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To Anny Sahlström and Maj Heintz

If you were to say to the grown‐ups: “I saw a beautiful house made of rosy brick,
with geraniums in the windows and doves on the roof,” they would not be
able to get any idea of that house at all. You would have to say to them:
“I saw a house that cost £4,000.” Then they would exclaim:
“Oh, what a pretty house that is!”
‐Antoine de Saint‐Exupéry in The little prince

Contents

CONTENTS
ABSTRACT .................................................................................................................. 1
LIST OF PAPERS ........................................................................................................ 3
ABBREVIATIONS ...................................................................................................... 4
INTRODUCTION....................................................................................................... 5
Aims ........................................................................................................................ 8
Overview of the thesis ........................................................................................ 9
BACKGROUND........................................................................................................ 11
Theoretical context ............................................................................................. 11
Economic theory of allocation problems ................................................... 11
Health economic evaluations ...................................................................... 14
Quality‐adjusted life years (QALYs) and the choice of method for
estimating QALY weights ........................................................................... 20
Empirical context................................................................................................ 35
Diabetes .......................................................................................................... 35
Diabetic retinopathy ..................................................................................... 36
The history of a changing diabetes care .................................................... 39
A review of the literature ..............................................................................40
METHODS AND MATERIALS............................................................................. 57
Study I. The register‐based study ................................................................... 59
Setting and study population...................................................................... 59
Databases and registries .............................................................................. 60
Data analysis .................................................................................................. 62
Study II. The interview‐based study.............................................................. 64
Setting and recruitment of participants ..................................................... 64
Grading of patients ....................................................................................... 65
Data collection ............................................................................................... 66
Data analysis .................................................................................................. 68

Contents

RESULTS .................................................................................................................... 73
Prevalence of DR (paper I) ............................................................................... 73
The societal costs of DR (paper I and supplementary material) .............. 75
HRQoL and the choice of method for estimating QALY weights ........... 79
QALY weights for DR and empirical validity of the methods for
estimating QALY weights (paper II) .......................................................... 79
HRQoL profiles of patients with DR and construct validity of HUI‐3
and EQ‐5D (paper III)................................................................................... 85
The impact of SLE on valuations with TTO (Paper IV) .......................... 90
DISCUSSION ............................................................................................................ 93
Empirical aspects ................................................................................................ 93
Prevalence ...................................................................................................... 93
Costs ................................................................................................................ 95
HRQoL profiles and QALY weights .......................................................... 97
Challenges related to the collection of health economic data among
patients with DR ........................................................................................... 99
Methodological aspects .................................................................................. 102
The choice of method for estimating QALY weights matters .............. 102
Choosing a suitable method ...................................................................... 103
CONCLUSIONS ..................................................................................................... 111
APPENDIX A ........................................................................................................... 113
APPENDIX B............................................................................................................ 115
ACKNOWLEDGEMENTS .................................................................................... 117
REFERENCES .......................................................................................................... 121

Abstract

ABSTRACT
To ensure that the resources of the health care sector are used effectively, new
technologies need to be evaluated before implementation to examine if they
generate health outcomes at an acceptable cost. This information can be
collected by performing health economic evaluations in which the costs and
health outcomes of different technologies are compared. To estimate the effect
on health care budgets, there is also a need for information about the
prevalence of the specific disease. Health outcomes in health economic
evaluations are often measured in quality‐adjusted life years (QALYs), which
are calculated by multiplying the remaining life years after an intervention by
a weight representing the health‐related quality of life (HRQoL) during those
years.
This thesis aims to provide deeper knowledge of the health economic aspects
of diabetic retinopathy (DR), an eye complication that affects patients with
diabetes and may in the worst case lead to blindness. The focus is on three
empirical and two methodological health economic research questions. The
empirical research areas cover prevalence, costs, and HRQoL related to
patients with DR. The methodological research questions explore the
performance of different methods for estimation of QALY weights. This is of
interest since it has been argued that the most common methods for estimating
QALY weights may not capture all relevant vision‐related aspects of quality of
life. The analyses comprehend the validity of different methods for estimating
QALY weights among patients with DR and if the results of one of the specific
methods for estimating QALY weights, the time trade‐off (TTO) exercise, are
affected by patients’ subjective life expectancy (SLE).
The empirical results demonstrate that DR is seen in approximately 40% and
30% of patients with type I and type II diabetes respectively, indicating that
the prevalence of DR has decreased in both of these patient groups. Healthcare
costs vary considerably between different severity levels of the disease, being
estimated at €26, €257, €216, and €433 per patient per year for background
retinopathy, proliferative diabetic retinopathy (PDR), diabetic macular
oedema (DMO), and PDR combined with DMO respectively. Blindness due to
DR is associated with an increased use of transportation services, caregiving
services, and assistive technologies as well as productivity losses. This
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suggests that preventing the progression of DR may lower healthcare costs.
Patients with vision impairment due to DR have lowered HRQoL in various
dimensions, but the diagnosis of DR in itself has only a limited effect on
HRQoL.
The results on the methodological research questions show that different
methods for estimating QALY weights seem to give different results. In
comparison to EQ‐5D, the Health Utilities Index Mark 3 (HUI‐3) is the most
sensitive method for detecting differences in QALY weights due to DR, and if
decisions are to be made based on values from the general public, it can be
recommended for use in cost‐utility analyses of interventions directed at DR.
Neither of the direct methods, TTO and the visual analogue scale, seems to be
sensitive to differences in visual function, and more research is needed
concerning the role of vision in people’s responses to the TTO exercises. In
TTO exercises with time frames based on actuarial life expectancy, the
patients’ SLE has an effect on their willingness to trade off years for full health.
Thus, applying time frames deviating from patients’ SLE may result in biased
QALY weights. Such bias may appear stronger within patient populations
than within the general public.
In conclusion, this thesis offers estimates for prevalence, costs, and QALY
weights that can be used in economic evaluations of interventions directed at
DR and as benchmarks for future DR research in order to follow up
consequences of changes in diabetes care. In addition, it demonstrates that the
choice of method for estimating QALY weights may have an impact on
whether an intervention is considered cost‐effective.
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INTRODUCTION
When I was ten years old and my mother took me to the doctor, the doctor
told me that I would not live a day after 30. So I lived life as much as I could,
smoking, drinking, and eating what I felt like. I had no idea I would become
this old.
These are the words of a person who participated in one of my interviews
concerning health‐related quality of life (HRQoL) during the spring of 2009. I
was interviewing patients with diabetes and the eye‐related diabetic
complication, diabetic retinopathy, to collect data on how their HRQoL was
affected by their disease. Much has changed since this patient grew up, and
hopefully no physician in Sweden would ever tell a patient with diabetes
something like this today, mostly because it would no longer be even close to
the truth. Developments in diabetes care have substantially improved the
situation of these patients in terms of lower mortality and reduced risks of
developing diabetic complications that damage the heart, blood vessels, eyes,
kidneys, and nerves (1‐4). Still, more people today are at risk of experiencing
these complications. Lifestyle changes such as changed eating and exercising
habits have caused a rapid increase in the prevalence of type II diabetes. The
World Health Organization (WHO) has predicted that the global diabetes
population will increase from 171 million in 2000 to 366 million people in 2030
(5). Consequently, there is still a need for new technologies that can prevent
and treat these conditions effectively.
Clinical research into the effectiveness of potential ways to treat diabetes and
its complications is an essential component of finding such new technologies.
However, even when an intervention has been shown to have a positive
clinical effect, its implementation is not necessarily straightforward. In public
health care, consumers often pay little or nothing for health care services at the
point of use, which leads to a high demand for health care. The resources of
public health care systems, on the other hand, are limited to the share of public
resources that is allocated to the health care sector. If these resources are
exceeded by the public’s demand for health care, a gap arises between what
public health care can offer its inhabitants and what they would like to receive.
This gap is currently increasing, mainly because of three reasons (6, 7). First,
the demographics of the population are changing, with a growing proportion
of elderly people that not only increases the need for health care but also
5
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reduces the proportion of inhabitants who work and subsequently contribute
financially to fund the health care system through income taxes. Second, the
development of new and sometimes very expensive technology offers the
possibility not only to improve the quality of care but also to treat new
treatment groups. Third, expectations of health care services are rising due to
the increased amount of available information concerning what the health care
sector could offer. Together, these three factors have led to a pressured health
care system in which it is impossible to avoid setting priorities when deciding
which health care services should be available to members of society. In order
to ensure that the resources of the health care sector are used in the best
possible way, decision makers need information on the costs and benefits of
the technologies that could be used. This information can be collected by
performing cost‐effectiveness analyses, in which the costs and health outcomes
of different treatment alternatives are compared in order to determine what
treatment strategies generate health outcomes at an acceptable cost. In
addition, the technologies’ effect on health care budgets can be evaluated in
budget impact analyses, in which the size of the disease populations is taken
into account.
When I started this journey towards a PhD, in 2007, the idea of the thesis was
that it would contribute to the development of Swedish diabetes care by
collecting updated data on prevalence, costs and HRQoL of patients with the
diabetic eye complication diabetic retinopathy, and then using this
information to assess the cost‐effectiveness of the angiotensin receptor blocker
candesartan as a complement to conventional treatment of DR. However, as
often occurs when working with health economic evaluations, the conditions
changed rather drastically. There is a famous expression regarding the timing
of health technology assessments studies called Buxton’s law, which says “it is
always too early [for rigorous evaluation] until, unfortunately, it’s suddenly too late”
(8). This law refers to the problem with evaluating technologies that are in
continuous development and for which the cost‐effectiveness changes over
time. In the case of this thesis, the data collection for the health economic
evaluation of candesartan started before the clinical study had finished. When
that study revealed that the differences in the clinical primary outcome were
not in fact significant, it was based on the existing clinical evidence no longer a
possibility that candesartan would get approved for treatment and prevention
of DR in Sweden and there was no longer an interest in investigating if this
intervention was cost‐effective.
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This of course caused me some headaches at the time, being a rather new PhD
student, but in the end it turned out to be a positive development after all.
When the introduction of candesartan was cancelled, part of the collection of
data on costs and HRQoL had already been initiated, and the process of
planning this data collection had brought up various methodological issues
related to the estimation of HRQoL for use in economic evaluations among
patients with DR. The cancellation of the introduction of candesartan offered
an opportunity to look more deeply into the different methods for estimating
HRQoL.
In health economic evaluations, health outcomes are often measured in
quality‐adjusted life years (QALYs), which are calculated by multiplying a
patient’s remaining life years after an intervention by a weight representing
their HRQoL during those years. This weight is measured on a scale between 0
and 1, with 0 representing death and 1 full health. Most of the published
literature on QALY weights for DR has focused on the time trade‐off (TTO)
method (9). There are, however, various other methods that can be used to
estimate these values, and different methods have been seen to give different
results. Since there is no gold standard to compare these to, the results of
various methods need to be investigated to get a complete picture of the
situation of the patients. Within a disease such as DR, which leads to vision
impairment, the performance of different methods is of specific interest since
generic methods may not be able capture all relevant vision‐related aspects of
quality of life (10). However, few studies have compared the performance of
different methods within the area of DR, and those which have present
varying results (11, 12). Therefore, this thesis contains analyses of the validity
of four different methods for estimating QALY weights among patients with
DR.
In addition, a specific TTO methodology appears to have developed within the
area of DR, differing from the conventional TTO method (13‐19). Typically in a
TTO exercise, patients are instructed to imagine that they would live in their
current health state for a period of ten years, or for their actuarial life
expectancy, and then die. They are then presented with an alternative scenario
in which they would live in full health but for a shorter period of time. By
varying the time at full health and asking the patient to choose between the
scenarios of current and full health, the process can identify the number of
years at full health that the patients consider of equal value to ten years at
their current health. The special version that has been used among patients
7
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with DR differs from the most commonly used TTO exercise in various ways.
One of the differences is that the time frame used for the current‐health
scenario is set to the patients’ subjective life expectancy instead of ten years or
actuarial life expectancy. Few studies have investigated whether the results of
the conventional version and this specific version are comparable. Therefore,
this thesis addresses the question of whether a patient’s subjective life
expectancy influences their answers in TTO exercises when other time frames
have been used. By including these two methodological research questions
concerning the methods for estimating QALY weights, this thesis gains an
additional relevance beyond its contribution of updated data on the
prevalence, costs, and HRQoL for patients with DR. These data are of course
useful in the particular field of DR, as they can be used in economic
evaluations of technologies aimed at diagnosing or treating DR. However, the
methodological questions are not only specifically important within research
related to valuation of health state values among patients with DR, but are
also of importance for other disease areas.

Aims
The overall aim of this thesis is to provide deeper knowledge of the health
economic aspects of diabetic retinopathy (DR). Specific research questions are
raised within both empirical and methodological research areas. The empirical
research areas include aspects related to DR that are necessary for conducting
health economic evaluations, while the methodological research areas
explore the performance of different methods for estimation of QALY weights.
More specifically, this thesis focuses on five research questions:





What is the prevalence of DR in Sweden?
What are the societal costs of DR in Sweden?
What is the HRQoL of patients with DR?
What is the validity of different methods for estimation of QALY
weights among patients with DR?
 Does patients’ subjective life expectancy affect their willingness to
trade off years in the TTO exercise?
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Overview of the thesis
This thesis is based on two studies, with results presented in four papers.
Three empirical health economic aspects of DR (prevalence, costs, and
HRQoL) are covered in papers I, II, and III plus supplementary material, while
two deeper methodological analyses, concerning the performance of different
methods for estimation of QALY weights, are covered in papers II, III, and IV
(Figure 1). The thesis starts by outlining the theoretical context of health
economic evaluations and the QALY concept. The reader is then given an
introduction to the empirical context of health economic aspects of DR,
including an introduction to diabetes and DR, and a review of the previous
research on the three empirical health economic aspects. The methods and
materials of the two underlying studies are then described, following which
the results on the research questions are presented. This is followed by a
discussion of the empirical aspects and ways of choosing a method for
estimating QALY weights, based on the results in this thesis. Finally, the
conclusions are presented.

Figure 1. Overview of the thesis.
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BACKGROUND
This chapter is divided into two different sections; one outlining the
theoretical context of this thesis and one describing its empirical context. The
section about the theoretical context offers an introduction to the theoretical
context of health economic evaluations. This will give the reader an
understanding of why economic evaluations are an important tool for
allocation of public resources, as well as why and how the methodology for
economic evaluations in health care differs from that of other public areas.
This will include an introduction to the concepts of decision models, costs, and
quality‐adjusted life years (QALYs), and an overview of the different methods
that can be used to estimate QALY weights. In addition, the section describes
some ways to examine the validity of the different methods for QALY weight
estimation. The section about the empirical context contains descriptions of
diabetes, diabetic retinopathy, and the development of diabetes care, giving
the reader an understanding of the disease‐specific context. In addition, it
contains a review of the literature on the three empirical aspects that are
investigated in this thesis; prevalence, cost and QALY weights.

Theoretical context
Economic theory of allocation problems
The fundamental premise behind all economic problems is that there are
limited resources that can be used in different ways. Thus, there is the
question of determining how the resources should be used. In economic
theory, these types of questions have traditionally been addressed through the
norms of welfare economics. Welfare economics constitute a normative
theoretical framework, which not only describes a problem but also describes
how the allocation problems should be solved. According to welfare
economics, the resources of a society should be allocated in a way that
maximizes social welfare. In this context, social welfare is defined as the
overall welfare of the society and represents the sum of the welfare of all
individuals in the society. Individual welfare is measured in utilities.
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Typically, utility is supposed to represent preference satisfaction and should
be judged by the individuals themselves. If the individuals are rational, they
try to maximize their own welfare, or utility, by using their own limited
resources to consume goods or services that give them the maximum possible
utility.
Ways of maximizing social welfare are usually described through the
competitive market model (see for example (20, 21)). In this model, it is
assumed that all producers and consumers of “goods or services” on the
market act as price‐takers; that is, they cannot influence the prices. This is
because there are various other agents on the market that will compete in
terms of selling and buying goods and services. The prices are determined by
the price level for which the market is in equilibrium, when the demand for a
good equals its supply. Consumers on the competitive market make decisions
concerning how to use their limited resources based on the utility they will get
from consuming different services or goods. At the same time, the producers
are trying to produce as much as they can at the lowest possible cost. Their
production possibilities are determined by a production function representing
different ways of combining production factors. If there is a fully competitive
market for all goods and services that enter into the utility and production
functions of the consumers and producers of an economy, it has, in theory,
been demonstrated that the economy will in itself, without any governmental
interference, reach an optimum state where no allocation of resources can be
made without reducing the welfare (utility level) of any individual. This is
known as the First Optimality Theorem, and is the foundation for the Pareto
criterion (22), which states that a reallocation of resources is only beneficial to
society if it improves the welfare (utility) of at least one individual without
reducing the welfare of anyone else.
For the competitive model to hold, there are various conditions that need to be
satisfied (for more information, see (21)). If these conditions are not satisfied,
the resulting market failures may lead to a non‐optimal allocation of resources,
which may motivate some sort of public intervention in the form of
centralized decision making or public regulations, for example. On the
deregulated competitive market, each consumer makes their own decisions
based on their preferences and available information. In a centralized system,
however, a large amount of information must be collected and analysed in
order to allow decision making at a collective level. This information is
necessary for discovering which policy interventions will improve overall
12
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welfare and should therefore be implemented. However, there are few policy
interventions which lead to an improvement in welfare for some individual
without letting any other individual become worse off. Thus, if the Pareto
principle were to be strictly observed, very few interventions would be seen as
beneficial to society. Many economists have therefore instead relied on the less
strict Kaldor‐Hicks criterion, also called the potential Pareto criterion,
according to which an intervention is beneficial to society if those who benefit
from an intervention will benefit enough to be able to compensate the losers
from the intervention and still be better off than before. There is no need for an
actual transaction between those who win and those who lose, but such a
hypothetical compensation must be possible. The easiest way to decide
whether or not an intervention is beneficial according to the potential Pareto
criterion is to estimate the costs and benefits of an intervention in monetary
units. If the monetary value of the benefits exceeds the monetary value of the
costs, the intervention can be seen as a gain to society. This way of evaluating
an intervention is called cost‐benefit analysis, and is commonly used to
evaluate investments in infrastructure or environmental sectors.

Economic theory of allocation problems within the health
care sector
There are various reasons why the competitive model does not hold for the
health care market. Most notably, many health services have characteristics
that make it difficult for consumers to evaluate the need for and quality of a
service both before and after consumption. This makes health care consumers
heavily dependent on medical experts whom they must trust, usually without
ever being able to assess the experts’ advice or actions (for more information
on this see (23) or (24)). In addition, the effects of health care usually concern
more people than only the consumer (patient). An example is contagious
diseases, where other people may be exposed to infection if an individual is
not vaccinated. Another example is that the well‐being of an individual may
also have an effect on the well‐being of his or her relatives and friends. That a
market diverges from the competitive model is, however, not uncommon; in
fact, most markets fail to meet at least some conditions of the competitive
model. What is remarkable about the health care market is that there are
failures on so many of these conditions. These market failures may lead to
highly inefficient outcomes, suggesting that some sort of policy intervention or
13
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public regulation could potentially improve welfare by governing the
allocation of resources. This could be in the form of a public health care system
or in the form of a legal requirement for all inhabitants to have private health
insurance. In either case, this includes some sort of centralized decision
making concerning which health technologies should be included in the health
care package that is made available to the inhabitants of the society, and what
the prices for these technologies should be. There is thus a need for data on the
costs and benefits of different health technologies.
Cost‐benefit analysis is rarely used within the health care sector, because of the
difficulty1 of valuing health outcomes in monetary units (25, 26). To better fit
the special circumstances of health care interventions, other types of economic
analyses have been developed. These are usually referred to as cost‐
effectiveness analyses. Like the cost‐benefit analysis, the cost‐effectiveness
analysis is a comparative analysis of alternative interventions in terms of their
costs and benefits. However, while the results of a cost‐benefit analysis are
presented as a net benefit in monetary terms, the results of a cost‐effectiveness
analysis are generally presented as an incremental cost per health outcome
gained.

Health economic evaluations
The results of cost‐effectiveness analyses are usually presented as a ratio
between incremental costs and health outcomes. This ratio is known as the
incremental cost‐effectiveness ratio (ICER), and is summarized in the
following formula:

where CI represents the average cost of the new intervention, CC represents the
average cost of the comparator, EI represents the average effect of the new
intervention, and EC represents the average effect of the comparator. Thus, the
1

The exercises that are used to estimate willingness to pay for health outcomes are often hypothetical, and often
overestimate the value since no real transactions take place. In addition, these exercises may lead to unequal
distribution of health care if the willingness to pay for health is driven by the ability to pay rather than what the
care is worth to the respondents.
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ICER describes the relation between the incremental costs associated with a
new intervention and the incremental effect on health that it causes, always in
relation to the best available alternative.
The results of the ratio can fall into four different categories (Figure 2). The
ratio can be negative for two reasons; either because the intervention costs less
than its comparator but is more effective (square D), or because it costs more
but is less effective (square A). If an intervention costs less and has a better
effect on health, it is clearly cost‐effective (also referred to as dominating).
Likewise, an intervention is clearly not cost‐effective if it costs more and is less
effective. However, it becomes more difficult to determine whether an
intervention is cost‐effective in the case when it is associated with higher costs
but leads to improvements in health (square B), or if it saves resources but has
a negative effect (square C). In these cases, which are the most common, the
cost‐effectiveness ratio has to be compared to a threshold value representing
the willingness to pay (WTP) for a unit of health outcome. If the ICER of an
intervention is below this threshold value the intervention is considered cost‐
effective; otherwise it is not considered cost‐effective.

Figure 2. Cost‐effectiveness plane

Ideally, the threshold value would represent the opportunity cost of the
intervention, which in this case would be what would be lost if we redistribute
resources to the new intervention from interventions that are already included
in the health care system (27, 28). For example, if including a new intervention
15
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in the health care budget would mean that we would have to exclude an
intervention that produces 1 unit of health outcome at a cost of €50 000, the
new intervention must have a lower cost per health outcome than this to be
implemented. Otherwise, its implementation would reduce the health
outcome that is being produced with the available resources. In practice,
however, it is very difficult to identify the least cost‐effective intervention,
since the health care system includes a large variety of interventions with
different characteristics and it is practically infeasible to analyse all of these in
terms of cost‐effectiveness. Therefore, a variety of other approaches2 have been
used to estimate the cost‐effectiveness threshold (29‐33). It is, however,
important to acknowledge that these approaches are simply ways of eliciting
normative judgments about what is good value for money, and that they do
not constitute some kind of objective truth about what a health outcome is
worth.
Another approach to analyse the consequences of implementing an
intervention in a health care system, is to perform a budget impact analysis
(34). This type of analysis can be used as a compliment to cost‐effectiveness
analyses since it does not evaluate an intervention in terms of its relation
between costs and health outcomes but in terms of its effect on specific
budgets. The budget of interest could in Sweden for example be that of a
specific county council, a specific community or the national health care
budget. To perform such an analysis, information on how many patients who
are relevant for treatment with the specific intervention is required. This
information can be provided through prevalence and incidence studies.

Decision models
To perform a cost‐effectiveness analysis, one needs information on the
differences in costs and health outcomes between the interventions that are
being evaluated. If this data is collected continuously with the clinical
evidence in clinical randomized trials, at the end of the trials it may be possible

2

One approach is to review the ICER in previous implementation decisions with the aim of identifying the
willingness to pay of the decision makers. Another is to identify the marginal value that the society attaches to
health. This can be done either by examining the willingness to pay for a health outcome of a representative
sample of the general public, by using the value of life or health that is used in other areas of public resource
allocation, or by setting the threshold as equal to each country’s GDP per capita.
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to determine the cost‐effectiveness of the evaluated treatments. However, in
many cases the trials do not include these types of health economic measures
or do not cover the whole relevant time perspective. In these cases, it can be
very useful to use a decision model to synthesize data on clinical effects, costs,
survival and health‐related quality of life (HRQoL) (35). Such models use
mathematical relationships to model and compare the consequences that
follow alternative health care interventions. The likelihood that certain
consequences will occur is expressed in probabilities, and each consequence
may be assigned a cost and an outcome (e.g. effect on survival and HRQoL).
There are various types of decision models, the most common being decision
trees and Markov models. Decision trees are based on a series of pathways
representing the possible consequences of the interventions that are being
evaluated. The pathways are illustrated by a series of branches representing
particular events, and each event is assigned a specific probability that it will
happen. In addition, each event may be assigned a cost and/or effect outcome.
In these models, it is assumed that all events happen over an instantaneous
discrete period, and they may become very complex when modeling long‐
term prognoses, especially for chronic diseases like diabetes. Due to these
limitations of decision trees, the alternative strategy of the Markov model has
become very popular. Instead of characterizing the consequences of
interventions in terms of alternative branches, Markov models are based on a
series of states which the patients may occupy during specific points of time.
The states are mutually exclusive, meaning that a patient can never be in more
than one state at the same time. Time is incorporated into the model by
running it over a series of discrete time periods, referred to as cycles. Between
these cycles the patients can move between the health states based on specific
transition probabilities. Costs and effect outcomes can be incorporated into the
model as mean values per state. Thus, the available data on costs and HRQoL
should preferably match these health states.

Net costs and cost of illness
The cost side of a cost‐effectiveness analysis summarizes the costs that result
from using the interventions that are being evaluated. There are four main
categories of costs related to health care interventions (36): those arising from
using resources within the health care sector (e.g. bed days, physician visits,
17
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overheads), from resource use by patients and their families (e.g. patients’
time, out‐of‐pocket expenses for transport), from use of resources in other
sectors (e.g. home help visits, social worker visits), and from productivity
changes (e.g. sick leave, early retirement). The first category is usually defined
as direct healthcare costs while the second and third categories are defined as
direct non‐healthcare costs (37). The fourth category, productivity losses, is
often referred to as indirect costs.
The perspective of the analysis determines which of these costs should be
included in the analysis. If the analysis has a societal perspective, all
differences in resource use between the two alternatives should be included,
independent of which sector of society they affect. The analyses can, however,
also be performed from a payer perspective, which means that the analysis
includes only those costs that affect the payer (e.g. the government or the
county councils in Sweden). It should be noted that not all costs that are
considered costs from the payer perspective are costs from a societal
perspective, since in the latter case some costs of the payer would be seen only
as a transaction (a transfer of resources from one sector to another).
In contrast to a cost‐benefit analysis, the cost side of a cost‐effectiveness
analysis also includes costs that can be avoided by implementing
interventions, that is, negative costs. For example, if an intervention is more
effective in delaying or avoiding future disease, future treatment costs can be
saved. These savings are benefits attributable to the intervention and should in
a cost‐benefit analysis be added to the benefit side. In a cost‐effectiveness
analysis, however, the benefits that are measured in monetary terms are
subtracted from the costs, which means that the cost side of the analysis
represents the net costs. To give another example, some interventions may
require that people stay home from work, thus causing productivity losses. If
an intervention instead helps people return to work, this is a benefit in the
form of a reduction of productivity losses. The costs of a disease may be
estimated through cost‐of‐illness studies. These studies are often criticized for
only stating how much a disease costs the society and not how much of this
can be prevented (38, 39). However, if the interventions that are to be
evaluated are preventing or delaying disease, and the costs of the study are
expressed as a cost per patient or event, these costs can be used as an input in
cost‐effectiveness analyses of these interventions (40).
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Costs of interventions are usually calculated by first quantifying the resource
use following the intervention and then multiplying this by the unit costs or
prices. Finding the correct unit costs may however be difficult. Due to the
market failures of the health care market, market prices do not reflect
opportunity costs (41). Since it is not clear when adjustments are necessary or
how the adjustments should be made, the market prices are in practice
commonly used anyway. Drummond et al. (36) recommend adjusting market
prices in cases where leaving prices unadjusted would lead to substantial
biases and there is a clear and objective way of making the adjustments.

Health outcomes
There is a large variety of health outcome measures that can be used on the
health outcome side of a cost‐effectiveness analysis (42). The measurement of
intervention effects usually varies between different disease areas. For
example, while interventions directed at diabetic retinopathy (DR) are usually
evaluated in terms of how fast the patients progress on a specific scale, an
intervention directed at patients with high blood pressure may be evaluated in
terms of the proportion of patients that reach a specific blood pressure
interval. These types of measure are usually called intermediate outcome
measures. If using the two examples above in a cost‐effectiveness analysis, the
results may be presented as a cost per additional patient that achieved the
specific blood pressure interval or a cost per avoided case of progression of
DR. These intermediate outcome measures may be relevant for determining
the efficacy of an intervention on a specific disease, but make it difficult to
compare interventions over different disease areas. In addition, it does not say
much about effects on the general well‐being of the patients.
Another common effect outcome measure is life years. Using life years partly
solves the problem with comparability since many interventions within
different disease areas have an effect on survival. When this outcome is used
in a cost‐effectiveness analysis, the results are presented as a cost per life year
gained. There are, however, many interventions that also or only have an
effect on the patients’ quality of life. This effect is not taken into account if only
measuring outcome in terms of life years. For this reason, the QALY concept
has been developed. It represents a combination of the effect on survival and
the effect of patients’ HRQoL and is calculated by multiplying the life years
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following an intervention with an index score representing the value of the
HRQoL during those years. When QALYs are used as the outcome measure in
a cost‐effectiveness analysis, the analysis is commonly referred to as cost‐
utility analysis.

Quality-adjusted life years (QALYs) and the choice
of method for estimating QALY weights
QALYs have been recommended as the main effect outcome measure in health
economic evaluations (28, 43). The number of QALYs following an
intervention is calculated by multiplying the number of life years that follow
the intervention by a QALY weight representing the HRQoL during these life
years. If the gain in QALYs of using an intervention over another is to be
calculated, one must identify the number of QALYs following each
intervention, and calculate the difference between them. This can be expressed
as the following formula ((42) page 28):
QALY=T2×Q2‐T1×Q1
where T2 represents the years of survival after a new intervention, Q2 the
HRQoL in the health state in which T2 is spent, T1 the years of survival
following standard treatment and Q1 the HRQoL in the health state in which
T1 is spent. In Figure 3, the area between the two curves represents the QALYs
gained by using one intervention instead of another. The y‐axis represents the
QALY weight and the x‐axis represents the number of years that an individual
lives after the use of an intervention. With intervention 1, death will occur at
Death 1 but with intervention 2, death will instead occur at Death 2. It can be
seen in the figure that the value of the health states decreases until they reach
0, the state of death.
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Figure 3. Quality‐adjusted life years (QALYs).

According to the National Board of Health and Welfare in Sweden, the costs
per QALY of different interventions are considered to be low if they are less
than SEK 100 000 (€10 600) per QALY, moderate if they are between SEK
100 000 and SEK 500 000 (€10 600 and €53 000) per QALY, high if they are
between SEK 500 000 and SEK 1 000 000 (€53 000 and €106 000) per QALY, and
very high if they are over SEK 1 000 000 (€106 000) per QALY (44). In the UK,
the National Institute for Health and Clinical Excellence (NICE) uses a
threshold of £20 000‐30 000 per QALY (28) as a reference for determining
whether or not an intervention is cost‐effective.

Methods for estimating QALY weights
There are many measures that can be used to estimate HRQoL. Not all of these
can however be used to estimate QALY weights. Approaches to estimating
QALY weights are divided into direct and indirect methods. While the direct
methods are used to directly capture the values that the respondents assign to
their own or to hypothetical health states, the indirect methods use published
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value sets to assign values elicited from the general public3 to patients’
descriptions of their health.

Direct methods
Three different direct methods are commonly used for estimating QALY
weights: the standard gamble (SG) method (45), the time trade‐off (TTO)
method (46), and the visual analogue scale (VAS) (47).
In the SG method (45), the respondent is asked to choose between two
alternatives; one representing a 100% certainty of living in a non‐optimal
health state for 10 years, and one in which there is a probability p of gaining
full health for the full 10 years but also a risk (1‐p) of dying immediately. By
varying the probability p, it is possible to identify the value of p at which the
respondent is indifferent between the two alternatives. This p constitutes the
QALY weight for the non‐optimal health state.
In the TTO method (46), the preferences of the respondents are elicited by
asking them to choose between living in a non‐optimal health state for a
specific number of years t (e.g. 10 years) followed by death, and living with
full health but for a shorter period of time x (e.g. starting with 7 years)
followed by death. The number of years at full health, x, is varied until the
interviewer has identified the value of x at which the respondent considers the
two alternatives to be equal in value. To calculate the QALY weight, this
number of years is divided by the number of years in the intermediate health
state (x/t).
Finally, in the VAS method (47), the respondent is shown a scale ranging from
the best to the worst imaginable health state, and asked to indicate where on
the scale they would value their current health state or a hypothetical non‐
optimal health state.
An important difference between the direct methods is that the values of the
TTO and SG methods are elicited by asking respondents to choose between
different scenarios, while the VAS is based on a rating exercise. Respondents
to VAS have been shown to avoid the ends of the scale, while conversely a

3

The indirect methods could theoretically be used to assign patient-provided values to descriptions of patients’
health. However, to my knowledge, all existing tariffs are based on values from the general public.
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relatively high proportion of respondents are unwilling to take any risk of
death in the SG exercise or trade off any years in the TTO exercise (48‐51). This
might explain why VAS often gives lower results than TTO and SG. In
addition, VAS has been shown to be affected by context bias, which means
that the value that the respondent assigns to a health state with this method
depends on the other health states they are asked to value at the same time (49,
52). There are also important differences between SG and TTO, and SG often
gives higher values than TTO (53‐56). This has been explained by the effect of
different types of biases (57). The results from SG have been seen to be biased
upwards by the effects of people’s attitudes to risk (risk aversion) and losses
(loss aversion), but are also affected by scale compatibility in both directions.
The TTO results are biased upwards by loss aversion and scale compatibility,
but this is counterbalanced by the downward bias resulting from positive time
preferences (utility curvature).

Indirect methods
The indirect questionnaire‐based methods that can be used to estimate QALY
weights include instruments such as the EQ‐5D questionnaire (58), the Health
Utilities Index Mark 3 (HUI‐3) (59), the Short Form 6D Health Status
Questionnaire (SF‐6D) (60), and the 15‐D measure (61) (Table 1). These
instruments use specific questionnaires to collect information on the
respondents’ health status. Published value sets can then be used to assign
these descriptions a specific index value representing preferences of the
general public.
The EQ‐5D questionnaire (58) consists of five questions, each representing one
HRQoL dimension: mobility, self‐care, usual activities, pain/discomfort, and
anxiety/depression. In each dimension, respondents can classify themselves
into one of three levels of severity: no problems, some problems, and extreme
problems. The first and most commonly used value set was derived from a
random sample of the general population in the UK (n=3395) (62) using the
TTO method.
The HUI‐3 questionnaire (59) consists of 15 questions, with 5‐6 response
alternatives in each question, distributed over the dimensions of vision,
hearing, speech, ambulation, dexterity, emotion, cognition, and pain. The
overall index score that is attached to each possible combination of the
answers is usually based on a value set with values measured in a random
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sample of the Canadian general population (n=504) (63). This value set was
created using VAS in combination with the SG method. Each dimension can
also be assigned a specific score on a scale from 0‐1, where 0 represents the
worst level of the dimension and 1 the best.
The short form‐6D (SF‐6D) (60) is a health state classification system based on
the SF‐36 questionnaire, which is a standardized HRQoL questionnaire
including eight dimensions of HRQoL. SF‐6D contains six of the eight
dimensions in SF‐36: physical function, role limitations, social functioning,
pain, mental health, and vitality. The most commonly used value set is based
on SG values from a random sample of the general population in the UK
(n=611).
The 15D measure (61) consists of fifteen questions, each representing one of
fifteen dimensions: sleeping, eating, breathing, speech, mental function,
mobility, discomfort/symptoms, sexual activity, hearing, vitality, distress,
usual activities, excretion, depression, and vision. All questions have five
ordinal levels. The available value set is based on five random samples of 500
individuals each, drawn from the Finnish general public. The valuation
technique used was a variant of VAS (64).
Since the instruments differ in terms of the dimensions included in their
questionnaires, the number of response levels to each question, and the direct
valuation method that was used to create the value set (Table 1), it is logical
that they do not always give the same results. Various studies support this
conclusion (e.g. (65‐69)). However, the performance of the methods may also
depend on the characteristics of the health state being valued, and so there is a
need to investigate how these methods behave in specific disease areas.
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Table 1. Characteristics of the indirect methods
Included
dimensions

Reponse
levels

Health
States

Valuation
technique

Model for
value set

Sample for
value set

HUI‐3

Vision, Hearing,
Speech,
Ambulation,
Dexterity
Emotion,
Cognition, Pain

5‐6

972 000

SG and VAS

Algebraic

504 (sample
of the
general
population
in Canada)

EQ‐5D

Mobility, Self‐
care, Usual
activities,
Pain/discomfort,
Anxiety/depressi
on

3

243

TTO

Statistical

3395
(sample of
the general
population
in UK)

SF‐6D

Physical
function, Role
limitations,
Social
functioning,
Pain, Mental
health, Vitality

4‐6

18 000

SG

Statistical

611 (sample
of the
general
population
in UK)

15‐D

Sleeping, Eating,
Breathing,
Eating, Speech,
Mental function,
Mobility,
Discomfort/symp
toms, Sexual
activity, Hearing,
Vitality, Distress,
Usual activities,
Excretion,
Depression,
Vision

5

515

VAS

Weighted
additive
formula

2500
(sample of
the general
population
in Finland)

EQ‐5D: EuroQol five dimensions, HUI‐3: Health utilities index Mark 3, 15D: 15D measure, SF‐6D:
Short‐form six dimensions, SG: standard gamble, TTO: time trade‐off, VAS: Visual analogue scale.
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Choosing between methods for estimating QALY
weights
Comparisons between methods for estimating QALY weights are usually
made in terms of practicality, reliability, and validity (70, 71). While
practicality concerns how long it takes to complete the questionnaire or
exercise and how large the response and completion rate is, reliability
concerns the ability of the method to reproduce a series of results over time,
between different raters, and between different places of administration. Both
these aspects may give an indication of how well the respondents have
understood the exercise, and are applicable to the indirect as well as the direct
methods.
The methodological focus of this thesis is on validity. Hence, it is concerned
with the extent to which the methods measure what they are intended to
do. Ideally, this would be tested by comparing the results of the methods to a
gold standard representing the true values. However, since no such gold
standard exists for QALY weights, other methods for evaluating the validity of
these methods have been suggested. The validity of a direct method is
commonly examined by assessing its coherence with the underlying theory
(71). This is, however, somewhat problematic since there are different views
on what the QALY concept should be measuring. In the following section, two
different perspectives will be presented with a focus on the differences that are
of importance when choosing between methods for estimating QALY weights.
There are additional differences between these approaches (72). These
differences do, however, concern the calculation of QALYs on a more general
level and are not crucial for the choice of method.

Estimating QALY weights – different lines of reasoning
There are two dominating lines of reasoning concerning what the QALY
should represent; the welfarist and the extra‐welfarist approach. From a
welfare economist’s perspective, QALYs should represent individuals’ utility
over their own health states. The affected individuals are regarded as the best
judges of their own utility. The utility concept that the QALY is supposed to
represent is, however, different from that of traditional consumer theory. This
is because choices between different treatment alternatives on the health care
market are often made in a context of uncertainty about the outcomes.
26

Background

Decision‐making under uncertainty has been described through expected
utility theory. In 1944, von Neumann and Morgenstern (45) developed a
normative model in which they described how a rational individual ought to
make decisions under uncertain outcomes based on a set of axioms. This
expected utility theory described the expected utility of a game, and is the
theoretical basis for the standard gamble method.
From the perspective of expected utility theory, the QALY model is only valid
if QALYs represent cardinal utility functions. A cardinal utility function is one
that reflects the intensity of people’s preferences; an increase in utility from 0.1
to 0.2 should be worth as much as an increase from 0.8 to 0.9. This differs from
an ordinal utility function, which only indicates whether an outcome is more
or less preferred than another. If QALYs represent cardinal utilities, an
individual who is choosing between two treatment alternatives should always
prefer the alternative that produces the most QALYs. If QALYs do not
represent cardinal utilities, the alternative that produces the most QALYs will
not always be the most desirable, and the ranking of outcomes based on
QALYs gives no indication of desirability.
Based on the axioms of expected utility, Pliskin et al. (73) have identified three
criteria that has to be satisfied by QALYs for them to be cardinal utilities;
mutual utility independence, constant proportional trade off and risk
neutrality with respect to life years.
Mutual utility independence implies that the utility of life‐years and quality of
life must be mutually independent of each other. This means that if an
individual is indifferent between living in their current health state for 4 years
and a 50‐50 lottery between 4 years in full health and dying immediately, the
individual should also be indifferent between living in current health state for
10 years and a 50‐50 lottery between 10 years of full health and dying
immediately. It also means that if an individual is indifferent between living 2
years in full health and a 50‐50 lottery between 1 and 4 years in full health,
then the individual should also be indifferent between these alternatives if all
years in the exercise would be lived in any other health state than full health. If
this condition is satisfied, it is possible to assess a utility function for one of the
attributes (years or quality of life) without having to take the actual level of the
other attribute into account as long as this attribute is set as constant
throughout the exercise. In addition, if mutual utility dependence holds,
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QALY weights estimated with the SG methods will always be the same,
independent of what time frame is used in the exercise (74).
Constant proportional trade‐off (CPTO) means that if an individual is willing to
trade off years of his or her remaining life for an improvement in health status,
he or she should be willing to trade off an equal proportion of life years
independent of how long the remaining life is. Put differently, in the context of
a TTO exercise, a respondent should be willing to trade off an equal
proportion of the total years, regardless of the length of the time frame t
applied in the TTO exercise. To give an example, this means that if a
respondent is willing to trade off 2 out of 10 years in some imperfect health
state (e.g. having diabetes) in order to regain full health, that respondent
should also be willing to trade off 4 out of 20 years or 2 out of 10 weeks. If this
condition is satisfied, QALY weights estimated with the TTO methods will
always be the same independent of the time frame that is used in the TTO
exercise.
Risk neutrality with respect to life years implies that an individual is indifferent
between the following two scenarios;
1. a 60‐40 lottery between 10 years and 4 years in health state Q
2. 7.6 years ((0.6×10)+(0.4×4)) in health state Q for certain
This means that if an individual is risk neutral he or she is neither averse nor
attracted to risks. In addition, it means that each additional year is of equal
value to the individual. In this case, TTO and SG give the same results and
QALYs based on these methods can be seen as cardinal utilities (74). If this
assumption does not hold, the QALY model may still be valid if the other two
criteria are satisfied and QALYs are adjusted for risk. In more recent work, it
has been shown that for QALYs to be cardinal utilities it is, if dealing with
chronic conditions, sufficient that they satisfy the risk neutrality assumption
and the “zero condition” (75, 76). The zero condition requires that all health
states are of equal value at a duration of zero life years.
Apart from Pliskin’s three criteria, the QALY model imposes additional
restrictions since it assumes that values of health states are not affected by the
health states that come before or after it (77). This additive utility
independence assumption may not be a problem when valuing a chronic
health state but may not be valid for a health state that changes with time. It
28

Background

has been recommended that potential users of QALY methods consider if this
kind of assumptions are likely to be appropriate for the health state or
condition they are planning to value (70).
Various studies have investigated Pliskin’s conditions empirically using the
TTO and SG methods (57, 77). In these studies, individual preferences have
been seen to violate the conditions in a non‐systematic way. That the
conditions are violated in a non‐systematic way means that there is no obvious
way to adjust the QALY model for these violations (77). Instead, two other
ways of approaching these violations have been suggested in the literature (42,
77). The first approach would be to generalize or adapt expected utility theory
to find a new theory that successfully describes real individual choice under
uncertainty. The other would be to only use expected utility theory as a
normative theory and accept that real individual choice under uncertainty
violates the axioms. Individual preferences are usually aggregated when used
for policy purposes, and there are studies suggesting that the conditions
appear to be satisfied on an aggregate level (77). The latter of these two
approaches is similar to what is referred to as the “extra‐welfarist approach”.
The extra‐welfarist approach has been described in various ways in the
literature and is sometimes instead called the “non‐welfarist approach” or the
“decision‐maker approach” (72, 78‐80). It seems to be more of an umbrella
term for deviations from welfarism than a specific theory. The most important
differences between welfarism and these approaches concerning the
estimation of QALY weights are that QALY are not necessarily seen as a
measure of utility and that the use of valuation sources other than the affected
individuals are permitted (72). The first of these differences implies that extra‐
welfarists do not see individual utility as the only important outcome
measure. Rather, the choice of outcome measure is context dependent and
may include various indicators of well‐being. Individual utility may be one of
these indicators but other measures such as patient satisfaction or caregiver
burden may also be of interest. It should not be economists who determine
which of these indicators are of interest, but rather the decision makers. Thus,
since decision makers are often interested in the effects on health and the
distribution of health, these have been the focus of health economic
evaluations. Health is in this context considered to have a value in itself,
beyond the extent to which it affects utility. This focus on health instead of
utility can be traced back to Sen’s capability theory (81), in which it was
argued that goods or states should be evaluated in terms of what they enable
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people to do. Utility is seen as an unsuitable guide to policy as people may
adjust to their conditions and resource allocation should not be affected by
people’s ability to cope. That QALYs are used to represent health instead of
utility means that a gain in QALYs does not have to represent a proportionally
large gain in utility but rather a proportionally large gain in health (82). A
consequence of this is that extra‐welfarism permits ways of systematically
assigning numbers to health states that are not developed with the purpose to
produce utilities.
The second difference concerns the question of whose values should govern
resource allocation. In contrast to the welfare economists’ view, extra‐
welfarists do not believe that it must necessarily be the affected individual
who values health states or health gains. Who should be asked to value health
or health changes is once again seen as a choice for decision makers. Thus, it
could also be an expert, a decision maker or a representative sample of the
general public that is asked to state their preferences over different outcomes.
The key point here is that the preferences of interest are not necessarily those
of someone who has experienced or will experience a health state. It also
means that if the preferences are elicited from others than the affected
individuals, there is no need for these respondents to act as proxies for
patients. Rather, the extra‐welfarist perspective is concerned with the thoughts
of these other individuals, or how they think that the people they are
representing ought to act. The general public has often been used to elicit
values for health states since it is argued that that it is the tax‐paying
community that should determine how resources should be allocated (42).
This may, however, lead to biased estimates if the representatives of the
general public cannot fully comprehend what it means to be in the
hypothesized health states that are described to them when creating the value
sets.

The choice of time frame in the TTO exercise
The focus of one of the papers in this thesis is the effect of using different time
frames in the TTO exercise. This is closely related to the assumption of
constant proportional trade‐off (CPTO) since if this assumption holds, it
would not matter which time frame that was used in the TTO exercise.
However, there are various studies reporting violations of this assumption (83‐
87). One important reason that has been suggested for these violations is that
the commonly used linear QALY model, which assumes no diminishing
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marginal utility of life years and no discounting of future life years, may not
be valid (85, 88). This means that later years receive less weight, which makes
it easier to trade off such years. Therefore, trade‐offs will disproportionally
increase if the time frames applied within TTO exercises are increased. It has
been suggested however (84) that correcting for discounting does not
necessarily solve violations of CPTO, because there are still other problems
that may affect people’s willingness to trade off years.
The first of these problems is that individuals may be more sensitive to losses
than to gains (loss aversion), which in a traditional TTO exercise means that
respondents place relatively more weight on the perceived loss of trading off
years than the perceived gains of health improvements related to this trading
off (57, 83, 89). As a result, respondents to TTO exercises might be reluctant to
trade off life years and this effect has been seen to be especially important in
TTO exercises with short time frames (89).
Second, some health states have a maximum endurable time after which the
respondents associate them with a negative value (87, 90). This may be
especially relevant for relatively severe health states. Respondents may be
willing to live in such poor health states for a limited number of years (for
instance, until their children are independent), but not beyond that period.
When the time frame used in the TTO exercise exceeds the maximum
endurable time, CPTO can be violated.
Various TTO studies have used the actuarial life expectancy of the
respondents as the time frame in the TTO exercise (50). If the individuals are
affected by diminishing marginal utility of life years, the use of this time frame
may result in younger patients, with a longer remaining life expectancy, being
more willing to give up years than older patients. The use of a ten year time
frame decreases this problem. However, it may instead increase the reluctance
to trade off life years, since the majority of respondents will experience a ten
year time frame as short compared to their subjective expectations concerning
remaining life duration. As a response to this problem, there are studies that
have used a time frame based on the respondents’ own subjective life
expectancy (SLE) (e.g. (13‐16)). The argument for this approach is that the
respondent’s SLE is in line with their expected endowment, and so when used
in a TTO exercise should result in a more meaningful trade‐off. By using this
time frame the respondents will not start the exercise feeling as though they
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have received “bonus years” relative to their own expectations, or conversely
that they have been “cheated” out of some years relative to these expectations.
To date, only two studies have empirically tested whether respondents’ SLE
affects TTO valuations. In 2004, Van Nooten and Brouwer (91) performed an
exploratory study in a general population sample, using a TTO exercise taking
80 years as the age of death for all respondents. They found that respondents
expecting to live longer than the 80 years indicated in the TTO exercise were
less willing to trade off years than respondents expecting to live for less than
80 years. In order to investigate whether the influence of SLE was also
noticeable in TTO exercises using a more conventional 10 year time frame, an
additional study was performed in 2009 (92), which showed that the SLE of
the respondents also influenced TTO responses in that case. In this study, as
expected, an individual’s SLE was negatively associated with the number of
years they were willing to trade off; in other words, the higher the SLE, the
lower the number of years traded off. The results also indicated that
respondents’ willingness to trade off any time was negatively influenced by
SLE. If SLE affects valuations when other time frames are used, this may be an
additional reason for violations of the CPTO assumptions, since the TTO value
will be determined by whether the time frame presented in the TTO exercise is
perceived as a gain or a loss relative to the respondents’ own expectations
regarding remaining life duration.
It is important to note that in both of these empirical studies, the general
public was asked to value hypothetical health states. To date, it has not yet
been investigated whether SLE also influences TTO values of patients valuing
their own health state. The influence of SLE on TTO valuations may be
hypothesized to be more pronounced in patient valuations. Indeed, in such
valuations, the patients are asked to value their own health, and therefore may
find it more difficult to detach from their own expectations regarding length of
life in comparison to respondents from the general public asked to value
hypothetical health states.

Validity of indirect methods
Since the indirect methods include a valuation based on a direct method, the
validity of an indirect method also depends on the validity of the direct
method that was used to create the value set. However, the indirect methods
require additional analyses since they include more components. The tests of
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validity of an indirect method can be divided into three parts: descriptive
validity, validity of the valuation technique, and the empirical validity of the
whole instrument (70).
First, descriptive validity is about what the method can capture. This can be
examined by investigating the extent to which the descriptive systems of the
methods capture all the relevant dimensions of health (content validity),
whether the included questions in the dimensions are sensitive and
appropriate for the population in which the method is going to be used (face
validity), and whether the descriptions of the methods can detect known or
expected differences or changes in health (construct validity).
Second, the validity of the valuation technique concerns the quality of the
value set that is used to score the responses in the questionnaire. This is
assessed by examining the representativeness and size of the sample that was
used to create the value set, how the direct valuation exercise was
administrated, and how many health states were valued by each respondent.
In addition, it includes the validity of the models that were used to connect the
value sets to the possible response combinations in the questionnaires. It also,
of course, contains an analysis of the validity of the direct method that was
used to create the value set.
Finally, empirical validity measures the degree to which the method is able to
identify or measure what it is supposed to in practice. This is preferably done
by testing the index scores of the instrument against revealed or stated
preferences. Testing an instrument against revealed preferences requires
information on how patients or the general public perceive benefits and make
choices in real life. This information is seldom available. The alternative
option, testing the instrument against stated preferences, requires information
on how people state that they make (or would make) choices. Information on
stated ordinal preferences could be obtained by asking the target group to
rank different health states. Testing the cardinal properties of an instrument is,
however, more difficult. One possible approach is to use a direct method on
the same patient group at the same time as using the indirect method, and
then compare the results of the indirect method to those of the direct method.
This is problematic, however, since the differences in results are likely to be
explained by differences in values between the patient population and the
general public that estimated the values for the value sets of the indirect
methods. Another approach would be to study whether the instrument
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generates QALY weights that are in line with expected differences between
groups of patients, so‐called hypothetical preferences. In this approach, the
hypothetical preferences must be created by the researcher. One example of
such a hypothesis could be that respondents will prefer a less severe health
state over a more severe health state, and hence that the less severe state
should be assigned a higher score. The performance of the indirect method can
then be tested by investigating whether it is able to identify these differences
between health states. Even though this approach obviously has limitations
and should be used with care, it has been argued to contribute valuable
insights into the validity of an indirect method when there is no information
on revealed or stated preferences. This method has previously been used to
investigate the validity of QALY methods in various disease areas (69, 93‐97).
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Empirical context
Diabetes
Diabetes is a metabolic disorder which is caused by defective insulin secretion,
defective insulin action, or both (98, 99). It is characterized by a chronic
condition of high levels of glucose in the blood plasma (hyperglycaemia) and
leads to disturbances of the carbohydrate, fat, and protein metabolism.
Diabetes may be detected by the patient via symptoms such as thirst, polyuria
(excessive or abnormally large production or passage of urine), blurring of
vision, tiredness, and weight loss. These symptoms however disappear when
treatment is started, and effectively‐treated diabetes has no or only mild
symptoms. With time, though, higher concentrations of glucose in the blood
plasma may lead to the development of microvascular complications such as
retinopathy, nephropathy, and neuropathy. In addition, even minor elevations
of glucose may lead to macrovascular complications such as cardiovascular
disease, peripheral vascular disease, and cerebrovascular disease.
There are several causes of diabetes (98, 99), on the basis of which the disease
has been divided into different types: type I, type II, gestational diabetes, and
other specific types. Type I diabetes is caused by an immunological process
that destroys the beta cells that produce, store, and release insulin. As a
consequence, treatment with insulin is required for the patient to avoid
ketoacidosis, coma, and death in the short run and to avoid micro‐ and
macrovascular complications in the long run. This type of diabetes often
develops in children, but may occur at any age (100). The destruction of the
beta cells is genetically inherited but may also be related to environmental
factors causing immunological attacks on the islets of Langerhans. Type II is a
disorder in which the patients at the time of diagnosis usually have a relative
but not absolute insulin deficiency (101). This means that they are resistant to
the action of insulin, but may not need insulin treatment to survive. Type II
diabetes is instead usually treated only with diet and exercise or with oral
hyperglycaemic agents such as metformin. Metformin lowers the liver’s
production and release of sugar in the bloodstream, and augments the sugar
that is used by muscle tissue. Since the elevation of glucose in the blood
plasma is often very small for many years, type II diabetes does not lead to
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symptoms that can be detected by the patients; because of this, it is common
for a type II diabetes patient to have already had diabetes for many years
when they are diagnosed. The specific reasons for the development of type II
diabetes are unknown, but a majority of the patients are obese and obesity
itself leads to or worsens insulin resistance (102). Gestational diabetes is
recognized by hyperglycaemia, caused by glucose intolerance secondary to
hormonal status during the pregnancy. Other specific types of diabetes
include diabetes that results from less common causes, such as pancreatitis, in
which the underlying defect or disease process is relatively specific.
Glycated haemoglobin (HbA1c) is often used as an indicator of blood glucose
levels (103). It measures the long‐term glucose concentration in the blood
plasma and is an important parameter for the follow up of diabetes treatment.
A high HbA1c value indicates poor control of blood glucose and is associated
with an elevated risk of micro‐ and macrovascular complications. In Sweden,
HbA1c was measured in accordance with the HbA1c standard Mono S (104)
until 2010. However, since then the results have been converted to the
international IFCC standard as a result of a global consensus.

Diabetic retinopathy
Diabetic retinopathy (DR) is a diabetic complication that affects the blood
vessels in the retina of the eyes. With time, it may lead to a chronic state of
blindness, and it is one of the most common causes of vision loss in the
Western world (105). Like all diabetic complications, it develops with the
duration of diabetes and is consequently more common in older patients.
Other risk factors include a chronic state of uncontrolled blood glucose levels
(106), the presence of nephropathy (107), and hypertension (108), but the exact
mechanism behind the development of DR is still not completely known
(109).
The progress of DR begins with background retinopathy (BR), which is
recognized by the presence of microaneurysms, enlargement of veins, retinal
bleeding, retinal oedema, and exudates (109, 110). This stage is sometimes
divided into three different levels: mild, moderate, and severe non‐
proliferative diabetic retinopathy (NPDR). The disease does not become sight‐
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threatening until the patient progresses to proliferative diabetic retinopathy
(PDR) or develops diabetic macular oedema (DMO). PDR is the most common
cause of visual loss in type I diabetes. It leads to development of new blood
vessels and severe haemorrhage into the vitreous. The effect on vision is often
a result of the development of new blood vessels. If these are left untreated
they can end up in fibrous tissue that distort the retina and consequently cause
tractional retinal detachment. The new blood vessels may also bleed, which
worsens the preretinal or vitreous haemorrhage. In type II diabetes, DMO is
the most frequent cause of visual loss and is characterized by thickening or
hard exudates in or close to the centre of the macula. It can develop at all
severity levels of DR. Figure 4 illustrates how vision can be affected by DR.

Figure 4. Illustration of vision impairment due to DR

In Sweden, patients with diabetes are screened for DR on a regular basis.
Patients with type I diabetes who have not yet developed DR are screened
every second year, while the corresponding patients with type II diabetes are
screened every third year (44). When DR is detected, the screening is
performed more frequently. PDR is treated with photocoagulation, and in
severe cases by performing vitrectomy, while DMO is primarily treated with
photocoagulation or with newly approved anti‐VEGF treatment (111).
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Decreased mean HbA1c and mean systolic blood pressure have been seen to
have a preventive effect on DR (112‐118).
Diabetic retinopathy can be graded with the Early Treatment Diabetic
Retinopathy Scale (ETDRS) (119), which consists of a scale from 1‐100, divided
into stages of DR. This scale is illustrated in Table 2.

Table 2. The ETDRS scale (119)
ETDRS Level
10
14*
15*
20
35
43
47
53
53E
61
65
71,75
81
85
90

ETDRS severity
DR absent
DR questionable
DR questionable
Microanaeurysms only
Mild NPDR
Moderate NPDR
Moderately severe NPDR
Severe NPDR
Very severe NPDR
Mild PDR
Moderate PDR
High‐risk PDR
Advanced PDR
Advanced PDR
Cannot grade

DR: diabetic retinopathy, NPDR: non‐
proliferative diabetic retinopathy, PDR:
proliferative diabetic retinopathy. *Levels 14
and 15 are not separate steps in the scale and
are pooled with level 10 or 20.

The severity of DR may also be described through the patients’ visual acuity
(VA). There are various methods for measuring VA; one commonly used in
Sweden is the Snellen board (120). The traditional Snellen board consists of a
board with eleven lines of black letters. The first line has only one large letter,
but the numbers of letters increase for each line as the size of the letters
becomes smaller. When examining a person’s VA with a Snellen chart, that
person is placed at a standard distance from the chart, usually 20 feet or 6
metres. The line on the board that a person with normal visual acuity is able to
read at this distance represents a VA of 20/20 (or 6/6). On the chart, there are
various lines with letters that are larger than on the line representing 20/20, for
example the line designated 20/40. A person with normal VA is expected to be
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able to read this line at 40 feet. If this is the smallest line a person can read
from 20 feet, however, the VA of this person is estimated to be 20/40. This test
is usually performed for each eye separately. Based on their Snellen VA in the
better or worse eye, patients can be classified into having different levels of
visual impairment (VI).

The history of a changing diabetes care
There have been many improvements in diabetes care from the discovery of
insulin in the 1920s until the present day (1‐3). These developments imply that
many older patients with diabetes today have lived through some substantial
changes. Since most diabetic complications of diabetes (including DR) develop
with time, the incidence and progression of these depend on the type of
diabetes care available in the relevant decades. Consequently, patients who
were diagnosed with diabetes 60 years ago have a different prognosis
compared to those who are diagnosed with diabetes today.
Insulin was first discovered in 1921 by Banting and Best (121) who two years
later were awarded the Nobel Prize4 for their discovery of its effect on patients
with diabetes. The introduction of treatment with insulin meant patients no
longer necessarily succumbed to ketoacidosis and death at a very short
duration of diabetes. The average survival time before the introduction of
insulin was less than 5 years after diabetes onset (1). At the start, however,
insulin was only given once a day, and patients were initially not able to self‐
monitor their glucose levels at home (2). Thus, it was difficult to administer
and undergo appropriate intensive insulin treatment. In addition, the causes
of diabetes were still unknown (122). It was not until 1930 that the different
types of diabetes were described in the literature, and it took 20 more years to
find an adequate treatment for type II diabetes. Even then, it was still not
known that plasma glucose levels had to be close to normal if patients were
not to develop long‐term complications. The importance of good glycaemic
control for reducing the risk of microvascular complications was not presented
in the literature until 1988, when the Wisconsin Epidemiologic Study of
Diabetic Retinopathy (WESDR) presented observational data that showed this

4

Actually, Banting was awarded the Nobel Prize together with John McLeod, but decided to share it with Best.
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relationship (123). A few years later, these findings were confirmed in two
randomized controlled trials: the UK Prospective Diabetes Study (UKDPS)
(115) and the Diabetes Control and Complications Trial Research Group
(DCCT) (118). At this time, evidence also started to appear on the effects of
tight control of blood pressure on the incidence and progression of DR (114,
116, 124‐126). Nevertheless, this means that some of the older patients with
diabetes today have lived most of their lives without knowing the importance
of good glycaemic control and good control of blood pressure.

A review of the literature
Prevalence of DR
A review of the literature on the prevalence of DR in Sweden can be found in
Table 3 (at the end of this chapter). The methods for the search are described in
Appendix A. Of the 24 papers identified in the search, 14 were included in the
review. These 14 papers present data on the prevalence of DR from 1981 to
1998, which means that the most recent study is 14 years old. The studies
cover the north, south, east, and west regions of Sweden. The prevalence of
DR ranges between 47‐68% for type I diabetes and 19‐42% for type II diabetes.
The prevalence of PDR ranges from 13‐28% for type I and 3‐7% for type II
diabetes, while the prevalence of DMO ranges between 12‐16% for type I
diabetes and 9‐24% for type II diabetes. Blindness was present in 0‐1.7% of
patients with type I diabetes and 0‐0.3% of those with type II diabetes.
Almost all studies classified the patients according to the pathological severity
level of DR in the worse eye, but there were variations in the definitions of
severity levels (127‐137). Some used blindness as a separate group (128, 130,
138) while others included blind patients in the calculation of prevalence
estimates for PDR or DMO (127, 129, 131‐137).
Since DR develops with the duration of diabetes, it is to be expected that there
will be some lag in the effects of the changes in diabetes care implemented
during recent decades on the incidence and prevalence of DR. In combination
with the fact that the most recent data on DR are from 1998, this emphasizes
the need for updated data on the prevalence of DR.
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Costs of DR
A review of the literature on costs related to DR can be found in Table 4 (at the
end of this chapter). The methods for the search are described in Appendix A.
Studies from Asia, South America and the US were excluded from the review
since their health care systems were believed to be too different from the
Swedish health care system to give relevant cost estimates. For inclusion in the
review, it was also required that the study presented costs per person and
disease state, rather than simply the costs of specific interventions or the
aggregated costs of all patients without giving the number of patients affected.
Of the 234 papers identified in the search, eight were included in the full
review.
All studies used data from the years between 1981 and 2002. Two of the
studies were from Germany, two from UK, one from Canada, one from
Australia, one from Switzerland, and one from Austria. There were no studies
from Sweden.
Comparing the results of the studies is difficult due to differences in study
design and classification of the patients. Some studies classified the patients in
accordance with the pathological severity level of the worse eye by dividing
the patients into states of PDR and DMO (139, 140) while others focused on the
costs of blindness (141‐143) or a combination of severity level and blindness
(144, 145). Others instead used the start of treatment (photocoagulation or
vitrectomy) as the main event (143, 146). In addition, comparisons are made
even more difficult by the fact that some authors (141, 144, 146) calculated
separate costs for the first year of an event and an average for the following
years, while others calculated an annual cost independent of whether the
relevant year was the first year in the state or not (139, 142, 143, 145).
Most of the studies focused on direct health care costs (140, 141, 144, 146).
O’Brien et al. (144) and Palmer et al. (146) showed that the direct health care
costs for the first year after a photocoagulation ranged between €292 and €615
depending on the severity level. Matz et al. (140) estimated that an average
patient with PDR or DMO would need two sessions with panretinal/focal laser
coagulation, which would cost €65 per patient (907 ATS). Clarke et al. (141)
estimated that the direct costs would be approximately €7200 for the first year
of blindness and approximately €2500 for each of the following years.
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Three studies included indirect costs such as productivity losses due to sick
leave or early retirement (139, 142, 143). Happich et al. (139) estimated an
average societal cost of temporary working disability of €2 and €932 for PDR
and DMO respectively. The corresponding costs of early retirement were €681
for PDR and €289 for DMO. Foulds et al. (147) estimated that the productivity
losses for a blind patient would be €52 200 per year. Savolainen et al. (143)
estimated that it would cost €1 452 annually to maintain a person who has
become blind due to DR.
From this review, it can be concluded that there are few up‐to‐date studies of
the costs of DR, with most of the studies being more than ten years old. Thus,
there is a need for updated estimates on the costs of DR. Since cost estimates
may vary between different countries, there is also a need for Sweden‐specific
cost estimates.

QALY weights for DR
A review of the literature on QALY weights related to DR can be found in
Tables 5 and 6 (at the end of this chapter). The methods for the search are
described in Appendix A. Of the 59 identified papers, 22 were included in the
final review; 16 of these presented results from direct methods and eight from
indirect methods. The most common method (n=12) was the TTO method.
Among the indirect methods, EQ‐5D was the most common. HUI‐3 and 15‐D,
which both contain a specific dimension for vision, were only represented in
one study each.
The majority of the studies classified the patients in accordance with VA in the
better eye, but some classified them according to the pathological severity
level (148‐150). Among those who had classified the patients according to VA,
there was a variety of ways of dividing the patients into groups, with some
studies using only one group and others using up to six different groups for
VA.
In general, the QALY weights decreased with increased vision impairment.
However, some of the studies showed inconsistent orderings of QALY
weights, with lower weights for patients with mild or no vision impairment in
comparison to patients with more severe vision impairment (12, 15). The
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differences in QALY weights between DR and no‐DR were small (0.03‐0.06)
(11, 150, 151). Because of the differences in classification, it is difficult to find a
pattern for specific severity levels. Nevertheless, various studies included a
stage for blindness. The decrement from no DR to blindness (defined as
≤20/200) was 0.12‐0.29 with TTO (13, 15, 17, 148, 152‐154), 0.14‐0.21 with SG
(12, 14, 154) 22.7 with EQ‐VAS (12), 0.30 with EQ‐5D (12), and 0.29 with HUI‐3
(12).
Three studies presented information on the results in different dimensions.
Solli et al. (155) found that vision impairment among patients with type I
diabetes was associated with problems with anxiety/depression in EQ‐5D,
while vision impairment among those with type II diabetes was associated
with problems with mobility in the same instrument. Kontodimopoulos et al.
(11) showed that DR patients had lower scores on vision, sleeping, eating,
discomfort/symptoms, and vitality in 15‐D, while Ahola et al. (151), who also
used 15‐D, showed that patients with PDR had lower scores in mobility,
vision, and usual activities. There are also studies presenting results on
HRQoL profiles of patients with DR using SF‐12, SF‐20 and SF‐36 (9). These
were not included in the review since these instruments do not produce QALY
weights unless they are valued with the value set for SF‐6D. Though, it should
be mentioned that their results are inconsistent but show that overall DR and
vision impairment due to DR may have an impact on HRQoL.
Three reviews of the literature of HRQoL or/and QALY weights among
patients with DR were also identified in the search (9, 156, 157). The latest of
them, performed by Tosh et al. (157), was performed to explore the
responsiveness and validity of measures of health state values (QALY
weights) among patients with visual disorders. They concluded that the
evidence of validity and responsiveness of EQ‐5D was mixed. In comparison,
HUI‐3 seemed to perform better in some conditions. However, the evidence of
SF‐6D was limited and the authors state that more head to head comparisons
of these measures are needed.
Two studies compared results from the TTO and SG methods (14, 154). These
showed no statistical differences between the weights from these two
methods. However, TTO values were systematically lower than SG values.
Two other studies compared the performance of various methods of assessing
DR (11, 12). While Lloyd et al. (12) showed that HUI‐3 and EQ‐5D gave similar
decrements in HRQoL due to vision impairment related to DR,
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Kontodimopoulos et al. (11) showed that 15‐D was more sensitive than EQ‐5D
to changes in HRQoL due to DR. However, it is unclear whether the results of
Lloyd et al. were adjusted for co‐morbidities.
The TTO exercises used within the area of DR differ from the conventional
TTO method in three ways. First, almost all TTO studies (10/12) used a vision‐
specific version of the TTO question in which patients were asked to trade
years for full, perfect, or normal vision instead of full health (13‐19, 153, 154,
158). These types of disease‐specific questions can be used for all types of
diseases, by setting the optimal health state as a health state without the
specific condition. Nevertheless, it seems to be particularly popular within the
area of DR, probably because it solves the problem of co‐morbidities (149). By
asking the respondents to focus solely on their problems with vision, the effect
of their vision impairment is separated from that of other complications. One
should, however, be aware that these vision‐specific exercises operate on a
different scale (159, 160) and must be adjusted if they are to be used as QALY
weights. Previous research concerning the SG method has shown that vision‐
specific SG questions give lower QALY weights than SG exercises with full
health as the upper anchor (149). As almost all studies within the area of DR
have used this vision‐specific method, there is a need for estimates based on
the traditional TTO method. Second, most of the TTO studies within the field
of DR have used the respondents’ own subjective life expectancy (SLE) as the
time frame of the TTO exercise instead of the more common time frame of ten
years (13‐19, 153). Finally, most of the TTO studies identified in our review
used an open‐ended question in which the patients were asked to state the
maximum number of years they were willing to give up for full vision (14‐19,
148, 153, 154), instead of the recommended alternating method in which the
respondents are asked to choose between different scenarios.
From the results of this review, it can be concluded that there are no Swedish
estimates for QALY weights among the existing literature, and there are few
studies which classify patients according to pathological severity level. In
addition, the literature is focused on one specific method that has been
modified for use among patients with vision impairment. There is
consequently still a need to investigate how other methods than TTO perform
among patients with DR, and to examine whether the results of the modified
version of TTO are comparable to those of the conventional TTO methods.
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407 patients with type II
diabetes

Umeå (northern
Sweden)

Stockholm
(central Sweden),
1995
Medelpad
(central Sweden),
1991‐1992

Larsson et
al. (1999)
(130)
Wändell et
al. (1999)
(162)
Lundman et
al. (1998)
(128)
4127 patients with diabetes
(87% NIDDM, 13% IDDM)

1805 patients with diabetes.
401 with type I (diagnosis at
<30years) and 1404 with type
II (diagnosis at ≥ 30 years).
285 patients with type I
diabetes aged 15‐50 years

268 patients with diabetes

Extraction
from medical
records

Examinations
of study
participants
Medical
records

Clinical
records

Medical
records

Examinations
of study
participants

Clinic‐based
survey

363 patients with type II
diabetes
274 patients with type II
diabetes

Source

Study population

Umeå (northern
Sweden), 1994‐
1995

Laxå (central
southern
Sweden), 1996‐
1998
Burlöv (southern
Sweden), 1994‐
1995

Geographical
area, year of data
Lund (southern
Sweden), 1986

Reuterving
et al. (1999)
(129)

Hansson‐
Lundblad et
al. (2002)
(138)

Author
(year)
Lövestam‐
Adrian
(2007) (127)
Olafsdottir
et al. (2007)
(161)

Table 3. Review of studies on prevalence of DR in Sweden

Severity level in
worse eye

Severity level in
worse eye, blindness
in the better eye
DR

Severity level in
worse eye

VA in better eye

VA in better eye

Severity level in
worse eye

Classification of DR
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Any DR: 18.7% (NIDDM), 65.6% (IDDM).
Simplex: 14.2% (NIDDM), 39.8% (IDDM). PDR or
photocoagulated: 4.2 (NIDDM), 24.1% (IDDM).
Blindness: 0.3% (NIDDM), 1.7% (IDDM).

DR: 35.8% (men), 31.7% (women)

DR: 75.1%, PDR: 21.8%, blindness 1.7%

Visually impaired due to DR: 5.1% (type I), 2.1%
(type II on insulin), 0% (type II on oral treatment
or diet only). Blind: 0% (type I), 2.1% (type II on
insulin), 1.2% (type II on oral treatment). 0%
(type II on diet only).
Any DR: 68% (type I), 36.7% (type II). PDR:
28.4% (type I), 6.56% (type II). DMO: 16.0%
(type I), 12.7% (type II)

Prevalence of visual impairment and blindness
no greater than in the control group

Any DR: 37.7%, BR: 26.4%, sight‐threatening
DR: 11.3%.

Prevalence of DR

Background

213 patients with type II
diabetes
185 patients with type II
diabetes

Mölnlycke
(southwest
Sweden)
Gotland
(southeast
Sweden), 1981
Gotland
(southeast
Sweden), 1981
Gotland
(southeast
Sweden), 1981
140 patients treated for
diabetes with oral
antihyperglycaemic agents
171 patients with debut of
IDDM ≤ 40 years of age

All (n=368) insulin‐treated
patients with diabetes

Examination
of study
participants
Examination
of study
participants
Examination
of study
participants
Examination
of study
participants
Examination
of study
participants

Examination
of study
participants

Medical
records

Severity level in the
worse eye

Severity level in the
worse eye

Severity level in the
worse eye

Severity level in
worse eye

Severity level in
worse eye

Severity level in
worse eye

Severity level in
worse eye

DR: 66%, PDR: 18%

DR: 17%, BR: 12.9%, PPDR: 2.9%, PDR: 1,4%.

DR: 47%, BR: 31%, PPDR: 3.5%, PDR: 13%.

BR: 37.8%, PPDR: 1.1%, PDR 3.8%, DMO: 24.3%

DR: 41.6%, BR: 37.3%, PPDR: 1.1%, PDR: 3.2%.
DMO: 24.3%.

DR: 64% (diagnosis <30 years), 36% (diagnosis ≥
30 years) PDR: 18% (diagnosis <30 years), 5%
(diagnosis ≥ 30 years). DMO: 12% (diagnosis
<30 years), 9% (diagnosis ≥ 30 years).
DR: 26.5%, BR: 19.8%, severe DR: 6.7%.
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BR: background retinopathy, DMO: diabetic macular oedema, DR: diabetic retinopathy, IDDM: insulin‐dependent diabetes mellitus, NIDDM: non‐insulin dependent diabetes
mellitus, NPDR: non‐proliferative diabetic retinopathy, PDR: proliferative diabetic retinopathy, PPDR: pre‐proliferative diabetic retinopathy, VA: visual acuity.

Jerneld et al.
(1984) (137)

Jerneld et al.
(1985) (136)

Jerneld et al.
(1986) (135)

123 patients with type II
diabetes aged 70 years and
under

Mölnlycke
(western Sweden)

Falkenberg
et al. (1994)
(131)

Eggertsen et
al. (1993)
(133)
Kalm et al.
(1989)(134)

2232 patients with diabetes
(435 diagnosis <30 years, 1797
diagnosis ≥ 30 years)

Helsingborg
(southern
Sweden), 1991‐
1993
Kisa (southeast
Sweden), 1991‐
1992

Henricsson
et al. (1996)
(132)

Table 3 continued

Background

Geographic area
and year of data
Australia, 1990‐
1999

Germany, 2002

Germany, 2001

Canada, 2000

Author
(year)
Clarke et al.
(2008) (141)

Happich et
al. (2008)
(139)

Von Ferber
et al. (2006)
(145)

O’Brien et
al. (2003)
(144)

Typical
patients

2886 patients
with DR

207 patients
with DR

Study
population
874 patient
years with
blindness

Table 4. Review of studies on costs of DR

Ontario Case
Cost Project,
physician and
laboratory
fee
schedules,
formularies,
reports and
literature

CoDiM
Database,
reimburseme
nt fees

Hospital
records and
Medicare
information
on primary
health‐care
Questionnair
es and
medical
records,
manufacture
rs’ price lists,
value scales

Source

Severity level,
worse eye
(DR, DMO,
blindness and
low vision)
Severity level
(DMO with LT,
PDR with LT,
DMO and PDR
with LT,
blindness)

Severity level,
worse eye
(NPDR
without DMO,
PDR without
DMO, DMO +
any degree of
DR)

Classification
of DR
VA (blindness)
according to
ICD‐codes
369‐369.9,
worse eye

Physician visits, ophthalmology consults,
the use of diagnostic and therapeutic eye
procedures (color fundus photography,
fluorescein angiography and LT).

Inpatient care, medications, physicians'
outpatient services, medical devices, home
care, transportation and other remedies
(e.g. physiotherapy).

Inpatient costs: rehabilitation, medical and
surgical facilities. Outpatient costs: primary
care visits, specialist visits, ambulatory
surgical facility, diagnostics, laboratory
analyses, durable medical equipment,
skilled nursing facilities, all other non‐drug
therapies, medical and surgical supplies.
Direct non‐medical costs: home help care,
transportation. Indirect costs: sick leave,
disability and blindness allowances, early
retirement.

Hospital costs: costs associated with public
and private inpatient stays. Non‐hospital
costs: fees for general practioners and
specialist visits, diagnostic tests and
investigations.

Included costs
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1st year: DMO with LT €326, PDR with LT
€292, DMO+PDR with LT €381. Following
years: DMO, PDR and DMO+PDR €31.
Blindness €1626 (assumption).

Annual cost: DR: €745, DMO: €1031,
Blindness and low vision: €895, vitreous
hemorrhage: €3647

First year of blindness (male aged 60
years): hospital inpatient cost: € 6598,
nonhospital costs: € 612. Average cost of
blindness following years (male aged 60
years): Hospital inpatient cost: €1969,
nonhospital costs: € 499
Annual cost (societal perspective): Mild
NPDR but no DMO: €231, moderate NPDR
but no DMO: €490, Severe NPDR but no
DMO: €1411, PDR but no DMO: €1905,
DMO and any level of DR: €3311.
Annual cost (health insurance
perspective): Mild NPDR but no DMO:
€200, moderate NPDR but no DMO: €244,
Severe NPDR but no DMO: €616, PDR but
no DMO: €934, DMO and any level of DR:
€2164.

Main results (per affected person)

Background

Austria, N/A

UK, 1981‐1982

UK, 1981‐1982

Matz et al.
(1996) (140)

Foulds et al.
(1993) (142)

Savolainen
et al. (1982)
(143)

5048 blind
patients using
Blind Welfare
Service,
Strathclyde
region

Typical
patients based
on experience

N/A

Tyrolean
Regional
Health
Insurance
Fund
Register
data,
discussions
with Blind
Welfare
Services and
Department
of
Employment
Case notes,
interviews
with
consultants

German
published
reports

Registered
blindness

Severity level
(DR, DR
requiring PC,
blindness)
Severity level
(PDR, DMO)

Staffing costs of Blind Welfare Services +
productivity losses (also state benefits but
this is not presented here as it is not a cost)

Costs for LT and VIT

Direct health care costs

Patients with PDR or DMO need 2 sessions
with LT (2 LT: €65). Patients with PDR and
DMO need 2 additional LT (4 LT: €132)
Another 30% of those with PDR need VIT in
both eyes (2 VIT: €82).
Annual productivity losses: blind patient
€52 200. Average cost from Blind Welfare
Services: €62.

Event + first 12 months: Annual screening
for DR €172 (CHF 208, PC €615, blindness
€828 (assumption)

48

141 case
Need for PC,
Treatment with PC. Maintenance of a blind
Cost of out‐patient screening, LT
notes of DR
blindness
patient due to DR: loss of average earnings
treatment and follow‐up: €83 per year.
patients
and social security payments
Maintaining one blind person per year
treated by
due to DR: €1452.
photocoagulat
ion
DMO: diabetic macular oedema, DR: diabetic retinopathy, IDDM: insulin‐dependent diabetes mellitus, LT: laser treatment, N/A: not available, NIDDM: non‐insulin dependent
diabetes mellitus, NPDR: non‐proliferative diabetic retinopathy, PC: photocoagulation, PDR: proliferative diabetic retinopathy, VA: visual acuity, VIT: vitrectomy. Exchange rates
used to translate the costs to €: 7.35 SEK/CHF, 10.71 SEK/£, 8.88 SEK/€ 6.84 $CAN, 7.21 SEK/$AUS.

Switzerland,
1996

Palmer et al.
(2000) (146)

Table 4 continued

Background

TTO

Method

170 patients from a
vitreoretinal
ophthalmic practice
having more than one
disease (43% had DR)
900 patients (19 with
DR)

372 patients with type
II diabetes (86 with
DR)

136 patients with DR
or ARMD (88 with DR)

Real et al.
(2008) (16)

Tung et al
(2005)
(148)

Shah et al.
(2004) (15)

Huang et
al. (2007)
(152)

98 patients with DR
valuing current vision,
10 others presented
with DR health states

Study population

Szabo et al.
(2010)
(158)

Author
(year)

TTO – full
vision(t=SLE),
open‐ended

TTO – perfect
health (t=10),
open‐ended

TTO – perfect
health (t=10),
ping‐pong

TTO – normal
vision (t=SLE),
open‐ended

TTO – full vision
(t=10)

Version of
method – upper
anchor (time
perspective)

Questionnaire

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

Administration
mode

Hypothetical
health states
including several
complications
Severity level of
DR in the worse
eye (patients’
current health)
VA in the better
eye (patients’
current health)

Visual loss
(patients’ current
health)

Vision‐specific
descriptions of
hypothetical
health states and
current vision in
both eyes

Classification of
DR

Table 5. Review of studies on QALY weights for DR estimated with direct methods

Group 1: 20/20‐
20/40, Group 2:
20/50‐20/100, Group
3 ≤20/200

no DR, NPDR, PDR,
Legal blindness (VA
≤60/60)

Symptomatic DR,
blind

Visual disease

Vision‐specific
health states based
on ETDRS VA and
contrast sensitivity

Health states
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Group 1: 0.88, Group
2: 0.90, Group 3: 0.76.

no DR: 0.94, NPDR:
0.87, PDR: 0.83, Legal
blindness: 0.81

DR: 0.53, Blindness:
0.38

Examples: VA 20/20
on better eye and
>20/200 or CS ≥21 on
worse eye: 0.98, VA
20/50‐20/80 on better
eye and <20/200 or CS
<21 on worse eye:
0.85.
Visual disease: 0.84

Values

Background

323 patients with
≤20/40 in at least one
eye (105 had DR)

112 patients with VA
≤20/30 in at least one
eye (59 with DR)

279 patients with DR
in at least one eye
(type I and type II
diabetes)
237 patients with
visual loss secondary
to a single cause (93
with DR)

Sharma et
al. (2002)
(14)

Hollands et
al. (2001)
(19)

Brown et
al. (2000)
(18)

Sharma et
al. (2000)
(17)

333 patients with DR

Brown et
al. (2002)
(13)

Perfect vision
(t=SLE), open‐
ended

free of diabetes
(t=SLE), open‐
ended

normal vision
(t=SLE), open‐
ended

normal vision
(t=SLE), open‐
ended

Good vision
(t=SLE)

186 patients with VA
normal vision
≤20/30 in at least one (t=SLE), open‐
eye and vision loss due ended
to DR

Sharma et
al. (2003)
(153)

Table 5 continued

Background

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

Face‐to‐face
interviews

VA in the better
eye (patients’
current health)

VA in the better
eye (patients’
current health)

VA in the worse
eye

VA in the better
eye (patients’
current health)

VA in the better
eye (patients’
current health)

VA in the better
eye (patients’
current health)

Group 1: 20/40,
Group 2: 20/60,
Group 3: 20/80,
Group 4: 20/100,
Group 5: 20/200

Group 1: ≥20/25,
Group 2: ≤20/30

Group 1: ≥6/7.6,
Group 2: 6/9‐6/15,
Group 3: 6/18‐
6/30,Group 4: 6/60‐
6/120, Group 5: CF‐
NLP.
Group 1: 20/20‐
20/25, Group 2:
20/30‐20/40, Group
3: 20/50‐20/100,
Group 4: ≤20/200.
Group 1: >6/7.6,
Group 2: 6/9‐6/15,
Group 3: 6/18‐6/30,
Group 4: 6/60‐6/120,
Group 5: CF‐NLP
VA ≤20/30
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Group 1: 0.70 Group
2: 0.64 Group 3: 0.61
Group 4: 0.59
Group 5: 0.55

16% had a TTO value
of 0‐0.5, 24% had a
value of 0.501‐0.75,
8% a value of 0.751‐
0.999 and 52% a value
of 1.0.
Group 1: 0.91, Group
2: 0.86.

Group 1: 0.91, Group
2: 0.80, Group 3: 0.71,
Group 4:,0.62
Group 5: 0.47.

Group 1: 0.86, Group
2: 0.80, Group 3: 0.77,
Group 4: 0.60.

Group 1: 0.88, Group
2: 0.79, Group 3: 0.73,
Group 4: 0.73, Group
5: 0.48

SG

376 patients with
ophthalmic disease
(58 had DR)

122 patients with DR
and 49 without DR

323 patients with
≤20/40 in at least one
eye (105 had DR)

Lloyd et al.
(2008) (12)

Sharma et
al. (2002)
(14)

95 patients with VA
decreased to ≤20/40
in at least one eye and
loss of vision
predominantly as a
result of DR

Lee et al.
(2008)
(149)

Brown et
al. (1999)
(154)

Table 5 continued

SG – perfect
vision, open‐
ended

SG‐ full health

SG – perfect
health and
perfect vision

perfect vision,
open‐ended

Face‐to‐face
interviews

Face‐to‐face
interviews

Computer‐
based interview

N/A

VA in the better
eye (patients’
current health)

VA in the better
eye (hypothetical
and patients’
current health)

Severity level of
DR

VA in the better
eye (patients’
current health)

Group 1: 6/6–6/9,
Group 2: 6/12–6/18,
Group 3: 6/24–6/36,
Group 4: 6/60–
6/120, Group 5: CF‐
HM.
Group 1: >6/7.6,
Group 2: 6/9‐6/15,
Group 3: 6/18‐6/30,
Group 4: 6/60‐6/120,
Group 5: CF‐NLP

mild DR (no or
minimal BR or
insignificant DMO),
moderate to severe
DR (symptomatic DR)

Group 1: 20/20‐
20/25, Group 2:
20/30‐20/50, Group
3: 20/60‐20/100,
Group 4: 20/200‐
20/400, Group 5: CF‐
HM
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Group 1: 0.95, Group
2: 0.90, Group 3: 0.77,
Group 4: 0.74 Group
5: 0.60.

Perfect health anchor
(adjusted for co‐
morbidity): mild DR:
0.90, Moderate to
severe DR: 0.82.
Perfect vision anchor
(adjusted for co‐
morbidity): mild DR:
0.90, Moderate to
severe DR: 0.62.
From patients with
DR: Group 1: 0.81 ,
Group 2: 0.69, Group
3: 0.70, Group 4: 0.67,
Group 5: 0.58.

Group 1: 0.85, Group
2: 0.78, Group 3: 0.78,
Group 4: 0.64, Group
5: 0.59

Background

EQ‐VAS

EQ‐VAS

122 patients with DR
and 49 without DR

220 patients with
diabetes (55 with DR)

3192 patients with
type II diabetes ( 101
with blindness in at
least one eye)

Sakamaki
et al.
(2006)
(150)
Clarke et al.
(2002)
(163)

EQ‐VAS

SG – perfect
vision

Lloyd et al.
(2008) (12)

95 patients with VA
decreased to ≤20/40
in at least one eye and
loss of vision
predominantly as a
result of DR

Questionnaire

Questionnaire

Telephone or
face‐to‐face
interview

N/A

VA in one eye

Severity level

VA in the better
eye

VA in the better
eye (patients’
current health)

Not blind, blindness
in one eye.

Group 1: no DR,
Group 2: 6/6–6/9,
Group 3: 6/12–6/18,
Group 4: 6/24–6/36,
Group 5: 6/60–
6/120, Group 6: CF‐
HM.
no DR, DR

Group 1: 20/20‐
20/25, Group 2:
20/30‐20/50, Group
3: 20/60‐20/100.
Group 4: 20/200‐
20/400, Group 5: CF‐
HM

Adjusted QALY
decrement for
blindness in 1 eye: ‐
0.043

No DR: 75.8, DR: 70.3.

Group 1: 75.0, Group
2: 73.8, Group 3: 57.7,
Group 4: 65.9, Group
5: 52.3, Group 6: 50.1.

Group 1: 0.90, Group
2: 0.92, Group 3: 0.84,
Group 4: 0.71, Group
5: 0.70.
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ARMD: age‐related macular degeneration, BR: background retinopathy, CS: contrast sensitivity, DMO: diabetic macular oedema, DR: diabetic retinopathy, EQ‐VAS: EuroQol
Visual Analogue Scale, N/A: not available, NPDR: non‐proliferative diabetic retinopathy, PDR: proliferative diabetic retinopathy, QALY: quality‐adjusted life years, SG:
standard gamble, SLE: subjective life expectancy, t: time frame in the TTO exercise, TTO: time trade‐off, VA: visual acuity.

EQ‐VAS

Brown et
al. (1999)
(154)

Table 5 continued

Background

EQ‐5D

Instrument

Bagust and Beale
(2005) (165)

Lloyd et al. (2008)
(12)

4641 patients
with type II
diabetes (3.7%
with severe
vision loss)

55 patients with
DR, 264 without
DR
2074 patients
with type II
diabetes
122 patients
with DR and 49
without DR

Kontodimopoulos
et al. (2010) (11)

Smith et al.
(2008) (164)

82 patients with
diabetes and VI,
439 with
diabetes but no
VI

Study
population

Solli et al. (2010)
(155)

Author (year)

Questionnaire

Telephone
interview or
face‐to‐face
interview

Questionnaire

Face‐to‐face
interviews

Questionnaire

Administration
mode

Severity level
(requiring
treatment)
and VA in
worse eye

VA in the
better eye

VA in the
better eye

Severity level

Self‐reported
impaired
vision

Group 1: ≥20/20,
roup 2: 20/40,
Group 3: ≤20/80
Group 1: no DR,
Group 2: 6/6‐6/9,
Group 3: 6/12‐
6/18, Group 4:
6/24‐6/36, Group
5: 6/60‐6/120,
Group 6: CF‐HM.
DR (PDR), blindness
in one eye

No DR, DR

No VI, VI

Classification Health states to be
of DR
valued

Table 6. Review of studies on QALY weights for DR estimated with indirect methods

Decrements: PDR ‐
2.27 (VAS value
set), Blindness: ‐
2.72 (VAS value
set), ‐0.057 (TTO
model)

Group 1: 0.83,
Group 2: 0.75,
Group 3: 0.50,
Group 4: 0.68,
Group 5: 0.53,
Group 6:0.34.

Group 2: ‐0.03,
Group 3:‐0.06

No DR: 0.72, DR;
0.67

Decrement: 0.063
(p=0.245)

QALY weights

N/A

N/A

N/A
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Type I diabetes:
Impaired vision affected
anxiety/depression.
Type II diabetes:
Impaired vision affected
mobility.
N/A

Affected dimensions

Background

15‐D

SF‐6D

HUI‐3

55 patients with
DR, 264 without
DR

989 type I
diabetes
patients (371
with PDR)

Ahola et al.
(2009) (151)

55 patients with
DR (not severe
DR), 264
without DR

122 patients
with DR and 49
without DR

3192 patients
with type II
diabetes (101
patients with
blindness in one
eye)

Kontodimopoulos
et al. (2010) (11)

Kontodimopoulos
et al. (2010) (11)

Lloyd et al. (2008)
(12)

Clarke et al.
(2002) (163)

Table 6 continued

Background

Questionnaire

Face‐to‐face
interviews

Face‐to‐face
interviews

Telephone or
face‐to‐face
interviews

Questionnaire

VA in better
eye

Severity level

Severity level

VA in worse
eye

PDR, no PDR

No DR, DR

No DR, DR

Group 1: no DR,
Group 2: 6/6‐6/9,
Group 3: 6/12‐
6/18, Group 4:
6/24‐6/36, Group
5: 6/60‐6/120,
Group 6: CF‐HM.

Not blind,
blindness in one
eye

Adjusted
decrement for PDR:
‐0.008 (p=0.399)

No DR: 0.81, DR:
0.78.

No DR: 0.76, DR:
0.73.

Group 1: 0.81,
Group 2: 0.78,
Group 3: 0.30,
Group 4: 0.61,
Group 5: 0.52,
Group 6:0.37.

Decrement for
blindness: ‐0.074

54

Patients with DR had
lower scores on seeing,
sleeping, eating,
discomfort/symptoms
and vitality
Patients with PDR got
lower scores on
mobility, vision, eating
and usual activities (no
adjustment for co‐
morbities)

N/A

N/A

N/A

Coffey et al.
(2002) (166)

2051 patients
with type I or
type II diabetes
(403 with DR)

Questionnaire

VA in the
better and
worse eye

Blindness in 1 eye,
blindness in 2 eyes

Blindness in one
eye: ‐0.024 (type I),
‐0.043 /type II).
Blindness in two
eyes: ‐0.208 (type
I), ‐0.170 (type II).

N/A
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CF‐HM: counting finger – hand motion, DMO: diabetic macular oedema, DR: diabetic retinopathy, N/A: not available, NPDR: non‐proliferative diabetic retinopathy, PDR:
proliferative diabetic retinopathy, QALY: quality‐adjusted life years, VA: visual acuity, VAS: visual analogue scale, VI: vision impairment.

QWB

Table 6 continued

Background

Methods and materials

METHODS AND MATERIALS
The thesis is based on two studies, with results presented in four papers; one
population‐based register study (paper I) and one sample‐based study in
which self‐assessed health‐related quality of life (HRQoL) data were collected
from patients via telephone interviews (papers II, III, and IV plus
supplementary material). In both studies, the study populations lived within
Östergötland County, Sweden. Östergötland County has a population of
approximately 427 000 inhabitants (167) and has three major hospitals;
Linköping University Hospital in Linköping, Vrinnevi Hospital in
Norrköping, and Motala Hospital in Motala. Linköping University Hospital
and Vrinnevi Hospital each have an eye clinic. Östergötland is the fifth largest
county in Sweden, and has a relatively high proportion (24%) of employment
in manufacturing (168). The age and sex distribution is similar to that of the
Swedish population (169).
In Östergötland, all patients with diabetes are included in a screening program
to detect the incidence or progression of DR and, if necessary, commence
appropriate treatment. Thus, all patients with diabetes attend regular check‐
ups at one of the county’s two eye clinics, which is what made it possible to
carry out the two studies included in this thesis. The study design and analysis
of the studies are briefly described in Table 7. This chapter will describe the
methods and materials used in the four papers and a supplementary analysis
of non‐healthcare costs based on the two studies, starting with the register‐
based study, followed by the interview‐based study. Both studies were
approved by the Regional Ethical Review Board of the County of Östergötland
in Linköping (DNR M115‐08). The statistical analyses of the papers based on
the HRQoL study are presented for each paper separately at the end of the
chapter.
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Table 7. Overview of the methods and materials used in this thesis
Study I

Study II

Study
population

Individuals in the catchment
area of the eye clinic at
Linköping University Hospital
(n=251 386)

Patients attending regular screening appointments at the eye
clinic at Linköping University Hospital between 2008 and 2009
(n=166)

Aspect

Prevalence

Costs

QALY
weights
and
empirical
validity

HRQoL
profiles and
construct
validity

Included
population

All
individuals in
the CDWÖ
(n=251 386)

All patients
with diabetes
in CDWÖ
(n=12 026)

Patients
who had
completed
all the
questions
in all four
methods
(n=152)

All completed
questionnaires
(n=166)

Data material

CDWÖ, NDR

CDWÖ, NDR,
CPP

HUI‐3, EQ‐
5D, TTO,
EQ‐VAS

HUI‐3, EQ‐5D

TTO

Questions
concerning
non‐hospital
resource use

Data analysis

Proportions
of patients
with DR
(with 95% CI)

Comparison
of mean costs
(with 95% CI),
standardized
for age and
sex

ANCOVA,
relative
efficiency,
Spearman
rank
correlation
coefficient

Multiple
regression
analysis

Multiple
regression
analysis

Proportions
of patients
using
resources

The impact
of subjective
life
expectancy
on TTO
valuations
Patients who
had
completed
the TTO
exercise and
responded
to the
question
about SLE
(n=145)

Non‐
healthcare
resource use

Patients with
sight‐
threatening
DR (n=84)

ANCOVA: analysis of co‐variance , CDWÖ: Care Data Warehouse in Östergötland, CI: confidence interval, CPP:
Cost per Patient, DMO: diabetic macular oedema, DR: diabetic retinopathy, EQ‐5D: EuroQol 5 dimensions, EQ‐
VAS: EuroQol visual analogue scale, HRQoL: health‐related quality of life, HUI‐3: Health utilities index Mark 3,
NDR: National Diabetes Registry, QALY: quality‐adjusted life years, SLE: subjective life expectancy, TTO: time
trade‐off
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Study I. The register-based study
Setting and study population
Patients with diabetes with and without DR were identified through register
data from the Care Data Warehouse in Östergötland (CDWÖ) and the Swedish
National Diabetes Registry (NDR). The health care costs of DR were elicited by
linking and matching data in these two registers to data in the Cost Per Patient
(CPP) database of Östergötland County.
The study included all individuals who at the time of inclusion were
registered at a primary health care centre and were living in the catchment
area of the eye clinic of Linköping University Hospital (n=251 386). It should
be noted that virtually all inhabitants of Östergötland County are registered at
a primary health care centre. The study population covered approximately
60% of the total population of the county. The selection of study population is
shown in Figure 5.

Total population of Östergötland
(individuals alive on 31st December 2007,
registered as living in the county of Östergötland
and listed at a primary healthcare centre in the
county)

Individuals with diabetes
(in the CDWÖ, 2001–2007)

Catchment area of the eye
clinic in Linköping

DR
(registered as having DR in the
CDWÖ or the NDR)

Individuals
only
registered
with DR in
the NDR

BR
(H36.0A)

PDR
(H36.0B)

No DR

DME
(H36.0X)

shows which groups
have been compared
to calculate the
additional average
cost of DR

shows the division of
the study population
into subpopulations

Figure 5. Selection of study population
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Databases and registries
The Care Data Warehouse in Östergötland (CDWÖ)
The CDWÖ is an administrative database recording the date, name, unique
personal identification number, and diagnosis (main diagnosis and up to nine
secondary diagnoses) according to version 10 of the International
Classification of Diseases (ICD‐10) of every health care visit or hospital stay
within the County of Östergötland. Information on all health care resources
provided by the county council has been recorded in the CDWÖ since 1999.
Previously, data from the health care units were transferred to the register
each month, but (thanks to the electronic patient record system) are now
transferred on a daily basis. Since diabetes is a chronic disease involving
continuous contact with the health care system, virtually all patients with
diagnosed diabetes living in the county are registered in the CDWÖ. The
exceptions are those who only visit one of the few private practices that are
not connected to the CDWÖ (none of which specializes in DR treatment), and
those who have been misclassified in the registration process.

The National Diabetes Registry (NDR)
Data from the CDWÖ were compared with and complemented by data on DR
from the NDR. The NDR (170) was initiated in 1996 to serve as a tool for
continuous quality assessment of Swedish diabetes care and for benchmarking
against national treatment goals. Based on data from actual patient visits to
primary health care or hospital outpatient clinics, demographic factors,
diabetes duration, treatment modalities, diabetes complications, and risk
factors are registered annually for patients 18 years and older. Registration is
carried out voluntarily by nurses or physicians by completing a paper form, by
using database software, or through the NDR website.
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The Cost Per Patient (CPP) Database
Data from the CDWÖ and the NDR were also matched and linked to data in a
regional cost database held by Östergötland County Council. This database is
based on a patient‐related cost‐accounting method called Cost Per Patient
(CPP), which was introduced by the Swedish Association of Local Authorities
and Regions (171). The national CPP project was initiated to develop a useful
tool for improvements in the allocation of resources to the health care sector,
by creating national principles and models for CPP accounts in all sectors of
the health service. Health care costs are calculated in accordance with the
national CPP principle using a four‐step procedure with a bottom‐up
approach. First, relevant health care costs are identified in the overall budget.
Second, identified costs are divided into patient‐related costs and costs for
joint activities. The joint activities are also distributed between health care
units. Third, health care services are described and the costs of these
calculated. Fourth and finally, the consumption of different services is linked
to specific health care contacts. The regional CPP database contains costs for
all health care services within Östergötland County, and in combination with
the CDWÖ offers individual‐based cost data that may be summarized for
certain populations or clinics. Together with patient data concerning ICD‐10
codes from the CDWÖ, these cost calculations make it possible to perform
prevalence‐based cost studies for specific diseases (172).

Patient classification
Patients with diabetes were identified in the CDWÖ by searching for patients
who had had contact with health care providers between 2001 and 2008 and
who had been assigned one of the ICD‐10 codes E10, E11, or E14 as a main or
secondary diagnosis. Individuals in the CDWÖ were defined as having type I
diabetes if they were registered with ICD‐10 code E10, and type II if registered
with codes E11 or E14. They were considered to have DR on the basis of
CDWÖ registration if at least one eye was registered with ICD‐10 code
H36.0A, H36.0B, or H36.0X. Individuals with only H36.0A were classified as
having background retinopathy (BR), those with HR36.0B but not H36.0X as
having proliferative diabetic retinopathy (PDR), those with H36.0X but not
H36.0B as having diabetic macular oedema (DMO), and those with H36.0X
and H36.0B as having both PDR and DMO. Although H36.0X is a code for
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unspecified DR, at the eye clinic at Linköping University Hospital it is used to
designate DMO. In the NDR, DR is reported by marking any of the assigned
boxes representing yes, no, or unknown. If the answer is yes, the respondent is
asked for complementary information concerning type of retinopathy and
whether treatment has been provided.

Data analysis
Prevalence
The prevalence of DR on 31st December 2007 was estimated using data from
both the CDWÖ and the NDR. Based on the assumption that no patients had
been wrongly diagnosed with DR (i.e. that there were no false positives), we
defined a case of DR as having a diagnosis of the complication in at least one
of the two registers. The prevalence was estimated as the ratio of the number
of patients with an identified diagnosis of DR to the number of individuals
with diabetes in the total population covered by the eye clinic at Linköping
University Hospital at the same time point. Using the available data in the
CDWÖ concerning the different severity levels of DR, it was also possible to
estimate the prevalence of BR, PDR, DMO, and PDR in combination with
DMO. Individuals registered as having DR in the NDR but not in the CDWÖ
were excluded from this analysis as no information was available on their DR
severity level (n=65, 1.2%). In cases where a patient was registered with more
than one severity level, the condition of the worse eye was used to determine
which group they should belong to. Where DMO and BR were present in the
same individual, the patient was included in the DMO group. The prevalence
of DR and the four severity levels was estimated separately for type I and type
II diabetes as well as for men and women. The prevalence of diabetes was
based only on registrations in the CDWÖ. Prevalence estimates were
calculated together with 95% confidence intervals (CI).
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Direct health care costs
The health care costs of DR that were included in the costs related to the eye
clinics in the CPP were all costs attributable to diagnosing or treating DR at the
eye clinic. Included in these costs are for example hospital overheads,
ophthalmologist fees, eye examinations including photographs of the retina,
photocoagulation, hospitalizations, and other resource use related to
vitrectomy. Based on the prevalence estimates, an average health care cost for
2008 was calculated for individuals with any severity of DR as well as for
individuals with diabetes but no DR. The average additional costs of DR were
estimated by subtracting the average cost for diabetic patients without DR
from the average costs for diabetic patients with DR:
∑

∑

CDRi represents the individual costs for patients with diabetes and DR, while
CnoDRi represents the individual costs for patients with diabetes but without
DR. NDR is the number of patients with diabetes and DR, and NnoDR the
number of patients with diabetes but without DR. The same method was used
to estimate the costs of the four severity levels of DR (BR, PDR, DMO, and
PDR in combination with DMO). To calculate the average costs for the
different severity levels, each severity group was compared to the group
without DR. The comparisons between groups for the calculation of costs are
shown in Figure 1 by dotted lines. Individuals diagnosed with DR in 2008
were included in the DR group. The cost estimates were standardized for age
and sex using the distributions of the groups with DR, and are presented
together with 95% CI. Costs were converted from Swedish kronor to euros
using an exchange rate of 10.24 SEK/€.
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Study II. The interview-based study
Setting and recruitment of participants
The HRQoL study included patients attending regular screening
appointments at the eye clinic at Linköping University Hospital between 2008
and 2009. However, since patients with the most severe vision loss are
normally excluded from the screening program, patients were additionally
recruited from the two low‐vision rehabilitation centres in Östergötland.
Based on examinations at the eye clinic, patients were recruited into five
different severity groups representing different possible health states: no DR,
BR, PDR, DMO, and legal blindness. Even though legal blindness is not a
pathological state of the disease, it was included as a separate stage since it
represents the end point of the disease. These health states have previously
been used in decision models (173‐176). To determine the necessary sample
size, a sample size calculation (α=5% and 1‐β=80%) via the F‐distribution was
performed based on previously published data on mean values (no DR: 0.94,
BR: 0.87, PDR: 0.83, legal blindness: 0.81) and standard deviation (0.14) (148).
The calculation gave a sample size of at least 25 participants in each severity
level.

Inclusion and exclusion criteria
To be eligible for inclusion in the study, participants had to have had diabetes
for at least one year and be at least 18 years old. After patient records were
examined, patients who had cataract, glaucoma, or other eye diseases
compromising visual acuity were excluded from the study. The following
patients were also excluded: those on dietary treatment only; those with
Alzheimer’s disease, dementia, or difficulty understanding instructions
because of very old age; those with severe concomitant disease which could
affect quality of life (as judged by the physician who included the patients in
the study); and those who did not have a sufficient level of Swedish to
complete the interview. In the inclusion process, we aimed for an equal
distribution of type I and type II diabetes.
64

Methods and materials

Grading of patients
The grading of DR was performed in connection with the patient’s screening
appointment during which the patients, according to standard protocol, had
their best corrected visual acuity (BCVA) checked and both eyes
photographed. Dilated pupil, red‐free fundus photography (Topcon Retina
Camera T3C 50IX) was performed in five fields: optic nerve, central fundus,
and temporal, superior, and inferior retina. Based on these photographs and
the ETDRS scale for grading of DR (119), patients were classified into the five
severity level groups by an ophthalmologist. No DR was defined as ETDRS
level 0‐13, BR as level 14‐53, and PDR as ETDRS level 60+ or previous
treatment with panretinal photocoagulation (Table 8). DMO was defined in
accordance with the ETDRS guidelines for clinically significant macular
oedema or as previously treated for clinically significant macular oedema.
Legal blindness was defined as a Snellen visual acuity ≤ 20/200 on both eyes.
However, if both BR or PDR and DMO were present in the same eye, the
patient was classified as having DMO, as DMO was deemed to affect patients’
visual acuity more than PDR.

Table 8. Grading of DR
Classification
No DR
BR
PDR
DMO
Legal blindness

Level on the ETDRS scale
0 – 13
14 – 60
61 – 100
ETDRS guidelines for clinically significant
macular oedema or as previously treated for
clinically significant macular oedema.
BCVA ≤20/200 in both eyes

BCVA: best corrected visual acuity, BR: background retinopathy, DMO:
diabetic macular oedema, DR: diabetic retinopathy, ETDRS: Early
Treatments Diabetic Retinopathy Study, PDR: proliferative diabetic
retinopathy.

Besides their classification based on pathological progression of the disease,
patients were also divided into four groups based on BCVA in the better eye,
using ICD‐9‐CM/WHO criteria: normal vision (VA 20/10‐20/25), mild visual
impairment (VA 20/32‐20/63), moderate visual impairment (VA 20/80‐20/160),
and severe visual impairment (VA≤ 20/200). Visual acuity was checked during
the screening appointment. In line with standard procedure, a trained
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ophthalmic nurse started each screening visit by assessing BCVA starting with
the right eye, followed by the left eye, using a five meter Snellen chart.

Data collection
HRQoL was self‐reported by the patients, with data collected in telephone
interviews lasting approximately 45 minutes each. All interviews were
performed by the same trained researcher (EH, the author of this thesis).
Background information and data concerning duration of diabetes, type of
diabetes, and other diabetes complications were collected from patient
records. In the few cases where background data were lacking (HbA1c value
for one patient and diabetes duration for another), this was complemented
with information from the patients. The methods for estimating QALY
weights that were included in the interview were two direct valuation
methods, TTO and EQ‐VAS, and two indirect methods, HUI‐3 and EQ‐5D. The
vision‐specific quality of life or visual function questionnaire NEI VFQ‐25
(which cannot be used for estimation of QALY weights) was included after the
other methods. In addition, patients with sight‐threatening DR were asked a
few additional questions at the end of the interview concerning their direct
non‐healthcare use of resources and indirect costs (productivity losses). The
methods were always used in the same order, and are described below.

Direct methods - TTO and EQ-VAS
In the TTO exercise, respondents were first asked to imagine that they were
going to live in their current health state for a specific number of years, t,
followed by death. The time t was based on the actuarial remaining survival
(177) for the sex and age group of the respondent, rounded to the closest ten
years. The respondents were also asked to imagine that there was a treatment
that could make them regain full health but at the same time reduce their
remaining length of life to x years, where x<t. The preferences of the
respondents were then elicited by asking them if they preferred to live in their
own health state for time t, or a state of full health for time x. The time x was
varied by alternating between low and high values until it converged on the
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number of years for which the respondent was indifferent between the two
alternatives. Half of the patients started with an x that was 75‐80% of t, and the
other half with an x that was 20‐25% of t. The TTO value was calculated by
dividing the time in full health, x, by the time in the patient’s health state, t
(x/t). After having completed the TTO exercise, the patients were asked how
many years they expected to live themselves. With the EQ‐VAS rating scale
(58), which is a separate part of the EQ‐5D questionnaire, respondents were
asked to estimate their own health on a scale from 0 to 100, with 0 representing
the worst imaginable health state and 100 the best imaginable health state.

Indirect methods - HUI-3 and EQ-5D
The HUI‐3 telephone interview manual (59) includes 41 questions (Table 5).
The health descriptions were scored using a tariff derived from the Canadian
general population (63). The EQ‐5D telephone interview manual (58) includes
the same five questions as the EQ‐5D questionnaire. The scoring tariff used in
the present study was derived from a random sample of the general
population in the UK (62).

Vision-specific function scale - NEI VFQ-25
The National Eye Institute Visual Functioning Questionnaire 25 (NEI VFQ‐25)
(178) is a visual function or vision‐specific quality of life instrument measuring
the effect of eye disease on a patient’s ability to live without pain, work
productively, and interact with family and friends. The results are presented
in a composite index and for 12 dimensions: general health, general vision,
ocular pain, near activities, distance activities, social functioning, mental
health, role difficulties, dependency, driving, colour vision, and peripheral
vision. The answers to each question are scored on a scale from 0 to 100, where
100 represents the best possible score and 0 the worst. Each response level
represents an equally large increase in question score. The scores for each
dimension are calculated by taking the average of the scores of the questions
included in the dimension; the composite index consists of an unweighted
average of all dimensions except general health.
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Questions regarding direct non-health care and indirect
costs
All patients with sight‐threatening DR (PDR, DMO, and legal blindness) were
asked a set of additional questions to estimate their use of non‐healthcare
resources and productivity losses. The included questions concerned the
patients’ use of care giving services, informal care, transportation services and
assistive technology as a consequence of DR. The questions regarding
productivity losses asked whether the patients had been on sick leave or early
retirement due to DR. The complete interview manual (traduced to English)
can be found in Appendix B.

Data analysis
The data collected in the HRQoL study were used in four analyses with
different purposes. The classification of DR varied between the papers, since
the patients were classified in line with each paper’s purpose. The overall
study was originally designed for the purpose of paper II; to elicit QALY
weights that can be used in decision models and to compare the performance
of the different methods in terms of their empirical validity (Table X). Thus,
the original study used a classification that was intended to suit the health
states in a Markov model. Since this classification uses blindness as an end
point, patients were recruited in line with a classification created from a mix of
DR severity and VI. In paper III, the purpose was to explore the HRQoL
profiles of patients with DR and analyze the construct validity of EQ‐5D’s and
HUI‐3’s descriptive systems. To determine whether it was the diagnosis of DR
or the VI that was impacting HRQoL, the effects of DR severity and VI on
HRQoL were analyzed simultaneously. Thus, the patients were classified in
two different ways; one for DR severity and one for VI, both of which were
included in the regression model. In paper IV, the main purpose was to
explore the effect of the patients’ SLE on their answers in the TTO question. In
this paper, DR was not one of the main variables and only severe VI was
included in the analysis. In the supplementary material on non‐health care
resource use, the patients were classified according to the severity level in the
worse eye but with an end state for blindness. The differences between the
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analyses of the papers are summarized in Table 7. In the following sections,
the data analysis of each paper is described individually in more detail.

QALY weights for DR and empirical validity of HUI-3,
EQ-5D, TTO, and EQ-VAS (paper II)
In the estimation of QALY weights for use in decision models, only those
patients who had answered all questions in all four generic methods were
included in the analysis. For each method, adjusted mean scores (QALY
weights) and 95% CI were calculated for the severity levels using analysis of
covariance (ANCOVA) models. The models’ F‐statistics were used to obtain a
measure of the methods’ ability to detect differences between the severity
levels.
For each variable tested, if the proportion of that variable differed between the
severity levels, it was included in the adjustment of the mean values. These
variables were diabetes duration, HbA1c, cardiovascular disease, neuropathy,
and nephropathy. In addition, sex and age were included in the model since
these variables have previously been shown to have an effect on HRQoL (179).
The adjusted scores were calculated on the basis of the distribution of these
variables in the no‐DR group. When relevant, pairwise comparisons were
made via ANOVA corrected with the Tukey‐Kramer procedure (180).
The empirical validity of the methods was examined by testing a hypothetical
preference rule that the QALY weights should differ significantly between
groups with different severity levels of DR and that the weights should
decrease with disease severity. The ability of the methods to detect differences
in HRQoL between patient groups was tested using relative efficiency
statistics (181). The relative efficiency of the methods was calculated by taking
the square of the F‐statistic of the comparator method divided by the square of
the F‐statistic of the reference method (the method with the lowest F‐statistic).
The adjusted scores from the generic methods were also tested in relation to
the patients’ visual acuity and their results from the NEI VFQ‐25, by
calculating the Spearman’s rank correlation coefficient. Health states with
higher visual acuity or a higher score on the NEI VFQ‐25 scale were assumed
to be preferred to health states with lower scores. Spearman’s rank correlation
coefficient was chosen as the main measure of correlation, since we were
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primarily interested in the correlation between the methods’ ranking of
individuals and not the correlation between the absolute values. In line with
previous recommendations, the correlations were considered moderate if
exceeding 0.30 and strong if exceeding 0.5 (182). To investigate whether any of
the methods had a higher correlation with any of the external indicators (NEI
VFQ‐25 and visual acuity) than the other methods, the correlations were tested
against each other using Wolfe’s test for comparing dependent correlation
coefficients (183).

HRQoL profiles of patients with DR and construct validity
of HUI-3 and EQ-5D (paper III)
The results from all completed questionnaires were included in the analysis of
the effect of DR on HRQoL. The patients were classified as having no DR, BR,
PDR, or DMO. In addition, patients were classified into different degrees of
VI: normal vision, mild VI, moderate VI, and severe VI. Throughout the
analysis, patients were consistently graded on the basis of the better eye. The
construct validity of the methods were investigated by studying whether they
identified decrements in dimensions that were expected to be related to DR
and comparing their results to the results of NEI VFQ‐25.
The associations of DR severity and VI with the NEI VFQ‐25 scores (overall
index and dimensions), HUI‐3 scores (overall index and dimensions), and EQ‐
5D index score were investigated using linear regression models. The
dependent variables in the linear models were the overall index scores or
dimension scores and the parameters for the independent variables were
presented as β coefficients. The associations of DR severity and VI with the
results of the EQ‐5D dimensions were analysed using a logistic regression
model in which the dichotomized variable of any or no problem was the
dependent variable, and odds ratios (OR) for any problems were calculated for
each independent variable. Variables that were considered potential
confounders of DR were included in the regression models; these variables
were age, sex, HbA1c (Mono S), duration of diabetes, type of diabetes,
cardiovascular disease (known peripheral vascular disease, TIA/stroke, angina
pectoris/myocardial infarction, or previous vascular intervention),
nephropathy (clinical signs of any form of neuropathy mentioned in the
patient records), neuropathy (proteinuria and/or an increase in S‐creatinine),
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smoking (continuously for more than a year at the time of the data collection
or previously), higher education (university studies or vocational training after
upper secondary school), and marital status (with 1 representing married or
cohabiting and 0 representing single or widowed).

The effect of subjective life expectancy (paper IV)
The analysis of the effect of subjective life expectancy (SLE) on the TTO values
included all patients who had responded to both the TTO question and the
question on how long they expected to live. The latter of these questions was
included in the HRQoL study after the interviews had already been initiated,
and was answered by 87% of the total sample. The effect of SLE on the TTO
value was tested by means of regression techniques. In all models, the TTO
values served as dependent variables. Multiple regression models were
constructed with SLE and t as independent variables and including potential
confounders. SLE was defined as the remaining subjective life expectancy of
the patients.
The base case model for the multivariable regression was constructed in two
steps. First, variables were included on the basis of a priori expectations of
their influence on TTO values. Second, additional variables were included if
these improved the model in terms of Akeike’s information criterion (AIC).
Since actuarial life expectancy was rounded to the nearest ten, and this could
have affected the outcomes, a dummy variable was included with ‘1’
representing a round up and ‘0’ representing a round down. An additional
dummy variable was included to correct for having either a high (represented
by ‘1’) or low starting point (represented by ‘0’) in the process of alternating
between high and low values in the approach towards the indifference point
between t years in current health state and x years in full health. Dummies for
marital status (with 1 representing married or cohabiting) and level of
education (with 1 representing higher education, defined as vocational
training after upper secondary school or university studies) were also
included, since socioeconomic status has previously been shown to influence
TTO values (92, 184, 185). Finally, the self‐reported EQ‐VAS score was
included to adjust for the patient’s health status. Various clinical variables
were also considered for inclusion in the base model, but the only ones which
improved the model in terms of AIC (and hence were included) were diabetes
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duration, HbA1c, type of diabetes, severe visual impairment, nephropathy,
neuropathy, and cardiovascular disease.
To provide more insight into the relation between SLE and t, several
additional analyses were conducted. Patients were divided into two
subsamples, patients with a shorter SLE than t and those with a longer SLE
than t, in order to examine whether SLE had a similar effect on TTO values
regardless of whether t was longer or shorter than the SLE. Subsequently, the
base case model was run on both these subsamples. In addition, an alternative
model was constructed replacing t with sex and age. Although age and sex
have previously been shown to affect TTO valuations (179), they were not
included in the base case model since their effects were assumed to have
already been captured by the presented time frame t, as t for each patient was
based on the actuarial life expectancy of their sex and age group.

Tests for non-normal and heteroscedastic residuals in
the regression analyses
All regression models were tested for non‐normal and heteroscedastic
residuals by plotting the residuals over the fitted values and using the
Breusch‐Pagan test. When there were signs of heteroscedasticity, this was
corrected for with White’s robust standard errors (186), an approach which is
recommended when the purpose is to inform economic evaluations (187).
Such corrections were needed for the EQ‐5D index score, the NEI VFQ‐25
scores, and the HUI‐3 dimensions. The model was also tested for
multicollinearity, but none of the variables had a VIF over 2.

Non-healthcare resource use (supplementary material)
All patients with PDR, DMO or blindness were asked about their non‐health
care resource use and productivity losses due to DR. All these patients were
included in the analysis. The results were presented as proportions of patients
that had used resources. To test for differences in proportions between
severity levels, exact tests were used. Average resource use was calculated
with analysis of variance (ANOVA) using the F distribution. Costs were
converted from Swedish kronor to euros using an exchange rate of 10.24 SEK/€
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RESULTS
This chapter presents the main results of this thesis. The results are divided
into three different sections: prevalence, costs, and QALY weights. The cost
section is further divided into two parts covering healthcare costs and non‐
healthcare resource use, respectively. The section on QALY weights is divided
into three parts. First, the results on QALY weights and the empirical validity
of all four methods are presented. Second, the health care profiles for patients
with DR as measured with HUI‐3 and EQ‐5D are described, including an
analysis of the construct validity of these two methods. Finally, the results on
the influence of patients’ SLE on TTO valuations are presented.

Prevalence of DR (paper I)
The aim of this analysis was to estimate the prevalence of DR, both for any DR and for
different severity levels of DR. In total, 251 386 individuals were included in the
analysis.
The prevalence of diabetes was 4.8% (95% CI: 4.7‐4.9), which broke down to
4.5% (95% CI: 4.4‐4.6) among women and 5.0% (95% CI: 4.9‐5.2) among men.
Among all those with diabetes (n=12 026), 9.6% (n=1 149) had type I diabetes
and 90.4% (n=10 877) had type II diabetes.
Of the individuals with diabetes, 29.2% (95% CI: 28.4‐30.0) were registered as
having DR. However, the majority of these, approximately 80%, did not have
sight‐threatening DR (i.e. PDR and/or DMO). Prevalence estimates for DR
divided by sex and type of diabetes are presented in Table 9. The mean ages of
patients with and without DR were 67.2 (95% CI: 66.7‐67.7) and 67.6 (95% CI:
67.3‐68.0) years respectively.
In register‐based studies such as the study of prevalence in this thesis, there is
always a risk of misclassification as a consequence of missed or erroneous
registrations. In the present study, this risk was reduced by using information
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from two different registers. For approximately 40% of the diabetes
population, the DR diagnoses in the Care Data Warehouse in Östergötland
(CDWÖ) were compared with registrations of DR in the National Diabetes
Registry (NDR). This comparison showed that 97% (1993/2058) of the total
cases of DR in the study population were identified in the CDWÖ.

Table 9. Prevalence of diabetic retinopathy, grouped according to severity level, sex, and type
of diabetes
Type I diabetes
N
%
95% CI
Men (n=126 403)
Diabetes
Any DR
BRa
PDRa

620
277
186
60

0.5
0.5‐0.5
44.7 40.8‐48.6
30.0 26.4‐33.7
9.7 7.4‐12.0

Type II diabetes
N
%
95% CI
5747
1689
1342
90

4.5
29.4
23.5
1.6

4.4‐4.7
28.2‐30.6
22.4‐24.6
1.3‐1.9

Type I and II diabetes
N
%
95% CI
6367 5.0
1966 30.9
1528 24.1
150 2.4

4.9‐5.2
29.7‐32.0
23.1‐25.2
2.0‐2.7

DMOa

13

2.1

1.0‐3.2

154

2.7

2.3‐3.1

167

2.6

2.2‐3.0

PDR and DMOa

17

2.7

1.5‐4.0

75

1.3

1.0‐1.6

92

1.5

1.2‐1.7

0.4
0.4‐0.5
38.4 34.2‐42.5
28.5 24.6‐32.4
7.1
4.9‐9.3

5130
1346
1095
50

4.1
26.2
21.5
1.0

4.0‐4.2
25.0‐27‐4
20.3‐22.6
0.7‐1.3

5659 4.5
1549 27.4
1244 22.1
87 1.5

4.4‐4.6
26.2‐28.5
21.0‐23.2
1.2‐1.9

Women (n=124 983)
Diabetes
Any DR
BRa
PDRa

529
203
149
37

DMOa

5

1.0

0.1‐1.8

126

2.5

2.0‐2.9

131

2.3

1.9‐2.7

PDR and DMOa

6

1.1

0.2‐2.1

45

0.9

0.6‐1.1

51

0.9

0.7‐1.2

0.5
0.4‐0.5 10877
41.8 38.9‐44.6 3035
29.3 26.7‐32.0 2437
8.5 6.9‐10.1
140

4.3
27.9
22.5
1.3

4.2‐4.4 12026 4.8
27.1‐28.7 3515 29.2
21.7‐23.3 2772 23.2
1.1‐1.5
237 2.0

4.7‐4.9
28.4‐30.0
22.4‐23.9
1.7‐2.2

Total (n=251 386)
Diabetes
Any DR
BRa
PDRa

1149
480
335
97

DMOa
a

PDR and DMO

18

1.6

0.9‐2.3

280

2.6

2.3‐2.9

298

2.5

2.2‐2.8

23

2.0

1.2‐2.8

120

1.1

0.9‐1.3

143

1.2

1.0‐1.4

a

Individuals registered as having DR in the NDR but not in the CDWÖ were excluded from the analysis as
information on their DR severity level was not available. Of the excluded individuals, one patient was male with
type I diabetes, 28 were male with type II diabetes, 6 were female with type I diabetes and 30 were female with
type II diabetes. BR: background retinopathy, CI: confidence interval, DMO= diabetic macular oedema, DR:
diabetic retinopathy, PDR: proliferative diabetic retinopathy.
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The societal costs of DR (paper I and
supplementary material)
Direct health care costs of DR (paper I)
The aim of this study was to estimate the incremental health care costs of DR, both for
any DR and for different severity levels of DR. For this purpose, age‐ and sex‐
standardized healthcare costs of patients with different severity levels of DR were
calculated and compared to the healthcare costs of patients with diabetes only. In total,
12 026 patients were included in the analysis.
The annual incremental direct healthcare cost of any DR was estimated at €72
(95% CI: 53‐92) per patient with DR (Table 10). The corresponding costs of BR,
PDR, DMO, and PDR and DMO combined were €26 (95% CI: 10‐42), €257 (95%
CI: 155‐359), €216 (95% CI: 113‐318) and €433 (95% CI: 232‐635) respectively.
The annual Swedish direct healthcare cost for DR was approximated by
multiplying the estimation of prevalence of the DR severity levels by their
average costs. For this extrapolation it was assumed that Sweden has a
population of 9 302 000 individuals, 4.9% (188) of whom have diabetes. The
total health care costs of DR in Sweden sum to approximately €9.9 million per
year, representing an overall healthcare cost of €106 000 per 100 000
inhabitants.

Table 10. Incremental direct healthcare cost of diabetic retinopathy, grouped by severity level
and type of diabetes
Type I diabetes
Any DR
BR
PDR
DMO
PDR and DMO

N
486
335
97
18
23

mean (€)a
107
53
249
185
303

Type II diabetes

95% CI
N
mean (€)a
70‐145 3124
68
30‐77 2473
23
118‐379 140
272
59‐310 280
217
‐96‐702 120
462

Type I and type II diabetes

95% CI
N
mean (€)a
46‐89 3610
72
5‐40
2808
26
125‐418 237
257
108‐326 298
216
234‐690 143
433

95% CI
53‐92
10‐42
155‐359
113‐318
232‐635

a

Standardized for age and sex according to the distribution in each DR severity level. BR: background retinopathy,
CI: confidence interval, DMO: diabetic macular oedema, DR: diabetic retinopathy, PDR: proliferative diabetic
retinopathy.
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Direct non-healthcare and indirect costs
(supplementary material)
The aim of this analysis was to estimate the incremental non‐healthcare costs
associated with sight‐threatening DR (PDR, DMO, and legal blindness). Patients
that had been identified as having PDR or DMO or as being blind in at least one eye
were asked about their use of assistive devices, care giving services, informal care, and
transportation services as a consequence of their diagnosis of DR. In addition, they
were asked whether they had been on sick leave or early retirement as a consequence of
DR. In total, 84 patients were included in this analysis.
The results showed that the use of transportation services was more common
among patients that were blind (Table 11). Blind patients were also more likely
to use care‐giving services of a home instructor, a home help, or an
accompanier (personal assistant), and more likely to receive informal care
performed by relatives or friends. None of the patients with PDR used any
assistive technology other than magnifiers. One patient (3%) with DMO used a
walking frame due to dizziness caused by impaired vision. Blindness was
associated with an increased use of guide dogs, white canes, video magnifiers,
and special computer programs.
Being on sick leave or early retirement as a consequence of DR was more
common among patients who were blind than among patients with PDR or
DMO. The three patients (13%) who were or had previously been on sick leave
or early retirement due to blindness had missed 25‐100% of work days (on
average 170 days of 226 days) during the last year.
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Table 11. Number of patients using different kinds of resources due to diabetic
retinopathy

Total sample
Sick leave or early retirement
Transportation service
Home instructor, home help services or an
accompanier
Informal care
Guide dog
White cane
Video magnifier
Special computer program
Walking frame
Magnifier
Magnifier with lamp
Lamp with magnifier
Special glasses

PDR
n (%)
28 (100)
0 (0)
1 (4)

DMO
n (%)
33 (100)
0 (0)
0 (0)

Legal blindness
n (%)
23 (100)
3 (13)
11 (48)

0.016
<0.001

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
0 (0)
1 (4)
0 (0)
2 (7)
0 (0)

0 (0)
4 (12)
0 (0)
0 (0)
0 (0)
0 (0)
1 (3)
5 (15)
2 (6)
0 (0)
2 (6)

7 (30)
10 (43)
3 (13)
5 (22)
6 (26)
4 (17)
1 (4)
3 (13)
4 (17)
2 (9)
2 (9)

<0.001
0.001
0.016
0.001
<0.001
0.004
0.727
0.296
0.039
0.171
0.295

p

DMO: diabetic macular oedema, PDR: proliferative diabetic retinopathy.

For some of the resources where there were significant differences in use
between patients with different severity levels, it was possible to perform a
simple cost calculation using the data given in table 12 on the average use of
these resources. Due to the small sample size and the self‐reported nature of
the data, these estimates should not be regarded as absolute numbers but
rather as giving a rough indication of the size of the costs. Assuming that an
hour of help from caregiving services (from an accompanier, home help or a
home instructor) costs approximately €30 per hour (189), this would result in
an annual cost of approximately €8 100 per blind patient5. For informal care,
assuming a cost of €10 per hour (190), the average annual cost would be
approximately €1 100 per patient with DMO6 and €2 200 per blind patient7. A
guide dog costs approximately €2 800 per year (191), and distributed over all
blind patients the annual cost of guide dogs would be approximately €370 per
blind patient8. The costs related to productivity losses from a full year on sick
leave have been estimated with the human capital method to be
5

7 / 23 patients × 74 hours per month × €30 per hour × 12 months. The €30 per hour is based on SEK 276 in
2003, adjusted with the Consumer Price Index (CPI) to 2011 price level.
6
4 / 33 patients × 76 hours × €10 per hour × 12 months. The €10 per hour is based on SEK 90 in 2003, adjusted
with the Consumer Price Index (CPI) to 2011 price level.
7
10 / 23 patients × 43 hours × €10 per hour × 12 months.
8
3/23 × €2 800. €2 800 is based on an average annual cost of SEK 27 500 (25-30 000) in 2009, adjusted with
consumer price index to the 2011 price level.
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approximately €35 400 (SEK 362 600) per year (192), which would lead to an
annual cost per blind patient of approximately €3 5009. The above calculations
sum to an annual cost of approximately €14 200 and €1 100 per patient with
blindness and DMO respectively. If extrapolated to a national level assuming
that approximately 20 of the 12026 patients with diabetes were blind (20
individuals were registered as blind at the vision rehabilitation centre in
Linköping (193)), this represent a national annual cost of €10.710 and €18.6
million for blindness and DMO respectively. To these costs, costs for
transportation services and assistive technology should be added. However,
due to difficulties with identifying exactly which technologies the participants
used and how far they travelled using transportation services, it was not
considered meaningful to calculate costs for these components.

Table 12. Average use of resources among patients who had used those resources

PDR
DMO
Mean (SD) Mean (SD)
Working days on sick leave during the last year (full time is
226 days)
Number of times using transportation services per month
Hours of accompanier, home help or personal assistance
per month
Hours of informal care per month
Number of magnifiers
Number of magnifiers with lamp

Legal
blindness
Mean (SD)

N/A
1 (0)

N/A
N/A

170 (98)
11 (15)

N/A
N/A
1 (0)
N/A

N/A
76 (129)
2.4 (1.7)
1 (0)

74 (88)
43 (33)
1 (0)
1.8 (0.5)

DMO: diabetic macular oedema, N/A: data not available, PDR: proliferative diabetic retinopathy,
standard deviation

SD:

9

3 / 23 patients × €35 400 / 226 working days per year × 170 days on sick-leave. The SEK 362 600 is based on
an annual income of 264 700 multiplied with employer costs of 37%.
10
Non-healthcare cost for blindness: 9 302 000 inhabitants × 0.049 × 20/12026 × €14 170 = €10 741 156. Nonhealthcare cost for DMO: 9 302 000 × 0.049 × 0.037 × €1 100=18 550 979.

78

Results

HRQoL and the choice of method for
estimating QALY weights
This section is divided into three parts, one about QALY weights and
empirical validity of HUI‐3, EQ‐5D, TTO and EQ‐VAS, one about the patients’
HRQoL profiles and the construct validity of HUI‐3 and EQ‐5D and one about
the effect of subjective life expectancy on patients’ willingness to trade off
years in the TTO exercise.

QALY weights for DR and empirical validity of the
methods for estimating QALY weights (paper II)
The aim of this analysis was to estimate QALY weights for patients with DR using
various methods, and to investigate the empirical validity of these methods. The QALY
weights were adjusted for confounders using ANCOVA, and the empirical validity
was investigated by examining whether the different methods could identify
hypothesized differences in QALY weights between patients with different severities of
DR. The severity of DR was defined in accordance with pathological severity level or
vision impairment. A total of 152 patients were included in the analysis.
The percentages of patients reporting a score of 1.0, equivalent to full health,
were 8%, 24%, 26%, and 0% for HUI‐3, TTO, EQ‐5D, and EQ‐VAS,
respectively. HUI‐3 gave scores below zero for two patients (1%); for EQ‐5D
the corresponding number was six patients (4%). The QALY weights (adjusted
for co‐morbidities) for no DR, BR, PDR, DMO, and blindness in the worse eye
are presented in Table 13.
Blindness was associated with a lowered HRQoL compared to patients with
less severe DR. However, patients with vision‐threatening DR that had not
reached the state of blindness showed no significant decrease in HRQoL. The
inconsistent ordering of the QALY weights suggests that the results may have
been influenced by coping, or by a failure to adjust for all co‐morbidities.
Patients with DMO and PDR showed scores that were in some cases higher
than those of patients with BR, and in a few cases even higher than those of
patients with no DR.
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All the methods were able to identify significant differences between the
different groups of visual impairment in the better eye (Table 16) but neither
TTO nor EQ‐5D identified any significant differences between the groups
classified according to the pathological DR severity level or visual impairment
in the worse eye (Tables 13 and 15). In addition, EQ‐5D did not identify
significant differences between the groups classified according to pathological
DR severity levels in the better eye (Table 14). For all methods, the significant
differences were mainly due to blindness (pairwise comparisons corrected
with Tukey‐Kramer). The inconsistent ordering of scores among the less
severe states (Figures 6 and 7) was particularly evident in the results from EQ‐
5D and TTO, independent of whether classification was made according to the
better or worse eye. Even when patients were classified according to visual
impairment in the better eye, TTO and EQ‐5D resulted in a score ordering that
contradicted the hypothesized expectations.
HUI‐3 resulted in higher scores than the other methods for all severity levels
except for blindness, for which HUI‐3 in contrast recorded the lowest score
(Figure 6 and 7). Of the four methods, EQ‐VAS gave the lowest score for the
levels other than blindness (the less severe health states) and EQ‐5D gave the
highest score for blindness (the most severe health state). As shown in Figure
6, the difference in HRQoL between PDR or less severe DR and blindness was
larger if measured with HUI‐3 (a difference of approximately 0.36) than with
any of the other methods. The difference was smallest with EQ‐5D
(approximately 0.16). Compared to the other methods, HUI‐3 had the highest
RE (i.e. was the most efficient), independent of whether the patients were
classified based on the pathological severity level of DR or their visual
impairment (Tables 13‐16). HUI‐3 also had a significantly higher correlation
with visual acuity (in the better and worse eye) and with NEI VFQ‐25 (Table
17) than the other methods. The Spearman’s rank correlation between HUI‐3
and NEI VFQ‐25 was 0.54 (p < 0.001), meaning that the ranking of the patients
according to HUI‐3 correlated strongly with the ranking according to vision‐
specific measures. The other methods’ rankings showed only low to moderate
correlation with the rankings according to visual acuity and NEI VFQ‐25.
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Table 13. QALY weights (95% CI) for different severity levels of DR in the worse eye and
the relative efficiency (RE) of the methods.
F
Severity level in the worse n
Adjusteda mean value
p
RE
eye
(95% CI)
No DR
35
0.88 (0.81‐0.95)
BR
37
0.85 (0.77‐0.93)
9.22
<0.001
98.29
PDR
26
0.89 (0.79‐0.99)
DMO
31
0.86 (0.78‐0.95)
Blindness
23
0.53 (0.41‐0.66)
EQ‐5D
No DR
35
0.81 (0.73‐0.89)
BR
37
0.77 (0.68‐0.86)
PDR
26
0.83 (0.71‐0.94)
1.87
0.12
4.04
DMO
31
0.86 (0.76‐0.96)
Blindness
23
0.67 (0.52‐0.81)
TTO
No DR
35
0.85 (0.78‐0.93)
BR
37
0.81 (0.73‐0.89)
0.93
0.45
1.00
PDR
26
0.83 (0.73‐0.94)
DMO
31
0.83 (0.74‐0.92)
Blindness
23
0.72 (0.59‐0.85)
EQ‐VAS
No DR
35
80.51 (75.36‐85.67)
BR
37
73.84 (68.04‐79.63)
PDR
26
77.74 (70.36‐85.12)
3.12
0.02
11.25
DMO
31
77.03 (70.71‐83.36)
Blindness
23
63.26 (53.93‐72.59)
a
Adjusted for age, sex, diabetes duration, HbA1c, cardiovascular disease, neuropathy, and nephropathy. BR:
background retinopathy, CI: confidence interval, DMO: diabetic macular oedema. DR: diabetic retinopathy,
EQ‐5D: EuroQol 5 dimensions, EQ‐VAS: EuroQol visual analogue scale, HUI‐3: Health utilities index Mark 3,
PDR: proliferative diabetic retinopathy, TTO: time trade‐off.
Valuation
method
HUI‐3
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Table 14. QALY weights (95% CI) for different severity levels of DR in the better eye
and the relative efficiency (RE) of the methods.
F
Severity level in the
n
Adjusteda mean value
p
RE
better eye
(95% CI)
HUI‐3
No DR
39
0.88 (0.82‐0.95)
BR
48
0.86 (0.79‐0.93)
9.81
<0.001
75.37
PDR
32
0.87 (0.78‐0.97)
DMO
18
0.83 (0.72‐0.93)
Blindness
15
0.48 (0.34‐0.61)
EQ‐5D
No DR
39
0.82 (0.74‐0.89)
BR
48
0.78 (0.69‐0.86)
PDR
32
0.84 (0.73‐0.95)
1.13
0.34
1.00
DMO
18
0.86 (0.73‐1.00)
Blindness
15
0.69 (0.52‐0.85)
TTO
No DR
39
0.87 (0.80‐0.93)
BR
48
0.78 (0.71‐0.86)
3.51
0.01
9.65
PDR
32
0.81 (0.72‐0.91)
DMO
18
0.89 (0.78‐1.00)
Blindness
15
0.62 (0.48‐0.77)
EQ‐VAS
No DR
39
80.59 (75.74‐85.44)
BR
48
74.67 (69.40‐79.94)
PDR
32
76.70 (69.54‐83.86)
3.66
0.01
10.49
DMO
18
76.94 (68.75‐85.13)
Blindness
15
60.08 (49.79‐70.37)
a
Adjusted for age, sex, diabetes duration, HbA1c, cardiovascular disease, neuropathy, and nephropathy.
BR: background retinopathy, CI: confidence interval, DMO: diabetic macular oedema. DR: diabetic
retinopathy, EQ‐5D: EuroQol 5 dimensions, EQ‐VAS: EuroQol visual analogue scale, HUI‐3: Health utilities
index Mark 3, PDR: proliferative diabetic retinopathy, TTO: time trade‐off.
Valuation method

Table 15. QALY weights (95% CI) for different levels of vision impairment (VI) in the
worse eye and the relative efficiency (RE) of the methods.
F
Adjusteda mean value
p
RE
(95% CI)
HUI‐3
Normal vision
99
0.82 (0.78‐0.86)
Mild VI
22
0.90 (0.81‐1.00)
13.16
<0.001
12.78
Moderate VI
8
0.81 (0.66‐0.95)
Severe VI
23
0.51 (0.40‐0.62)
EQ‐5D
Normal vision
99
0.77 (0.72‐0.82)
Mild VI
22
0.87 (0.76‐0.98)
2.52
0.06
2.45
Moderate VI
8
0.78 (0.61‐0.96)
Severe VI
23
0.66 (0.53‐0.79)
TTO
Normal vision
99
0.82 (0.78‐0.86)
Mild VI
22
0.81 (0.71‐0.91)
1.03
0.38
1.00
Moderate VI
8
0.81 (0.65‐0.96)
Severe VI
23
0.71 (0.59‐0.83)
EQ‐VAS
Normal vision
99
75.95 (72.90‐79.00)
Mild VI
22
80.43 (73.26‐87.59)
4.17
0.01
4.05
Moderate VI
8
69.20 (58.14‐80.25)
Severe VI
23
63.89 (55.66‐72.13)
a
Adjusted for age, sex, diabetes duration, HbA1c, cardiovascular disease, neuropathy, and nephropathy.
Normal vision: VA 20/10‐20/25, mild VI: VA 20/32‐20/63, moderate VI: VA 20/80‐20/160, severe VI: VA≤
20/200. CI: confidence interval, EQ‐5D: EuroQol 5 dimensions, EQ‐VAS: EuroQol visual analogue scale,
HUI‐3: Health utilities index Mark 3, TTO: time trade‐off, VA: visual acuity.
Valuation method

VI in the worse eye

n
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Table 16. QALY weights (95% CI) for different levels of vision impairment (VI) in the
better eye and the relative efficiency (RE) of the methods
Valuation
method
HUI‐3

EQ‐5D

TTO

EQ‐VAS

VI in the better eye
Normal vision
Mild VI
Moderate VI
Severe VI
Normal vision
Mild VI
Moderate VI
Severe VI
Normal vision
Mild VI
Moderate VI
Severe VI
Normal vision
Mild VI
Moderate VI
Severe VI

n
114
17
6
15
114
17
6
15
114
17
6
15
114
17
6
15

Adjusteda mean value
(95% CI)
0.83 (0.79‐0.86)
0.81 (0.71‐0.91)
0.53 (0.37‐0.70)
0.40 (0.28‐0.52)
0.78 (0.73‐0.82)
0.84 (0.72‐0.97)
0.54 (0.34‐0.75)
0.63 (0.48‐0.77)
0.82 (0.78‐0.85)
0.79 (0.68‐0.90)
0.85 (0.67‐1.03)
0.62 (0.49‐0.75)
76.18 (73.37‐78.98)
75.59 (67.81‐83.36)
61.70 (48.71‐74.69)
58.10 (49.06‐67.14)

F

p

RE

17.49

<0.001

5.59

3.28

0.03

1.05

3.13

0.03

1.00

5.62

0.001

1.80

a

Adjusted for age, sex, diabetes duration, HbA1c, cardiovascular disease, neuropathy, and nephropathy.
Normal vision: VA 20/10‐20/25, mild VI: VA 20/32‐20/63, moderate VI: VA 20/80‐20/160, severe VI: VA≤
20/200. CI: confidence interval, EQ‐5D: EuroQol 5 dimensions, EQ‐VAS: EuroQol visual analogue scale,
HUI‐3: Health utilities index Mark 3, TTO: time trade‐off, VA: visual acuity.

Table 17. Spearman rank correlation between the methods for estimating QALY
weights and external indicators of visual function (NEI VFQ‐25 and visual acuity)

Spearman's rank correlation coefficient
NEI‐VFQ‐25
Visual acuity (worse eye)
Visual acuity (better eye)
HUI‐3
EQ‐5D score
TTO

HUI‐3
r

EQ‐5D score
r

TTO
r

EQ‐VAS
r

0.54
0.59
0.50

0.27
0.31
0.24
0.70

0.33
0.35
0.28
0.58
0.52

0.32
0.34
0.27
0.73
0.97
0.46

All correlations were significantly higher than 0 (p<0.01). The correlations between HUI‐3 and the
external indicators of severity of DR (NEI‐VFQ‐25 and visual acuity) were significantly higher than the
correlations between the other methods and the external indicators (tested with Wolfe’s test for
comparing dependent correlation coefficients). The scores from the generic methods were adjusted
for age, sex, diabetes duration, HbA1c, cardiovascular disease, neuropathy, and nephropathy. EQ‐5D:
EuroQol 5 dimensions, EQ‐VAS: EuroQol visual analogue scale, HUI‐3: Health utilities index Mark 3,
NEI VFQ‐25: National Eye Institute Visual Functioning Questionnaire, r: Spearman rank correlation
coefficient, TTO: time trade‐off.
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Figure 6. QALY weights for pathological severity level of DR in the worse eye. BR: background retinopathy,
DMO: diabetic macular oedema, DR: diabetic retinopathy, EQ‐5D: EuroQol 5 dimensions, EQ‐VAS: EuroQol
visual analogue scale, HUI‐3: Health utilities index Mark 3, PDR; proliferative diabetic retinopathy, TTO: time
trade‐off.

Figure 7. QALY weights for levels of vision impairment (VI) in the better eye. EQ‐5D: EuroQol 5 dimensions, EQ‐
VAS: EuroQol visual analogue scale, HUI‐3: Health utilities index Mark 3, TTO: time trade‐off.
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HRQoL profiles of patients with DR and construct
validity of HUI-3 and EQ-5D (paper III)
The aim of this paper was to explore the HRQoL profiles of patients with DR using the
HUI‐3 and the EQ‐5D questionnaire and examine the construct validity of these two
methods’ descriptive systems. The associations between the severity levels of DR and
dimensions of the generic instrument were investigated using multiple regression
analyses including possible confounders. To allow investigation of the separate effects
of DR and VI, these variables were included in the model simultaneously. In order to
have an empirical framework for the analysis of the construct validity of HUI‐3 and
EQ‐5D, the same analysis was performed for NEI VFQ‐25. In total, 155 of the
patients responded to HUI‐3 completely, while 166 responded to all questions in EQ‐
5D and NEI VFQ‐25.
The results from the multiple regression analyses with NEI VFQ‐25 as the
dependent variable showed that patients with VI had lower visual function
than patients with normal vision, and that quality of life decreased as the level
of VI increased (Table 18). For patients with severe VI, the decrease in quality
of life was present in all twelve dimensions except for ocular pain. However,
patients with moderate VI also had lower scores than patients with normal
vision in various dimensions and patients with mild VI had lower scores in
general vision and distant activities. The results from the regression analyses
with the generic instruments showed a similar pattern (Tables 19 and 20).
Compared to patients with normal vision, patients with moderate or severe VI
reported more problems with the EQ‐5D dimensions of mobility, usual
activities, and anxiety/depression, as well as lower scores (lower HRQoL) in
the HUI‐3 dimensions of vision, ambulation, and pain. Compared to patients
with normal vision, patients with mild VI reported lower scores on the vision
dimension of HUI‐3. Interestingly, the EQ‐5D results indicated that patients
with mild VI had less problems with Anxiety/Depression (p=0.041) than those
with normal vision and that patients with moderate VI reported lower scores
in various dimensions compared to patients with severe VI. When severe VI
was omitted from the model, it was seen that this difference between
moderate and severe VI was significant in the mobility dimension (p=0.026).
This pattern did not appear in the results from either NEI VFQ‐25 or HUI‐3.
Except for the decrements in pain, the dimensions that were related to VI due
to DR were typical symptoms of sight‐threatening DR and were supported by
results in NEI FQ‐25.
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Regarding the relationship between DR severity and HRQoL, patients with
PDR or DMO had lower scores than patients with no DR or BR in the NEI
VFQ‐25 dimensions of near activities (p = 0.038) and mental health (p = 0.006).
This could not be confirmed with the generic instruments. There were no
negative associations between DR severity and HRQoL, except that patients
with BR had lower scores in HUI‐3 dexterity compared to patients with no DR
(p = 0.033). This means that neither HUI‐3 nor EQ‐5D captured the expected
decrements related to the diagnosis itself due to worries about future vision
loss. Compared to EQ‐5D, HUI‐3 reported an ordering of dimension scores
between the severity levels that were more in line with the a priori
expectations and the results of NEI VFQ‐25.
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2.03
3.36

‐3.93
‐16.59*
‐15.19**
‐0.18
‐3.99
‐5.50**
0.10
0.28
‐2.18
0.02
‐8.14
‐1.48
3.17

2.34
‐3.09

‐4.72
‐23.37***
‐46.42***
‐0.10
‐3.73*
‐0.98
‐0.23*
3.90
0.60

‐0.09
‐0.96
‐1.87
‐0.84

3.78
1.38

β

1.37
‐7.22*

β

Near
activities

1.53
‐5.03

β

Distance
activities

‐1.00
‐3.45
‐1.20
‐2.13

3.65
‐1.39
‐3.89
‐1.79

‐0.18
‐2.81
‐1.06
1.88

‐0.92
‐2.96
‐3.61
‐1.56

‐9.71**
‐1.20
‐9.29
‐8.86*
‐26.57*** ‐0.93 ‐27.44*** ‐27.20*
‐45.75*** ‐4.52 ‐51.53*** ‐54.78***
‐0.18
0.04
‐0.13
‐0.11
‐0.65
‐4.20
‐4.63
‐4.44
‐1.93
‐1.23
0.25
‐0.52
‐0.10
‐0.36*
‐0.18
‐0.26
1.21
5.32
5.68
2.71
1.89
0.44
1.67
0.42

3.08
‐4.74

β

β

β

Ocular
Pain

‐2.20
‐0.38
‐2.45
‐1.31

‐1.55
‐21.32**
‐53.52***
‐0.05
‐1.04
‐0.88
‐0.27*
4.72
2.14

3.99
0.13

β

Social
functioning

4.22
‐2.38

β

Role
difficulties

‐0.45
1.96
‐2.44
0.51

1.79
‐1.43
‐0.23
0.79

‐2.52
‐6.53
‐15.14*
‐30.99**
‐28.98*** ‐46.33***
‐0.01
‐0.10
‐5.06*
‐5.34*
‐0.17
‐1.07
‐0.04
‐0.26
1.41
7.09
1.17
1.02

‐3.56
‐5.68**

β

Mental
health

‐1.02
1.22
‐2.56
1.28

0.34
‐21.22
‐35.04***
‐0.06
‐6.37**
‐1.43
‐0.10
2.55
‐2.02

0.96
0.64

β

Dependency

2.60
0.07

β

Colour
vision

4.09
‐2.03

β

Peripheral
vision

‐2.76
1.40
‐3.93
‐0.46

5.60
‐1.55
‐2.45
‐0.99

‐2.25
4.13
0.09
‐2.40

‐5.18
‐0.23
‐8.00
‐34.78
‐29.73*** ‐32.37***
‐60.26*** ‐63.66*** ‐63.17***
‐0.40*
0.01
‐0.18
‐19.14***
0.76
‐0.91
1.46
‐1.02
‐1.50
‐0.37
‐0.29
‐0.43*
3.45
5.66
4.75
‐4.72
0.56
‐2.00

0.01
‐10.33

β

Drivinga
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Married/
‐0.03
‐1.03
‐0.38
3.79
0.03
1.96
2.47
‐4.68*
‐1.21
‐1.84
7.24
‐1.70
0.66
cohabiting
Due to heteroscedasticity in the residuals, White’s robust standard errors were used in the models with the NEI VFQ‐25 composite and dimension scores. aMissing data on 11
respondents. bData missing on one of the patients in the BR group. *p<0.05, **p<0.01, ***p<0.001. BR: background retinopathy, DMO: diabetic macular oedema, DR: diabetic
retinopathy, PDR: proliferative diabetic retinopathy, VI: vision impairment.

DR
No DR (ref)
BR
PDR/DMO
Vision
impairment (VI)
Normal vision
(ref)
Mild VI
Moderate VI
Severe VI
Age
Female
HbA1c
Duration
Type I diabetes
Cardiovascular
disease
Nephropathy
Neuropathy
Smoker
High educationb

General
vision

General
health

Composite
score

Table 18. Linear regression analysis investigating the effects of diabetic retinopathy and possible confounders on the dimensions of NEI VFQ‐25
and the composite NEI VFQ‐25 score
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‐0.00
‐0.00

0.01
0.01
‐0.05
‐0.00**
0.01
‐0.01
0.00
0.00
0.04
0.00
‐0.01
0.01
0.01
0.04

0.01
‐0.00

‐0.09*
‐0.33**
‐0.65***
0.00
‐0.02
‐0.01
‐0.00*
0.07*
‐0.01
0.01
0.01
0.00
‐0.03
‐0.02

β

β

‐0.04
‐0.32
‐0.30***
‐0.00
‐0.04
‐0.01
‐0.00
0.06
‐0.05
‐0.06
‐0.03
‐0.02
0.01
‐0.02

0.03
0.03

β

Ambulation

0.02
0.04
0.03
‐0.00
‐0.00
‐0.00
‐0.00
0.01
‐0.03
‐0.01
0.00
0.01
0.00
0.01

‐0.04*
‐0.01

β

Dexterity

‐0.01
‐0.05
‐0.02
‐0.00
0.00
0.00
0.00
‐0.02
0.00
‐0.01
‐0.04*
0.02
‐0.00
0.01

‐0.02
0.01

β

Emotion

0.03
‐0.04
0.01
‐0.00
‐0.01
‐0.00
0.00
‐0.02
0.01
‐0.02
‐0.02
0.00
0.01
0.01

‐0.01
‐0.02

β

Cognition

0.04
‐0.05
‐0.17*
‐0.00
‐0.04
‐0.05**
‐0.00
0.06
‐0.02
0.05
‐0.13*
‐0.05
0.05
0.01

‐0.03
0.03

β

Pain

Each HUI‐3 dimension is scored between 0 and 1, with a lower index representing a lower HRQoL. A factor with a significant negative coefficient
should therefore be interpreted as having a negative impact on the HRQoL of the patients. Due to heteroscedasticity in the residuals, White’s robust
standard errors were used in the models for the HUI‐3 dimensions. aThe analysis excluded 11 patients with missing answers in the Hearing
dimension. bData missing on one of the patients with BR. BR=background retinopathy, DMO: diabetic macular oedema, DR: diabetic retinopathy,
PDR: proliferative diabetic retinopathy, VI: Vision impairment. *p<0.05, **p<0.01, ***p<0.001.

DR
No DR (ref)
BR
PDR/DMO
Vision impairment (VI)
Normal vision (ref)
Mild VI
Moderate VI
Severe VI
Age
Female
HbA1c
Duration
Type I diabetes
Cardiovascular disease
Nephropathy
Neuropathy
Smoker
High educationb
Married/cohabiting

Hearinga

Vision

Table 19. Linear and logistic regression analyses investigating the association of diabetic retinopathy and possible
confounders with the HUI‐3 index score and dimensions
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2.22
0.88

3.81
9.97*
7.70*
1.03
2.08
1.53
0.96
1.80
2.78*
0.95
3.69*
1.90
0.66
0.96

Ref
0.13
0.01*
‐
Ref
0.12
0.99
9.91*
1.94
1.14
0.02
3.94
7.31
1.71
1.64
0.44
2.07

0.61
10.3**
1.78
1.04
2.13
1.55*
1.02
0.21
5.33**
1.58
2.14
2.66*
0.54
0.55

Usual activities
Any problem
OR

3.65
1.51

Self‐carea
Any problem
OR

0.64
6.33
1.83
1.03
1.31
2.02**
1.03
0.40
1.55
1.13
2.48
2.59*
0.86
0.44

0.33
0.27

Pain/discomfort
Any problem
OR

0.21*
8.86*
5.45*
0.97
0.96
1.73**
0.99
1.45
0.98
0.81
3.03*
1.73
0.99
0.35*

0.95
0.67

Anxiety/depression
Any problem
OR

“Any problem” is defined as some/moderate or severe problems. Due to heteroscedasticity in the residuals, White’s robust standard
errors were used in the model for the EQ‐5D index score. aThe analysis excluded the 44 individuals with no DR and 16 individuals
with mild VI since they predicted no problem perfectly, moderate VI and BR were set as references. bData missing on one of the
patients in the BR group. BR=background retinopathy, DMO: diabetic macular oedema, DR: diabetic retinopathy, OR: odds ratio,
PDR: proliferative diabetic retinopathy, VI: vision impairment. *p<0.05, **p<0.01, ***p<0.001.

DR
No DR (ref)
BR
PDR/DMO
Vision impairment (VI)
Normal vision (ref)
Mild VI
Moderate VI
Severe VI
Age
Female
HbA1c
Duration
Type I diabetes
Cardiovascular disease
Nephropathy
Neuropathy
Smoker
High educationb
Married/cohabiting

Mobility
Any problem
OR

Table 20. Linear and logistic regression analyses investigating the association of diabetic retinopathy with
the EQ‐5D index scores and dimensions
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The impact of SLE on valuations with TTO (Paper IV)
The aim of this paper was to explore whether patients’ SLE affects TTO valuations of
their current health and, if so, to what extent. A total of 145 patients were included in
this study.
On average, the patients expected to live 23 additional years (SD 12). This
average remaining SLE was lower than the average time frame t of 27 years
(SD 13) presented in the TTO questions. In other words, on average patients
expected to live for less time than their Swedish age and sex dependent
actuarial life expectancy. Indeed, just over half of the respondents (57%; n=83)
expected to live for less than the time period used in the TTO question, while
only 16% (n = 23) expected to live longer. The remaining respondents (26.9%; n
= 39) had SLE equal to the actuarial life expectancy applied in the TTO
question.
It was observed that t had a significant negative effect on the TTO value (β = ‐
0.014, p < 0.001), while remaining SLE had a positive effect (β = 0.014, p <
0.001) (Table 21). As indicated by the almost equal absolute values of the
coefficients, SLE and t seem to outweigh each other leading to a net effect on
the TTO value of approximately zero as long as the remaining SLE and t are
equal (which was the case for 27% of the respondents). However, when SLE
exceeds t, the TTO value increases with every additional year of difference;
and since the β coefficient for t is negative, when t exceeds SLE then the TTO
value decreases with each additional year of difference. Put differently, if the
respondents expected to live longer than t they were inclined to trade off
fewer years for every year longer than t they expected to live, and if they
expected to live less long than t, they had a tendency to trade off more years
for every bonus year they were offered. This effect was stable across all the
models that were considered, and thus confirms that the patients’ SLE
significantly affects their TTO valuations.
When the effects of SLE on TTO values were re‐examined after dividing the
patients into two different subsamples based on whether their SLE was shorter
or longer than t, the results from both subsamples were seen to be similar to
those from the base model (Table 22). In the subsample of patients expecting to
live longer than t, each year of difference had a positive effect on the TTO
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value. Similarly, in the group of patients expecting to live less long than t, each
year of difference had a negative effect on the TTO value. However, the impact
of SLE seemed to be smaller in the subgroup where SLE exceeded t (SLE β =
0.010, t β = ‐0.012) than in the group where t exceeded SLE (SLE β = 0.024, t β =
‐0.021). This indicates that the patients’ SLE had a larger influence on TTO
values when they may have experienced the presented time frame as a gain
compared to when they may have experienced the time frame as a loss
(although the latter group was fairly small).

Table 21. Multiple regression analysis of the TTO value

SLE
t
Rounding of actuarial LE
High starting point for iterations
EQ‐VAS score
Age
Sex
Nephropathy
Neuropathy
Severe vision impairment
Higher education
Married/cohabiting
AIC
BIC

Base model
β
p
0.014 <0.001
‐0.014 <0.001
‐0.009
0.786
‐0.020
0.536
0.002
0.134

0.080
‐0.093
‐0.105
0.008
0.036

0.072
0.050
0.152
0.819
0.328

‐70.29
‐37.70

Including age
and sex
β
p
0.014 <0.001
‐0.085
‐0.012
0.002
0.012
‐0.037
0.081
‐0.101
‐0.117
0.007
0.046

0.009
0.723
0.128
<0.001
0.299
0.082
0.037
0.120
0.845
0.221

‐66.02
‐30.47

Higher educational level was defined as university studies or vocational training
after upper secondary school. AIC: Akeike’s Information Criterion. BIC= Bayesian
Information Criterion. EQ‐VAS: EuroQol visual analogue scale, LE: life expectancy,
SLE: subjective life expectancy, t: time frame of the TTO exercise.
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Table 22. Subgroup analysis for respondents expecting to live longer or
shorter than the time frame (t) of the TTO exercise

SLE
t
Rounding of actuarial LE
Starting point for iterations
EQ‐VAS score
Nephropathy
Neuropathy
Severe vision impairmenta
Higher education
Married/cohabiting

Subgroup 1
(t > SLE, n=81)
β
p
0.024
0.002
‐0.021
0.001
‐0.030
0.635
0.010
0.853
0.001
0.739
0.072
0.306
‐0.117
0.065
‐0.102
0.007
0.081

0.205
0.902
0.200

Subgroup 2
(t < SLE, n=23)
β
p
0.010
0.041
‐0.012
0.028
‐0.010
0.870
‐0.015
0.621
0.002
0.187
0.025
0.552
‐0.204 <0.001
‐
‐0.016
0.002

‐
0.553
0.969

a

None of the patients expecting to live longer than the time frame of the TTO question
had severe visual impairment. Higher educational level was defined as university
studies or vocational training after upper secondary school. EQ‐VAS: EuroQol visual
analogue scale, LE: life expectancy, SLE: subjective life expectancy, t: time frame of the
TTO exercise.
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This chapter will start by discussing the results on the three empirical aspects
of diabetic retinopathy (DR) that were investigated in this thesis, as well as the
methodological challenges of collecting health economic data among patients
with DR. The second section of the chapter comprises a discussion of the
performance of the different methods for estimating QALY weights and the
implications for resource allocation. This section is divided into three parts:
first, whether or not the choice of method matters, second, how to choose
between different methods and third, the choice of time frame for the TTO
exercise.

Empirical aspects
Prevalence
The results show that approximately 29% of all patients with diabetes have
DR, and approximately 6% have vision‐threatening DR such as proliferative
diabetic retinopathy (PDR) and/or diabetic macular edema (DMO). In general,
DR is more frequent among patients with type I diabetes than among those
with type II diabetes, with DR prevalence estimates of 42% and 28%
respectively.
A salient lesson from the collection of this data was the importance of carefully
investigating how the collection and registration of data are performed. When
planning the register‐based study, the initial idea was to include the
population of the catchment area of the eye clinic at Vrinnevi Hospital in
Norrköping as well as the eye clinic at Linköping University Hospital. After
discussions with the staff at the two eye clinics, however, it was discovered
that there were important differences in practice between the two clinics
concerning registration of patients in CDWÖ. While the eye clinic in
Linköping registered all patients who had been screened, the eye clinic in
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Norrköping only registered patients who had seen an ophthalmologist. This
resulted in the decision to limit the study population to the catchment area of
the eye clinic at Linköping University Hospital (196). Without this close
contact with the staff at the eye clinic, it is possible that both catchment areas
would have been included and that the study would have resulted in an
erroneous conclusion concerning the prevalence of DR. This lesson is of great
importance, given the increasing interest in using health care databases and
national quality registries for research in Sweden (197).
In relation to previous research, the prevalence estimates in this thesis are low.
All previous Swedish studies reported a higher prevalence of DR among
patients with type I diabetes (128‐130, 132, 135, 137), and all but two reported
higher prevalence estimates among those with type II diabetes (127, 129, 132‐
134, 162). All of these studies were performed more than 13 years ago. Of the
two studies that reported lower estimates, one of them only included patients
aged 70 or less, and since DR develops with time they may have missed an
important part of the DR population (131). The other study only included
patients who had been examined, and the authors acknowledged this as an
important limitation (128).
That the estimates of this thesis were low compared to previous studies
suggests that the prevalence of DR in Sweden has decreased during the last 13
years. This could be a consequence of the improvements in diabetes care that
have taken place in recent decades. The National Diabetes Registry (4) has
reported improvements in terms of decreased HbA1c values as well as lower
blood pressure, and previous research has found this to have an effect on the
incidence of DR (194, 195). This pattern is confirmed in follow‐up studies of
various larger epidemiological studies in other countries (2).
Apart from giving an indication of how the prevalence of DR has changed, the
prevalence estimates in this thesis can also be used as a benchmark for future
prevalence studies of DR. Since DR develops with time, patients with DR
today have lived through various changes in diabetes care and certainly
receive quite different treatment now than when they were diagnosed. Thus,
future diabetes populations will have a different history of care than the
diabetes population of today. Even though the improvements may not be as
drastic as those described by the study participant quoted in my introduction,
it is likely that the situation of these patients will be better than today.
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Together with the increasing prevalence of type II diabetes, this calls for a
continuous follow‐up of the situation of patients with diabetes and DR.
The prevalence estimates presented in this thesis can also be used in budget
impact analyses. Cost‐utility analyses do not necessarily take the size of the
population into account in calculating the incremental cost‐effectiveness ratio.
Lately, however, there has been an increased interest in budget impact
analyses as a complement to cost‐utility analyses. As the name suggests, this
type of analysis is used to analyse the effects of new interventions on national
and regional budgets (34). In these calculations, the prevalence of the disease
of course plays a central role.

Costs
This thesis also contains the first Swedish cost study of DR. The study showed
that healthcare costs varied considerably between different severity levels of
the disease, and were estimated at €26, €257, €216, and €433 per patient per
year for BR, PDR, DMO, and PDR combined with DMO respectively. In
combination, the results on prevalence and average costs yielded an annual
total healthcare cost for DR of €106 000 per 100 000 inhabitants. For the
Swedish population this would mean an annual healthcare cost of
approximately €10 million. The results on resource use collected in the
telephone interviews showed that blindness is associated with an increased
use of transportation service, care giving services, assistive technologies and
productivity losses. The largest costs for blindness seemed to be related to
caregiving services and productivity losses. In total, the non‐healthcare costs
of DR amount to a Swedish national cost of approximately €29 million per
year.
The healthcare costs of PDR and DMO estimated in this thesis lie in the lower
range of the estimates provided in the literature, though it should be noted
that they represent the mean costs of all patients with PDR and DMO
independent of how long they have had the diagnosis. Several of the previous
studies estimated a separate cost for the first year after the patients were
diagnosed, during which they were treated with photocoagulation. For
example, O’Brien et al. (144) estimated that the cost of the first year with PDR
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was €292 while the cost of each following year was only €40. In relation to this,
the estimate of €257 for PDR presented here is not particularly low.
Nevertheless, it should be mentioned that to represent the complete healthcare
cost of DR there are some costs that should be added to the estimates in this
thesis, including for example the costs of accidents caused by vision loss and
psychological treatments due to vision‐related depression.
Unfortunately, the healthcare costs of patients who were blind could not be
identified via the CDWÖ and the CPP database, since there is no specific ICD‐
10 code for blindness. However, these individuals are not believed to generate
any costs at the eye clinic since they no longer undergo any treatment. It was
therefore surprising that annual health care costs (excluding assistive
technologies and other non‐healthcare costs) for blindness in previous studies
from Canada, Germany, Switzerland, and Australia have been shown to lie
between €800 and €2 500 (€800‐7 200 for the first year) (141, 144‐146).
However, some of these costs were based on assumptions (144, 146), and
further investigation is needed regarding whether these costs are transferable
to a Swedish context.
Few previous studies include non‐healthcare and indirect costs in their
estimates, and even for those which do, comparisons are difficult because of
differences in the classification of patients. Nevertheless, it can be stated that
the patients with DR in this study seemed to show less sick leave and early
retirement compared to samples in previous studies (139, 147). For example,
Happich et al. (139) reported that 7% and 4% of all patients with DR were on
early retirement and sick leave due to DR respectively, while in the present
thesis only 3.6% of the patients with sight‐threatening DR reported that they
had been on sick leave or early retirement. This could perhaps be because
many of the patients were already retired due to their age, and could therefore
not be on sick leave, a possibility supported by the high mean age of the
sample with DR. This might be an indication that improvements in diabetes
care and screening for DR have extended the time before blindness in such a
way that most people with severe DR are over 65 years old, which means that
productivity losses have been reduced.
In comparison to the costs of other diseases, the €39 million annual cost of DR
is not very large; for example, the health care costs of skin cancer and atrial
fibrillation are approximately €142 million (198) and €708 million (199) per
year, respectively. However, this does not necessarily mean that it would be
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inefficient to spend resources on new treatments for DR; it depends on how
effective the treatments are. The costs estimated in this thesis are an important
input to calculations of cost‐effectiveness of preventive treatments, since they
represent the cost savings that can be made if the incidence of DR or sight‐
threatening DR can be avoided.

HRQoL profiles and QALY weights
The results from the analysis of the HUI‐3 and EQ‐5D dimensions suggest that
the most problematic areas for patients with DR‐related VI are moving
around, reading a newspaper, recognizing a friend on the other side of the
street, performing their usual activities, and maintaining mental health. These
results are similar to those of previous studies (11, 151, 155), and imply that
these patients could perhaps benefit from support interventions in these areas.
For example, the fact that patients with VI due to DR seem to have more
problems with their mental health suggests that some form of psychological
treatment may improve the HRQoL of these patients. It should, however, be
acknowledged that the results from the HUI‐3 dimensions are valued on the
basis of preferences elicited from the general public. If patients have reported
that they cannot read a newspaper, but the general public does not know
about the assistive technologies that exist, the effect of DR on HRQoL may be
overestimated. The vision impairment itself seemed to be the most important
factor affecting the patients’ HRQoL, with the diagnosis playing only a limited
role. This contradicts previous expectations that worries about future vision
loss would have an important impact on patients’ quality of life in the early
stages of the disease.
As estimated with HUI‐3, the QALY weights for no DR, BR, PDR, DMO, and
blindness in the worse eye were 0.88, 0.85, 0.89, 0.86, and 0.53. The only
significant differences were found between blindness and the other weights.
With the other methods for estimating QALY weights, the patterns for the
stages before blindness were similar to that of HUI‐3 but the QALY
decrements related to blindness were smaller (though still significantly
different from the other levels). As is also the case for the cost estimates,
comparisons of the QALY weights in this thesis to those of previous studies
are difficult because of the variety of ways that the patients have been
97

Discussion

classified. Comparisons are made even more difficult due to the fact that most
authors have used special variants of the TTO question. Only two other
studies (148, 152) followed the same procedure as the TTO exercise in this
thesis, using the traditional TTO question anchored on death and full health,
and both showed similar QALY weights to those presented in this thesis. The
studies based on vision‐specific TTO exercises did, however, show larger
decrements for blindness (9). This is in line with the statement in the literature
that vision‐specific TTO and SG tend to overestimate the effect on quality of
life due to vision loss, since they are operating on another scale (149, 200). Lee
et al. (149) have shown that SG exercises with perfect vision as the upper
anchor produce lower values than those with perfect health as the upper
anchor. Thus, if vision‐specific weights are to be used in cost‐effectiveness
analyses, they must be adjusted in line with the recommendations of Harris et
al. (160). Interestingly, these weights have already been used without such
adjustment in various cost‐utility analyses of interventions directed at DR
(173, 201‐204).
The differences in HRQoL between BR and the sight‐threatening stages of DR
were smaller than expected, and sometimes even went in the opposite
direction to that expected. This could be explained by the small proportion of
visually‐impaired patients with PDR and DMO. When the patients with severe
VI were separated from the others (since these patients were recruited
specifically because of their level of VI), only 12% (n=3) and 16% (n=5) of the
patients with PDR and DMO respectively had moderate VI.
The fact that the QALY weights for patients with PDR and DMO were in some
cases even slightly higher (representing better HRQoL) than those for patients
with BR raises the question of how these weights should be used in a cost‐
utility analysis. If the mean QALY weights are incorporated unadjusted into a
decision model, progression from BR to PDR could be seen as positive since it
would seem to augment the HRQoL of the patients. Thus, interventions
reducing the pace of DR progression could be considering as damaging the
patients’ HRQoL, which could lead to inaccurate conclusions when making
decisions based on the expected costs and health outcomes. The uncertainty of
each parameter caused by, for example, a small sample size, could be taken
into account in the model by incorporating a statistical distribution for each
parameter into the model (usually referred to as a probabilistic analysis)
instead of using a point estimate. However, this would not help if the
estimates are biased as a consequence of heterogeneity or random variability
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(35). Since it is likely that the relatively low index scores and dexterity score
among patients with BR were caused by some other co‐morbidity that could
not be identified in this study, I would recommend setting the QALY weight
for BR as equal to the weight for no DR until more is known about the reason
behind the decrement in this group.

Challenges related to the collection of health
economic data among patients with DR
As seen in the reviews of the literature on prevalence, costs, and QALY
weights, DR patients can be classified in various ways. To begin with, the
severity of DR can be classified according to the state in the worse or better
eye. In addition, it can be classified according to the pathological severity level
based on the state of the retina or to the visual acuity of the patients. The
popularity of each type of classification seems to vary depending on the
characteristics of the data that are being studied. Among the studies of
prevalence of DR, it is most common to classify the patients according to the
pathological severity level in the worse eye (127‐137). The incidence of DR or
severe DR in the worse eye is also a common effect outcome measure in
clinical studies (114, 125, 205). Similarly, the direct healthcare costs related to
DR are often estimated in relation to the severity level in the worse eye, since
treatment begins as soon as the first eye becomes affected. In contrast, indirect
costs, such as productivity losses, may be more closely related to the visual
acuity in the better eye, since it is the ability to see that determines the ability
to work and perform certain activities. This is also the most common way of
classifying QALY weights (14, 15, 17, 18, 153, 154). To make the situation even
more complicated, there is a great variety in the literature concerning how the
health states within each of the classifications are defined.
The variation in classification of patients between different types of studies
shows that there is no obvious way of classifying the patients that would be
optimal for all the types of data that were collected in this thesis. The data
collected here did, however, also have to satisfy the important condition that it
should be possible to use the QALY weights and costs in cost‐utility analyses
of interventions directed at DR. In previous cost‐utility analyses, it has been
common to use Markov models with health states based on the pathological
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severity level of DR in the worse eye, with an end state for blindness (173‐176).
This is also the type of model that would have been used to evaluate the cost‐
effectiveness of candesartan. Thus, when possible, the data in this thesis were
classified in line with the definitions of these health states. This is an important
strength of this thesis, since few studies have offered data that can be used in
these models. Nevertheless, it also means that it could be argued that there are
better ways of classifying the data used in this thesis. This was one of the
reasons why it was decided to present QALY weights for different
classifications.
Another methodological challenge when estimating the costs and HRQoL
effects related to DR is the question of how to adjust the estimates for co‐
morbidity. Being a complication of diabetes, DR co‐varies with other diabetic
complications and is more common in patients with longer durations of
diabetes. This means that patients with more severe DR often have more
severe diabetes and also suffer from other diabetic complications such as
neuropathy, nephropathy, and cardiovascular disease. In a cost‐utility analysis
of interventions directed only at DR, it is consequently important to isolate the
costs and the HRQoL effects that are due only to DR. Failure to identify the
effects of DR alone would lead to an overestimation of the effects on costs and
HRQoL attributable to the progression of DR, which in a cost‐utility analysis
would result in an overestimation of the cost‐effectiveness of different
interventions directed at DR (206).
Most cost studies of DR have solved the problem with co‐morbidities by
estimating costs for typical DR patients based on clinical experience and
guidelines (140, 143, 144). Others have used multiple regression models to
adjust for other complications and diabetes severity (141). In the register‐based
analysis of costs in this thesis, only costs related to the eye clinic were
included, and the incremental costs were calculated by subtracting the costs
for patients with no DR from those of patients with DR. The initial idea was to
include all costs that were registered in the health care system and adjust for
co‐morbidities in a regression model. However, regression analysis on the cost
data showed that the cost estimates for DR were very unstable. The costs of co‐
morbid complications seemed to have too great an effect on the relatively
small cost of DR, and relying on these estimates was therefore considered
unsatisfactory. A better and more reliable approach seemed to be to
concentrate on the costs that were known to be related to the eye, and to
standardize these costs for age and sex.
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Among the studies of QALY weights, the studies that used a vision‐specific
TTO exercise did not have a problem with co‐morbidities, since they focused
only on the effect of vision (13‐18, 153, 154, 158). However, as previously
discussed, this vision‐specific focus has other problems. Other authors did not
adjust for co‐morbidity at all (148). The QALY weights estimated in paper II
were adjusted for diabetes‐related variables that differed in prevalence
between the different severity levels. In addition, the effects of all variables
that were thought to have an effect on HRQoL were explored in a regression
model in paper III, which showed that age, sex, duration of diabetes,
neuropathy, cardiovascular disease, level of HbA1c, and smoking seemed to
affect HRQoL in a negative way. Still, the unexpected pattern of lower HRQoL
estimates among patients with DR than among patients with PDR and DMO
suggests that not all relevant confounders were included in the model. This
potentially missed confounder seems to be related to problems with hands
and fingers, and is consequently not believed to be a consequence of DR. On
the other hand, it could also be that patients with less severe DR perceive the
problems with hands and fingers as worse than the patients with more severe
DR. To further investigate this, it is since these symptoms were not visible in
the patient records recommended that future studies use a more detailed
questionnaire for the collection of background data. This questionnaire should
be directed at patients, and should contain questions about the symptoms they
experience and not only their diagnosed co‐morbidity.
It has been argued that it would be wrong to adjust QALY weights for co‐
morbidity (207). The argument is that the health problems of patients with co‐
morbidities would receive less weight than identical problems among patients
without co‐morbidities, since they are not able to reach full health. This could
lead to discrimination against these patients, since interventions directed at
them would receive lower priority if ranked according to their cost per QALY
ratio. However, the ultimate purpose of performing cost‐utility analyses is to
examine whether an intervention produces increased health outcomes at a
reasonable cost. Thus, portraying a health effect as larger than it actually is
would be misleading, and would lead to the implicit incorporation of
normative statements which are not explicitly stated in economic theory.
Concerns for fairness are important, and should be taken into account, but
should in my view be dealt with separately from the economic analysis.
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Methodological aspects
The choice of method for estimating QALY weights
matters
In addition to presenting updated information on prevalence, costs, and
HRQoL that can be used in economic evaluations, this thesis contains one of
the few studies evaluating the performance of various methods for estimating
QALY weights among patients with DR. The findings suggest that the
methods may give similar results for the early stages of DR, but quite different
decrements in QALY weights for moderate and severe VI. Studies have shown
similar results in other disease areas (e.g. (65‐69)) and a recent review of
methods for estimating QALY weights among patients with visual disorders
support these findings (157).
That the methods give different results indicates that they are not measuring
the same thing, which is not surprising considering the many methodological
differences between them. However, despite these dissimilarities between and
within the direct and indirect methods, in practice the methods are often used
interchangeably. Many national health economic guidelines do not give clear
direction on which method to use, and among those which do, the decision
makers are usually willing to accept values from the other methods in the
absence of the preferred method (208, 209). For instance, Swedish pharmaco‐
economic guidelines state that patient values elicited using direct choice‐based
methods are preferred (209); however, in the absence of these, decision makers
may accept valuations from the general public and from any of the
abovementioned direct or indirect methods. If the methods give different
results, the choice of method could play an important role when measuring
the effectiveness of an intervention, which could potentially have an impact on
whether or not an intervention is considered cost‐effective.
The results of this thesis indicate that in cost‐utility analyses of interventions
directed at DR, the choice of method could have a substantial impact on the
incremental cost per QALY. This can be illustrated in an example based on the
results from HUI‐3 and EQ‐5D. Imagine that a new treatment for DR,
compared to standard treatment, prevents one additional patient from
progressing from PDR to blindness at the age of 60 years and that the patient,
independent of their eye condition, would live until the age of 80. Using the
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estimates from HUI‐3 (based on the worse eye), this would result in an
incremental effect of 7.2 QALYs (0.36×20), while the estimates from EQ‐5D
would give an incremental effect of 3.2 QALYs (0.16×20). If we also assume
that the new treatment costs £150 000 more per case of blindness prevented,
this would result in a cost per QALY of approximately £21 000 and £47 000 for
HUI‐3 and EQ‐5D, respectively. As many decision making bodies, such as the
National Institute of Clinical Excellence in the UK, use a threshold of £20 000–
30 000 per QALY (27) to determine whether or not a treatment is cost‐effective,
the choice of method could have an important influence on whether or not a
treatment is implemented.

Choosing a suitable method
For a researcher who wishes to choose a method for estimating QALY
weights, or for someone who is reviewing a cost‐utility analysis using weights
from a specific method, the finding that the methods give different results is
not particularly useful guidance in itself. For this information to be useful, one
has to be able to say something about which method gives QALY weights that
are closest to the “truth”. Thus, there must be some specific criteria for
choosing between methods. It has previously been suggested that suitable
criteria would be reliability, practicality, and validity. Since reliability and
practicality are not the focus of this thesis, the discussion here will only
consider how to choose between methods based on their validity; that is,
whether they measure what they are intended to do. This was tested by
investigating the empirical validity of all the four included methods for
estimating QALY weights and examining the construct validity of the two
indirect methods. Before going into these results, however, there is an
important issue concerning the choice between direct and indirect methods
that needs to be outlined. As seen in the background chapter, welfarism and
extra‐welfarism represent different views on what should constitute the basis
for decision making in the health care sector. These two different ways of
reasoning have important implications for the choice of whose values should
determine the allocation of resources. Since the indirect methods are usually
based on values from the general public while the direct methods can be used
for estimating patient values as well as values from the general public, the
view on this is essential for the choice of method. Thus, governmental agencies
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making decisions based on QALYs need to determine how they stand on this
point before they can choose what methods to rely on. In addition, if the
chosen stand point is compromised due to the lack of relevant measures,
decision makers should be aware that this may give other results. Only after it
has been decided whose values to rely on does it become relevant to choose
between the different methods within each of these groups of methods. The
interpretations of the results in this thesis have therefore been divided into
two sections, discussing the direct and indirect methods respectively.

The choice of direct method
The empirical validity of TTO and EQ‐VAS was tested by examining whether
these two measures generated QALY weights that were in line with the
expected differences between groups of patients, and whether their ranking of
health states corresponded with that of NEI VFQ‐25. This is of interest since it
has been argued that generic HRQoL methods in general may not be
measuring the complete construct of vision‐related quality of life (10). The
argument is that vision‐related quality of life and HRQoL are two different
types of constructs that only have modest association. If the vision‐related
aspects of health are not effectively captured by TTO and VAS, the effect on
health of interventions directed at eye diseases will be underestimated, which
could lead to the rejection of an implementation of these interventions.
Neither the TTO nor the EQ‐VAS results correlated strongly with the external
indicators of visual function, suggesting that neither of them are measuring
the complete construct of vision‐related quality of life. However, the results
also showed that when patients were classified according to pathological
severity level in the worse eye, the instruments behaved in a similar way, but
when they were classified according to vision impairment (VI) in the better
eye, TTO showed an unexpected increase in values for patients with moderate
VI compared to those with mild VI. The group with moderate VI was very
small, however, and one should be careful when drawing conclusions from
these results. Still, it is interesting that the patients in this group compared to
patients with severe VI reported more problems in the descriptive system of
EQ‐5D but were less willing to trade off years in the TTO exercise. This
supports the conclusion that TTO may not be a sensitive method of measuring
QoL among patients with VI.
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The finding that EQ‐VAS gave values more in line with the hypothesized
ordering than TTO can be interpreted as meaning that EQ‐VAS is a more valid
direct method for estimating QALY weights among patients with DR.
However, due to the methodological weaknesses of VAS, this method cannot
be recommended for estimating QALY weights. As was seen in the chapter
about the welfarist and extra‐welfarist views on QALYs, according to welfare
economists the EQ‐VAS scale cannot be used to estimate QALY weights since
it cannot be used to estimate cardinal utilities in line with expected utility
theory (49, 74). It was also seen that from the extra‐welfarist perspective,
however, EQ‐VAS is an acceptable valuation technique for health, and can be
used to estimate QALYs if the decision makers believe that health as measured
by VAS is what should be maximized (72). Still, even if using EQ‐VAS as a
measure of health solves the problem that it does not represent preferences,
the problems with using it as a cardinal scale still remain, and there seems to
be a consensus in the literature that VAS does not produce weights on a
cardinal scale (74, 210, 211), independent of whether it represents health or
utility. However, since this method is still often used for decision making, it
was considered important for this thesis to present its results in comparison to
the other methods.
TTO does of course also have limitations. As already shown, the constant
proportional trade off assumption (CPTO) is often violated and there is often a
large proportion of patients that are unwilling to trade off any years,
independent of how severe their health state is (48, 50). In this context it
should once again be clarified that these problems exist independent of if TTO
is seen as a measure of preferences over health or as a measure of utility. This
means that if the results from a cost‐utility analysis are used as a decision rule,
decisions concerning the implementation of different interventions may still be
affected by biases related to these problems. Nevertheless, due to the choice‐
based methodology and that the CPTO assumption seems to be satisfied on an
aggregate level TTO is still considered a more valid method than VAS, and
more efforts should be made to understand the role of vision in the trading of
life years in the TTO exercise. A first attempt to understand if patients
consider vision as a part of their health was made in this thesis, by including a
question in the telephone interview about whether or not the patients thought
of full health as also including full vision. Consequently, after they had
responded to the TTO exercise, the patients were asked whether they had
considered the health state with full health as also including full vision; 60%
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stated that they had (data not shown). Of those who had not considered full
health as also including full vision, there was an over‐representation of
patients with normal vision compared to those who had taken full vision into
account. This gives a hint that for some patients it may be important to
emphasize that full health also includes full vision. Another approach to
dealing with the insensitivity of TTO would be to continue to use vision‐
specific TTO questions and adjust these according to recommendations in the
literature (160). Before doing so, however, more knowledge is needed about
the relationship between the results of these disease‐specific exercises and
those of the traditional generic exercise. For example, it would be very
interesting to know if the sum of the years an individual with various diseases
is willing to trade off in disease‐specific TTO exercises for getting rid of each of
these diseases would be similar to the number of years which the same
individual would trade for full health in a generic TTO exercise in which they
valued their own general health.

The choice of indirect method
The validity of EQ‐5D and HUI‐3 among patients with DR was tested by
studying their empirical validity (paper II) as well as their construct validity
(paper III). The results on empirical validity showed that the EQ‐5D index did
independent of the classification not follow the hypothesized ordering and in
comparison to HUI‐3 was less sensitive to differences in HRQoL due to vision
impairment. This suggests that HUI‐3 captures DR‐related differences in
HRQoL that are not detected by EQ‐5D. This may be due to two reasons; that
HUI‐3 has a more sensitive questionnaire than EQ‐5D, or that the value set
used to score the HUI‐3 questionnaires gave more weight to the observed
differences between the severity levels than the value set used for EQ‐5D.
To get more insight into the causes of the differences in sensitivity between the
instruments, their construct validity of their descriptive systems was examined
by studying the HRQoL profiles of patients with DR estimated with each of
these methods, and comparing these profiles to those measured with NEI
VFQ‐25. The results from the profiles were also used to get a better
understanding of whether the differences in EQ‐5D and HUI‐3 index scores
between the different severity levels were likely to be due to DR or some other
co‐morbidity. This is especially important for a condition like DR, which
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correlates with many other diabetic complications. The results showed that,
except for pain and dexterity, the dimensions that were related to VI and DR
in this study were typical symptoms of sight‐threatening DR and were
supported by the results of NEI VFQ‐25. Thus, it seems that the differences
observed between the severity levels were mostly due to DR. In addition, the
results from the HRQoL profiles showed that the unexpected ordering seen in
the results from the EQ‐5D index in paper II was also present in the results
from the EQ‐5D dimensions in paper III. This indicates that it was the
descriptions of health collected from the patients and not the values of the
general public that created this unexpected result. A possible explanation is
that the patients with severe DR may have adapted to or “coped with” their
disease. Even though it might seem strange that this effect would only be
visible in the results of EQ‐5D, this has a logical explanation in the differences
in the descriptive systems of EQ‐5D and HUI‐3. Patients who have adapted to
their VI may not feel that they have problems with performing their usual
activities, as they have learned how to do these activities or adapted their
usual activities to better fit their own situation. Likewise, they may no longer
have anxiety or be depressed due to their VI. Conversely, when they are asked
in the HUI‐3 whether they can walk around the neighbourhood without help,
or are able to read a newspaper, it is likely that they will admit to having
problems with this. Thus, among this patient group, EQ‐5D may be more
sensitive to coping. One should, however, remember that the groups of
patients with moderate and severe DR are small and that this needs to be
confirmed in larger studies.
Analyses of construct validity should preferably be assessed on the
instruments’ unscored descriptions, since the descriptive ability may
otherwise be confused with the values that have been given to differences
between response levels by the general public (70). Though, while the analysis
from the EQ‐5D dimensions were made on the proportion of reported
problems in each dimension, the analysis of the HUI‐3 dimensions was based
on scores from VAS and SG ratings from the general public. This is how the
results from the dimensions of these instruments are usually presented. If the
value set of HUI‐3 gives the observed differences more value than if they had
been treated as ordinal data, this could have affected the sensitivity, though
there would still have had to be a difference between the severity levels in the
patients’ descriptions of health for any differences to be detected. In addition,
the value set for the single dimensions of HUI‐3 always gives lower scores for
“worse” response levels, which means that even if the analysis had been based
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on ordinal data, it would not have been possible for the HUI‐3 dimensions to
have presented an unexpected ordering of the results similar to that seen for
EQ‐5D. Therefore, the analysis of construct validity in this thesis is still
considered to give a valid indication of how these instruments perform among
patients with DR.
Taken together, the results from the two analyses of validity in this thesis
suggest that HUI‐3 is a more valid instrument than EQ‐5D for estimating
QALY weights among patients with DR. This conclusion is based on the
assumption that the most sensitive instrument is also the most valid, which
seems logical if one considers that the results are based on preferences. A
lower value for one response level compared to another means that the
general public has valued it as worse than the other; and if this is the case, it is
important to capture the difference between these two response levels. It
should be remembered however that the reasoning above assumes that the
value sets of the instruments are valid and comparable, which is something
that has not been investigated in this thesis. There are various differences
between the value sets that were used for EQ‐5D and HUI‐3, which may have
affected the results. First, the value set for EQ‐5D is based on TTO values
while the HUI‐3 value set is derived from a combination of SG and VAS. This
is important because these methods have been found to give different results
(53‐56). Secondly, the value set of HUI‐3 is based on values from the Canadian
population, while the value set of EQ‐5D represents values elicited from the
general public in the UK. Value sets from different countries have previously
been seen to differ (212) and it is not clear which of these two best represents
Swedish values. There is currently no Swedish value set for either EQ‐5D or
HUI‐3. Finally and perhaps most importantly, the relationship between the
sizes of the samples that were used to create the value sets and the number of
response combinations in the questionnaires varies considerably between the
indirect methods. For example, in HUI‐3, a sample of 504 individuals was
used to score 972 000 health states (63) while a sample of over 3300 British
individuals was used to score 243 health states (62). The individuals were of
course not asked to value all these health states; instead, a sample of health
states was valued and then statistical or algebraic models were used to create
values for all possible health states. In relation to the findings of the present
analyses, it would be of great interest to know if it is possible that the model of
HUI‐3 gives too much weight to visual problems, which could explain some of
the differences in the results from the different methods. This is however
beyond the scope of this thesis, and based on the results presented here, HUI‐3
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is recommended for use among patients with DR until this has been further
investigated.

The choice of time frame in the TTO method
As was seen in the review of previous literature on QALY weights in the
chapter describing the empirical context of this thesis, TTO was the most
commonly used direct method among patients with DR. However, the review
also showed that a specific TTO methodology seems to have developed within
this disease area and that most of the studies on patients with DR started by
asking the respondents how long they expected to live, and then used this
number as the time frame in the exercise. There has been little research into the
effects on QALY weights of using a TTO exercise based on a time frame
representing patients’ SLE instead of the more common approaches of ten
years or actuarial life expectancy. The few previous studies that have been
performed suggest that the respondents’ SLE does affect the results of TTO
exercises in which other time frames are used (91, 92). Since the only available
studies involved representatives of the general public valuing hypothetical
health states, the analysis of SLE in this thesis is the first attempt to investigate
if there is a similar effect among patients valuing their own current health.
The results show that the patients’ SLE does seem to affect their valuations.
When they expected to live longer than the time frame that was given to them
in the exercise, they were less willing to trade off years, while if they expected
to live for less time they were more willing to give up years. This means that if
one uses a time frame that is systematically longer or shorter than the patients’
SLE, the resulting TTO values may be biased. The effect of SLE on TTO
valuations also suggests that SLE may play a role in violations of the constant
proportional trade‐off assumption. If patients use their SLE as a reference
point for trade‐offs, this could lead to proportionally different trade‐offs in
TTO exercises based on different time frames. To give an example, an
individual expecting to live 30 additional years may in a 31‐year TTO question
trade 6 out of 31 years resulting in a QALY weight of 0.81 (25/31), but in a 29‐
year TTO question trade 4 out of 29 years resulting in a QALY weight of 0.86
(25/29). Consequently, there may be a need to adjust for respondents’ SLE
when investigating violations of the constant proportional trade‐off
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assumption due to other factors such as decreasing marginal utility, loss
aversion, and maximum endurable time.
The results show a (much) stronger relationship between SLE and TTO
valuations (in terms of higher positive or negative regression coefficients) than
the two previous studies among the general public. This difference may be
explained by differences in study design. For instance, in the previous studies
an open‐ended TTO question was applied directly asking for the respondents’
indifference point, rather than a choice procedure, ping‐ponging towards the
indifference point, as applied here. Nevertheless, the difference in magnitude
of the effect of SLE on TTO values was in line with my expectations.
Respondents valuing their own health may indeed have more difficulties in
detaching from their SLE than respondents valuing a hypothetical health state,
and hence the impact of SLE was expected to be larger than in the general
public.
It should be noted that it only was investigated if SLE has an effect on TTO
values elicited with a TTO time frame based on the actuarial life expectancy
and not on the widely adopted ten year time‐frame. Maybe, a time frame
based on actuarial life expectancy is more likely to trigger the respondents to
think about their SLE compared to a ten year TTO time‐frame since the
actuarial life expectancy in most cases is closer related to respondents’ real life
expectations. Although van Nooten et al. (92) have shown that the SLE of the
general public does affect ten year TTO values, future research is warranted to
determine whether this is also the case for a ten year TTO time frame used for
the self‐assessment of patients’ health.
If the results presented here are confirmed in other studies, then to prevent
valuations from being confounded by deviations from subjective expectations,
the coherent solution would be to apply respondents’ SLE as the TTO time
frame. In that case, TTO exercises should, as in the previous TTO studies
among patients with DR, start by asking the respondents how long they expect
to live. Since the effect of SLE on TTO values seems to be more pronounced
among patients, this may be especially relevant for patient valuations.
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CONCLUSIONS
This thesis offers new knowledge concerning three empirical aspects of
diabetic retinopathy (DR): prevalence, costs, and health‐related quality of life
(HRQoL). The estimates from these analyses can be used in economic
evaluations of interventions directed at DR and as benchmarks for future DR
research in order to follow up changes in diabetes care. The results show that
the choice of classification played an important role when studying different
health economic aspects of DR, particularly in the studies of QALY weights.
The studies also demonstrate the importance of adjusting for co‐morbidity to
isolate the pure effects of DR, and confirm that a failure to do this would lead
to an overestimation of the effects on costs and HRQoL attributable to the
progression of DR. The specific conclusions of the analyses of the empirical
aspects are:
 Approximately 40% and 30% of all patients with type I and type II
diabetes respectively have DR. This indicates that the prevalence of DR
has decreased among patients with type I as well as type II diabetes.
 Healthcare costs vary considerably between different severity levels of
the disease, and were estimated at €26, €257, €216, and €433 per patient
and year for background retinopathy (BR), proliferative diabetic
retinopathy (PDR), diabetic macular edema (DMO) and PDR combined
with DMO respectively. Blindness due to DR is associated with an
increased use of care‐giving services informal care, transportation
services and assistive technologies as well as productivity losses. This
suggests that preventing progression of DR may lower healthcare costs.
 Patients with vision impairment due to DR have lowered HRQoL in
various dimensions of both HUI‐3 (vision, ambulation, and pain) and
EQ‐5D (usual activities, mobility, and anxiety/depression). The
diagnosis of DR in itself has only a limited effect on HRQoL.
This thesis also offers deeper knowledge in two methodological research
questions concerning the performance of different methods for estimation of
QALY weights among patients with DR, and shows that the choice of method
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may have an impact on whether an intervention is considered cost‐effective.
The specific conclusions on the methodological aspects are:
 HUI‐3 is the most sensitive method for detecting differences in QALY
weights due to DR, and if decisions are to be made based on values
from the general public, it can be recommended for use in cost‐utility
analyses of interventions directed at DR. Neither of the direct methods
is sensitive to differences in visual function, and more research is
needed concerning the role of vision in people’s responses to TTO
exercises.
 In TTO exercises with time frames based on actuarial life expectancy,
the patients’ subjective life expectancy (SLE) has an effect on their
willingness to trade off years for full health. Thus, applying time
frames deviating from patients’ SLE may result in biased QALY
weights. Such bias may appear stronger within patient populations
than within the general public.
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APPENDIX A
Methods for the reviews on prevalence, costs
and QALY weights for patients with DR
Methods for the literature review on prevalence
The search was performed in PubMed. The search terms are presented in Box
1. The search was limited to studies performed in Sweden. The inclusion
criterion was that the prevalence estimates were based on a general diabetes
population and not on cohorts diagnosed with specific diabetes durations. In
total, 24 abstracts were identified in the first step. Of these, 17 were reviewed
in full text reading and 14 included in the final review.
Box 1: Search terms for studies concerning the prevalence of DR in Sweden
ʺDiabetic Retinopathyʺ[Mesh] AND ʺSwedenʺ[Mesh] AND
(ʺPrevalenceʺ[Mesh] OR ʺEpidemiologyʺ[Mesh] OR ʺCross‐Sectional
Studiesʺ[Mesh] OR ʺPrevalenceʺ[Title/Abstract]

Methods for the literature review on cost
To identify studies that have examined the costs related to DR, a literature
search was performed in PubMed using the search terms in Box 2. The search
identified 232 abstracts. Two additional studies that were found in the
literature but did not turn up in the search were also included. In the full text
reading, 37 studies were included. Of these, eight were included in the final
review. Studies from Asia, South America and the US were excluded from the
review since their health care systems were believed to be too different from
the Swedish health care system to give relevant cost estimates.
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Box 2: Search terms for European studies presenting cost of DR
ʺDiabetic Retinopathyʺ[Mesh] AND (ʺEconomicsʺ[Mesh] OR ʺCosts and Cost
Analysisʺ[Mesh] OR ʺCost of Illnessʺ[Mesh] OR ʺCost Savingsʺ[Mesh] OR
ʺHealth Care Costsʺ[Mesh] OR ʺDirect Service Costsʺ[Mesh] OR ʺHospital
Costsʺ[Mesh]

Methods for the literature review on QALY weights
To identify studies that have estimated QALY weights for patients with DR, a
literature search was performed in PubMed. The search terms can be found in
Box 3. From the search, 51 articles were identified. Eight additional articles
were identified through reference lists and complimentary searches. In total,
59 abstracts were red. Of these, 27 were included in the full text reading. Of
these, 22 articles were included in the review. The inclusion criteria were that
the full texts were available in English and that the article presented QALY
weights for DR from any of the instruments included in the search. Thus,
studies using SF‐36 were only included if they presented results from SF‐6D.
Box 3. Search terms for studies presenting QALY weights for DR
ʺDiabetic Retinopathyʺ[Title/Abstract] AND (ʺQuality‐Adjusted Life
Yearsʺ[Mesh] OR ʺquality adjusted lifeʺ[Title/Abstract] OR
ʺqaly*ʺ[Title/Abstract] OR ʺqald*ʺ[Title/Abstract] OR ʺqale*ʺ[Title/Abstract]
OR ʺqtime*ʺ[Title/Abstract] OR ʺdisability adjusted lifeʺ[Title/Abstract] OR
ʺdaly*ʺ[Title/Abstract] OR ʺsf 6ʺ[Title/Abstract] OR ʺsf6Dʺ[Title/Abstract] OR
ʺsf 6Dʺ[Title/Abstract] OR ʺshort form 6Dʺ[Title/Abstract] OR
ʺeuroqolʺ[Title/Abstract] OR ʺeuro qol*ʺ[Title/Abstract] OR
ʺeq5dʺ[Title/Abstract] OR ʺeq 5dʺ[Title/Abstract] OR ʺhqlʺ[Title/Abstract] OR
ʺhqolʺ[Title/Abstract] OR ʺh qolʺ[Title/Abstract] OR ʺhrqolʺ[Title/Abstract] OR
ʺhr qolʺ[Title/Abstract] OR ʺhyeʺ[Title/Abstract] OR ʺhyesʺ[Title/Abstract] OR
ʺutilit*ʺ[Title/Abstract] OR ʺhuiʺ[Title/Abstract] OR ʺhui2ʺ[Title/Abstract] OR
ʺhui3ʺ[Title/Abstract] OR ʺrosserʺ[Title/Abstract] OR ʺqwbʺ[Title/Abstract] OR
ʺstandard gambleʺ[Title/Abstract] OR ʺsgʺ[Title/Abstract] OR ʺtime trade
offʺ[Title/Abstract] OR ʺtime tradeoffʺ[Title/Abstract] OR ʺttoʺ[Title/Abstract]
OR “15D”[Title/Abstract] OR “15 D”[ Title/Abstract] OR “15‐D”[
Title/Abstract])
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APPENDIX B
The questions concerning direct nonhealthcare costs and indirect costs
As a last part of the interview I would also like to ask a few questions about
how your health state affects different parts of your daily life.
1. Have you during the last year been on sick leave or early retirement due
to diabetic retinopathy?
Yes
No
2. If yes, how many days during the last year have you been on sick leave
or early retirement due to diabetic retinopathy?

3. Have you during the last month used transportation service due to
diabetic retinopathy?
4.
Yes
No
5. If yes, how many times during the last month have you used
transportation services due to diabetic retinopathy?

6. Have you during the last month gotten help from a home instructor,
home help service or an accompanier due to diabetic retinopathy?
Yes
No
7. If yes, from which of these and how many hours have you during the
last month gotten help from any of these due to diabetic retinopathy?
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8. Are you using any type of assistive technology due to diabetic
retinopathy?
Yes
No

9. If yes, what assistive technologies are you using?

10. Have you during the last month received care or support from any of
your relatives due to diabetic retinopathy?
Yes
No
11. If yes, how many hours per month would you estimate that you have
received care or support from relatives due to diabetic retinopathy?
hours/month
12. If yes, how old is the person giving you care or support?
years old
13. If yes, has this relative shortened his or her hours of labour to be able to
give you care or support due to diabetic retinopathy and if so, with how
many hour per week?
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