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ENGLISH SUMMARY 

Measurement and quantification of the quality of healthcare is an essential step 
towards quality improvement. Individual quality indicators are important tools that 
provide valuable and detailed insights into the quality. However, the complexity and 
multi-dimensionality of the quality of care may require assessment of a large number 
of indicators to cover different aspects and dimensions of quality. Evaluation of the 
quality based on large number of indicators can be challenging and time consuming 
and may create a critical information burden for the users. 

Composite measures, combination of multiple individual indicators, enable users to 
quantify overall quality of care with a single score. Use of composite indicators have 
gained attention in the recent years due to its simplicity when presenting and 
communicating quality of care with healthcare stakeholders, and its ability to 
demonstrate the changes in the quality of care over time and the variations in the 
quality of care between healthcare providers or systems with a single score.  

This PhD thesis included three studies that covered different methodological aspects 
regarding construction, use and evaluation of composite measures. The thesis includes 
a review of the literature and two nationwide cohort studies based on Danish registries 
where different types of composite measures were constructed and ranking of 
hospitals based on different composite measures was compared. In addition, 
composite measures’ association with the clinical outcome and the predictive 
accuracy in relation to the clinical outcome were examined. 

In study I, a literature search was performed to investigate the use of composite 
measures to quantify the quality of healthcare services in the literature with an 
attention to methodological assessments in the reviewed studies. The identified 
studies were examined regarding (1) the used construction methods and (2) whether 
the constructed composite measures were subject to methodological considerations 
and whether these considerations (for example, potential limitations of composite 
scores) were communicated to the readers. Overall results from study I showed that 
the attention to methodological aspects of using composite measures was sparse.  

In study II, the overall quality of care provided to patients with incident heart failure 
was quantified using different types of composite measures. Hospitals were ranked 
according to their composite scores, and the rankability of composite measures was 
investigated. Furthermore, the association between the composite measures and 1-
year all-cause mortality was assessed.  

In study III, overall process quality of care for patients with incident ischemic stroke 
was quantified using different types of composite measures, hospitals were ranked 
according to their performance based on composite scores, and rankability of 
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composite measures was investigated similar to study II. The association between the 
composite measures and 30-day mortality was assessed. Additionally, performance 
of composite measures in predicting 30-day all-cause mortality for incident ischemic 
stroke patients was examined. 

Results from study II and study III demonstrated differences in rankings of hospitals 
based on different construction methods that cannot be fully attributed to random 
variation. This showed the importance of caution and awareness whenever using 
composite measures to compare healthcare providers as use of different methods led 
to change in performance rankings for some of the hospitals. In both of the studies, 
the majority of the composite measures were associated with reduced mortality. In 
study III, it was seen that all types of composite measures performed poorly regarding 
prediction of 30-day mortality for the patients with acute ischemic stroke. 

The results from this thesis underlined that while use of composite measures can be 
seen as a simple solution to summarize quality of care, it requires (1) careful, step-
by-step evaluation of the construction process and (2) clear and transparent 
communication of the construction process of composite measures and potential 
limitations associated with composite measures. 
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DANSK RESUME 

Måling og kvantificering af kvaliteten i sundhedsvæsenet er en afgørende 
forudsætning for kvalitetsudvikling. Kvalitetsindikatorer er i den forbindelse 
værdifulde værktøjer, som kan give vigtig indsigt i kvaliteten. Sundhedsvæsenets 
kvalitet er dog kompleks og multidimensionel, hvilket ofte vil medføre at det er 
nødvendigt med et betydeligt antal forskellige individuelle kvalitetsindikatorer for at 
kunne belyse kvaliteten tilstrækkeligt. Det store antal kvalitetsindikatorer 
repræsenterer imidlertid også en udfordring i sig selv, idet det kan være vanskeligt og 
tidskrævende for modtageren at danne sig et overblik.    

Kompositte mål, d.v.s. kombination af flere individuelle kvalitetsindikatorer, 
muliggør at der kan etableres en samlet værdi eller score for sundhedsvæsenets 
behandlingskvalitet på et givet område. Brug af kompositte mål har tiltrukket sig øget 
opmærksomhed i de senere år p.g.a. muligheden for på en enkel måde at præsentere 
og formidle kvaliteten i sundhedsvæsenet ved hjælp af én scoreværdi.   

Denne PhD afhandling omfatter tre studier som omhandler forskellige metodologiske 
aspekter vedrørende konstruktion, brug og evaluering af kompositte mål, inklusiv en 
gennemgang af den eksisterende videnskabelige litteratur og to landsdækkende 
kohorte studier baseret på danske kliniske kvalitetsdatabaser, hvor forskellige typer 
af kompositte mål blev konstrueret og evalueret i forhold rangordning af hospitaler, 
associationen med kliniske udfald af patientforløb og prædiktive evne i forhold til 
kliniske udfald. 

Studie I omfattede en systematisk litteratursøgning med henblik på at undersøge 
brugen af kompositte mål af kvaliteten i sundhedsvæsenet i den eksisterende 
videnskabelige litteratur med et særligt fokus på metodologiske forhold. De 
identificerede studier blev gennemgået i forhold til (1) hvilke typer af kompositte mål 
der blev anvendt og (2) hvorvidt de kompositte mål blev underkastet en kritisk 
vurdering samt, hvorvidt disse overvejelser blev formidlet til læserne, f.eks. om 
potentielle metodologiske svagheder. Generelt viste studie 1 at der i den eksisterende 
videnskabelige litteratur vedrørende kompositte mål for kvaliteten i sundhedsvæsenet 
kun har været begrænset opmærksomhed på metodologiske forhold.     

I studie II blev behandlingskvaliteten blandt patienter med incident hjertesvigt 
vurderet ved hjælp af forskellige typer af kompositte mål. Hospitalerne blev rangeret 
i forhold til deres kompositte score og rangeringen ved anvendelse af forskellige typer 
af kompositte mål blev sammenlignet. Endvidere blev associationen mellem de 
forskellige typer af kompositte mål og 1 års mortalitet undersøgt. 

I studie III blev behandlingskvaliteten blandt patienter med incident iskæmisk stroke 
vurderet ved hjælp af forskellige typer af kompositte mål svarende til 
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fremgangsmåden i studie II. Tilsvarende blev hospitalerne rangeret i forhold til deres 
kompositte score og rangeringen ved anvendelse af forskellige typer af kompositte 
mål blev sammenlignet. Endelig blev associationen mellem de forskellige typer af 
kompositte mål og 30 dages mortalitet undersøgt ligesom de kompositte måls evne til 
at prædiktere 30 dages mortalitet blev beregnet. 

Resultaterne fra studie II og III viste at rangeringen af hospitalerne varierede i forhold 
til hvilken type af komposit mål der blev anvendt og at denne variation ikke kunne 
forklares alene ved tilfældig variation. Dette understreger behovet for opmærksomhed 
og omhu når der anvendes kompositte mål til at sammenligne hospitaler eller andre 
kliniske enheder, idet forskellige typer af kompositte mål kan fører til forskellige 
konklusioner. I begge studier var de fleste typer af kompositte mål associeret med 
lavere mortalitet. Endvidere viste studie III at de kompositte mål kun i meget 
begrænset omfang kunne prædiktere 30 dages mortalitet hos patienter med iskæmisk 
stroke.  

Resultaterne fra denne afhandling understreger at skønt kompositte mål kan være en 
simpel måde at sammenfatte omfattende datamængder vedrørende kvaliteten i 
sundhedsvæsenet, så forudsætter en rational anvendelse at der (1) foretages en 
omhyggelig trin-for trin gennemgang af, hvordan de kompositte mål er konstruerede 
og (2) en tydelig og transparent formidling af konstruktionsprocessen samt de 
metodologiske begrænsninger som knytter sig til de forskellige typer af kompositte 
mål.  
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CHAPTER 1. INTRODUCTION 

Measurement and quantification of quality is a key step towards improvement of 
quality in healthcare. [1] Quality measurement is needed in order to track progress of 
healthcare systems, to identify weaknesses in a healthcare system, to assess whether 
current healthcare policies are effective and working optimally, and to take action 
according to the obtained information. [2] 

While individual quality measures are important tools for quality improvement, 
increasing number of quality measures and increasing volume of information may 
create a challenging burden for users of this information. [3] Consequently, more 
information may not always lead to more actionable results. 

Composite measures or indicators are tools which summarizes information from 
multiple measures and dimensions into one single score. [4, 5]These measures have 
the advantage of facilitating a simpler presentation of the quality, which may ease 
communication with the public and facilitate tracking of progress of healthcare 
providers and healthcare systems, as well as assessment of the effectiveness of quality 
improvement programmes, guidelines, policies, etc. [3-5] 

While these measures have received increasing attention in the recent years due to 
their advantages over individual indicators, they are also associated with important 
potential limitations. [3-6] Hence, it has been emphasized that composite measures’ 
usefulness, validity and quality may highly depend on the underlying data as well as 
the adopted approach for the construction process of the specific composite measures. 
[5] Therefore, it is timely and needed to examine the effects of using different 
composite scoring methodologies on results (for example, hospital rankings) and to 
address potential challenges with these measures. 
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CHAPTER 2. AIMS 

2.1. OVERALL AIMS 

The overall aim of this thesis was to demonstrate the use and interpretation of 
composite measures and to investigate the strengths and limitations associated with 
these measures when they are used to summarize the quality of care. 

2.2. PAPER I 

The main aims of study I were as follows, 

I. To identify the methods that were used in the literature to construct 
composite measures of quality of care based on process indicators. 

II. To investigate methodological considerations behind these methods: (1) 
if authors provided any justification regarding their choice of 
methodology to create composite measures, (2) if authors provided any 
information on advantages or limitations of using composite measures 
and (3) if authors informed the reader about the presence of other 
approaches to construct composite measures. 

2.3. PAPER II 

The main aims of study II were as follows, 

I. To rank hospitals using multiple types of composite measures of 
incident heart failure care based on various weighting and aggregation 
schemes and to investigate how hospitals’ rankings change according to 
the method that was used to construct composite measures. 

II. To investigate the association between different types of composite 
measures and 1-year all-cause mortality for patients with incident heart 
failure in Denmark. 

2.4. PAPER III 

The main aims of study III were as follows, 

I. To rank hospitals using different types of composite measures of 
incident ischemic stroke care based on various weighting and 
aggregation schemes and to investigate how hospitals’ rankings change 
according to the method that was used to construct composite measures. 
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II. To investigate the association between different types of composite 
measures and 30-day all-cause mortality for patients with incident 
ischemic stroke. 

III. To investigate the predictive accuracy of different types of composite 
measures in relation to 30-day all-cause mortality for patients with 
incident ischemic stroke in Denmark. 
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CHAPTER 3. BACKGROUND 

3.1. QUALITY OF CARE 

Quality of care can be defined in various ways. Donabedian defined the quality as 
“the ability to achieve desirable objectives using legitimate means” where the 
objective is almost always an achievable state of health. [7] In 1990, Institute of 
Medicine used the definition “the degree to which health services for individuals and 
populations increase the likelihood of desired health outcomes and are consistent 
with current professional knowledge” which is arguably the most commonly used 
definitions of quality of care today.[8] According to World Health Organisation 
(WHO), healthcare should be safe (avoiding causing harm to the patients when 
providing care), effective (providing evidence-based care to the patients), efficient 
(using available resources efficiently), people-centered (patients’ needs, preferences 
and values are taken into account when providing care), timely (providing care to 
patients in a timely manner, reducing waiting times and avoiding delay of care), 
equitable (providing care that does not vary between patients, for example, due to 
their socioeconomic status and ethnicity) and integrated (providing care that is 
coordinated across different levels of healthcare systems and providers). [1, 9, 10] 
(Figure 1) 

Figure 1. Dimensions of quality of healthcare 
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To achieve high quality of care, WHO recently published a toolkit to improve the 
quality of care at national, sub-national, facility and community level. [1] Suggested 
steps in this toolkit included; defining a quality policy and strategy (for example, 
setting healthcare priorities, defining quality indicators and measures and alignment 
of information and data systems), defining quality standards (for examples, with 
established guidelines), regulation, measurement and evaluation of the quality, taking 
action by quality improvement interventions and engagement across different 
departments, sectors, stakeholders or other levels of the healthcare system. [1] 
Whichever level of the healthcare system is the level-of-interest, measurement and 
evaluation of the quality remains an essential step to ensure high quality of care and 
facilitate quality improvement initiatives. [1] 

3.2. QUALITY MEASUREMENT 

Quality needs to be measured continuously to track progress and to identify the room 
for improvement. [1] Measuring and quantifying the quality of care makes it possible 
to evaluate effects of quality improvement interventions and programmes and 
facilitate informed decision-making when managing health care. [1]  

WHO summarized the quality measurement approach under five main steps, (1) 
definition of the framework (e.g., “what needs to be measured?”), (2) mapping quality 
indicators and sources (e.g., “which indicators are available and furthermore, are 
available indicators sufficient to measure what needs to be measured?”), (3) selection 
of quality indicators, (4) implementation (e.g., assessment of how the gathered 
information can be used)  (5) assessment and visualisation of the data (e.g., “is the 
gathered information user-friendly?”). [1] 

To quantify the quality of care, quality indicators have been used. Quality indicators 
provide comparative information to be used when monitoring, evaluating, providing 
feedback, benchmarking and managing healthcare services and for decision-making 
within and across healthcare systems. [10, 11] 

There are different approaches to categorize quality indicators. [11] The commonly 
used Donabedian approach classifies quality indicators into three categories as 
structure, process and outcome indicators and is based on the assumption that good 
structure of care may lead to improved process of care, where improved process of 
care may lead to improved outcomes of quality of care. [12] (Figure 2) 



COMPOSITE MEASURES OF QUALITY OF HEALTHCARE 

7 
 

 

Figure 2. Donabedian model 

Structure indicators focus on organisational and physical characteristics of where 
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this level of information is essential to monitor and improve the quality, the 
actionability of the provided information for the targeted audience should be 
considered. For example, using individual indicator level information to inform 
clinicians about their performance and their level of compliance with recommended 
processes in guidelines can be very useful. On the other hand, for example on the 
managerial level where the end user will assess quality of care in multiple healthcare 
providers by using multiple individual quality indicators, it can be a challenging and 
time-consuming task.  

Some of the actors in a healthcare system and examples for their information needs 
and corresponding level of information for these needs are provided in Table 1. 

Table 1. Examples for actors in a healthcare system and their information needs 

Audience Examples of potential questions related 
to assessment of quality of care 

Information 
needs 

Clinicians “How can I improve the quality of care I 
provided to my patients?” 

Individual 
indicator level 

Patients 

“Which healthcare provider is the best 
overall at delivering care for my 
condition?” 

Composite 
measures 

“Which healthcare provider is the best at 
doctor-patient communication?” 

Individual 
indicator level 

Healthcare 
providers 

“Is the overall quality of care improving in 
my hospital?” 

Composite 
measures 

“Which components of the quality of care 
need to improve in my hospital?” 

Individual 
indicator level 

Regional level 

“How well does our region perform 
compared to other regions?” 

Composite 
measures 

“How can we improve the performance of 
the hospitals in this region? Where is the 
room for improvement?” 

Individual 
indicators 
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National level 

“Is the quality of care in our country 
improving over time?” 

Composite 
measures 

“What is the impact of the current 
healthcare policies on the quality of care?” 

Composite 
measures 

International 
level 

“How does our country perform compared 
to other high-income countries?” 

Composite 
measures 

Research 

“Does overall adherence to clinical 
guidelines lead to better outcomes?” 

Composite 
measures 

“Which aspects of quality have a stronger 
association with improved patient 
outcomes?” 

Individual 
indicators 

 

3.3.2. ADVANTAGES ASSOCIATED WITH COMPOSITE MEASURES 

Using composite measures to evaluate the quality of care has some important 
advantages. 

By definition, these measures summarize quality of care with a single number. This 
facilitates easier interpretation of the quality, easier communication with the public, 
tracking progress, assessment of overall effects of quality improvement programmes, 
guidelines or policies, benchmarking performance, comparison of healthcare 
providers, regions, countries or any level of interest and implementation of financial 
incentives that pay providers according to their overall performance. [3-5] 

Reduced amount of data and condensed, comprehensive information. Using 
composite measures, the amount of data and information in quality reports that reader 
must process is decreased, leading to reduced information burden for the users. [3-5] 
At macro level where the end user will assess the quality of care in a large number of 
healthcare providers and is not directly interested in individual indicator achievement, 
composite measures can deliver an easier interpretation of overall quality.[3]  For 
patients, an overall summary score can be more interpretable than information on 
multiple individual indicators. [3] Composite measures provide condensed and a more 
comprehensive assessment of quality and includes different dimensions of care in one 
measure. This makes it possible to track a broader range of quality metrics. [4] 
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Communication. Use of composite measures can be especially useful to inform the 
public and communicate complex and large amounts of data in an effective and simple 
way ensuring public and media attention. [5] 

Easier comparisons. Comparison of healthcare providers, regions, countries, or any 
other level of interest can be a difficult task using multiple individual indicators as it 
would require assessment of a large number of scores for each the unit of comparison. 
Furthermore, it would require a similar trend in all individual indicators across unit 
of comparison as a higher achievement in some of the indicators and lower 
achievement in other indicators will not provide an easy and clear interpretation of 
which providers are doing the best. This concern is also valid for tracking the progress 
in healthcare providers, i.e., comparison of healthcare providers to their own 
performance from previous years. Using composite measures enable users to track the 
progress of care easier. [5] 

Increased reliability. By combining multiple individual indicators, the number of 
observations on which the measurement is based will increase, which may lead to 
increased reliability. [3, 6, 13] 

3.3.3. LIMITATIONS ASSOCIATED WITH COMPOSITE MEASURES 

Despite important advantages of composite measures, these measures are also 
associated with important limitations.  

Sensitivity and vulnerability of the methodology. It has been suggested that different 
methodologies to construct composite measures may lead to different results and 
different interpretations of quality.[6, 14-16] While different construction methods 
can be also an advantage of composite measures (for example, construction of a 
composite measure can be modified according to a specific audience and their needs 
and definitions of “high quality”), the sensitivity of composite measures to the used 
method may lead to unreliable and misleading conclusions. 

Misleading conclusions. If composite measures are not constructed in a reliable, 
robust and sound way, obtained results and conclusions may be misleading. [5] For 
example, if a composite measure is based on easily obtainable but not important 
indicators and important but hard to measure aspects of quality are ignored, the results 
derived from these composite measures may lead to inappropriate decisions. 

Susceptibility to misuse. If the construction process of the composite measures is not 
transparent and not justified, these measures can be susceptible to misuse. For 
example, by adjusting weights of individual indicators, a desired score or rank may 
be achieved even though these scores or rankings may not accurately reflect the 
provided quality of care. [17]  
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Masking important information. Combining multiple individual indicators into one 
single measure has the inherent problem of masking important information regarding 
potentially important aspects of quality of care. [4] Important information may be lost, 
and use of composite measures may lead to too simplistic interpretations. [4] 

3.3.4. CONSTRUCTION METHODS 

The quality and soundness of a composite measure is highly dependent on the quality 
of the underlying data, a carefully defined framework and a methodologically sound 
construction process.[5]  

While there is not a standard established method to construct composite measures, 
some steps are suggested to take into account when constructing these measures.[5] 
Some important steps of building composite measures and some examples of 
considerations for each step are illustrated in Figure 3. 

 

Figure 3. Construction steps for composite measures 

1. Developing 
theoretical 
framework

"Who is the user?" "Which aspects of quality is 
important for the user?" "What do we aim to 

quantify with the composite measure?"

2. Indicator 
selection

"Which indicators are important, relevant and 
feasible to include in the composite measure?"

3. Evaluation 
of data and 

data structure

"Are there missing data in the dataset and if so, 
how it should be handled?" "Is there high 

correlation between individiual quality indicators?"

4. Weighting 
of individual 

indicators

"Are some of the included indicators more 
important or relevant than others?"

5. Aggregation 
of indicators

"Which aggregation method is the most suitable 
one for my data and objective?"

6. Validation of 
the composite 

measure

"Is the constructed composite measure realiable?" 
"Does composite measure actually reflect the 

quality of care?"
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The construction of composite indicators starts with a defined framework.[5] A 
theoretical framework should define (1) “why”, why do we construct this composite 
measure and what we aim to measure with this composite measure exactly, (2) “for 
who”, who is the user of the composite measure to be created as different users may 
have different information needs and different values and definitions of high quality, 
(3) “which”, which aspects of quality are important and which indicators can be 
relevant for defined audience and the defined objective, leading to the  potential 
inclusion and exclusion criteria for the quality indicators to be considered. [4, 5] 

After defining the aim and potential inclusion criteria for the quality indicators, 
decision of which indicators are useful and relevant to fulfil the defined objective 
should be made.[5] Reliability and usefulness of composite indicators are linked to 
underlying individual indicators. [5] Some aspects to consider when selecting quality 
indicators can be their relevance, feasibility, importance, discriminatory power, 
timeliness, availability, accuracy and completeness.[5]  

Next steps include investigation of dataset and data structure. If there is missing data, 
imputation of missing data and potential approaches for imputation and advantages 
and limitations of different approaches can be considered. [5] If individual indicators 
have different measurement scales, normalisation of data is required prior to 
aggregation. [5] Analysing the underlying data structure and interrelations between 
individual indicators should be considered. For example, if a composite measure is 
constructed with indicators which are highly correlated with each other and 
potentially measuring the same aspect of quality, this may lead to “indicator rich but 
information poor” composite indicators. [5] 

Weighting of individual indicators before aggregation enables users to differentiate 
between individual indicators and to emphasize certain aspects of quality which may 
be more important or relevant (or other defined criteria) to achieve the outcome of 
interest.  Some of the weighting approaches used in the literature are explained below. 

Weighting individual indicators equally usually implies that there are no grounds to 
differentiate between quality indicators and they are equally relevant and important 
to measure the overall quality of care. [5] It should be considered that, even if the 
equal weights are assigned to each indicator with the intention of “equal importance” 
of each aspect, it may result differently. For example, if there are multiple indicators 
measuring the same aspects of quality, even though we assign equal weights to each 
indicator, this component of quality will be measured multiple times and will weigh 
more in the composite indicator. This issue is also referred as “double weighting”. [5] 
If there are large differences in number of observations for individual indicators, this 
may also create unbalance, even if each aspect of quality weighted equally. [5] This 
shows the importance of exploring the data and data structure prior to combining 
quality indicators. 
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If there is high correlation between individual indicators, this can imply that the 
indicators share similar underlying traits, measure similar aspects of the quality of 
care and there may be overlapping information in these indicators. In such cases, 
weights obtained from principal component analysis (PCA) or factor analysis (FA) 
can be considered. PCA or FA weights may be helpful to avoid assigning higher 
weights unintentionally to one aspect of care. [5]  

In regression weights approach, weights can be assigned to each individual indicator 
according to their size of association with the desired outcome. Using regression 
weights approach, indicators which have a greater association with the outcome will 
receive higher weights. This method can be preferred when there is a “gold-standard 
end point”.[16]  

After weighting each component of quality, these indicators can be aggregated using 
different schemes.  

Opportunity-based composite scores (OBCS) can be investigated under two sub-
categories: overall percentage and patient average.  

Overall percentage composite scores are obtained as the total number of care 
components provided to all patients in the hospital, divided by the total number of 
care components that were relevant for those patients’ care, indicating what 
percentage of care patients “received” that they “should” have received in a hospital. 
[6, 18]  

Using overall percentage approach, composite score for a hospital can be calculated 
as; 

Overall	percentage	score	

= 	
∑ Total number of care indicators delivered to patient! n
i=1

∑ Total number of care indicators relevant to patient!'s care n
i=1

 

where n denotes the number of patients in the hospital. 

In patient average method, each patient receives a score according to fulfilment of 
care indicators that are relevant to them. [6, 18] While patient average composite 
scores are calculated similarly to overall percentage (provided care divided by 
relevant care), in patient average method scores are calculated on patient-level and 
then can be averaged to obtain hospital or other level-of-interest composite scores. 
Overall percentage composite scores are calculated directly on provider level. 

Using patient average approach, composite score for a hospital can be calculated as, 
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Score	for	patient! 	= 	
Total number	of	care indicators delivered to patient!

Total	number	of	care	indicators	relevant	to	patient!'s	care
 

Patient	average	score	for	hospital	 = 	
∑ Score	for	patient!"
!#$

n  

where n denotes total number of patients in the hospital. 

All-or-none (AON) scoring is the strictest method to construct composite indicators. 
In AON, only complete care of patients is rewarded. Each patient receives either 1 
(patient received all of the care components that the patient was eligible for) or 0 (at 
least one of the necessary care components was not provided to patient). [3, 6, 18] 
Patient scores can be averaged to obtain hospital-level composite scores. 

Using AON, composite indicators can be calculated as 

AON	score	for	each	patient	

= >	1,																													All	relevant	care	components	are	provided	to	the	patient0,									At	least	one	relevant	care	component	is	not	provided	to	the	patient 

Hospital-level AON score = 
∑ Score for 𝑝𝑎𝑡𝑖𝑒𝑛𝑡%n
i=1

n
 

where n denotes the number of patients in the hospital. 

In 70% standard composite scoring approach, composite scores are calculated in a 
similar way to AON, with a lower threshold. Each patient receives either 1 (at least 
70% of eligible care components were provided to the patient) or 0 (patient received 
less than 70% of eligible care components). [6, 18] 

Using 70% standard approach, composite indicators can be calculated as 

70%	standard	score	for	each	patient	

= 	 >	
1,							At	least	70%	of	the	eligible	care	components	were	delivered	to	the	patient
0,																															Patient	received	less	than	70%	of	necessary	care	components 

Hospital-level composite score = 
∑ Score for 𝑝𝑎𝑡𝑖𝑒𝑛𝑡%n
i=1

n
 

where n denotes the total number of patients in the hospital. 
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While these are some of the most common approaches to construct composite 
measures, numerous other approaches exist. For example, patient/survey weights 
(weights are assigned according to patients’ judgement of what is more important for 
them), benefit of doubt weights (assigning weights in a way to maximize healthcare 
providers’ score), Bayesian weights and item response theory weights. 

Next and the final step in construction process of composite measures is validation. 
Even if all the individual indicators used in the composite measures are already 
validated measures of quality, it is still recommended to validate the final composite 
measure. [19]  

While validity relates to accuracy of the measurement, reliability relates to the 
consistency of the measure.[20]  Defining the framework (intended aim and intended 
user) in the beginning of the construction process is important to ensure validity and 
reliability of a composite measure.[5] 

Some of the validation types are content validation (a subjective judgement regarding 
whether all necessary care aspects are included in the composite measure), construct 
validation (whether composite indicator measures what is aimed to be measured), face 
validity (a subjective judgement and agreement by an expert panel or targeted 
stakeholders that the composite measure is useful and valid), criterion validity (the 
extent to which the constructed composite measure correlates or predicts the gold-
standard end point). [4]  

After step-by-step construction process is completed, the most appropriate way to 
communicate this information obtained by composite measures, including 
visualisation methods for the targeted audience, can be considered. [5] 

3.4. THE DANISH HEALTHCARE SYSTEM AND QUALITY 
MEASUREMENT IN THE DANISH CONTEXT 

Denmark has public healthcare system where the access to the majority of healthcare 
services is free of charge for all Danish residents and mainly financed by taxes. [21-
24]  

In Denmark, healthcare is organized on three administrative levels: national, regional 
and municipal level. [21-23] While state is in charge of legal frameworks, regulation, 
supervision, and fiscal functions, regions are in charge of hospitals and self-employed 
general practitioners, and municipalities are responsible for health promotion and 
disease prevention. [23]  

As also appraised in a report by Organisation for Economic Co-operation and 
Development (OECD), Denmark has impressive quality assurance and improvement 
mechanisms in place that includes quality improvement projects, establishment of 
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quality standards and guidelines and extensive and well-developed clinical registries. 
[24]  

One of the important initiatives in Denmark towards quality improvement was the 
Danish National Indicator Project. [25] The Danish National Indicator project was 
established in 2000 with an aim to improve quality of care delivered to the patients in 
six specific disease areas and participation was mandatory for healthcare 
providers.[25] Quality indicators and standards were developed.[25] The 
performance of each healthcare provider was monitored and assessed, and the results 
regarding their performance on achievement of quality indicators and standards were 
shared with respective healthcare providers. [25] Furthermore, national and regional 
audits were conducted to discuss and analyse these results and facilitate potential 
improvement processes. [25] Results from this project revealed significant 
improvement in the delivery of quality of care. For example, for stroke care, the 
proportion of patients with timely admission to a stroke unit increased from 77% in 
2003 to 91% in 2008. [26] Similar trends were observed in delivery of all process 
indicators to stroke patients, whereas 30-day mortality was declined from 12% in 
2003 to 10% in 2008. [26] These results showed the potential effects of measurement 
and documentation of quality, establishing quality standards and providing 
continuous feedback on improvement of quality of care. 

In 2015, the National Quality Programme was introduced. The national objectives for 
the Danish healthcare system were defined, which included improved patient 
pathways, better quality of care with a special focus for chronically ill and elderly 
patients, increased survival rates, healthy life years and patient safety, timely 
diagnosis and treatment, greater patient involvement and a more effective healthcare 
system. [21, 27] 

Today, Denmark has a total of 85 well-developed clinical quality registries, managed 
by The Danish Clinical Quality Program– National Clinical Registries (RKKP). [28] 
These registries contain patient-level information used for evaluation and 
improvement of quality of care. [28] The quality indicators in these clinical quality 
registries principally reflect the recommendations from established national clinical 
guidelines. [22, 25]  These registries overall have high coverage, as this quality 
improvement programme is exempt from patient consent and it is mandatory for all 
Danish hospitals to register patients in corresponding registries. [28] Furthermore, in 
Denmark each resident receives a 10-digit identification number either at birth or 
immigration that facilitates the linkages among different Danish registries. [29] 
Hence, these registries are very valuable resources for research. 
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3.4.1. HEART FAILURE AND MONITORING THE QUALITY OF HEART 
FAILURE CARE IN DENMARK 

European Society of Cardiology defines heart failure (HF) as “a clinical syndrome 
characterized by typical symptoms (e.g. breathlessness, ankle swelling and fatigue) 
that may be accompanied by signs (e.g. elevated jugular venous pressure, pulmonary 
crackles and peripheral oedema) caused by a structural and/or functional cardiac 
abnormality, resulting in a reduced cardiac output and/or elevated intracardiac 
pressures at rest or during stress.”.[30] HF creates heavy burden for patients, their 
families and society. [31-33] Due to HF’s worldwide high prevalence, poor prognosis 
and heavy burden, measurement and improvement of quality of HF care is critical.[34, 
35] To evaluate and improve the quality of care provided to patients with HF, many 
countries have established clinical registries. [36-39] 

The Danish Heart Failure Registry (DHFR) was established to monitor and assure the 
delivery of high quality of care to the patients with HF in Denmark. [39] Since its 
establishment in 2003, the achievement rates of process indicators are substantially 
increased, while 1-year mortality for patients with HF declined. [40] To be registered 
in the DHFR, the diagnosis must be verified by a cardiologist.[39] The DHFR 
contains information on processes and outcomes of quality of care, as well as 
prognostic factors. [39]  

3.4.2. ISCHEMIC STROKE AND MONITORING THE QUALITY OF 
ISCHEMIC STROKE CARE IN DENMARK 

WHO defines stroke as “rapidly developed clinical signs of focal (or global) 
disturbance of cerebral function, lasting more than 24 hours or leading to death, with 
no apparent cause other than of vascular origin”.[41] Stroke is a major cause of 
mortality and disability worldwide and while mortality rates for stroke is decreasing, 
the overall burden of the stroke remains high.[42, 43] Previous studies revealed that 
timely delivery of high quality of care to ischemic stroke patients is associated with 
improved patient outcomes, including lower mortality. [44-47] To monitor, track and 
evaluate the quality of care delivered to the stroke patients, many countries have 
established national clinical registries.[48]  

To monitor and improve the quality of care delivered to the patients with stroke in 
Denmark, the Danish Stroke Registry (DSR) was established in 2003.[49] The DSR 
consists of prospectively collected individual-level data for all adult patients (aged 18 
or older) admitted to Danish hospitals with acute stroke. In the DSR, stroke is defined 
according to WHO criteria provided above. The DSR includes individual-level 
information on processes and outcomes of care as well as information on prognostic 
factors. [49] The sensitivity and predictive value of the registration of patients with 
stroke in the DSR was estimated to be over 90%. [50] 
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CHAPTER 4. PAPER I 

This chapter is based on the paper “Composite measures of quality of health care: 
Evidence mapping of methodology and reporting” by Kara P, Valentin JB, Mainz J, 
Johnsen SP that was published in Plos One and attached as appended paper I. [51] 

4.1. AIMS 

The main aims of this study were as follows, 

i. To identify the methods that were used in the literature to construct 
composite measures to quantify quality of care based on process of care 
indicators. 

ii. To investigate methodological considerations behind these methods: (1) 
if authors provided any justification regarding their choice of 
methodology to build composite measures, (2) if authors provided any 
information on advantages or limitations of using composite measures 
rather than using individual quality indicators and (3) if authors 
informed readers regarding the presence of other approaches to 
construct composite measures. 

4.2. METHODS 

A literature search was conducted on PubMed and EMBASE databases to identify the 
publications that used composite indicators to quantify the quality of care. Search 
string is available in appended paper I. 

We excluded studies if (1) indicators other than process indicators were used in the 
composite measures, (2) indicators related to access or utilization were used, (3) 
indicators were patient-reported, (4) the type of publication was protocol, review, 
editorial, comment, letter, trial design or purely methodological, (5) publication 
language was not English and (6) full-text was not available. Detailed exclusion 
reasons and PRISMA diagram was provided in appended paper I. 

For included studies, each paper was assessed for (1) construction methodology for 
composite measures and (2) whether methodological considerations regarding 
composite measures were addressed. [51] 
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4.3. RESULTS 

Out of 2711 identified publications, 145 publications satisfied the full inclusion 
criteria and consequently, included in the study. References for included studies are 
provided in the appended paper I. 

Included papers were categorized in two categories according to their main aim; to 
support operational use or for research purposes. Further explanation and examples 
were provided in appended paper I.  

For aggregation, majority of the included studies constructed composite indicators 
using OBCS approach (89/145), whereas AON scoring was the second most used 
approach (48/145) to construct composite measures. 

For weighting of each indicator before aggregation, majority of the publications relied 
on equal weights. Other approaches were limited and included: expert weights 
(7/145), PCA-based weights (3/145), item response theory weights (3/145), Bayesian 
weights (1/145), benefit of doubt weights (1/145) and regression weights (1/145). 

For methodological considerations addressed in the publications in relation to use of 
composite indicators, any rationale regarding the choice of methodology was 
provided in 36 publications. Out of 145 publications, 42 studies provided any 
advantage of using composite indicators and 22 publications mentioned any limitation 
of using composite indicators. [51] (Table 2) 

Table 2. Methodological information in the reviewed publications [51]  

Methodological information Number of papers 
(%) 

Communication of the construction method: Any 
rationale regarding the choice of methodology was 
addressed/referenced 

36 %25%) 

Communication of limitations: Any limitation associated 
with composite measures was addressed/referenced 22 (15%) 

Communication of advantages: Any advantage regarding 
use of composite measures was addressed/referenced 42 (29%) 

Informing the reader regarding the presence of other 
approaches, only for papers that used a single approach. 10 (8%) 
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Detailed information regarding construction method and methodological 
considerations in each included publication are available in the appended paper I. 

4.4. DISCUSSION 

4.4.1. MAIN RESULTS 

Main findings of this study revealed that even though numerous approaches to 
construct composite measures exist, the variation in the construction process of 
composite measures to measure process quality of health care was modest. 
Furthermore, although using different approaches may lead to different results and 
consequently facilitate unreliable interpretations of quality, the majority of the 
included publications did not inform the reader about the rationale for selecting 
preferred methodology, limitations associated with composite measures and presence 
of other construction methodologies. [51]  

4.4.2. COMPARISON WITH THE EXISTING LITERATURE 

To our knowledge, this was the first study that systematically identified and examined 
studies that used composite measures to quantify the quality of care based on process 
indicators. [51]  

4.4.3. METHODOLOGICAL CONSIDERATIONS 

In study I, we recognized certain limitations. First, this review was restricted to peer-
reviewed publications indexed in the PubMed and EMBASE databases. Second, we 
only included publications that are in English, consequently relevant publications in 
other languages might have been excluded. Lastly, although recommended in 
guidelines, we did not check whether validation of the composite measures was 
performed in the included studies, as this broad topic was beyond the scope of the 
study. [51] 

4.5. CONCLUSION 

The variation in the existing studies regarding construction of composite measures to 
measure process quality of health care was modest and the attention to methodological 
considerations was limited and/or not communicated with the reader clearly. 
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CHAPTER 5. PAPER II AND PAPER III  

This chapter is based on the paper II: “Composite measures of quality of care for 
patients with heart failure in Denmark: A nationwide cohort study” which is in 
preparation stage and paper III: “Composite measures of quality of care for patients 
with ischemic stroke in Denmark: A nationwide cohort study” which is in preparation 
stage. [52, 53] 

Paper II and Paper III are attached to this thesis as appended paper II and appended 
paper III, respectively. 

5.1. AIMS 

5.1.1. AIMS: PAPER II 

In study II, we constructed multiple composite measures of quality of incident HF 
care based on process indicators selected by an expert panel and then combined using 
multiple weighting and aggregation methods. Using these composite measures, we 
aimed, 

I. To rank hospitals using different types of composite measures based on 
various weighting and aggregation schemes and to investigate how 
hospitals’ rankings change according to the method that was used to 
construct composite measures. 

II. To investigate the association between different types of composite 
quality measures and 1-year all-cause mortality for patients with 
incident HF. 

5.1.2. AIMS: PAPER III 

In study III, we constructed multiple composite measures of quality of incident 
ischemic stroke care based on quality indicators selected by an expert panel and then 
combined using multiple weighting and aggregation methods. Using these composite 
measures, we aimed, 

I. To rank hospitals using different types of composite measures based on 
various weighting and aggregation schemes and to investigate how 
hospitals’ rankings change according to the method that was used to 
construct composite measures. 

II. To investigate the association between different types of composite 
quality measures and 30-day all-cause mortality for patients with 
incident ischemic stroke. 
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III. To investigate predictive accuracy of different types of composite 
measures of quality of care in relation to 30-day all-cause mortality. 

5.2. METHODS 

Study II and Study III were nationwide cohort studies conducted based on data from 
registries in Denmark. Using 10-digit unique civil registration numbers assigned to 
all Danish residents, the linkages between different Danish registries were created.  

5.2.1. METHODS: PAPER II 

Data Sources 
The data sources used in study II were The Danish Heart Failure Registry (DHFR), 
The Danish National Patient Registry (DNPR), The Danish National Prescription 
Registry (DPR), The Danish Civil Registration System (CRS) and Statistics Denmark.  

The DHFR provided the source population, information on quality indicators, lifestyle 
factors, clinical characteristics, and history of hypertension. The DNPR and DPR 
were used to identify patients with comorbidities. Statistics Denmark provided 
information on annual family income and highest level of completed education. The 
CRS provided information on sex, date of birth, vital status, and emigration status.  

Further information on used data sources for each covariate were provided in 
appended paper II. 

Study Population 
Using DHFR, we identified all adult patients diagnosed with incident HF from 
01.01.2008 till 31.12.2018. We excluded patients if their vital status was missing, if 
they resided in Denmark less than 5 years upon hospital contact, if they were not 
eligible for any of the quality indicators, if they died on or before the index date, if 
they were treated in hospitals with less than 100 patients in total for defined study 
period, if the index date for composite measure was after the end of follow-up and if 
their index date was after study period, 31 December 2018. 

Index date was defined as the first day after the time window to provide process 
indicators according to clinical guidelines expires. Information on index date for each 
process indicator and composite indicator can be found on appended paper II. 

Expert panel 
We conducted an expert panel to (1) select clinically meaningful process indicators 
to use in our study and (2) to weigh selected indicators to construct composite 
indicators with expert weights. 
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Expert panel consisted of three experts from DHFR steering group with expertise in 
both DHFR and clinical work with HF care. The entire expert panel process is 
provided in appended paper II. 

Covariates 
In study II, we included age, sex, high alcohol consumption, smoking, left ventricular 
ejection fraction (LVEF), New York Heart Association (NYHA) classification, 
history of comorbidities (acute myocardial infarction, ischemic stroke, diabetes 
mellitus, chronic obstructive pulmonary disease, hypertension, chronic kidney 
disease, obesity, valvular heart disease and obstructive sleep apnea), annual family 
income and highest level of completed education as covariates. Covariate definitions 
and the used data sources for covariates are provided in appended paper II. 

Statistical Analysis 
Overall quality of HF care for each hospital were obtained using multiple methods 
based on different weighting and aggregation schemes: overall percentage with equal 
weights, patient average with expert weights, patient average with regression weights, 
AON scoring and 70% standard approaches, with unadjusted and multivariable 
adjusted analyses. 

For patient average methods where each patient received a score between 0 and 1, we 
used fractional probit regression, for AON scoring and 70% standard approaches 
where the patient scores were dichotomous, we used logistic regression and for 
overall percentage with equal weights, we used linear regression and composite scores 
were obtained as marginal proportions. For patient average with regression weights 
approach, we used Cox regression to assess each individual indicator’s association 
with 1-year all-cause mortality.  

Calculation of composite indicators and descriptions for methods are explained 
further in appended paper II. 

Ranking of healthcare providers 
Unadjusted and multivariable-adjusted hospital rankings were obtained according to 
hospitals’ composite scores based on different methods. 

Rankability 
We drew bootstrap samples with 1,000 replications from the original dataset. Using 
one of the construction methods (patient average with expert weights 1) each hospital 
received 1,000 rankings based on bootstrap samples and bootstrap obtained 95% CIs 
were provided. This was used as an indication whether the variation in hospital 
rankings based on different methods was larger than random variation within one 
methodology. 
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Association with 1-year all-cause mortality 
To assess the association between composite measures of HF care and 1-year all-
cause mortality, we performed Cox proportional hazards regression analysis. For 
patients with incident HF, the time at risk started on the first day after the latest 
possible day to provide necessary care to patients in order to comply with clinical 
recommendations (85 days after first hospital contact). The time at risk ended on the 
date of death, loss to follow-up or at the end of 1-year follow-up, whichever came 
first. For each composite scoring method, unadjusted and multivariable-adjusted 
hazard ratios and 95% CIs were calculated. 

Sensitivity analysis 
We conducted a sensitivity analysis where the time at risk started at the day of first 
hospital contact.  [52] 

We conducted all statistical analyses using Stata 16 (StataCorp. 2019. Stata Statistical 
Software: Release 16. College Station, TX: StataCorp LLC.). 

5.2.2. METHODS: PAPER III 

Data sources 
The data sources used in study III were The Danish Stroke Registry (DSR), the 
DNPR, the DPR, the CRS and Statistics Denmark.  

The DSR provided information on lifestyle factors, sociodemographic factors, 
severity of stroke, comorbidities and indicators related to processes and outcomes of 
care. The DNPR and the DPR were used as supplementary data sources to further 
identify patients’ comorbidities. Statistics Denmark provided information on annual 
family income, highest completed education and emigration. The CRS provided 
individual-level information on sex, date of birth and vital status. 

Detailed information on used data sources were provided in appended paper III. 

Study population 
Using DSR, we identified patients with incident acute ischemic stroke from 
01.01.2016 till 31.12.2018. We excluded patients if information regarding vital status 
was missing, if the time interval between symptom onset and hospital admission was 
more than one week, if they died within two days of hospital admission, if they lived 
in Denmark less than 5 years upon hospital admission or moved out of Denmark 
during follow-up period, if they were treated in hospitals with less than 100 ischemic 
stroke patients in total for the defined study period and if they had missing information 
on selected quality indicators for the study. 
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Expert panel 
We conducted an expert panel to (1) select clinically meaningful process indicators 
to use in our study and (2) to weigh selected indicators to construct composite 
indicators with expert weights. 

Expert panel consisted of three experts from the DSR steering group with expertise 
in both the DSR and clinical work with ischemic stroke care. The entire expert panel 
process is provided in appended paper III. 

Covariates 
Included covariates in this study were age, sex, type of residence, cohabitation status, 
high alcohol consumption, smoking, stroke severity (Scandinavian Stroke Scale, 
SSS), history of comorbidities (acute myocardial infarction, diabetes mellitus, 
hypertension, atrial fibrillation, and intermittent claudication), annual disposable 
family income and highest level of completed education. 

Statistical Analysis 
Overall quality of ischemic stroke care for each hospital were obtained using multiple 
methods based on different weighting and aggregation schemes: overall percentage 
with equal weights, patient average with expert weights, patient average with 
regression weights, AON scoring and 70% standard approaches, with unadjusted and 
multivariable adjusted analyses. 

Composite measures were obtained in a similarly to study II, described above. In 
study III, for the patient average with regression weights approach, we used logistic 
regression to assess each individual indicator’s association with 30-day all-cause 
mortality.  

Calculation of composite indicators and descriptions for methods are explained 
further in appended paper III. 

Ranking of healthcare providers 
Unadjusted and multivariable-adjusted hospital rankings were obtained according to 
hospitals’ composite scores based on different methods. 

Rankability 
Rankability of composite measures was assessed similarly to study II, described 
above. 

Association with 30-day all-cause mortality 
We investigated the association between patient-level composite measures and 30-
day all-cause mortality, using logistic regression, with unadjusted and multivariable 
adjusted analysis. Odds ratios and 95% CIs were obtained. 
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Predictive accuracy of composite measures  
We examined the predictive accuracy of composite measures in predicting 30-day 
mortality, performing apparent validation and 5-fold cross validation. The 
incremental predictive value of the composite measures was assessed. 

Sensitivity analysis 
We performed a sensitivity analysis using a different index date where the risk for the 
patients started 14 days after hospital admission.  [53] 

We conducted all statistical analyses using Stata 16 (StataCorp. 2019. Stata Statistical 
Software: Release 16. College Station, TX: StataCorp LLC.). 

5.2.3. ETHICS 

The Danish Health Data Authority, the Danish Data Protection Agency and Statistics 
Denmark approved study II and study III. Registry-based studies do not require 
approval from an ethics committee according to Danish law. 

5.3. RESULTS 

5.3.1. RESULTS: PAPER II 

Study population 
From 01.01.2008 till 31.12.2018, we identified 41,968 patients with incident HF. 
After excluding patients according to the exclusion criteria given under methods 
section, the final study population included 30,739 patients. The exclusion process 
and patient characteristics are provided in the appended paper II. 

Results from expert panel 
Expert panel selected five indicators out of seven indicators that were available in the 
DHFR. Selected indicators to be included in the composite scores are provided in 
Table 3. 
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Table 3. Selected indicators for composite measures of quality of HF care [52] 

Process indicator  Indicator definition 

Treatment with 
ACE inhibitor/ARB 

Started, attempted to start or already on ACE 
inhibitor/ARB, within 8 weeks after first hospital contact, 
for patients with LVEF<=40% 

Treatment with 
beta-blockers 

Started, attempted to start or already on beta-blockers, 
within 12 weeks after first hospital contact, for patients 
with LVEF<=40% 

Treatment with 
MRA  

Started, attempted to start or already on mineralocorticoid 
receptor antagonists, within 12 weeks after first hospital 
contact, for patients with LVEF<=35% 

Exercise training 
Referral for exercise training by a physiotherapist in 
hospital, within 12 weeks after first hospital contact, for 
patients with LVEF<=40% 

Patient education 
Start-up of structured individualized patient education, 
within 12 weeks after first hospital contact, for patients 
with LVEF<=40% 

 

We used three set of expert panel weights. Expert weights 1 (EW1) indicated each 
indicator was equally important (equal weights), whereas in expert weights 2 (EW2) 
indicators related to medication weighted more and in expert weights 3 (EW3), patient 
education received the highest weight. Weights of each indicator for each set of expert 
weights are provided in appended paper II. 

Rankings of hospitals 
Hospital rankings based on different composite scoring methodologies provided 
above were obtained and plotted, with and without adjustment. (Figure 4, Figure 5) 
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Figure 4. Unadjusted hospital rankings [52] 

 

Figure 5. Multivariable-adjusted hospital rankings [52] 
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Both for unadjusted and adjusted analysis, majority of hospitals’ rankings differed 
according to composite scoring methodology. (Figure 4, Figure 5) 

Rankability 
Figure 6 and Figure 7 showed that the variation between hospital rankings based on 
different methods was larger than random variation for many hospitals, which cannot 
be solely explained by chance, both for unadjusted and adjusted analysis. 

 

Figure 6. Rankability, unadjusted analysis [52] 
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Figure 7. Rankability, multivariable adjusted analysis  [52] 

Association with 1-year all-cause mortality 
The association between composite measures of quality of HF care and 1-year all-
cause mortality are provided in Table 4. 

Table 4. Association between composite measures of quality of HF care and 1-year 
mortality [52] 

Composite measures 
Hazard ratios (95% CIs) 

Unadjusted 
Multivariable 

adjusted 
Patient average, EW1 0.979 (0.978-0.981) 0.988 (0.986-0.990) 
Patient average, EW2 0.982 (0.980-0.983) 0.990 (0.988-0.991) 
Patient average, EW3 0.979 (0.978-0.981) 0.988 (0.986-0.989) 
Patient average, Regression 
weights 

0.979 (0.977-0.980) 0.987 (0.986-0.989) 

AON 0.430 (0.377-0.491) 0.631 (0.551-0.723) 
70% standard 0.464 (0.430-0.501) 0.643 (0.593-0.698) 
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The results for patient average methods show the effect of one percent change in 
composite score on 1-year all-cause mortality whereas the AON and 70% standard 
methods show the hazard ratio of one group (complete care and at least 70% of 
required care, respectively) compared to the other group (not complete care and less 
than 70% of necessary care, respectively). Therefore, it is important to emphasize the 
magnitude of association obtained by patient average methods are not directly 
comparable to results obtained by AON and 70% standard methods. 

Results showed that improvement in all types of composite scores were associated 
with lower hazard of experiencing 1-year mortality. For example, one percent 
increase in patient average with EW3 score reduces the hazard of experiencing the 
event of interest, 1-year mortality, by 2.1%. for the unadjusted analysis. For further 
interpretations, please see appended paper II. [52] 

Sensitivity analysis 
Results from the sensitivity analysis showed that hazard ratios were slightly lower for 
patient average and 70% standard methods and higher for the AON method, both for 
adjusted and unadjusted analysis. For more detailed information, please see appended 
paper II. [52] 

5.3.2.  RESULTS: PAPER III 

Study population 
From 01.01.2016 till 31.12.2018, we identified 26,297 patients with incident ischemic 
stroke. After excluding patients according to the exclusion criteria given under 
methods section, the final study population included 24,324 patients. The exclusion 
process and patient characteristics are provided in the appended paper III. 

Results from expert panel 
According to the results from the expert panel, the composite measures included 11 
process indicators of quality of ischemic stroke care and are provided in Table 5. 

Weights for each process indicator assigned by the expert panel are provided in the 
appended paper III. 
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Table 5. Selected indicators for composite quality measures of ischemic stroke care  
[53] 

Quality indicators Definition 

Thrombolysis Door to needle time ≤1 hour, for the patients who were 
treated with thrombolysis. 

Timely admission Admission to a stroke unit within the first day of hospital 
admission. 

Platelet inhibitory 
treatment 

Providing platelet inhibitor therapy within the second 
day of admission, for patients without atrial fibrillation. 

Oral anticoagulation 
therapy 

Providing oral anticoagulation therapy within 14 days 
after admission, for patients with atrial fibrillation. 

CT / MRI scan Performing CT/MR scan within 6 hours after hospital 
admission. 

Assessment by a 
physiotherapist 

Assessment by a physiotherapist regarding need of 
rehabilitation within the second day of admission. 

Assessment by an 
occupational therapist 

Assessment by an occupational therapist regarding need 
of rehabilitation within the second day of admission. 

Early mobilization Mobilization of patients on the day of admission. 

Indirect swallowing 
test 

Performing indirect swallowing test on the day of 
admission. 

Ultrasound CT / MRI 
angiography of the 
carotid artery 

Performing ultrasound CT/MR-angiography of carotid 
arteries within the fourth day of admission. 

Timely carotid 
endarterectomy  

Performing carotid endarterectomy within 14 days after 
admission, for the patients eligible for the procedure. 

 

Rankings of hospitals 

Hospital rankings based on different type of composite scoring methodologies were 
obtained and plotted, with and without adjustment. (Figure 8, Figure 9) 
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Figure 8. Unadjusted hospital rankings [53] 

 

Figure 9. Multivariable adjusted hospital rankings [53] 
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Rankability  
Figure 10 and Figure 11 revealed that the variation between rankings based on 
different methods were larger than random variation for some of the hospitals and this 
cannot be solely explained by chance, both for unadjusted and adjusted analysis. 

 

Figure 10. Rankability, unadjusted analysis [53] 
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Figure 11. Rankability, multivariable adjusted analysis [53] 

Association between composite measures and 30-day all-cause mortality 
Improvement in all types of composite measures, except all-or-none scoring, was 
significantly associated with lower 30-day all-cause mortality. (Table 6) 

Table 6. Association between composite measures of quality of ischemic stroke care 
and 30-day mortality  [53] 

Composite measures 

Odds ratios (95% CIs) 

Unadjusted Multivariable 
adjusted 

Patient average, Equal weights 0.993 (0.991-0.995) 0.995 (0.993-0.998) 

Patient average, Expert weights 0.993 (0.991-0.995) 0.995 (0.992-0.997) 

Patient average, Regression weights 0.992 (0.989-0.994) 0.995 (0.993-0.997) 

AON scoring 0.960 (0.867-1.063) 1.084 (0.966-1.218) 

70% standard 0.596 (0.525-0.677) 0.625 (0.540-0.723) 
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For patient average composite scores, odds ratios present the effect of one percent 
change in composite quality score on outcome, for example, one percent increase in 
patient average with regression weights is associated with 0.8% lower mortality, 
whereas for the AON and 70% standard methods shows the odds of mortality in one 
group (complete care and at least 70% of the necessary care, respectively) compared 
to the other group (not complete care and less than 70% of the necessary care, 
respectively), for example, patients who received at least 70% of the necessary care 
components have 40.4% lower odds of mortality compared to patients who received 
less than 70% of the eligible care components, for unadjusted analysis. 

Predictive accuracy of composite measures  

All types of composite measures performed poorly in predicting 30-day all-cause 
mortality, assessed with apparent validation and 5-fold cross-validation. (Figure 12, 
Figure 13) Similarly, composite measures provided very little incremental predictive 
value over included covariates. ROC curves for all models (models with only 
covariates, models with only composite measures and models with composite 
measures and covariates) for apparent validation and 5-fold cross-validation are 
available in appended paper III. 

 

Figure 12. ROC curves for composite measures, apparent validation [53] 
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Figure 13. ROC curves for composite measures, 5-fold cross-validation [53] 

Sensitivity analysis 
Results from the sensitivity analysis were comparable to the results from main 
analysis. For more detailed information, please see appended paper III. [53] 

5.4. DISCUSSION 

5.4.1.  PAPER II 

Results from paper II emphasized the importance of awareness with regards to 
potential effects of using different approaches to construct composite measures. Using 
different approaches led to different rankings for the majority of hospitals that cannot 
be solely explained by random variation. Therefore, when evaluating healthcare 
providers based on composite score rankings, consideration of such potential 
uncertainties related to use of composite measures is required. [52] 

5.4.2. PAPER III 

Results from paper III showed changes in hospital rankings for some of the hospitals, 
significant association with lower odds of mortality for majority of the methods and 
poor performance in predicting 30-day mortality for all of the composite measures. 
These results emphasize the importance of careful interpretation of results obtained 
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by composite measures and importance of awareness regarding to the difference 
between association and prediction. Poor performance of composite quality scores in 
predicting mortality should not be considered as an indication of insignificancy of 
quality of care. Quality of care plays a great role in management of stroke care and 
patient outcomes, as shown by significant association with lower mortality in this 
study. However, other factors such as age and stroke severity are stronger predictors 
of 30-day mortality. Furthermore, the overall high achievement rate for stroke care 
indicators in Denmark may led to difficulties in discriminating quality of care in 
healthcare providers. [53] 

5.5. METHODOLOGICAL CONSIDERATIONS 

The outcomes used in study II and study III were 1-year all-cause mortality and 30-
day all-cause mortality, respectively. However, there may be other relevant outcomes 
that reflects quality of care. As both heart failure and stroke are associated with a great 
burden for patients, indicators such as quality of life can be especially relevant 
outcomes of the quality of care. 

In study II and study III, selection of included indicators for the composite measures 
relied on (1) the availability in the DHFR and the DSR, respectively and (2) feedback 
from the expert panel. There may be other components of care that are important to 
measure in order to distinguish healthcare providers’ performance, but not available 
in the respective databases or for example, difficult to quantify. Furthermore, different 
group of experts may select different quality indicators. 

Study II and study III were based on observational data and therefore, causation 
cannot be assumed in neither of these studies. Furthermore, certain types of biases are 
associated with observational studies. 

Selection bias 
Selection bias may occur if the procedures that were performed to select subjects and 
factors affect study participation. [54] 

In study II and III, the study populations were identified from national clinical 
registries. These registries include data from all public hospitals in Denmark and 
registry of patients in the respective databases are mandatory by law. In Denmark, 
treatment in public hospitals is free of charge with equal access for all Danish 
residents. [22] Patients with heart failure and stroke are exclusively admitted to public 
hospitals. The inclusion and exclusion criteria for registration of patients in the 
clinical quality registries are the same across regions and hospitals. These ensure all 
patients with heart failure and stroke should have equal access to healthcare services 
and healthcare providers must register these patients according to the defined 
inclusion/exclusion criteria in respective registries. Therefore, the coverage of clinical 
quality registries is expected to be very high and a systematic exclusion of certain 
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groups of patients assumed to be very limited. We do not expect selection bias to be 
a concern for study II and study III. 

Information bias 
Information bias can occur if the collected information about study subjects is 
incorrect. [54]  

In study II and study III, all the used information were obtained from multiple Danish 
registries. In general, in these registries the data completeness and coverage, and 
validity of the data are considered to be high. [39, 49, 55-58]  

For the clinical quality databases, although guidelines with detailed variable 
definitions are in place, occurrence of errors during the registration of fulfilment of 
quality indicators or other variables cannot be completely ruled out. For the DNPR, 
potential problems such as differences between hospitals regarding coding of 
diagnoses are reported. [57]  

In study II and III, there were considerable amount of missing data for some of the 
included covariates. We performed multiple imputation by chained equations based 
on the assumption that the data were missing at random. 

Confounding 
In study II and study III, we adjusted our analysis according to potential confounders. 
However, residual confounding cannot be ruled out. 

Precision 
The statistical precision of study II and study III were supported by relatively large 
study populations (30,739 and 24,324, respectively) based on Danish registries and 
the provided 95% CIs. In general, CIs were very narrow for the majority of the 
composite measures in both of the studies. 

Generalizability 
It is important to emphasize that in our study the main aim was not to directly express 
the quality of care provided to HF and stroke patients, but to illustrate use of different 
types of methodologies to construct composite measures and potential consequences 
of different approaches, using HF and stroke populations. Therefore, our 
considerations, methods and overall conclusions should be generalizable and 
applicable for other countries and healthcare settings. 

5.6. CONCLUSION 

Results from study II and study III showed that use of different methodologies may 
have effect on hospital rankings. Although most of the composite measures were 
associated with lower mortality in both of the studies, study III revealed that none of 
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the composite measures provided a good prediction of 30-day mortality. It is 
concluded that a careful and thorough construction process and critical interpretation 
of findings obtained by composite measures are crucial.  
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CHAPTER 6. OVERALL DISCUSSION 

6.1. MAIN RESULTS 

The results from this thesis showed that construction of composite quality measures 
is not a straight-forward process and requires careful evaluation to achieve reliable 
and meaningful measures of quality. It was seen that using different weighting and 
aggregation schemes may lead to different hospital rankings and different 
interpretations of quality in healthcare providers. Therefore, it is important to examine 
different construction methods and interpret the results obtained from composite 
measures carefully, with consideration of potential uncertainties related to these 
measures. Whichever method is preferred, transparency of construction process 
should be assured, and reader should be informed about potential limitations related 
to use of composite measures. 

6.2. COMPARISON WITH EXISTING LITERATURE 

While the number of previous studies that have evaluated the construction process 
and compared methods was limited, some studies investigated the use of different 
types of composite measures and its potential consequences. 

Ido et al. assessed the quality of stroke care based on The Georgia Coverdell Acute 
Stroke Registry using AON scoring and weighted patient average approaches. [46] 
While increase in patient average score was associated with lower odds of 1-year 
mortality, AON was not associated with mortality. [46] 

Eapen et al. examined the effect of AON and overall percentage methods on hospital 
rankings and correlation with 30-day mortality and 30-day readmission rates for 
patients with acute myocardial infarction. [59] The results provided similar hospital 
rankings and correlation with 30-day mortality, whereas neither of the composite 
measures were correlated with 30-day readmission. [59] 

Couralet et al. investigated the change in hospital rankings based on five different 
types of composite measures of quality of acute myocardial infarction in French 
hospitals. [15] The results showed that the hospital rankings varied substantially 
according to the choice of methodology. 

Simms et al. constructed three types of composite measures and investigated the 
impact of composite scoring methodology on hospital rankings and association with 
30-day, 6-month and 1-year mortality for patients with acute myocardial infarction. 
[16] While composite quality indicators were inversely associated with mortality, 
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hospital rankings and magnitude of the association were affected by the choice of 
methodology. [16] 

While the results from the studies included in this thesis were in line with some of the 
existing literature, for example, substantial change in hospital rankings depending on 
composite scoring methodology, it would be expected that composite scores’ 
rankability, association with outcome and performance in predicting the outcome will 
be highly dependent on the population, data structure and included quality indicators. 
Nevertheless, the main conclusion from the studies in this thesis and existing literature 
are in agreement: use and interpretation of composite quality measures require great 
caution and awareness.
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CHAPTER 7. PERSPECTIVES 

Information needs of the audience 

More data and large amount of information may not always translate into more 
actionable results. On the contrary, it may create information burden for the 
users/audience. As also suggested in the WHO’s quality improvement toolkit, it is 
important that the presented data is user-friendly. [1] Therefore, one of the important 
considerations to take into account when communicating the quality of care is the 
information needs of the audience, whether they need detailed information on each 
component of quality (presented by individual quality indicators), an “overall picture” 
of quality (presented by composite measures) or, both of them. 

Concerns regarding the loss of information 

By the nature of combining multiple indicators that potentially presents different 
aspect and dimensions of care into a single measure, loss of information can be 
expected. One of the potential solutions, especially for the quality reports, can be the 
use of composite indicators not instead of, but as a supplement to individual quality 
indicators. By providing these two levels of information, user can have a quick 
understanding of overall quality, but also can have the opportunity to assess the 
performance on each indicator and where the strengths, weaknesses, and the room for 
improvement exist in the respective healthcare providers or within the healthcare 
system. 

Underlying data, data structure and quality indicators 

The performance of composite measures will be highly dependent on the quality and 
relevance of underlying data and included indicators. In other words, what goes into 
composite measures matters. Individual quality indicators can be inspected before 
inclusion in the composite meases. More critical evaluation and use of the data can 
ensure whether Donabedian assumptions (improvement in processes of care may lead 
to improved patient outcomes) hold true for individual quality indicators. Moreover, 
inclusion of quality indicators should be examined according to the purpose of the 
composite measure. For example, a quality indicator may be an important measure of 
quality that is strongly associated with better patient outcomes, but still may be not 
useful in the composite measure if the main aim is to distinguish between providers 
and the achievement rates for this indicator is very comparable in all healthcare 
providers. On the contrary, inclusion of such indicators with very comparable success 
rates may mask differences in healthcare providers’ performances even further.  
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The most appropriate approach 

While there is not a simple and straightforward answer to “which approach provides 
the best results”, the aim and targeted audience can be the important drivers of the 
construction process. 

Different types of composite measures may serve to different purposes. For example, 
if an outcome can be considered as a “gold-standard”, use of regression weights where 
each quality indicator receives weights proportional to their magnitude of association 
with this gold-standard end point can be considered. If there is high correlation 
between individual quality indicators, the use of PCA/FA can be examined. [5] 
Nevertheless, while these approaches may provide statistically satisfactory results, 
these results may not translate into the best decisions and policies if the main aim is 
not to obtain the best model, but for example, to motivate healthcare providers to 
adhere to certain healthcare policies or guidelines. If we aim to motivate already high-
performing healthcare providers for excellence, AON scoring may be a useful scoring 
methodology. [60] If we aim to investigate improvements in a healthcare provider or 
system over time, use of methods which reward partial care can bring more insightful 
and motivating results compared to AON scoring, as AON scoring rewards only 
complete care and smaller scale improvements may be ignored.  

Inclusion of experts such as clinicians or other stakeholders in the construction 
process of composite measures can be very valuable to achieve meaningful composite 
measures. However, in some settings, identifying ideal candidates for expert panel, 
planning and conducting the panel process and reaching a consensus may not be 
obtainable or can be difficult and time consuming.  

The use and presentation of multiple composite scores to the reader can be considered. 
For example, patient average score and AON scores have very different 
interpretations of quality. While patient average score shows the percentage of care 
provided to a patient on average, AON score shows the percentage of patients who 
received complete care. Presentation of both of these scores can provide a more 
diverse picture of the quality. 

Transparency, the non-negotiable principle 

Independent from which construction methods are preferred, transparency should be 
the non-negotiable principle of construction of composite measures to assure the 
reader about reliability and credibility of the findings. The reader/audience should be 
informed about limitations associated with using composite measures and potential 
uncertainty in rankings obtained by composite measures. 
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Future steps 
Future steps towards better composite measures of quality can include (1) 
development of a standardized terminology and reporting structure for construction 
of composite measures which can be useful and facilitate a more transparent 
communication with the reader and (2) expanding existing guidelines with a special 
focus on quality of healthcare services and different actors in the healthcare system. 
Guidelines and toolkits can be utilized as a checklist whenever creating composite 
measures and can guide various actors in a healthcare system (for example, 
researchers, healthcare providers and managers) according to their needs and aims 
(for example, evaluation of improvements over time, comparison on provider or 
national level). The effect of such initiatives should obviously be examined. 
Qualitative studies and experiments should be conducted to assess the interpretation 
and use of composite measures for different stakeholders. The effect of different types 
of composite measures on for example, behavioural responses of stakeholders and 
decision-making processes based on the adopted composite scoring approach needs 
to be investigated.  
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CHAPTER 8. OVERALL CONCLUSIONS 

This thesis included three studies and covered different aspects related to composite 
measures: (1) use of composite measures in the literature with a special focus to 
methodological considerations, (2) rankability of composite measures, (3) association 
between different types of composite measures and clinical outcome and (4) 
predictive accuracy of composite measures in relation to clinical outcome. 

The first study investigated use of composite measures in the literature to assess the 
process quality of care. Results from study I showed that, although use of composite 
measures gained attention in the recent years to evaluate the overall quality, attention 
to methodological aspects of composite measures was limited. Although several 
studies suggested different construction processes may lead to different results, 
justification of selected methodology used in reviewed papers were limited and 
potential limitations of composite measures were not communicated with the reader. 
It was concluded that while these measures were used increasingly, in depth 
evaluation of composite measures and their limitations were not common. 

Study II and study III investigated the impact of composite scoring methodologies on 
hospital rankings and size of association with clinical outcome. Results showed that 
for some of the hospitals, rankings were changed substantially based on the 
methodology that cannot be solely explained by chance. Improvement in the majority 
of the composite scores were significantly associated with lower mortality in both of 
the studies. 

Additionally, study III investigated predictive accuracy of composite measures. It was 
seen that all types of composite measures performed poorly in predicting 30-day 
mortality.  

Overall, in this thesis it was concluded that while composite measures can be very 
useful and powerful tools of quality measurement, their use and interpretation require 
a great caution as results obtained by these measures, for example hospital rankings, 
can be vulnerable to methodological choices. Therefore, to obtain meaningful 
measures of quality, in-depth considerations regarding certain aspects of composite 
measures are warranted. Furthermore, clear and transparent communication regards 
to construction process and methodological choices, and critical interpretation of 
composite measures are prerequisite to ensure the audience/reader about the 
accountability of the results. 
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