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Abstract

Background: Health-related quality of life (HRQoL) is an essential outcome of health care, but there is no
gold standard of HRQoL measurement. We investigated the impact of major chronic conditions on
HRQoL using 15D and EQ-5D in a representative sample of Finns. Methods: Information on chronic
somatic conditions was obtained by interviews. Psychiatric disorders were diagnosed using a structured
interview (M-CIDI). Tobit and CLAD regression analysis was used to estimate the impact of conditions on
HRQoL at the individual and population level. Main results: Adjusted for other conditions and sociode-
mographic variables, Parkinson’s disease had the largest negative impact on HRQoL at the individual level,
followed by anxiety disorders, depressive disorders and arthrosis of the hip and knee. Based on prevalence,
arthrosis of the hip or knee, depression, back problems and urinary incontinence caused the greatest loss of
HRQoL at the population level. The results obtained with the two HRQoL measures differed markedly for
some conditions and the EQ-5D results also varied with the regression method used. Conclusions: Mus-
culoskeletal disorders are associated with largest losses of HRQoL in the Finnish population, followed by
psychiatric conditions. Different HRQoL measures may systematically emphasize different conditions.

Key words: Chronic conditions, Health surveys, Health utility, Quality of life, Quality-adjusted life years

Abbreviations: CLAD – Censored least absolute deviations; DSM-IV – Diagnostic and Statistical Manual
of Mental Disorders, 4th edition; HRQoL – Health-related quality of life; HUI – Health Utilities Index;
M-CIDI – Munich-Composite International Diagnostic Interview; QALY – Quality-adjusted life year;
YLD – Years lived with disability

Introduction

Health is an essential component of quality of life
[1]. The ethos of health care has changed from
paternalistic reduction of illness to improving the
well-being of autonomous individuals. Outcomes
of health care should therefore be measured mul-
tidimensionally and include the subjective experi-
ence of the patient. On the other hand, health
economists require generic single-dimensional

utility measures to compare the costs and benefits
of treating different diseases. Health-related qual-
ity of life (HRQoL) measurement aims to meet
these demands. Unfortunately, there is no gold
standard of HRQoL measurement.

The relative impacts of different diseases on
HRQoL are largely unknown despite the growing
number of studies conducted on the subject.
Differences in methodology have resulted in
greatly varying estimates for specific conditions [2].
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HRQoL studies are generally conducted in clinical
settings and most HRQoL surveys do not
accurately diagnose psychiatric disorders, use
utility-based measures or thoroughly consider
comorbidity. The aim of this study was to over-
come these shortcomings and investigate the
impact of a wide range of chronic conditions,
including reliably diagnosed psychiatric disorders,
on HRQoL in the Finnish general population. We
used two established, generic, utility-based
HRQoL instruments, the EQ-5D and the 15D.
The reported population HRQoL values and
health dysutilities associated with common chronic
conditions and socioeconomic factors can be
used as a reference for average HRQoL scores of
different groups. These may be used, for example,
to gauge the extent to which populations in
condition-specific cost-effectiveness studies [3] or
quality-improvement programmes are comparable
to national averages. They are also useful in public
health decision making for estimating how many
QALYs could be saved by eliminating chronic
conditions.

Methods

Survey design

The study was based on Health 2000, a compre-
hensive survey representing the Finnish population
aged 30 and over. The survey had a two-stage,
stratified cluster sampling design. In addition to
the 15 largest towns in Finland, 65 health care
districts were sampled as clusters by using the
probability proportional to population size sam-
pling method. From these 80 areas, a systematic
sample of 8028 individuals aged 30 years and over
was drawn by the Social Insurance Institution,
with double-sampling of people over 80 years of
age. Data were collected between August 2000 and
July 2001. The study was approved by the ethics
committee of the National Public Health Institute.
Written informed consent was obtained. [4]

Sociodemographic factors and chronic conditions

Data on sociodemographics and somatic diseases
were collected using structured interviews at home
(or institution). Education was classified as basic,

secondary or higher. Family income, adjusted for
family size [5], was divided into quintiles.

Participants were asked whether they had ever
been diagnosed by a physician with any of 43
specified diseases and conditions. If they answered
yes, additional questions about time of diagnosis,
treatments, visits to a physician and condition-
specific issues were asked. Twenty-five somatic
conditions were included in the current study,
based on their public health importance, chronic
nature and the reliability of self-report diagnostic
classification. Problems with back or neck and
disturbing allergy were considered only if the
participant had visited a doctor for this condition
during the past 12 months. Among cataract only
unoperated cataract was considered.

After the home interview, participants were
invited to a comprehensive health examination.
This included assessment of 12-month prevalence
of depressive, anxiety or alcohol use disorders [6]
with the Munich version of the composite inter-
national diagnostic interview (M-CIDI) [7],
using DSM-IV [8] criteria. The interview lasted
23 min on average [6]. Self-reported psychosis or
probable psychotic disorder identified by the
physician at the health examination was classified
as psychosis.

HRQoL measurement: EQ-5D and 15D

The EQ-5D [9–11] includes five dimensions:
mobility, self-care, usual activities, pain or dis-
comfort, and anxiety or depression. These are each
divided into three categories of severity corre-
sponding to no, moderate or extreme problems.
The EQ-5D thereby defines 243 different health
states that can be converted into a single index
score representing health utilities, using ‘‘tariffs’’
based on different valuation methods. We used the
most commonly used tariff, the UK time-trade-off
(TTO) values elicited from a sample of 3395 UK
residents [12–14]. The EQ-5D TTO-index values
range from 1 (full health) to )0.59 (0 = being
dead). The EQ-5D is among the most evaluated of
HRQoL measures [15]. Participants were given a
questionnaire including the EQ-5D after the
home interview to complete by themselves. Only
respondents fully completing the questionnaire
were included in the analysis.
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The 15D includes 15 dimensions:mobility, vision,
hearing, breathing, sleeping, eating, speech, elimi-
nation, usual activities, mental function, discomfort
and symptoms, depression, distress, vitality, and
sexual activity [16–18]. Each dimension has five
grades of severity, so the 15D defines a vast number
of health states. The 15D can be used as a single
index score measure or as a profile. In calculating
the 15D utility index, valuations elicited from the
Finnish population using the multi-attribute utility
method, based on a combination of rating scale and
magnitude estimation, in a sample of 2500 persons
were used [17]. The 15D values range between 1 (full
health) and 0 (dead). The 15D compares favourably
with similar instruments in most of the important
properties [16–20]. The EQ-5D and the 15D have
been compared in a few studies, and demonstrated
good test–retest reliability and construct validity
[19, 20]. At the health examination the participants
were given a questionnaire including the 15D for
self-administration, to be returned later by mail.
Reminders were sent to non-respondents. Subjects
with 12 or more completed 15D dimensions were
included, and missing values were predicted with
linear regression analysis using the other 15D
dimensions, with age and sex as independent vari-
ables [16].

Statistical analyses

Both HRQoL measures had a ceiling effect: 47
percent of respondents (38% of those who reported
the presence of any chronic conditions) scored full
health on the EQ-5D and 15% (10%) on the 15D.
The true variation in HRQoL among those scoring
full health is not captured by the measures, i.e. the
scores are censored. In other words, we assume that
the true HRQoL of those reporting conditions and
scoring full HRQoL would improve if the condi-
tions were cured. Because of this censoring causing
a highly skewed distribution, we used the Tobit
model (multiple regression for censored data) to
estimate the impact of each of the reported condi-
tions on HRQoL [21, 22]. We controlled for the
effect of age, sex, income, education, marital status
and other chronic conditions. We report the mar-
ginal effects of the different conditions and back-
ground variables for the expected value of the
HRQoL score, evaluated at the means of the
explanatory variables [23].

The choice of appropriate methods of analysis of
censored HRQoL scores has been debated over
recent years [3, 22, 24–27]. The use of OLS ignores
the censored nature of the data and produces
biased estimates. The magnitude of this bias is
proportional to the censoring rate, i.e. in an ideal
model the bias for a 50% censoring rate is 50% [22].
The Tobit model is a maximum-likelihood method
which produces correct estimates also in the pres-
ence of censoring, if the error terms are normally
distributed with uniform variance [28]. We per-
formed several specification tests to check the
applicability of the Tobit model. We applied the
survey version of the Tobit regression model
implemented in the svyintreg procedure of Stata.
We also applied the QLIM procedure of the SAS
System, in which a model for heteroscedasticity can
be incorporated and tested. However, the draw-
back of this procedure is that the sampling design
cannot be accounted for. We tested the normality
of the Tobit model using Ruud’s [29] conservative
[30] test. If the normality assumptions are violated,
quantile regression methods (e.g. Censored least
absolute deviations (CLAD) regression) have been
proposed as a robust alternative [24]. Quantile
regression methods are based on minimizing least
absolute deviations, whereas standard regression
models are based on minimizing least squares [24,
31]. CLAD and Tobit estimates have been shown to
differ in a sample of diabetes patients using the EQ-
5D UK TTO index [25]. We used the CLAD model
implemented as a Stata user-written macro, which
can analyse clustered data and incorporate
weights. As far as we know, none of the current
statistical packages allows for estimating CLAD
and accounting for complex two-stage sampling
designs. In addition, to check that the differences
between the EQ-5D and the 15D results were not
due to differences underlying the valuation tariffs
used, we also analysed the data using Finnish
visual analogue scale valuations for the EQ-5D
[32]. Analyses were conducted on the largest
possible number of participants. All analyses
except the CLAD regressions accounted for the
two-stage sampling design, for stratification, for
oversampling of people over 80 and for non-
participation using post-stratification weights
with the design-based survey procedures of STATA
8.2 [33]. CLAD regressions accounted for post-
stratification weights and clustering but not for
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stratification. Tobit-analyses use generalized esti-
mating equations and Taylor-series linearization to
adjust the variance estimates to the sampling de-
sign. CLAD analyses use two-stage bootstrapping,
in which the sampling design was accounted for by
sampling the primary sampling units in the first
stage and individuals in the second stage.

The HRQoL loss in the population due to a
condition was estimated by multiplying the mar-
ginal effect by the prevalence of that condition.
This represents the annual loss of quality-adjusted
life years (QALYs) associated with the condition,
without considering the possible condition-related
mortality. The results are reported as annual
QALY loss per thousand persons. The standard
errors and confidence intervals of the prevalence-
adjusted marginal effects were calculated using the
delta-method [34].

Results

Respondents

The response rate for the HRQoL questionnaires
was 83%, with 6681 of participants (mean age
52.6 years) completing either 15D or EQ-5D.
Seventy-seven percent completed 15D (52.5 years)
and 77% EQ-5D (52.3 years). Non-respondents
were significantly older (58.8 years, p<0.001). The
EQ-5D was completed approximately 1 month
before the 15D.

Prevalence of disorders and comorbidity

Seventy-six percent of subjects had chronic con-
ditions: 21% had only one condition, 20% two,
13% three, and 22% had four or more conditions.
Hypertension was the most common condition,
followed by loss of hearing and permanent dis-
ability caused by accident (Table 1).

Any cardiovascular disorder was reported by
33% of respondents, any musculoskeletal problem
by 31%, and any hearing problem by 23%. A
psychiatric disorder was diagnosed in 11%.

Impact of conditions and sociodemographic factors
on HRQoL

HRQoL decreased and comorbidity increased with
age. People with Parkinson’s disease, heart failure,

macular degeneration and stroke reported the
lowest HRQoL scores on both measures (Table 1).

In the full model including sociodemographic
factors and all chronic conditions, HRQoL scores
decreased with age and increased with education
and income (Table 2). Male sex was associated
with higher HRQoL on EQ-5D. Marital status did
not influence HRQoL. Parkinson’s disease was
still the most disabling condition on both mea-
sures. Next came anxiety disorders and arthrosis
of the hip and knee and depressive disorders on
EQ-5D, and depressive disorders, psychosis and
anxiety disorders on 15D (Figure 1).

Most conditions explained significantly (p<0.05)
the variation in HRQoL even after controlling for
all other conditions and sociodemographic vari-
ables (Table 2). The effects of cancer, inflammatory
bowel disease, unoperated cataract, glaucoma and
psoriasis were not statistically significant. The
effects of asthma, coronary heart disease and
hearing loss were statistically significant only on
15D. Our regression models incorporating the
sociodemographic variables and chronic conditions
explained around 40% of the variance of HRQoL.

When considering the prevalence of conditions
combined with their HRQoL impact, i.e. the an-
nual QALY loss associated with each condition,
arthrosis of the hip and knee were clear leaders on
EQ-5D. Next, with practically equal impact, came
other arthrosis, back problems, depression and
disabilities caused by accidents. On 15D the largest
QALY losses were associated with depression,
urinary incontinence and arthrosis of hip or knee.
When conditions were grouped and QALY losses
added up, musculoskeletal conditions caused 22
and 39% and psychiatric disorders 20 and 17% of
the total annual QALY loss attributed to chronic
conditions, as measured with 15D and EQ-5D,
respectively.

Comparison of EQ-5D and 15D

The mean EQ-5D score was 0.835 (95% confi-
dence interval 0.830, 0.840) and mean 15D score
0.910 (0.907, 0.913). Age-attributed HRQoL de-
creases were approximately twice as great on EQ-
5D compared to 15D. These differences can be
explained at least partly by the fact that no one can
have a value between 1 and 0.88 on EQ-5D, and by
the longer scale of EQ-5D.
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EQ-5D was less sensitive than 15D in finding
statistically significant relationships between con-
ditions and HRQoL. EQ-5D was also less sensitive
than 15D in detecting deviations from full health,
with 47% of survey participants reporting full
HRQoL on EQ-5D, contrasting with 15% on 15D.

The results obtained with the two instruments
are compared in Tables 2, 3 and Figure 1. The
Spearman rank correlation coefficient was 0.81
when comparing the 15D and the EQ-5D Tobit
results and 0.77 when comparison of the CLAD
results. The rank order by the two measures

Table 1. Demographic and clinical characteristics of participants, HRQoL values and proportion reporting perfect HRQoL by

different sociodemographic factors and conditions

Group Prevalence,

%

Proportion

women, %

Age,

mean

Proportion

with only one

disease, %

No. of

conditions,

mean

15D

mean

(SE)

EQ-5D

mean

(SE)

15D

full,

%b

EQ-5D

full, %b

All respondents 53 53 24a 2.1 0.910 (0.001) 0.835 (0.003) 15 47

Male 47 51 26a 1.9 0.915 (0.002) 0.854 (0.004) 17 52

Female 53 54 23a 2.2 0.905 (0.002) 0.818 (0.004) 13 43

30–44 32 49 37 41a 1.1 0.949 (0.001) 0.911 (0.003) 23 65

45–54 26 48 49 26a 1.7 0.926 (0.002) 0.870 (0.005) 15 53

55–64 18 53 59 13a 2.5 0.900 (0.003) 0.816 (0.006) 10 38

65–74 13 55 69 7a 3.2 0.873 (0.003) 0.776 (0.008) 8 29

75–84 8 67 78 5a 4.0 0.807 (0.006) 0.633 (0.014) 1 15

85– 3 75 88 5a 4.0 0.708 (0.012) 0.446 (0.024) 2 5

Cancer 4.9 70 66 12 4.0 0.855 (0.007) 0.741 (0.015) 7 29

Diabetes 5.9 53 64 8 4.6 0.833 (0.007) 0.668 (0.016) 6 21

Alcohol use disorders 4.2 18 45 22 2.9 0.893 (0.006) 0.826 (0.013) 10 42

Anxiety disorders 4.2 59 49 6 3.9 0.829 (0.007) 0.682 (0.017) 2 18

Depressive disorders 6.5 66 49 13 3.5 0.841 (0.005) 0.730 (0.014) 2 24

Psychosis 1.3 61 51 24 3.0 0.829 (0.013) 0.717 (0.030) 1 24

Migraine 7.6 76 51 20 3.3 0.903 (0.004) 0.813 (0.008) 8 37

Parkinson’s disease 0.5 46 72 8 4.7 0.748 (0.036) 0.440 (0.068) 5 6

Cataract 3.3 73 72 5 5.0 0.827 (0.009) 0.678 (0.018) 3 16

Glaucoma 3.1 74 69 8 4.7 0.837 (0.009) 0.699 (0.021) 4 22

Macular degeneration 3.3 66 71 3 5.4 0.798 (0.007) 0.628 (0.018) 5 11

Loss of hearing 16.0 41 61 10 3.9 0.872 (0.004) 0.772 (0.008) 8 33

Tinnitus 12.0 43 60 10 4.2 0.867 (0.004) 0.762 (0.008) 7 27

Heart failure 4.5 63 73 2 5.5 0.773 (0.007) 0.585 (0.017) 1 8

Coronary heart disease 8.3 47 70 4 4.8 0.821 (0.005) 0.684 (0.012) 2 18

Hypertension 30.9 53 59 17 3.4 0.884 (0.003) 0.789 (0.005) 9 34

Stroke 2.8 48 70 4 4.8 0.801 (0.009) 0.587 (0.023) 4 12

Asthma 8.8 62 57 11 4.1 0.864 (0.005) 0.766 (0.011) 7 33

Chronic obstructive

pulmonary disease

5.9 51 60 6 4.5 0.843 (0.007) 0.737 (0.013) 5 25

Inflammatory

bowel disease

2.2 64 58 12 4.3 0.868 (0.009) 0.742 (0.023) 4 30

Psoriasis 2.3 42 54 19 3.5 0.888 (0.010) 0.796 (0.019) 11 38

Arthrosis of

hip or knee

12.6 60 64 9 4.1 0.844 (0.005) 0.675 (0.008) 4 13

Back problems 7.5 54 52 16 3.6 0.874 (0.005) 0.738 (0.011) 5 22

Neck problems 5.1 67 53 13 4.0 0.879 (0.005) 0.756 (0.013) 5 23

Other arthrosis 8.9 60 60 10 3.8 0.873 (0.004) 0.758 (0.009) 3 21

Rheumatoid arthritis 3.2 66 65 7 4.8 0.831 (0.008) 0.636 (0.017) 5 9

Urinary incontinence 13.0 77 64 7 4.3 0.835 (0.004) 0.693 (0.010) 2 20

Disturbing allergy 5.1 65 49 15 3.5 0.894 (0.005) 0.807 (0.012) 10 39

Disability caused

by accident

13.5 36 57 17 3.7 0.872 (0.004) 0.755 (0.008) 8 30

a% with no diseases for sex, age and all respondents.
b% of respondents reporting no problems on any HRQoL dimension, thus scoring 1.
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differed markedly for some conditions. EQ-5D
ranked all musculoskeletal disorders as more se-
vere than 15D, and asthma, urinary incontinence,

heart failure, psychosis, COPD and macular
degeneration as less severe. As extreme examples,
15D estimated individual HRQoL loss due to

Table 2. HRQoL loss associated with conditions (standard error) and annual loss of quality adjusted life years (QALY) attributed

to condition-related morbidity per 1000 people (standard error), measured by 15D and EQ-5D

15D (SE) EQ-5D (SE) QALY loss

on 15D (SE)

QALY loss on

EQ-5D (SE)

Age 45–54a )0.012 (0.002)* )0.022 (0.007)*

55–64a )0.022 (0.003)* )0.052 (0.008)*

65–74a )0.026 (0.004)* )0.043 (0.010)*

75–84a )0.061 (0.006)* )0.077 (0.013)*

85–a )0.113 (0.014)* )0.200 (0.030)*

Married or cohabiting 0.000 (0.002) 0.000 (0.005)

Income. quintile 2b 0.007 (0.003)** 0.016 (0.006)**

Income. quintile 3b 0.016 (0.003)* 0.025 (0.006)*

Income. quintile 4b 0.017 (0.003)* 0.035 (0.006)*

Income. quintile 5b 0.021 (0.003)* 0.046 (0.006)*

Education, middlec 0.007 (0.003)* 0.011 (0.006)**

Education, higherc 0.007 (0.003)** 0.041 (0.006)*

Male sex )0.002 (0.002) 0.011 (0.005)**

Cancer )0.018 (0.006) )0.018 (0.011) )0.87 (0.29) )0.87 (0.56)

Diabetes )0.021 (0.005)* )0.041 (0.012)* )1.26 (0.32) )2.41 (0.73)

Alcohol use disorder )0.028 (0.005)* )0.042 (0.012)* )1.16 (0.23) )1.77 (0.50)

Anxiety disorder )0.051 (0.006)* )0.114 (0.015)* )2.17 (0.28) )4.83 (0.71)

Depressive disorder )0.060 (0.004)* )0.091 (0.012)* )3.85 (0.35) )5.86 (0.81)

Psychosis )0.055 (0.011)* )0.060 (0.026)** )0.73 (0.17) )0.79 (0.35)

Migraine )0.006 (0.003)** )0.022 (0.008)* )0.44 (0.22) )1.68 (0.62)

Parkinson’s disease )0.070 (0.021)* )0.143 (0.053)* )0.32 (0.11) )0.66 (0.27)

Cataract )0.004 (0.006) )0.009 (0.011) )0.14 (0.20) )0.30 (0.38)

Glaucoma )0.005 (0.006) )0.005 (0.012) )0.14 (0.19) )0.16 (0.36)

Macular degeneration )0.033 (0.007)* )0.048 (0.013)* )1.12 (0.24) )1.61 (0.46)

Loss of hearing )0.008 (0.003)* )0.004 (0.006) )1.25 (0.46) )0.70 (0.89)

Tinnitus )0.014 (0.003)* )0.030 (0.006)* )1.66 (0.39) )3.56 (0.78)

Heart failure )0.032 (0.006)* )0.044 (0.013)** )1.43 (0.30) )2.01 (0.61)

Coronary heart disease )0.017 (0.004)* )0.011 (0.009) )1.38 (0.37) )0.88 (0.73)

Hypertension )0.007 (0.002)* )0.012 (0.005)* )2.25 (0.71) )3.67 (1.49)

Stroke )0.032 (0.007)* )0.090 (0.020)* )0.90 (0.21) )2.52 (0.59)

Asthma )0.019 (0.003)* )0.008 (0.008) )1.71 (0.31) )0.69 (0.69)

Chronic obstructive pulmonary disease )0.025 (0.005)* )0.028 (0.012)** )1.49 (0.32) )1.64 (0.69)

Inflammatory bowel disease )0.012 (0.006) )0.021 (0.016) )0.25 (0.13) )0.45 (0.34)

Psoriasis )0.008 (0.006) )0.022 (0.015) )0.19 (0.14) )0.49 (0.34)

Arthrosis of hip or knee )0.028 (0.004)* )0.101 (0.007)* )3.55 (0.49) )12.80 (0.96)

Back problems )0.026 (0.004)* )0.079 (0.009)* )1.98 (0.31) )5.89 (0.74)

Neck problems )0.017 (0.004)* )0.059 (0.010)* )0.86 (0.22) )2.98 (0.53)

Other arthrosis )0.019 (0.004)* )0.067 (0.008)* )1.70 (0.33) )5.98 (0.77)

Rheumatoid arthritis )0.025 (0.007)* )0.083 (0.013)* )0.81 (0.25) )2.69 (0.46)

Urinary incontinence )0.029 (0.003)* )0.029 (0.006)* )3.80 (0.44) )3.74 (0.83)

Disturbing allergy )0.011 (0.004)** )0.023 (0.011)** )0.55 (0.23) )1.18 (0.56)

Disability caused by accident )0.019 (0.003)* )0.042 (0.007)* )2.59 (0.44) )5.72 (0.92)

E(y*| y<1) 0.917 0.885

*p<0.01; **p<0.05.
aComparison group age 30–45.
bComparison group quintile 1.
cComparison group basic education.
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asthma as over two times greater than EQ-5D,
while EQ-5D estimated individual HRQoL loss
due to arthrosis of hip or knee as almost four times
greater than 15D. In other words, according to
EQ-5D the effect of arthrosis of hip or knee on
HRQoL was 13 times larger than that of asthma,
whereas the disparity was only 1.5-fold according
to 15D. This is also reflected in the raw scores,
where the difference between asthma and arthrosis
of the hip or knee was 0.02 on 15D and 0.09 on
EQ-5D. The general differences between the mea-
sures persisted (and the disparity between arthrosis
and asthma increased) when the CLAD model was
used, although there were some changes in the
order of severity (Table 3). The differences be-
tween 15D and EQ-5D results remained almost
identical when the Finnish VAS-based valuations
for the EQ-5D were used.

Statistical testing of the models

We found significant heteroscedasticity of the
residual variance, but when we compared the
regression coefficients of the homoscedastic Tobit
model to the heteroscedastic Tobit model (proce-
dure QLIM of SAS) using the Wald test, no dif-
ference was found (p=0.98). Ruud’s test suggested
that the assumption of normality in the Tobit
model was satisfied in neither the model for 15D
nor EQ-5D. When compared to the CLAD model,
the differences in the regression coefficients were
significant. The regression coefficients of the Tobit
and CLAD models presented in Table 3 show that
the CLAD model was statistically less efficient,
resulting in larger standard errors. The Tobit and
CLAD estimates were much closer to each other
for 15D than EQ-5D: for 15D, no differences in

Table 3. Beta-coefficients estimated with Tobit and CLAD regression models (standard errors)

Tobit 15D (SE) CLAD 15D (SE) Tobit EQ-5D (SE) CLAD EQ-5D (SE)

Cancer )0.020 (0.006) )0.018 (0.007) )0.030 (0.019) )0.021 (0.025)

Diabetes )0.024 (0.006) )0.028 (0.008) )0.068 (0.019) )0.051 (0.023)

Alcohol use disorder )0.031 (0.006) )0.028 (0.007) )0.069 (0.018) )0.016 (0.022)

Anxiety disorder )0.056 (0.006) )0.051 (0.010) )0.169 (0.019) )0.120 (0.024)

Depressive disorder )0.065 (0.005) )0.057 (0.007) )0.139 (0.016) )0.092 (0.023)

Psychosis )0.060 (0.012) )0.043 (0.024) )0.095 (0.036) )0.073 (0.040)

Migraine )0.007 (0.003) )0.007 (0.004) )0.038 (0.013) )0.014 (0.017)

Parkinson’s disease )0.076 (0.021) )0.105 (0.039) )0.201 (0.063) )0.170 (0.124)

Cataract )0.005 (0.007) )0.010 (0.011) )0.016 (0.020) )0.011 (0.022)

Glaucoma )0.005 (0.007) )0.006 (0.010) )0.009 (0.020) )0.005 (0.028)

Macular degeneration )0.037 (0.007) )0.044 (0.011) )0.076 (0.020) )0.037 (0.028)

Loss of hearing )0.009 (0.003) )0.010 (0.004) )0.008 (0.010) 0.000 (0.006)

Tinnitus )0.016 (0.004) )0.018 (0.005) )0.050 (0.010) )0.029 (0.015)

Heart failure )0.036 (0.007) )0.044 (0.013) )0.072 (0.020) )0.062 (0.025)

Coronary heart disease )0.019 (0.005) )0.022 (0.007) )0.019 (0.015) )0.031 (0.018)

Hypertension )0.009 (0.003) )0.004 (0.003) )0.021 (0.008) 0.000 (0.007)

Stroke )0.036 (0.008) )0.033 (0.014) )0.137 (0.027) )0.070 (0.025)

Asthma )0.022 (0.004) )0.015 (0.006) )0.015 (0.014) 0.000 (0.008)

Chronic obstructive pulmonary disease )0.029 (0.006) )0.024 (0.010) )0.047 (0.019) )0.041 (0.024)

Inflammatory bowel disease )0.013 (0.007) )0.011 (0.010) )0.036 (0.025) )0.003 (0.022)

Psoriasis )0.009 (0.007) )0.007 (0.008) )0.038 (0.024) 0.000 (0.023)

Arthrosis of hip or knee )0.032 (0.004) )0.027 (0.006) )0.155 (0.010) )0.133 (0.017)

Back problems )0.030 (0.004) )0.025 (0.005) )0.122 (0.013) )0.093 (0.015)

Neck problems )0.020 (0.005) )0.016 (0.006) )0.094 (0.015) )0.070 (0.021)

Other arthrosis )0.022 (0.004) )0.018 (0.006) )0.107 (0.012) )0.114 (0.016)

Rheumatoid arthritis )0.029 (0.008) )0.029 (0.013) )0.127 (0.018) )0.103 (0.023)

Urinary incontinence )0.033 (0.003) )0.030 (0.006) )0.049 (0.010) )0.052 (0.015)

Disturbing allergy )0.013 (0.005) )0.008 (0.006) )0.040 (0.018) 0.000 (0.012)

Disability caused by accident )0.022 (0.004) )0.017 (0.004) )0.070 (0.011) )0.043 (0.016)

Constant 0.964 (0.004) 0.968 (0.005) 1.042 (0.015) 0.965 (0.020)

Pseudo R2 0.409 0.233 0.391 0.305
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the regression coefficient estimates exceeded the
minimal clinically important change of 0.03 and all
the CLAD estimates were within the 95% confi-
dence intervals of the Tobit estimates. This might
suggest that the mean and the median are close to
each others for the 15D and that the skewness of

the distribution of the error terms is small. Also
the heteroskedasticity did not seem to alter the
results of the 15D significantly. Comparing the
rank correlation of Tobit and CLAD models with
Spearman’s rho showed high correlation for both
measures: 0.95 for the 15D and 0.90 for EQ-5D.

Figure 1. HRQoL loss by condition and annual QALY loss per 1000 people, sorted by condition severity on 15D, with 95%

confidence intervals.
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Discussion

We conducted a study to estimate the relative
effects of 29 chronic conditions on HRQoL in the
Finnish population aged 30 and over. We used
two established, generic, utility-based HRQoL
measures, EQ-5D and 15D. People with Parkin-
son’s disease, heart failure and macular degener-
ation reported the lowest HRQoL scores. When
sociodemographic factors and other conditions
were controlled for, Parkinson’s disease, anxiety
disorders, depressive disorders, arthrosis of the
hip and knee, and psychosis had the largest neg-
ative impact on HRQoL. Musculoskeletal and
psychiatric disorders had the largest negative
impact on HRQoL at the population level
(annual QALY loss due to morbidity). With the
exception of asthma, cancer, coronary heart dis-
ease, loss of hearing and urinary incontinence,
EQ-5D estimated the impact of chronic condi-
tions on HRQoL as greater than the 15D. In
terms of the rank order of condition severity,
EQ-5D estimated a greater impact than 15D on
HRQoL of musculoskeletal disorders, and a lesser
impact of lung diseases, psychosis and urinary
incontinence.

Study strengths and weaknesses

The most important strength of our study is that it
estimated the burden of the major chronic condi-
tions as they occur in the population. This can also
be seen as a limitation, as the results reflect the
public health situation in Finland. To our knowl-
edge, this is the first survey to include reliably
diagnosed psychiatric conditions and two different
utility-based HRQoL measures. Alzheimer’s dis-
ease, previously found to greatly impact HRQoL
[35], was not included, as it can neither be reliably
diagnosed nor the impact of its HRQoL reliably
estimated using self-report.

The use of two HRQoL measures permitted a
more valid estimation of HRQoL loss due to dif-
ferent diseases, as well as a comparison of the
measures. This is essential because, as our study
shows, different HRQoL measures can produce
different results. Due to the large ceiling effect of
the EQ-5D and the 1-month delay between the
15D and the EQ-5D questionnaires we did not
conduct any formal comparisons.

An important theoretical problem in the use of
preference-based measures is the cross-national
applicability of the results. If the valuations used
to form the HRQoL scores differ significantly be-
tween countries, they accurately reflect only the
preferences of the country where they were elicited.
This could confound the comparison between the
15D and the EQ-5D. However, the Finnish valu-
ations have been compared to those in USA [36],
UK and other European countries [37], with only
minor differences being found. In addition, further
analysis of the data using the Finnish VAS-based
valuation algorithm for the EQ-5D produced no
significant change in the differences between the
15D and the EQ-5D results.

Our study used oversampling of old people and
had a very high response rate for such a complex
and burdensome survey. However, as in most
surveys, the people most ill were less likely to
participate, leading to underestimation of HRQoL
loss in the population. Prevalence of somatic
conditions is also likely to be an underestimation
due to self-report methodology. There was a
1-month difference between the administration of
the EQ-5D and the 15D. However, as the data
collection phase lasted for a year, bias from sea-
sonal or epidemic effects is unlikely.

The statistical analysis of both HRQoL mea-
sures is complex because they do not satisfy the
distributional assumptions required by traditional
OLS or Tobit regression models. The finding that
use of different statistical methods had a much
smaller effect on the 15D than on the EQ-5D re-
sults was expected [25], as the 15D has a lower
censoring rate and more evenly distributed scores.
Another possible reason for the disparity in results
when using different regression techniques is that
outliers have much more influence in the Tobit
model (minimizing least squares) than in the
CLAD model (minimizing least absolute devia-
tions). Overall, it appears that whereas the choice
of regression methods between OLS, Tobit or
CLAD has rather little significance for the 15D,
this is not the case for the EQ-5D. Thus our results
suggest that the theoretical point of preferring
CLAD to OLS and Tobit might also have prac-
tical importance. Using Tobit or OLS for analy-
sing the EQ-5D on general population samples, as
done also in many previous studies, might result in
biased estimates. The Tobit estimates we present
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for the EQ-5D should also be interpreted with this
limitation in mind. However, the differences in
results between the 15D and the EQ-5D hardly
arise from statistical factors, as they are observable
in the raw scores and also persist when the CLAD
estimator is used.

CLAD estimates the effects of explanatory
variables on the median of HRQoL, whereas Tobit
estimates the effects on the mean. The estimates
are the same, if the errors are normally distributed.
The use of the median is problematic in the context
of QALYs at the group level, because traditionally
the average number of QALYs reflects the QALY
gain or loss of each individual. It is not clear how
the marginal effects for CLAD should be inter-
preted in the QALY context. Thus, for estimating
group-level QALYs, methods that estimate the
changes of the mean (such as Tobit) are arguably
more appropriate than methods estimating the
change of the median (such as CLAD). On the
other hand, when errors are not normal (and
the mean and the median may differ) CLAD
should produce consistent estimates. The skewed
distribution of HRQoL scores, however, makes
it uncertain whether the mean or the median
best reflects the individual-level QALY gains or
losses. We have provided both Tobit and CLAD
estimates.

A general limitation of our statistical analyses
is that we estimated the individual, additive
contribution of each condition on HRQoL. Non-
additive interactions between variables are
possible. The possible interactions between con-
ditions are, however, too numerous to be investi-
gated in detail. For example, the first-order
interactions of the 29 chronic diseases would
increase the number of parameters by 406. In
addition, standard methods for estimating
marginal effects are applicable only if the model
does not contain interaction terms.

Comparison with previous studies

Our EQ-5D index values were comparable to those
reported previously for the UK population [12,
38]. The oldest age groups reported worse scores in
our study, possibly because we included institu-
tionalized people. Few comprehensive surveys
have compared the relative HRQoL impact of
several chronic conditions using utility-based

HRQoL measures (EQ-5D, 15D, Quality of Well-
being Index (QWB), Health Utilities Index (HUI),
Assessment of Quality of Life (AQoL), or SF-6D)
[35 39–46]. A general finding of these studies is
that comorbidity is very common, and that com-
orbidity, age and low social class decrease
HRQoL. In most studies these effects remain sig-
nificant, although they decrease in magnitude after
controlling for other factors. Measured with the
EQ-5D in two Swedish studies, the conditions with
the largest age-adjusted HRQoL loss were
depression, stroke and low-back pain [41], and
mental distress, low back pain and neck/shoulder
pain [42]. Two U.S. studies using the EQ-5D,
ranked senility and organic mental disorders,
rheumatoid arthritis and affective disorders [3],
and emphysema, heart disease and stroke [46] as
having the greatest age-adjusted HRQoL impact.
A Canadian study using the HUI found the
greatest losses associated with Alzheimer’s disease,
stroke and urinary incontinence [35], while the
largest age-adjusted decrease in QWB scores in a
U.S. sample were observed in persons reporting
heart failure, myocardial infarction and depression
[45]. These studies either did not include a struc-
tured psychiatric interview but relied on self report
[41], or used a measure of psychiatric distress [42],
or depression screening questions [39, 40, 44].
However, the substantial impact of psychiatric
disorders, particularly depression, was evident
even when these crude measures were used. In
addition to population surveys, hundreds of other
HRQoL studies have been done using greatly
varying methodologies. Differences in study pop-
ulations, HRQoL measurement instruments and
statistical analysis have yielded widely varying
estimates for single conditions [2].

Our study could also be compared to studies
using a related methodology, namely those mea-
suring years lived with disability (YLD) [47]. In
these studies, universal disability weights for each
disorder are estimated by medical experts and
combined with prevalence estimates, whereas our
study used utility values derived from the general
population combined with measurements of actual
disability in the population with different condi-
tions. WHO has estimated that over 20% of all
YLD globally can be attributed to psychiatric
conditions [48]. A Dutch study involving 48 con-
ditions listed the six largest causes of YLD as
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anxiety disorders, visual impairments, alcohol
dependence, depression, chronic lung diseases and
hearing impairments [49]. Our results are compa-
rable in terms of the large impact of psychiatric
disorders, but an important difference is the large
impact of musculoskeletal disorders in our study,
especially with the EQ-5D.

The large ceiling effect of the EQ-5D is well
documented [38], making the instrument prob-
lematic for general population studies. The 15D is
more sensitive in detecting deviations from full
health [19, 20]. The changes in the EQ-5D index
were almost twice as large as those in the15D in-
dex, in line with previous findings [19]. However,
we also found significant and systematic differ-
ences in the rank order of disease severity between
the two measures. The EQ-5D appeared to emp-
hasize the relative impact of musculoskeletal dis-
orders and migraine, whereas the 15D emphasized
the relative impact of lung diseases, urinary
incontinence, heart failure and psychosis.

Conclusions

Of the 29 conditions included in this study, mus-
culoskeletal and psychiatric disorders were asso-
ciated with the largest annual loss of QALYs in the
population. The impact of musculoskeletal disor-
ders appears larger than previously thought. The
confirmation of the substantial individual and
population level impact of psychiatric disorders,
especially anxiety disorders, is important, as they
often remain undiagnosed and untreated in pri-
mary health care [48, 50, 51].

Most conditions were individually associated
with a statistically significant decrease in HRQoL.
This can be interpreted as evidence of the cross-
sectional construct validity of the HRQoL instru-
ments used. However, there were also systematic
and large differences in results between the two
established HRQoL measures, which should be
taken seriously. It implies, for example, that the
cost-utility of treating different conditions might
vary greatly depending on the HRQoL measure
chosen. There are significant statistical difficulties
in analysing EQ-5D data with traditional regres-
sion methods. Future studies that compare differ-
ent HRQoL measures in different diseases are
clearly warranted.
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