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OBJECTIVEdFindings on the effect of menopause or age at menopause on the presence of
hyperglycemia are controversial, and why women after menopause have a higher probability of
having hyperglycemia than men in the same age range remains unknown.

RESEARCH DESIGNANDMETHODSdWe reviewed data on 29,189 men, 6,308 pre-
menopausal women, and 4,570 postmenopausal women in Japan. Odds ratios (ORs) for diabetes
or prediabetes indicated by American Diabetes Association criteria were calculated for men and
for pre- and postmenopausal women.

RESULTSdCompared with premenopausal women, women after natural menopause had an
age-adjusted OR of 1.40 (95% CI 1.03–1.89) for diabetes, and women after menopause by
surgical or other causes had an age-adjusted OR of 1.59 (1.07–2.37). The age-adjusted OR in
men was 4.02 (3.15–5.14). Compared with premenopausal nondiabetic women, postmeno-
pausal nondiabetic women had a significantly elevated OR of 1.33 (1.20–1.48) for prediabetes;
nondiabetic men had an OR of 1.93 (1.77–2.10) independently of age and demographic and
metabolic factors. Even among women aged,50 years, postmenopausal status was significantly
associated with an elevated OR (1.50 [1.18–1.91]) for dysglycemia (either diabetes or prediabe-
tes). Postmenopausal women aged $50 years had a particularly elevated OR for dysglycemia,
regardless of age at menopause.

CONCLUSIONSdThe postmenopausal state was significantly associated with the presence
of dysglycemia independently of normal aging, although the increased probability in postmen-
opausal women did not equal that in men. Among women, menopause and older age might
additively influence the elevated probability of dysglycemia.
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Questions remain about why women
after menopause have an increased
risk of diabetes compared with men

in the same age-group. The prevalence of

diabetes was reported to be lower in
women than in men aged #60 years,
whereas women in their 60s and 70s
were more likely to have diabetes than

men of the same age (1,2), suggesting
that the hormonal changes that character-
ize menopause might be associated with
the risk of diabetes in women after men-
opause (3). Although the association of
menopausal status and hyperglycemia
has been investigated (4–12), findings
about whether the postmenopausal state
would influence hyperglycemia indepen-
dently of normal aging remain controver-
sial. Two cohort studies with a large
number of female participants investi-
gated the impact of the postmenopausal
state on diabetes compared with the pre-
menopausal state (13,14). A study of
22,426 Japanese women suggested that
there is no significant association between
the postmenopausal state and diabetes
when adjustment is made for chronolog-
ical age (14). However, the other cross-
sectional study of Italian women showed a
positive association between spontaneous
menopause and diabetes independently of
age and demographic factors (13). A review
indicated that neither natural nor surgical
menopause per se has a strong association
with diabetes risk (15).

Weight gain, which commonly oc-
curs during the menopausal transition,
seems to be attributable to aging rather
than to the menopausal transition itself
(3,16). However, menopause is associ-
ated with changes in body composition,
such as increased total body fat or abdom-
inal fat and a decrease in lean body mass,
which in turn are linked to impairments
in glucose metabolism and insulin sensi-
tivity (3). The occurrence of dysglycemia
may be a direct result of ovarian failure or,
alternatively, an indirect result of the met-
abolic consequences of central fat redis-
tribution with estrogen deficiency (17). A
study of Korean women showed that the
prevalence rate of individuals with meta-
bolic syndrome is markedly high in those
$50 years of age and reached a peak in

c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c c

From the 1Department of Internal Medicine, Niigata University Faculty of Medicine, Niigata, Japan; the
2Health Management Center, Toranomon Hospital, Tokyo, Japan; the 3Department of Internal Medicine,
University of Tsukuba Institute of Clinical Medicine, Ibaraki, Japan; the 4Okinaka Memorial Institute for
Medical Research, Toranomon Hospital, Tokyo, Japan; and the 5Ibaraki Prefectural University of Health
Sciences Hospital, Ibaraki, Japan.

Corresponding author: Hirohito Sone, sone@med.niigata-u.ac.jp.
Received 2 May 2013 and accepted 31 July 2013.
DOI: 10.2337/dc13-1048
© 2013 by the American Diabetes Association. Readers may use this article as long as the work is properly

cited, the use is educational and not for profit, and thework is not altered. See http://creativecommons.org/
licenses/by-nc-nd/3.0/ for details.

care.diabetesjournals.org DIABETES CARE, VOLUME 36, DECEMBER 2013 4007

E p i d e m i o l o g y / H e a l t h S e r v i c e s R e s e a r c h
O R I G I N A L A R T I C L E

mailto:sone@med.niigata-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/


women in their 60s (7). Nonetheless,
whether menopause would be associated
with hyperglycemia independently of age
and these other closely related metabolic
factors remains unknown. In a prospec-
tive study in Spain that included 475
women, the presence of type 2 diabetes,
impaired glucose tolerance, impaired fast-
ing glucose, and other cardiometabolic
markers did not differ significantly be-
tween women who went from premeno-
pause to postmenopause and those who
did not experience menopause during a
6-year follow-up period (18). To date, the
joint effect of older age and the postmen-
opausal state on the presence of dysglyce-
mia has not been clarified. Additionally, a
few studies investigated whether a signif-
icant association exists between meno-
pause and hyperglycemia among women
without diabetes (6,19), and the results
were inconsistent.

Controversy also exists about whether
early age at menopause would increase
diabetes risk. A recent study of postmeno-
pausal women found early menopause to
be associated with an increased risk of
developing diabetes (20). In another study,
on the other hand, age at menopause was
not associated with diabetes in Chinese
postmenopausal women (21). Cross-
sectional studies in Italy (13) and China
(11) did not show a significant association
of age at menopause with diabetes. It
should be noted that the definition of the
diagnosis of diabetes differed among these
studies (11,13,20,21).

Therefore, in the present cross-
sectional study of Japanese individuals, we
aimed to investigate whether menopause
among women is associated with dysgly-
cemia independently of normal aging and
the possible mechanism whereby women
after menopause would have a higher
probability of having dysglycemia com-
pared with men of a similar age. We also
aimed to clarify the effect of age at men-
opause on the presence of type 2 diabetes
and prediabetes in Japanese women.

RESEARCH DESIGN AND
METHODSdThe Toranomon Hospi-
tal Health Management Center Study
included a cohort comprising mainly
apparently healthy government employ-
ees who underwent an annual health
screening in Tokyo, Japan. A total of
41,931 individuals underwent a health
examination from 1997 to 2007. Rou-
tine health checkups are common in
Japan because the Japanese government
and companies encourage people to

receive periodic examinations. Among the
41,931 individuals, this cross-sectional
study included 41,700 individuals for
whom data on sex and menopausal
status were available (6,458 premeno-
pausal women, 5,701 postmenopausal
women, and 29,541 men). Among those
41,700 individuals, we excluded 1,027
women who did not report a cause for
menopause (natural, surgical, or other).
After the exclusions, 40,673 individuals
(6,458 premenopausal women, 3,630
women in natural menopause, 943
women in surgical menopause, 101
postmenopausal women by other cau-
ses, and 29,541 men) were available for
analysis. We excluded 81 women aged
$65 years who had been in the premeno-
pausal category because their persis-
tent vaginal bleeding after the age 65
was not likely a result of menses but
of pathologic processes (12). We also ex-
cluded individuals with missing data on
characteristics of lifestyle habits or clinical
measures. Subsequently, 40,067 individu-
als (6,308 premenopausal women, 3,552
women in natural menopause, 1,018
women in surgical menopause or another
cause, and 29,189 men) were included in
the current analysis. With regard to women
with missing data on age at menopause (n =
154),we excluded themonly for the analysis
of the relationship between age at meno-
pause and dysglycemia. The study protocol
followed the Japanese government’s Ethical
Guidelines Regarding Epidemiological Studies
in accordance with the Declaration of Hel-
sinki and was reviewed by the Institutional
Review Board at Toranomon Hospital.

Diagnosis of type 2 diabetes and
prediabetes
Diagnosis of type 2 diabetes was made
according to American Diabetes Associ-
ation criteria (22) of a fasting plasma glu-
cose (FPG) level $7.0 mmol/L ($126
mg/dL), self-reported clinician-diagnosed
diabetes or the use of hypoglycemic
agents or insulin, or HbA1c $6.5% (48
mmol/mol). Prediabetes was indicated
by an FPG of 5.6–6.9 mmol/L (100–
125 mg/dL) or an HbA1c of 5.7–6.4%
(39–46 mmol/mol) (22) without type 2
diabetes. Dysglycemia was indicated by
the presence of either prediabetes or
type 2 diabetes.

Assessment of the menopausal state
and other variables
We assessed the menopausal status of
women with a self-report questionnaire at
the time of the examination. Female

participants were asked whether they
were in a postmenopausal state. If so,
they were asked to indicate the reason for
menopause (natural, surgical, or other)
and the age at whichmenopause occurred
(#39, 40–44, 45–49, or $50 years). Pa-
rental history of diabetes, smoking habit
(never, former, or current), physical activ-
ity habit (any physical activity for 20–30
min or longer at least once weekly), and
self-reported history of medical treatment
for hypertension or diabetes were also as-
sessed by the questionnaire for both men
and women.

Clinical measurements
Weight and height were measured, and BMI
was calculated. Blood samples were collected
after an overnight fast (12 h), and measure-
ments were made with an automatic clinical
chemistry analyzer. Blood glucose con-
centrations were measured by enzymatic
methods, and HbA1c was assessed by high-
performance liquid chromatography. The
value for HbA1c (%) was estimated as the
National Glycohemoglobin Standardization
Program value (%) calculated by Eq. 1:
HbA1c (%) =HbA1c (JapanDiabetes Society)
(%)3 1.02 + 0.25% (23).

Statistical analysis
Logistic regression analysis was per-
formed to calculate odds ratios (ORs)
and 95% CIs. We initially investigated
whether there was a difference in the
association of dysglycemia between men
and women and then calculated ORs for
dysglycemia for postmenopausal women
(regardless of cause) and for men, with
premenopausal women as the reference
group. After that, we assessed whether
there was a difference in the association
according to cause of menopause. Be-
cause few women reported an age at
menopause of,39 years, we categorized
age at menopause into three groups
(,45, 45–49, and $50 years) for the
analysis. To investigate effect modifica-
tions, we performed logistic regression
analysis with adjustment for age (model
1); age and other demographic factors
(BMI, parental history of diabetes, phys-
ical activity habit, and smoking habit)
(model 2); and age, demographic, and
metabolic factors (hypertension indi-
cated by systolic blood pressure $140
mmHg or diastolic blood pressure $90
mmHg or medical treatment and HDL
cholesterol and log-transformed triglyc-
eride levels) (model 3).We also examined
whether a significant association existed
between menopause and prediabetic
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hyperglycemia among nondiabetic indi-
viduals after excluding those with type 2
diabetes.

In an additional analysis, we stratified
women according age at the time of exam-
ination (,50 or $50 years) because the
mean age of menopause has been consid-
ered to be;50 years (9,11,14,21,24,25). A
combined effect of older age at the time of
the examination and the postmenopausal
condition on the presence of dysglycemia
(either prediabetes or type 2 diabetes) was
assessed,with premenopausalwomen aged
,50 years as the reference group. We then
conducted a stratified analysis based on age
at the time of examination (,50 or $50
years) and calculated ORs for dysglycemia
across categories of age at menopause, with
the premenopausal state as the reference
group for women aged,50 or$50 years.
Analysis was performed with IBM SPSS
Statistics version 19 (IBM, Armonk, NY).
Statistical significance was considered for
P , 0.05.

RESULTSdMean (SD) age was 48.4
(9.9) years among the 10,878 women

studied and 48.0 (9.7) years among the
29,189 men studied (Table 1). Of the
10,878 women, 2,340 (21.5%) had pre-
diabetes and 246 (2.3%) had type 2 dia-
betes. Premenopausal women were
younger (42.1 [6.6] years) compared
with postmenopausal women. We did
not observe a marked difference in BMI
between premenopausal and postmeno-
pausal women. Among the premeno-
pausal women, only 69 (1.1%) had type
2 diabetes, whereas the prevalence rate
was high at 3.8% in women after natural
menopause and 4.0% after surgical men-
opause or menopause from other causes.
More than one in three of the postmeno-
pausal women and the men had either
prediabetes or type 2 diabetes.

Table 2 shows ORs for type 2 diabe-
tes and prediabetes among men and
among women by menopausal status.
Men were 2.10 (95% CI 1.81–2.45)
times more likely to have type 2 diabetes
than the total number of women studied
according to multivariate model 3,
which included age and demographic
and metabolic factors. Postmenopausal

women had a significant association
with type 2 diabetes (1.36 [1.01–1.82])
compared with premenopausal women
that was independent of age, BMI, smok-
ing habit, physical activity habit, and pa-
rental history of diabetes (model 2),
although the OR was not as high as that
in men (2.87 [2.23–3.69]). After adjust-
ment for lipid measurements and hyper-
tension (model 3), the OR for the
postmenopausal women was attenuated
(1.17 [0.88–1.58]), and a significant asso-
ciation with the presence of type 2 diabetes
remained only among the men (2.35
[1.82–3.03]). Among the women, we did
not find an obvious difference in the as-
sociation of type 2 diabetes and meno-
pausal status regardless of the cause of
menopause. The association of prediabe-
tes with menopause among individuals
without type 2 diabetes showed that
postmenopausal women had a signifi-
cantly elevated OR for prediabetes in
model 3 (1.33 [1.20–1.48]) compared
with premenopausal women. Addition-
ally, the men had a significantly elevated
OR for prediabetes compared with

Table 1dCharacteristics of total women, premenopausal women, postmenopausal women (by cause), and men

Postmenopausal women

Total women Premenopausal women Natural
Surgical or
other cause Men

No. participants 10,878 6,308 3,552 1,018 29,189
Age (years) 48.4 (9.9) 42.1 (6.6) 57.5 (6.2) 55.6 (7.7) 48.0 (9.7)
BMI (kg/m2) 21.6 (3.1) 21.5 (3.1) 21.8 (3.0) 22.1 (3.1) 23.5 (2.9)
Parental diabetes 1,802 (16.6) 1,097 (17.4) 539 (15.2) 166 (16.3) 4,237 (14.5)
Physical activity (yes) 4,828 (44.4) 2,548 (40.4) 1,792 (50.5) 488 (47.9) 13,791 (47.2)
Smoking habit
Never 9,131 (83.9) 5,193 (82.3) 3,084 (86.8) 854 (83.9) 12,132 (41.6)
Former 680 (6.3) 427 (6.8) 189 (5.3) 64 (6.3) 7,953 (27.2)
Current 1,067 (9.8) 688 (10.9) 279 (7.9) 100 (9.8) 9,104 (31.2)

Age at menopause
,45 years d d 181 (5.1) 479 (47.1) d
45–49 years d d 997 (28.1) 293 (28.8) d
$50 years d d 2,303 (64.8) 163 (16.0) d
Missing data d d 71 (2.0) 83 (8.2) d

Hypertension* 1,560 (14.3) 512 (8.1) 793 (22.3) 255 (25.0) 6,673 (22.9)
HDL cholesterol (mmol/L) 1.64 (0.36) 1.63 (0.34) 1.65 (0.39) 1.61 (0.37) 1.33 (0.34)
Triglycerides (mmol/L) 0.79 (0.60, 1.08) 0.72 (0.55, 0.97) 0.90 (0.68, 1.22) 0.93 (0.70, 1.28) 1.22 (0.87, 1.77)
FPG (mmol/L) 5.1 (0.7) 5.0 (0.6) 5.3 (0.8) 5.3 (0.7) 5.5 (1.0)
HbA1c (%) 5.3 (0.5) 5.2 (0.4) 5.5 (0.5) 5.4 (0.6) 5.4 (0.7)
HbA1c (mmol/mol) 34 (5) 33 (5) 36 (6) 35 (6) 35 (8)
Glycemic state†
Normoglycemia 8,292 (76.2) 5,341 (84.7) 2,274 (64.0) 677 (66.5) 17,116 (58.6)
Prediabetes 2,340 (21.5) 898 (14.2) 1,142 (32.2) 300 (29.5) 10,179 (34.9)
Type 2 diabetes 246 (2.3) 69 (1.1) 136 (3.8) 41 (4.0) 1,894 (6.5)

Data are mean (SD), n (%), or median (25th, 75th percentile). *Hypertension was indicated by systolic blood pressure$140 mmHg or diastolic blood pressure$90
mmHg or medical treatment. †Normoglycemia was indicated by FPG ,5.6 mmol/L and HbA1c ,5.7% (39 mmol/mol) without type 2 diabetes; prediabetes was
indicated by FPG 5.6–6.9 mmol/L or HbA1c 5.7–6.4% (39–46 mmol/mol) without type 2 diabetes; and type 2 diabetes was indicated by FPG$7.0 mmol/L or HbA1c

$6.5% (48 mmol/mol) or self-reported history of clinician-diagnosed diabetes or the use of hypoglycemic agents or insulin.
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postmenopausal women (1.93 [1.77–
2.10]). Regardless of age or demographic
or metabolic factors, women with natu-
ral menopause or other causes of meno-
pause had similarly elevated ORs for
prediabetes (1.36 [1.22–1.52] and 1.22
[1.04–1.43], respectively). We observed
that early age at menopause (,45 years)
was significantly associated with an ele-
vated OR for diabetes after adjustment
for age (1.89 [1.21–2.96]) or for age
and demographic factors (1.73 [1.10–
2.73]). This association was not significant
after adjustment for hypertension and lipid
measurements (model 3). We did not ob-
serve an association of early menopause
with an increased probability of having pre-
diabetes among individuals without type 2
diabetes.

Figure 1 shows the combined effect
of age at examination and menopausal
status on the presence of dysglycemia
(either prediabetes or type 2 diabetes).
Although older age alone at the time of
the examination ($50 years) was signif-
icantly associated with dysglycemia (OR
2.21 [95% CI 1.85–2.65]), postmeno-
pausal status alone was also significantly
associated with an elevated OR for dys-
glycemia (1.50 [1.18–1.91]). The post-
menopausal condition and older age
additively influenced an elevated OR be-
cause postmenopausal women aged
$50 years had a markedly elevated OR
(3.69 [3.34–4.08]) for dysglycemia. We
stratified women by age at the time of the
examination and investigated whether
there was an association of age at meno-
pause with the presence of dysglycemia
(Table 3). Compared with premeno-
pausal women, postmenopausal women
who underwent menopause at ,45 or
45–49 years had a 1.41 (0.98–2.02)
and 1.59 (1.15–2.20) times increased
OR for dysglycemia, respectively, even
among women aged ,50 years at the
time of examination (n = 5,991). Adjust-
ment for demographic and metabolic fac-
tors (multivariate model 2) attenuated
the ORs (1.18 [0.80–1.74] and 1.29
[0.91–1.82], respectively). Among
women aged $50 years, the postmeno-
pausal state was significantly associated
with the presence of dysglycemia, regard-
less of age at which menopause occurred.
In multivariate model 2, postmenopausal
women had a similarly elevated OR for
dysglycemia to premenopausal women,
regardless of age at menopause (,45
years of age 1.58 [1.22–2.04], 45–49
years of age 1.62 [1.31–2.00],$50 years
of age 1.65 [1.37–1.99]).T
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CONCLUSIONSdWe found that
older age and a postmenopausal state
independently and additively influenced
the high prevalence of dysglycemia in
Japanese women. Even among women
aged ,50 years at the time of examina-
tion, menopause was associated with the
presence of dysglycemia. The study is
unique because it compared the probabil-
ity of dysglycemia among women across
menopausal states with that among
mainly middle-aged men who underwent
health screening in Japan. Although the
OR for postmenopausal women was not
high compared with that of the men, their
ORs for type 2 diabetes and prediabetes
were significantly elevated independently
of age compared with those in premeno-
pausal women.

Whether menopausal status would
influence the occurrence of diabetes in-
dependently of age and other confound-
ing factors remains controversial because
it is difficult to conduct studies to separate
the effects of normal aging from the men-
opausal transition. A few studies showed a
significant positive association of hypergly-
cemia with menopausal status after adjust-
ment for age and other risk factors for
diabetes (7,13,19), butmultivariate analyses
in other studies showed no such associa-
tions (4,11,14,18,26). In a cross-sectional
multicenter study of Italian women from
outpatient menopausal clinics, those with
natural menopause had a 1.38 times

higher multivariate-adjusted OR for dia-
betes than premenopausal women (13).
On the other hand, the researchers did
not find a significant association inwomen
with surgical menopause and diabetes
(13). A cross-sectional study of Korean
women suggested that in postmenopausal
women, there is a significant association
with the presence of hyperglycemia (fast-
ing glucose level $110 mg/dL or anti-
diabetes medications) compared with
premenopausal women that is indepen-
dent of age and BMI (7). In women at
high risk for diabetes who participated in
the Diabetes Prevention Program, no asso-
ciation was found between natural meno-
pause or bilateral oophorectomy and
increased risk of developing diabetes after
adjustment for age (12). Another influ-
ence of the controversy might be that as-
sessment of the menopausal state usually
is based on self-reported responses or in-
terviews and that participant characteris-
tics vary among studies. The present study
shows a significant positive association be-
tween postmenopause (regardless of
cause) and the presence of type 2 diabetes
independently of normal aging compared
with premenopause. However, we did not
include oral glucose tolerance test (OGTT)
data in the diagnosis of diabetes. Diabetes
and impaired fasting glycemia are reported
to be more common in men than
in women 30–69 years of age, whereas
the prevalence of isolated postload

hyperglycemia, particularly impaired glu-
cose tolerance, is reportedly higher in
women than in men, especially in individ-
uals .70 years of age (27). Additionally,
impaired glucose tolerance is more preva-
lent than impaired fasting glycemia in
Asian populations for all age-groups
(28). The lack of data on OGTT for the
diagnosis of dysglycemia might lead to
an underestimation of the associations be-
tween menopause and the prevalence of
diabetes. Further prospective studies that
include OGTT data are needed to confirm
the current findings.

The significant association of type 2
diabetes and postmenopausal status was
particularly attenuated after adjustments
for hypertension and blood lipid mea-
surements, suggesting that when we con-
sider the association of menopause with
diabetes, we also should consider the
influence of related metabolic factors.
Because the transition from the premen-
opausal to the postmenopausal state is
associated with changes in body compo-
sition (increased body fat mass, increased
abdominal fat, and decreased lean body
mass) (3) and substantial metabolic
changes, features of metabolic syndrome
would occur in many women (17). More
recent research, however, suggested that
postmenopausal women have higher lev-
els of adiposity, but the association was
predominantly a result of aging (29). An-
other recent study raised the possibility
that even if body composition changes
with the menopausal transition, these
changes are not accompanied by cardio-
metabolic deterioration during a rela-
tively short follow-up period (30).
Because data on body composition or vis-
ceral fat were not available for the current
study, we could not assess whether differ-
ences in body composition across the
menopausal state might have influenced
the presence of dysglycemia, even if BMIs
across the menopausal state were rela-
tively low. Asians are more likely to
have a higher percentage of fat or visceral
adipose tissue at a given BMI than Euro-
peans (31). This ethnic difference regard-
ing the obese phenotype might increase
insulin resistance, leading to impaired
glucose metabolism. Although we did
not have data on reproductive hormone
concentrations and cannot explain the
mechanism for the current observations,
it was shown that natural menopause is
characterized by increased relative andro-
genicity, which was reported to be asso-
ciated with glucose metabolism (15);
furthermore, reproductive hormone

Figure 1dProbability of having dysglycemia (either prediabetes or type 2 diabetes) through
a combination of age at the time of examination and menopausal status. Data are crude OR
and 95% CI.
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concentrations can vary by ethnicity and
were shown to be confounded by ethnic
disparities in body mass (32). Further
studies should investigate mechanisms
that link menopause and diabetes with de-
tailed assessments of body composition, in-
sulin sensitivity, insulin secretion, and
reproductive hormone concentrations in
perimenopausalwomen across various eth-
nic groups to confirm the current findings.

The current results show that among
individuals without diabetes, prediabetic
hyperglycemia is significantly associated
with postmenopausal status indepen-
dently of age and demographic and met-
abolic parameters. In a cross-sectional
study of Japanese women without diabe-
tes, stepwise regression analysis showed
natural menopause rather than age as a
significant determinant of FPG concen-
trations (19). On the other hand, among
middle-aged women living in North
Taiwan, no significant difference in FPG,
insulin levels, homeostasis model as-
sessment of insulin resistance, and
prevalence of hyperglycemia between
premenopausal and postmenopausal
women was shown (6). The current re-
sults show that prediabetic hyperglyce-
mia and the postmenopausal state are
positively associated, suggesting that
postmenopausal women might be at
high risk for diabetes.

In a prospective case-cohort study
that included only postmenopausal
women, earlier age at menopause was
associated with a greater risk of type 2
diabetes (20). The hazard ratio for diabe-
tes was 32% higher in women who en-
tered menopause before 40 years of age
compared with those experiencing men-
opause at age 50–54 (20). A study in Chi-
nese postmenopausal women, however,
showed no association between age at
menopause and diabetes (21). The results
of the current cross-sectional investiga-
tion suggest that early age at menopause
(,45 years) might be more strongly asso-
ciated with type 2 diabetes than meno-
pause at $50 years. Nonetheless,
regardless of age at menopause, postmeno-
pausal women aged $50 years at the
time of the examination had an ;1.5
times increased probability of having dys-
glycemia compared with premenopausal
women. Some differences exist in age at
menopause onset across ethnic groups
(25). Additionally, age at menopause
can be affected by various social and en-
vironmental factors (25,33), whichmight
be one possible explanation for themixed
results of the association of age at meno-
pause and diabetes compared with exist-
ing studies. It has been established that a
smoking habit is significantly associated
with an early age at natural menopause

(34). Factors of lower educational attain-
ment; being separated, widowed, or di-
vorced; and nonemployment have been
associated with early natural menopause,
whereas Japanese ethnicity is associated
with late age at natural menopause (33).
Furthermore, BMI has been associated
with age at menopause (35). On the other
hand, a recent study of women from five
racial and ethnic groups indicated that
there is no significant racial/ethnic differ-
ence in age at the final natural menstrual
cycle after controlling for sociodemo-
graphic, lifestyle, and health factors
(36). Further prospective investigations
are needed to assess whether early meno-
pause would increase the risk of develop-
ing diabetes across various ethnic groups
while considering differences in demo-
graphic factors among study participants.

Recent reports indicated that early
age at natural menopause is associated
with an increased risk of ischemic stroke
(37) and mortality (38). Nonetheless,
both menopause and aging are nonmodi-
fiable factors. Regular physical activity
may help to mitigate the tendency for
weight gain and adverse changes in
body composition and fat distribution
that accompany aging and the meno-
pausal transition (39). High levels of ha-
bitual physical activity, such as walking,
have been associated with a favorable

Table 3dAssociation of dysglycemia (either prediabetes or type 2 diabetes) and age at menopause among women aged <50 or ‡50
years at the time of examination

Premenopausal
state

Postmenopausal state by age at menopause

,45 years 45–49 years $50 years

Among women aged ,50 years at the
time of examination (n = 5,991)

Cases/total (n) 768/5,549 38/206 48/236 N/A
Unadjusted model 1.00 1.41 (0.98–2.02) 1.59 (1.15–2.20) N/A
P value d 0.063 0.005 N/A

Multivariate model 1 1.00 1.30 (0.89–1.90) 1.54 (1.09–2.15) N/A
P value d 0.171 0.013 N/A

Multivariate model 2 1.00 1.18 (0.80–1.74) 1.29 (0.91–1.82) N/A
P value d 0.401 0.157 N/A

Among women aged $50 years at the time
of examination (n = 4,733)

Cases/total (n) 199/759 168/454 384/1,054 929/2,466
Unadjusted model 1.00 1.65 (1.29–2.12) 1.61 (1.31–1.98) 1.70 (1.42–2.04)
P value d ,0.001 ,0.001 ,0.001

Multivariate model 1 1.00 1.74 (1.35–2.25) 1.75 (1.42–2.15) 1.81 (1.50–2.17)
P value d ,0.001 ,0.001 ,0.001

Multivariate model 2 1.00 1.58 (1.22–2.04) 1.62 (1.31–2.00) 1.65 (1.37–1.99)
P value d ,0.001 ,0.001 ,0.001

Data are OR (95%CI) unless otherwise indicated. Multivariate model 1, BMI, parental history of diabetes, smoking habit (never, former, current), and physical activity
habit; multivariate model 2, model 1 + hypertension (systolic blood pressure $140 mmHg or diastolic blood pressure $90 mmHg or medical treatment), log-
transformed triglycerides, and HDL cholesterol level. N/A, not applicable.
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cardiovascular risk profile in postmeno-
pausal women (40). Further investiga-
tions are needed on whether different
interventions for older postmenopausal
women could control modifiable factors
such as metabolically unhealthy obesity,
dyslipidemia, hypertension, and lifestyle.

We recognize several limitations in
this study. The study participants were
relatively lean, apparently healthy Japa-
nese government employees who un-
derwent a routine health examination.
Thus, these individuals were more likely
to pay attention to healthy lifestyle habits
than those who did not have such an
examination. The characteristics of the
study participants, such as BMI and car-
diometabolic factors, would influence the
generalizability of the findings, although
we analyzed these factors in multivariate
models. The generalizability of the results
should be validated in various other
populations. Additionally, limitations of
the available data prevented a more in-
depth analysis of factors that could in-
fluence an increased risk of developing
diabetes; therefore, we cannot rule out the
possibility that residual confounding
influenced the results. Because we did
not include data on nutritional intake or
other known risk factors for diabetes,
such as sleep disturbances and depres-
sion, which are commonly observed in
women at midlife, we could not adjust the
results for the influence of such factors.
We did not have data on visceral fat or
hormone replacement therapy, so that the
ORs might be over- or underestimated.
Nonetheless, the prevalence of women
receiving hormone replacement therapy
is considered to be low in Japan. Because
the assessment of menopausal status is
based on self-report, we cannot deny the
possibility of misclassification of meno-
pausal status among the women studied.

In conclusion, in this study of a large
number of female and male Japanese
individuals, the postmenopausal state in
women was significantly associated with
the presence of type 2 diabetes and pre-
diabetes, although the increased proba-
bility did not equal that in the men. The
postmenopausal state was also associated
with prediabetic hyperglycemia indepen-
dently of age and demographic and met-
abolic factors among women without
diabetes. Menopause and older age might
additively influence the elevated proba-
bility of dysglycemia in Japanese women.
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