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OBJECTIVE — To evaluate the self-reported quality of life in individuals with diabetes of
long duration.

RESEARCH DESIGN AND METHODS— An interview was administered 14 years
after baseline to two cohorts of individuals with diabetes who have been followed in an epi-
demiological study periodically since 1980. Responses to the Medical Outcomes Study Short
Form 36 as related to complications of diabetes, age, glycosylated hemoglobin level, and other
characteristics were assessed.

RESULTS — Physical function, physical role, general health scales, and a general question
about health were related to diabetes characteristics in older- and younger-onset individuals.
Symptoms of sensory neuropathy were associated with the four measures in both younger- (n
= 645) and older-onset (n = 292) individuals. Other descriptive variables in the younger-onset
group were the presence of nephropathy, cardiovascular disease, smoking, peak expiratory flow,
physical activity, and glycosylated hemoglobin. Hypoglycemic reactions were of only borderline
significance and that for only one scale (physical role). In older-onset individuals, cardiovascular
disease, physical activity, and sex were descriptive of responses to the quality-of-life questions.

CONCLUSIONS — Factors related to diabetes contribute to self-assessed health. Some of
these factors may be modifiable, which, if altered, may lead to improved quality of life.

M any studies of self-rated health have
found that individuals with diabetes

| mellitus score lower than individu-
als without the disease (1-3). Diabetes-
specific attributes, such as medical
regimens (4,5) and complications resulting
from this disease (6), have been investi-
gated. Thus, regarding the former, the use
of insulin, the frequency of such use, glu-
cose monitoring, and hypoglycemic
episodes have been found in various stud-
ies to be either adversely (4), positively, or
not (6-8) related to self-rated health meas-
ures. Complications in general have a neg-
ative impact on self-rated health (6).

The type of diabetes may also influence

self-rated health (9). Whether this is related
to intensity of insulin use, the duration of
diabetes, or other factors is unclear. Type 1
diabetes is relatively less common than type
2 diabetes. Because self-rated health is
regarded as an important outcome of the
care of people with both younger- and
older-onset diabetes, it is important to
attempt to quantify the relative importance
of factors that influence this. Such data
may be especially revealing in those with
diabetes of long duration when complica-
tions are manifest.

We report our findings concerning
these issues, using measures of self-rated
health from the Medical Outcomes Study
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(MOS) Short Form 36 (SF-36) (3) obtained
in a well-defined cohort of individuals with
diabetes of at least 14 years' duration in
Wisconsin.

RESEARCH DESIGN AND
METHODS— The Wisconsin Epi-
demiologic Study of Diabetic Retinopathy
(WESDR) is a population-based study of
the prevalence and incidence of diabetic
retinopathy. The methods used in identify-
ing the population and results describing
the study findings have been reported in
other publications and are summarized
below (10-15).

The State Division of Health provided
a list of all 500 primary care physicians
who were practicing medicine in July 1979
in an 11-county area in southern Wiscon-
sin (population, 839,324) (10). Of the 500
physicians, 452 (90.4%) chose to partici-
pate in the study, and 10,135 patients were
identified from their records. A review of
9,283 of their charts was performed by a
team consisting of a physician and two reg-
istered nurses according to a written proto-
col. The criteria used for the inclusion of
cases of diabetes were that the patients: 1)
had been diagnosed as having diabetes by
a physician; 2) were considered to be under
the primary care of the participating physi-
cian during the study period from 1 July
1979 to 30 June 1980; and 3) were alive
and resided within the 11-county area dur-
ing the same period. Of the cases reviewed,
8,135 met these criteria.

A sample of 2,990 subjects was selected
for the baseline examination. The sample
was composed of two groups: the first
group consisted of all 1,210 subjects who
were diagnosed with diabetes before 30
years of age and who took insulin (younger-
onset) (11); the second group consisted of
1,780 subjects who were diagnosed with
diabetes at 30 years of age or older (older-
onset) (12). This latter group consisted of a
probability sample of older-onset subjects,
stratified by duration of diabetes, in order to
have an adequate number of subjects in
each duration group to perform meaningful
statistical analyses. Therefore, there were
576 individuals with a duration of diabetes
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Table 1—Baseline characteristics of participants in the 14-year follow-up study

Diabetes cohort and characteristic

Younger-onset
Age (years)
Duration of diabetes (years)
Glycosylated hemoglobin (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BM1 (kg/m2)
Percentage male

Older-onset
Age (years)
Duration of diabetes (years)
Glycosylated hemoglobin (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
BMI (kg/m2)
Percentage male

Participants

654 (26.7 ±11.1)
654 (12.4 ±8.9)
622 (10.6 ±2.0)
652 (120.2 ± 16.0)
651 (77.3 ± 10.8)
654 (23.4 ±4.1)
654 (49.4 ± 2.0)

333 (57.9 ±10.1)
333 (8.8 ± 6.5)
312 (9.3 ±1.9)
333 (140.1 ±20.4)
332 (81.6 ±10.5)
333 (29.8 ±6.1)
333 (39.0 ± 2.7)

Live nonparticipants

128 (23.9 ±11.0)
128 (11.6 ±9.0)
123 (10.9 ±2.1)
125 (118.8 ±15.2)
124 (76.7 ±10.1)
128 (22.8 ± 3.8)
128 (50.8 ± 4.4)

42 (58.4 ±11.2)
42 (8.9 ± 6.7)
41 (9.6 ± 2.6)
42 (136.9 ± 17.2)
42 (81.9 ±9.0)
42 (29.6 ± 5.5)
42 (50.0 ± 7.7)

Deceased

214 (40.4 ±14.8)
214 (23.5 ±11.6)
205 (11.4 ±2.3)
210 (141.6 ±27.4)
209 (84.2 ± 13.6)
212 (24.4 ±5.0)
214 (57.9 ±3.4)

995 (69.9 ± 9.9)
995 (13.0 ± 8.4)
917 (9.8 ±2.0)
991 (150.3 ±24.7)
987 (78.2 ± 12.5)
987 (28.3 ± 5.4)
995 (48.7 ± 1.6)

p*

<0.01
0.35
0.13
0.37
0.57
0.12
0.85

0.76
0.93
0.37
0.33
0.86
0.84
0.18

Pt

<0.0001
<0.0001
<0.0001
<0.0G01
<0.0001
<0.005
<0.05

<0.0001
<0.0001
<0.0005
< 0.0001
<0.0001
<0.0001
<0.005

Data are n (means ± SD) or P. *Participants versus live nonparticipants; tdeceased versus participants.

of <5 years, 579 individuals with a dura-
tion of 5-14 years, and 625 individuals
with a duration of >15 years who were
selected for inclusion in the study.

The tenets of the Declaration of Helsinki
were followed, informed signed consent was
obtained, and institutional human experi-
mentation committee approval was granted.

Of the younger-onset individuals, 996
participated in the baseline examination
(1980 to 1982) (11), 891 were in the 4-
year follow-up (13), 765 were in the 10-
year follow-up (14), and 654 were in the
14-year follow-up. Of the 1,780 eligible
older-onset individuals, 1,370 participated
in the baseline examination (12), 987 were
in the 4-year follow-up (15), 533 were in
the 10-year follow-up (14), and 333 con-
sented to a telephone interview 14 years
after baseline. Reasons for nonparticipa-
tion and comparisons between participants
and nonparticipants at baseline and the 4-
and 10-year follow-ups have been pre-
sented elsewhere (11-15). The most com-
mon reason for nonparticipation since the
baseline examination has been death. The
mean time between the baseline and the
most recent follow-up examination or
interview was 14.4 ± 0.5 years.

The duration of diabetes was the time
between diagnosis and the 14-year exami-
nation. During each study interview, sub-
jects were queried about whether they took
medication for diabetes and, if so, the
names and doses of such preparations.

When evaluating risk factors, data from
the 14-year follow-up examination were

used in the analyses. Younger-onset indi-
viduals were seen in a mobile examination
van. For this examination only, older-onset
individuals were interviewed by telephone
and no physical data were obtained. Dur-
ing the medical interview, individuals were
asked whether they had smoked > 100 cig-
arettes in their lives and, if so, how many
cigarettes per day they had smoked and for
how many years (one pack-year was equiv-
alent to smoking one pack per day for a
year) and whether a doctor ever told them
that they had had a heart attack, angina, or
a stroke. All medications and dosages,
including the frequency of insulin use,
were recorded. Subjects were asked
whether they had had a low blood sugar
reaction to insulin in the past year and, if
so, how often such reactions occurred.
Other questions included whether, since
being diagnosed with diabetes, they had
had numbness or tingling in their hands or
feet (other than from "falling asleep"), loss
of sensation in their hands or feet, and/or
decreased ability to feel the hotness or cold-
ness of things they touched. A symptom

index was constructed with a value equal to
the number of positive responses (0 to 3).

End-stage renal disease was defined as
a history of kidney transplant or being on
renal dialysis. History of lower-extremity
amputation was ascertained by question-
naire or direct observation. The SF-36
questionnaire was administered during the
study. In addition, all subjects were asked
whether their health was excellent, very
good, good, fair, or poor (EVGFP scale).

In rating their physical activity, subjects
were asked to estimate how many flights of
stairs they climbed each day, how many
city blocks they walked each day, and
whether they would describe their usual
activity as sedentary (0), moderate (1), or
strenuous (2). In addition, subjects were
asked how many times a week they engaged
in a regular activity long enough to work up
a sweat. A sedentary lifestyle was defined as
less than three such activities per week.

For those examined, after the inter-
view, a measure of peak expiratory flow
was obtained for three trials. The data used
in the analyses reflects the maximum of the

Table 2—Summary descriptions of the distributions of SF-36 scales for the younger-onset cohort

n
Mean
SD

PF

645
79
26

RP

644
78
35

BP

644
74
24

GH

645
62
23

VT

644
57
20

SF

644
88
19

RE

644
87
29

MH

644
75
17

EVGFP

644
54
22

PF, physical functioning; RP, physical role; BP, bodily pain; GH, general health; VT, vitality; SF, social func-
tioning; RE, emotional role; MH, mental health.
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Table 3—Summary descriptions of the distributions of SF-36 scales for the older-onset cohort

n
Mean
SD

PF

292
58
32

RP

288
59
38

BP

291
67
27

GH

292
56
23

VT

291
56
25

SF

291
87
23

RE

289
77
33

MH

291
78
18

EVGFP

292
44
24

PF, physical functioning; RP, physical role; BP, bodily pain; GH, general health; VT, vitality; SF, social func-
tioning; RE, emotional role; MH, mental health.

Table 4—Multiple linear regression analyses of the scales of self-rated health and study vari-
ables in individuals with younger-onset diabetes

Scale and characteristic

General health
Neuropathy symptoms (0-3)
Cardiovascular disease
Proteinuria
End-stage renal disease
Smoking history
Peak expiratory flow
Blocks walked per day
Total to HDL cholesterol ratio
Glycosylated hemoglobin (%)

Physical functioning
Age (years)
Neuropathy symptoms (0-3)
Cardiovascular disease
Amputation
Smoking history
Retinopathy (0-14)
Peak expiratory flow
Flights of stairs per day
Blocks walked per day
Self-rated activity (0-2)

Physical role
Age (years)
Neuropathy symptoms (0-3)
Amputation
Smoking history
Peak expiratory flow
Blocks walked per day
Total to HDL cholesterol ratio
Reactions (0-4)

EVGFP
Neuropathy symptoms (0-3)
Cardiovascular disease
Proteinuria
End-stage renal disease
Smoking history
Retinopathy (0-14)
Peak expiratory flow
Sedentary lifestyle
Total to HDL cholesterol ratio
Glycosylated hemoglobin (%)

Step

1
Present
Present
Present
Current
100

10
1
1

10 years
1

Present
Present
Current

1
100

10
10

1

10 years
1

Present
Current
100

10
1
1

1
Present
Present
Present
Current

1
100

Present
1
1

Coefficient

-6 .9
-9 .1
-9 .8

-13.0
-7 .2

4.1
2.1

-1 .4
-1 .6

-3 .5
-8.2
-8 .8

-11.3
-6.0
-0.4

4.5
4.4

3.4
4.0

-3.3
-10.9
-35.8
-12.3

4.8
2.0

-3.3
-2.7

-3.9
-7.2
-4.2
-6.4
-7.4
-0.5

3.1
-4.0
-1.9
-1.5

P

<0.0001
<0.001
<0.0001
<0.0001
<0.005
<0.0001
<0.01
<0.01
<0.005

<0.0001
<0.0001
<0.005
<0.05
<0.01
<0.05
<0.0001
<0.005
<0.0001
<0.005

<0.05
<0.0001
<0.0001
<0.0005
<0.0005

0.08
<0.0001
<0.05

<0.0001
<0.05

0.08
0.05

<0.005
<0.05
<0.0005
<0.05
<0.005
<0.05

three trials. Color stereoscopic fundus pho-
tographs were taken of each eye. They were
subsequently graded and classified accord-
ing to the Modified Airlie House Classifica-
tion as described by the Early Treatment
Diabetic Retinopathy Study (16,17). In
general, gradings are ranked according to
severity The scheme specifies 13 levels of
severity of retinopathy. For the analyses
presented, the level in the worse eye was
used and was grouped into four categories:
no retinopathy (level 10), mild nonprolif-
erative retinopathy (levels 21-37), moder-
ate nonproliferative retinopathy (levels
43-53), and proliferative diabetic retinopa-
thy (PDR) (levels 60+).

Glycosylated hemoglobin levels were
measured by a microcolumn technique on a
specimen of venous blood (18). Gross pro-
teinuria was defined as a urine concentration
of ^0.30 g/1 measured by a reagent strip.
Serum was tested for total and high-density
lipoprotein cholesterol concentrations.

The SF-36 questionnaire was scored in
the standard fashion (19) and was stan-
dardized to a 0-100 scale. Eight scales were
analyzed: general health (GH), physical
functioning (PF), social functioning (SF),
mental health (MH), physical role (RP),
emotional role (RE), bodily pain (BP), and
vitality (VT). In addition, the response to
the self-rated health question (EVGFP) was
rescaled from 0 (poor) to 100 (excellent).
Statistical analysis was performed using
SAS (20). The effect of independent vari-
ables on the SF-36 scales was assessed by
multiple linear regression where the depen-
dent variable was one of the SF-36 scales.
Thus, the regression coefficient for each
independent variable represents the change
on the SF-36 scale for a unit or other spec-
ified change in the independent variable.

RESULTS— Baseline data contrasting
participants and nonparticipants are given
in Table 1. Nonparticipants who were
deceased at the 14-year follow-up were
more likely to be older and have a poor
health profile at baseline than participants
in both the younger- and older-onset
groups. Living nonparticipants were similar
to participants.

Summary descriptors of the distribu-
tions of the eight scales of the SF-36 that
were used in this study are given in Tables
2 and 3. Because of the differences in age
and other characteristics associated with
these outcomes as well as the differences in
interview settings and less information on
covariates for older-onset individuals, sta-
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tistical comparisons of the differences in
distributions of the responses to the ques-
tions between the groups in our study were
not appropriate. For most scales, means for
younger-onset individuals were higher than
for older-onset individuals.

In previous studies, it has been found
that not all scales are affected by diabetes
status. Therefore, the following analyses
were performed only for those four scales
that we have found to be related to other
characteristics of diabetes in our popula-
tion. Results of these analyses for the
younger-onset cohort are shown in Table 4.
Higher sensory neuropathy score, cardio-
vascular disease, proteinuria, renal disease,
current smoking, higher ratio of total to
high-density lipoprotein cholesterol, and
higher glycosylated hemoglobin level were
negatively associated, while higher peak
expiratory flow and more blocks-walked-
per-day were positively associated with
general health. For the physical functioning
and physical role scales and the EVGFP
score, a similar constellation of indepen-
dent characteristics entered the model. Gly-
cosylated hemoglobin level was a
significant descriptor for two of the four
scales. Age was significant for both scales
describing self-rated physical abilities.
Insulin reactions were significant only for
the physical role scale.

Because the older-onset subjects did
not participate in the examinations at the
14-year follow-up, there was a more cir-
cumscribed number of independent char-
acteristics to evaluate. Results for this group
are given in Table 5. Sensory neuropathy
was a significant descriptor for each scale.
Age was important for both self-rated phys-
ical ability scales, and men scored higher
on each scale than did women. Sedentary
lifestyle was a significant descriptor of gen-
eral health and physical ability.

CONCLUSIONS— The traditional
medical approach to health care is to diag-
nose, administer curative or restorative treat-
ment when available, and measure the result
of those interventions by objective measures,
often by assessing certain physical or chem-
ical benchmarks. Examples of these might
be X-ray evidence of realigned bone frag-
ments after the reduction of a fracture or the
return to a normal temperature after the
treatment of a febrile illness. Recently addi-
tional health care outcomes have assumed
equal importance. Such outcomes are the
patients assessment of the health care events
and the results of their treatment.

Table 5—Multiple linear regression analyses of the scales of self-rated health and study vari-
ables in individuals with older-onset diabetes

Scale and characteristic

General health
Neuropathy symptoms (0-3)
Cardiovascular disease
Sex
Sedentary lifestyle

Physical functioning
Age (years)
Neuropathy symptoms (0-3)
Cardiovascular disease
Sex
Amputation
Sedentary lifestyle

Physical role
Age (years)
Neuropathy symptoms (0-3)
Cardiovascular disease
Sex
Sedentary lifestyle

EVGFP
Neuropathy symptoms (0-3)
Cardiovascular disease
Sex

Step

1
Present
Male
Present

10 years
1

Present
Male
Present
Present

10 years
1

Present
Male
Present

1
Present
Male

Coefficient

-7.2
-13.0

11.3
-6 .0

-4 .3
-9 .1

-14.5
12.8

-15.0
-18.9

-5 .7
-14.5
-12.0

10.9
-12.1

-6 .6
-13.3

15.0

P

<0.0001
<0.0001
<0.0001
<0.05

<0.05
<0.0001
<0.0001
<0.0005
<0.05
<0.0001

<0.01
<0.0001
<0.005
<0.01
<0.01

<0.0001
<0.0001
<0.0001

To evaluate the self-assessed measures of
disease and treatment, questionnaire and
interview instruments have been designed
and widely tested. One such questionnaire is
the MOS SF-36 (3). This interview schedule
is composed of 36 questions that measure
eight health concepts. The interview has a
known reliability, and the usual ranges of
responses for several common medical con-
ditions have been published (3). All 36
questions were administered during the
course of our study Wenneker et al. (21)
found that their measure of the clinical
severity of diabetes and its complications
was not significantly related to all scales that
are derived from the SF-36 questions. Ham-
mond and Aoki (22) also found that only
some scales were informative in their study
of diabetic subjects. In univariate analyses of
our data, we found that the diabetes charac-
teristics of interest were related to the general
health, physical functioning, physical role,
and EVGPP scales. Thus, we limited our
multivariable analyses to those scales.

The physical functioning scale includes
responses to queries about limitations of
specific activities, whereas the physical role
scale includes responses to questions as to
whether physical problems caused limita-
tions in work (and nonwork) activities. The

general health scale includes responses to
nonspecific questions about health and how
long any decrease in health is likely to last.
These three scales and the commonly used
question "In general, would you say your
health is excellent, very good, good, fair, or
poor?" had the greatest variability in both
our populations and, therefore, were the
most informative in evaluating the relation-
ship of the attributes of our two cohorts of
subjects with diabetes to their quality of life.

Our findings suggest that the long-
term complications of diabetes were com-
monly associated with poorer scores.
Regarding self-assessed physical abilities,
age in our populations as well as in the gen-
eral population was significant in describ-
ing poorer scores in both groups (3).

We note that, contrary to expectations,
the frequency of hypoglycemic reactions
was a significant descriptor of the scores for
only one scale, physical role, and only in
the younger-onset cohort. In individuals
with a long duration of diabetes, such
episodes were not infrequent with only 6%
of the younger- and 32% of the older-onset
individuals using insulin reporting that
they never had such a reaction. The inter-
pretation that is most compatible with
these data is that such reactions are not very
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important in the self-rated estimates of
function that these scales reflect. Of per-
haps greater interest is the fact that glyco-
sylated hemoglobin levels are significantly
related to some scales and that the higher
the level the lower the score. Thus, in addi-
tion to its causal role in the complications
of diabetes reflected in lower scores on
these scales, there is a residual negative
effect attributed to hyperglycemia.

We analyzed the responses to the SF-
36 separately for individuals of younger
onset and those of older onset. This was
done for several reasons. The younger-
onset group was questioned face-to-face,
whereas the older-onset group was ques-
tioned by telephone. Examination variables
were not available for the older-onset
group. Also, age and distributions of other
variables differed significantly between the
groups, which may have influenced the
relationships observed. Nevertheless,
symptoms of neuropathy, a history of car-
diovascular disease, and reported measures
of activity were significantly related to out-
comes in both groups. These may suggest
that the complications of diabetes suffered
by younger- and older-onset individuals
influence the responses to quality-of-life
questions in similar ways.

We are limited in our ability to describe
other possibly significant associations in
the older-onset subjects, since not all study
variables were collected from this group.
This was because this cohort was, in gen-
eral, older and more infirm, such that full
participation would have been a burden for
many of them. We are also limited by the
reality that age and a long duration of dia-
betes are associated with increased mortal-
ity. However, for these long-term survivors,
we can say that the residual effects of dia-
betes (e.g., neuropathy) are still causing a
diminished quality of life.

It is important to note that in the
younger-onset group, there are several
characteristics that can be manipulated and
that may lead to a relative improvement in
quality of life, if not for our cohort, then for
those who come after. Smoking, physical
activity, and glycosylated hemoglobin are
all to some extent governed by behavior.
While we do not have data on current
smoking, physical activity, and glycosylated
hemoglobin at the time of administering
the SF-36 in the older-onset cohort, it may
well be that we would have found relation-
ships of these to the quality-of-life scales

that were similar to those in the younger-
onset cohort. These are areas where coun-
seling and patient involvement may lead to
diminished limitations. However, cross-
sectional data such as we present cannot
provide direct information about the
antecedent-consequent nature of these
associations. Longitudinal studies of these
relationships are necessary.
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