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OBJECTIVE — To investigate the relation between obesity, fat distribution, and
weight gain through adulthood and the risk of non-insulin-dependent diabetes melli-
tus (NIDDM).

RESEARCH DESIGN AND METHODS— We analyzed data from a cohort
of 51,529 U.S. male health professionals, 40-75 years of age in 1986, who completed
biennial questionnaires sent out in 1986, 1988, 1990, and 1992. During 5 years of
follow-up (1987-1992), 272 cases of NIDDM were diagnosed among men without a
history of diabetes, heart disease, and cancer in 1986 and who provided complete
health information. Relative risks (RRs) associated with different anthropometric mea-
sures were calculated controlling for age, and multivariate RRs were calculated con-
trolling for smoking, family history of diabetes, and age.

RESULTS— We found a strong positive association between overall obesity as
measured by body mass index (BMI) and risk of diabetes. Men with a BMI of ^35
kg/m2 had a multivariate RR of 42.1 (95% confidence interval [CI] 22.0-80.6) com-
pared with men with a BMI <23.0 kg/m2. BMI at age 21 and absolute weight gain
throughout adulthood were also significant independent risk factors for diabetes. Fat
distribution, measured by waist-to-hip ratio (WHR), was a good predictor of diabetes
only among the top 5%, while waist circumference was positively associated with the
risk of diabetes among the top 20% of the cohort.

CONCLUSIONS — These data suggest that waist circumference may be a better
indicator than WHR of the relationship between abdominal adiposity and risk of
diabetes. Although early obesity, absolute weight gain throughout adulthood, and waist
circumference were good predictors of diabetes, attained BMI was the dominant risk
factor for NIDDM; even men of average relative weight had significantly elevated RRs.
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R isk of non-insulin-dependent dia-
betes mellitus (NIDDM) has been
strongly associated with obesity (. 1--

18). Metabolic studies suggest that obe-
sity is accompanied by a reduced number
of insulin receptors as well as insulin re-
sistance (19-22). This alteration in glu-
cose metabolism is, however, reversible
with weight loss (23-24). Thus, it is
widely accepted that obesity is causally
related to NIDDM (6). Other studies also
suggest that abdominal obesity specifi-
cally increases the risk of diabetes
(19,21,25-27).

In the Nurses' Health Study, a
strong quantitative relationship was ob-
served between body mass index (BMI) (a
measure of obesity) and the risk of diabe-
tes among women (1). Even women with
a BMI between 23 and 24 kg/m\ which is
less than the population average, had a
risk of diabetes 3.6 times that of women
with BMIs <22 kg/m2. It was also sug-
gested that the amount of weight gained
since early adulthood significantly con-
tributed to the risk of acquiring diabetes
in later life.

Previous studies have found BMI
and fat distribution to be independent
risk factors for diabetes in men. I lowever,
the emphasis put on weight distribution
as a strong predictor for diabetes, inde-
pendent of BMI, may be misplaced be-
cause the statistical control for BMI has
been incomplete in many studies. The
present investigation prospectively exam-
ined finely divided strata of BMI and
waist-to-hip ratio (WHR) (a measure of
fat distribution) to determine more pre-
cisely at what levels the risk of diabetes is
increased in a large cohort of U.S. men.
Absolute weight gain since early adult-
hood was also examined as a potential
risk factor for diabetes.

RESEARCH DESIGN AND
METHODS— The Health Profession-
als' Follow-up Study began in 1986 as a
prospective study, primarily investigating
the risk factors for cardiovascular disease
and cancer. The cohort was comprised of
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51,529 males, 40-75 years of age, who
completed a six-page baseline question-
naire in 1986. The cohort includes men
from six different health occupations:
dentists, veterinarians, osteopaths, podi-
atrists, optometrists, and pharmacists.
Further details of the cohort and fol-
low-up techniques can be found else-
where (28).

We obtained information from
the 1986 baseline questionnaire on cur-
rent height and weight, medical history,
past and present smoking habits, family
history of various diseases, heart disease
risk factors, weight at age 21, and weight
change in the past 5 years. Biennial ques-
tionnaires sent out in 1988, 1990, and
1992 were used to update exposure infor-
mation and to ascertain newly diagnosed
cases of diabetes.

Family history of diabetes was ob-
tained by a brief follow-up questionnaire
sent out in 1987. In addition, we included
paper tape measures to assist the men in
self-reporting their waist and hip circum-
ferences. Men were asked to take mea-
surements while standing and to avoid
measuring over bulky clothing. They
were instructed to measure their waists at
the umbilicus and to take their hip mea-
surement as the largest circumference be-
tween the waist and thighs; illustrations
were included with the directions. Be-
cause the 1987 questionnaire was not
part of the usual biennial mailings, we did
not use extensive follow-up procedures
(29) to increase our follow-up rate to
>65%. In 1990, Rimm et al. (30) found
self-measured waist, hip, and weight
measurements to be reasonably valid
when compared with standardized mea-
surements by a technician in a subset of
this cohort. The crude Pearson correla-
tion between self-reported waist circum-
ferences and the average of two techni-
cian-measured waist circumferences was
0.95 for men; the analogous correlation
for hip circumference was 0.88. The dif-
ferences in mean circumference (techni-
cian measured minus self-measured)
were 0.36 inches for waist and —0.78
inches for hips. Self-reported and mea-

sured weights were strongly correlated (r
= 0.97, mean difference -2.34 lbs). The
correlation between self- and technician-
measured WHRs was 0.69 with a mean
difference of 0.027. After adjusting for age
and BMI and correcting for random with-
in-person variability from daily or sea-
sonal fluctuations, the correlation for
WHRwas 0.62. Although not validated in
this population, self-reporting by middle-
aged men of weight in early adulthood
has also been shown to be moderately ac-
curate (r = 0.80) (31). Weight and height
were reported in pounds and inches and
were converted to metric units to calcu-
late BMI. In this cohort, waist and hip
circumferences were correlated with
height. Thus, to investigate the associa-
tions of these measures independent of
height, we calculated height-adjusted
waist and hip circumferences as the resid-
uals using separate least-squares regres-
sion models with height as the indepen-
dent variable and the circumference
measure as the dependent variable. To
make the residuals interpretable, we
added the population mean circumfer-
ence to each of the residuals. This proce-
dure removed variation in waist or hip
circumferences due to height.

Population for analysis
Among the 51,529 men in the Health Pro-
fessionals' Study, 44,018 had provided
complete medical history information
and were free of diabetes, coronary heart
disease, and cancer in 1986. Of these,
15,496 did not provide complete waist
and hip circumference measurements,
and an additional 539 did not provide
complete weight or height information in
1986 and were excluded from the study
population. The remaining 27,983 men
comprised the population for analysis.

We confirmed a diagnosis of dia-
betes from information collected from a
supplementary questionnaire, which was
sent to those participants who indicated
having a new diagnosis of diabetes on the
1988, 1990, or 1992 questionnaire. We
classified a person as having incident
NIDDM if he met one of the following

criteria: 1) he reported one or more clas-
sic symptoms (thirst, polyuria, weight
loss, hunger, or pruritus), plus fasting
plasma glucose at least 140 mg/dl or ran-
dom plasma glucose at least 200 mg/dl; or
2) at least two elevated plasma glucose
concentrations on different occasions
(fasting at least 140 mg/dl and/or random
at least 200 mg/dl and/or concentration at
least 200 mg/dl after ^ 2 hours on oral
glucose tolerance testing) in the absence
of symptoms; or 3) treatment with hypo-
glycemic medication (insulin or oral hy-
poglycemic agent). These criteria were in
accordance with those of the National Di-
abetes Data Group (32). After exclusions,
we confirmed 272 new cases of NIDDM
from the 290 subjects who reported dia-
betes and returned a supplementary
questionnaire.

The validity of self-reported dia-
betes using the same supplementary
questionnaire has been studied in the
Nurses' Health Study. Medical records
were obtained from 62 women, who were
selected at random, reporting diabetes
and classified as definite NIDDM by a
supplementary questionnaire. Sixty-one
of the 62 women classified as having
NIDDM by questionnaire response were
confirmed by medical record review (1).

Data analysis
We used BMI (kg/m2) as a measure of rel-
ative weight. The range of BMI was di-
vided into nine categories with whole
number cutoff points. Participants con-
tributed person-months of follow-up
time starting from the return of the 1987
questionnaire until the date of diabetes
diagnosis, date of death, or until 31 Jan-
uary 1992.

In this study, incidence rates were
calculated by dividing the number of in-
cident cases by the number of total per-
son-years of follow-up for each category
of BMI. Relative risks (RRs) were then
computed by dividing the incidence rates
for a specific category by the incidence
rate of the lowest category, adjusting for
age in each model (33). To distinguish
between the effects of early BMI and cur-
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rent BMI, we classified men jointly by rel-
ative weight at age 21 and categories of
weight gain since age 21. To adjust for
other risk factors, we used multiple logis-
tic regression to generate odds ratios as an
estimate of RR. Multivariate logistic re-
gression models were used to examine
BMI and other anthropometric measures
in relation to risk of diabetes after control-
ling for age, smoking, and family history
of diabetes.

RESULTS— Risk of diabetes in-
creased continuously with increasing lev-
els of BMI. Men with a BMI of 25.0-26.9
kg/m2 had a risk 2.2 times (95% confi-
dence interval (CI) 1.3-3.8) greater than
men with a BMI <23.0 kg/m2 after ad-
justing for age, family history, and smok-
ing habits. Risk rose markedly for men
with a BMI 2:29 kg/m2. As expected, the
men in the highest category, BMI >35.0
kg/m2, had the highest RR (multivariate
RR = 42.1, 95% CI 22.0-80.6) (Table 1).

When WHR was added to the
standard model (controlling for family
history, age, and smoking), the RRs asso-
ciated with nine categories of BMI were
only modestly attenuated. For example,
men in the highest category of BMI had a
multivariate RR of 42.1 (95% CI 22.0-
80.6) before and 31.7 (95% CI 16.2-
62.0) after controlling for WHR (Table 1).

To examine the relation between
early adult obesity and diabetes risk, BMI
at age 21 was calculated. The age-ad-
justed RR for men with a BMI 2:27.0
kg/m2 at age 21 was 2.9 (95% CI 2.0-
4.2). BMI at age 21 was moderately cor-
related with current BMI (r = 0.61).
When the model was modified to control
for weight gain since age 21, age, family
history, and smoking habits, the risk as-
sociated with BMI at age 21 increased.
Compared with men in the lowest quin-
tile, men with a BMI between 23.0 and
24.9 kg/m2 at age 21 had an increased
risk of 1.5 (95% CI 1.1-2.2), and men
with a BMI >27.0 kg/m2 at age 21 had an
RR of 6.4 (95% CI 4.3-9.5) (Table 2).

Absolute weight gain throughout
adulthood was also examined. Men who
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Table 2—BMI at age 21 and risk of diabetes among a cohort of 27,338 U.S. men age 40-75
years in 1986 and followed for 5 years

Range (kg/m2)

BMI at age 21
<21.0
21.0-22.9
23.0-24.9
25.0-26.9
27.04-

Weight gain since age 21
Loss 34-
Loss 2-gain 2
Gain 3-5
Gain 6-7
Gain 8-9
Gain 10-14
Gain 154-

Person-years

29,085
36,891
33,649
17,775
8,357

9,885
26,261
22,787
12,987
11,621
20,964
24,019

Cases

69
50
55
44
48

4
19
14
17
29
48

141

Age-adjusted RR
(95% CD

1.0
0.6 (0.4-0.9)
0.8 (0.6-1.2)
1.2 (0.8-1.8)
2.9 (2.0-4.2)

0.5 (0.2-1.5)
1.0

0.8(0.4-1.6)
1.7(0.9-3.1)
3.0(1.8-5.2)
2.6(1.5-4.3)
6.5 (4.4-9.6)

Multivariate RR
(95% CI)

1.0
1.0(0.7-1.4)
1.5(1.1-2.2)
2.5 (1.7-3.8)
6.4 (4.3-9.5)

0.3(0.1-0.8)
1.0

0.9 (0.5-1.8)
1.9(1.0-3.7)
3.5 (2.0-6.3)
3.4 (2.0-5.8)
8.9 (5.5-14.7)

Analysis includes 27,338 participants (266 cases) with complete information on BMl at age 21. Multivariate
RR model for BMI at age 21 controls for age in 5-year intervals, family history, smoking status (never smoked,
formerly smoked, or currently smoking <15,15-24, or S25 cigarettes/day), and seven categories of weight
change since age 21. Multivariate RR model for weight gain since age 21 controls for age, family history,
smoking status (never smoked, formerly smoked, or currently smoking < 15,15-24, or S25 cigarettes/day),
and quintiles of BMI at age 21.

had gained 6-7 kg since age 21 had an
increased multivariate RR of diabetes (RR
= 1.9, 95% CI 1.0-3.7) compared with
men with an absolute weight change <2
kg after controlling for age, smoking,
family history, and BMI at age 21. A
model was also constructed including ter-
tiles of BMI at age 21 and weight gain
since age 21, controlling for age, family
history, and smoking. Across the range of
BMI, absolute weight gain was positively
associated with the risk of diabetes. Risk
increased within each tertile of weight
gain as well as within each category of
BMI at age 21 (Fig. 1; Table 2).

Recent weight gain was strongly
associated with the risk of diabetes. Infor-
mation was available on weight gained in
the 5 years before 1986 for 259 of the 272
NIDDM cases. After controlling for BMI
in 1981, family history, age, and smoking
habits, men who had gained >13.6 kg
(the equivalent of ^30 lbs) had a risk 4.5
times that of men who were within 4.5 kg
of their 1981 weight (95% CI 2.4-8.2)
(Table 3). The positive association be-

tween weight gain in the last 5 years and
risk of diabetes was not appreciably mod-
ified by BMI in 1981.

We examined the waist-to-hip
circumference ratio and the independent
association of waist and hip circumfer-
ences and height with the risk of diabetes
using three different models: controlling
for age only; controlling for age, smoking,
and family history of diabetes; and con-
trolling for age, smoking, family history of
diabetes, and BMI in 1986 (Table 4). We
examined the RRs associated with height-
adjusted hip circumference and both
crude and height-adjusted waist circum-
ference. Compared with men with a WHR
<0.90, men with a WHR >0.99 (top
20%) had a multivariate RR of 4.0 (95%
CI 2.5-6.2). However, after further con-
trolling for current BMI, the multivariate
RR was markedly attenuated, RR = 1.7
(95% CI 1.1-2.7).

To investigate further the effect of
fat distribution on men in the highest
quintile of WHR, the group was subdi-
vided into the top 10-20%, top 5-10%,

and top 5%. Compared with men in the
lowest quintile of WHR, men in the top
5% of WHR had a multivariate RR of 5.2
(95% CI 3.1-8.6) and a RRof 2.0 (95% CI
1.2-3.5) after further control for BMI.
WHR, independent of BMI, maintained a
significant positive association to the risk
of diabetes only among the top 5%. Thus,
the RR of diabetes among men in the top
quintile (top 20%) of WHR, observed
originally in Table 4, is primarily attribut-
able to the top quarter of that group (the
top 5% of the cohort).

Men with a crude waist circumfer-
ence >40.0 inches (top 20%) had a mul-
tivariate RR of 10.8 (95% CI 6.2-18.7),
but this was reduced to 3.5 (95% CI 1.7-
7.0) after control for BMI. Men in the
highest quintile of height-adjusted waist
circumference had a multivariate RR of
9.8 (95% CI 5.6-17.0) and 3.1 (95% CI
1.4-6.6) after adding BMI to the model.
Hip circumference was positively associ-
ated with risk of diabetes in the multiva-
riate model (RR = 7.3,95% CI 4.4-12.0);
however, after control for BMI in 1986,
hip circumference was not a significant
risk factor. No association between height
and risk of diabetes was observed. How-
ever, absolute weight was found to be in-
dependently correlated to risk of diabetes
for the highest quintile group, even after
controlling for current relative weight,
age, smoking, and family history (RR =
2.1, 95% CI 1.0-4.4 for men weighing
198-307 lbs). Overall, current BMI pre-
vailed as the strongest predictor of diabe-
tes when included together in a model
with hip circumference, height measure-
ments, or WHR.

The WHR, which is associated
with diabetes, is commonly used as an
indicator of abdominal fat. Waist circum-
ference, because it is a single measure-
ment, contributes less error than WHR,
and, particularly when adjusted for
height, may be a more direct measure of
abdominal fat. The RRs associated with
abdominal adiposity were examined
more closely by subdividing the top 20%
of waist measurement into quartiles. The
incidence rate associated with each quar-

964 DIABETES CARE, VOLUME 17, NUMBER 9, SEPTEMBER 1994



Chan and Associates

<5 kg 5 -10 kg 11+ kg
Weight change since age 21

24+ kg/m2

22-23 kg/m2

<22 kg/m2 Body Mass
Index at age 21

Figure 1—The RR increases shown within each tertile of weight gain and within each category of BMI

at age 21.

tile of the top 20% was compared with
that of men in the lowest quintile of the
whole cohort. There was no substantial
difference between the risk of diabetes as-
sociated with crude waist measurements
and that associated with height-adjusted
waist measurements. Increased RRs were
seen for each quartile group within the
top 20% even in multivariate models ad-
justed for BMI. Men with a height-ad-
justed waist measurement >43.8 inches
(top 5%) had a multivariate RR of 18.6
(95% CI 10.4-33.3) compared with men
with a waist measurement <34.75 inch-

es; risk was attenuated after further con-
trolling for BMI (RR = 4.3, 95% CI 1.9-
10.1).

We calculated RRs of diabetes for
BMI and WHR within strata of age (Table
5). After controlling for WHR and other
confounders, we found that men age
40-49 with a BMI >35 kg/m2 had a RR of
diabetes of 77.4 (95% CI 25.2-247.0);
men aged ^60 in the same category of
BMI had a much lower RR (RR = 14.9,
95% CI 4.3-52.1). Conversely, older men
in the top quintile of WHR had a much
higher RR than younger men.

The association of family history
with diabetes incidence was examined
prospectively. Men who had fathers,
mothers, or a sibling with a history of di-
abetes were considered to have a positive
family history of diabetes. Controlling for
current relative weight of the participant,
age, and smoking, men with a family his-
tory of diabetes had an elevated RR of 2.3
(95% CI 1.8-3.0) compared with men
without a family history of diabetes.

Excluded from the population for
analysis were 15,496 men who did not
provide complete waist and hip circum-
ference measurements. To explore the
possibility that the remaining study pop-
ulation differed in their relation between
BMI and risk of diabetes, we calculated
the multivariate RR for BMI limited to
those 15,496 men who did not report
complete waist or hip circumference in-
formation. After excluding those men
with heart disease or cancer in 1986, 182
cases of NIDDM occurred among this
group. Among this subset, risk for diabe-
tes associated with nine categories of BMI
was very similar to those of the original
population for analysis. Men with a BMI
>35.0 kg/m2 had a RR of 34.9 (95% CI
12.6-97.0).

We considered the possibility that
diagnostic bias may account for the rela-
tionship observed between BMI and the
risk of diabetes. It is possible that physi-
cians, aware of the associations between
obesity and diabetes, may be more likely
to diagnose diabetes in assymptomatic

Table 3—Weight change between 1981 and 1986 among men who self-reported anthropometric measurements

Weight change
1981-1986(kg)

Lost 4.5 +
Lost 4.5-gain 4.5
Gain 4.5-13.6
Gain 13.6+

Cases

10
105
25

4

BMI <28 kg/m2

Person-years

5,772
89,104
13,947

868

in 1981

Age-adjusted RR
(95% CI)

1.5 (0.8-2.9)
1.0

1.7(1.1-2.6)
4.6(1.8-11.3)

Cases

15
58
33

9

BMI >28 kg/m2

Person-years

3,326
8,526
2,901

328

in 1981

Age-adjusted RR
(95% CI)

0.7(0.4-1.2)
1.0

1.8(1.2-2.8)
4.8 (2.5-9.2)

RR (95% CD
adjusted for
BMI in 1981

0.8(0.5-1.2)
1.0

1.7(1.2-2.3)
4.5 (2.4-8.2)

Analysis includes 27,159 participants (259 cases) with complete information on BMI in 1981/weight change; uneven cutoff points caused by conversion from
pounds to kilograms. RR adjusted for age in 5-year intervals, family history, smoking status (never smoked, formerly smoked, or currently smoking < n , l i 24,
or >25 cigarettes/day), and deciles of BMI in 1981.
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Table 4—Waist, hips, height, and WHR in 1986 as risk factors for diabetes

Waist (crude)
Range (inches)
Cases
Model 1: across age
Model 2: without BMl
Model 3: with BMl

Waist (height-adjusted)
Range (inches)
Cases
Model 1: across age
Model 2: without BMl
Model 3: with BMl

Hips (height-adjusted)
Range (inches)
Cases
Model 1: across age
Model 2: without BMl
Model 3: with BMl

Height
Range (inches)
Cases
Model 1: across age
Model 2: without BMl
Model 3: with BMl

WHR
Range
Cases
Model 1: across age
Model 2: without BMl
Model 3: with BMl

1

29.4-34.5
14
1.0
1.0
1.0

26.9-34.5
14
1.0
1.0
1.0

28.1-37.7
17
1.0
1.0
1.0

41-68
71
1.0
1.0
1.0

<0.90
24
1.0
1.0
1.0

2

34.6-36.0
26

2.0(1.0-3.8)
1.9(1.0-3.7)
1.7 (0.9-3.3)

34.6-36.2
21

1.37 (0.7-2.7)
1.3 (0.7-2.7)
1.2 (0.6-2.4)

37.7-39.0
26

1.5 (0.8-2.7)
1.5 (0.8-2.7)
1.3 (0.7-2.4)

69-70
75

1.0(0.7-1.4)
1.0(0.7-1.4)
1.1 (0.8-1.5)

0.90-0.92
24

0.9 (0.5-1.6)
0.9 (0.5-1.6)
0.8(0.4-1.4)

Quintiles

3

36.1-38.0
38

2.2(1.2-4.1)
2.2(1.2-4.1)
1.7 (0.8-3.3)

36.3-37.9
32

1.9(1.0-3.7)
2.0(1.0-3.7)
1.5 (0.7-3.0)

39.0-40.1
39

2.1 (1.2-3.6)
2.0(1.1-3.6)
1.3 (0.7-2.5)

70-71
41

1.1 (0.8-1.7)
1.2 (0.8-1.7)
1.3 (0.9-1.9)

0.93-0.95
46

1.9(1.1-3.1)
1.8(1.1-3.0)
1.3 (0.8-2.2)

4

38.1-40.0
39

3.3(1.8-6.0)
3.2 (1.7-5.8)
1.9 (0.9-3.9)

37.9-40.1
47

2.9 (1.6-5.2)
2.8(1.5-5.1)
1.7 (0.8-3.5)

40.1-41.7
55

30.0(1.8-5.0)
2.9(1.7-5.1)
1.4(0.7-2.7)

71-72
35

1.0(0.7-1.6)
1.1 (0.7-1.6)
1.1 (0.7-1.6)

0.96-0.98
68

2.5(1.6-4.1)
2.5 (1.5-3.9)
1.4(0.9-2.4)

5

40.1-69.0
155

12.0 (7.8-18.4)
10.8 (6.2-18.7)
3.5 (1.7-7.0)

40.2-68.3
158

11.0(7.1-17.0)
9.8 (5.6-17.0)
3.1 (1.4-6.6)

41.7-64.4
135

7.7(5.1-11.8)
7.3 (4.4-12.0)
1.5(0.7-2.9)

73-91
50

1.2(0.8-1.7)
1.2(0.9-1.8)
1.3(0.9-1.8)

0.99+
110

4.6 (3.0-7.0)
4.0 (2.5-6.2)
1.7 ((1.1-2.7)

Data are RR (95% Cl). Model 1, RR across age-groups; Model 2, RR controlling for age in 5-year intervals, family history, and smoking status (never smoked, formerly
smoked, or currently smoking < 15,15-24, or >25 cigarettes/day); Model 3, RR controlling for age in 5-year intervals, family history, smoking status (never smoked,
formerly smoked, or currently smoking <15, 15-24, or ^25 cigarettes/day), and nine categories of BMl in 1986. Height-adjusted waist and hips models 2 and 3
control for height using residual analysis.

fatter men. However, when we only in-
cluded the 175 cases with symptomatic
diabetes, the RR associated with a BMl
>35 kg/m2 compared with a BMl <23
kg/m2 (RR = 46.6, 95% Cl 21.4-101.6)
was actually higher than when assymp-
tomatic cases were included.

When men who reported cancer
or heart disease at baseline were added
back to the population for analysis, the
results were not appreciably different
from those presented above.

C O N C L U S I O N S — We found an ex-
tremely strong association between BMl
and risk of NIDDM. Increased risks were
seen for all BMl levels ^24.0 kg/m2, well
below the standard criteria for obesity.
Thus, even men of average weight are
substantially more likely to develop dia-
betes than men with a BMl <23.0 kg/m2.
The extremely strong RR for men with a
BMl >29.0 kg/m2 combined with meta-
bolic data and the effect of weight loss on
glucose tolerance warrant the conclusion

that the relationship between obesity and
risk of diabetes is causal (6,19-22).

The validity of BMl as a measure
of body fatness or adiposity has been as-
sessed by comparison with densitometry.
Correlation coefficients with percent
body fat have generally been between 0.6
and 0.8 (34). However, the correlation
was >0.9 when compared with absolute
fat mass adjusted for height, which ap-
pears to be a stronger predictor of glucose
intolerance than percent body fat. To the
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Table 5—BMI, WHR, and risk of diabetes within age strata in 1986

n
BMI

<23.0
23.0-23.9
24.0-24.9
25.0-26.9
27.0-28.9
29.0-30.9
31.0-32.9
33.0-34.9
>35.0

WHR
<0.90
0.90-0.92
0.93-0.95
0.96-0.98
0.99 +

40-49

49

1.0
0.5(0.1-2.7)
0.9 (0.2-4.0)
1.2(0.4-4.0)
1.1(0.3-4.7)
4.3(1.2-15.8)
9.7 (2.5-36.7)

21.2 (5.4-82.9)
77.4 (25.2-247.0)

1.0
0.6(0.2-1.6)
1.0(0.4-2.7)
0.6(0.2-1.7)
0.9 (0.4-2.2)

Multivariate RR (95% Cl)

Age range (years)

50-59

97

1.0
1.8(0.3-10.6)
2.9 (0.6-14.6)
4.8(1.1-20.5)

13.3 (3.2-56.2)
14.3 (3.3-63.2)
23.0 (4.9-107.0)
44.8(9.5-211.7)
42.6(8.3-218.5)

1.0
1.2(0.5-3.1)
1.3 (0.5-3.3)
1.2 (0.5-2.9)
2.3 (1.0-5.3)

60-75

126

1.0
0.9 (0.3-2.3)
1.4(0.6-3.3)
1.7 (0.8-3.5)
2.6(1.2-5.6)
4.2(1.9-9.5)
7.2 (3.0-17.5)
8.4 (2.9-24.7)

14.9(4.3-52.1)

1.0
0.6(0.2-1.8)
1.7(0.7-4.1)
2.2(1.0-5.1)
1.8 (0.8-4.2)

Multivariate RR model for BMI controls for age in 5-year intervals, family history, smoking status (never
smoked, formerly smoked, or currently smoking <15, 15-24, or >25 cigarettes/day), and quintiles of
WHR. Multivariate RR model for WHR controls for age in 5-year intervals, family history, smoking status
(never smoked, formerly smoked, or currently smoking <15, 15-24, or >25 cigarettes/day), and nine
categories of BMI in 1986.

extent that BMI is an imperfect measure-
ment of adiposity, the extremely strong
association between BMI and risk of dia-
betes observed is an underestimate of this
association.

As stated in METHODS, in this co-
hort, self-reported circumferences con-
tain random error, especially when calcu-
lating WHR, because this ratio has
reduced between-person variation and
includes error from both circumference
measurements. In our validation study,
the correlation between the self-reported
and the average of two technician-mea-
sured assessments, taken 7 months apart,
was 0.62 for the WHR. A correlation of
0.62 is comparable to that found between
repeat measures of blood pressure and
cholesterol (35,36). Because the ratio of
self-reported circumference measures
will have more error than weight and
height, the RRs for circumferences will

tend to be underestimated to a greater de-
gree than the RRs for BMI.

In this study, self-reported diabe-
tes was confirmed by a supplementary
questionnaire. However, because we did
not screen our population, 3-9% of the
men may have undiagnosed NIDDM
(37). Although, in this cohort, 78% of the
men had seen their physician for routine
physicals within the first 2 years of fol-
low-up. Underdiagnosis would have little
effect on the RRs as long as the subset of
undiagnosed cases did not differ greatly
from the rest of the cases by levels of BMI.
Among only symptomatic cases, the RRs
of diabetes associated with levels of BMI
were not substantively different from the
risks found among the complete case
population. Thus, underdiagnosis of as-
symptomatic cases is not likely to have
significantly influenced the observed as-
sociation between obesity and risk of di-

abetes. Furthermore, when we removed
the cases diagnosed in the first 2 years of
follow-up, the results were not apprecia-
bly different from those presented.
Among the 194 cases diagnosed between
1989 and 1992, men with a BMI ==35
kg/m2 had a multivariate RR of diabetes of
53.9 (95% CI 24.3-119.5).

As indicated in Table 2 and Fig. 1,
early obesity strongly predicts the risk of
diabetes. Even men with a BMI between
23.0 and 24.9 kg/m2 at age 21 had an
increased risk after controlling for age,
smoking, family history, and weight gain
since age 21.

Similarly, overall absolute weight
gain throughout adulthood was strongly
related to risk of diabetes, regardless of
BMI at age 21. Clearly, those who began
with a higher BMI (>24 kg/m') and
gained substantial weight, (>11.0 kg)
had the highest RR (RR = 21.1, 95% CI
8.5-52.3). However, the steady increase
along both axes shows that almost any
weight gained after adolescence is associ-
ated with a higher risk of diabetes. We
observed similar results in women in the
Nurses' Health Study (1). These data sug-
gest that it may be equally important to
attain a healthy weight earlier in life as
well as maintain it throughout adulthood.

Prior study of this cohort showed
that BMI increased with age up to ages
60-65 and then decreased while average
waist circumference increased continu-
ously across all age-groups (38). This sug-
gests a natural increase in adiposity with
aging, as indicated by the increasing waist
circumferences accompanied by a de-
crease in lean body mass after age 65.
Other longitudinal studies have found
that after age 65, men experience rapid
loss of lean body mass (39,40). Age-
related changes in body mass composi-
tion may make BMI a less appropriate in-
dicator of total obesity in older subjects
and could explain the observed reduction
in magnitude of the risk of diabetes asso-
ciated with BMI after age 60 (Table 5).

The data from this investigation
imply that fat distribution, as measured
by WHR, may contribute to one's risk of
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diabetes when analyzed separately from
other factors. However, after controlling
for relative weight, WHR was only a sig-
nificant risk factor for diabetes and then
weakly among men in the top 5% with a
WHR > 1.03.

Fat distribution has predicted di-
abetes in several other studies. Although
this association has been more pro-
nounced in women (2), a few studies have
emphasized the parallel importance in
men. Haffner et al. (7) found that WHR
was a better single screening measure for
N1DDM than BMI and that upper body
adiposity predicted diabetes even in lean
men and women. Ohlson et al. (8) also
found that WHR was positively and sig-
nificantly associated with NIDDM even
after BMI was considered among men in
the top two tertiles of the study. This was
a 13.5-year prospective study of 792 54-
year-old men in Goteborg, Sweden; how-
ever, there were only 37 cases of diabetes
confirmed at the time of analysis (6). Cas-
sano et al. (3) observed a 2.4 times greater
risk (95% Cl 1.7-3.7) for men in the top
tertile for the ratio of abdominal circum-
ference to hip breadth compared with
men in the lowest tertile, after controlling
for BMI, cigarette smoking, and age after
18 years of follow-up. These studies con-
trolled for BMI in either quintile or tertile
groups. Hence, the stronger observed as-
sociations between WHR and diabetes
risk may well be due to inadequate con-
trol of BMI; the current study controlled
for BMI in nine categories.

Waist circumference (both
height-adjusted and crude) was positively
associated with the risk of diabetes within
each quartile group of the top 20% of
waist circumference, and the magnitude
of excess risk was stronger than with
WHR after controlling for relative weight,
height, smoking, family history, and age.
Adjusting waist for height did not appre-
ciably influence the magnitude of associ-
ation with diabetes risk; because simple
waist measurements are easy to make,
this may have practical importance in
clinical settings. The increased risks of di-
abetes associated with having a high

WHR and the increased risks observed
among men with large waist circumfer-
ences may both be due to the metabolic
complications of having high levels of ab-
dominal adiposity. Because waist circum-
ference has less measurement error than
WHR, it may be a better indicator of the
relationship between abdominal adipos-
ity and the risk of diabetes.

Further follow-up of the Health
Professionals cohort would be necessary
to substantiate the current findings. It is
possible that as the cohort ages, some
measure of abdominal adiposity may
emerge as an independently important
risk factor for diabetes among leaner men.
Metabolic data suggest that abdominal
adiposity is associated with elevated
plasma levels of free fatty acids, insulin
insensitivity, and impaired glucose toler-
ance (19,21,25-27).

The results of this investigation
show that current BMI, early obesity, ab-
solute weight gain throughout adulthood,
and abdominal adiposity measured by
waist circumference are important inde-
pendent risk factors for diabetes. Family
history and age are accepted risk factors
for diabetes (1,11,41), but only weight
change is controllable. For incident dia-
betes, the hypothesized importance of
weight distribution over general body size
may be overemphasized. Fat distribution
appears to be a modest independent risk
factor for diabetes among men in the top
5% of WHR, but the strong RRs associ-
ated with even moderate BMI levels sug-
gest that overall obesity is the dominant
risk factor for diabetes. Thus, public
health recommendations should primar-
ily emphasize the prevention of overall
obesity to reduce the occurrence of
NIDDM. Ideally, a lean weight should be
attained early in life and maintained
throughout adulthood.
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