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Estimating Utility Values for Health
States of Type 2 Diabetic Patients

Using the EQ-5D (UKPDS 62)

Philip Clarke, PhD, Alastair Gray, PhD, Rury Holman, FRCP

The increasing use of quality-adjusted life years as a
measure of outcome in cost-utility studies has

been accompanied by a growing reliance on secondary
data sources to provide estimates of the utility values
that reflect preferences for various health states. Health
economists have traditionally used methods such as

the standard gamble and time trade-off method on pa-
tients or the general public (based on surveys involving
health state descriptions) in order to collapse the qual-
ity and length of life into a single measure.1 However,
there are often limited opportunities for conducting
such studies in practice, so reference values for the util-
ity associated with particular health states are often

340 • MEDICAL DECISION MAKING/JULY–AUG 2002

Received 9 February 2001 from the Health Economic Research Cen-
tre, Department of Public Health, University of Oxford, Institute of
Health Sciences, Oxford, United Kingdom (PC, AG); and the Diabetes
Trials Unit, Radcliffe Infirmary, Oxford, United Kingdom (RH). An earlier
version of this article was presented at the U.K. Health Economists
Study Group, Nottingham, July 2000. The major grants for the United
Kingdom Prospective Diabetes Study were from the U.K. Medical Re-
search Council; the British Diabetic Association; the U.K. Department
of Health; the National Eye Institute; the National Institute of Digestive,
Diabetes and Kidney Disease at the National Institutes of Health; the
British Heart Foundation; Novo-Nordisk; Bayer; Bristol Myers Squibb;
Hoechst; Lilly; Lipha; and Farmitalia Carlo Erba. We would like to thank
Stirling Bryan and other participants at the Nottingham Health
Economists StudyGroupmeeting, as well as DavidWright, Carole Cull,

David Matthews, and Irene Stratton. We also thank the 2 anonymous
referees for helpful comments on an earlier draft of this article. We re-
ceived very useful statistical advice from Bill Greene and are grateful to
Dean Jolliffe, whose STATA program was used to estimate the cen-
sored least absolute deviations model with bootstrapped standard er-
rors. Any remaining errors are the authors’ responsibility. This article is
number 62 in the United Kingdom Prospective Diabetes Study series.
Revision accepted for publication 7 February 2002.

Address correspondence and reprint requests to Dr. Clarke, Health
Economic Research Centre, Department of Public Health, University of
Oxford, Institute of Health Sciences, Old Road, OxfordOX3 7LF, United
Kingdom; phone: 44-1865-226691; fax: 44-1865 226842; e-mail:
philip.clarke@dphpc.ox.ac.uk.

Purpose. The aim of this study was to analyze quality-of-life
data from the United Kingdom Prospective Diabetes Study
(UKPDS) to estimate the impact of diabetes-related complica-
tions on utility-based measures of quality of life. Methods.
The EuroQol EQ-5D instrument was administered in 1996 to
3667 UKPDS patients with type 2 diabetes. Tobit and cen-
sored least absolute deviations (CLAD) regression analysis
based on data from the 3192 respondents was used to esti-
mate the impact ofmajor complications on (1) the visual ana-
log scale (VAS) and (2) the EQ-5Dutilities derived frompopu-
lation-based time trade-off values. Results. Using the tobit
model, the effect on tariff values was as follows: myocardial
infarction = –0.055 (95% confidence interval [CI] = –0.067,
–0.042), blindness in 1 eye= –0.074 (95%CI=–0.124, –0.052),

ischemic heart disease = –0.090 (95% CI = –0.126, –0.054),
heart failure = –0.108 (95% CI = –0.169, –0.048), stroke =
–0.164 (95% CI = –0.222, –0.105), and amputation = –0.280
(95%CI = –0.389, –0.170). The impact on theVAS scores was
smaller, but the ranking was identical. Estimates of these ef-
fects, based on the nonparametric CLAD estimator, are also
reported and compared. Conclusion. These results demon-
strate themagnitudeof the impact of 6 complicationsonutility-
based measures of quality of life, which can be used to esti-
mate theoutcomeof interventions that reduce thesediabetes-
related complications. Key words: diabetes; utility; EQ-5D;
quality of life; visual analog scale; diabetes-related complica-
tions. (Med Decis Making 2002;22:340–349)
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employed when explicit evaluation of quality of life is
required. Typical sources of information are popula-
tion surveys providing normative data on usual
quality-of-life levels,2 community surveys providing
quality-of-life scores in groups reporting a range of dis-
ease conditions and disabilities,3 and disease-specific
studies reporting utilities associated with, for example,
different prostate cancer health states.4

The primary purpose of this study is to add to this
literature by reporting estimates of the effect on utility
values of major complications of type 2 diabetes, using
data from a large trial of therapies for diabetes, the
United Kingdom Prospective Diabetes Study
(UKPDS).5 We employ a regression-based approach to
estimate the effect of different complications on utility
after controlling for demographic variables and other
complications. It has long been recognized that health
care cost data often have features, such as extreme
skewness, that invalidate standard approaches to sta-
tistical inference.6 Much less attention has been paid to
the statistical issues that arise when analyzing utility or
quality-of-life data. Therefore, a secondary purpose of
this study is to examine the merits of different statisti-
cal methods when estimating the effect of different
complications on utility.

A number of previous studies have reported quality
of life among patients with diabetes. These can be di-
vided into studies showing no relation between thera-
pies to control blood glucose and resultant quality of
life,7,8 studies showing a significant relation between
therapies and quality of life,9,10 and studies showing
that the occurrence of a complication affects quality of
life.9–15 However, these studies generally use instru-
ments or questionnaires that are not directly useful as
measures of utility. The Diabetes Control and Compli-
cations Trial, for example, reported the impact of inten-
sive versus conventional treatment on quality of life of
type 1 diabetic patients as assessed by the Diabetes
Quality of Life Measure, the Symptom Checklist-90R,
and the SF-36.7 Lacking a direct measure of utility, the
subsequent economic evaluation from that trial con-
fined its effectiveness measurement to life years
gained.11

Previously reported results from the UKPDS have
shown no detectable difference in quality of life be-
tween patients allocated randomly to different thera-
pies, and have demonstrated that the recent occurrence
(within 12 months) of a microvascular or macro-
vascular complication significantly reduced quality of
life.12 Here, we focus exclusively on the impact of com-
plications on utility, consider the long- and short-term
effects of complications, and report results for 6
prespecified clinical events.

METHODS

Clinical Trial

The UKPDS was conducted from 1977 to 1997 in 23
participating U.K. hospitals. A total of 5102 patients
with newly diagnosed type 2 diabetes were recruited to
the study. From this total, eligible patients were then
randomized into blood glucose control and blood pres-
sure control studies.13,14

Assessment of Quality of Life

Quality of life in the UKPDS was measured in 2
ways: a specially designed questionnaire examined
specific quality-of-life domains in terms of cognitive
mistakes, mood disturbances, symptoms, and work sat-
isfaction,12 and the EQ-5D instrument examined ge-
neric health-related quality of life.15 In this study, we
are concerned only with the latter. The EQ-5D is a
multiattribute instrument for measuring preferences
associated with an individual’s health state. The instru-
ment consists of a visual analog scale (VAS) and a de-
scriptive system covering 5 dimensions (mobility, self-
care, usual activity, pain/discomfort, anxiety, and de-
pression), each of which has 3 levels (no problem, some
problem, extreme problems).15 Reference values for
each of the 35 or 243 health states were estimated using
a survey of the general British population.16 The EQ-5D
was administered cross-sectionally to all 3667 patients
in the study in 1996 (i.e., to those who had not died or
been lost to follow-up). At that point, they had been in
the study for a median of 10.3 years.

Patients were given the EQ-5D and asked to com-
plete it during routine visits to UKPDS clinics, in a
quiet room with no help from nursing staff, family, or
friends. Patients who did not attend clinics during the
survey period were sent the questionnaire by mail, and
those who did not return the questionnaire were sent
up to 2 reminders. Both the 5-question descriptive
health state portion and the VAS were administered;
health states were subsequently allocated tariff scores
based on general population time trade-off valuations
of the reported health states, ranging from 1 for full
health to –0.594 for severe problems in all 5
dimensions16; the VAS was scaled at administration
from 0, indicating the worst state of health, to 100, indi-
cating the best state of health.17

Clinical Events

All patients had an annual assessment to determine
whether they had experienced any clinical events
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within the previous year. Details of each event were re-
corded on data sheets, and the UKPDS center con-
cerned was asked to provide full information on the
event. The available information was then presented to
the UKPDS Endpoint Adjudication Committee, where
2 clinical assessors independently classified the event
into predefined categories based on the 9th revision of
the International Classification of Diseases codes (see
the appendix). If any disagreements could not be re-
solved by arbitration, the information was submitted to
a panel of 3 assessors for a final decision. There were a
total of 10 nonfatal clinical event categories in the
UKPDS. In this analysis, we examine how quality of
life is affected by 6 of these: myocardial infarction (MI),
ischemic heart disease (IHD), stroke, heart failure, am-
putation, and blindness. The remaining 4 events were
excluded from this study, either because they were de-
fined by the occurrence of treatment for a clinical con-
dition (e.g., retinal photocoagulation, cataract extrac-
tion), making it impossible to measure the disutility of
the problem itself, or because there were insufficient
numbers of events (n < 15) for reliable analysis (e.g., re-
nal failure, vitreous hemorrhage).

Subjects

A total of 3302 fully or partially completed EQ-5D
survey forms were returned, a response rate of 90%. Of
these, 110 patients were excluded: 31 respondents did
not report the date they completed the survey, 26 re-
spondents had not completed at least 1 of the 5 EQ-5D
questions, and 53 patients did not complete the VAS.
The remaining 3192 patients were a mean (range) of
10.6 (5–19) years from entry to the UKPDS and had a
mean age of 62.3 years at the time of the questionnaire.
In line with the trial exclusion criteria,13 patients were
not admitted to the study if they had suffered a myocar-
dial infarction in the previous year; currently had an-
gina, heart failure, or more than 1 major vascular event;
or had a concurrent illness likely to limit life. To inves-
tigate the degree to which patients in the study were
representative of people with diabetes in England, we
compared them with a group of 350 persons reporting
diabetes as a long-standing illness in the 1996 Health
Survey of England.2 This sample from the general pop-
ulation was 55.7% male, had a mean age of 62.3 (SD =
14.8) years, and had a mean EQ-5D tariff value of 0.70
(SD = 0.31); the VAS was not administered in that
survey.

Test-Retest Reliability

The test-retest reliability of patients’ responses was
assessed using a randomly selected subsample of 124
patients who repeated the EQ-5D approximately 4
months after the main survey. To control for changes in
health state between the 1st and subsequent survey, pa-
tients who had experienced any of the diabetes-related
complications examined in the study during the inter-
vening period were excluded from the analysis. Kappa
(κ) statistics for the 5 domains of the EQ-5D and the
intraclass correlation coefficient for the tariff and VAS
scores were calculated using standard methods.

Statistical Issues in the Modeling of Utility Data

Regression analysis was employed to model the rela-
tionship between tariff and VAS values and clinical
events after adjusting for age, sex, and the duration of
diabetes. Dolan et al.16 noted that the time trade-off val-
uations that form the basis of the tariff values for the
EQ-5D states are bounded by 1.0 (the score for full
health).18 In EQ-5D surveys, it is common for a signifi-
cant fraction of respondents to rate themselves in full
health (i.e., 11111 on the EQ-5D survey); for example,
population data from the 1996 Health Survey for Eng-
land showed that 52% of all respondents gave that re-
sponse and were assigned the tariff value equal to 1.0.
In such circumstances, it has been argued19 that con-
ventional linear regression analysis is inappropriate for
2 reasons. First, it implies that tariff values are continu-
ously distributed and, hence, the probability of a tariff
value exactly equal to 1.0 is very small. Second, linear
regression does not restrict the tariff value to always be
below 1.0. To overcome these limitations, we use a tobit
model20 with upper censoring at 1.0 in the main analy-
sis. This assumes that
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whereqi
* is a latent measure of quality of life, xi is a vec-

tor of K independent variables influencing quality of
life, β is a vector of coefficients on the independent
variables, εi is an error term that is normally distributed
with constant variance denoted by εi ~N(0,σ2), and qi is
the actual utility as measured by the tariff or VAS score.
The subscript i represents an observation from the sam-
ple of N observations.

To determine the impact of various clinical events
on quality of life, we analyzed the relationship between
the tariff and VAS values and the 6 nonfatal clinical
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events (as defined in Table 1). For simplicity, we have
assumed an additive specification for the independent
variables in all models. The VAS scores were numeri-
cally rescaled to generate a 0.0 to 1.0 index, and a tobit
model was used for consistency. The impact of clinical
events on quality of life may vary over time. For exam-
ple, if the underlying disease has an acute phase, the
event may only have a transient impact on quality of
life. Consequently, our initial model includes 2
dummy variables for each clinical event: the 1st indi-
cated whether the patient had experienced the event in
the previous year (i.e., the year prior to the survey), and
the 2nd indicated a clinical event that occurred at any
time since the diagnosis of diabetes, but at least 1 year
prior to the survey. The coefficient on the 1st dummy
variable is therefore intended to capture any acute con-
sequences, and the coefficient on the 2nd is intended to
capture the long-term impact of each clinical event. A
likelihood ratio test was used to examine whether there
was a significant difference between these coefficients
as a way of examining whether the effect of the event on
qi had changed between these 2 time periods. When
significant differences were not found, the 2 dummy
variables were combined based on the assumption that
the effect of complications on utility does not vary over
time.

To test the applicability of the tobit model, we em-
ployed an extensive range of specification tests, as out-
lined in the statistical appendix. In particular, we
tested for heteroscedasticity and nonnormality in the
error term, since either can result in the tobit model
producing inconsistent estimates of β.21 When specifi-
cation problems arise, Powell’s censored least absolute
deviations (CLAD) estimator provides an alternative
method of estimation.22,23 The CLAD estimator has
been shown to perform well when the distributional as-
sumptions of the tobit model are violated.24 The
method of calculating marginal effect of various clini-
cal events on qi for both the tobit and CLAD models is
also outlined in the appendix. All models were esti-
mated using LIMDEP 7.0 and STATA 7.0, with aPvalue <
0.05 considered to be statistically significant.

RESULTS

Descriptive values and definitions of the variables
used in the regression analysis are shown in Table 1.
The mean tariff value based on responses to the 5 EQ-
5D questions was 0.77 (SD = 0.27), and the mean score
on the VAS was 0.74 (SD = 0.19). The proportion of pa-
tients who had experienced the 6 diabetes-related clin-
ical events in the previous year or prior to the previous
year, as well as the number of events, is also reported in

Table 1. The most commonly diagnosed clinical event
was an MI, which occurred in 6.2% of patients. In con-
trast, the least common was amputation, which af-
fected 0.7% of patients. In total, 645 of these diabetes-
related clinical events had been experienced by pa-
tients in this analysis, and 556 patients had experi-
enced at least 1 such event.

PATIENT PREFERENCES 343

HEALTH STATES OF TYPE 2 DIABETIC PATIENTS

Table 1. Descriptive Statistics and Definitions
of Variables Used in

Regression Analyses (n = 3192)

Variable Mean (SD)

Quality-of-life measure
EQ-5D social tariff 0.77 (0.27)
EQ-5D visual analog scale score 0.74 (0.19)

Characteristics
Age (years) 62.3 (9.0)
Duration of diabetes (years) 10.6 (2.8)

Previous clinical events
Myocardial infarction
Average time since event (years) 4.5 (3.2)
Number of patients experiencing an event:
In the previous year (n = 25), prior to the
previous year (n = 175)

Ischemic heart disease
Average time since event (years) 5.4 (3.3)
Number of patients experiencing an event:
In the previous year (n = 19), prior to the
previous year (n = 171)

Stroke
Average time since event (years) 3.7 (3.3)
Number of patients experiencing an event:
In the previous year (n = 13), prior to the
previous year (n = 56)

Heart failure
Average time since event (years) 3.8 (3.2)
Number of patients experiencing an event:
In the previous year (n = 16), prior to the
previous year (n = 50)

Amputation
Average time since event (years) 3.8 (3.4)
Number of patients experiencing an event:
In the previous year (n = 4), prior to the
previous year (n = 15)

Blindness in 1 eye
Average time since event (years) 5.0 (3.8)
Number of patients experiencing an event:
In the previous year (n = 14), prior to the
previous year (n = 87)

Note: Sixty percent of the sample was male.
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Test-Retest Reliability

Of the 124 patients involved in the test-retest reli-
ability exercise, 6 were excluded from the analysis due
to the occurrence between the surveys of 1 of the 6 clin-
ical events that may have affected their quality of life.
For the 5 domains of the EQ-5D, the κ statistics ranged
from 0.59 (95% confidence interval [CI] = 0.45–0.74)
for the mobility domain to 0.26 (95% CI = 0.11–0.40)
for the pain domain. The intraclass correlation coeffi-
cient was 0.59 (95% CI = 0.41–0.72) for the tariff scores
and 0.75 (95% CI = 0.64–0.82) for the VAS scores, and
therefore fell into the categories of “good” and “excel-
lent,” respectively.25

Relationship between Quality
of Life and Clinical Events

Table 2 reports the results of the standard linear re-
gression and the tobit regression analyses of the rela-
tionship between the tariff values or VAS scores and
experiencing 1 or more clinical events within 2 differ-
ent time intervals: within the previous year (i.e., at any
time within the year prior to the survey) and prior to the
previous year. Given the limitations of applying linear
regression to these data, we focus on the tobit models.

Concerning the impact of clinical events that oc-
curred within the previous year, patients who had been
diagnosed with IHD and amputation reported a signifi-
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Table 2. Results of Linear and Tobit Regression Analysis of the Relationship between
Health State Utilities (EQ-5D tariff values and visual analog scores) and

Clinical Events Occurring in the Previous Year and Prior to the Previous Year (n = 3192)

Ordinary Least Squares Model Tobit Model

EQ-5D Tariff Visual Analog Scale EQ-5D Tariff Visual Analog Scale

�OLS SE �OLS SE �OLS SE �OLS SE

Constant 0.725 (0.035) 0.674 (0.025) 0.814 (0.053)** 0.683 (0.026)**
Age 0.000 (0.001) 0.000 (0.000) 0.000 (0.001) 0.000 (0.000)
Duration of diabetes –0.001 (0.003) 0.000 (0.001) –0.001 (0.003) 0.000 (0.001)
Male 0.092 (0.009)** 0.061 (0.007)** 0.148 (0.014)** 0.063 (0.007)**
Previous events
Myocardial infarction

Previous year –0.081 (0.052) –0.101 (0.037)** –0.129 (0.076) –0.106 (0.039)**
Prior to previous year –0.044 (0.021)** –0.042 (0.015)** –0.078 (0.031)** –0.045 (0.016)**

Ischemic heart disease
Previous year –0.141 (0.060)** –0.105 (0.043)** –0.205 (0.088)** –0.112 (0.046)**
Prior to previous year –0.079 (0.020)** –0.041 (0.015)** –0.132 (0.030)** –0.044 (0.016)**

Stroke
Previous year –0.131 (0.073) –0.091 (0.052) –0.181 (0.106) –0.096 (0.055)
Prior to previous year –0.199 (0.035)** –0.069 (0.025)** –0.269 (0.051)** –0.073 (0.027)**

Heart Failure
Previous year –0.058 (0.066) –0.003 (0.047) –0.121 (0.096) –0.003 (0.050)
Prior to previous year –0.134 (0.038)** –0.092 (0.027)** –0.181 (0.055)** –0.095 (0.029)**

Amputation
Previous year –0.451 (0.131)** –0.109 (0.094) –0.538 (0.188)** –0.116 (0.100)
Prior to previous year –0.335 (0.068)** –0.134 (0.050)** –0.412 (0.098)** –0.140 (0.052)**

Blindness in 1 eye
Previous year –0.074 (0.070) –0.088 (0.050) –0.094 (0.104) –0.093 (0.053)
Prior to previous year –0.080 (0.029)** –0.040 (0.020) –0.112 (0.042)** –0.041 (0.022)

σ 0.372 (0.006)** 0.197 (0.003)**
Pseudo-R2 measure 0.07 0.04 0.07 0.04

Note: OLS = ordinary least squares.
*P < 0.05. **P < 0.01.
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cantly lower tariff value. Prior to the previous year,
macrovascular events (e.g., MI, IHD, stroke, heart fail-
ure) and amputation had a negative effect on both the
tariff and VAS values whereas blindness had a signifi-
cant and negative effect only on the tariff values.
Gender is shown to have an influence, with men re-
porting health states that have higher tariff scores and
higher VAS values. To test the assumption of
homoscedasticity, both models were compared with
more general models (where the variance was assumed
to be a function of gender and the clinical events). The
test statistics of 13.57 (P = 0.40) and 19.72 (P = 0.10) do
not lead to the rejection of the null hypothesis of
homoscedasticity. To determine whether the coeffi-
cients on each clinical event were stable over time,
likelihood ratio tests were also used to test the restric-
tion that coefficients for each of the 6 complications did
not change over time. The test statistics ranged from
0.18 (P= 0.67) for blindness to 0.77 (P= 0.37) for IHD in
the tariff model and from 0.04 (P= 0.84) for amputation
to 2.61 (P = 0.11) for heart failure in the VAS model.
Thus, events occurring more than 1 year previously did
not have a significantly different impact on the tariff or
VAS values than events occurring within the previous
year. However, these results should be interpreted with
caution because for some complications the number of
patients experiencing events within the previous year

is small (e.g., only 4 patients had an amputation), sug-
gesting that there may be insufficient numbers of
patients to detect clinically important differences in
health status.

The 2 dummy variables representing each clinical
event were combined into a single variable to indicate
whether an individual had been diagnosed with the
event while participating in the trial. This more parsi-
monious model is reported in Table 3. Again, gender
had an effect, with males having significantly (at the
1% level) higher tariff and VAS values. Being diag-
nosed with any of the clinical events also had a signifi-
cant negative impact on these scores. The Hausman test
statistic H indicates that the null hypothesis (of
homoscedasticity and normality) is rejected for the tar-
iff scores but not for the VAS scores.

Effect of Clinical Events
on Tariff and VAS Values

For those patients who had not experienced any of
the 6 diabetes-related complications, the mean tariff
was 0.785 for the tariff scores and 0.747 for the VAS
scores. Table 4 reports the marginal effect of each clini-
cal event computed at the sample mean. Given the ab-
sence of significant differences in the impact of these
clinical events over time, these marginal effects are
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Table 3. Results of Tobit and Censored Least Absolute Deviations (CLAD) Regression Analysis
of the Relationships between Health State Utilities (EQ-5D tariff values and visual

analog scores) and Clinical Events and Patient Characteristics (n = 3192)

Tobit Model CLAD Model

EQ-5D Tariff Visual Analog Scale EQ-5D Tariff Visual Analog Scale

�T SE �T SE+ �C SE �C SE+

Constant 0.814 (0.053)** 0.683 (0.026)** 0.796 (0.012)** 0.750 (0.013)**
Male 0.148 (0.015)** 0.063 (0.007)** 0.054 (0.012)** 0.050 (0.013)**
Previous events
Myocardial infarction –0.084 (0.029)** –0.054 (0.014)** –0.054 (0.022)** –0.050 (0.017)**

Ischemic heart disease –0.139 (0.029)** –0.051 (0.015)** –0.069 (0.019)** –0.050 (0.014)**
Stroke –0.253 (0.046)** –0.079 (0.024)** –0.14 (0.042)** –0.060 (0.031)
Heart failure –0.167 (0.048)** –0.074 (0.025)** –0.071 (0.022)** –0.100 (0.036)**
Amputation –0.4340 (0.086)** –0.131 (0.045)** –0.415 (0.175)** –0.160 (0.064)**
Blindness in 1 eye –0.114 (0.039)** –0.050 (0.020)* –0.071 (0.033)* –0.050 (0.033)

σ 0.372 0.197
Pseudo-R2 measure 0.07 0.04 0.03 0.03
Hausman test statistic 73.66** 12.34

*P < 0.05. **P < 0.01.
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based on the time invariant models reported in Table 3.
Because the CLAD estimator produces significantly
different estimates compared to the tobit model when
applied to the tariff values (as demonstrated by the
Hausman test), we report the marginal effect associated
with both approaches in columns 2 and 4 of Table 4.
The greatest impact on the tariff was associated with
the event amputation, which reduced the tariff value
by 0.280 based on the tobit model and 0.266 based on
the CLAD model. The comparative effect on the VAS
score was smaller at 0.120. It is important to note that,
for the effect of events on tariff and VAS scores, multi-
ple events are assumed to have an additive impact. For
example, for a patient who has experienced an MI and
has a history of IHD, using the traditional tobit model
the tariff value will be reduced by 0.145, which is the
sum of individual marginal effects for these conditions.

To provide insight into the nature of the change, we
report 2 further statistics for the tobit models: the pro-
portion of the sample not in full health and the fraction
of the mean effect due to the response below the limit
value obtained using equation (1). In the VAS model,
90% of the observations are < 1.0. For any of the clini-
cal events, only 28% of the total change in VAS values
would be generated by changes in the probability of
moving away from the limit value (full health), with the
remaining 72% generated by movements elsewhere
along this scale. Decomposition of the marginal effect
in the tariff model reveals quite a different story. In the
tariff model, a much lower proportion of observations
are below the limit value (64%). Decomposition shows
that only 45% of the change in the tariff values are due
to marginal changes in tariff values of states below full
health; the majority of the change is due the reduction
in the probability of being in full health.

DISCUSSION

This article reports utility values associated with
major complications of type 2 diabetes. It draws on in-
formation collected from a large long-term clinical
trial, such that information on the clinical history of all
patients was available from the time of diagnosis of
diabetes onward. To estimate the separate effect of
6 diabetes-related complications on utility, we used re-
gression-based methods and explored several of the
statistical issues that arise when analyzing these types
of quality-of-life data.

A key feature of this study was that it was based on a
cross-sectional survey administered toward the end of
the clinical trial. This has 2 important implications for
the analysis and interpretation of the results. First, the
pseudo-R2 measures for the regression models indicate
a relatively low goodness-of-fit. Although this is partly
because our models do not include other non-diabetes-
related conditions and some confounders (e.g., in-
come) that influence health, it may also result from
intra- and interpatient variability in responses to the
VAS and health state descriptors. The test-retest analy-
sis does indicate some intrapatient variation, although
the 4-month interval between surveys was longer than
in many other such studies. Second, a healthy survivor
effect will exist to the extent that patients experiencing
complications that had a more severe effect on their
quality of life are less likely to have survived to partici-
pate in this quality-of-life study. Furthermore, the
higher average tariff score of patients participating in
the UKPDS compared to persons in the general popula-
tion reporting diabetes (as reported in the 1996 Health
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Table 4. Marginal Effect and 95% Confidence Intervals of Clinical Events on Health State Utilities

Tobit Model CLAD Model

Tariff Values Visual Analog Scale Tariff Values

Myocardial infarction –0.055 (–0.067, –0.042) –0.041 (–0.043, –0.038) –0.035 (–0.061, –0.008)
Ischemic heart disease –0.090 (–0.126, –0.054) –0.044 (–0.071, –0.018) –0.044 (–0.071, –0.018)
Stroke –0.164 (–0.222, –0.105) –0.069 (–0.112, –0.026) –0.090 (–0.147, –0.032)
Heart failure –0.108 (–0.169, –0.048) –0.065 (–0.109, –0.021) –0.045 (–0.082, –0.008)
Amputation –0.280 (–0.389, –0.170) –0.120 (–0.201, –0.038) –0.266 (–0.476, –0.055)
Blindness in 1 eye –0.074 (–0.252, –0.124) –0.043 (–0.078, –0.008) –0.045 (–0.088, –0.003)
Decomposition of marginal effect

Fraction of sample below limit 0.64 0.90
Fraction of mean total response due
to response below the limit 0.45 0.72

Note: CLAD = censored least absolute deviations.
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Survey for England) may be due to the treatment and
monitoring they received during the trial.

Applying regression models to the EQ-5D tariff and
VAS scores has highlighted several important statisti-
cal issues that are also likely to arise when analyzing
other quality-of-life data. The most important feature is
that a considerable proportion of patients rate them-
selves in a state classified as “full health” and, there-
fore, are assigned the maximum value of 1.0. To deal
with this form of censoring, we used both the tradi-
tional tobit model and the CLAD estimator, which is
based on median regression. The reason for employing
the latter is that although it is less efficient than the
tobit model, it is robust to changes in the distribution of
the error term. However, choosing between these 2 ap-
proaches should not be based on statistical consider-
ations alone. An important issue concerns how re-
sponses from different patients should be aggregated to
estimate the overall effect associated with a particular
clinical event. It has been argued1 that the theoretically
correct method is to calculate the mean utility regard-
less of the degree of skewness, based on the welfare
economic principle that the strength of all individuals’
preferences should count. On these grounds, the CLAD
estimator runs into difficulty because it gains the desir-
able statistical property of consistency through the use
of median regression that does not account for the
strength of all individuals’ preferences. In such circum-
stances, we report marginal effects based on the tobit
and CLAD estimators and suggest that both can be used
in applied work. Furthermore, although these estima-
tors provide a straightforward method of estimating the
marginal effect of various clinical events on qi, other
statistical techniques such as 2-part models26 could
provide a different approach to estimation. Given the
increasing availability of patient-level information
from quality-of-life surveys that can be used to calcu-
late reference utilities for health states, it would be use-

ful to explore the relative merits of this alternative ap-
proach in future research.

A striking feature of the analysis is the strong influ-
ence on the results of changes in the proportion of pa-
tients at the maximum value of the EQ-5D, that is, pa-
tients initially indicating they are in a state of full
health. As Table 4 showed, more than half of the re-
corded changes in mean quality-of-life scores follow-
ing a clinical event can be attributed to the move away
from the state “full health.” The inability to record rela-
tively small changes in quality of life using the EQ-5D
instrument has been noted previously27: at the full-
health state (11111), the minimum possible health
change—from 1 to 2 in 1 dimension—corresponds to a
reduction in utility of between 0.12 and 0.2. This may
not be a particular problem in the present context, as all
the complications considered are relatively serious in
nature; however, the inability to quantify a state of
health between the utility values of 0.88 and 1 may
compromise the ability of the instrument to detect
quality-of-life changes associated with less serious
complications and may raise issues of appropriate
methods of estimation.

The results reported here should be of interest to re-
searchers interested in quality-of-life measurement,
and should also be of value for future cost-utility analy-
ses in the area of type 2 diabetes. The major published
economic evaluations to date from the UKPDS have fo-
cused on life years lost and endpoint-free time as the
main measures of outcome.28,29 However, the estima-
tion of the quality-of-life impact of complications, cou-
pled with development of a lifetime model of risk, will
allow the cost-utility of different strategies for the man-
agement of diabetes to be calculated. Other analysts
should also find the results of use in estimating the cost
utility of different current and future interventions
aimed at reducing the complications of diabetes.
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APPENDIX

Description of the Diabetes-Related Complications
Included in the Regression Analysis

Myocardial infarction: diagnosed with a myocardial in-
farction (9th revision of the International Classification
of Diseases [ICD9] Code 410)

Ischemic heart disease (IHD): diagnosed with ischemic
heart disease (ICD9 Codes 411 to 414.9)

Stroke: diagnosed with a major stroke with symptoms that
persist more than 1 month (ICD9 Codes 430 to 434.9
and 436)

Heart failure: diagnosed with heart failure (ICD9 Codes
428 to 428.1)

Amputation: diagnosed with major limb complications
requiring amputation of digit or limb for any reason
(ICD9 Codes 5.845 to 5.848)

Blindness in 1 eye: diagnosed as having blindness in 1 eye
(ICD9 Codes 369 to 369.9)

Statistical Discussion

Several aspects of quality-of-life data may lead to viola-
tions of the assumptions underlying the standard tobit
model. The most important of these is that the error term may
be heteroscedastic and nonnormally distributed, both of
which lead to tobit model estimates (denoted as βT) that are
inconsistent estimates of β.21 Hence, it is important to test
(and potentially correct) for misspecification. Hetero-
scedasticity occurs when the variance of the error is not con-
stant but depends on one or more of the independent vari-
ables. One way of dealing with heteroscedasticity is to
specify that σ σi

a we i2 2= ′ , where wi is a vector of variables in-
fluencing the variance of the error term andα is a vector of co-
efficients for these variables. The tobit model can then be
reestimated assuming εi ~ N(0,σ i

2). A likelihood ratio test can
again be used to determine whether the general or the stan-
dard model (which imposes the restriction that α = 0) should
be used. A 2nd approach that has also been shown to be ro-
bust to changes in distribution of the error term is Powell’s
censored least absolute deviations (CLAD) estimator, which
is based on median regression.22 Although this estimator is
less statistically efficient than the tobit model, it has been
shown to produce consistent estimates (denoted as βC) in the
presence of heteroscedasticity and nonnormally distributed
errors.24 For these reasons, we estimate the CLAD estimator
alongside the standard tobit model and apply a recently de-
veloped bootstrap procedure to estimate standard errors.30 A
useful way of testing for violations of these statistical assump-

tions is to compare these models using a Hausman test. 24 Un-
der the null hypothesis of no violations, both estimators are
consistent but the tobit model is more efficient, and under the
alternative hypothesis, only the CLAD estimator is consis-
tent. The test statistic is computed as21

H = (βC – βT)′(VC – VT)
–1(βC – βT),

where VC and VT are the covariance matrices of the coeffi-
cients from the CLAD and tobit estimators, respectively. This
test statistic has a chi-square distribution with the degrees of
freedom equal to the number of common coefficients in the
models being compared.

The goodness-of-fit of the tobit model (RMZ
2 ) was measured

based on an extension of a pseudo-R2 measure for the probit
model31: this measure has the desirable property of being a
good predictor of what R2 would be if the data were not con-
strained at 1.0 and ordinary least squares was applied.32

The marginal effect, which we denote as ∂E[qi|xi]/∂x, of
each clinical event on the observed tariff and VAS values was
then calculated using the standard formula:
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The marginal effect is simply βmultiplied by the probability
of a nonlimit observation; using a recent result that shows
this applies to any continuous distribution,33 estimates of the
marginal effect based on the CLAD estimator are derived by
multiplying βC by the observed proportion of nonlimit
observations.

Given the structure of the tobit model, it is well known
that the marginal effect can be decomposed into 2 parts,34
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where Pr[qi < 1] is the probability of a nonlimit observation
(i.e., when the individual is not in full health). An intuitive
explanation of this decomposition is that the total effect of a
change in xi comprises 2 parts: the change in qi for those be-
low the limit weighted by the probability of not being in full
health and the change in probability of not being in full health
weighted by the expected value of deducted from 1.0 (i.e., the
score if the patient is in full health).
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