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A

bdominal obesity (i.e., the male type of obesity)
is a risk factor for the development of cardiovascular disease (1,2) and diabetes mellitus (3,4) and
for overall mortality (1,2) in men and women. In
women, abdominal obesity is followed by elevated free testosterone and low sex-hormone-binding globulin (SHBG)
concentrations (5). Previously, these biochemical correlates
to hyperandrogenicity in women had never been examined
as predictors of disease in prospective studies. In this study,
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SHBG and corticosteroid-binding globulin (CBG) were determined in a population sample of women aged 38, 46, 50,
54, and 60 yr participating in a health survey in 1968-1969,
and the results were related to the 12-yr incidence of diabetes mellitus, cardiovascular disease, stroke, and overall
mortality to established risk factors for these end points (6).
Low SHBG concentration was found to be a uniquely strong
independent risk factor for diabetes mellitus.

RESEARCH DESIGN AND METHODS
In 1968-1969, 1462 women in Gothenburg, Sweden, aged
38, 46, 50, 54, or 60 yr were selected at random. The systematic sampling method, based on date of birth, and a high
participation rate (90.1%) ensured that the participants were
a representative cross section of women from the community
of the ages studied. Table 1 shows the numbers of participants in the initial examination. The population sample was
followed up in 1974-1975 and 1980-1981. Most of the nonparticipants were interviewed by telephone or letter concerning their history of myocardial infarction, stroke, and
diabetes mellitus. In this way, information was obtained from
a total of 1351 women (97.4% of those participating in 1968—
1969 were still alive in 1980-1981).
In the initial 1968-1969 study, blood samples were taken
after overnight fasting, and blood glucose (7), serum triglycerides (8), and serum cholesterol (9) were analyzed.
Serum SHBG and CBG were determined in 1986 by radioimmunoassay of the samples collected in 1968-1969. The details of the SHBG and CBG immunoassays, including validation for use in the frozen serum specimens, have been
described (10). Body weight was measured to the nearest
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Serum sex-hormone-binding globulin (SHBG) and
corticosteroid-binding globulin (CBG) concentrations
were evaluated as risk factors for the development
of non-insulin-dependent diabetes mellitus (NIDDM),
myocardial infarction, stroke, and premature death
in a prospective study of 1462 randomly selected
women, aged 38-60 yr, over 12 yr of observation.
In multivariate analysis, taking only age into
consideration as a confounding factor, low initial
concentration of SHBG was significantly correlated
to the incidence of NIDDM and stroke, and high initial
concentration of CBG was correlated to the incidence
of NIDDM. There were also significant correlations
between SHBG and CBG concentrations on one hand
and possible risk factors for the end points studied,
such as serum triglycerides, serum cholesterol, fasting
blood glucose, body mass, body mass index, waist/hip
ratio, smoking habits, and systolic blood pressure,
on the other. When these possible confounders, in
addition to age, were taken into consideration in
multivariate analyses, only the inverse significant
correlation between SHBG and NIDDM remained. The
increased incidence of diabetes was confined to the
lowest quintile of SHBG values, where it was 5-fold
higher than in the remaining group. This incidence was
further increased to 8- and 11-fold in the lowest 10 and
5% of the values, respectively. We conclude that SHBG
is a uniquely strong independent risk factor for the
development of NIDDM in women. Diabetes 40:123-28,
1991
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TABLE 1
Numbers of subjects in each age group participating in
population study of women in Gothenburg, Sweden
Year of birth

Age during
follow-up (yr)

Women participating
in 1968-1969 (n)

1930
1922
1918
1914
1908
Total

38-»50
46^58
50-^62
54^66
60^72
38-60*, 50-72f

372 (91.4)
431 (90.0)
398(91.3)
180(88.7)
81 (83.5)
1462(90.1)

Values in parentheses are participation rates (%).
*Age range in 1968-1969 study.
fAge range at end of follow-up.

RESULTS

Of the 1424 women initially free from signs of myocardial
infarction from whom we obtained valid follow-up data, 23
(1.6%) developed myocardial infarction during the follow-up
period (8 fatal, 15 nonfatal). New signs of stroke were recorded in 13 women (0.9%). Forty-three women (3%) developed diabetes mellitus. A total of 75 women (5.1%) died
during the follow-up period.
Table 2 shows the P values for nonparametric correlations

TABLE 2
Nonparametric correlations (age-adjusted P values) between initial sex-hormone-binding globulin (SHBG) and corticosteroid-binding
globulin (CBG) concentrations and 12-yr incidences of myocardial infarction, stroke, diabetes mellitus, and overall mortality
Myocardial
infarction

Stroke

Diabetes
mellitus

Mortality

840
446

NS
NS
NS

NS
NS
0.02*

0.002*
<0.001*
<0.001*

NS
0.007*
NS

840
446

0.02
0.04
0.03

NS
NS
NS

NS
0.02
0.02

NS
NS
NS

n
SHBG
Premenopausal
Postmenopausal
All
CBG
Premenopausal
Postmenopausal
All
'Negative correlation.
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0.1 kg with a balance scale. The women wore only briefs
when being weighed. Body height without shoes was measured to the nearest 0.5 cm, and body mass index was
calculated (kg/m2). Waist circumfererence was measured to
the nearest 1 mm at the level midway between the lower rib
margin and the iliac crest with a steel tape measure, and
hip circumference was measured to the nearest 1 mm at the
widest point between the hips and buttocks. Blood pressure
was recorded with a mercury manometer after ~5 min rest
with the subject in the seated position. Information about
smoking habits was obtained via a standardized interview.
Information about menopausal state was also obtained in an
interview. The women were subdivided into premenopausal
and postmenopausal groups according to their menstrual
state at the time of the initial study in 1968-1969. Serum
insulin was determined at the initial 1968-1969 examination
in all women aged 50 yr by a double-antibody method (Amersham International, Aylesbury, UK).
For nonfatal myocardial infarction, each participant was
asked if she had any history of chest pain, as were most of
the nonparticipants in the follow-up studies. Records of all
women who were admitted to the hospital due to chest pain
were studied, and the diagnosis of acute myocardial infarction was defined as the presence of at least two of the following criteria: central chest pain, transient rise of serum
aminotransferase activities, and typical electrocardiographic
changes of recent onset. These criteria have been described
in detail elsewhere (11). A diagnosis of fatal myocardial infarction was accepted if it was stated on the death certificate.
Stroke was defined as previously described (12). If non1
fatal, diagnosis at the hospital was required. Stroke was also

registered for subjects who showed signs consistent with a
recent cerebrovascular accident at postmortem examination
and for whom stroke was recorded as the major cause of
death on their death certificate.
Each participant was asked whether she had diabetes, as
were most of the nonparticipants in the follow-up studies. If
a physician stated that a patient had diabetes, we accepted
the diagnosis (n = 32). Women with a fasting serum glucose
concentration >6 mM who were not known to have diabetes
were referred to a special diabetes unit for further examination. Women who then had two fasting capillary wholeblood samples with glucose concentrations s=7 mM were
defined as diabetic (n = 11) according to the World Health
Organization's former recommendations (13).
Confirmation of whether the women were alive or dead at
the end of the 12 yr was obtained for 1458 (99.7%) of the
initial 1462 participants; death certificates were obtained for
all participants who died. Necropsies were performed in 5
(63%) of 8 patients whose deaths were attributed to myocardial infarction and in 27 (40%) of 67 women for whom
myocardial infarction was not stated on the death certificate.
Patients positive for myocardial infarction at the initial examination were excluded when the risk for myocardial
infarction as an end point was assessed. Similarly, patients
already positive for other end points at the initial examination
were excluded in the final calculations for corresponding end
points.
Values were calculated by standard methods and are expressed as means ± SD. Student's t test was used to test
the hypothesis of no difference in mean values between two
groups. Associations between graded or continuous variables were tested by Pitman's nonparametric permutation
test (14). In adjusting for confounding variables, an extension
of Mantel-Haenszel's procedure for permutation testing was
used (15). Two-tailed tests were used, and P < 0.05 was
considered significant.
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FIG. 1. Distribution of values for serum sex-hormone-binding globulin
concentration by radioimmunoassay in 1986 of specimens collected in
1968-1969 health survey of women (see METHODS). Top, women who
developed diabetes mellitus during ensuing 12 yr (from left to right
n = 17,11, 7, 2, 5,1). Bottom, total population.
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FIG. 2. Incidence of diabetes mellitus during 12-yr versus initial
concentration of sex-hormone-binding globulin.

gether. This incidence increased to 8- and 11-fold, respectively, when the first 10 and 5% of the distribution of SHBG
were compared with the rest of the group. There was no
gradient in the incidence of diabetes among the last four
quintiles.
Table 3 gives the results from statistical analyses of relationships between SHBG and CBG on one hand and age,
serum lipid concentrations, fasting blood glucose, measurements of general and regional obesity, smoking, and blood
pressure on the other. Only serum cholesterol did not correlate with SHBG concentration. The correlations were usually negative with the exception of age, smoking, and triglycerides in premenopausal women. CBG was positively
correlated to age, serum cholesterol, and smoking and was
negatively correlated to serum triglycerides, body mass, and
body mass index.
The interrelationships between SHBG and waist/hip ratio
or body mass index and incidence of diabetes are illustrated
in Fig. 3. There seems to be an interaction between these
three variables, with a clustering of diabetes incidence with
higher waist/hip ratio or body mass index in combination
with low SHBG values.
Because of the findings mentioned above, the background
variables serum triglycerides, serum cholesterol and blood
glucose, body mass, body mass index, waist/hip ratio,
smoking habits, and systolic blood pressure were added in
multivariate analyses, and the remaining significant predictors for the end points myocardial infarction, stroke, diabetes
mellitus, and mortality were examined. We found that the
significant correlations between SHBG and stroke did not
remain in the multivariate analyses. Furthermore, the significant age-specific correlations between CBG, myocardial
infarction, and diabetes did not remain in the extended mul-

125

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/40/1/123/358315/40-1-123.pdf by guest on 20 January 2022

between initial serum concentrations of SHBG and CGB a n d
the 12-yr incidences of myocardial infarction, stroke, diabetes mellitus, a n d overall mortality. When all women were
examined, a g e w a s considered as a potential background
factor. A low concentration of SHBG was found to be a strong
risk factor the development of diabetes mellitus (P < 0.001).
This was also the case when premenopausal and postmenopausal women were analyzed separately. Low values of
SHBG also predicted stroke in all women (P = 0.02) but
mortality only among postmenopausal women (P = 0.007).
SHBG w a s not a risk factor for the incidence of myocardial
infarction, but there was a tendency toward an inverse relationship.
CBG was a risk factor for myocardial infarction (P = 0.03)
and for diabetes (P = 0.02). C B G w a s not related to the
incidence of stroke or to total mortality.
Figure 1 shows the distribution of the SHBG values in the
total group of women and in those who developed diabetes,
demonstrating the generally low concentrations in those who
developed diabetes. The 43 women w h o became diabetic
had markedly lower values of SHBG at the start of the o b servation period (55 ± 31 nM) than those who remained free
from diabetes (88 ± 55 nM; P < 0.001). Despite the small
numbers of women in the different a g e groups, the differences were significant in each of the age strata except in
the youngest and oldest groups, where only 4 and 3 women,
respectively, became diabetic.
Figure 2 shows the incidence of diabetes during the followup period in the quintiles of SHBG standardized for age. The
first quintile of SHBG showed a >5-fold incidence of diabetes
c o m p a r e d with the other four quintiles, separately or to-
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TABLE 3
Age-adjusted nonparametric correlations (P values) of concentrations of sex-hormone-binding globulin (SHBG) and
corticosteroid-binding globulin (CBG) versus selected variables

SHBG
Premenopausal
Postmenopausal
All

Age

Serum
triglycerides

Serum
cholesterol

Blood
glucose

Body
mass

Body
mass
index

Smoking

Systolic
blood
pressure

NS
NS
NS

0.01*
0.03*
0.001*

<0.001*
<0.001*
<0.001*

<0.001*
<0.001*
<0.001*

<0.001*

<0.001

0.006
<0.001*
NS

<o.oor
<0.001*

0.02
NS
0.01

0.006*
NS
<0.001*

0.008

<0.001*
NS
<0.001*

NS
0.001
0.01

NS
NS
NS

<0.002*
<0.001*
<0.001*

0.003*
<0.001*
<0.001*

NS
NS
NS

0.02
NS
0.003

NS
NS

Waist/hip
ratio

CBG
Premenopausal
Postmenopausal
All
'Negative correlation.

DISCUSSION

This prospective study of women shows the strong power
of low SHBG values, a sign of hyperandrogenicity, to predict
the development of diabetes. This is independent of other
previously established risk factors for diabetes, such as age
and high blood glucose or plasma lipids, hypertension, and
generalized or regional obesity. Hyperandrogenicity thus
seems to be a strong predictor of development of diabetes
in women, which was previously not sufficiently observed.
The increased risk was found entirely with the lowest quintile
of SHGB and was markedly increased with lower values
within this quintile. Thus, in the lowest 5% of the distribution,
the incidence of diabetes was one in five women. Our results
suggest therefore that determination of SHBG might be useful for screening women at risk of developing diabetes because of its high power of discrimination and its relative ease
for deciding the borderline of the population at risk.
CBG, another steroid-hormone-binding globulin, was also
associated with the incidence of diabetes and myocardial
infarction; however, it was not an independent risk factor.
The strong correlation between SHBG and measurements
of generalized body mass increase or abdominal obesity
(waist/hip ratio) found herein is in good agreement with findings in case-control studies that have shown that women
with abdominal obesity have increased free testosterone and
low SHBG concentrations in parallel with insulin resistance
(5,17).
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Generalized and abdominal obesity have previously been
found to be strong risk factors for the development of diabetes in both women (3) and men (4). Despite the remaining
predictive power of a'iow SHBG level after the obesity factors
have been taken into account, generalized and abdominal
obesity cannot be ruled out as contributing factors to the
development of diabetes, as also suggested by analyses in
which all of these factors were considered (Fig. 3).
Several clinical syndromes in women are characterized
by a combination of hyperandrogenicity, hyperinsulinemia,
insulin resistance, and non-insulin-dependent diabetes mellitus (NIDDM) with or without obesity, and measurements of
hyperandrogenicity usually correlate with plasma insulin
concentrations (18-20). Of particular interest is the polycystic ovary syndrome (18-23), in which hyperinsulinemia
has been found to be associated with hyperandrogenicity in
the absence of obesity (21-23). Hyperinsulinemia is a strong
risk factor for the development of diabetes (16,24).
In the subgroup of the women in this study, fasting plasma
insulin showed a strong negative correlation with SHBG
(r = -0.243, P < 0.001), as reported previously (25). In
multivariate analyses in this subgroup, SHBG remained a
significant predictor for diabetes when insulin was included
as a background factor and vice versa. These observations
suggest a close statistical relationship between SHBG and
insulin and the incidence of diabetes.
Several studies have shown that women with abdominal
obesity and hyperandrogenicity have muscle tissue characterized by low insulin sensitivity (26). Such muscles have
few insulin-sensitive slow-twitch muscle fibers and few capillaries, which are also male characteristics (26,27; E. Skarfors, H. Lithell, J. Selinus, B. Sultin, unpublished observations). Signs of generalized insulin resistance correlate
strongly with these muscle characteristics (26,27). Other
studies have shown that administration of exogenous androgens to children (28), women (29), and in excess to male
weight lifters (30) is followed by a marked increase in plasma
insulin concentrations. Studies have shown that female rats
exposed to testosterone, resulting in blood concentrations
similar to those found in hyperandrogenic women, develop
marked insulin resistance. This is localized to muscle tissue,
which shows remarkable trend toward fewer red insulin-sensitive fibers (31,32). Thus, it is possible that hyperandrogenicity in women, indicated by a low SHBG concentration,
actually induces insulin resistance through changes in mus-
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tivariate analyses. In contrast, the association between
SHBG and the incidence of diabetes remained as a significant independent inverse correlation in the total group of
women. This was also the case for the subgroups of premenopausal and postmenopausal women when analyzed
separately. Furthermore, low SHBG concentration remained
as an independent significant risk factor for mortality among
postmenopausal women. Serum insulin was determined only
in women aged 50 yr; therefore, serum insulin could be included as a potential confounding variable only for that age
stratum. Serum insulin is a strong risk factor for diabetes in
these women (16). When serum insulin was included in the
multivariate analyses, we observed that SHBG was significantly correlated to diabetes incidence independent of
serum insulin. However, when SHBG was included as a
background variable, the significant relationship between
serum insulin and incidence of diabetes also persisted.
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FIG. 3. Incidence of diabetes in relation to age-specific quintiles of
waist/hip ratio and sex-hormone-binding globulin (SHBG) and to body
mass index and SHBG. In each square, large numerals denote percent
incidence during 12-yr period, and small numerals show absolute
numbers from which incidence was calculated.

cle, increasing the risk to develop diabetes mellitus. Abdominally localized obesity is another male trait that might
be an additional consequence of female hyperandrogenicity.
Although low SHBG is associated with a risk for development
of NIDDM independent of obesity factors, the presence of
obesity probably amplifies this risk.
However, other observations suggest that insulin may increase androgen production, resulting in hyperandrogenicity (33-35). It is thus not yet possible to resolve the question
of which is the primary factor—increased insulin concentration or hyperandrogenicity. Our observations and experimental evidence demonstrate the importance of further studies of the role of hyperandrogenicity in the development of
diabetes in women.
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