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OBJECTIVE — We sought to ascertain quality-of-life measures and utility values associated
with visual acuity in type 2 diabetes.

RESEARCH DESIGN AND METHODS — The Medical Outcome Study Short Form
with 36 items (SF-36) was administered to 4,051 individuals with type 2 diabetes who were
enrolled in the Lipids in Diabetes Study, and their best attainable vision was determined using an
Early Treatment of Diabetic Retinopathy Study chart, expressed as a LogMAR score. Eight
domain scores and a utility value representing an overall quality-of-life score were calculated
using predefined algorithms. The associations between quality of life measured and best-eye
visual acuity were assessed graphically and by regression analysis.

RESULTS — All eight SF-36 domain scores were negatively associated with reduced visual
acuity. The impact of lower levels of visual acuity ranged from a decline of 1.3 units for a
0.1-LogMAR increase for physical functioning and 0.6 units in mental health. Regression analysis
indicated a negative association (P � 0.001) between utility and reduced visual acuity after
controlling for sex, BMI, smoking status, and history of diabetes complications. Patients whose
LogMAR scores equated to legally blind had, on average, 0.054 (95% CI 0.034–0.074) lower
utility compared with patients with normal visual acuity.

CONCLUSIONS — Reduced visual acuity is negatively associated with quality of life. The
utility scores estimated here should inform studies quantifying the burden of diabetes and those
evaluating potential therapies for treating or preventing diabetic eye diseases.
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D iabetes is associated with an in-
creased risk of visual impairment
(1) and is the leading cause of

blindness in individuals between the ages
of 20 and 74 years in the U.S. (2). Blind-
ness can result from cataract, glaucoma,
and diabetic maculopathy or retinopathy.
Some 80% of patients with type 2 diabetes
for �15 years have retinopathy, 5% of
whom have sight-threatening diabetic
retinopathy (2).

Early detection and treatment of dia-

betic retinopathy with retinal photocoag-
ulation can minimize further visual loss
(3), and improved glycemic and blood
pressure control have been shown to re-
duce the risk of diabetic retinopathy (4).
The range of therapies for preventing or
treating eye-related diseases in individu-
als with diabetes is expanding, and many
new treatments are under development
(5). Improvements to health-related qual-
ity of life (HRQOL) are likely to be the
principle outcome of interventions to pre-

vent or treat vision loss. In regard to eco-
nomic evaluation of these interventions,
cost-utility analysis is generally regarded
as the preferred method of evaluation, as
it measures outcomes in quality-adjusted
life-years (6) with health status valued on
a scale where 1.0 implies perfect health
and 0.0 is equivalent to death.

Utilities for health states can be de-
rived directly using a variety of methods
such as standard gamble or time trade off
(5), but these require detailed personal
interviews to produce reliable utility val-
ues. An alternative approach is to use ge-
neric quality-of-life instruments such as
the Medical Outcome Study Short Form
with 36 items (SF-36) (7) and then con-
vert item responses into health state util-
ity values using predefined algorithms
such as that based on the Short Form with
six dimensions (SF-6D) (8). The SF-36
summarizes HRQOL using multi-item
scales measuring eight health concepts,
such as physical functioning and mental
health, that can provide insight into how
visual loss impacts on different aspects of
quality of life.

We have used the SF-36 to evaluate
the relationships between visual acuity
and quality of life in a wide population of
individuals from the U.K. with estab-
lished type 2 diabetes at the time they
were enrolled into the Lipids in Diabetes
Study (LDS) (9).

RESEARCH DESIGN AND
METHODS — Between April 1999
and July 2001, the LDS recruited patients
aged 40 –75; those included were re-
cruited from hospital-based diabetes clin-
ics or local general practitioner registers of
individuals with diabetes. Patients had
clinically diagnosed type 2 diabetes for
�6 months, were not thought to have
clinically significant cardiovascular dis-
ease, and had LDL cholesterol between
�1.5 and �4.1 mmol/l and plasma trig-
lycerides �4.5 mmol/l. Exclusion criteria
included clinical evidence of cardiovascu-
lar disease, prior lipid-lowering therapy,
impaired renal function, hepatic insuffi-
ciency, myopathy or serum creatinine
�150 �mol/l, and untreated cholelithia-
sis. The study design and protocol
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amendments, which conform to the
guidelines of the Declarations of Helsinki,
were approved by the Central Oxford Re-
search Ethics Committee and by the
equivalent committees at each center. All
patients gave informed witnessed consent.

Information on demographic and
clinical characteristics such as height,
weight, blood pressure, and smoking sta-
tus were collected together with informa-
tion on preexisting medical conditions.
Biochemical measurements were under-
taken by a central laboratory, with sam-
ples couriered overnight at 4°C to Oxford,
and included HbA1c (A1C) and total and
HDL cholesterol. Corrected visual acuity
in both eyes of all patients was measured
at entry using Early Treatment of Diabetic
Retinopathy Study charts. Patients were
asked to sit 4 m from a well-illuminated
chart and to use their usual spectacles or a
pinhole, as necessary, to obtain the best
visual acuity at the retina. This was mea-
sured as a LogMAR score ranging from
�0.3 to 1.0, with normal vision (20/20
Snellen acuity) corresponding to a Log-
MAR score of 0.0 and legal blindness
(20/200 Snellen acuity in the U.S.) corre-
sponding to a LogMAR value of 1.0 (i.e.,
10 times or 1 log unit worse than 20/20)
(10). A member of the clinic staff assisted
some patients with poor visual acuity to
complete the quality-of-life question-
naire, taking care to avoid any interpreta-
tion of either questions or answers.

Quality-of-life and utility assessment
Quality of life was assessed using SF-36
version 2, a 36-item self-administered
questionnaire that measures health in
terms of eight multi-item scales: physical
functioning, role limitations due to phys-
ical problems or role physical, role limi-
tations due to emotional problems or role
emotional, social functioning, mental
health, energy/vitality, bodily pain, and
general health perception (for a descrip-
tion of each scale, see ref. 7). For each
scale, the relevant item scores are coded,
summed, and transformed onto a scale
from 0 (worst possible health state mea-
sured by the questionnaire) to 100 (best
possible health state). Scores for scales
with missing items were imputed accord-
ing to the procedures prescribed by the
developers (11).

Since the SF-36 health survey is not
designed to provide a single overall qual-
ity-of-life index score, we have used a
recently developed algorithm for calculat-
ing utility values using the SF-6D, which
is derived by collapsing the SF-36 into six

dimensions (8). Utility values are mea-
sures of quality of life that also reflect so-
cietal preferences for individual health
states. The Brazier algorithm is based on a
regression equation that is estimated us-
ing a sample of 249 health states that were
valued using the standard gamble ap-
proach by 611 individuals from the gen-
eral U.K. population in face-to-face
interviews. The highest possible utility
value with this algorithm is 1.0, repre-
senting full health, and the lowest possi-
ble utility value is 0.296. Using this
method, an overall utility score was cal-
culated for each person in the study.

Statistical analyses
Analyses are based on the 4,051 (of 4,191
total) patients with the requisite data
available.

Graphical analysis
The means of the eight SF-36 domain
scores and the utility value by category of
visual acuity in the better eye were esti-
mated using a regression model. Better-

eye values were used, as previous studies
(12–14) have demonstrated a closer asso-
ciation with HRQOL changes than worst-
eye visual acuity. Categories represent
0.1-LogMAR score increments, except for
the highest category, LogMAR �0.5,
which is the range in which a patient is
likely to be unable to drive a car. To allow
for potential confounding factors, we es-
timated a model that adjusted for male
sex, Caucasian ethnicity, age at diagnosis
(60 – 69 years), duration of diabetes
(5–10 years), absence of smoking, BMI
(25–30 kg/m2), A1C �7%, systolic blood
pressure �140 and �160 mmHg, and
having a history of no previous major di-
abetes-related complications (any of ampu-
tation, congestive heart failure, nonacute
ischemic heart disease, or stroke). These
parameters were chosen to reflect the
most common categories of characteris-
tics for participants in the study, that is,
the mean age, systolic blood pressure, and
A1C; the median duration of diabetes;
and the modal ethnic group, sex, BMI,
smoking status, and complication status.

Table 1—Patient characteristics (n � 4,051)

Male (%) 65
Ethnicity (%)

Caucasian 90
Afro-Caribbean 4
Indian Asian 4
Other 2

Age (years) 61.6 � 8.6
Diabetes duration (years) 6 (3, 11)
BMI (kg/m2) 30.5 � 5.9
Systolic blood pressure (mmHg) 143 � 19
A1C (%) 8.2 � 1.5
Total cholesterol (mmol/l) 4.9 � 0.8
HDL cholesterol (mmol/l) 1.2 � 0.3
Smoking (%)

Never 38
Ex 47
Current 15

History of diabetes complications (%) 3
LogMAR scores (best/worst eye) (%)

�0 58/33
�0 and �0.5 41/50
�0.5 1/7

SF-36 domain scores
Physical functioning 74.7 � 25.8
Role physical 78.9 � 25.7
Role emotional 86.2 � 21.9
Social functioning 84.9 � 22.1
Mental health 77.2 � 17.1
Energy 59.7 � 19.6
Bodily pain 71.6 � 25.7
General health 65.5 � 20.3
Utility score 0.76 � 0.11

Data are means � 1 SD or median (25th, 75th percentile) unless otherwise indicated.
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The estimated model was used to predict
mean LogMAR scores for individuals in
these reference categories. We also esti-
mated the association between LogMAR
score as a continuous variable and report
the marginal effect of a 0.1-unit change in
value. While some domains of the SF-36
are subject to ceiling effects that arise
when a significant proportion of respon-
dents are rated at the maximum score, we
used t tests to examine the association
with levels of visual acuity, as previous
studies have demonstrated its applicabil-
ity in this context (15).

Regression analysis
As the strength of association between vi-
sual acuity and utility may vary over the
LogMAR scale, a linear spline regression
was used in the main statistical analysis,
as it allows the slope of the regression line
to vary for different levels of visual acuity.
The regression model estimated the asso-
ciation between utility and the LogMAR
score in the best and worst eye, adjusting
for age, duration of diabetes, sex, BMI,
smoking status, and history of complica-
tions. To examine potential threshold ef-
fects, we use a spline function with a knot
at LogMAR score of zero to allow the as-
sociation to vary between normal vision
or better (LogMAR �0) and worse-than-
normal vision (LogMAR �0) in both eyes.
Stepwise regression with backwards se-

lection using a P value �0.05 was used to
determine the final model.

RESULTS — Patients had a mean
(�SD) age of 61.6 � 8.6 years, 65% were
male, and median duration of diagnosed
diabetes was 6 (interquartile range 8)
years (Table 1). Mean A1C was 8.2 �
1.5% and mean systolic blood pressure
143 � 19 mmHg. Fifty-eight percent of
patients had a LogMAR score �0.0 indi-
cating normal or better-than-normal cor-
rected vision. Mean SF-36 domain scores
ranged from 86.2 � 21.9 for role emo-
tional to 59.7 � 19.6 for energy and vi-
tality. No systematic differences were
observed across the eight domains when
compared with the general population
derived from the 1996 Health Survey for
England (16) for those aged 55–64 years.
The mean score for four of the domains in
the study population were significantly
higher (role physical, role emotional, so-
cial functioning, and mental health) than
the general population and two were sig-
nificantly lower (energy/vitality and
bodily pain) with the maximum differ-
ence being 5.3 (95% CI 4.2–6.3) for role
emotional.

For most SF-36 version 2 domains,
there was a negative association between
the domain scores and LogMAR category
(Fig. 1) that persisted after adjustment for
potential confounders. The impact of re-

duced visual acuity differs by domain
with, for example, a 0.1-LogMAR incre-
ment associated with a 1.3-unit decline in
the physical functioning domain and a
0.6-unit decline in the mental health do-
main. The mean utility score by LogMAR
category shows little association with util-
ity for those with normal or better-than-
normal vision but a decline in mean utility
for the higher LogMAR categories.

Adjusted regression models of the as-
sociation between utility and LogMAR
scores (Table 2 and Fig. 2) show that only
best-eye–corrected visual acuity levels,
which are worse than normal vision, are
associated with lower levels of utility (the
model assumes a linear decline over this
range). Patients whose LogMAR scores
equated to being legally blind had, on av-
erage, 0.054 (95% CI 0.034 – 0.074)
lower utility compared with patients with
normal or better-than-normal visual acu-
ity. This indicates that a loss of acuity of
this magnitude in the better eye is associ-
ated with 7% lower utility scores for the
average patient.

CONCLUSIONS — We report here a
small but statistically independent associ-
ation between SF-36 domain and derived
utility scores with visual acuity levels in
U.K. patients with established type 2 dia-
betes. These results indicate that a re-
duced visual acuity can have an impact on

Figure 1—Associations between SF-36 domains and LogMAR score categories in the better eye.

Visual acuity and quality of life
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all of the quality-of-life measures as-
sessed, as there were negative associations
for all eight SF-36 scores and the SF-36–
derived utility score after adjusting for po-
tential confounders. These results were
seen for visual acuity levels, as assessed in
the better eye, with those patients whose
visual acuity was below normal having a
continuous negative association between
their LogMAR and utility scores. The dif-
ference in utility scores between those
with normal vision and those with Log-
MAR scores equating to legally blind was
similar to the impact of having a previous
major diabetes-related complication and
would appear to be large enough to be
regarded as a clinically important differ-
ence in HRQOL (17). These findings are
in contrast to previous studies (involving
�500 subjects) that have not shown an
association between visual acuity and
most SF-36 domains in individuals with
type 2 diabetes (18,19).

There have been three recent studies
(20–23) using algorithms to derive utility
values from generic HRQOL instruments
such as the EQ-5D (24). Clarke et al. (20)
assessed health utility scores by surveying
a sample of the U.K. Prospective Diabetes
Study patients using the EQ-5D and then,
using the U.K. tariff values to assign util-
ities, found that blindness in one eye re-
duced overall utility by 0.074 (95% CI

0.025–0.124). Coffey et al. (21) used a
self-administered quality–of–well-being
index to assess the HRQOL of 1,256 indi-
viduals with type 2 diabetes attending
specialty clinics at a university medical
center. They found that blindness in one
eye reduced utility by 0.043 (0.021–
0.065) and loss of vision in both eyes by
0.17 (0.148–0.192). Finally, based on
data from the CODE-2 study (25), Bagust
and Beale (22) found that loss of sight in
one or both eyes reduced utility by 0.057
(0.014–0.100).

This study has shown the estimated
impact that loss of sight has on utility
when it has been derived from the SF-36
and is of a similar magnitude to previous
estimates using other instruments. It also
demonstrates a negative association be-
tween utility and the LogMAR scores
when vision is below the normal range,
suggesting that any degree of impaired vi-
sion in the better eye may have an impact
on utility. While the association between
visual acuity in the better eye and the
SF-6D utility value was highly significant
(P � 0.001), the adjusted R2 for the over-
all equation was 0.04. This is consistent
with several previous studies (20,22) that
indicate that while eye-related complica-
tions are associated with lower scores, the
regression models explain only a rela-
tively small proportion of the variation in

utility scores (with previous R2 ranging
between 0.04 and 0.21).

Several studies (12–14) have also di-
rectly elicited utilities from diabetic pa-
tients who have varying levels of visual
loss by using either the standard gamble
or time trade-off techniques. This in-
volves dividing patients into groups based
on their best corrected vision and eliciting
the patients willingness to trade either in
terms of accepting a risk of death (in the
case of standard gamble) or to sacrifice
years of their remaining life (in the case of
time trade off) to return to perfectly nor-
mal vision in both eyes. These studies
have generally shown a greater variation
in utility values by levels of visual acuity
than reported here. For example, a recent
study (14) showed average utility was
0.90 (0.83–0.97) for patients with near-
normal vision, while it was 0.71 (0.58–
0.84) for those with best-corrected visual
acuity of LogMAR 1.0–1.3. This suggests
a stronger negative association between
visual acuity and utility when they are di-
rectly elicited from patients rather than
indirectly from the SF-6D. An important
question for future research is the degree
to which SF-6D fully captures the effect of
lower visual acuity on HRQOL. The SF-
36, unlike some other generic instru-
ments (e.g., Health Utility Index [23]),
does not have a domain representing vi-

Table 2—Regression model associations between SF-6D–derived utility values and LogMAR scores

Initial model Final model

Variables Coefficient � SE P value Coefficient � SE P value

Constant 0.858 � 0.011 �0.001 0.850 � 0.010 �0.001
Female �0.026 � 0.004 �0.001 �0.024 � 0.004 �0.001
Duration of diabetes (years)*

�5 0.001 � 0.004 0.854
�10 and �15 �0.007 � 0.005 0.198
�15 and �20 �0.004 � 0.007 0.529
�20 �0.016 � 0.009 0.061

Age (years)†
�40 and �50 0.004 � 0.006 0.460
�60 and �70 0.001 � 0.004 0.871
�70 0.000 � 0.006 0.969

History of complications‡ �0.052 � 0.010 �0.001 �0.065 � 0.014 �0.001
Ex-smoker �0.006 � 0.004 0.141
Current smoker �0.020 � 0.005 �0.001 �0.016 � 0.005 0.001
BMI �0.002 � 0.000 �0.001 �0.002 � 0.000 �0.001
Visual acuity

LogMAR �0 (better eye) 0.000 � 0.041 0.996
LogMAR �0 (better eye) �0.054 � 0.018 0.003 �0.054 � 0.010 �0.001
LogMAR �0 (worse eye) �0.007 � 0.062 0.914
LogMAR �0 (worse eye) �0.005 � 0.009 0.617
Adjusted R2 0.04 0.04

*Base category, �5 and �10 years; †base category, �50 and �60 years; ‡one of amputation, congestive heart failure, nonacute ischemic heart disease, or stroke.
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sion. Testing the validity of utilities de-
rived using the SF-6D by comparing these
with directly elicited values for various
levels of acuity would be an advantage.

In this study, we have used HRQOL
and visual acuity information provided by
the patients on only one occasion; there-
fore, our measures of impact on quality of
life should be interpreted as differences
across the population rather than change
in an individual’s HRQOL following a de-
cline in visual acuity. There is also a need
to examine how changes in visual acuity
impact responses to the SF-36 and how
adaptation following vision loss can im-
pact measures of HRQOL. This is partic-
ularly relevant in the context of its use as
an outcome measure in major random-
ized controlled trials, such as ADOPT (A
Diabetes Outcome Progression Trial)
(26), especially since a recent study (27)
found a deterioration in the mean SF-36
scores in a population that showed im-
proved clinical outcomes.

This study has demonstrated that re-
duced visual acuity affects many aspects
of HRQOL, as measured by the SF-36.
Unlike previous studies, we have found
negative associations between visual acu-
ity and all eight domains of the SF-36. The
estimates of association between visual
acuity and utility will facilitate in captur-
ing the burden of diabetes, as it allows
outcomes to be quantified in measures
such as quality-adjusted life-years. They
can also be used to inform health eco-
nomic evaluations of interventions de-
signed to treat or prevent diabetic eye
disease.
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