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Type 2 diabetes in Pima Indians is more
p revalent in women of re p ro d u c t i v e
age who have never been pre g n a n t

than in those who have had a pre g n a n c y
(1). Infertility is also associated with a risk
of diabetes in other studies (2,3).

O b e s i t y, a major risk factor for type 2
diabetes, has long been associated with
i n f e rtility and menstrual abnormalities (4).

O b e s i t y, hyperinsulinemia, hyperandro-
genemia, and irregular menstruation are
also commonly associated with polycystic
o v a ry syndrome (PCOS), the most com-
mon endocrine disorder in women of
re p roductive age (5). In a Swedish long-
t e rm follow-up study, women with PCOS
experienced not only oligomenorrhea and
i n f e rt i l i t y, but also an increased incidence of

h y p e rtension and diabetes (6).
Pima Indians have the world’s highest

re p o rted prevalence of type 2 diabetes (7)
and also have a high prevalence of obesity
(8). Furt h e rm o re, menstrual irre g u l a r i t y
has been associated with hyperinsulinemia
and hyperandrogenemia in nondiabetic
Pima women of child-bearing age (9). To
d e t e rmine the importance of this fin d i n g
f rom a population perspective, we studied
the relationship of menstrual irregularity to
type 2 diabetes in Pima Indian women.

RESEARCH DESIGN AND
M E T H O D S — Women in this study
w e re participants in a longitudinal epi-
demiologic study of type 2 diabetes and its
complications conducted by the National
Institute of Diabetes and Digestive and Kid-
ney Diseases (NIDDK) among residents of
the Gila River Indian Community of Cen-
tral Arizona. Since 1965, all residents of the
study area at least 5 years old have been
invited to participate in re s e a rch examina-
tions every 2 years, re g a rdless of health sta-
tus. These biennial examinations include a
medical history, physical examination, and
an oral glucose tolerance test (10).

Study participants and study design
The cross-sectional analysis included 695
n o n p regnant women at their last examina-
tion between April 1992 and January 1995
who were 18–44 years old and whose her-
itage was at least one-half Pima, To h o n o
O’odham, or a mixture of these two closely
related Native American tribes. Examina-
tion included measurements of height and
weight. Blood pre s s u re was measured once
in the supine position with a merc u ry
sphygmomanometer; systolic blood pre s-
s u re (sBP) and diastolic blood pre s s u re
(dBP) were measured to the nearest 2
mmHg at Koro t k o ff sounds I and IV,
re s p e c t i v e l y. Mean blood pre s s u re (MBP)
was defined as two-thirds of the dBP plus
o n e - t h i rd of the sBP. Plasma glucose con-
centration was measured at fasting and 2 h
after the 75-g glucose load by a glucose oxi-
dase method. Diabetes was diagnosed by
World Health Organization criteria (11): a
plasma glucose level of $11.1 mmol/l 2 h
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O B J E C T I V E — M e n s t rual irregularity is associated with hyperinsulinemia and hyperan-
d rogenemia in nondiabetic Pima Indian women of child-bearing age. In this population-based
s t u d y, we determined the relationship of menstrual irregularity to type 2 diabetes in Pima
Indian women.

RESEARCH DESIGN AND METHODS — P a rticipants for this cross-sectional analy-
sis were 695 nonpregnant Pima Indian women, aged 18–44 years, involved in an ongoing epi-
demiologic study of diabetes among residents of the Gila River Indian Community of Arizona.
Clinical data were collected by questionnaire and an examination that included a 75-g oral glu-
cose tolerance test; diabetes was diagnosed by World Health Organization criteria. Menstru a l
i rregularity was defined as an interval of 3 months or more between menses, when not pre g-
nant, since age 18 years.

R E S U LT S — H i s t o ry of menstrual irregularity was significantly associated with a high
p revalence of diabetes (37 vs. 13%; odds ratio = 4.2, 95% CI = 1.6–10.8) in the least obese
women (BMI , 30 kg/m2), adjusted for the effects of age and overall obesity. This association
was, in part, because of greater central obesity in women with irregular menses. In more obese
women, there was little association with menstrual irre g u l a r i t y, and diabetes was fre q u e n t
re g a rdless of menstrual history.

C O N C L U S I O N S — P revalence of type 2 diabetes is higher among Pima Indian women with
a history of menstrual irre g u l a r i t y. The diff e rence is most pronounced among the least obese
g roup of women. This association may be because of insulin resistance and hyperinsulinemia,
which predict type 2 diabetes, also causing hyperandrogenism and menstrual irre g u l a r i t y. The
findings re i n f o rce the need to evaluate women with menstrual irregularity for hyperg l y c e m i a .
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after the glucose load. BMI, defined as body
weight in kilograms divided by the square
of height in meters (kg/m2), was used as a
m e a s u re of obesity. Body fat distribution
was estimated by waist circ u m f e rence, and
waist-to-hip (WHR) and waist-to-thigh
ratios (WTRs) (12).

Reproductive history
Since April 1992, a standardized re p ro-
ductive history questionnaire has been
used to obtain information about pre v i o u s
p regnancies and menstrual history, includ-
ing use of oral contraceptives within the
p revious 12 months. Information about
other methods of contraception was not
available. Lactation amenorrhea has been
i n f requent in this population because the
women rarely exclusively breastfeed (N.
B u rton Attico, personal communication).
Women may well have had alternate peri-
ods of oligomenorrhea and amenorrh e a ;
c o n s e q u e n t l y, our aim was to get inform a-
tion about clinically relevant menstru a l
i rregularities. We, there f o re, defined men-
s t rual irregularity as an interval of 3 months
or more between menses, when not pre g-
nant, since age 18 years.

Statistical analysis
Analyses were conducted using the natural
logarithms of fasting and 2-h plasma glucose
to reduce skewness. Age-adjusted means
between women with menstrual irre g u l a r i t y
and women with regular periods were com-
p a red using analysis of covariance. We com-
p a red prevalence of diabetes between gro u p s

using x2 test statistics; the Mantel-Haenszel
p ro c e d u re was used to control for potential
confounders. In addition, the association
between type 2 diabetes and menstru a l
i rregularity was assessed with multiple logis-
tic re g ression analysis to control for potential
c o n f o u n d e r s .

R E S U LT S — The prevalence of history
of menstrual irregularity was 21%
(145/695). Type 2 diabetes prevalence was
33% in 145 women with history of men-
s t rual irre g u l a r i t y, in contrast with 24% in
550 women with regular menses (P ,
0.05). Mean BMI was 36.1 kg/m2 ( r a n g e
18.1–63.7). All but 80 of the 695 part i c i-
pants were obese (BMI $27 kg/m2). In the
145 women with a history of menstru a l
i rre g u l a r i t y, age-adjusted mean BMI was
38.7 kg/m2, significantly higher than in the
550 women with regular menses (35.4
k g / m2, P , 0.05). Current oral contracep-
tive use was 8.1%, with no significant dif-
f e rence between groups (6.9 and 8.4%,
re s p e c t i v e l y, P = 0.57, controlled for age).

Characterization of the study popula-
tion by age-group and history of menstru a l
i rregularity is shown in Table 1. The age of
m e n a rche was similar in all groups. How-
e v e r, in age-adjusted analysis, women with
a history of menstrual irregularity had
s i g n i ficantly higher (P , 0.05) BMI, waist
c i rc u m f e rence, WHR, WTR, 2-h plasma
glucose, HbA1 c, MBP, and prevalence of type
2 diabetes, as well as decreased gravidity.

C o n t rolled for age, but not obesity, dia-
betes was significantly associated with his-

t o ry of menstrual irregularity (odds ratio =
1.6; 95% CI = 1.1–2.5), but not with nul-
ligravidity (odds ratio = 1.2; 95% CI =
0.7–1.9). Controlled for BMI in addition to
age, similar results were obtained; while the
association between diabetes and history of
m e n s t rual irregularity was virtually identi-
cal, however, it was no longer quite statisti-
cally significant (odds ratio = 1.5, 95% CI =
0.99–2.3). Further control for oral contra-
ceptive use did not substantially change the
odds ratio (odds ratio = 1.5, 95% CI =
0.98–2.3), and there was no signific a n t
interaction between oral contraceptive use
and menstrual irre g u l a r i t y, P = 0.10 (i.e., the
odds ratio for diabetes and menstrual irre g-
ularity did not differ between oral contra-
ceptive users and nonusers). Furt h e rm o re ,
odds ratios were similar in analyses that
excluded women who were using oral con-
traceptives (age-adjusted odds ratio = 1.5).

Age-adjusted prevalence of type 2 dia-
betes is shown within quartiles of BMI in
Fig. 1. Diff e rences in prevalence of dia-
betes between women with or without his-
t o ry of menstrual irregularity were gre a t e s t
among the least obese group of women. In
the lowest quartile (BMI , 30 kg/m2) ,
women with a history of menstrual irre g u-
larity had a significantly higher pre v a l e n c e
of diabetes (37%) than women without a
h i s t o ry of menstrual irregularity (13%; age-
adjusted odds ratio = 4.2; 95% CI =
1.6–10.8). This diff e rence is less than half
as large in the 2nd quartile. In the 3rd and
4th quartiles of BMI, diabetes occurred at a
high rate re g a rdless of menstrual history.

Table 1—Clinical characteristics of 695 nonpregnant Pima Indian women with or without history of menstrual irregularity

Age (years) 18–24 25–34 35–44

Menstrual irregularity No Yes No Yes No Yes P value

n 135 36 235 61 180 48 —

BMI (kg/m2) 33.5 ± 7.7 37.6 ± 9.1 35.7 ± 7.2 39.3 ± 10.2 36.4 ± 7.6 38.9 ± 7.9 ,0.0001

Waist (cm) 103.7 ±18.2 114.0 ± 20.6 110.9 ± 18.4 117.1 ± 22.5 114.1 ± 18.6 120.8 ± 18.6 ,0.0001

WHR 0.87 ± 0.06 0.90 ± 0.06 0.90 ± 0.09 0.91 ± 0.07 0.92 ± 0.06 0.95 ± 0.05 ,0.004

WTR 1.56 ± 0.22 1.64 ± 0.23 1.65 ± 0.26 1.74 ± 0.32 1.72 ± 0.25 1.84 ± 0.20 ,0.001

Fasting plasma glucose (mmol/l) 5.3 (4.0, 6.9) 5.8 (4.0, 8.5) 5.8 (4.1, 8.0) 7.1 (4.4, 11.5) 6.7 (4.5, 10.2) 7.2 (4.8, 10.6) ,0.0003

2-h plasma glucose (mmol/l) 6.4 (4.6, 9.0) 7.0 (4.7, 10.4) 7.6 (4.8, 12.0) 9.1 (4.9, 16.9) 9.2 (5.3, 16.2) 10.7 (6.7, 17.2) ,0.002

HbA1c (%) 5.5 ± 1.3 6.3 ± 2.3 6.0 ± 1.8 7.1 ± 2.7 6.9 ± 2.4 7.2 ± 2.2 ,0.0002

Menarche (years) 12.3 ± 1.2 11.7 ± 1.1 12.2 ± 1.5 12.4 ± 1.3 12.2 ± 1.6 12.0 ± 1.6 NS

Gravidity (n) 1.2 ± 1.5 1.2 ± 1.5 3.0 ± 2.0 2.1 ± 2.2 3.7 ± 2.4 3.0 ± 2.5 ,0.001

MBP (mmHg) 79.4 ± 9.0 83.2 ± 8.6 83.2 ± 9.3 83.8 ± 7.1 86.1 ± 10.2 89.0 ± 9.7 ,0.03

Diabetes (%) 5.9 11.1 22.1 34.4 38.3 47.9 ,0.014

Ever pregnant (%) 51.1 55.5 88.5 62.3 92.8 83.3 ,0.001

Data are means ± SD for normally distributed variables, % for qualitative variables, and geometric means (individual tolerance limit) for the log-normally distributed
variables fasting plasma glucose and 2-h plasma glucose. The geometric mean and the individual tolerance limits are the mean ± SD computed on the log-transform e d
variable and converted to the original scale of measurement. P values are for diff e rences between women with or without menstrual irre g u l a r i t y, controlled for age as
a continuous variable, by analysis of covariance in a model including all 695 women.
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M e n s t rual irregularity and type 2 diabetes

Adjusted for the effects of age and
among the least obese women, those with
a history of menstrual irregularity had a
s i g n i ficantly higher mean WTR (1.63) than
those with regular periods (WTR = 1.49, P
, 0.0013). Age-adjusted waist girth and
WHR did not differ significantly between
women with and without history of men-
s t rual irregularity (92.3 and 90.5 cm, P =
0.38; 0.89 and 0.87, P = 0.09, re s p e c-
t i v e l y ) .

When adjusted for age and BMI within
this least obese group of women, history of
m e n s t rual irregularity was still signific a n t l y
associated with a high prevalence of dia-
betes (odds ratio = 3.5, 95% CI = 1.3–9.5).
H o w e v e r, when adjusted for age and WTR,
the association between menstrual irre g u-
larity and diabetes was less and was no
longer statistically significant (odds ratio =
2.5, 95% CI = 0.8–7.6).

C O N C L U S I O N S — The least obese
g roup of Pima Indian women with a his-
t o ry of menstrual irregularity had a higher
p revalence of diabetes than women with
regular menses, even when adjusted for
the effects of age and overall obesity. At
g reater degrees of obesity, a strong risk fac-
tor for type 2 diabetes (8), there was less
d i ff e rence in diabetes prevalence, such that
among women in the upper two BMI quar-
tile groups, diabetes occurred at a high rate
re g a rdless of menstrual history.

Charles et al. (1) previously re p o rt e d
an association between nulligravidity and
diabetes in a much larger sample of Pima
Indian women (age- and obesity-adjusted
odds ratio = 2.0; 95% CI = 1.5–2.7); in the
p resent smaller data set, this association

was much less pronounced and was not
statistically significant. Absence of a signifi-
cant association between nulligravidity and
type 2 diabetes in this data set might be
because pregnancy is now more a matter of
choice because of contraceptive use. By
contrast, in the present study, menstru a l
i rre g u l a r i t y, which is often a consequence of
anovulation, was significantly associated
with type 2 diabetes.

With or without adjustment for use of
oral contraceptives in our analysis, the
results of the relationship between men-
s t rual irregularity and diabetes were essen-
tially the same. Furt h e rm o re, menstru a l
i rregularity was associated with diabetes
whether or not women taking oral contra-
ceptives were included in the analysis. This
suggests that oral contraceptive use is
unlikely to confound the re s u l t s .

The present study is cro s s - s e c t i o n a l ,
and thus one cannot determine the causal
n a t u re of the relationship between men-
s t rual irregularity and type 2 diabetes fro m
these data alone. Menstrual irregularity as
d e fined in the present study may be attrib-
uted to several causes, and the available
data do not allow us to determine the etiol-
ogy of menstrual dysfunction in these
women. However, given our findings, a re a-
sonable explanation for the association
between menstrual irregularity and diabetes
might be that they share common risk fac-
tors, namely hyperinsulinemia, obesity, and
m o re central distribution of fat (4,5,9).
T h e re are several possible mechanisms.

First, increased peripheral conversion
of androgens to estrogens in adipose tissue
is correlated with obesity (13,14). Higher
e s t rogen concentrations could result in

m e n s t rual abnormalities and anovulation
by negative feedback at the hypothalamo-
p i t u i t a ry level (9). Thus, a high degree of
adiposity could explain the re l a t i o n s h i p
between menstrual irregularity and type 2
diabetes. Yet, in our data, the re l a t i o n s h i p
between menstrual irregularity and dia-
betes is strongest in women with BMI ,3 0
k g / m2, and this finding does not favor the
hypothesis that obesity is the only link
between increased diabetes prevalence and
m e n s t rual irre g u l a r i t y.

Second, higher diabetes pre v a l e n c e
among women with a history of menstru a l
i rregularity than in women with re g u l a r
menses might be explained by an associa-
tion among insulin resistance, hyperinsu-
linemia, and hyperandro g e n e m i a .
H y p e r a n d rogenemia is associated with
o l i g o m e n o rrhea in insulin-resistant Pima
women of child-bearing age (9). Insulin
resistance and hyperinsulinemia are com-
mon in Pima Indians with type 2 diabetes
(12,15). In vitro, insulin can stimulate ovar-
ian production of androgens (16). This
mechanism is believed to be involved in the
pathogenesis of PCOS (17), a condition
associated with a high risk of type 2 diabetes
(6) and characterized by insulin re s i s t a n c e ,
h y p e r a n d rogenemia, and menstrual irre g u-
larities. In hyperandrogenic women (18)
and in women with PCOS (19), only those
with anovulation are insulin re s i s t a n t .

T h i rd, hyperinsulinemia inhibits sex
h o rmone–binding globulin (SHBG) pro-
duction by the liver (20), and is associated
with low SHBG concentrations, which leads
to higher free testosterone concentrations
(21). Low SHBG concentration is a risk fac-
tor for type 2 diabetes in women (22).

In the present study, the re l a t i o n s h i p
between menstrual irregularity and diabetes
was limited to the least obese group of
women, among whom those with menstru a l
i rregularity had a greater WTR than women
with regular menses, suggesting that they
may have increased central or visceral adi-
posity (23,24). Estimates of body fat distri-
bution, such as waist circ u m f e rence and
WTR, may be as useful as more complicated
m e a s u res for identifying groups of individu-
als whose body habitus puts them at high
risk of developing type 2 diabetes (24). That
the relationship between menstrual irre g u-
larity and type 2 diabetes was no longer
s i g n i ficant when WTR was included in a
multivariate model suggests that the effect of
m e n s t rual irregularity is mediated thro u g h
its relation to visceral adiposity. Insulin re s i s-
tance and visceral adiposity are highly cor-

F i g u re 1—Age-adjusted prevalence of type 2 diabetes stratified by quartiles of BMI in 695 women with
or without menstrual irregularity. OR, odds ratio.
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related (23). Visceral adiposity is associated
with aberrations in steroid hormone secre-
tion such as hyperandrogenemia (25–27).
Thus, the greater WTR found in Pima
women with irregular menses suggests that
these women have both hyperinsulinemia
and hyperandrogenemia and that these
anomalies are involved in the dysre g u l a t i o n
of the menstrual cycle.

To our knowledge, no other popula-
tion-based studies have examined the re l a-
tionship between menstrual irregularity and
diabetes. Given the increasing prevalence of
type 2 diabetes in other ethnic groups with
risk factors similar to those of the Pimas, we
would expect to see a similar re l a t i o n s h i p
with menstrual irre g u l a r i t y. Further re s e a rc h
that includes data on the etiology of the
m e n s t rual irre g u l a r i t y, thereby allowing a
m o re precise definition, might shed light on
the mechanisms of this association.

In conclusion, we found a strong asso-
ciation between history of menstrual irre g-
ularity and increased diabetes prevalence in
the least obese group of Pima Indian
women, consistent with the pre v i o u s l y
re p o rted relationship between menstru a l
i rregularity and insulin resistance (9). High
BMI confers a high risk of type 2 diabetes,
re g a rdless of menstrual history. The fin d i n g s
re i n f o rce the need to evaluate women with
m e n s t rual irregularity for hyperg l y c e m i a .
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