 14

Total number of patients 18,779 17,785 18,796 17,717

Seven-day mortality (%) 18.8 18.7 15.7 15.9

Odds ratio 1.00 0.96 0.88 0.86

Volume-based referral policy† 494 333 59 - 886

10% reduction in mortality†† 353 333 295 282 1,263

Based on Saposnik et al

Case-volume <50 50 – 99 100 – 199 ≥200 

Number of hospitals 2 16 47 49

Total number of patients 47 4,342 21,582 47,106

Seven-day mortality (%) 29.8 18.4 18.4 16.6

Odds ratio 1.00 0.47 0.49 0.45

Volume-based referral policy† 8 16 159 - 183

10% reduction in mortality†† 1 80 397 782 1,260

Based on Heuschmann et al

Case-volume ≤250 >250 

Number of hospitals 83 31

Total number of patients 37,570 35,507

Seven-day mortality (%) 18.7 15.7

Odds ratio 1.00 0.89

Volume-based referral policy† 773 - 773

10% reduction in mortality†† 703 557 1,260

Based on Reed et al

Case-volume <100 100 – 299 ≥300

Number of hospitals 18 72 24

Total number of patients 4,389 39,399 29,289

Seven-day mortality (%) 18.6 19.4 15.2

Odds ratio 1.00 1.02 0.85

Volume-based referral policy† 122 1,299 - 1,421

10% reduction in mortality†† 82 764 445 1,291

† This represents the number of hospital deaths avoided by referring patients to the highest volume category 
in each categorization, †† This represents the number of potentially avoidable deaths that would result from 
a policy that reduces mortality by 10% in each category, ††† This represents the total number of potentially 
avoidable deaths based on the volume-based referral and 10% reduction in mortality policies
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APPENDIX 1

Table A1. Sensitivity analysis - Fully adjusted models

Volume categories First-time stroke patients Urgent admissions Ischemic stroke only

Quartiles
   Low (<162) Reference Reference Reference
   Medium low (162 – 249) 0.96 (0.84 – 1.09) 0.99 (0.88 – 1.12) 0.92 (0.79 – 1.07)
   Medium high (250 – 353) 0.90 (0.77 – 1.06) 0.90 (0.78 – 1.05) 0.85 (0.71 – 1.02)
   High (>353) 0.87 (0.73 – 1.03) 0.87 (0.74 – 1.03) 0.79 (0.65 – 0.97)
Saposnik et al classification
   Low (<50) Reference Reference Reference
   Medium low (50 – 99) 0.45 (0.20 – 1.02) 0.38 (0.16 – 0.86) 0.41 (0.16 – 1.03)
   Medium high (100 – 199) 0.48 (0.22 – 1.06) 0.41 (0.18 – 0.92) 0.42 (0.17 – 1.04)
   High (>200) 0.44 (0.20 – 0.98) 0.37 (0.16 – 0.85) 0.38 (0.15 – 0.95)
Heuschmann et al classification
   Low (<250) Reference Reference Reference
   High (≥250) 0.91 (0.80 – 1.02) 0.89 (0.79 – 1.00) 0.86 (0.75 – 0.99)
Reed et al classification
   Low (<100) Reference Reference Reference
   Medium  (100 – 299) 1.02 (0.87 – 1.19) 1.04 (0.89 – 1.21) 0.99 (0.82 – 1.19)
   High (≥300) 0.87 (0.72 – 1.05) 0.87 (0.72 – 1.04) 0.81 (0.64 – 1.00)
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Table A2. Seven-day case fatality - Quartiles of hospital volume

Unadjusted Adjusted

Quartiles
   Low volume Reference Reference
   Medium-low volume 0.94 (0.82 – 1.09) 0.96 (0.84 – 1.09)
   Medium-high volume 0.80 (0.68 – 0.94) 0.88 (0.75 – 1.02)
   High volume 0.81 (0.67 – 0.97) 0.86 (0.72 – 1.02)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.15 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.02 (0.86 – 1.10)
Urgency
   Urgent 0.25 (0.23 – 0.27)
   Non-urgent Reference
Time of admission
   Weekday 0.75 (0.72 – 0.29)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 1.00 (0.90 - 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 
   2000 Reference
   2001 0.99 (0.92 – 1.06)
   2002 1.00 (0.93 – 1.07)
   2003 0.91 (0.84 – 0.97)
   2004 0.87 (0.81 – 0.93)
Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.93 (0.82 – 1.06)
   General 1.10 (0.90 – 1.33)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.71 – 1.30)
   Urban 2 0.95 (0.76 – 1.20)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.91 (0.74 – 1.10)
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Table A3. Seven-day case fatality - Volume based on Saposnik et al

Unadjusted Adjusted

Based on Saposnik et al
   Low volume Reference Reference
   Medium-low volume 0.47 (0.22 – 1.03) 0.47 (0.21 – 1.04)
   Medium-high volume 0.48 (0.22 – 1.05) 0.49 (0.22 – 1.09)
   High volume 0.42 (0.19 – 0.91) 0.45 (0.20 – 0.99)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.60 – 0.74)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.03 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.76 (0.70 – 0.81)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.85 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.81 – 1.04)
   General 1.06 (0.87 – 1.29)
Hospital location
   Rural Reference
   Urban 1 0.92 (0.68 – 1.25)
   Urban 2 0.92 (0.73 – 1.15)
   Urban 3 1.03 (0.85 – 1.25)
   Urban 4 0.89 (0.73 – 1.09)
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Table A4. Seven-day case fatality - Volume based on Heuschmann et al

Unadjusted Adjusted

Based on Heuschmann et al
   Low volume Reference Reference
   High volume 0.81 (0.72 – 0.92) 0.88 (0.79 – 0.96)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.25 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.02 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 1.00 (0.89 – 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.84 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.82 – 1.05)
   General 1.09 (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.71 – 1.30)
   Urban 2 0.96 (0.77 – 1.20)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.91 (0.75 – 1.10)
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Table A5. Seven-day case fatality - Volume based on Reed et al

Unadjusted Adjusted

Based on Reed et al
   Low volume Reference Reference
   Medium volume 0.99 (0.83 – 1.18) 1.02 (0.87 – 1.19)
   High volume 0.77 (0.63 – 0.94) 0.85 (0.71 – 1.02)
Age 
   50 – 59 years 0.24 (0.21 – 0.27)
   60 – 69 years 0.29 (0.26 – 0.32)
   70 – 79 years 0.42 (0.37 – 0.46)
   80 – 89 years 0.67 (0.60 – 0.74)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.85 (0.81 – 0.89)
Socioeconomic status 1.03 (1.00 – 1.05)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.16 (0.83 – 1.60)
   Surinamese, Antilleans, Arubans and other non-westerners 1.03 (0.86 – 1.22)
Urgency
   Urgent Reference
   Non-urgent 0.25 (0.23 – 0.27)
Time of admission
   Weekday 0.75 (0.72 – 0.79)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.94 (0.90 – 0.99)
Attending physician
   Neurologist/Neurosurgeon 0.63 (0.58 – 0.68)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.99 (0.90 – 1.10)
   Ischemic Stroke 0.14 (0.12 – 0.15)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.76 (0.70 – 0.81)
   Score ≥2 0.80 (0.73 – 0.87)
Previous stroke
   No 1.17 (1.09 – 1.26)
   Yes Reference
Year of discharge 

2000 Reference
2001 0.99 (0.92 – 1.06)
2002 1.00 (0.93 – 1.07)
2003 0.91 (0.84 – 0.97)
2004 0.87 (0.81 – 0.93)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.92 (0.82 – 1.05)
   General 1.09  (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.72 – 1.29)
   Urban 2 0.95 (0.77 – 1.19)
   Urban 3 1.04 (0.87 – 1.25)
   Urban 4 0.91 (0.75 – 1.09)
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Table A6. Thirty-day case fatality - Quartiles of hospital volume
Unadjusted Adjusted

Quartiles
   Low volume Reference Reference
   Medium-low volume 0.91 (0.80 – 1.05) 0.90 (0.79 – 1.02)
   Medium-high volume 0.74 (0.63 – 0.87) 0.78 (0.67 – 0.91)
   High volume 0.75 (0.63 – 0.90) 0.79 (0.66 – 0.94)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.21)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.80 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Discharges by year 
   2000 Reference
   2001 0.97 (0.91 – 1.03)
   2002 0.89 (0.83 – 0.94)
   2003 0.76 (0.71 – 0.80)
   2004 0.69 (0.65 – 0.74)
Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.93 (0.82 – 1.05)
   General 1.10 (0.90 – 1.34)
Hospital location
   Rural Reference
   Urban 1 0.94 (0.69 – 1.28)
   Urban 2 0.94 (0.74 – 1.18)
   Urban 3 1.04 (0.86 – 1.26)
   Urban 4 0.86 (0.71 – 1.06)
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Table A7. Thirty-day case fatality - Volume based on Saposnik et al
Unadjusted Adjusted

Based on Saposnik et al
   Low volume Reference Reference
   Medium-low volume 0.50 (0.24 – 1.04) 0.45 (0.20 – 1.02)
   Medium-high volume 0.50 (0.24 – 1.04) 0.48 (0.21 – 1.06)
   High volume 0.42 (0.20 – 0.88) 0.42 (0.19 – 0.93)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.21)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference

   Turks and Moroccans 1.09 (0.81 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.24 (0.23 – 0.26)
Discharges by year 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.70 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.89 (0.79 – 1.01)
   General 1.04 (0.85 – 1.28)
Hospital location
   Rural Reference
   Urban 1 0.90 (0.66 – 1.24)
   Urban 2 0.91 (0.71 – 1.15)
   Urban 3 1.01 (0.83 – 1.23)
   Urban 4 0.86 (0.70 – 1.06)
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Table A8. Thirty-day case fatality - Volume based on Heuschmann et al
Unadjusted Adjusted

Based on Heuschmann et al
   Low volume Reference Reference
   High volume 0.77 (0.68 – 0.87) 0.82 (0.73 – 0.93)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.20)
   80 – 89 years 0.43 (0.39 – 0.48)
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.15)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.80 – 0.87)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.19 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.64 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Discharges by year 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.69 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.91 (0.80 – 1.03)
   General 1.08 (0.88 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.96 (0.70 – 1.30)
   Urban 2 0.96 (0.70 – 1.21)
   Urban 3 1.06 (0.87 – 1.28)
   Urban 4 0.88 (0.72 – 1.08)
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Table A9. Thirty-day case fatality - Volume based on Reed et al
Unadjusted Adjusted

Based on Reed et al
   Low volume Reference Reference
   Medium volume 0.96 (0.82 – 1.14) 1.01 (0.86 – 1.18)
   High volume 0.72 (0.60 – 0.87) 0.79 (0.66 – 0.96)
Age 
   50 – 59 years 0.07 (0.07 – 0.08)
   60 – 69 years 0.10 (0.09 – 0.11)
   70 – 79 years 0.19 (0.17 – 0.20)
   80 – 89 years 0.43 (0.39 – 0.48 )
   90 – 100 years Reference
Gender 
   Female Reference
   Male 0.84 (0.80 – 0.87)
Socioeconomic status 1.03 (1.01 – 1.06)
Ethnicity 
   Dutch and westerners Reference
   Turks and Moroccans 1.09 (0.81 – 1.47)
   Surinamese, Antilleans, Arubans and other non-westerners 0.97 (0.82 – 1.15)
Urgency
   Urgent Reference
   Non-urgent 0.20 (0.18 – 0.21)
Time of admission
   Weekday 0.79 (0.75 – 0.82)
   Weekend Reference
Insurance 
   Public Reference
   Private 0.90 (0.86 – 0.94)
Attending physician
   Neurologist/Neurosurgeon 0.65 (0.60 – 0.69)
   Other physician Reference
Stroke subtype
   Subarachnoid hemorrhage Reference
   Other intracranial bleeds 0.61 (0.55 – 0.69)
   Ischemic Stroke 0.09 (0.08 – 0.10)
Charlson comorbidity score 
   Score 0 Reference
   Score 1 0.40 (0.37 – 0.42)
   Score ≥2 0.59 (0.54 – 0.64)
Previous stroke
   No 1.08 (1.02 – 1.15)
   Yes Reference
Length of stay
   1 – 14 days Reference
   >14 days 0.25 (0.23 – 0.26)
Year of discharge 

2000 Reference
2001 0.97 (0.91 – 1.03)
2002 0.89 (0.83 – 0.94)
2003 0.76 (0.71 – 0.81)
2004 0.69 (0.65 – 0.74)

Hospital teaching status
   Academic Medical Center Reference
   Top Clinical 0.91 (0.81 – 1.03)
   General 1.08 (0.89 – 1.32)
Hospital location
   Rural Reference
   Urban 1 0.95 (0.71 – 1.29)
   Urban 2 0.96 (0.91 – 1.03)
   Urban 3 1.03 (0.85 – 1.24)
   Urban 4 0.88 (0.72 – 1.07)
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ABSTRACT 

Purpose: Off-hours admissions have been associated with an increased risk of poor 

outcomes but results have been inconsistent, possibly due to different measures of 

off-hours care used. We examined, using a single condition and increasingly refined 

definitions of time of admission, the effect of off-hours admissions on seven-day stroke 

case-fatality.

Methods: We studied a retrospective cohort of 82,219 ischemic stroke admissions to 115 

Dutch hospitals between 2000 and 2004. Data were from the Dutch Medical Register 

and analyzed using multivariable multilevel logistic regression. We adjusted for variables 

such as age, gender, Charlson-Deyo comorbidity score, urgency of admission, hospital 

teaching status, and specialty of attending physician.

Results: After adjustment, we observed higher seven-day fatality risk for weekend 

admissions when compared to weekday admissions (odds ratio [OR] 1.27; 95% 

Confidence interval [CI], 1.20 – 1.34). Sunday displayed the highest risk of fatality (OR 

1.31; 95% CI 1.20 – 1.44). With the Monday day-shift as a reference, the fatality odds 

were increased during the Sunday and Saturday day-shifts, the evening-shifts on Sunday 

and Monday, and during all night-shifts. The night-shift OR’s ranged from 1.94 (95% 

CI 1.56 – 2.41) to 2.14 (95% CI 1.74 – 2.63). When compared to admission at 8:00 AM 

we observed increased fatality odds from midnight until 7:00 AM and decreased fatality 

odds from 2:00 PM until 6:00 PM. 

Conclusions: Weekends represent a period of increased fatality risk for ischemic 

stroke patients in the Netherlands. However, this increased risk appears to represent an 

exacerbation of an underlying nighttime risk present during the weekdays.
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INTRODUCTION

Studies have observed the increased fatality risk during the weekend, dubbed the ‘weekend 

effect’, and the increased risk at nighttime for both in-patients and new admissions.1-11 

The association extends beyond an increased fatality risk, to include increased risk of 

complications,12 treatment delays,13 and restricted availability of some procedures.5 

Outcomes for a number of conditions, such as stroke, pulmonary embolism, hip fractures 

and upper gastro-intestinal hemorrhage have shown this trend.2,4,8,9,14-16 However, the 

association has not been consistently observed. In some studies where an association 

between case-fatality and time of admission was not observed, methodological bias, or 

specific interventions or protocols were cited as possible explanations. In addition, the 

definition of off-hours has varied from looking at weekend, defined as starting from the 

close of work on Friday2,15 or starting at midnight on Friday,4,8,9,14,16 to including the day, 

or hour of admission.6 These broad and fragmented pictures may have masked variation 

in fatality risk occurring during the off-hours.

Studies of the effect of off-hours admissions specific to stroke follow the pattern 

described above. Hasegawa et al4 found weekday admission to be a negative 

predictor of case-fatality among stroke patients. Saposnik et al8 observed higher risk 

adjusted case-fatality for patients admitted during the weekend. Luyt et al17 observed 

no association between off-hours admissions and case-fatality among stroke patients 

admitted to the ICU. Albright et al18 observed no association between weekend 

admission and case-fatality in two comprehensive stroke centers.

In a graduated fashion, using increasingly refined definitions of time of admission, 

extending from the calendar definition of weekends and weekdays to the day-, shift-, 

and hour-of-admission, we modeled the association between time of admission and 

seven-day case-fatality among ischemic stroke patients admitted to all categories of 

hospitals in the Netherlands.

METHODS

Setting

This is a retrospective cohort study. We obtained data from the Dutch Medical Register 

(LMR) through the Central Bureau of Statistics, Netherlands (CBS), which among other 

activities links these hospital data to other data sources in the Netherlands such as the 

population and mortality registers.19,20 The LMR, collected since 1964, maintained by 

Prismant, Netherlands, contains over 99% of hospital admissions in the Netherlands. The 

quality of the data and linkage are ensured by Prismant and CBS.19 The data are coded 

using International Classification of Disease, Ninth Revision, Clinical Modification (ICD 

9-CM) standards. Using data from 1st January 2000 through 31st December 2004, we 
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identified all patients with a discharge diagnosis of ischemic stroke (ICD 9-CM codes 

433, 434, and 436).21 We excluded admissions for patients younger than 45 years and 

those that could not be definitively identified in the population register. Admissions with 

missing data were excluded and patients transferred between hospitals noted.

Outcome 

The primary outcome was seven-day case-fatality, defined as a death occurring up to 

seven days from the day of admission, counting the day of admission as day one. The 

linkage with the mortality register allowed us to identify deaths occurring outside the 

hospital. Stroke is an acute condition with a high short-term case-fatality, using seven-day 

case-fatality seems appropriate to capture the association between time-of-admission 

and case-fatality.

Time of admission

We used five increasingly refined definitions of time of admission: weekday/weekend, 

day-of-admission, shift-of-admission, day-and-shift-of-admission, and hour-of-admission. 

In our analysis, we took into account ten holidays celebrated in the Netherlands, 

characterized by working hours/shifts similar to those used during the weekend.

In the weekday/weekend categorization, weekends were defined as starting at 

midnight Friday and ending at 11:59 PM Sunday. Holidays were classified as weekends. 

All other admissions were considered weekday admissions. Weekday admissions were 

used as the reference category.

The day-of-admission was based on calendar definition of days, starting at midnight 

and ending 11:59 PM of each day. Holidays were coded on the day of the week they fell 

on. Monday admissions were used as the reference category.

Shift-of-admission was based on the regular working hours of physicians and 

consisted of three shifts on weekdays, and two on weekends. Accordingly, this resulted 

in five categories: weekday day-shift (Monday to Friday 8:00 AM to 4:59 PM); weekday 

evening-shift (Monday to Friday 5:00 PM to 10:59 PM); weekday night-shifts (Monday 

to Thursday 11:00 PM to 7:59 AM and Friday 11:00 PM to Saturday 7:59 AM); weekend 

day-shift (Saturday and Sunday 8:00 AM to 7:59 PM); and weekend night-shift (8:00 PM 

Saturday to 7:59 AM Sunday, and 8:00 PM Sunday to 7:59 AM Monday). The weekday 

day-shift was the reference category. In recognition of the uneven hours in each shift we 

also carried out an analysis in which the days were divided into three eight-hour shifts 

(8:00 AM to 3:59 PM; 4:00 PM to 11:59 PM; midnight to 7:59 AM).

The day-and-shift of admission was defined by applying the definition of shift-of-

admission to each day of the week. Holidays were included as a separate category. This 

resulted in twenty-one categories, three each Monday to Friday (day, evening, and night) 
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and two each for Saturday, Sunday and holidays (day and night). The Monday day-shift 

was used as the reference category.

The hour-of-admission was based on the specific hour the patient presented in 

the hospital thus yielding twenty-four categories; 8:00 AM was used as the reference 

category.

Covariates

Based on the time of admission and stroke case-fatality literature, we included variables 

expected to influence the outcome or association between time of admission and 

seven-day case-fatality. These variables included age on admission, sex, socioeconomic 

status, type of insurance, ethnicity, urgency, previous stroke, Charlson-Deyo comorbidity 

score, attending physician specialty, year of admission, hospital teaching status, and 

hospital location.

Age on admission was used as a continuous variable. Socioeconomic status was 

based on ranked postal code income data. Insurance was either public or private, and 

serves as a more specific proxy for socioeconomic status. Ethnicity was defined by country 

of birth and divided into three groups, namely ethnic Dutch or other westerners, Turks or 

Moroccans, and Surinamese, Antilleans, or other non-westerners.22 We suspected that 

ethnicity might have an influence on stroke fatality as has been seen in other conditions.23 

Urgency of admissions was an assessment in the hospital record, defined as those 

admissions that were not planned but could not be delayed because care was required. 

Urgency of admission is a standard variable in the LMR that gives an indication of the 

severity at presentation; it has been used in the estimation of the hospital standardized 

mortality ratio in the Netherlands.24 Previous strokes were ascertained by looking back 

six years from the start of the study, until January 1, 1994. Patients admitted more 

than once in the study period were considered as having had a previous stroke during 

their second and/or subsequent admission(s). We estimated the Charlson-Deyo score 

in the same manner as that was used in a validation study among a cohort of ischemic 

stroke patients.25 The score was categorized as 0, 1 or >1. Attending physician specialty, 

representing the specialist in-charge of the case, consisted of two groups defined as 

neurologist/neurosurgeon, or other specialty. We used the year of admission to capture 

advances in treatment protocols or treatments themselves.

At the hospital level we included hospital teaching status (academic, top clinical, and 

general), hospital location (rural or urban). Top clinical hospitals were general hospitals 

accredited for residency training. The hospital location was defined, by the degree of 

urbanization using its address, as follows: less than 500 addresses per km2 was classified 

as rural, from 500 to 1000 addresses as urban grade 1, from 1000 to 1500 addresses as 

urban grade 2, from 1500 to 2500 addresses as urban grade 3, and greater than 2500 

addresses per km2 as urban grade 4.
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Statistical analysis

We carried out a descriptive analysis of our patient population separating them based on 

the weekend/weekday categorization of time of admission.

We modeled the association between time of admission and seven-day case-fatality 

using multivariable multilevel logistic regression to account for the clustering of outcomes. 

We built the model in stages for each definition of time of admission. We started with 

an unadjusted model and then progressed to one containing all covariates with the 

exception of attending physician. We only added this variable later as we thought that 

the attending physician might serve as an explanatory variable as opposed to being a 

confounder. We then included interactions between the time of admission, and each 

of hospital type, Charlson-Deyo comorbidity score, urgency of admission and attending 

physician to test if the association between time of admission and case-fatality differed 

by levels of these covariates. Significant interactions, identified using the likelihood ratio 

test, were included in a single model. For the day-and-shift of admission and hour-of-

admission categorizations, we omitted the test of interactions due to the large number 

of categories involved and separately included the variables weekend admission, and 

day of admission. We also carried out stratified analyses modeling the hour-of-admission 

stratified by weekend and weekday admissions because of the previously highlighted 

differences between work patterns.

As a sensitivity analysis, we excluded all patients transferred between hospitals and 

repeated our analysis. This removes the potential bias in the case-fatality rates if more 

severe patients were transferred to more advanced hospitals. 

Regression results were displayed as odds ratios (OR) and 95% confidence intervals 

(CI). The variation between hospitals is expressed as the proportional change in variance 

(PCV), and intraclass correlation coefficient (ICC). All analyses were carried out using the 

xtlogit command in STATA Version 9.2 (StataCorp, College Station, TX). 

RESULTS

We identified 89,447 ischemic stroke admissions to 115 Dutch hospitals from 2000 

through 2004. We excluded 4,118 admissions because the individuals were not traceable 

in the dataset, 2,998 were for individuals under the age of 45 and 112 had missing values 

in one of the variables included in the model (2 for ethnicity, 85 for type of insurance, 

and 25 for the postcode based socioeconomic status). These exclusions resulted in a 

study population of 82,219, including 21,599 admissions noted as referrals. 

Table 1 displays a description of the characteristics of the patients included in the 

study. The mean age was 73 years. The majority of admissions was to top clinical hospitals 

and occurred during the day time.

76

Chapter 4 Time-of-admission and stroke case-fatality



Table 1. Characteristics of the study population

All admissions 
(N = 82,219) 

No. (%) 

Weekday 
admissions 
(n = 63,072) 

No. (%)

Weekend 
admissions 
(n = 19,147) 

No. (%)

Age, mean (SD), y* 73.0 (11.1) 72.9 (11.0) 73.5 (11.1)

Sex*

Male 42,866 (52.1) 33,101 (52.5) 9,765 (51.0)

Female 39,353 (47.9) 29,971 (47.5) 9,382 (49.0)

Ethnicity

Dutch and other westerners 80,371 (97.8) 61,669 (97.8) 18,702 (97.7)

Turkish or Moroccan 392 (0.5) 305 (0.5) 87 (0.5)

Netherlands Antilleans, Surinamese and other 
non-westerners

1,456 (1.8) 1,098 (1.7) 358 (1.9)

Attending Physician*

Neurologist/Neurosurgeon 71,646 (87.1) 54,007 (85.6) 17,639 (92.1)

Other Physician 10,573 (12.9) 9,065 (14.4) 1,508 (12.9)

Insurance*

Public 60,934 (74.1) 46,564 (73.8) 14,370 (74.1)

Private 21,285 (25.9) 16,508 (26.2) 4,777 (25.9)

Charlson-Deyo comorbidity score*

0 73,543 (89.4) 56,349 (89.3) 17,194 (89.8)

1 4,778 (5.8) 3,778 (6.0) 1,000 (5.2)

≥2 3,898 (4.7) 2,945 (4.7) 953 (5.0)

Urgency of Admission*

Non-urgent 17,959 (21.8) 16,068 (25.5) 1,891 (9.9)

Urgent 64,620 (78.2) 47,004 (74.1) 17,256 (90.1)

Prior Stroke*

 No 69,841 (84.9) 53,129 (84.2) 16,712 (87.3)

 Yes 12,378 (15.1) 9,943 (15.8) 2,435 (12.7)

Admission Year*

2000 15,060 (18.3) 11,668 (18.5) 3,392 (17.7)

2001 15,427 (18.8) 11,796 (18.7) 3,631 (19.0)

2002 16,438 (20.0) 12,522 (19.9) 3,916 (20.5)

2003 17,257 (21.0) 13,248 (21.0) 4,009 (20.9)

2004 18,037 (21.9) 13,838 (21.9) 4,199 (23.3)

Hospital teaching status*

General hospital 19,270 (23.4) 14,747 (23.4) 4,523 (23.6)

Top clinical hospital 55,828 (67.9) 42,767 (67.8) 13,061 (68.2)

Academic Medical Center 7,121 (8.7) 5,558 (8.8) 1,563 (8.2)

Time-of-admission and stroke case-fatality

77

4
Chapter



Table 2 displays the results of the association between weekend/weekday, day-of-

admission, and shift-of-admission, and stroke case-fatality. Weekday admissions 

accounted for 76.7%, of admissions, the observed seven-day case-fatality was 7.3% on 

weekdays and 10.1% during the weekend. Compared to weekday admissions, weekend 

admissions were associated with an increased stroke case-fatality, with an unadjusted OR 

of 1.42 (95% CI, 1.34 – 1.50) but an adjusted OR of 1.27 (95% CI, 1.20 – 1.34).  

In the association between day-of-admission and stroke case-fatality (Table 2), 

Monday accounted for the largest proportion of admissions, (18.0%), while Saturday 

accounted for the smallest (10.3%). The observed case-fatality is highest on Sunday 

and Saturday at 10.3% and 10.0% respectively. From Monday to Friday, the observed 

case-fatality ranged from 6.8% to 7.8%. The unadjusted model showed an increase in the 

odds of stroke case-fatality on Sunday, Friday and Saturday. Despite further adjustments 

the odds of case-fatality remained high on Saturday (OR 1.20; 95% CI, 1.09 – 1.31) and 

Sunday (OR 1.31; 95% CI, 1.20 – 1.44).

Table 2 also displays the results of the categorization based on the shift-of-admission. 

The weekday day-shift accounted for the majority of admissions (51.4%), while the 

observed case-fatality ranged from 6.4% to 10.9% over all shifts. The multivariate analysis 

for the shifts showed an increase in case-fatality odds for all other shifts when compared 

to the weekday day-shift in all models. In all categorizations the models excluding the 

attending physician were not significantly different from the final model. The inclusion of 

the covariates reduced the total variance by between 26 – 28%. The ICC for all models 

was 1.8%.   

Table 1. Characteristics of the study population (cont.)

All admissions 
(N = 82,219) 

No. (%) 

Weekday 
admissions 
(n = 63,072) 

No. (%)

Weekend 
admissions 
(n = 19,147) 

No. (%)

Hospital location*†

Rural 6,763 (8.2) 5,281 (8.4) 1,482 (7.7)

Urban 1 3,019 (3.7) 2,383 (3.8) 636 (3.3)

Urban 2 11,151 (13.6) 8,679 (13.8) 2,472 (12.9)

Urban 3 36,403 (44.3) 27,677 (43.9) 8,726 (45.6)

Urban 4 24,883 (30.3) 19,052 (30.2) 5,831 (30.5)

Shift of admission

Day (8:00 AM – 3:59 PM) 47,205 ( 57.4) 37,873 (60.0) 9,332 (48.7)

Evening (4:00 PM  - 11:59 PM) 27,410 (33.3) 19,663 (31.2) 7,747 (40.5)

Night (12:00 AM – 7:59 AM) 7,604 (9.2) 5,536 (8.8) 2,068 (10.8)

Referrals 21,599 (26.3) 15,977 (25.3) 5,622 (29.4)

* p-value <0.05 
† Rural <500 addresses/km2; Urban 1: 500 to 1000 addresses/ km2; Urban 2: 1000 – 1500 addresses/km2; 
Urban 3: 1500 – 2500 addresses/km2 and Urban 4: >2500 addresses/km2
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Figure 1 shows the adjusted association between the day-and-shift-of-admission and 

stroke case-fatality. The overall pattern is one of increased case-fatality odds during the 

evening- and night-shifts, and the day-shifts of Saturday and Sunday. The results of the 

analysis using three eight-hour shifts per day did not differ significantly from this (see 

table A11)

Figure 2 shows the adjusted association between hour-of-admission and stroke 

case-fatality after adjusting for all covariates including attending physician and weekend 

admissions. Compared to those admitted at 8:00 AM, patients admitted from midnight 

until 7:00 AM had higher odds of dying within 7 days. During the hours of 2:00 PM, 3:00 

Table 2. Association between  weekday/weekend, day, and shift-of-admission and stroke case-fatality

Time of admission Number of 
admissions (%)

Observed 
7-day case-
fatality (%)

Unadjusted 
OR

Adjusted OR 
(including attending 

Physician)

Weekend/Weekday admission

Weekday 63,072 (76.7) 7.3 Reference Reference

Weekend 19,147 (23.3) 10.1 1.42 (1.34 – 1.50)* 1.27 (1.20 – 1.34)*

PCV - - Reference -26%

ICC - - 0.024 0.018

Day of admission

Sunday 9,283 (11.2) 10.3 1.47 (1.34 – 1.61)* 1.31 (1.20 – 1.44)*

Monday 14,835 (18.0) 7.1 Reference Reference

Tuesday 13,181 (16.0) 7.3 1.01 (0.92 – 1.10) 1.01 (0.92 – 1.11)

Wednesday 12,693 (15.4) 6.8 0.95 (0.87 – 1.04) 0.94 (0.83 – 1.03)

Thursday 12,360 (15.0) 7.6 1.05 (0.96 – 1.15) 1.02 (0.93 – 1.12)

Friday 11,360 (13.8) 7.8 1.09 (1.00 – 1.20) 0.99 (0.90 – 1.08)

Saturday 8,507 (10.3) 10.0 1.42 (1.29 – 1.56)* 1.20 (1.09 – 1.31)*

PCV - - Reference -26%

ICC - - 0.025 0.018

Shift of admission

Weekday day 42,240 (51.4) 6.4 Reference Reference

Weekday evening 13,873 (16.9) 8.3 1.31 (1.22 – 1.41)* 1.09 (1.01 – 1.17)*

Weekday night 6,959 (8.4) 10.3 1.71 (1.57 – 1.87)* 1.71 (1.56 – 1.87)*

Weekend day 13,645 (16.6) 9.7 1.56 (1.45 – 1.67)* 1.33 (1.24 – 1.43)*

Weekend night 5,502 (6.7) 10.9 1.77 (1.61 – 1.94)* 1.54 (1.40 – 1.70)*

PCV - - Reference -28%

ICC - - 0.025 0.018

* p-value <0.05 
PCV – Proportional change in variance
ICC – Intraclass correlation coefficient
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PM, 4:00 PM and 5:00 PM the case-fatality odds were reduced: OR 0.81 (95% CI 0.67 

– 0.99, OR 0.76 (95% CI 0.62 - 0.92), OR 0.74 (95% CI 0.61 – 0.91), and OR 0.74 (0.61 

– 0.91) respectively. This pattern persisted in all models including that with the day of 

admission variable (See appendix 2 table A14).

Table 3 shows the influence of hour-of-admission on fatality, stratified by weekends 

and weekdays. There were persistently higher case-fatality odds during the nighttime 

hours and the protective afternoon effect was observed for weekday admissions only.

Sensitivity analysis, including 60,620 admissions, showed results were not materially 

altered by the exclusion of referred patients (Appendix 2 tables A1 – A7). The appendix 

(Tables A8 – A14) also displays the complete results for all models in the main analysis.

DISCUSSION

Using progressively more refined definitions of time of admission, this study demonstrates 

not only the presence of a harmful weekend effect but also a stronger nighttime effect, 

and a protective effect for admissions from 3:00 PM to 6:00 PM on weekdays in a cohort 

Figure 1. Association between day-and-shift-of-admission and stroke case-fatality

† Dark circles represents Odds ratio; Error bars represent 95% confidence intervals

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Day and “regular” shift 
of admission 

Number of 
admissions 

Observed 7-
day case -

fatality n (%) 

Adjusted OR (including attending 
Physician) † 

Time of admission     

Sunday day -shift 6,652 666 (10.0) 1.44 (1.28 - 1.62)* 
Sunday  night- shift 2,631 288 (10.9) 1.61 (1.38 - 1.88)* 
Monday day-shift 9,540 575 (6.0)           1.00 
Monday evening- shift 3,091 260 (8.4) 1.16 (0.99 - 1.35) 
Monday night- shift 1,659 170 (10.2) 1.86 (1.55 - 2.24)* 
Tuesday day - shift 9,010 567 (6.3) 1.03 (0.91 - 1.17) 
Tuesday evening -shift 2,678 228 (8.5) 1.13 (0.96 - 1.33) 
Tuesday night - shift 1,362 143 (10.5) 1.76 (1.44 - 2.14)* 
Wednesday day -shift 8,489 501 (5.9) 0.95 (0.83 - 1.07) 
Wednesday evening- shift 2,721 220 (8.1) 1.09 (0.92 - 1.29) 
Wednesday night- shift 1,352 137 (10.1) 1.78 (1.45 - 2.17)* 
Thursday day -shift 8,062 554 (6.9) 1.09 (0.97 - 1.23) 
Thursday evening- shift 2,717 220 (8.1) 1.08 (0.91 - 1.27) 
Thursday night- shift 1,328 137 (10.3) 1.66 (1.36 - 2.03)* 
Friday day -shift 7,139 515 (7.2) 1.03 (0.92 - 1.18) 
Friday evening -shift 2,666  223 (8.4) 1.09 (0.93 - 1.29) 
Friday night - shift 1,258 128 (10.2) 1.64 (1.33 - 2.02)* 
Saturday day- shift 6,014 588 (9.8) 1.30 (1.15 - 1.47)* 
Saturday night- shift 2,493 264 (10.6) 1.49 (1.28 - 1.75)* 
Holiday day - shift 979 76 (7.8) 1.13 (0.88 - 1.46) 
Holiday night- shift 378 47 (12.4) 1.88 (1.36 - 2.60)* 
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Hour of 
admission  

Number of 
admissions 

Observed 
7 - day case -
fatality n (%)  

Adjusted OR (including attending 
physician and weekend variable) 

11:00 PM 2,122 226 (10.7) 1.14 (0.92 -  1.43) 
12:00 AM 1,720 198 (11.5) 1.38 (1.10 -  1.74)* 
1:00 AM 1,223 165 (13.5) 1.63 (1.28 -  2.07)* 
2:00 AM 771 109 (14.1) 1.73 (1.32 -  2.27)* 
3:00 AM 576 75 (13.0) 1.57 (1.16 -  2.13)* 
4:00 AM 533 69 (12.9) 1.69 (1.24 -  2.31)* 
5:00 AM 481 74 (15.4) 1.96 (1.44 -  2.67)* 
6:00 AM 477 73 (15.3) 2.05 (1.50 -  2.79)* 
7:00 AM 1,823 83 (4.6) 1.04 (0.79 -  1.39) 
8:00 AM 3,416 156 (4.6)          1.00 
9:00 AM 4,522 248 (5.5) 0.98 (0.79 -  1.21) 

10:00 AM 6,043 460 (7.6) 1.13 (0.93 -  1.37) 
11:00 AM 7,556 548 (7.3) 1.00 (0.83 -  1.22) 
12:00 PM 6,097 524 (8.6) 0.97 (0.80 -  1.18) 
1:00 PM 6,411 499 (7.8) 0.88 (0.72 -  1.07) 
2:00 PM 6,914 503 (7.3) 0.81 (0.67 -  0.99)* 
3:00 PM 6,246 440 (7.0) 0.76 (0.62 -  0.92)* 
4:00 PM 5,548 389 (7.0) 0.74 (0.61 -  0.91)* 
5:00 PM 4,417 310 (7.0) 0.73 (0.59 -  0.90)* 
6:00 PM 3,666 292 (8.0) 0.84 (0.68 -  1.03) 
7:00 PM 3,314 294 (8.9) 0.94 (0.76 -  1.16) 
8:00 PM 2,966 259 (8.7) 0.99 (0.80 -  1.23) 
9:00 PM 2,793 256 (9.2) 0.99 (0.79 -  1.22) 

10:00 PM 2,584 260 (10.1) 1.09 (0.87 -  1.35) 

 

†

† Dark circles represents Odds ratio; Error bars represent 95% confidence intervals

Figure 2. Association between hour-of-admission and stroke case-fatality

of ischemic stroke patients in the Netherlands. The observed nighttime effect presented 

itself as higher seven-day case-fatality odds during the night-shifts and among patients 

admitted from midnight until 7:00 AM.

This study has a number of strengths and limitations; the study sample was based 

on admission to most Dutch hospitals thus providing a unique snapshot of ischemic 

stroke patients in the Dutch health system. Variations in the quality of care between 

on- and off-hours have been identified as a potential explanation for the identified 

weekend effect.26 Specific clinical data on treatments received were unavailable in this 

administrative database, however the quality of care received by stroke patients in the 

Netherlands receives high marks.27,28 The six-month case-fatality rate in the Netherlands 

compared favorably to those in the United Kingdom, Australia, Italy, Sweden, and 

Norway.29 In 2005, thirty-day mortality rate among Dutch stroke patients (9.2%) was 

below the Organization for Economic Cooperation and Development (OECD) average 

(10.2%).30 Data on specific stroke units was unavailable however, in 2002 the majority 

of Dutch hospitals had stroke units or were affiliated with a stroke service.31 The 
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administrative nature of the database restricted the amount of clinical information 

available on severity for use in case-mix adjustment. Nonetheless, we used numerous 

variables such as the perceived urgency of the admission, prior stroke, and the Charlson-

Deyo index to mitigate this drawback. The relatively short-term outcome makes length 

of stay an unlikely predictor of mortality, this has been observed in an analysis of 

hospital volume-mortality association.32 The inclusion of all categories of hospitals in 

rural and urban locations and the specialty of the physician in charge of the case was 

advantageous for statistical adjustments. By using various definitions, we shed more light 

on the complex association between time of admission and case-fatality.

The results of the classification of time of admission as weekdays and weekends and 

by day of admission agreed with those studies that have demonstrated increased fatality 

for weekend admissions and for Saturday and Sunday admissions. A superficial look at 

Table 3. Association between hour-of-admission and stroke case-fatality stratified by weekday and weekend*

Hour of admission Weekday admissions only 
(n= 63,072)

Adjusted OR (95% CI)

Weekend admissions only 
(n=19,147)

Adjusted OR (95% CI)

8:00 AM Reference Reference

9:00 AM 0.90 (0.70 – 1.14) 1.27 (0.81 – 2.02)

10:00 AM 1.08 (0.86 – 1.34) 1.22 (0.80 – 1.87)

11:00 AM 0.96 (0.77 – 1.19) 1.06 (0.70 – 1.60)

12:00 PM 0.90 (0.72 – 1.12) 1.08 (0.71 – 1.63)

1:00 PM 0.87 (0.69 – 1.08) 0.85 (0.56 – 1.29)

2:00 PM 0.80 (0.64 – 1.00) † 0.75 (0.50 – 1.14)

3:00 PM 0.74 (0.59 – 0.92) † 0.73 (0.48 – 1.12)

4:00 PM 0.71 (0.56 – 0.89) † 0.78 (0.51 – 1.21)

5:00 PM 0.69 (0.54 – 0.87) † 0.79 (0.51 – 1.22)

6:00 PM 0.85 (0.66 – 1.08) 0.75 (0.48 – 1.17)

7:00 PM 0.97 (0.76 – 1.23) 0.83 (0.54 – 1.29)

8:00 PM 1.05 (0.82 – 1.35) 0.79 (0.51 – 1.23)

9:00 PM 1.11 (0.86 – 1.42) 0.71 (0.45 – 1.12)

10:00 PM 1.13 (0.87 – 1.45) 0.95 (0.61 – 1.47)

11:00 PM 1.18 (0.91 – 1.53) 1.01 (0.65 – 1.60)

12:00 AM 1.43 (1.10 – 1.89) † 1.16 (0.73 – 1.85)

1:00 AM 1.85 (1.39 – 2.45) † 1.20 (0.74 – 1.94)

2:00 AM 1.83 (1.32 – 2.52) † 1.47 (0.87 – 2.48)

3:00 AM 1.62 (1.13 – 2.34) † 1.40 (0.80 – 2.47)

4:00 AM 1.72 (1.18 – 2.49) † 1.52 (0.84 – 2.74)

5:00 AM 1.99 (1.38 – 2.87) † 1.75 (0.97 – 3.14)

6:00 AM 1.98 (1.36 – 2.88) † 2.06 (1.16 – 3.68) †

7:00 AM 0.94 (0.67 – 1.30) 1.47 (0.83 – 2.60)

* These analyses are adjusted for all covariates including attending physician
 † p-value <0.05

82

Chapter 4 Time-of-admission and stroke case-fatality



the shift-of-admission showed increased odds of fatality during all shifts compared to the 

weekday day-shift. A deeper look at the day-and-shift-of-admission showed a common 

pattern of increased nighttime fatality odds on all days that extended to the other shifts 

on Saturday and Sunday. The hour-of-admission categorization provided an interesting 

pattern of increased case-fatality from midnight until 7:00 AM. It also revealed a 

protective effect from 3:00 PM until 6:00 PM that persisted when analysis was restricted 

to weekday admissions. This latter period coincided with the handover period when the 

day-shift ended and the evening-shift began.

Studies attribute the observed higher case-fatality risk among off-hours admission 

sin part to the expectation of more severe patients presenting at these times. Although 

our study cannot firmly dispute such conclusions, a study of stroke patients showed no 

difference in clinical features between patients admitted during the on- and off-hours.33 

In our data, a larger proportion of admissions designated urgent occurred during the 

weekend. This designation of urgent represents an assessment on admission of the 

severity of admission. Non-urgent admissions represent those who made appointments 

or presented and were deemed non-emergencies. Thus they could be slowly developing 

or mild strokes. We adjusted for this and other factors, and still observed an increase in 

the case-fatality odds for nighttime and weekend admissions. On its own, the urgency 

of admission was highly predictive of the case-fatality odds (see appendix 2). The ICC 

indicates that only 1.8% of the total variation is attributed to differences between 

hospitals included in this study. 

Quality of care is said to be reduced during the off-hours. Studies have highlighted 

decreased adherence to guidelines, reduced access to investigations and procedures, less 

experienced, and fewer staff members available to patients during the off-hours. In our 

study, the specialty of the physician in charge of the case did not seem systematically 

related to off-hours care. The specialty and experience of the point of first contact might 

be a more influential factor. The lower fatality risk observed among patients admitted  

during the handover period could represent the benefits of a temporary increase in staff 

numbers and greater attention to detail that would occur during the period. 

An important finding is that we observe what appears to be a baseline nighttime 

risk. A possible explanatory factor not commonly addressed is human nature. The human 

circadian rhythm is such that cognitive performance varies throughout the day.34 At night 

in the absence of light, cognitive performance suffers34 leading to increased medical 

errors.35 Studies of shift workers have shown that prolonged exposure to altered work 

patterns yielded some degree of adaptation.36 However, the relatively short and irregular 

nature of night shifts in hospitals makes this less likely to occur. It also does not take 

into account the different chronotypes, as some individuals can adapt better to the 

alternating conditions than others can.37 The adjustment of total resident working hours 

has reduced daytime fatigue and medical errors, but little attention is paid to the natural 

fatigue experienced during a night shift.38-40
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This study moves beyond the classical weekend/weekday classification; we 

demonstrated what appears to be the presence of a baseline nighttime risk exacerbated 

during the weekend. The protective effect during the handover period would seem to 

reinforce that the number of staff available matters. Our study points to the need for 

further analysis of the influence of the effects of nighttime work on medical staff and 

patients, and an approach to labor planning in hospitals that goes beyond patient-to-

provider ratios and total on-/off-hours.
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APPENDIX 2

Table A1. Association between weekend/weekday admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Weekday Reference
Weekend 1.31 (1.24 – 1.40)*

* p-value <0.05

Table A2. Association between day-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Sunday 1.35 (1.22 – 1.49)*
Monday Reference
Tuesday 0.98 (0.88 – 1.08)
Wednesday 0.92 (0.83 – 1.02)
Thursday 1.01 (0.91 – 1.11)
Friday 0.97 (0.88 – 1.07)
Saturday 1.21 (1.09 – 1.34)*

* p-value <0.05 

Table A3. Association between regular shift-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Weekday day-shift Reference
Weekday evening-shift 0.90 (0.83 – 0.97)*
Weekday night-shift 1.65 (1.48 – 1.83)*
Weekend day-shift 1.25 (1.14 – 1.36)*
Weekend night-shift 1.48 (1.32 – 1.65)*

* p-value <0.05 

Table A4. Association between equal shift-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Day Reference
Evening 0.98 (0.93 – 1.05)
Night 1.82 (1.67 – 1.99)*

* p-value <0.05 
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Table A5. Association between regular day-and-shift-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Sunday day-shift 1.48 (1.31 – 1.68)*
Sunday  night-shift 1.71 (1.45 – 2.01)*
Monday day-shift Reference
Monday evening-shift 1.18 (1.00 – 1.39)*
Monday night-shift 1.93 (1.59 – 2.35)*
Tuesday day-shift 0.99 (0.87 – 1.13)
Tuesday evening-shift 1.13 (0.95 – 1.34)
Tuesday night-shift 1.81 (1.47 – 2.22)*
Wednesday day-shift 0.91 (0.80 – 1.04)
Wednesday evening-shift 1.11 (0.93 – 1.32)
Wednesday night-shift 1.93 (1.56 – 2.39)*
Thursday day-shift 1.09 (0.96 – 1.24)
Thursday evening-shift 1.07 (0.91 – 1.27)
Thursday night-shift 1.71 (1.38 – 2.11)*
Friday day-shift 1.02 (0.89 – 1.16)
Friday evening-shift 1.08 (0.91 – 1.28)
Friday night-shift 1.79 (1.44 – 2.23)*
Saturday day-shift 1.32 (1.16 – 1.50)*
Saturday night-shift 1.55 (1.32 – 1.83)*
Holiday day-shift 1.19 (0.91 – 1.55)
Holiday night-shift 1.82 (1.29 – 2.57)*

* p-value <0.05 

Table A6. Association between equal day-and-shift-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
Sunday day 1.60 (1.39 – 1.84)*
Sunday evening 1.29 (1.10 – 1.50)*
Sunday  night 2.31 (1.86 – 2.88)*
Monday day Reference
Monday evening 1.18 (1.02 – 1.36)*
Monday night 2.04 (1.65 – 2.54)*
Tuesday day 1.02 (0.89 – 1.17)
Tuesday evening 1.09 (0.93 – 1.27)
Tuesday night 1.99 (1.58 – 2.50)*
Wednesday day 0.94 (0.82 – 1.08)
Wednesday evening 1.03 (0.88 – 1.20)
Wednesday night 2.11 (1.67 - 2.67)*
Thursday day 1.09 (0.95 – 1.25)
Thursday evening 1.11 (0.95 – 1.29)
Thursday night 1.84 (1.46 – 2.32)*
Friday day 1.08 (0.94 – 1.24)
Friday evening 0.99 (0.85 – 1.16)
Friday night 1.92 (1.51 – 2.45)*
Saturday day 1.46 (1.27 – 1.69)*
Saturday evening 1.13 (0.96 – 1.33)
Saturday night 2.18 (1.73 – 2.76)*

* p-value <0.05 
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Table A7. Association between hour-of-admission and stroke case-fatality (referrals excluded)

Adjusted OR (including attending 
physician)

Time of admission
8:00 AM Reference
9:00 AM 1.00 (0.79 – 1.26)
10:00 AM 1.22 (0.99 – 1.51)
11:00 AM 1.08 (0.88 – 1.33)
12:00 PM 1.03 (0.83 – 1.27)
1:00 PM 0.92 (0.75 – 1.14)
2:00 PM 0.84 (0.68 – 1.04)
3:00 PM 0.78 (0.62 – 0.96)*
4:00 PM 0.76 (0.61 – 0.96)*
5:00 PM 0.77 (0.61 – 0.96)*
6:00 PM 0.90 (0.72 – 1.13)
7:00 PM 1.02 (0.81 – 1.29)
8:00 PM 1.06 (0.83 – 1.34)
9:00 PM 1.11 (0.88 – 1.40)
10:00 PM 1.17 (0.92 – 1.48)
11:00 PM 1.25 (0.98 – 1.59)
12:00 AM 1.58 (1.23 – 2.03)*
1:00 AM 1.81 (1.39 – 2.36)*
2:00 AM 2.09 (1.55 – 2.81)*
3:00 AM 1.87 (1.35 – 2.59)*
4:00 AM 2.02 (1.45 – 2.82)*
5:00 AM 2.40 (1.72 – 3.35)*
6:00 AM 2.32 (1.66 – 3.25)*
7:00 AM 1.13 (0.84 – 1.53)

* p-value <0.05 
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Table A8. Association between weekend/weekday admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Time of admission

Weekday Reference Reference Reference Reference Reference Reference

Weekend 1.42 (1.34 – 1.50)* 1.26 (1.19 – 1.34)* 1.27 (1.20 – 1.34)* 1.22 (1.15 – 1.30)* 1.23 (1.16 – 1.31)* 1.19 (1.13 – 1.27)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.05 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.05 (0.99 – 1.11) 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)*

Socioeconomic status N/A 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference

Turkish or Moroccan N/A 1.06 (0.67 – 1.67) 1.07 (0.67 – 1.69) 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.70) 1.07 (0.68 – 1.70)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.89 (0.70 – 1.13) 0.90 (0.71 – 1.15) 0.89 (0.70 – 1.12) 0.90 (0.71 – 1.14) 0.89 (0.70 – 1.14)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference

Other Physician N/A N/A 1.74 (1.59 – 1.92)* N/A 1.74 (1.59 – 1.91)* 1.57 (1.40 – 1.75)*

Insurance

Public N/A Reference Reference Reference Reference Reference

Private N/A 0.97 (0.91 – 1.03) 0.96 (0.90 – 1.02) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference Reference

1 N/A 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.59 (1.44 – 1.76)*

≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.77 – 2.16)* 2.04 (1.85 – 2.26)* 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*

Urgency of Admission

Non-urgent N/A 0.34 (0.31 – 0.37)* 0.27 (0.24 – 0.30)* 0.31 (0.28 – 0.35)* 0.25 (0.22 – 0.28)* 0.26 (0.23 – 0.30)*

Urgent N/A Reference Reference Reference Reference Reference

Prior Stroke

No N/A Reference Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.05 (0.97 – 1.15) 1.07 (0.99 – 1.17) 1.07 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08)

2002 N/A 0.92 (0.85 – 1.00)* 0.93 (0.86 – 1.01) 0.92 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.86 – 1.01)

2003 N/A 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.74 – 0.87)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference Reference

Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.24 (0.98 – 1.57) 1.23 (0.97 – 1.57) 1.24 (0.97 – 1.57)

Top clinical hospital N/A 1.23 (1.06 – 1.42)* 1.25 (1.07 – 1.45)* 1.23 (1.06 – 1.42)* 1.24 (1.07 – 1.45)* 1.24 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference Reference

Urban 1 N/A 0.90 (0.65 – 1.24) 0.88 (0.63 – 1.22) 0.90 (0.65 – 1.24) 0.88 (0.63 – 1.22) 0.88 (0.64 – 1.22)

Urban 2 N/A 0.95 (0.74 – 1.21) 0.94 (0.74 – 1.21) 0.94 (0.74 – 1.20) 0.94 (0.73 – 1.20) 0.94 (0.74 – 1.21)

Urban 3 N/A 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36) 1.10 (0.89 – 1.34) 1.10 (0.90 – 1.35) 1.10 (0.90 – 1.36)

Urban 4 N/A 1.01 (0.82 – 1.24) 1.01 (0.81 – 1.25) 1.00 (0.81 – 1.24) 1.01 (0.81 – 1.24) 1.01 (0.81 – 1.24)

Interactions

Weekend admission*urgent N/A N/A N/A 1.71 (1.36 – 2.15)* 1.68 (1.34 – 2.12)* 1.40 (1.09 – 1.79)*

Weekend admission*other physician N/A N/A N/A N/A N/A 1.52 (1.23 – 1.87)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (weekend*urgency of admission)

Model 5: Model 3 + interaction terms (weekend* urgency of admission)
Model 6: Model 5 + interaction terms (weekend* attending physician)
* p-value <0.05
N/A - Not applicable
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Table A8. Association between weekend/weekday admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Time of admission

Weekday Reference Reference Reference Reference Reference Reference

Weekend 1.42 (1.34 – 1.50)* 1.26 (1.19 – 1.34)* 1.27 (1.20 – 1.34)* 1.22 (1.15 – 1.30)* 1.23 (1.16 – 1.31)* 1.19 (1.13 – 1.27)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.05 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.05 (0.99 – 1.11) 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)*

Socioeconomic status N/A 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference

Turkish or Moroccan N/A 1.06 (0.67 – 1.67) 1.07 (0.67 – 1.69) 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.70) 1.07 (0.68 – 1.70)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.89 (0.70 – 1.13) 0.90 (0.71 – 1.15) 0.89 (0.70 – 1.12) 0.90 (0.71 – 1.14) 0.89 (0.70 – 1.14)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference

Other Physician N/A N/A 1.74 (1.59 – 1.92)* N/A 1.74 (1.59 – 1.91)* 1.57 (1.40 – 1.75)*

Insurance

Public N/A Reference Reference Reference Reference Reference

Private N/A 0.97 (0.91 – 1.03) 0.96 (0.90 – 1.02) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference Reference

1 N/A 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.59 (1.44 – 1.76)*

≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.77 – 2.16)* 2.04 (1.85 – 2.26)* 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*

Urgency of Admission

Non-urgent N/A 0.34 (0.31 – 0.37)* 0.27 (0.24 – 0.30)* 0.31 (0.28 – 0.35)* 0.25 (0.22 – 0.28)* 0.26 (0.23 – 0.30)*

Urgent N/A Reference Reference Reference Reference Reference

Prior Stroke

No N/A Reference Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.05 (0.97 – 1.15) 1.07 (0.99 – 1.17) 1.07 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08)

2002 N/A 0.92 (0.85 – 1.00)* 0.93 (0.86 – 1.01) 0.92 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.86 – 1.01)

2003 N/A 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.74 – 0.87)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference Reference

Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.24 (0.98 – 1.57) 1.23 (0.97 – 1.57) 1.24 (0.97 – 1.57)

Top clinical hospital N/A 1.23 (1.06 – 1.42)* 1.25 (1.07 – 1.45)* 1.23 (1.06 – 1.42)* 1.24 (1.07 – 1.45)* 1.24 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference Reference

Urban 1 N/A 0.90 (0.65 – 1.24) 0.88 (0.63 – 1.22) 0.90 (0.65 – 1.24) 0.88 (0.63 – 1.22) 0.88 (0.64 – 1.22)

Urban 2 N/A 0.95 (0.74 – 1.21) 0.94 (0.74 – 1.21) 0.94 (0.74 – 1.20) 0.94 (0.73 – 1.20) 0.94 (0.74 – 1.21)

Urban 3 N/A 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36) 1.10 (0.89 – 1.34) 1.10 (0.90 – 1.35) 1.10 (0.90 – 1.36)

Urban 4 N/A 1.01 (0.82 – 1.24) 1.01 (0.81 – 1.25) 1.00 (0.81 – 1.24) 1.01 (0.81 – 1.24) 1.01 (0.81 – 1.24)

Interactions

Weekend admission*urgent N/A N/A N/A 1.71 (1.36 – 2.15)* 1.68 (1.34 – 2.12)* 1.40 (1.09 – 1.79)*

Weekend admission*other physician N/A N/A N/A N/A N/A 1.52 (1.23 – 1.87)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (weekend*urgency of admission)

Model 5: Model 3 + interaction terms (weekend* urgency of admission)
Model 6: Model 5 + interaction terms (weekend* attending physician)
* p-value <0.05
N/A - Not applicable
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Table A9. Association between day-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Day of admission
Sunday 1.47 (1.34 – 1.61)* 1.31 (1.19 – 1.43)* 1.31 (1.20 – 1.44)* 1.27 (1.15 – 1.40)* 1.28 (1.16 – 1.41)* 1.26 (1.14 – 1.40)*
Monday Reference Reference Reference Reference Reference Reference
Tuesday 1.01 (0.92 – 1.10) 1.01 (0.92 – 1.11) 1.01 (0.92 – 1.11) 1.03 (0.93 – 1.13) 1.03 (0.93 – 1.13) 1.02 (0.93 – 1.13)
Wednesday 0.95 (0.87 – 1.04) 0.93 (0.85 – 1.03) 0.94 (0.83 – 1.03) 0.93 (0.84 – 1.03) 0.94 (0.85 – 1.04) 0.94 (0.85 – 1.04)
Thursday 1.05 (0.96 – 1.15) 1.01 (0.92 – 1.10) 1.02 (0.93 – 1.12) 1.01 (0.92 – 1.12) 1.02 (0.92 – 1.12) 0.98 (0.88 – 1.08)
Friday 1.09 (1.00 – 1.20)* 0.97 (0.89 – 1.07) 0.99 (0.90 – 1.08) 0.94 (0.85 – 1.04) 0.94 (0.85 – 1.04) 0.92 (0.83 – 1.02)
Saturday 1.42 (1.29 – 1.56)* 1.18 (1.07 – 1.30)* 1.20 (1.09 – 1.31)* 1.14 (1.03 – 1.26)* 1.15 (1.04 – 1.27)* 1.06 (0.96 – 1.18)

Age on admission N/A 1.05 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*
Gender

Male N/A Reference Reference Reference Reference Reference
Female N/A 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)*

Socioeconomic status N/A 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 1.00 (0.96 – 1.02)
Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference
Turkish or Moroccan N/A 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.69) 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.70) 1.07 (0.67 – 1.69)
Netherlands Antilleans, Surinamese and other non-westerners N/A 0.89 (0.70 – 1.13) 0.90 (0.71 – 1.15) 0.89 (0.70 – 1.13) 0.90 (0.70 – 1.14) 0.89 (0.70 – 1.13)

Attending Physician
Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference
Other Physician N/A N/A 1.74 (1.59 – 1.91)* N/A 1.79 (1.63 – 1.97)* 1.37 (1.09 – 1.72)*

Insurance
Public N/A Reference Reference Reference Reference Reference
Private N/A 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.96 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03)

Charlson comorbidity score
0 N/A Reference Reference Reference Reference Reference
1 N/A 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.59 (1.44 – 1.76)*
≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.78 – 2.17)* 2.04 (1.85 – 2.25)* 1.96 (1.77 – 2.16)* 1.96 (1.77 – 2.16)*

Urgency of Admission
Urgent N/A Reference Reference Reference Reference Reference
Non-urgent N/A 0.34 (0.30 – 0.37)* 0.27 (0.24 – 0.30)* 0.31 (0.25 – 0.38)* 0.24 (0.19 – 0.30)* 0.27 (0.21 – 0.34)*

Prior Stroke
No N/A Reference Reference Reference Reference Reference
Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.05 (0.97 – 1.14) 1.07 (0.98 – 1.16) 1.06 (0.98 – 1.15)

Admission Year
2000 N/A Reference Reference Reference Reference Reference
2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08)
2002 N/A 0.92 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.86 – 1.01)
2003 N/A 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.74 – 0.87)*
2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.83)*

Hospital teaching status
General hospital N/A Reference Reference Reference Reference Reference
Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.23 (0.97 – 1.56) 1.23 (0.97 – 1.56) 1.23 (0.97 – 1.56)
Top clinical hospital N/A 1.23 (1.05 – 1.42)* 1.24 (1.07 – 1.45)* 1.22 (1.05 – 1.42)* 1.24 (1.07 – 1.44)* 1.24 (1.06 – 1.43)*

Hospital location
Rural N/A Reference Reference Reference Reference Reference
Urban 1 N/A 0.90 (0.65 – 1.24) 0.88 (0.64 – 1.22) 0.90 (0.65 – 1.24) 0.88 (0.64 – 1.22) 0.88 (0.64 – 1.22)
Urban 2 N/A 0.95 (0.74 – 1.21) 0.94 (0.74 – 1.21) 0.94 (0.74 – 1.20) 0.93 (0.73 – 1.19) 0.94 (0.74 – 1.20)
Urban 3 N/A 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36) 1.10 (0.90 – 1.34) 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36)
Urban 4 N/A 1.01 (0.82 – 1.24) 1.01 (0.81 – 1.25) 1.00 (0.81 – 1.23) 1.00 (0.81 – 1.24) 1.00 (0.81 – 1.24)
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Table A9. Association between day-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Day of admission
Sunday 1.47 (1.34 – 1.61)* 1.31 (1.19 – 1.43)* 1.31 (1.20 – 1.44)* 1.27 (1.15 – 1.40)* 1.28 (1.16 – 1.41)* 1.26 (1.14 – 1.40)*
Monday Reference Reference Reference Reference Reference Reference
Tuesday 1.01 (0.92 – 1.10) 1.01 (0.92 – 1.11) 1.01 (0.92 – 1.11) 1.03 (0.93 – 1.13) 1.03 (0.93 – 1.13) 1.02 (0.93 – 1.13)
Wednesday 0.95 (0.87 – 1.04) 0.93 (0.85 – 1.03) 0.94 (0.83 – 1.03) 0.93 (0.84 – 1.03) 0.94 (0.85 – 1.04) 0.94 (0.85 – 1.04)
Thursday 1.05 (0.96 – 1.15) 1.01 (0.92 – 1.10) 1.02 (0.93 – 1.12) 1.01 (0.92 – 1.12) 1.02 (0.92 – 1.12) 0.98 (0.88 – 1.08)
Friday 1.09 (1.00 – 1.20)* 0.97 (0.89 – 1.07) 0.99 (0.90 – 1.08) 0.94 (0.85 – 1.04) 0.94 (0.85 – 1.04) 0.92 (0.83 – 1.02)
Saturday 1.42 (1.29 – 1.56)* 1.18 (1.07 – 1.30)* 1.20 (1.09 – 1.31)* 1.14 (1.03 – 1.26)* 1.15 (1.04 – 1.27)* 1.06 (0.96 – 1.18)

Age on admission N/A 1.05 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*
Gender

Male N/A Reference Reference Reference Reference Reference
Female N/A 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.05 (1.00 – 1.11)* 1.05 (1.00 – 1.11)*

Socioeconomic status N/A 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 1.00 (0.96 – 1.02)
Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference
Turkish or Moroccan N/A 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.69) 1.06 (0.67 – 1.68) 1.07 (0.68 – 1.70) 1.07 (0.67 – 1.69)
Netherlands Antilleans, Surinamese and other non-westerners N/A 0.89 (0.70 – 1.13) 0.90 (0.71 – 1.15) 0.89 (0.70 – 1.13) 0.90 (0.70 – 1.14) 0.89 (0.70 – 1.13)

Attending Physician
Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference
Other Physician N/A N/A 1.74 (1.59 – 1.91)* N/A 1.79 (1.63 – 1.97)* 1.37 (1.09 – 1.72)*

Insurance
Public N/A Reference Reference Reference Reference Reference
Private N/A 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.96 (0.91 – 1.03) 0.97 (0.91 – 1.03) 0.97 (0.91 – 1.03)

Charlson comorbidity score
0 N/A Reference Reference Reference Reference Reference
1 N/A 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.62 (1.47 – 1.80)* 1.59 (1.44 – 1.76)* 1.59 (1.44 – 1.76)*
≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.78 – 2.17)* 2.04 (1.85 – 2.25)* 1.96 (1.77 – 2.16)* 1.96 (1.77 – 2.16)*

Urgency of Admission
Urgent N/A Reference Reference Reference Reference Reference
Non-urgent N/A 0.34 (0.30 – 0.37)* 0.27 (0.24 – 0.30)* 0.31 (0.25 – 0.38)* 0.24 (0.19 – 0.30)* 0.27 (0.21 – 0.34)*

Prior Stroke
No N/A Reference Reference Reference Reference Reference
Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.05 (0.97 – 1.14) 1.07 (0.98 – 1.16) 1.06 (0.98 – 1.15)

Admission Year
2000 N/A Reference Reference Reference Reference Reference
2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08)
2002 N/A 0.92 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.85 – 1.00) 0.93 (0.86 – 1.01) 0.93 (0.86 – 1.01)
2003 N/A 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.73 – 0.87)* 0.80 (0.74 – 0.87)* 0.80 (0.74 – 0.87)*
2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.83)*

Hospital teaching status
General hospital N/A Reference Reference Reference Reference Reference
Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.23 (0.97 – 1.56) 1.23 (0.97 – 1.56) 1.23 (0.97 – 1.56)
Top clinical hospital N/A 1.23 (1.05 – 1.42)* 1.24 (1.07 – 1.45)* 1.22 (1.05 – 1.42)* 1.24 (1.07 – 1.44)* 1.24 (1.06 – 1.43)*

Hospital location
Rural N/A Reference Reference Reference Reference Reference
Urban 1 N/A 0.90 (0.65 – 1.24) 0.88 (0.64 – 1.22) 0.90 (0.65 – 1.24) 0.88 (0.64 – 1.22) 0.88 (0.64 – 1.22)
Urban 2 N/A 0.95 (0.74 – 1.21) 0.94 (0.74 – 1.21) 0.94 (0.74 – 1.20) 0.93 (0.73 – 1.19) 0.94 (0.74 – 1.20)
Urban 3 N/A 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36) 1.10 (0.90 – 1.34) 1.10 (0.90 – 1.35) 1.11 (0.90 – 1.36)
Urban 4 N/A 1.01 (0.82 – 1.24) 1.01 (0.81 – 1.25) 1.00 (0.81 – 1.23) 1.00 (0.81 – 1.24) 1.00 (0.81 – 1.24)
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Table A9. Association between day-of-admission and stroke case-fatality (cont)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Interactions
Sunday*urgent admission N/A N/A N/A 1.40 (0.99 – 1.98) 1.32 (0.93 – 1.86) 1.19 (0.81 – 1.77)
Tuesday*urgent admission N/A N/A N/A 0.86 (0.64 – 1.17) 0.85 (0.63 – 1.16) 0.84 (0.60 – 1.18)
Wednesday*urgent admission N/A N/A N/A 1.01 (0.74 – 1.38) 1.02 (0.75 – 1.39) 1.07 (0.76 – 1.51)
Thursday*urgent admission N/A N/A N/A 0.91 (0.66 – 1.25) 0.98 (0.71 – 1.36) 0.79 (0.56 – 1.12)
Friday*urgent admission N/A N/A N/A 1.48 (1.08 – 2.04)* 1.68 (1.22 – 2.31)* 1.47 (1.05 – 2.07)*
Saturday*urgent admission N/A N/A N/A 2.39 (1.60 – 3.57)* 2.89 (1.92 – 4.33)* 2.39 (1.57 – 3.63)*
Sunday*other physician N/A N/A N/A N/A N/A 1.25 (0.88 – 1.77)
Tuesday*other physician N/A N/A N/A N/A N/A 1.05 (0.76 – 1.45)
Wednesday*other physician N/A N/A N/A N/A N/A 0.89 (0.63 – 1.26)
Thursday*other physician N/A N/A N/A N/A N/A 1.69 (1.23 – 2.33)*
Friday*other physician N/A N/A N/A N/A N/A 1.34 (0.96 – 1.87)
Saturday*other physician N/A N/A N/A N/A N/A 2.87 (2.04 – 4.05)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (day of admission*urgency of admission)

Model 5: Model 3 + interaction terms (day of admission *urgency of admission)
Model 6: Model 5 + interaction terms (day of admission *attending physician)
* p-value <0.05
N/A - Not applicable

Table A10. Association between regular shift-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Shift of admission

Weekday day Reference Reference Reference Reference Reference Reference

Weekday evening 1.31 (1.22 – 1.41)* 1.08 (1.00 – 1.16)* 1.09 (1.01 – 1.17)* 1.03 (0.95 – 1.11) 1.03 (0.96 – 1.11) 1.00 (0.93 – 1.09)

Weekday night 1.71 (1.57 – 1.87)* 1.70 (1.55 – 1.86)* 1.71 (1.56 – 1.87)* 1.75 (1.60 – 1.92)* 1.76 (1.60 – 1.93) 1.72 (1.56 – 1.90)*

Weekend day 1.56 (1.45 – 1.67)* 1.32 (1.23 – 1.43)* 1.33 (1.24 – 1.43)* 1.27 (1.18 – 1.36)* 1.28 (1.19 – 1.37) 1.24 (1.15 – 1.34)*

Weekend night 1.77 (1.61 – 1.94)* 1.54 (1.40 – 1.69)* 1.54 (1.40 – 1.70)* 1.48 (1.34 – 1.63)* 1.48 (1.34 – 1.63) 1.42 (1.28 – 1.57)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05) 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference Reference

Female N/A 1.05 (1.00 – 1.11)* 1.06 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.06 (1.00 – 1.12)* 1.06 (1.00 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference

Turkish or Moroccan N/A 1.05 (0.67 – 1.67) 1.06 (0.67 – 1.68) 1.05 (0.66 – 1.66) 1.06 (0.66 – 1.67) 1.05 (0.66 – 1.66)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.87 (0.68 – 1.11) 0.88 (0.69 – 1.12) 0.87 (0.68 – 1.10) 0.88 (0.69 – 1.12) 0.87 (0.69 – 1.11)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference

Other Physician N/A N/A 1.75 (1.60 – 1.93)* N/A 1.78 (1.62 – 1.95)* 1.41 (1.23 – 1.62)*

Insurance

Public N/A Reference Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.91 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference Reference

1 N/A 1.61 (1.45 – 1.78)* 1.58 (1.43 – 1.75)* 1.61 (1.46 – 1.79)* 1.59 (1.42 – 1.75)* 1.58 (1.43 – 1.75)*

≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.78 – 2.17)* 2.04 (1.85 – 2.26)* 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*
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Table A9. Association between day-of-admission and stroke case-fatality (cont)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Interactions
Sunday*urgent admission N/A N/A N/A 1.40 (0.99 – 1.98) 1.32 (0.93 – 1.86) 1.19 (0.81 – 1.77)
Tuesday*urgent admission N/A N/A N/A 0.86 (0.64 – 1.17) 0.85 (0.63 – 1.16) 0.84 (0.60 – 1.18)
Wednesday*urgent admission N/A N/A N/A 1.01 (0.74 – 1.38) 1.02 (0.75 – 1.39) 1.07 (0.76 – 1.51)
Thursday*urgent admission N/A N/A N/A 0.91 (0.66 – 1.25) 0.98 (0.71 – 1.36) 0.79 (0.56 – 1.12)
Friday*urgent admission N/A N/A N/A 1.48 (1.08 – 2.04)* 1.68 (1.22 – 2.31)* 1.47 (1.05 – 2.07)*
Saturday*urgent admission N/A N/A N/A 2.39 (1.60 – 3.57)* 2.89 (1.92 – 4.33)* 2.39 (1.57 – 3.63)*
Sunday*other physician N/A N/A N/A N/A N/A 1.25 (0.88 – 1.77)
Tuesday*other physician N/A N/A N/A N/A N/A 1.05 (0.76 – 1.45)
Wednesday*other physician N/A N/A N/A N/A N/A 0.89 (0.63 – 1.26)
Thursday*other physician N/A N/A N/A N/A N/A 1.69 (1.23 – 2.33)*
Friday*other physician N/A N/A N/A N/A N/A 1.34 (0.96 – 1.87)
Saturday*other physician N/A N/A N/A N/A N/A 2.87 (2.04 – 4.05)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (day of admission*urgency of admission)

Model 5: Model 3 + interaction terms (day of admission *urgency of admission)
Model 6: Model 5 + interaction terms (day of admission *attending physician)
* p-value <0.05
N/A - Not applicable

Table A10. Association between regular shift-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Shift of admission

Weekday day Reference Reference Reference Reference Reference Reference

Weekday evening 1.31 (1.22 – 1.41)* 1.08 (1.00 – 1.16)* 1.09 (1.01 – 1.17)* 1.03 (0.95 – 1.11) 1.03 (0.96 – 1.11) 1.00 (0.93 – 1.09)

Weekday night 1.71 (1.57 – 1.87)* 1.70 (1.55 – 1.86)* 1.71 (1.56 – 1.87)* 1.75 (1.60 – 1.92)* 1.76 (1.60 – 1.93) 1.72 (1.56 – 1.90)*

Weekend day 1.56 (1.45 – 1.67)* 1.32 (1.23 – 1.43)* 1.33 (1.24 – 1.43)* 1.27 (1.18 – 1.36)* 1.28 (1.19 – 1.37) 1.24 (1.15 – 1.34)*

Weekend night 1.77 (1.61 – 1.94)* 1.54 (1.40 – 1.69)* 1.54 (1.40 – 1.70)* 1.48 (1.34 – 1.63)* 1.48 (1.34 – 1.63) 1.42 (1.28 – 1.57)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05) 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference Reference

Female N/A 1.05 (1.00 – 1.11)* 1.06 (1.00 – 1.11)* 1.05 (0.99 – 1.11) 1.06 (1.00 – 1.12)* 1.06 (1.00 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference Reference

Turkish or Moroccan N/A 1.05 (0.67 – 1.67) 1.06 (0.67 – 1.68) 1.05 (0.66 – 1.66) 1.06 (0.66 – 1.67) 1.05 (0.66 – 1.66)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.87 (0.68 – 1.11) 0.88 (0.69 – 1.12) 0.87 (0.68 – 1.10) 0.88 (0.69 – 1.12) 0.87 (0.69 – 1.11)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference N/A Reference Reference

Other Physician N/A N/A 1.75 (1.60 – 1.93)* N/A 1.78 (1.62 – 1.95)* 1.41 (1.23 – 1.62)*

Insurance

Public N/A Reference Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.91 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference Reference

1 N/A 1.61 (1.45 – 1.78)* 1.58 (1.43 – 1.75)* 1.61 (1.46 – 1.79)* 1.59 (1.42 – 1.75)* 1.58 (1.43 – 1.75)*

≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.78 – 2.17)* 2.04 (1.85 – 2.26)* 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*
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Table A10. Association between regular shift-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Urgency of Admission

Non-urgent N/A 0.35 (0.31 – 0.38)* 0.28 (0.25 – 0.31)* 0.30 (0.27 – 0.34)* 0.24 (0.21 – 0.27)* 0.26 (0.23 – 0.30)*

Urgent N/A Reference Reference Reference Reference Reference

Prior Stroke

No N/A Reference Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.06 (0.97 – 1.14) 1.08 (0.99 – 1.17) 1.07 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference Reference

2001 N/A 0.99 (0.91 – 1.08) 1.00 (0.91 – 1.08) 0.99 (0.92 – 1.08) 1.00 (0.92 – 1.08) 0.99 (0.91 – 1.08)

2002 N/A 0.92 (0.84 – 0.99)* 0.92 (0.85 – 1.00)* 0.92 (0.84 – 0.99)* 0.92 (0.85 – 1.00)* 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.86)* 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)* 0.79 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.81)* 0.76 (0.69 – 0.82)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.82)* 0.75 (0.69 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference Reference

Academic Medical Center N/A 1.23 (0.97 – 1.56) 1.23 (0.96 – 1.56)* 1.20 (0.95 – 1.52) 1.19 (0.94 – 1.51) 1.20 (0.94 – 1.52)

Top clinical hospital N/A 1.23 (1.06 – 1.43)* 1.26 (1.08 – 1.46)* 1.23 (1.06 – 1.43)* 1.25 (1.08 – 1.45)* 1.24 (1.07 – 1.44)*

Hospital location

Rural N/A Reference Reference Reference Reference Reference

Urban 1 N/A 0.91 (0.66 – 1.26) 0.90 (0.65 – 1.25) 0.91 (0.67 – 1.26) 0.90 (0.65 – 1.24) 0.91 (0.66 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.22) 0.95 (0.75 – 1.22) 0.95 (0.75 – 1.21) 0.95 (0.75 – 1.21) 0.96 (0.75 – 1.22)

Urban 3 N/A 1.11 (0.91 – 1.36) 1.12 (0.91 – 1.38) 1.11 (0.90 – 1.35) 1.11 (0.91 – 1.36) 1.11 (0.91 – 1.36)

Urban 4 N/A 1.03 (0.83 – 1.27) 1.02 (0.83 – 1.27) 1.02 (0.83 – 1.26) 1.02 (0.83 – 1.26) 1.02 (0.83 – 1.26)

Interactions

Weekday evening*urgent admission N/A N/A N/A 2.27 (1.71 – 3.03)* 2.55 (1.91 – 3.41)* 2.23 (1.66 – 3.00)*

Weekday night*urgent admission N/A N/A N/A 0.69 (0.49 – 0.95)* 0.70 (0.51 – 0.98)* 0.63 (0.44 – 0.89)*

Weekend day*urgent admission N/A N/A N/A 1.78 (1.35 – 2.34)* 1.75 (1.33 – 2.30)* 1.41 (1.04 – 1.90)*

Weekend night* urgent admission N/A N/A N/A 1.83 (1.24 – 2.72)* 1.90 (1.28 – 2.83)* 1.48 (0.97 – 2.25)

Weekday evening*other physician N/A N/A N/A N/A N/A 1.47 (1.14 – 1.90)*

Weekday night*other physician N/A N/A N/A N/A N/A 1.31 (0.96 – 1.80)

Weekend day*other physician N/A N/A N/A N/A N/A 1.60 (1.23 – 2.07)*

Weekend night*other physician N/A N/A N/A N/A N/A 1.82 (1.31 – 2.53)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (shift of admission*urgency of admission)

Model 5: Model 3 + interaction terms (shift of admission *urgency of admission)
Model 6: Model 5 + interaction terms (shift of admission*attending physician)
* p-value <0.05
N/A - Not applicable
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Table A10. Association between regular shift-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Urgency of Admission

Non-urgent N/A 0.35 (0.31 – 0.38)* 0.28 (0.25 – 0.31)* 0.30 (0.27 – 0.34)* 0.24 (0.21 – 0.27)* 0.26 (0.23 – 0.30)*

Urgent N/A Reference Reference Reference Reference Reference

Prior Stroke

No N/A Reference Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.06 (0.97 – 1.14) 1.08 (0.99 – 1.17) 1.07 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference Reference

2001 N/A 0.99 (0.91 – 1.08) 1.00 (0.91 – 1.08) 0.99 (0.92 – 1.08) 1.00 (0.92 – 1.08) 0.99 (0.91 – 1.08)

2002 N/A 0.92 (0.84 – 0.99)* 0.92 (0.85 – 1.00)* 0.92 (0.84 – 0.99)* 0.92 (0.85 – 1.00)* 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.86)* 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)* 0.79 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.81)* 0.76 (0.69 – 0.82)* 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.82)* 0.75 (0.69 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference Reference

Academic Medical Center N/A 1.23 (0.97 – 1.56) 1.23 (0.96 – 1.56)* 1.20 (0.95 – 1.52) 1.19 (0.94 – 1.51) 1.20 (0.94 – 1.52)

Top clinical hospital N/A 1.23 (1.06 – 1.43)* 1.26 (1.08 – 1.46)* 1.23 (1.06 – 1.43)* 1.25 (1.08 – 1.45)* 1.24 (1.07 – 1.44)*

Hospital location

Rural N/A Reference Reference Reference Reference Reference

Urban 1 N/A 0.91 (0.66 – 1.26) 0.90 (0.65 – 1.25) 0.91 (0.67 – 1.26) 0.90 (0.65 – 1.24) 0.91 (0.66 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.22) 0.95 (0.75 – 1.22) 0.95 (0.75 – 1.21) 0.95 (0.75 – 1.21) 0.96 (0.75 – 1.22)

Urban 3 N/A 1.11 (0.91 – 1.36) 1.12 (0.91 – 1.38) 1.11 (0.90 – 1.35) 1.11 (0.91 – 1.36) 1.11 (0.91 – 1.36)

Urban 4 N/A 1.03 (0.83 – 1.27) 1.02 (0.83 – 1.27) 1.02 (0.83 – 1.26) 1.02 (0.83 – 1.26) 1.02 (0.83 – 1.26)

Interactions

Weekday evening*urgent admission N/A N/A N/A 2.27 (1.71 – 3.03)* 2.55 (1.91 – 3.41)* 2.23 (1.66 – 3.00)*

Weekday night*urgent admission N/A N/A N/A 0.69 (0.49 – 0.95)* 0.70 (0.51 – 0.98)* 0.63 (0.44 – 0.89)*

Weekend day*urgent admission N/A N/A N/A 1.78 (1.35 – 2.34)* 1.75 (1.33 – 2.30)* 1.41 (1.04 – 1.90)*

Weekend night* urgent admission N/A N/A N/A 1.83 (1.24 – 2.72)* 1.90 (1.28 – 2.83)* 1.48 (0.97 – 2.25)

Weekday evening*other physician N/A N/A N/A N/A N/A 1.47 (1.14 – 1.90)*

Weekday night*other physician N/A N/A N/A N/A N/A 1.31 (0.96 – 1.80)

Weekend day*other physician N/A N/A N/A N/A N/A 1.60 (1.23 – 2.07)*

Weekend night*other physician N/A N/A N/A N/A N/A 1.82 (1.31 – 2.53)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 2 + interaction terms (shift of admission*urgency of admission)

Model 5: Model 3 + interaction terms (shift of admission *urgency of admission)
Model 6: Model 5 + interaction terms (shift of admission*attending physician)
* p-value <0.05
N/A - Not applicable
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Table A11. Association between equal shift-of-admission  and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5

Shift of admission

Day Reference Reference Reference Reference Reference

Evening 1.16 (1.10 – 1.23)* 0.97 (0.92 – 1.03) 0.98 (0.92 – 1.05) 0.96 (0.92 – 1.03) 0.97 (0.92 – 1.03)

Night 1.67 (1.54 – 1.82)* 1.69 (1.56 – 1.84)* 1.70 (1.56 – 1.84)* 1.67 (1.54 – 1.81)* 1.67 (1.54 – 1.81)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.06 (1.00 – 1.11)* 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference

Turkish or Moroccan N/A 1.04 (0.66 – 1.65) 1.04 (0.66 – 1.65) 1.05 (0.66 – 1.66) 1.05 (0.66 – 1.66)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.88 (0.69 – 1.11) 0.89 (0.70 – 1.13) 0.89 (0.70 – 1.13) 0.89 (0.70 – 1.13)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference Reference Reference

Other Physician N/A N/A 1.73 (1.58 – 1.90)* 1.74 (1.59 – 1.92)* 1.74 (1.58 – 1.91)*

Insurance

Public N/A Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)* 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference

1 N/A 1.61 (1.46 – 1.78)* 1.58 (1.43 – 1.75)* 1.58 (1.43 – 1.75)* 1.58 (1.43 – 1.75)*

≥2 N/A 2.05 (1.86 – 2.26)* 1.97 (1.78 – 2.18)* 1.96 (1.78 – 2.17)* 1.97 (1.78 – 2.17)*

Urgency of Admission

Urgent N/A Reference Reference Reference Reference

Non-urgent N/A 0.32 (0.29 – 0.36)* 0.26 (0.23 – 0.29)* 0.27 (0.24 – 0.30)* 0.27 (0.24 – 0.30)*

Prior Stroke

No N/A Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.07 (0.99 – 1.17) 1.08 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09)

2002 N/A 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)* 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.82)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General Hospital N/A Reference Reference Reference Reference

Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.23 (0.97 – 1.57) 1.23 (0.97 – 1.57)

Top clinical hospital N/A 1.23 (1.06 – 1.43)* 1.25 (1.07 – 1.45)* 1.25 (1.07 – 1.45 )* 1.25 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference

Urban 1 N/A 0.91 (0.66 – 1.26) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.74 – 1.22) 0.95 (0.74 – 1.22)

Urban 3 N/A 1.12 (0.91 – 1.37) 1.13 (0.91 – 1.39) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.84 – 1.27) 1.03 (0.84 – 1.28) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28)
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Table A11. Association between equal shift-of-admission  and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5

Shift of admission

Day Reference Reference Reference Reference Reference

Evening 1.16 (1.10 – 1.23)* 0.97 (0.92 – 1.03) 0.98 (0.92 – 1.05) 0.96 (0.92 – 1.03) 0.97 (0.92 – 1.03)

Night 1.67 (1.54 – 1.82)* 1.69 (1.56 – 1.84)* 1.70 (1.56 – 1.84)* 1.67 (1.54 – 1.81)* 1.67 (1.54 – 1.81)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.06 (1.00 – 1.11)* 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference

Turkish or Moroccan N/A 1.04 (0.66 – 1.65) 1.04 (0.66 – 1.65) 1.05 (0.66 – 1.66) 1.05 (0.66 – 1.66)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.88 (0.69 – 1.11) 0.89 (0.70 – 1.13) 0.89 (0.70 – 1.13) 0.89 (0.70 – 1.13)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference Reference Reference

Other Physician N/A N/A 1.73 (1.58 – 1.90)* 1.74 (1.59 – 1.92)* 1.74 (1.58 – 1.91)*

Insurance

Public N/A Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)* 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference

1 N/A 1.61 (1.46 – 1.78)* 1.58 (1.43 – 1.75)* 1.58 (1.43 – 1.75)* 1.58 (1.43 – 1.75)*

≥2 N/A 2.05 (1.86 – 2.26)* 1.97 (1.78 – 2.18)* 1.96 (1.78 – 2.17)* 1.97 (1.78 – 2.17)*

Urgency of Admission

Urgent N/A Reference Reference Reference Reference

Non-urgent N/A 0.32 (0.29 – 0.36)* 0.26 (0.23 – 0.29)* 0.27 (0.24 – 0.30)* 0.27 (0.24 – 0.30)*

Prior Stroke

No N/A Reference Reference Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17) 1.07 (0.99 – 1.17) 1.08 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09)

2002 N/A 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)* 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83)* 0.76 (0.70 – 0.82)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General Hospital N/A Reference Reference Reference Reference

Academic Medical Center N/A 1.25 (0.98 – 1.58) 1.24 (0.97 – 1.58) 1.23 (0.97 – 1.57) 1.23 (0.97 – 1.57)

Top clinical hospital N/A 1.23 (1.06 – 1.43)* 1.25 (1.07 – 1.45)* 1.25 (1.07 – 1.45 )* 1.25 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference

Urban 1 N/A 0.91 (0.66 – 1.26) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.74 – 1.22) 0.95 (0.74 – 1.22)

Urban 3 N/A 1.12 (0.91 – 1.37) 1.13 (0.91 – 1.39) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.84 – 1.27) 1.03 (0.84 – 1.28) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28)
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Table A11. Association between equal shift-of-admission  and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5

Weekend admission

No N/A N/A N/A Reference N/A

Yes N/A N/A N/A 1.25 (1.18 – 1.33)* N/A

Day of admission

Sunday N/A N/A N/A N/A 1.30 (1.18 – 1.42)*

Monday N/A N/A N/A N/A Reference

Tuesday N/A N/A N/A N/A 1.01 (0.92 – 1.11)

Wednesday N/A N/A N/A N/A 0.94 (0.86 – 1.04)

Thursday N/A N/A N/A N/A 1.02 (0.92 – 1.12)

Friday N/A N/A N/A N/A 0.99 (0.90 – 1.09)

Saturday N/A N/A N/A N/A 1.18 (1.07 – 1.31)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician

Table A12. Association between regular day-and-shift-of-admission and stroke case-fatality

Model 1 Model 2 Model 3

Day and shift of admission

Sunday day-shift 1.70 (1.51 - 1.91)* 1.42 (1.26 - 1.60)* 1.44 (1.28 - 1.62)

Sunday  night-shift 1.87 (1.61 - 2.18)* 1.61 (1.38 - 1.87)* 1.61 (1.38 - 1.88)

Monday day-shift Reference Reference Reference

Monday evening-shift 1.41 (1.21 - 1.64)* 1.14 (0.98 - 1.34) 1.16 (0.99 - 1.35)

Monday night-shift 1.84 (1.54 - 2.21)* 1.86 (1.54 - 2.24)* 1.86 (1.55 - 2.24)*

Tuesday day-shift 1.02 (0.91 - 1.16) 1.04 (0.92 - 1.17) 1.03 (0.91 - 1.17)

Tuesday evening-shift 1.40 (1.19 - 1.65)* 1.12 (0.95 - 1.32) 1.13 (0.96 - 1.33)

Tuesday night-shift 1.82 (1.50 - 2.21)* 1.74 (1.43 - 2.12)* 1.76 (1.44 - 2.14)*

Wednesday day-shift 0.97 (0.85 - 1.09) 0.94 (0.83 - 1.07) 0.95 (0.83 - 1.07)

Wednesday evening-shift 1.35 (1.14 - 1.58)* 1.08 (0.92 - 1.27) 1.09 (0.92 - 1.29)

Wednesday night-shift 1.75 (1.44 - 2.13)* 1.75 (1.43 - 2.13)* 1.78 (1.45 - 2.17)*

Thursday day-shift 1.13 (1.00 - 1.27)* 1.08 (0.95 - 1.22) 1.09 (0.97 - 1.23)

Thursday evening-shift 1.35 (1.15 - 1.59)* 1.06 (0.90 - 1.25) 1.08 (0.91 - 1.27)

Thursday night-shift 1.77 (1.45 - 2.16)* 1.64 (1.34 - 2.00)* 1.66 (1.36 - 2.03)*

Friday day-shift 1.18 (1.05 - 1.34)* 1.02 (0.90 - 1.16) 1.03 (0.92 - 1.18)

Friday evening-shift 1.38 (1.18 - 1.62)* 1.08 (0.91 - 1.27) 1.09 (0.93 - 1.29)

Friday night-shift 1.81 (1.48 - 2.22)* 1.62 (1.32 - 1.99)* 1.64 (1.33 - 2.02)*

Saturday day-shift 1.63 (1.45 - 1.84)* 1.28 (1.13 - 1.45)* 1.30 (1.15 - 1.47)*

Saturday night-shift 1.81 (1.55 - 2.11)* 1.47 (1.25 - 1.72)* 1.49 (1.28 - 1.75)*

Holiday day-shift 1.29 (1.01 - 1.66)* 1.11 (0.86 - 1.43) 1.13 (0.88 - 1.46)

Holiday night-shift 2.18 (1.59 - 3.00)* 1.85 (1.34 - 2.56)* 1.88 (1.36 - 2.60)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference

Female N/A 1.05 (1.00 – 1.11)* 1.06 (1.00 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02)
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Table A11. Association between equal shift-of-admission  and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5

Weekend admission

No N/A N/A N/A Reference N/A

Yes N/A N/A N/A 1.25 (1.18 – 1.33)* N/A

Day of admission

Sunday N/A N/A N/A N/A 1.30 (1.18 – 1.42)*

Monday N/A N/A N/A N/A Reference

Tuesday N/A N/A N/A N/A 1.01 (0.92 – 1.11)

Wednesday N/A N/A N/A N/A 0.94 (0.86 – 1.04)

Thursday N/A N/A N/A N/A 1.02 (0.92 – 1.12)

Friday N/A N/A N/A N/A 0.99 (0.90 – 1.09)

Saturday N/A N/A N/A N/A 1.18 (1.07 – 1.31)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician

Table A12: Association between regular day-and-shift-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3

Ethnicity N/A

Dutch and other westerners N/A Reference Reference

Turkish or Moroccan N/A 1.05 (0.66 – 1.66) 1.06 (0.67 – 1.68)

Netherlands Antilleans, Surinamese and other 

non-westerners

N/A 0.87 (0.68 – 1.11) 0.88 (0.69 – 1.12)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference

Other Physician N/A N/A 1.75 (1.60 – 1.93)*

Insurance

Public N/A Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference

1 N/A 1.61 (1.46 – 1.78)* 1.58 (1.42 – 1.75)*

≥2 N/A 2.04 (1.85 – 2.25)* 1.96 (1.77 – 2.17)*

Urgency of Admission

Urgent N/A Reference Reference

Non-urgent N/A 0.34 (0.31 – 0.38)* 0.28 (0.25 – 0.31)*

Prior Stroke

No N/A Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference

2001 N/A 0.99 (0.92 – 1.08) 1.00 (0.92 – 1.08)

2002 N/A 0.92 (0.84 – 0.99)* 0.92 (0.85 – 1.00)

2003 N/A 0.78 (0.73 – 0.86)* 0.79 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.81)* 0.76 (0.69 – 0.82)*

Model 4: Model 3 + weekend admission variable
Model 5: Model 3 + day of admission variable
* p-value <0.05
N/A - Not applicable
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Table A13. Association between equal day-and-shift-of-admission and stroke case-fatality

Model 1 Model 2 Model 3

Day and shift of admission

Sunday day 1.83 (1.61 - 2.09)* 1.53 (1.34 - 1.75)* 1.55 (1.35 - 1.77)*

Sunday evening 1.55 (1.34 - 1.79)* 1.24 (1.07 - 1.44)* 1.26 (1.09 - 1.46)*

Sunday  night 2.55 (2.09 - 3.12)* 2.12 (1.73 - 2.61)* 2.14 (1.74 - 2.63)*

Monday day Reference Reference Reference

Monday evening 1.46 (1.27 - 1.67)* 1.15 (1.00 -1.32)* 1.17 (1.02 - 1.34)*

Monday night 1.86 (1.52 - 2.26)* 1.94 (1.59 - 2.38)* 1.95 (1.59 - 2.39)*

Tuesday day 1.05 (0.93 - 1.20) 1.07 (0.94 - 1.21) 1.06 (0.93 - 1.21)

Tuesday evening 1.42 (1.22 - 1.64)* 1.10 (0.95 - 1.28) 1.12 (0.96 - 1.29)

Tuesday night 1.94 (1.57 - 2.40)* 1.91 (1.54 - 2.37)* 1.94 (1.56 - 2.41)*

Wednesday day 1.00 (0.88 - 1.14) 0.98 (0.86 - 1.12) 0.99 (0.86 - 1.13)

Wednesday evening 1.28 (1.10 - 1.49)* 0.99 (0.85 - 1.15) 1.01 (0.87 - 1.17)

Wednesday night 1.88 (1.52 - 2.33)* 1.95 (1.57 - 2.43)* 1.98 (1.59 - 2.47)*

Thursday day 1.13 (0.99 - 1.28) 1.07 (0.94 - 1.22) 1.09 (0.96 - 1.24)

Thursday evening 1.43 (1.24 - 1.66)* 1.11 (0.96 - 1.28) 1.13 (0.97 - 1.30)

Thursday night 1.82 (1.46 - 2.26)* 1.70 (1.36 - 2.12)* 1.74 (1.39 - 2.17)*

Friday day 1.27 (1.11 - 1.44)* 1.08 (0.95 - 1.23) 1.10 (0.97 - 1.26)

Friday evening 1.31 (1.13 - 1.52)* 1.00 (0.86 - 1.16) 1.02 (0.87 - 1.18)

Friday night 1.92 (1.53 - 2.40)* 1.73 (1.38 - 2.17)* 1.75 (1.40 - 2.20)*

Saturday day 1.82 (1.59 - 2.09)* 1.39 (1.21 - 1.60)* 1.42 (1.24 - 1.63)*

Saturday evening 1.46 (1.26 - 1.69)* 1.12 (0.96 - 1.30) 1.14 (0.98 - 1.33)

Saturday night 2.41 (1.95 - 2.99)* 2.00 (1.61 - 2.48)* 2.03 (1.63 - 2.52)*

Age on admission N/A 1.04 (1.04 – 1.05)* 1.04 (1.04 – 1.05)*

Gender

Male N/A Reference Reference

Female N/A 1.06 (1.00 – 1.12)* 1.06 (1.01 – 1.12)*

Socioeconomic status N/A 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02)

Table A12. Association between regular day-and-shift-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3

Hospital teaching status

General hospital N/A Reference Reference

Academic Medical Center N/A 1.23 (0.97 – 1.57) 1.23 (0.96 – 1.57)

Top clinical hospital N/A 1.24 (1.06 – 1.43)* 1.26 (1.08 – 1.46)*

Hospital location

Rural N/A Reference Reference

Urban 1 N/A 0.92 (0.66 – 1.26) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.22) 0.95 (0.74 – 1.22)

Urban 3 N/A 1.11 (0.91 – 1.36) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.83 – 1.27) 1.03 (0.83 – 1.27)

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
* p-value <0.05 
N/A - Not applicable 
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Table A13: Association between equal day-and-shift-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3

Ethnicity

Dutch and other westerners N/A Reference Reference

Turkish or Moroccan N/A 1.04 (0.66 – 1.65) 1.05 (0.66 – 1.66)*

Netherlands Antilleans, Surinamese 

and other non-westerners

N/A 0.88 (0.69 – 1.12) 0.89 (0.70 – 1.13)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference

Other Physician N/A N/A 1.74 (1.59 – 1.92)*

Insurance

Public N/A Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference

1 N/A 1.61 (1.46 – 1.78)* 1.58 (1.43 – 1.75)*

≥2 N/A 2.04 (1.85 – 2.26)* 1.96 (1.78 – 2.17)*

Urgency of Admission

Non-urgent N/A 0.33 (0.30 – 0.37)* 0.27 (0.25 – 0.31)*

Urgent N/A Reference Reference

Prior Stroke

No N/A Reference Reference

Yes N/A 1.06 (0.97 – 1.15) 1.08 (0.99 – 1.17)

Admission Year

2000 N/A Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09)

2002 N/A 0.91 (0.84 – 0.99)* 0.92 (0.84 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.79 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.81)* 0.76 (0.69 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference

Academic Medical Center N/A 1.24 (0.97 – 1.57) 1.23 (0.96 – 1.57)

Top clinical hospital N/A 1.23 (1.06 – 1.43)* 1.25 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference

Urban 1 N/A 0.92 (0.66 – 1.27) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.23) 0.95 (0.74 – 1.22)

Urban 3 N/A 1.12 (0.91 – 1.37) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.83 – 1.27) 1.03 (0.83 – 1.28)

Model 1: Unadjusted odd ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
* p-value <0.05
N/A - Not applicable
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Table A14. Association between hour-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5

8:00 AM Reference Reference Reference Reference Reference

9:00 AM 1.33 (1.08 - 1.63)* 0.98 (0.79 – 1.21) 0.97 (0.79 - 1.20) 0.98 (0.79 - 1.21) 0.97 (0.79 - 1.21)

10:00 AM 1.75 (1.45 - 2.12)* 1.13 (0.94 – 1.38) 1.13 (0.93 - 1.37) 1.13 (0.93 - 1.37) 1.13 (0.93 - 1.37)

11:00 AM 1.64 (1.36 - 1.98)* 1.00 (0.83 – 1.22) 1.01 (0.83 - 1.22) 1.00 (0.83 - 1.22) 1.00 (0.83 - 1.21)

12:00 PM 1.95 (1.62 - 2.35)* 0.96 (0.79 – 1.17) 0.98 (0.80 - 1.18) 0.97 (0.80 - 1.18) 0.97 (0.80 - 1.17)

1:00 PM 1.76 (1.46 - 2.12)* 0.88 (0.72 – 1.07) 0.89 (0.73 - 1.08) 0.88 (0.72 - 1.07) 0.88 (0.72 - 1.07)

2:00 PM 1.65 (1.37 - 1.99)* 0.81 (0.67 – 0.98)* 0.82 (0.67 - 1.00) 0.81 (0.67 - 0.99)* 0.81 (0.67 - 0.99)*

3:00 PM 1.59 (1.32 - 1.92)* 0.74 (0.61 – 0.91)* 0.75 (0.62 - 0.92) 0.76 (0.62 - 0.92)* 0.75 (0.62 - 0.92)*

4:00 PM 1.57 (1.29 - 1.90)* 0.73 (0.60 – 0.89)* 0.74 (0.61-  0.91) 0.74 (0.61 - 0.91)* 0.74 (0.61 - 0.91)*

5:00 PM 1.56 (1.28 - 1.91)* 0.73 (0.59 – 0.89)* 0.74 (0.60 - 0.91) 0.73 (0.59 - 0.90)* 0.73 (0.59 - 0.90)*

6:00 PM 1.83 (1.49 - 2.24)* 0.83 (0.68 – 1.03) 0.85 (0.69 - 1.05) 0.84 (0.68 - 1.03) 0.84 (0.68 - 1.03)

7:00 PM 2.04 (1.67 - 2.50)* 0.94 (0.76 – 1.16) 0.96 (0.78 - 1.18) 0.94 (0.76 - 1.16) 0.94 (0.76 - 1.16)

8:00 PM 2.02 (1.64 - 2.49)* 1.02 (0.82 – 1.26) 1.02 (0.82 - 1.27) 0.99 (0.80 - 1.23) 1.00 (0.80 - 1.24)

9:00 PM 2.11 (1.71 - 2.59)* 0.98 (0.79 – 1.22) 1.01 (0.81 - 1.25) 0.99 (0.79 - 1.22) 0.99 (0.80 - 1.23)

10:00 PM 2.36 (1.91 - 2.90)* 1.09 (0.88 – 1.35) 1.11 (0.89 - 1.38) 1.09 (0.87 - 1.35) 1.09 (0.88 - 1.35)

11:00 PM 2.47 (2.00 - 3.07)* 1.15 (0.92 – 1.44) 1.17 (0.94 - 1.46) 1.14 (0.92 - 1.43) 1.14 (0.92 - 1.43)

12:00 AM 2.85 (2.28 - 3.56)* 1.39 (1.10 – 1.75)* 1.41 (1.12 - 1.78) 1.38 (1.10 - 1.74)* 1.38 (1.09 - 1.73)*

1:00 AM 3.32 (2.63 - 4.19)* 1.65 (1.29 – 2.09)* 1.67 (1.31 - 2.13) 1.63 (1.28 - 2.07)* 1.63 (1.28 - 2.07)*

2:00 AM 3.45 (2.66 - 4.48)* 1.75 (1.34 – 2.29)* 1.78 (1.35 - 2.33) 1.73 (1.32 - 2.27)* 1.73 (1.32 - 2.27)*

3:00 AM 3.16 (2.35 - 4.23)* 1.60 (1.18 – 2.17)* 1.61 (1.19 - 2.18) 1.57 (1.16 - 2.13)* 1.58 (1.16 - 2.13)*

4:00 AM 3.12 (2.31 - 4.22)* 1.71 (1.26 – 2.34)* 1.72 (1.26 - 2.35) 1.69 (1.24 - 2.31)* 1.70 (1.24 - 2.32)*

5:00 AM 3.84 (2.85 - 5.17)* 1.96 (1.44 – 2.66)* 2.00 (1.47 - 2.72) 1.96 (1.44 - 2.67)* 1.97 (1.44 - 2.67)*

6:00 AM 3.77 (2.80 - 5.09)* 2.07 (1.52 – 2.82)* 2.09 (1.53 - 2.84) 2.05 (1.50 - 2.79)* 2.05 (1.50 - 2.79)*

7:00 AM 1.08 (0.82 - 1.43)* 1.06 (0.80 – 1.40) 1.05 (0.80 - 1.40) 1.04 (0.79 - 1.39) 1.05 (0.79 - 1.39)

Age on admission N/A 1.05 (1.04 – 1.05)* 1.05 (1.04 – 1.05) 1.05 (1.04 – 1.05)* 1.05 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12) 1.07 (1.01 – 1.12)* 1.07 (1.01 – 1.12)*

Socioeconomic status N/A 1.00 (0.97 – 1.03) 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference

Turkish or Moroccan N/A 1.02 (0.64 – 1.62) 1.03 (0.65 – 1.63) 1.03 (0.65 – 1.63) 1.03 (0.65 – 1.63)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.87 (0.69 – 1.11) 0.89 (0.69 – 1.13) 0.88 (0.69 – 1.13) 0.89 (0.70 – 1.13)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference Reference Reference

Other Physician N/A N/A 1.72 (1.56 – 1.89) 1.73 (1.57 – 1.90)* 1.72 (1.57 – 1.90)*

Insurance

Public N/A Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference

1 N/A 1.59 (1.44 – 1.76)* 1.56 (1.41 – 1.73) 1.57 (1.42 – 1.74)* 1.57 (1.41 – 1.73)*

≥2 N/A 2.05 (1.85 – 2.26)* 1.97 (1.78 – 2.17) 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*

Urgency of Admission

Non-urgent N/A 0.32 (0.28 – 0.35)* 0.26 (0.23 – 0.29) 0.27 (0.24 – 0.30)* 0.27 (0.24 – 0.30)*

Urgent N/A Reference Reference Reference Reference
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Table A14. Association between hour-of-admission and stroke case-fatality

Model 1 Model 2 Model 3 Model 4 Model 5

8:00 AM Reference Reference Reference Reference Reference

9:00 AM 1.33 (1.08 - 1.63)* 0.98 (0.79 – 1.21) 0.97 (0.79 - 1.20) 0.98 (0.79 - 1.21) 0.97 (0.79 - 1.21)

10:00 AM 1.75 (1.45 - 2.12)* 1.13 (0.94 – 1.38) 1.13 (0.93 - 1.37) 1.13 (0.93 - 1.37) 1.13 (0.93 - 1.37)

11:00 AM 1.64 (1.36 - 1.98)* 1.00 (0.83 – 1.22) 1.01 (0.83 - 1.22) 1.00 (0.83 - 1.22) 1.00 (0.83 - 1.21)

12:00 PM 1.95 (1.62 - 2.35)* 0.96 (0.79 – 1.17) 0.98 (0.80 - 1.18) 0.97 (0.80 - 1.18) 0.97 (0.80 - 1.17)

1:00 PM 1.76 (1.46 - 2.12)* 0.88 (0.72 – 1.07) 0.89 (0.73 - 1.08) 0.88 (0.72 - 1.07) 0.88 (0.72 - 1.07)

2:00 PM 1.65 (1.37 - 1.99)* 0.81 (0.67 – 0.98)* 0.82 (0.67 - 1.00) 0.81 (0.67 - 0.99)* 0.81 (0.67 - 0.99)*

3:00 PM 1.59 (1.32 - 1.92)* 0.74 (0.61 – 0.91)* 0.75 (0.62 - 0.92) 0.76 (0.62 - 0.92)* 0.75 (0.62 - 0.92)*

4:00 PM 1.57 (1.29 - 1.90)* 0.73 (0.60 – 0.89)* 0.74 (0.61-  0.91) 0.74 (0.61 - 0.91)* 0.74 (0.61 - 0.91)*

5:00 PM 1.56 (1.28 - 1.91)* 0.73 (0.59 – 0.89)* 0.74 (0.60 - 0.91) 0.73 (0.59 - 0.90)* 0.73 (0.59 - 0.90)*

6:00 PM 1.83 (1.49 - 2.24)* 0.83 (0.68 – 1.03) 0.85 (0.69 - 1.05) 0.84 (0.68 - 1.03) 0.84 (0.68 - 1.03)

7:00 PM 2.04 (1.67 - 2.50)* 0.94 (0.76 – 1.16) 0.96 (0.78 - 1.18) 0.94 (0.76 - 1.16) 0.94 (0.76 - 1.16)

8:00 PM 2.02 (1.64 - 2.49)* 1.02 (0.82 – 1.26) 1.02 (0.82 - 1.27) 0.99 (0.80 - 1.23) 1.00 (0.80 - 1.24)

9:00 PM 2.11 (1.71 - 2.59)* 0.98 (0.79 – 1.22) 1.01 (0.81 - 1.25) 0.99 (0.79 - 1.22) 0.99 (0.80 - 1.23)

10:00 PM 2.36 (1.91 - 2.90)* 1.09 (0.88 – 1.35) 1.11 (0.89 - 1.38) 1.09 (0.87 - 1.35) 1.09 (0.88 - 1.35)

11:00 PM 2.47 (2.00 - 3.07)* 1.15 (0.92 – 1.44) 1.17 (0.94 - 1.46) 1.14 (0.92 - 1.43) 1.14 (0.92 - 1.43)

12:00 AM 2.85 (2.28 - 3.56)* 1.39 (1.10 – 1.75)* 1.41 (1.12 - 1.78) 1.38 (1.10 - 1.74)* 1.38 (1.09 - 1.73)*

1:00 AM 3.32 (2.63 - 4.19)* 1.65 (1.29 – 2.09)* 1.67 (1.31 - 2.13) 1.63 (1.28 - 2.07)* 1.63 (1.28 - 2.07)*

2:00 AM 3.45 (2.66 - 4.48)* 1.75 (1.34 – 2.29)* 1.78 (1.35 - 2.33) 1.73 (1.32 - 2.27)* 1.73 (1.32 - 2.27)*

3:00 AM 3.16 (2.35 - 4.23)* 1.60 (1.18 – 2.17)* 1.61 (1.19 - 2.18) 1.57 (1.16 - 2.13)* 1.58 (1.16 - 2.13)*

4:00 AM 3.12 (2.31 - 4.22)* 1.71 (1.26 – 2.34)* 1.72 (1.26 - 2.35) 1.69 (1.24 - 2.31)* 1.70 (1.24 - 2.32)*

5:00 AM 3.84 (2.85 - 5.17)* 1.96 (1.44 – 2.66)* 2.00 (1.47 - 2.72) 1.96 (1.44 - 2.67)* 1.97 (1.44 - 2.67)*

6:00 AM 3.77 (2.80 - 5.09)* 2.07 (1.52 – 2.82)* 2.09 (1.53 - 2.84) 2.05 (1.50 - 2.79)* 2.05 (1.50 - 2.79)*

7:00 AM 1.08 (0.82 - 1.43)* 1.06 (0.80 – 1.40) 1.05 (0.80 - 1.40) 1.04 (0.79 - 1.39) 1.05 (0.79 - 1.39)

Age on admission N/A 1.05 (1.04 – 1.05)* 1.05 (1.04 – 1.05) 1.05 (1.04 – 1.05)* 1.05 (1.04 – 1.05)*

Gender

Male N/A Reference Reference Reference Reference

Female N/A 1.06 (1.01 – 1.12)* 1.06 (1.01 – 1.12) 1.07 (1.01 – 1.12)* 1.07 (1.01 – 1.12)*

Socioeconomic status N/A 1.00 (0.97 – 1.03) 0.99 (0.97 – 1.02) 0.99 (0.96 – 1.02) 0.99 (0.96 – 1.02)

Ethnicity

Dutch and other westerners N/A Reference Reference Reference Reference

Turkish or Moroccan N/A 1.02 (0.64 – 1.62) 1.03 (0.65 – 1.63) 1.03 (0.65 – 1.63) 1.03 (0.65 – 1.63)

Netherlands Antilleans, Surinamese and other non-westerners N/A 0.87 (0.69 – 1.11) 0.89 (0.69 – 1.13) 0.88 (0.69 – 1.13) 0.89 (0.70 – 1.13)

Attending Physician

Neurologist/Neurosurgeon N/A N/A Reference Reference Reference

Other Physician N/A N/A 1.72 (1.56 – 1.89) 1.73 (1.57 – 1.90)* 1.72 (1.57 – 1.90)*

Insurance

Public N/A Reference Reference Reference Reference

Private N/A 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02) 0.96 (0.90 – 1.02)

Charlson comorbidity score

0 N/A Reference Reference Reference Reference

1 N/A 1.59 (1.44 – 1.76)* 1.56 (1.41 – 1.73) 1.57 (1.42 – 1.74)* 1.57 (1.41 – 1.73)*

≥2 N/A 2.05 (1.85 – 2.26)* 1.97 (1.78 – 2.17) 1.96 (1.78 – 2.17)* 1.96 (1.78 – 2.17)*

Urgency of Admission

Non-urgent N/A 0.32 (0.28 – 0.35)* 0.26 (0.23 – 0.29) 0.27 (0.24 – 0.30)* 0.27 (0.24 – 0.30)*

Urgent N/A Reference Reference Reference Reference
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Table A14. Association between hour-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5

Prior Stroke

No N/A Reference Reference Reference Reference

Yes N/A 1.06 (0.98 – 1.16) 1.08 (1.00 – 1.18)* 1.08 (1.00 – 1.18)* 1.08 (1.00 – 1.18)*

Admission Year

2000 N/A Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.08)

2002 N/A 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87) 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83) 0.76 (0.70 – 0.82)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference

Academic Medical Center N/A 1.23 (0.97 – 1.56) 1.23 (0.96 – 1.56) 1.22 (0.96 – 1.56) 1.22 (0.96 – 1.56)

Top clinical hospital N/A 1.23 (1.06  - 1.42)* 1.25 (1.07 – 1.45) 1.25 (1.07 – 1.45)* 1.25 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference

Urban 1 N/A 0.92 (0.66 – 1.27) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23)

Urban 3 N/A 1.12 (0.91 – 1.37) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.84 – 1.27) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28)

Weekend admission

No N/A N/A N/A Reference N/A

Yes N/A N/A N/A 1.23 (1.16 – 1.31)* N/A

Day of admission

Sunday N/A N/A N/A N/A 1.27 (1.16 – 1.40)*

Monday N/A N/A N/A N/A Reference

Tuesday N/A N/A N/A N/A 1.00 (0.91 – 1.10)

Wednesday N/A N/A N/A N/A 0.93 (0.85 – 1.02)

Thursday N/A N/A N/A N/A 1.01 (0.92 – 1.11)

Friday N/A N/A N/A N/A 0.98 (0.89 – 1.08)

Saturday N/A N/A N/A N/A 1.15 (1.05 – 1.27)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 3 + weekend admission variable
Model 5: Model 3 + day of admission variable
* p-value <0.05 
N/A - Not applicable 
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Table A14. Association between hour-of-admission and stroke case-fatality (cont)

Model 1 Model 2 Model 3 Model 4 Model 5

Prior Stroke

No N/A Reference Reference Reference Reference

Yes N/A 1.06 (0.98 – 1.16) 1.08 (1.00 – 1.18)* 1.08 (1.00 – 1.18)* 1.08 (1.00 – 1.18)*

Admission Year

2000 N/A Reference Reference Reference Reference

2001 N/A 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.09) 1.00 (0.92 – 1.08) 1.00 (0.92 – 1.08)

2002 N/A 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00) 0.92 (0.85 – 1.00)

2003 N/A 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.87) 0.79 (0.73 – 0.86)* 0.80 (0.73 – 0.86)*

2004 N/A 0.75 (0.69 – 0.82)* 0.76 (0.70 – 0.83) 0.76 (0.70 – 0.82)* 0.76 (0.70 – 0.82)*

Hospital teaching status

General hospital N/A Reference Reference Reference Reference

Academic Medical Center N/A 1.23 (0.97 – 1.56) 1.23 (0.96 – 1.56) 1.22 (0.96 – 1.56) 1.22 (0.96 – 1.56)

Top clinical hospital N/A 1.23 (1.06  - 1.42)* 1.25 (1.07 – 1.45) 1.25 (1.07 – 1.45)* 1.25 (1.07 – 1.45)*

Hospital location

Rural N/A Reference Reference Reference Reference

Urban 1 N/A 0.92 (0.66 – 1.27) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25) 0.90 (0.65 – 1.25)

Urban 2 N/A 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23) 0.96 (0.75 – 1.23)

Urban 3 N/A 1.12 (0.91 – 1.37) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38) 1.12 (0.91 – 1.38)

Urban 4 N/A 1.03 (0.84 – 1.27) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28) 1.03 (0.83 – 1.28)

Weekend admission

No N/A N/A N/A Reference N/A

Yes N/A N/A N/A 1.23 (1.16 – 1.31)* N/A

Day of admission

Sunday N/A N/A N/A N/A 1.27 (1.16 – 1.40)*

Monday N/A N/A N/A N/A Reference

Tuesday N/A N/A N/A N/A 1.00 (0.91 – 1.10)

Wednesday N/A N/A N/A N/A 0.93 (0.85 – 1.02)

Thursday N/A N/A N/A N/A 1.01 (0.92 – 1.11)

Friday N/A N/A N/A N/A 0.98 (0.89 – 1.08)

Saturday N/A N/A N/A N/A 1.15 (1.05 – 1.27)*

Model 1: Unadjusted odds ratio
Model 2: Adjusted for all variables excluding attending physician
Model 3: Adjusted for all variables including attending physician
Model 4: Model 3 + weekend admission variable
Model 5: Model 3 + day of admission variable
* p-value <0.05 
N/A - Not applicable 
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ABSTRACT

Objective:  To determine the empirical relationship between theoretically related process 

indicators using antibiotic prescribing guideline adherence among general practices.

Data Source: One hundred and eighteen general practices participating in the 

Netherlands Information Network of General Practice from 2002 to 2005.

Study design: In this retrospective study, we used Pearson’s correlation coefficient to 

examine the pairwise practice-level association between guideline adherence rates for 

episodes of bacterial skin infection (30,757), acute throat pain (28,544), sinusitis (39,648), 

and urinary tract infections (75,300). We used three-level multivariate multilevel analysis 

to study the association between practice-level adherence rates of any three adherence 

indicators, and likelihood to adhere to the fourth guideline.

Principal findings: The correlation between performance levels of the prescribing 

indicators ranged from negative (-0.29) to positive (0.57).  The odds ratios and 95% CI 

from the multilevel analyses ranged from a minimum of 0.97 (0.97 – 0.98) to a maximum 

of 1.02 (1.02 – 1.04) for the various practice-level adherence measures.

Conclusions: The relatively weak relationships between the four process indicators 

indicate that they may not be measuring the same underlying construct. These findings 

raise questions about the interpretation of performance results based on existing quality 

indicators.
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INTRODUCTION

Quality of care is measured using frameworks consisting of various performance 

indicators.1-3 In an environment where payment is becoming value based and 

performance results become more accessible to the public, performance indicators will 

come under greater scrutiny. Central to the successful interpretation of organizational 

or physician performance in healthcare is an understanding of the link between the 

measured indicator and what they represent.4-6 As a result, studies examining the 

associations of structure and process measures with outcomes have become frequent 

in the quality literature.7-13 However, associations between process indicators are rarely 

empirically examined.

Process indicators are said to “reflect what the provider did for the patient and how 

well it was done”.14 Within the context of the environment in which they are measured 

process indicators reflect behavior or attitudes, thus forming amenable targets for quality 

improvement initiatives. In some performance frameworks, a number of theoretically 

related process indicators are used to measure the same provider trait. The indicators 

are selected using a variety of procedures based on achieving a consensus, taking into 

account existing best practice and indicator attributes such as reliability, validity, and 

interpretation.14 If a group of process indicators measure the same underlying construct, 

performance levels on the individual indicators should display a reasonable degree of 

correlation with each other. In the absence of such a correlation, conclusions regarding 

the underlying quality construct they are assumed to measure might be invalid.

The quality of a general practitioners (GPs) prescribing in the Netherlands is measured 

using process indicators related to antibiotic prescribing guidelines. In this study, we 

examine the relationship between four antibiotic prescribing guideline adherence rates. 

Using data from the Netherlands Information Network of General Practice (LINH), we 

try to determine if practice-level performance is correlated, and if the four indicators can 

be taken as a measure of the same underlying trait related to a GPs prescribing quality.

METHODS

Netherlands Information Network of General Practice (LINH)

LINH was first established in 1992 as a referral database. It has since expanded to 

become an electronic data source for diagnosis, morbidity, prescribing, and referral 

information on 340,000 patients and 180 GPs across the Netherlands.15 Patients in LINH 

are representative of the Dutch population with respect to age and gender. LINH general 

practices are representative for all Dutch GPs, except for solo practices being slightly 

underrepresented.16 Participating practices have electronic medical records coupled 

with a decision support systems.17 Diagnoses are coded according to International 

Process to Process correlation: The interpretive validity of indicators
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Classification of Primary Care (ICPC) standards, and prescriptions recorded using 

Anatomical Therapeutic Chemical (ATC) codes.18,19

LINH was the primary source of clinical data for the Dutch National Survey of General 

practice (DNSGP-2).20 This survey, carried out in 2001, evaluated the quality of GP care 

in the Netherlands using national guidelines developed by the Dutch College of General 

Practitioners (NHG). Our study uses diagnosis and prescribing information from LINH for 

the years 2002 to 2005, focusing on adult patients, thus excluding patients younger than 

18 years old. 

Prescribing Guidelines/Indicators

NHG used an evidence- and consensus-based approach to develop 70 guidelines. Based 

on the guidelines, 139 indicators were formulated to measure performance, and were 

included in DNSGP-2. These indicators cover a wide range of conditions and include 

structure, process, and outcome measures. This study uses four of the process indicators 

related to antibiotic prescribing for bacterial skin infections (ICPC S76, S84, S96), acute 

throat pain (ICPC R21, R72, R76), sinusitis (ICPC R75), and urinary tract infections (ICPC 

U71). These are common conditions used as prescribing indicators in DNSGP-2 and 

accounted for the bulk of antibiotic prescribing in the Netherlands.21

The guidelines advocate the restrictive prescribing of antibiotics when the diagnosis 

is a bacterial skin infection, acute throat pain, or sinusitis.22 The restrictions are in place 

to prevent the development of antibiotic resistant strains of bacteria. The guideline for 

urinary tract infections (UTI) advocates nitrofurantoin, or trimethoprim as a first choice 

drug.23 

Study variables

Outcome

Adherence to guidelines, described as a dichotomous variable for each disease episode. 

For the restrictive guidelines, bacterial skin infections, acute throat pain, and sinusitis, 

this meant not having an antibiotic prescribed. For the first-choice guideline, urinary tract 

infections, this meant an initial prescription of nitrofurantoin or trimethoprim. 

Guideline adherence rates for practices were determined using the number of disease 

episodes in which the guideline was adhered to as the numerator and the practices total 

number of disease episodes as the denominator. This was expressed as a percentage. 

Adherence rates were estimated each year for every practice reporting in that year. A 

disease episode was defined as starting on the day of the first appearance of the diagnosis 

in the GP records and counting a predetermined number of days onwards. During the 

intervening period, all consultations and prescriptions were attributed to that episode 

although the GPs actions during the first consultation were used to assess adherence. 

Episodes were defined as lasting for a 14-day period for bacterial skin infections, a 10-day 
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period for acute throat pain, a 21-day period for sinusitis, and a 10-day period for urinary 

tract infections. The selection of these durations was based on the approximate duration 

of antibiotic course/illness. 

Patient-level covariates

We included patient characteristics that may affect the prescribing decision. We included 

the age of the patient at the time of consultation, gender, type of insurance (public or 

private) – as a proxy for socioeconomic status, and episode number. The episode number 

reflects a running sequential count of the number of disease episodes for which a patient 

visited the same GP with the same diagnosis over the four-year study period. In the 

Dutch health system, GPs act as gatekeepers and maintain geographically determined 

lists. Thus, each resident is on the list of one GP in their neighborhood who attends to all 

their health needs. 

Practice-level covariates

We included the number of full time equivalents (FTE) as a proxy for practice workload, 

type of practice – single, duo, group practice or health center, and year of consultation 

as a categorical variable. Practice size and type of practice are related to workload and 

amount of administration required which have been identified factors in prescribing 

decisions. The variable FTE represents the number of full-time hours put in by employees 

of the practice. In using it as a proxy for practice workload, we take into account the 

patient–population ratio and the likelihood that practices with a high daily patient load 

would require additional staff to handle administration. We also included the practices 

adherence rate per indicator, calculated as stated above. 

Statistical analysis

We pooled the data across the four years, and carried out univariate analysis showing 

summary statistics for the total population by indicator. Using Pearson’s correlation 

coefficient, we carried out pairwise correlations of the average performance of each 

practice over the four years for all four indicators. 

The data have a three-level hierarchical structure (disease episodes nested in patients 

and patients nested in practices), which may violate the assumption of independence 

of outcomes.24 We analyzed it using multivariable multilevel logistic regression, which 

adjusts for the correlation between outcomes. We built separate models for each of 

the indicators, modeling the episode level determination of adherence against practice-

level performance on other indicators and the patient- and practice-level covariates. We 

built the models in two stages, first including the practice-level adherence rates for the 

indicators not being studied (for example, acute throat pain, sinusitis, and urinary tract 

infections when the likelihood of adhering to the guideline for bacterial skin infections 
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is being modeled), and then including all other patient and practice-level covariates. We 

included episode number as a quadratic term because graphical assessment indicated that 

its relationship with adherence was non-linear. As a sensitivity analysis, we redefined the 

length of a disease episode, reducing the duration by 50% and repeated our analysis. In 

addition, we repeated our analysis with the study population restricted to solo practices, 

in effect examining the performance of individual physicians. Results were expressed as 

odds ratios (OR) and 95% confidence intervals (CI). 

To quantify the variation in outcome we estimated both the intraclass correlation 

coefficient (ICC) and the median odds ratio (MOR) using the level specific variance 

estimates obtained from the multilevel model. The ICC expresses the proportion of the 

variation in outcome between practices that is attributable to the different hierarchical 

levels. The MOR expresses this heterogeneity on an odds ratio scale. The MOR represents 

the median increase in odds of receiving guideline appropriate treatment when two 

individuals with the same covariates are compared, with one admitted to a hospital in a 

cluster with a lower likelihood of adherence, in this case poorly performing practices.25,26 

These measures yielded practice- and patient-level estimates of heterogeneity. We present 

only the practice-level measures in the results.

All analyses were carried out using STATA version 11.0 (StataCorp, College Station, TX). 

RESULTS

Our study population consisted of 30,757 disease episodes of a bacterial skin infection 

among 16,006 patients, 28,544 disease episodes of acute throat pain among 21,368 

patients, 39,648 disease episodes of sinusitis among 25,527 patients, and 75,300 

disease episodes of a urinary tract infection among 34,198 patients. Table 1 describes the 

characteristics of the various study populations and practices. The average age ranged 

from approximately 40 years among patients with acute throat pain to 59 years among 

patients with a urinary tract infection. For each diagnosis, there were more females 

than males with the largest disparity occurring in the urinary tract infection population 

(87.4% female). Patients were publicly insured in over 70% of cases. The average number 

of distinct disease episodes per patient ranged from 1.6 for acute throat pain to 3.2 

for urinary tract infections. The total number of GP practices reporting was 118 for all 

indicators except acute throat pain (117). The number reporting in each year varied from 

76 to 111 because of changes in LINH membership. The practices averaged 2.1 FTE’s. 

Solo practices accounted for over 50% of all practices. Solo practices accounted for 

35.6% (10,952) of the bacterial skin infection episodes, 35.4% (10,093) of the acute 

throat pain episodes, 29.2% (11,584) of the sinusitis episodes, and 33.1% (24,892) of the 

UTI episodes.
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The Pearsons correlation coefficient for the association between each of the practice-

level adherence rates for the four indicators is displayed in table 2. The results include 112 

practices with the majority of the coefficients significant at the 0.05 level. The correlation 

between the restrictive guidelines were all positive, those with the first-choice guideline 

were negative. 

The results of the adjusted multivariable logistic multilevel analyses are displayed in 

table 3. The unadjusted models (not shown) indicated significant associations between 

all the indicators, except between bacterial skin infections and urinary tract infections. On 

adjustment for the patient- and practice-level covariates, the pattern of results persisted 

for all indicators. The odds ratio for the three practice-level adherence rates included as 

dependent variables in each model was also calculated to represent the effect of a 10-unit 

(10%) increase in the adherence rate. The corresponding measures of heterogeneity 

Table 1. Characteristics of patients and practices

Bacterial skin 
infections 

(N = 30,757)

Acute throat 
pain 

(N = 28,544)

Sinusitis 

(N = 39,648)

Urinary tract 
infections 

(N = 75,300)

Total patient episodes, n (practices reporting)

   2002 8,485 (111) 8,504 (110) 12,088 (111) 21,957 (111)

   2003 8,167 (93) 7,458 (94) 10,561 (94) 18,406 (94)

   2004 6,838 (75) 5,904 (75) 8,148 (75) 16,266 (75)

   2005 7,267 (76) 6,678 (76) 8,851 (76) 18,671 (76)

Age, mean (sd) 42.0 (20.6) 40.4 (16.3) 45.0 (14.9) 58.8 (21.6)

Gender, n (%)

   Male 12,539 (40.8) 11,012 (38.6) 13,085 (33.0) 9,512 (12.6)

   Female 18,218 (59.2) 17,532 (61.4) 26,563 (67.0) 65,788 (87.4)

Insurance, n (%)

   Public 22,270 (72.4) 20,841 (73.0) 27,777 (70.1) 57,675 (76.6)

   Private 8,487 (27.6) 7,703 (27.0) 11,871 (29.9) 17,625 (23.4)

Episode per patient, mean (range) 3.4 (1, 62) 1.6 (1, 26) 2.2 (1, 39) 3.2 (1, 56)

Total number of practices reporting 118 117 118 118

FTE, mean (range) 2.1 (1, 5.5) 2.1 (1, 5.5) 2.2 (1, 5.5) 2.1 (1, 5.5)

Adherence rates, mean (sd)

   2002 74.3 (9.3) 64.1 (15.3) 39.7 (16.8) 60.5 (14.8)

   2003 76.5 (9.2) 65.7 (15.3) 42.1 (16.1) 59.6 (13.9)

   2004 75.6 (8.8) 62.3 (17.5) 40.8 (16.2) 60.9 (10.6)

   2005 75.3 (8.6) 67.0 (11.6) 41.8 (16.7) 58.7 (12.5)

Practice type, n (% of practices)

   Solo 64 (54.2) 63 (53.9) 64 (54.2) 64 (54.2)

   Duo 27 (22.9) 27 (23.1) 27 (22.9) 27 (22.9)

   Group practice 20 (17.0) 20 (17.1) 20 (17.0) 20 (17.0)

   Health Center 7 (5.9) 7 (6.0) 7 (5.9) 7 (5.9)

Process to Process correlation: The interpretive validity of indicators

115



were as follows: bacterial skin infections (ICC 0.04; MOR 1.82), acute throat pain (ICC 

0.14; MOR 2.03), sinusitis (ICC 0.14; MOR 2.38), and urinary tract infections (ICC 0.15; 

MOR 2.38).

Patient- and practice-level covariates that displayed an association with the guideline 

adherence rate included the age and gender of the patient, and the source of insurance, 

a proxy for socioeconomic status. The history between the patient and GP for each 

diagnosis, characterized by the episode number, had a significant impact on the decision 

making process. Practice type was associated with adherence for a number of conditions. 

Practice workload was only associated with the adherence for the acute throat pain 

indicator.

In the sensitivity analysis (Appendix 3, Table A1), we reduced the duration of a defined 

episode thus increasing the total number of episodes. Thus, there were 32,399 episodes 

of bacterial skin infections, 29,496 episodes of acute throat pain, 40,619 episodes of 

sinusitis, and 82,551 episodes of urinary tract infections. The results of this analysis did 

not differ significantly from the main analysis. 

In the subgroup analysis (Table 4), restricted to solo practices the odds ratios for the 

indicators did not differ from the analysis including all practices. However, the median 

odds ratios (bacterial skin infections 2.18; acute throat pain 2.41; sinusitis 2.85; urinary 

tract infections 2.59) were higher than in the main analysis. 

DISCUSSION

Using process indicators related to adherence to antibiotic prescribing guidelines for 

four common conditions, this study shows relatively weak correlation between practice-

level performance, and the limited predictive effect of adherence rates to an antibiotic 

prescribing guideline on the odds of adhering to other antibiotic prescribing guidelines in 

our set. 

Table 2. Pairwise correlation of average practice-level guideline adherence rates for 112 practices

Bacterial skin 
infections

Acute throat pain Sinusitis Urinary tract 
infections

Bacterial skin infections 1.00

P-value -

Acute throat pain 0.52 1.00

P-value <0.001 -

Sinusitis 0.52 0.57 1.00

P-value <0.001 <0.001 -

Urinary tract infections -0.18 -0.27 -0.29 1.00

P-value 0.06 <0.01 <0.01 -
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Table 3. Multilevel logistic regression analysis of adherence to antibiotic prescribing guidelines for all four 
indicators

Bacterial skin 
infections

Acute throat pain Sinusitis Urinary tract 
infections

Guideline 

   Bacterial skin infections - 1.03 (1.03 – 1.04) 1.03 (1.02 – 1.04) 0.99 (0.99 – 1.00)

10% increase - 1.30 (1.21 – 1.41) 1.33 (1.24 – 1.43) 0.96 (0.91 – 1.01)

   Acute throat pain 1.02 (1.01 – 1.02) - 1.02 (1.01 – 1.02) 0.99 (0.99 – 0.99)

10% increase 1.18 (1.13 – 1.24) - 1.17 (1.12 – 1.21) 0.92 (0.90 – 0.95)

   Sinusitis 1.01 (1.01 – 1.02) 1.02 (1.01 – 1.02) - 0.98 (0.98 – 0.99)

10% increase 1.12 (1.07 – 1.18) 1.19 (1.13 – 1.24) - 0.85 (0.83 – 0.85)

   Urinary tract infections 0.99 (0.99 – 1.00) 0.99 (0.98 – 0.99) 0.97 (0.97 – 0.98) -

10% increase 0.93 (0.88 – 0.99) 0.88 (0.84 – 0.93) 0.76 (0.73 – 0.80) -

Age 0.96 (0.96 – 0.97) 1.03 (1.03 – 1.03) 1.00 (0.99 – 1.00) 1.00 (0.99 – 1.00)

Gender

   Male Reference Reference Reference Reference

   Female 2.67 (2.38 – 2.99) 1.07 (0.99 – 1.16) 0.93 (0.87 – 1.00) 6.41 (5.97 – 6.90)

Insurance

   Public Reference Reference Reference Reference

   Private 0.91 (0.80 – 1.02) 0.85 (0.78 – 0.93) 0.90 (0.83 – 0.96) 1.04 (0.99 – 1.10)

Episode 1.09 (1.06 – 1.11) 1.26 (1.21 – 1.32) 1.71 (1.66 – 1.77) 0.79 (0.78 – 0.80)

Episode squared 1.00 (1.00 – 1.00) - 0.90 (0.98 – 0.99) 1.01 (1.01 – 1.01)

FTE 1.04 (0.83 – 1.31) 0.69 (0.54 – 0.87) 1.11 (0.83 – 1.49) 1.04 (0.81 – 1.33)

Practice type

   Solo Reference Reference Reference Reference

   Duo 0.75 (0.52 – 1.08) 1.73 (1.16 – 2.58) 0.94 (0.57 – 1.55) 1.31 (0.90 – 1.89)

   Group 0.71 (0.44 – 1.16) 2.67 (1.63 – 4.39) 0.85 (0.47 – 1.54) 1.43 (0.94 – 2.19)

   Health Center 0.72 (0.41 – 1.26) 2.84 (1.63 – 4.94) 0.95 (0.51 – 1.78) 1.87 (1.18 – 2.96)

Year of admission

2002 Reference Reference Reference Reference

2003 1.02 (0.90 – 1.16) 0.89 (0.80 – 0.99) 0.72 (0.66 – 0.78) 1.21 (1.14 – 1.28)

2004 1.06 (0.92 – 1.22) 0.69 (0.62 – 0.77) 0.62 (0.56 – 0.68) 1.36 (1.27 – 1.45)

2005 0.98 (0.85 – 1.14) 0.90 (0.80 – 1.00) 0.60 (0.54 – 0.66) 1.43 (1.33 – 1.53)

Intraclass correlation 
coefficient

0.04 0.14 0.14 0.15

Median odds ratio 
(95% credible intervals)

1.82 (1.60 – 2.03) 2.03(1.80 – 2.26) 2.38 (2.06 – 2.71) 2.38 (2.06 – 2.70)

We also observed that practices modified their behavior over time, as they developed 

a ‘history’ with their patients. The variable, episode number, along with its squared term 

indicate a nonlinear relationship between number of disease episodes and guideline 

adherence. After a few occurrences, physicians were less likely to adhere to guidelines 
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the next time they diagnosed the same patient with the same condition. This finding, 

akin to clinical intuition, is not surprising but is often neglected in assessing physician 

performance. Future studies of guideline adherence should take into account the effect 

of the physician-patient relationship. 

This study has a number of strengths and limitations. It was limited by the lack of 

information about severity at presentation, which is an exception to prescribing guidelines 

not captured in administrative reviews. However, we did not expect that more severe 

patients would concentrate in specific practices. The variable FTE does not specify the role 

of the employee but the correlation between the size of a practices patient list, and the 

number of GPs and the need for administrative work makes it a good approximation of 

practice workload. We were unable to identify individual physicians in the larger practices 

but we performed a subgroup analysis restricted to solo practices with similar results. It 

has been noted that the organizational culture of healthcare facilities has an influence 

on behavior. Physicians in one practice are more likely to behave more like each other.27 

This has been found to be true for prescribing behavior, and for hospital characteristics 

such as length of stay, and even among practitioners performing the same procedures 

in separate practices.28 Studies of prescribing guideline adherence are often criticized 

for being restricted to filled prescriptions, incomplete follow-up, early refills/medication 

changes, use of over-the counter (OTC) replacements, the duration of patient eligibility 

for treatment, disease identification, and presence of contraindications.29 Our approach 

to defining disease episodes, unavailability of OTC antibiotics in the Netherlands and the 

Table 4. Multilevel logistic regression analysis of adherence to antibiotic prescribing guidelines for solo 
practices (Subgroup analysis)

Bacterial skin 
infections

Acute throat pain Sinusitis Urinary tract 
infections

No. of disease episodes 10,952 10,093 11,584 24,892

No. of patients 5,789 7,525 7,793 11,904

No. of practices 64 63 64 64

Guideline 

Bacterial skin infections - 1.03 (1.02 – 1.05) 1.03 (1.02 – 1.04) 0.99 (0.98 – 1.00)

10% increase - 1.40 (1.24 – 1.58) 1.31 (1.17 – 1.46) 0.92 (0.86 – 0.99)

Acute throat pain 1.02 (1.01 – 1.02) - 1.01 (1.00 – 1.02) 0.99 (0.99 – 0.99)

10% increase 1.18 (1.10 – 1.27) - 1.10 (1.03 – 1.17) 0.89 (0.86 – 0.93)

Sinusitis 1.01 (1.01 – 1.02) 1.01 (1.00 – 1.02) - 0.99 (0.99 – 1.00)

10% increase 1.14 (1.06 – 1.23) 1.11 (1.03 – 1.18) - 0.94 (0.90 – 0.98)

Urinary tract infections 0.99 (0.98 – 1.00) 0.98 (0.98 – 0.99) 0.98 (0.98 – 0.99) -

10% increase 0.91 (0.82 – 1.01) 0.85 (0.78 – 0.92) 0.84 (0.78 – 0.90) -

Intraclass correlation 
coefficient

0.06 0.13 0.17 0.19

Median odds ratio 
(95% credible intervals)

2.18 (1.70 – 2.64) 2.41 (1.94 – 2.89) 2.85 (2.16 – 3.54) 2.59 (2.02 – 3.15)
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nature of the research question (focus on initial physician behavior) negates the impact of 

these criticisms. The data used in this study were collected in practices with good access to 

guidelines and diagnostic aids. The extensive use of electronic medical records, including 

notation of dispensed prescriptions, and continuity of care were beneficial for patient 

follow-up. This electronic medical record system was the setting for the evaluation of the 

electronic prescribing system in the Netherlands.30 Another critique of studies of guideline 

adherence relates to factors that influence prescribing behavior. A qualitative study of 

Dutch GPs cited lack of agreement and external factors as the most significant barriers 

to adherence to guidelines in general practice.31 These findings echo those of a previous 

study examining adherence to practice guidelines.32 The external factors identified have 

limited influence on the decision whether to prescribe antibiotics. A lack of agreement 

was assessed by examining the variation and levels of adherence among practices. 

The conditions selected are common and have guidelines that were used in a national 

performance assessment among Dutch GP practices. Antibiotic prescribing is restricted in 

the Netherlands; it has very low prescribing rates compared to other countries.33

The use of a process indicator to summarize quality of care is dependent on the 

assumption that the indicator in question captures an unmeasured characteristic of the 

practice that is responsible for the performance. The same principle is applied when 

several indicators are used to measure the same domain, as is the case for prescribing 

quality. However, we observed pairwise correlations between adherence rates to 

antibiotic prescribing guidelines among our practices that were weaker than would be 

expected if they were measuring the same characteristic. The associations between the 

restrictive and first choice guidelines were particularly weak. A general lack of agreement 

with a guideline, often cited as reason for poor adherence rates, is a factor that might 

influence the correlations. In our study, we observed that between 4% and 14% of the 

variation in adherence to each of the guidelines is attributable to differences between 

practices as indicated by the ICC for each model. The high MOR for each guideline further 

indicates marked differences in a patients odds of receiving guideline appropriate care at 

different practices. These observed differences were even stronger when examining the 

behavior of individual physicians in solo-practices. The relatively high adherence rates and 

large residual variation attributed to differences between practices reduces the likelihood 

that the weak association is a result of a general lack of agreement with the selected 

guidelines.34 The large residual variation attributable to differences between practices,   

including physician behavior is highlighted in the subgroup analysis. 

The guidelines in this study were developed using an evidence-based and consensus 

model, which appears to yield good clinical practice measures linked to desired 

outcomes.35-37 The mere existence of guidelines is enough to reduce some variation 

in behavior between practices38, thus improving the quality of care for individual 

patients. On a societal level, the restrictive prescribing of antibiotics reduces the risk 
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of antibiotic resistant bacteria.39 Unfortunately, performance indicators have not always 

been applicable as measures of overall quality.40-42 While collectively the guideline-based 

indicators we studied are intended to reflect a providers prescribing quality, we did not 

observe a strong association between adherence to one guideline and adherence to 

another. This was in spite of the fact that all of the guidelines measured address one 

related field, antibiotic prescribing. The negative association between adhering to a first 

choice guideline and restrictive guideline shows a dichotomy identified in the literature.43 

This previously demonstrated dichotomy already raises red flags as to what the indicators 

are actually measuring. The individual indicators included in our set capture a practices 

performance regarding the corresponding condition but do not appear, on their own 

or collectively, to adequately represent a facilities prescribing quality beyond these 

conditions. This highlights an important distinction between performance indicators and 

their use as quality indicators. The observed performance indicates that the physician 

is ‘good’ at the specified task but its interpretation as a marker of wider quality may 

be limited. The use of process indicators to measure quality of care has been useful 

for individual conditions. Failure to give advice on smoking cessation or prescribing 

aspirin for patients with a myocardial infarction, are direct measures of the poor quality 

of care received for myocardial infarction. However, once these measures are elevated 

beyond these conditions, their interpretation becomes complicated. In an editorial, 

Press attempted to differentiate “quality improvement measures” meant for continuous 

internal consumption from “accountability measures” intended to be used as report 

cards.44 O’Brien and Peterson expressed the conundrum succinctly, after highlighting 

the potential and realized usefulness of process indicators, by adding the caveat “…to 

be effective, providers must properly interpret these performance reports…..”.45 As a 

wider audience uses these performance frameworks, the same message applies. It can 

be argued that this indicator set captures different aspects of prescribing quality but the 

problem still arises that we do not then know which aspects. Thus, the interpretation of 

the individual measures and performance is open to discussion. 

With the exponential development of indicators and the awareness of consumers 

and payers, quality of care research faces a double burden of measurement and 

interpretation. In the measurement of overall quality, there is the need to examine 

whether theoretically related process measures are indeed measuring the same 

underlying concept. In the absence of evidence of links between process measures, the 

interpretation of performance should be selective, to avoid misleading consumers of 

performance information.
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APPENDIX 3

Table A1. Multilevel logistic regression analysis of adherence to antibiotic prescribing guidelines with the 
length of a diseases episode halved (Sensitivity analysis)

Bacterial skin 
infections

Acute throat pain Sinusitis Urinary tract 
infections

Number of episodes 32,399 29,496 40,619 82,551

Guideline 

   Bacterial skin infections - 1.02 (1.02 – 1.03)* 1.03 (1.02 – 1.03)* 0.99 (0.98 – 1.00)*

   Acute throat pain 1.02 (1.01 – 1.02)* - 1.01 (1.00 – 1.02)* 0.99 (0.99 – 0.99)*

   Sinusitis 1.01 (1.01 – 1.02)* 1.02 (1.01 – 1.02)* - 0.99 (0.98 – 0.99)*

   Urinary tract infections 0.99 (0.98 – 1.00)* 0.99 (0.98 – 0.99)* 0.97 (0.97 – 0.98)* -

* P-value <0.05

Process to Process correlation: The interpretive validity of indicators

125





C
h

a
p

te
r

6
The relationship between shift-of-
admission and surgical delay for hip 
fracture patients: A multilevel multinomial 
analysis

Uzor C. Ogbu

Gert P. Westert

Karien Stronks

Onyebuchi A. Arah

Submitted



ABSTRACT

Background: Hip fracture patients admitted during the weekend appear to achieve 

time-to-surgery standards at the same rate as those admitted during weekdays. This 

indicates that they do not experience the poorer quality of care typically associated with 

weekends. This study examines the association between time-of-admission and time-to-

surgery among hip fracture patients using two definitions of time-of-admission. 

Methods: In this retrospective cohort study, we used data on 43,967 elderly hip fracture 

patients admitted to Dutch hospitals from 2003 through 2007. The data were analysed 

using multivariable multilevel multinomial logistic regression. Time-of-admission was 

defined as on-/off-hours, and as weekday/-end shift-of-admission.

Results: Patients admitted during the off-hours had lower odds of surgical delay. 

Admissions during weekday or weekend day- and night-shifts were associated with 

decreased odds of surgical delay when compared to weekday evening-shift admissions. 

For instance, compared to weekday evening-shift admissions, the odds ratios for surgical 

delay until the 3rd day or later among those admitted during the weekend and weekday 

day-shifts were respectively 0.67 (95% CI: 0.54 – 0.83) and 0.75 (95% CI: 0.69 – 0.82). 

Similarly, the odds ratios for surgical delay until the 3rd day or later were 0.52 (95% 

CI: 0.38 – 0.72) and 0.53 (95% CI: 0.41 – 0.69) for weekend and weekday night-shift 

admissions respectively. 

Conclusions: Compared to weekday evening-shifts, admissions during the weekday day- 

and night-shift, and throughout the weekend were less likely to experience surgical delay. 

These findings could reflect the impact of resource distribution and quality standards for 

hip fracture patients.
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INTRODUCTION

Studies have demonstrated a link between time-of-admission to a hospital and the quality 

of care received by patients for a variety of conditions.1,2 Admissions during the off-hours, 

weekends, and holidays have been associated with delays in investigations, procedures, 

and with poor outcomes.3-7 Nevertheless, given possible structural and process 

differentials such as staffing and other factors, this observation may not and need not 

apply to all diseases and patient groups. This may be true for hip fracture patients. The 

recommendation is that hip fracture patients have surgery as early as possible, preferably 

within 24 to 48 hours of admission.8,9 A recent Agency for Healthcare Research and 

Quality (AHRQ) report observed that similar proportions of hip fracture patients had 

surgery within this time period regardless of whether they were admitted during the 

weekday or weekend.10 The Canadian Institute for Health Information (CIHI) reported 

similar findings in their 2007 Health Indicators report.11

Hip fractures are more common in the elderly.12 Hip fractures increase the mortality 

risk in this already vulnerable group.13 Delays in surgical repair have been associated 

with a further increase in this mortality risk.14-16 However, it has been theorized that 

hip fracture patients admitted during the off-hours have better access to the operating 

room because occupancy rates are lower.2 This may indicate a relationship between a 

measure of structure (time-of-admission) and process (time-to-treatment) for hip fracture 

patients that is contrary to that seen in other conditions without specialized on-call units. 

In addition, the occupancy levels of operating rooms vary not only by the day of the 

week but also by the work shift. Thus, the relationship between time-of-admission and 

time-to-surgery may not be constant throughout the day. Identifying the specific nature 

of this relationship for hip fracture patients may provide an opportunity to improve the 

quality of hip fracture care.

This study examines the hypothesis that there is an association between time-of-

admission, and time-to-surgery among surgically treated hip fracture patients. Using data 

from the Dutch Medical Registry on hip fracture patients discharged from 2003 through 

2007. We examined this relationship using multilevel analysis and robust definitions of 

time-of-admission and time-to-surgery.

METHODS

Setting and Patients

We obtained data from the Dutch Medical Register (LMR) through the Central Bureau 

of Statistics, Netherlands (CBS), which among other activities links these hospital data to 

other data sources in the Netherlands such as the population and mortality registers.17,18 

The LMR, collected since 1964,and maintained by Prismant, Netherlands, contains over 
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95% of hospital admissions in the Netherlands. Prismant and CBS ensure the quality of 

the data and linkage.17 The data are coded using International Classification of Disease, 

Ninth Revision, Clinical Modification (ICD 9-CM) standards. Using data from 2003 through 

2007, we identified all patients with a discharge diagnosis of a hip fracture (ICD 9-CM 

codes 820.0, 820.1, 820.2, 820.3, 820.8, and 820.9) who were managed surgically. We 

excluded admissions for patient younger than 65 years, and those admissions that could 

not be definitively linked to the population register. We also excluded patients whose 

injuries were caused by a traffic accident or a pathologic fracture, patients with missing 

data, those admitted to hospitals with a poor record of documenting procedures (<70% 

completion rate), and those whose procedure was designated a repeat surgery (e.g. 

removal of pins).

Time-to-surgery and surgical delay

Time-to-surgery was defined in relation to the day of admission, and used as a categorical 

variable with three levels. Patients were divided into (i) those who had surgery on the 

day they were admitted or on the first day after admission (same or next day), (ii) those 

who had surgery on the second full day after admission (2nd day) and (iii) those who 

had surgery on the third full day or later after admission (3rd day or later).  The same 

or next day category was used as the reference group. Patients were considered to 

have experienced a surgical delay if they did not have surgery on the same or next day 

following admission. 

Time-of-admission

In line with a previous detailed study, time-of-admission was categorized in two ways.7 

The first categorization was on-hours versus off-hours. On-hours were defined as starting 

from 8:00 AM on Monday and ending 4:59 PM on Friday. Off-hours started at 5:00 PM 

on Friday and ended at 7:59 AM on Monday. All holidays were classified as off-hours. The 

second categorization, weekday/end shifts, used three shifts; day (8:00 AM to 4:59 PM), 

evening (5:00 PM to 11:59 PM) and night (midnight to 7:59 AM) shifts applied to weekdays 

(Monday – Friday) and weekends (Saturday, Sunday, and holidays). This resulted in six 

categories, namely weekday-day/evening/night and weekend-day/evening/night shifts. 

Patient and hospital-level covariates

The analyses were adjusted for the following patient- and hospital-level factors: age, 

gender, ethnicity, socioeconomic status, prior hip procedure, type of fracture (open or 

closed), location of the fracture (intertrochanteric, transcervical, or not-specified), intensive 

care unit (ICU) admission, Charlson-Deyo comorbidity score, degree of urbanization of the 

patients residence, hospital teaching status, and year of admission (2003 through 2007). 
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Age was included as a continuous variable. Socioeconomic status was determined 

using income data based on postcodes: patients were grouped in the lower 25%, mid 

50% or upper 25% of income earners and this was used as a categorical variable. Ethnicity 

was grouped on the basis of country of birth as Dutch or other westerner, Turkish or 

Moroccan, and other non-westerner.19 The type of fracture and fracture location were 

determined using the fourth and fifth digits of the ICD 9-CM codes. The variable ICU 

admission denoted individuals admitted to the ICU prior to surgery. Such admissions 

might have resulted in a surgical delay independent of the effect of time-of-admission. 

The Charlson-Deyo score was calculated based on the original published weights and 

included as a dichotomous variable corresponding to scores 0 and ≥1. The diagnoses 

included in the Charlson-Deyo score were myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, chronic pulmonary disease, connective tissue 

disease, ulcer, stroke, liver disease, diabetes, renal disease, leukaemia, lymphoma, and 

cancer. The degree of urbanization was determined by the number of addresses per km2 

(less than 500 addresses per km2 was classified as rural; from 500 to 1000 addresses 

as urban grade 1; from 1000 to 1500 addresses as urban grade 2; from 1500 to 2500 

addresses as urban grade 3; more than 2500 addresses per km2 as urban grade 4). 

Hospitals were classified as a general hospital (non-teaching), top clinical hospital (general 

hospitals accredited for residency training), or a university medical centre.

Statistical analysis 

We carried out a descriptive analysis of our patient population separating them based on 

the categorical time-to-surgery variable (same day or next day, 2nd day, and 3rd day or later). 

We carried out two main analyses, examining the relationship between each definition 

of time-of-admission (on-/off-hours and weekday/-end shifts) and time-to-surgery using 

multilevel multinomial logistic regression. We analyzed the data using 2-level multilevel 

multinomial logistic regression to take into account the potential clustering of outcomes 

within hospitals.20,21 The data are hierarchical with a two-level structure of patients 

nested in hospitals.

In each analysis, the model was built in stages starting with a null model and 

progressing to one including the main independent variable (time-of-admission) and 

finally including the patient and hospital characteristics. The reference group in the first 

analysis was on-hours admissions, and in the second analysis weekday evening-shift 

admissions.

Regression results were displayed as odds ratios (OR) and 95% confidence intervals 

(95% CI). The generalized linear latent and mixed models (gllamm) command in STATA 

version 10.1 (StataCorp, College Station, TX) was used for all analyses.
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RESULTS

Our study population comprised of 43,967 admissions with a diagnosis of hip fracture 

among the elderly to 96 hospitals in the Netherlands from 2003 through 2007. We 

identified 47,455 admissions between 2003 and 2007 in the LMR records and excluded 

3,488 admissions (missing data 22 admissions, traffic accidents 3,247 admissions, and 

repeat surgery 219 admissions). A small subset of excluded patients (184) died on the day 

of admission or the next day without surgery. Table 1 shows the characteristics of the 

included admissions. Eighteen percent (7,917) of these patients experienced a surgical 

delay. The one-year mortality rate was 27.2%. A larger proportion of patients with the 

following characteristics experienced a surgical delay: a comorbid condition, transcervical 

fracture, or admitted to a teaching hospital.

Table 1. Characteristics of the study population

Time-to-surgery: 
same or next day 

(n = 36,050)

Time-to-surgery: 
2nd day

(n = 4,504)

Time-to-surgery: 
3rd day or later

(n = 3,413)

All

(N = 43,967)

Age in years (SD) 82.6 (7.4) 83.2 (6.9) 82.4 (7.0) 82.6 (7.3)

Gender, n (%)

   Male 8,151 (22.6) 1,152 (25.6) 897 (26.3) 10,200 (23.2)

   Female 27,899 (77.4) 3,352 (74.4) 2,516 (73.7) 33,767 (76.8)

SES, n (%)

   Lower 25% 11,701 (32.5) 1,459 (32.4) 1,084 (31.8) 14,244 (32.4)

   Mid 50% 17,845 (49.5) 2,149 (47.7) 1,613 (47.3) 21,607 (49.1)

   Upper 25% 6,504 (18.0) 896 (19.9) 716 (20.9) 8,116 (18.5) 

Ethnicity, n (%)

  Dutch  and other westerners 35,883 (99.5) 4,476 (99.4) 3,389 (99.3) 43,748 (99.5)

  Turks/Moroccans 16 (0.04) 2 (0.04) 5 (0.2) 23 (0.1)

  Other non-westerners 151 (0.4) 26 (0.6) 19 (0.6) 196 (0.4)

Cause of injury, n (%)

   Accidental fall 34,941 (96.9) 4,378 (97.2) 3,269 (95.8) 42,588 (96.9)

   Other external cause 807 (2.2) 100 (2.2) 77 (2.3) 984 (2.2)

   Not specified 302 (0.8) 26 (0.6) 67 (2.0) 395 (0.9)

Charlson-Deyo score, n (%)

   0 27,439 (76.1) 3,190 (70.8) 2,379 (69.7) 33,008 (75.1)

   ≥1 8,611 (23.9) 1,314 (29.2) 1,034 (30.3) 10,959 (24.9)

ICU admission, n (%)

   No 36,033 (99.9) 4,501 (99.9) 3,400 (99.6) 43,934 (99.9)

   Yes 17 (0.1) 3 (0.1) 13 (0.4) 33 (0.1)

Prior hip procedure, n (%)

   No 33,939 (94.1) 4,224 (93.8) 3,191 (93.5) 41,354 (94.1)

   Yes 2,111 (5.9) 280 (6.2) 222 (6.5) 2,613 (5.9)
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Table 1. Characteristics of the study population (cont.)

Time-to-surgery: 
same or next day 

(n = 36,050)

Time-to-surgery: 
2nd day

(n = 4,504)

Time-to-surgery: 
3rd day or later

(n = 3,413)

All 

(N = 43,967)

Type of fracture, n (%)

   Closed 35,825 (99.4) 4,490 (99.7) 3,400 (99.6) 43,715 (99.4)

   Open 225 (0.6) 14 (0.3) 13 (0.4) 252 (0.6)

Location of fracture, n (%)

   Intertrochanteric 15,177 (42.1) 1,727 (38.3) 1,041 (30.5) 17,945 (40.8)

   Transcervical 18,426 (51.1) 2,466 (54.8) 2,045 (59.9) 22,937 (52.2)

   Not specified 2,447 (6.8) 311 (6.9) 327 (9.6) 3,085 (7.0)

Degree of urbanization, 
n (%) (addresses/km2) 

   < 500 5,382 (14.9) 541 (12.0) 469 (13.7) 6,392 (14.5)

   500 to <1000 7,037 (19.5) 804 (17.9) 599 (17.6) 8,440 (19.2)

   1000 to <1500 6,115 (17.0) 725 (16.1) 574 (16.8) 7,414 (16.9)

   1500 to <2500 9,654 (26.8) 1,309 (29.1) 1,000 (29.3) 11,963 (27.2)

   ≥2500 7,862 (21.8) 1,125 (25.0) 771 (22.6) 9,758 (22.2)

Hospital type, n (%)

   General Hospital 22,486 (62.4) 2,841 (63.1) 2,312 (67.7) 27,639 (62.9)

   Top Clinical Hospital 11,748 (32.6) 1,330 (29.5) 939 (27.5) 14,017 (31.9)

   Teaching Hospital 1,816 (5.0) 333 (7.4) 162 (4.7) 2,311 (5.3)

Year of admission, n (%)

   2003 8,069 (22.4) 1,136 (25.2) 923 (27.0) 10,128 (23.0)

   2004 7,981 (22.1) 1,086 (24.1) 906 (26.5) 9,973 (22.7)

   2005 7,482 (20.8) 973 (21.6) 657 (19.2) 9,112 (20.7)

   2006 6,465 (17.9) 670 (14.9) 524 (15.4) 7,659 (17.4)

   2007 6,053 (16.8) 639 (14.2) 403 (11.8) 7,095 (16.1)

Timeof admission, n (%)

   On-hours 23,538 (65.3) 3,063 (68.0) 2,260 (66.2) 28,861 (65.6)

   Off-hours 12,512 (34.7) 1,441 (32.0) 1,153 (33.8) 15,106 (34.4)

Weekday/end shift, n (%)

   Weekday day-shift 13,746 (38.1) 1,465 (32.5) 1,249 (36.6) 16,460 (37.4)

   Weekday evening-shift 9,615 (26.7) 1,758 (39.0) 1,108 (32.5) 12,481 (28.4)

   Weekday night-shift 2,739 (7.6) 139 (3.1) 170 (5.0) 3,048 (6.9)

   Weekend day-shift 4,635 (12.9) 443 (9.8) 379 (11.1) 5,457 (12.4)

   Weekend evening-shift 3,984 (11.1) 617 (13.7) 424 (12.4) 5,025 (11.4)

   Weekend night-shift 1,331 (3.7) 82 (1.8) 83 (2.4) 1,496 (3.4)

SD: Standard Deviation
Percentages are for column totals
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Table 2 displays the results of the multilevel multinomial analysis of the relationship 

between on-/off-hours admissions and time-to-surgery. Compared to on-hours 

admissions those admitted during off-hours were less likely to experience surgical delay. 

The adjusted odds ratio for off-hours admissions to have surgery on the 2nd day was 0.88 

(95% CI: 0.82 – 0.94) and the odds ratio for having surgery on the 3rd day or later was 

0.96 (0.89 – 1.04), both outcomes compared to having surgery on the same or next day 

of admission. 

Table 3 displays the results of the multilevel multinomial analysis of the relationship 

between admission during weekday/-end shifts and time-to-surgery. When compared 

to weekday evening-shift admissions, admissions during weekday or weekend day- 

and night-shifts were less likely to have their surgery delayed from same or next day of 

admission to the 2nd day or later. For instance, weekend day-shift admissions experienced 

less surgical delay until the 2nd day of admissions than weekday evening-shift admissions 

(OR 0.50, 95% CI: 0.42 – 0.61) as did weekday day-shift admissions (OR 0.57, 95% CI: 

0.53 – 0.61). Compared to weekday evening-shift admissions, the odds ratios for surgical 

delay until the 3rd day or later among those admitted during the weekend and weekday 

day-shifts were respectively 0.67 (95% CI: 0.54 – 0.83) and 0.75 (95% CI: 0.69 – 0.82). 

Similarly, the odds ratios for surgical delay until the 3rd day or later were 0.52 (95% 

CI: 0.38 – 0.72) and 0.53 (95% CI: 0.41 – 0.69) for weekend and weekday night-shift 

admissions respectively. 

Table 2. The association between on-/off-hours admissions and time-to-surgery

Time-of-admission Odds ratio (95% 
Confidence interval) for 
surgery on same day or 

next day

Odds ratio (95% 
Confidence interval) for 

surgery on 2nd day

Odds ratio (95% 
Confidence interval) for 
surgery on 3rd day or 

later

On-hours Reference Reference Reference

Off-hours 1.00 0.88 (0.82 – 0.94) 0.96 (0.89 – 1.04)

Table 3. The association between shift-of-admission and time-to-surgery

Shift-of-admission Odds ratio (95% 
Confidence interval) for 
surgery on same day or 

next day

Odds ratio (95% 
Confidence interval) for 

surgery on 2nd day

Odds ratio (95% 
Confidence interval) for 
surgery on 3rd day or 

later

Weekday Day-shift 1.00 0.57 (0.53 – 0.61) 0.75 (0.69 – 0.82)

Weekday Evening-shift Reference Reference Reference

Weekday Night-shift 1.00 0.27 (0.21 – 0.34) 0.53 (0.41 – 0.69)

Weekend Day-shift 1.00 0.50 (0.42 – 0.61) 0.67 (0.54 – 0.83)

Weekend Evening-shift 1.00 0.85 (0.71 – 1.02) 0.93 (0.76 – 1.14)

Weekend Night-shift 1.00 0.32 (0.24 – 0.44) 0.52 (0.38 – 0.72)
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DISCUSSION

This study demonstrates an association between time-of-admission and time-to-surgery 

among hip fracture patients. The finer categorization of time-of-admission using 

weekday/end shifts showed that this relationship was not uniform throughout the day. 

Compared to evening-shifts, day- and night-shift admissions were less likely to experience 

surgical delay in that order. Weekend and weekday night-shift admissions were the least 

likely to be associated with surgical delay. Overall, weekend admissions were on average 

less likely than weekday admissions to have surgical delay.

We carried out our analysis using an administrative database linked to the population 

and mortality register in the Netherlands. This resulted in a number of limitations. 

Clinical information about the condition of the patient on arrival was unavailable, but 

the designation of each admission was urgent. In addition, we excluded those involved 

in road traffic accidents, adjusted for patients admitted to the ICU, and if the fracture 

was open or closed. The comorbidity and other adjustment variables included, the nature 

of the diagnosis (associated with pain, immobility, and surgical management), and the 

broad time window used in defining the outcome measure, surgical delay, would indicate 

that any unobserved severity is unlikely to bias these results. Additionally, referrals were 

not included in the analysis, and the distribution of severity was not expected to be 

highly uneven across Dutch hospitals. In this administrative database, we were unable 

to determine the length of time a patient waited in the emergency department. For 

comparability and in keeping with the existing literature we used categorizations of 

time-of-admission that reflected days from admission. The Dutch Medical Register is a 

nationwide database with admissions from all categories of hospitals in the Netherlands. 

The demographic characteristics of the patients, and the outcomes of patients included 

in this study are similar to those seen in other countries enhancing the generalizability 

of the results. Using a more refined categorization of time-of-admission, this study more 

closely models its effect on time-to-surgery. 

A hip fracture is an emergency condition requiring the same cadre of staff and 

expertise as other surgical conditions. However, patients do not appear to experience 

the time delays associated with admissions during the off-hours.10,11 The explanation 

may be found in the quality standards or management of hip fracture cases. We 

observed an inverse relationship between time-of-admission and time-to-surgery using 

the on-/off-hours categorization. The odds of a surgical delay were reduced for off-hours 

admissions. This finding adds empirical support to the pattern seen in more descriptive 

studies and reports from the United States and Canada.10,11 When studying time-of-

admission, it is conventional to look for differences in outcomes between weekdays and 

weekends. However, that approach constrains what may be a complicated relationship 

into a dichotomous one. It provides information about the general relationship but may 

mask informative underlying trends. In addition, the choice of categories may have an 
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impact on the relationship with the outcome variable.22 The difference in the quality of 

care provided by a hospital is related to the different shifts. Thus, we used an approach 

that reflects these shifts. The use of the weekday/-end shift categorization illustrates 

how this is more than just an on-/off-hours dichotomy. It shows that when compared 

to the weekday evening-shift, admissions during the weekday and weekend day- and 

night-shifts were associated with a reduction in the odds of surgical delay. In addition, 

we observed that in general, weekend shifts tended to be associated with less surgical 

delay than were comparable weekday shifts. The 2007 analysis by CIHI comparing 

admission from midnight-to-noon to the afternoon or evening hinted at these findings.11 

This uneven relationship points to a potential problem related to either the evening shift 

or the operating room planning for evening admissions and may inform the approach to 

quality improvement. 

Studies that identify reasons for surgical delay among hip fracture patients have 

cited comorbidities and lack of operating room time as significant factors.23 During the 

off-hours, the lower operating room occupancy rates may contribute to the beneficial 

effect of off-hours on time-to-surgery. However, the occupancy rates do not explain 

the increased risk of delay for evening admissions. Organizational factors related to the 

operating room schedule or the management of hip fractures might be responsible. 

A study restricted to a teaching hospital indicated that surgeons might seek to delay 

surgeries until the more favourable day shift.24 However, it appears to be a case of last 

in, first out with the regular daytime schedule taking precedence over the evening-shift 

admissions. The 48-hour time limit established as the desired time within which surgery 

should be performed may be sufficiently broad for hip fracture surgeries to be classified 

as low priority. Larger facilities, probably with busier operating room schedules, were 

more likely to have patients who experienced a surgical delay. 

This analysis illustrates the interconnected nature of quality of care highlighting how 

a negative trait for one condition may be positive for others. Counterintuitive findings 

obtained from studies may be explained by considering the entire care process as a 

sequential relationship as opposed to isolated cross-sections. Quality of care assessment 

should consider the relationship between structure, process, and outcome measures.25 

Time-of-admission is a proxy for structural factors, such as staffing and availability of 

tests/procedures. In the case of hip fracture care, there are descriptive and empirical 

studies that indicate that there is no relationship between off-hours admissions and 

mortality.2,26,27 However, surgical delay is associated with mortality14-16,28, and off-hours 

admissions reduce the likelihood of surgical delay. Thus, while it appears that off-hours 

admissions do not exert a direct effect on mortality, its indirect effect is a reduction in 

mortality odds.

Healthcare is composed of a series of clinical microsystems. These microsystems 

may interact in competition for common resources such as operating room time. 

Research exploring the operating room scheduling process, particularly for evening-shift 
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admissions, may provide an avenue for further improvement in the quality of hip fracture 

care. However, it should be noted that any changes may have consequences for other 

conditions competing for surgical time.
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The presumed relationships between structure, process, and outcome indicators used 

to measure the quality of healthcare are the foundation on which inferences about 

health system performance rests.1,2 This thesis examined the quality of the relationships 

between indicators used to describe the quality of care in a hospital or general practice 

setting. Using a series of case studies, we examined the empirical associations between 

structure, process, and outcome measures, and asked what these associations mean for 

research and policy. 

These case studies examined some of the associations among structure, process, and 

outcome indicators. We looked at portions of the expanded relationships presented in 

the SPOkes model (figure 2, chapter 1) under the broad themes outlined in Chapter 1. 

The specific questions addressed in each case study were:
Case study 1:  What is the validity of the relationship between three time-dependent 

process measures and mortality, for myocardial infarction, hip fracture, 
and pneumonia patients? (Process – Outcome)

Case study 2:  What is the relationship between hospital case-volume and case-fatality  
among ischemic stroke patients? (Structure – Outcome)

Case study 3:  What is the relationship between time-of-admission and case-fatality 
among ischemic stroke patients? (Structure – Outcome)

Case study 4:  What is the relationship between four guideline-based process indicators 
of prescribing quality used in general practice? (Process – Process)

Case study 5:  What is the relationship between time-of-admission and time-to-surgery 
among elderly hip fracture patients? (Structure – Process) 

The discussion is divided into three parts. The first part is a recap of the main 

findings of each of the five papers included in this thesis. The second part deals with 

some methodological issues relevant to measuring health system performance, and 

arising from the studies included in this thesis. The third and final portion discusses the 

interpretation of our findings and integrates their scientific and policy implications.

Summary of findings

Arranged by research question, this section provides a brief summary of the key findings 

from each of the articles included in Chapters 2 to 6 of this thesis. 

1. What is the validity of the relationship between three time-dependent process 

measures and mortality for myocardial infarction, hip fracture, and pneumonia 

patients?

 In chapter 2, we answer this question with a systemati review of the 

published literature for studies examining the association between the three 

time-dependent process indicators and mortality. There was strong evidence 

supporting the relationship between time-to-reperfusion and mortality among 

ST-elevated myocardial infarction patients (STEMI). The evidence of a relationship 
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between time-to-surgery and time-to-first antibiotic dose, and mortality among 

hip fracture and community acquired pneumonia patients was equivocal.  

2. What is the relationship between hospital case-volume and case-fatality among 

ischemic stroke patients?

 This question was examined in Chapter 3. In this study, we observed that the 

number of stroke patients a hospital treated (stroke volume) had an impact on 

seven-day mortality. However, we also observed that the way in which volume 

categories were defined affected the results.

3. What is the relationship between time-of-admission and case-fatality among 

ischemic stroke patients?

 This question was examined in Chapter 4. This study systematically examines the 

relationship between increasingly refined categorizations of the time a stroke 

patient is admitted to a hospital, which is a proxy for staffing and organizational 

factors, and mortality. By delving beyond the previously documented increase in 

mortality associated with off-hours or weekend admissions, this study showed 

a pattern of increased risk for nighttime admissions that extends to the day and 

evening during the weekends.

4. What is the relationship between four guideline-based process indicators of 

prescribing quality used in general practice?

 This question entails a cross-sectional assessment of a group of process indicators 

presumed to measure the same underlying aspect of care, and is addressed in 

Chapter 5. In this study, we examined the degree to which four indicators used 

to represent the quality of prescribing quality of general practitioners correlated 

with each other. We observed weaker than expected and negative correlations 

between these theoretically related indicators.

5. What is the relationship between time-of-admission and time-to-surgery among 

elderly hip fracture patients? 

 This question is an assessment of the serial relationship between structure and 

process. Found in chapter 6, this study demonstrates a relationship between 

time-of-admission and time-to-surgery among hip fracture patients that is not 

in keeping with theoretical expectations. Patients admitted during the evening-

shift had the highest odds of surgical delay (time-to-surgery >48 hours). Patients 

admitted during the night-shift had the lowest odds, followed by those admitted 

during the day-shift. 

Methodological issues

Before we address the relationships between structure, process, and outcome indicators, 

we must discuss a few methodological issues. Patient-level healthcare performance data 
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is inherently hierarchical or nested in nature. It can be envisaged as a two-level structure 

with patients nested in hospitals as depicted in figure 1. 

This two-level structure is used in most analyses in the thesis. A 3-level structure, 

seen in chapter 5, may also exist (disease episodes nested in patients nested in general 

practices). This hierarchical structure may violate the assumption of conventional single-

level analysis that outcomes of individuals in the analysis are independent of each other.3-5 

Throughout this thesis, we used multilevel regression to analyze the relationships among 

structure, process, and outcome indicators. In addition to being methodologically 

appropriate, there are a number of distinct advantages.6 Multilevel regression analysis 

corrects the standard errors of the model coefficients to take into account the potential 

correlation of outcomes within clusters.3,4,7 This correlation of outcomes is implicit in the 

comparison of healthcare performance. When measuring performance, it is assumed that 

the outcomes of future patients admitted to that hospital is related to past performance. 

Thus, techniques for hierarchical data analysis are theoretically and empirically appropriate 

in health services performance assessment. Generalized estimating equations (GEE), are 

also often used to adjust for the potential clustering of outcomes in hierarchical data.8 

However, in addition to allowing for estimation of individual probabilities and conditional 

results (as against the marginal results of GEE), multilevel models have the advantage of 

supporting the explicit quantification, and modeling of random variation in outcomes 

between clusters (hospitals) and partitioning outcome variance across levels (in this case 

patients and hospitals). The variation is typically presented as the proportional change 

in variance (PCV), the intraclass correlation coefficient (ICC), or the median odds ratio 

(MOR).9,10 The PCV expresses as a percentage the change in the variance of different 

stages of the model building process when compared to a null model containing only the 

outcome variable in multilevel analysis. The ICC expresses as a percentage the proportion 

of the total variance in outcomes that can be attributed to differences between hospitals. 

Expressed on the odds ratio scale, the MOR is a measure of the between-hospital variation 

in outcome between two patients with the same covariates who were selected from 

two randomly chosen hospitals. An MOR of 1 implies no (adjusted) between-hospital 

variation in the respective outcome. At various junctures in the thesis, these measures 

have provided information salient to the interpretation of the results. In Chapters 3 

and 4, we used the MOR to show the magnitude of differences in mortality associated 

with admission to hospitals grouped according to case-volume and time-of-admission 

respectively. In chapter 5, the ICC and MOR were used to assess the unmeasured 

attitude of general practitioners to guidelines. By quantifying the variation, it may be 

Figure 1. 2-level hierarchical structure
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used in comparisons of health systems, asking whether some factors are more influential 

in particular systems.11 This might provide clues about differences in the relevance, and 

the transferability of indicators between countries.12-14

The studies included in this thesis are not without their limitations. The individual 

chapters contain a section discussing their specific limitations. These limitations were 

largely associated with the use of administrative data. Chapters 3, 4, and 6 analyzed 

data from the Dutch Medical Register. Chapter 5 analyzed data from the Netherlands 

Information Network of General Practice. In each of these papers, we used the 

existing variables to address concerns about the influence of the severity of conditions, 

comorbidities, and other case-mix variables. Residual confounding as well as uncontrolled 

confounding are always issues with administrative data but we used the data available to 

minimize these and made the largely untestable assumption of uncontrolled confounding 

given the observed measurements. Where possible, comparisons with studies reporting 

clinical data indicated that this was largely achieved. The data sources were compiled by 

merging multiple data sets and included nationwide admissions to all types of hospitals. 

This ensured a wide range of locations, hospitals, and patients. 

Interpretation of findings and relevance

The number of and uses for performance indicators have expanded significantly. When 

looking at the findings of the studies included in this thesis, two important points should 

be kept in mind. The first is the intrinsic need in performance measurement to identify the 

relationships among structure, process, and outcome measures for proper inferences to 

be made.1,2,15 The second point, which reinforces the need for the first, is the expanded 

use of performance indicators in policy. Two of the more prominent uses for performance 

indicators are in public reporting and pay-for-performance (P4P). These initiatives seek 

to improve the quality of care by rewarding or punishing healthcare institutions based 

on their performance. Public reporting largely started as reports of hospital mortality 

rates (an outcome measure), but now includes structure and process measures.16 Public 

reporting was intended to affect the hospitals themselves and the choices made by those 

paying for healthcare (patients or insurance companies). The publication of performance 

information motivates hospitals to improve and provides payers with the ability to make 

informed decisions about where to seek or contract healthcare services. P4P initiatives 

have an impact on the payer-provider relationship. They establish performance standards 

and reward providers for achieving or exceeding them, and vice versa. Both public 

reporting and P4P programs have had some success at improving the quality of care 

but they have also resulted in unintended consequences.16-18 The negative consequences 

may motivate ‘gaming’ the system in order to avoid them.

Public reporting and P4P result in wider dissemination of performance information 

and attach greater consequences to it. Thus, it is imperative that the information provided 
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is of the highest quality possible. In other words, we should establish the construct 

validity of the indicators used. Cronbach and Meehl traced the term construct validity to 

the American Psychological Association Committee on psychological tests, stating that 

it is involved “……whenever a test is to be interpreted as a measure of some attribute 

or quality which is not ‘operationally defined’”.19 Below another definition of construct 

validity is presented.

“Construct validity refers to the degree to which inferences can legitimately be 

made from the operationalizations in your study to the theoretical constructs on 

which those operationalizations were based.”20 

The definition refers to operationalization and the relationship with a theoretical 

concept. 

Operationalization refers to how to define or categorize factors thought to influence 

quality of care. Chapters 2, 3, 4, and 6 provide examples of how the definition may 

influence the interpretation of studies. In chapter 3, the selection of cutoff points for 

designating a hospital low- or high-volume influenced the results of the study. The initial 

use of quartiles to differentiate low- and high-volume providers in volume-outcome 

studies indicated that no association existed between the number of ischemic stroke 

patients a hospital admits, and the risk-adjusted odds of fatality. However, these cutoffs 

did not adequately model the volume-outcome association for ischemic stroke patients 

in the Netherlands. In the initial classification using quartiles, the low-volume category 

alone encompassed the lowest three categories of another published study. By using 

the existing cutoffs from the volume-outcome literature, we observed poorer outcomes 

among hospitals that average less than 250 patients per year. Modeling case-volume as a 

continuous variable and analyzing its relationship with mortality using splines or fractional 

polynomials would provide a clearer answer. In chapters 4 and 6, we observed how 

information is lost when complex relationships are constrained to a limited number of 

categories. Loss of information is inherent in the categorization of continuous variables. 

Where statistically possible, these categories should adhere to relevant practice patterns, 

or there is risk of obtaining partial information. In chapter 4, the initial classification of 

admissions as weekday versus weekend confirmed the expected relationship between 

weekend admission and mortality termed the weekend effect. As we progressed through 

the increasingly refined categorizations, we observed that a day/night or time-of-day 

pattern is overlaid on this relationship. In fact, the odds of mortality for those admitted 

during the weekend day-shift were lower than for those admitted during the weekday 

night-shift. In chapter 6, once we moved beyond the on-hours (8:00 AM Monday to 4:59 

PM Friday) versus off-hours (5:00 PM Friday to 7:59 AM Monday) classification of time-of-

admission to a classification that more closely reflects the organization of care, we 

identified a pattern to the relationship between time-of-admission and time-to-surgery 

for hip fracture patients across the different shifts. This intertwining of day/night and 
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on-/off-hours dimensions portrays the relationship in a different light that provides clues 

for future research or quality improvement programs. Definitions also affect the synthesis 

of evidence for policy formulation. In chapter 2, we noted how varying definitions of 

such factors hinder the accumulation of evidence of a relationship between process and 

outcome, or the identification of the functional form of indicators.

The concept of construct validity affects not only the relationships among structure, 

process, and outcome, but also theoretically sound indicators such as those for outcomes. 

Mortality as an outcome indicator has evolved. Initially reported as the observed mortality, 

researchers identified the need for risk adjustment. Recent studies have questioned the 

use of hospital standardized mortality ratio (HSMR) and its association with a hospitals 

performance.21-24 

The other characteristic of construct validity is the relationship with a theoretical 

concept. In chapter 5, taking a cross-sectional view we examined the relationship 

between four process indicators. These process indicators are theoretically related, and 

as a group presumed to measure the prescribing quality of general practitioners. The 

lack of an association between them that we observed raises questions about the validity 

of the assumption for this particular set of indicators. Instead of representing overall 

quality, they appear to reflect condition-specific quality. Performance frameworks out of 

necessity require that only a small set of indicators are included. The small set of indicators 

included should represent wider aspects of quality. In this case, the indicators appear to 

be valid individually, showing the condition-specific quality of prescribing but they fail to 

demonstrate the association with each other that would be necessary to confirm their 

theoretical association with a general practitioners overall prescribing quality. A study 

by Dimick et al examined the correlation between outcome indicators in an attempt 

to identify suitable indicators for measuring the quality of surgical care.25 The lack of a 

correlation between indicators presumed to be measuring the same thing appears to 

be a conflict between the reason for which the indicator was developed, and how it is 

being used. If physicians are to be held accountable for their performance, the indicators 

should represent their performance. Miners used a canary to determine if the air in a 

mine was safe to breath. The search for a canary measure in medicine was discussed by 

Yu et al in relation to Agency for Healthcare Research and Quality (AHRQ) patient safety 

indicators.26 They found one indicator that they felt was reasonably correlated with other 

safety indicators but it accounted for a modest proportion of the variation in outcome.

In chapter 4, we examined the nature of the relationship between structure and 

outcome by operationalizing it in a way that more accurately reflects the theoretical 

foundation for differences in the quality of care. Staffing levels, in terms of number and 

experience, are thought to contribute to differences in the quality of care. Hospitals 

typically have their fullest compliment of staff during the daytime working hours, Monday 

to Friday. The variation in numbers and experience of staff is tied to the change of shifts 

and not only the day of the week. By operationalizing time-of-admission in a way that 
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reflects this, we come closer to achieving construct validity. Our results revealed a pattern 

of variation in outcomes that might inform future research into how to organize the care 

and the effects of nighttime work on the quality of care. However, the organization of 

such care cannot be looked at in isolation as we can see from chapter 6, in which hip 

fracture patients admitted at night had the lowest odds of having their surgery delayed 

beyond the recommended 48-hour limit. 

The systematic review, included in chapter 2, looked at articles that examined an 

empirical association between process and outcome indicators and observed ambiguity 

and incoherence. In spite of this, some of these indicators are used for public reporting 

and P4P. The sufficient-cause theory asks which factors form a sufficient cause when 

looking at the association between reperfusion time, or time-to-first antibiotics and 

mortality, among patients with ST-elevated myocardial infarction or community acquired 

pneumonia respectively.27 Does the combination of short onset-to-door time, high risk, 

and early reperfusion form a sufficient cause? Is early reperfusion a sufficient cause in 

and of itself? The American Thoracic Society acknowledged this in their decision not to 

use a specific time limit for the time-to-first antibiotic dose indicator.28 However, they are 

all publicly reported with consumers unaware of the unresolved questions surrounding 

their relationship with outcomes.29-31

This is not to say that indicators not linked to outcomes have no value. In some 

instances, the evidence simply lags behind accepted knowledge. Some indicators selected 

solely on expert opinion have turned out to be relevant. We should make a distinction 

between quality and performance. In chapter 3, we observed that hospital volume appears 

to have an inverse association with mortality among ischemic stroke patients. A similar 

volume-outcome association has been demonstrated for patients with an abdominal 

aortic aneurysm (AAA).32 This is an empirical association of scientific relevance for both 

conditions, but it appears to be of policy relevance for only one. A restriction of the 

number of people or sites that carry out AAA repair is likely to improve patient outcomes 

thus it has policy relevance. However, for stroke patients such restrictions appear likely 

to do more harm than good.33 For stroke patients, the focus should be on structure or 

process measures that differentiate low-volume from high-volume hospitals. Thus, volume 

can be assumed to be one of a number of indicators of quality for AAA repair. While 

for stroke, it might be more appropriate to view it as a research indicator despite the 

fact that it denotes a disparity in ‘quality’. The volume-outcome relationship is described 

in figure 2. When the direct manipulation of structure changes the intermediate steps, 

as appears to be the case in the volume-outcome association for AAA, this description 

is sufficient. This relationship can then be represented simply as structure to outcome. 

However, if this is not the case the relationship can be described by figure 3, which 

creates a spurious causal association between volume and outcome.

Figures 2 and 3 represent detailed subsections of the structure to outcome 

association from the expanded model of relationships between structure, process, and 
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outcome (SPOkes) presented in the introduction. This expanded model shows the various 

connections between structure, process, and outcome. Below the portions of the model 

examined by chapters 2, 5, and 6 are presented. 

Figure 2. Volume-outcome association pathway 
(AAA)

Figure 3. Alternative volume-outcome pathway 
(Stroke)

Figure 4. Diagrammatic representation of thesis chapters 2, 5, and 6. The broken arrows represent 
relationships not directly examined

These associations are usually studied in isolation as in the process – outcome 

associations reviewed in chapter 2. We have followed a similar pattern in this thesis but 

have integrated pre-existing knowledge, demonstrated by the broken arrows in figure 4. 

In chapter 6, we rely on existing literature to determine the association between structure 

(time-of-admission) and outcome, and process (time-to-surgery) and outcome. This SPOkes 

model aids in the conceptualization of relationships and reinforces the fact that multiple 

factors are involved and they may have direct or indirect effects on the outcome.

This thesis focused on the quality domain of effectiveness and, in particular, the 

outcome mortality. The word quality may sometimes evoke a singular image but it is 

multifaceted. Research examining the association between performance indicators is 

focused on the acute phase of care. In this phase, survival is the immediate outcome 

of interest. However, this does not apply to all conditions. In some cases as with certain 

cancer diagnoses, the quality of life is the more appropriate outcome. In conditions 
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with a very low mortality rate, the outcome modeled may be morbidity. A similar lack 

of construct validity has been observed with patient safety and patient-centeredness 

indicators.34,35 The approach we have outlined can be applied to these areas. On a wider 

scale, we can look at how pre-hospital or ambulance care links to the acute phase, and 

the acute phase to the immediate post-acute phase and long-term care. Each of these 

areas has its own set of linked structure, process, and outcomes that may have a role to 

play in subsequent phases.

Recommendations for future research

Future research should start with a conceptualization of the problem and the application 

of appropriate methods. The SPOkes model, which includes antecedent and subsequent 

events, may aid in this process. By rigorously examining the individual associations and 

integrating these results into the wider model, a greater understanding of the healthcare 

related determinants of health can be attained. Guidelines do not always translate into 

quality indicators although they can be used to measure performance. Existing indicators 

should be critically evaluated and their validity ensured before consequences are attached 

to measured performance. This evaluation should begin with two simple questions, 

namely:

 What are we measuring?

 What does it mean?

These questions involve not only construct validity but also other forms of validity 

such as criterion, and measurement validity. Clinicians and patients should be involved 

in this process of critical thinking as they can provide valuable insight into operational 

factors. This information should be reflected in categorizations and the selection of 

outcomes. Knowledge is built over time, existing indicators can form the shoulders on 

which researchers stand to see further. Individual outcome ‘silos’ surrounded by their 

related structure and process measures can be created, and integrated to identify 

common determinants and assess interactions in healthcare. This approach may help 

narrow the gap between research and policy, and bridge health and healthcare.

The quality improvement process is not only theoretical but requires empirical 

support. The questions asked when assessing performance are causal in nature. 

Guidelines are based on the assumption that event x will occur because event y is present. 

Counterfactual queries in causal analysis ask whether event x would occur if event y 

had been different.36 Causal analysis also allows us to examine the dynamics of events 

under the sort of changing conditions experienced in healthcare.36 The representation 

of associations using causal diagrams aids in the conceptualization of relationships and 

design of the analysis. Future studies should integrate causal methods. 
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CONCLUSIONS

The studies in this thesis have looked at a range of relationships that may exist in the 

structure-process-outcome model. In each case, we attempted to look at the two 

components of construct validity – operationalization and the presumed theoretical 

relationships. Based on the case studies we can conclude that the validity of indicators 

used to measure the quality of care should not be based only on theoretical grounds. 

Relationships should be tested empirically, and with the knowledge that the categorization 

of the indicator matters. The need for empiricism applies not only to direct relationships 

with outcomes but also to relationships between groups of indicators presumed to 

measure the same aspect of care. We looked at some of the practical applications for 

indicators making a distinction between scientific and policy relevance. Again, we urge 

caution and flexibility as one approach may not work for all conditions. At some level, all 

scientific findings have a degree of policy relevance but in some cases, the most effective 

policies may only be determined by awaiting further evidence. There is a need to take 

a comprehensive view to improving the quality of care. Healthcare is an interconnected 

process with limited resources and opportunity costs. An emphasis on understanding 

the quality of relationships between indicators not only informs future research, but 

also reassures us that our inferences from observed performance are correct. When the 

SPOkes of the wheels are connected, we can move towards improving health at a faster 

pace.
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In the last few years, different countries have introduced reforms in various aspects of 

their healthcare systems with the aim of reducing costs and improving quality. In the 

Netherlands, there is increased competition in the health insurance sector and England 

is shifting from a top-down to a bottom-up system empowering general practitioners 

with the aim of reducing bureaucracy and costs. Healthcare reform in the United States 

addresses the issue of costs and quality in a number of ways. In the search for efficiency 

in healthcare spending, the first question asked is how well the system performs.

The indicators used to measure the quality of healthcare can be classified, based 

on criteria first provided by Avedis Donabedian, into structure, process, and outcome 

indicators. He recommended that an approach which combines structure, process, and 

outcome measures would provide the best picture of quality. He also noted, “Inferences 

about quality are not possible unless there is a predetermined relationship among the 

three approaches…”. It has not always been clear whether all measures selected reflect 

the underlying effect we are interested in, improving the processes and outcomes of 

healthcare for patients. 

This thesis concentrates on the effectiveness domain of healthcare, and explores the 

relationships between indicators of structure, process, and outcome of healthcare using 

a series of ’case studies’. Each chapter of this thesis examines one association among 

structure, process, and outcome in the figure below.  

Figure 1: SPOkes – expanded potential relationships between structure, process, and outcome measures
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The specific questions asked were: 

1. What is the validity of the relationship between three time-related process measures 

and mortality for myocardial infarction, hip fracture, and pneumonia patients? 

(Process – Outcome)

2. What is the relationship between hospital case-volume and case-fatality among 

ischemic stroke patients? (Structure – Outcome)

3. What is the relationship between time-of-admission and case-fatality among ischemic 

stroke patients? (Structure – Outcome)

4. What is the relationship between four guideline-based process indicators of 

prescribing quality used in general practice? (Process – Process)

5. What is the relationship between time-of-admission and time-to-surgery among 

elderly hip fracture patients? (Structure – Process)

In chapter 2, we answer question 1 by way of a systematic review. The indicators 

examined were time-to-reperfusion for ST-elevated myocardial infarction (STEMI) 

patients, time-to-surgery for elderly hip fracture patient, and time-to-first antibiotic dose 

for community acquired pneumonia patients. There was strong evidence supporting the 

relationship between time-to-reperfusion and mortality among patients with STEMI. 

The evidence of a relationship between time-to-surgery and time-to-first antibiotic dose, 

and mortality among hip fracture and community acquired pneumonia patients was 

equivocal.

Chapter 3 addresses question 2. In this study, we observed that the number of stroke 

patients a hospital treats has an impact on seven-day mortality. However, we observed 

that the way in which volume categories are determined affects the results.

Chapter 4 addresses question 3. This study systematically examines the relationship 

between increasingly refined categorizations of the time a stroke patient is admitted 

to a hospital, which is a proxy for staffing and organizational factors, and mortality. 

By delving beyond the previously documented increase in mortality associated with 

off-hours or weekend admissions this study showed a pattern of increased risk for 

nighttime admissions that extends to the day and evening during the weekends.

Chapter 5 addresses question 4. This question entails a cross-sectional assessment 

of a group of process indicators presumed to measure the same underlying aspect of 

care. In this study, we examined the degree to which four indicators used to represent 

the quality of prescribing quality of general practitioners correlated with each other. We 

observed weaker than expected and negative correlations between these theoretically 

related indicators.

Chapter 6 addresses question 5. This study demonstrates a relationship between 

time-of-admission and time-to-surgery among hip fracture patients that is not in keeping 

with theoretical expectations. Patients admitted during the evening-shift had the 

highest odds of surgical delay (time-to-surgery >48 hours). Patients admitted during the 

night-shift had the lowest odds, followed by those admitted during the day-shift. 
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In chapter 7, the general discussion, we explored the main findings and evaluated the 

indicators in terms of construct validity. We looked at the two components of construct 

validity – operationalization and the presumed theoretical relationships. The results of 

the case studies reinforce the need for associations to be tested empirically. The need for 

empiricism applies not only to direct relationships with outcomes but also to relationships 

between groups of indicators presumed to measure the same aspect of care.

The studies in this thesis have looked at a range of relationships that may exist in 

the structure-process-outcome model. In each case, we attempted to look at the two 

components of construct validity – operationalization and the presumed theoretical 

relationships. Based on the case studies we can conclude that the validity of indicators 

used to measure the quality of care should not be based only on theoretical grounds. 

Relationships should be tested empirically, and with the knowledge that the categorization 

of the indicator matters. We looked at some of the practical applications for indicators 

making a distinction between scientific and policy relevance. Again, we urge caution 

and flexibility as one approach may not work for all conditions. At some level, all 

scientific findings have a degree of policy relevance but in some cases, the most effective 

policies may only be determined by awaiting further evidence. There is a need to take 

a comprehensive view to improving the quality of care. Healthcare is an interconnected 

process with limited resources and opportunity costs. An emphasis on understanding 

the quality of relationships between indicators not only informs future research, but 

also reassures us that our inferences from observed performance are correct. When the 

SPOkes of the wheels are connected, we can move towards improving health at a faster 

pace.
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In de voorbije jaren hebben verschillende landen hervormingen doorgevoerd in 

verscheidene aspecten van hun gezondheidssystemen met als doel het verminderen van 

de kosten en het verbeteren van de kwaliteit. In Nederland is er stijgende competitie in 

de verzekeringssector en Engeland is aan het verschuiven van een top-down naar een 

bottom-up systeem dat de huisartsen macht geeft met het oog op het verminderen van 

de bureaucratie en de kosten. De hervorming van de gezondheidszorg in de Verenigde 

Staten adresseert de kwestie van kosten en kwaliteit op verscheidene manieren. In de 

zoektocht naar efficiëntie in de gezondheidszorguitgaven is de eerst gestelde vraag hoe 

goed het systeem presteert. 

De indicatoren die worden gebruikt om de kwaliteit van gezondheidszorg te meten, 

kunnen worden geclassificeerd in structuur-, proces-, en uitkomstindicatoren op basis van 

criteria die eerst door Avedis Donabedian werden geïntroduceerd. Hij adviseerde dat een 

benadering die structuur-, proces-, en uitkomstindicatoren combineert het beste beeld 

van kwaliteit zou verstrekken. Hij merkte ook op dat: “Inferences about quality are not 

possible unless there is a predetermined relationship among the three approaches…”. Het 

is niet altijd duidelijk geweest of alle geselecteerde indicatoren het onderliggende effect 

weerspiegelen waarin we geïnteresseerd zijn, en dus de processen en de uitkomsten van 

gezondheidszorg voor patiënten verbeteren.

Dit proefschrift concentreert zich op het domein van de effectiviteit van 

gezondheidszorg, en onderzoekt de relatie tussen indicatoren van structuur, proces, 

en uitkomst in gezondheidszorg door middel van een serie ‘case studies’. Elk hoofdstuk 

van dit proefschrift onderzoekt één relatie tussen structuur, proces, en uitkomst uit de 

onderstaande figuur. 

Figure 1: SPOkes – uitgebreide potentiële relaties tussen structuur-, proces- en uitkomstindicatoren
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De specifieke vragen die gesteld werden zijn:

1. Wat is de geldigheid van de relatie tussen drie tijdsgerelateerde procesindicatoren en 

mortaliteit door acuut myocardinfarct, heupfractuur, en longontsteking? (Proces – 

Uitkomst) 

2. Wat is de relatie tussen het case-volume van een ziekenhuis en mortaliteit onder 

patiënten met een herseninfarct? (Structuur – Uitkomst)

3. Wat is de relatie tussen tijd tot opname en mortaliteit onder patiënten met een 

herseninfarct? (Structuur – Uitkomst) 

4. Wat is de relatie tussen vier richtlijn-gebaseerde procesindicatoren aangaande 

voorschrijfkwaliteit die in huisartsenpraktijken worden gebruikt? (Proces – Proces) 

5. Wat is de relatie tussen tijd tot opname en tijd tot operatie voor bejaarde patiënten 

met een heupfractuur? (Structuur – Proces)

In hoofdstuk 2 beantwoorden we vraag 1 door middel van een systematic review. De 

onderzochte indicatoren waren tijd tot reperfusie voor patienten met een ST-verhoogd 

herseninfarct (STEMI), tijd tot operatie voor bejaarde patiënten met een heupfractuur, 

en tijd tot eerste antibioticadosis voor patiënten met een gemeenschap verworven 

longontsteking. Het bewijsmateriaal voor de relatie tussen tijd tot reperfusie en mortaliteit 

voor patiënten met STEMI was sterk. Het bewijsmateriaal voor een relatie tussen tijd tot 

operatie en tijd tot eerste antibiotica dosis enerzijds, en mortaliteit voor patiënten met 

een heupbreuk en gemeenschap verworven longontsteking anderzijds was dubbelzinnig. 

Hoofdstuk 3 adresseert vraag 2. In deze studie merkten wij op dat het aantal 

patiënten met een herseninfarct dat een ziekenhuis behandelt, een invloed heeft 

op de zevendaagse mortaliteit. Wij merkten hierbij wel op dat de manier waarop de 

volumecategorieën worden bepaald een invloed heeft op de resultaten. 

Hoofdstuk 4 behandelt vraag 3. Deze studie onderzoekt op systematische wijze 

de relatie tussen in toenemende mate geraffineerde categoriseringen van de tijd tot 

opname in het ziekenhuis voor patiënten met een herseninfarct – hetgeen een proxy 

is voor personeelsbezetting en organisatorische factoren – en mortaliteit. Door verder 

te gaan dan de voorheen gedocumenteerde verhoging in mortaliteit die geassocieerd 

is met daluur- of weekendopnames toonde deze studie een patroon van een verhoogd 

risico voor nachtopnames dat zich uitbreidt tot de dag en avond tijdens de weekends. 

Hoofdstuk 5 adresseert vraag 4. Deze vraag betreft een cross-sectionele beoordeling 

van een groep procesindicatoren die worden verondersteld hetzelfde onderliggende 

aspect van zorg te meten. In deze studie onderzochten wij de mate waarin vier 

indicatoren die worden gebruikt om de kwaliteit van het voorschrijven van huisartsen 

aan te geven, met elkaar correleerden. We observeerden zwakker dan verwachtte, en 

negatieve correlaties tussen deze theoretisch verbonden indicatoren. 

Hoofdstuk 6 behandelt vraag 5. Deze studie toont een relatie tussen tijd tot opname 

en tijd tot operatie voor patiënten met een heupfractuur die niet in overeenstemming 

is met de theoretische verwachtingen. Patiënten die tijdens de avonddienst werden 
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opgenomen hadden de hoogste odds op vertraging van de operatie (tijd tot operatie 

>48 uur). Patiënten die tijdens de nachtploeg werden opgenomen hadden de laagste 

odds, gevolgd door zij die tijdens de dagploeg werden opgenomen. 

In hoofdstuk 7 – de algemene discussie – onderzochten we de belangrijkste 

bevindingen en evalueerden we de constructvaliditeit van de indicatoren. Wij 

bestudeerden de twee componenten van constructvaliditeit – operationalisatie en de 

veronderstelde theoretische relaties. De resultaten van de case studies versterken de 

behoefte aan het empirisch testen van de relaties. De behoefte aan empirisme is niet 

enkel van toepassing op de directe relaties met uitkomsten, maar ook op de relaties 

tussen groepen van indicatoren die worden verondersteld hetzelfde aspect van zorg te 

meten. 

De studies in dit proefschrift behandelen een waaier van relaties die in het structuur-

proces-uitkomstmodel kunnen voorkomen. In elke studie poogden we aandacht te 

besteden aan de twee componenten van constructvaliditeit – operationalisatie en de 

veronderstelde theoretische relaties. Op basis van de case studies kunnen wij besluiten 

dat de validiteit van de indicatoren die worden gebruikt om de kwaliteit van zorg te 

meten niet enkel op theoretische gronden mag worden gebaseerd. De relaties moeten 

ook empirisch worden getest, en met de kennis dat de categorisatie van de indicator 

van belang is. We bekeken enkele praktische toepassingen voor indicatoren, waarbij een 

onderscheid werd gemaakt tussen wetenschappelijke relevantie en beleidsrelevantie. 

Opnieuw sporen wij aan tot voorzichtigheid en flexibiliteit, gezien één benadering mogelijk 

niet volstaat voor alle condities. Op een zeker niveau hebben alle wetenschappelijke 

bevindingen een bepaalde beleidsrelevantie, maar in sommige gevallen kan het meest 

doeltreffende beleid slechts worden bepaald door op verder bewijsmateriaal te wachten. 

Er is behoefte aan het aannemen van een uitvoerige kijk op het verbeteren van de 

kwaliteit van zorg. Gezondheidszorg is een onderling verbonden proces met beperkte 

middelen en opportuniteitskosten. Een nadruk op het begrijpen van de kwaliteit van de 

relaties tussen indicatoren is niet enkel informatief voor toekomstig onderzoek, maar 

verzekert ons ook dat onze gevolgtrekkingen uit geobserveerde prestaties juist zijn. 

Indien de spaken van het wiel worden verbonden, kunnen wij sneller komen tot het 

verbeteren van de gezondheid.
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