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ABSTRACT
Aims/Introduction: There has been considerable professional debate on the associa-
tion between age at menopause and diabetes risk, while the findings are controversial.
The present study explored the association between late menopause and the prevalence
of diabetes in the Chinese population.
Material and Methods: The data were part of the baseline survey of China Kadoorie
Biobank from Zhejiang Province. A total of 17,076 postmenopausal women were included
in the present study. Logistic regression models were used to calculate the adjusted odds
ratios and their 95% confidence intervals.
Results: Of the participating women, 1,288 (7.54%) had type 2 diabetes. In comparison
with those with menopause at 46–52 years, women with menopause at a later age
(≥53 years) were 1.21-fold (95% confidence interval 1.03–1.43) more likely to have dia-
betes.
Conclusions: The present findings suggested that later age at menopause was associ-
ated with an increased prevalence of diabetes.

INTRODUCTION
Diabetes has been growing rapidly worldwide. According to
World Health Organization estimates, the global number of
people with diabetes has risen from 108 million in 1980 to
422 million in 20141. In China in 2010, the prevalence of dia-
betes among adults was estimated to be 11.6%, indicating that
113.9 million adults were diagnosed with diabetes2. Within the
Chinese population, epidemiological studies have shown that
the prevalence of diabetes increases with increasing age2,3, and
in particular, women aged in their 60s and 70s have a higher
prevalence than men3. Furthermore, a recent nationwide
prospective study of 0.5 million Chinese adults showed that
diabetes was significantly associated with increased all-cause
mortality risk, which is greater in women than men aged
>60 years4. Given the higher diabetes-associated risk in women

with older age, it is important to explore some factors unique
to women of these age groups.
Menopause is the time in most women’s lives when men-

strual periods stop permanently. Possibly due to different hor-
monal environments, the indicator of menopausal age might
have an important influence on the health of women. Numer-
ous studies have shown that an early age at menopause is asso-
ciated with a greater risk of cardiovascular disease5,
osteoporosis6, all-cause mortality5 and depression in later life7.
In contrast, late age at menopause has shown an increased risk
of breast8, endometrial9 and ovarian cancer10.
Whether age at menopause is associated with diabetes risk

has also been investigated with conflicting results. Both the
European Prospective Investigation into Cancer and Nutrition
(EPIC)-InterAct study in Europe11 and Dongfeng-Tongji cohort
study in China12 have found that early menopause is associated
with a greater risk of type 2 diabetes. Several other studies from
the USA and China13–15 reported that women with late meno-
pause had an increased diabetes risk. Meanwhile, three studies
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from Italy, Japan and China found no effects of age at meno-
pause on diabetes risk16–18.
In the current study, we investigated the association of age at

natural menopause and diabetes risk in the Zhejiang area. The
present cross-sectional study is part of the China Kadoorie Bio-
bank (CKB) study, which provides us an opportunity to study
the association.

METHODS
Study design and participants
The present cross-sectional study is part of the survey of the
CKB study, which was carried out in Tongxiang, Zhejiang
Province, between August 2004 and January 2008. Relevant
information about the CKB study is described in detail else-
where19–21. In total, 57,704 participants, including 33,677
women (58.36%) aged 30–79 years were recruited in the survey.
Of these 33,677 women, 16,601 were excluded for the reason
that data on menopause were lacking, they were premenopausal
or perimenopausal, or they reported surgical menopause. The
relevant data on sociodemographic factors, lifestyle factors,
women’s reproductive history and medical history were col-
lected face-to face with a computerized questionnaire. Physical
measurements were undertaken by trained health workers.
Written informed consent was obtained from all participants.

Diagnosis of diabetes
In the present study, type 2 diabetes was defined as a random
blood glucose level ≥11.1 mmol/L or a fasting blood glucose
≥7.0 mmol/L or a self-reported history of physician-diagnosed
diabetes.

Age at natural menopause
Women were asked, ‘Have you had your menopause.’ The
options were ‘No,’’ ‘Yes, currently’ and ‘Yes, had menopause.’ If
the answer was ‘Yes, had menopause,’ they were then further
asked their age at completion of menopause. Women who had
hysterectomy or ovariosteresis (unilateral or bilateral) were
excluded to avoid surgical menopause.

Assessment of covariates
Age, marriage status (married, not married), education level
(no formal school, primary school, middle school, high school
or above), occupation (agriculture and related, factory worker,
unemployed or retired, others), household income (<20,000
Yuan, 20,000–35,000 Yuan, ≥35,000 Yuan), parity (≤1, 2, ≥3),
smoking category (never, ex-regular, occasional, current regu-
lar), alcohol category (never, ex-regular, occasional, current reg-
ular), family history of diabetes (yes, no) current/ever use of
contraceptive (yes, no) and hypertension status (yes, no) were
collected face-to-face with a computerized questionnaire.
Height, weight and waist circumference were obtained by phys-
ical examination by trained health workers. Body mass index
(BMI; kg/m2) was calculated as weight divided by the square of
height, and was categorized as obesity (≥28.0), overweight

(24.0–27.9), normal weight (18.5–23.9) and underweight
(<18.5). Sedentary activity was assessed by reporting of hours
watching television or reading per week. To quantify the
amount of physical activity, metabolic equivalent tasks were
used.

Statistical analysis
Mean – standard deviation and percentages were used to
describe the continuous and categorical variables. Continuous
variables were compared by the Kruskal–Wallis test, and cate-
gorical variables were compared using the linear-by-linear asso-
ciation v2-test. The association between age at natural
menopause and type 2 diabetes was explored in a series of
multivariate logistic regression, and the estimated effect was
reported by odds ratios (ORs) with their 95% confidence inter-
vals (CIs). We categorized age at menopause into three groups
(≤44, 45–52 and ≥53 years) for the analysis based on the 10th
and 90th percentile, and the reference group was aged 45–
52 years. In order to adjust for the potential confounders, logis-
tic regression was carried out in four models, which was age in
model 1. In model 2, additional factors of marriage status, edu-
cation level, occupation, household income, parity, family his-
tory of diabetes, smoking status, alcohol consumption,
sedentary/physical activity and use of contraceptives were
included. In model 3, additional factors of the physical mea-
surements of BMI and waist circumference were included.
Model 4 adjusted for model 3 plus the diagnosed hypertension.
Subgroup analyses were carried out stratified by BMI (obese/
overweight, normal/underweight), smoking (yes, no), physical
activity (low, middle, high) and use of contraceptives (yes, no).
Furthermore, sensitivity analyses were carried out to exclude
women with diagnosis of cardiovascular disease or cancer, as
well as with both. All analyses were carried out using the SAS
statistical package (version 9.2; SAS Institute, Inc., Cary, North
Carolina, USA).

RESULTS
The mean – standard deviation menopausal age among the
17,076 natural postmenopausal women studied was
48.94 – 3.83 years. A total of 1,288 (7.54%) women had type 2
diabetes, among which, 712 (55.28%) were diagnosed by self-
reported history and 576 (44.72%) were diagnosed based on
the definite glucose values. The baseline characteristics of par-
ticipating women according to age at menopause were
described in Table 1. Women with a later menopausal age were
more likely to have an older age (P < 0.001), higher parity
(P < 0.001), higher BMI (P < 0.001) and waist circumference
(P < 0.001) values, longer time of sedentary activity
(P = 0.015) and diagnosed hypertension (P < 0.001). In con-
trast, women with an earlier menopausal age tended to have
lower education levels (P < 0.001) and be a current regular
smoker (P < 0.001). Table 2 showed the results of multivari-
able models exploring the associations of age at natural
menopause and risk of type 2 diabetes. In comparison with

ª 2017 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. 9 No. 4 July 2018 763

O R I G I N A L A R T I C L E

http://onlinelibrary.wiley.com/journal/jdi Late menopause and diabetes risk



Table 1 | Baseline characteristics of women according to age at natural menopause

Variable Age at natural menopause P *

≤44 years 45–52 years ≥53 years

Sample size, n (%) 1,733 (10.15) 12,991 (76.08) 2,352 (13.77)
Age (years) 59.47 – 8.35 58.83 – 6.77 59.79 – 5.02 <0.001
Marriage status, n (%)

Married 1,471 (84.88) 11,215 (86.33) 2,038 (86.65) 0.130
Unmarried 262 (15.12) 1,776 (13.67) 314 (13.35)

Education level, n (%)
No formal school 1,335 (77.03) 9,608 (73.96) 1,621 (68.92) <0.001
Primary school 324 (18.70) 2,894 (22.78) 602 (25.59)
Middle school 57 (3.29) 403 (3.10) 102 (4.34)
High school or above 17 (0.98) 86 (0.66) 27 (1.15)

Occupation, n (%)
Agriculture and related 1,136 (65.55) 8,202 (63.13) 1,534 (65.22) 0.805
Factory worker 149 (8.60) 1,069 (8.23) 175 (7.44)
Unemployed/retired 60 (3.46) 696 (5.36) 150 (6.38)
Others 388 (22.39) 3,024 (23.28) 493 (20.96)

Household income, n (%)
<20,000 Yuan 503 (29.03) 3,369 (25.93) 610 (25.94) 0.139
20,000–35,000 Yuan 652 (37.62) 5,173 (39.82) 935 (39.75)
≥35,000 Yuan 578 (33.35) 4,449 (34.25) 807 (34.31)

Parity, n (%)
≤1 172 (9.92) 961 (7.40) 75 (3.19) <0.001
2 653 (37.68) 5,718 (44.02) 966 (41.07)
≥3 879 (50.72) 6,218 (47.86) 1,299 (55.23)

Smoking category, n (%)
Never 1,652 (95.33) 12,515 (96.34) 2,293 (90.56) <0.001
Ex-regular 9 (0.52) 86 (4.96) 11 (0.44)
Occasional 11 (0.63) 121 (0.93) 15 (0.59)
Current regular 61 (3.52) 269 (2.07) 33 (1.31)

Alcohol category, n (%)
Never 1,544 (89.09) 11,549 (88.90) 2,090 (88.86) 0.929
Ex-regular 9 (0.52) 73 (0.56) 12 (0.51)
Occasional 123 (7.10) 957 (7.37) 187 (7.95)
Current regular 57 (3.29) 412 (3.17) 63 (2.68)

Body mass index (kg/m2) 22.35 – 3.38 22.77 – 3.38 23.17 – 3.30 <0.001
Waist circumference (cm) 74.73 – 9.53 75.75 – 9.46 76.76 – 9.41 <0.001
Sedentary activity (h/week) 9.83 – 7.69 10.48 – 8.18 10.49 – 8.07 0.015
Physical activity, n (%)

Low 443 (25.56) 3,585 (27.59) 614 (26.11) 0.383
Middle 829 (47.84) 6,186 (47.62) 1,160 (49.32)
High 461 (26.60) 3,220 (24.79) 578 (24.57)

Family history of diabetes, n (%)
No 1,527 (88.11) 11,711 (90.15) 2,150 (91.41) 0.727
Yes 51 (2.94) 424 (3.26) 69 (2.93)

Current/ever use of contraceptive n (%)
No 1,451 (83.73) 10,513 (80.93) 1,926 (81.89) 0.251
Yes 282 (16.27) 2,478 (19.07) 426 (18.11)

Hypertension, n (%)
No 1,451 (83.73) 10,411 (80.14) 1,761 (74.87) <0.001
Yes 282 (16.27) 2,580 (19.86) 591 (25.13)

*Continuous variables were compared by the Kruskal–Wallis test. Categorical variables were compared using the linear-by-linear association v2-test.
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those with menopause at the age of 46–52 years, women
with natural menopause at a later age (≥53 years) were 1.25-
fold (95% CI: 1.07–1.46) more likely to have diabetes after
adjustment for age. With further adjustments for other con-
founders, the association was unchanged and the adjusted
ORs were 1.25 (95% CI: 1.06–1.47) and 1.21 (95% CI: 1.03–
1.43) in model 2 and model 3, respectively. However, after
adjustment for the diagnosed hypertension, the OR for dia-
betes was attenuated and tended to be null (1.17, 95% CI:
0.99–1.39). Subgroup analyses showed that the association
between later age at natural menopause and diabetes did not
differ by BMI, smoking, physical activity and use of contra-
ceptives. In addition, no interaction was observed with any
of the variables (Table 3). The sensitivity analyses showed
that the ORs for diabetes were largely unchanged after
excluding women with cardiovascular disease or cancer, as
well as with both (Table 4).

DISCUSSION
In the present cross-sectional study, we found that later age at
menopause influenced the prevalence of type 2 diabetes in Chi-
nese women. The risk of type 2 diabetes was 21% higher in
women with menopause after the age of 53 years compared
with women having their menopause at the age of 45–52 years.
The association remained significant after adjustment for a wide
range of potential confounders, and the effect estimates were
robust to exclude women with cardiovascular disease or cancer,
as well as women with both. In addition, subgroup analyses
showed that the association was not modified by BMI, smok-
ing, physical activity and use of contraceptives. The present
study is probably one of the few studies showing that late
menopause might increase the risk of diabetes among Asian
postmenopausal women.
Consistent with previous studies showing that late meno-

pause can increase the diabetes risk13–15, the present findings

Table 2 | Adjusted odds ratios (95% confidence intervals) for diabetes according to age at natural menopause

Total/cases Model 1 Model 2 Model 3 Model 4

Age at menopause
≤44 years 1,733/125 0.96 (0.79–1.17) 1.00 (0.81–1.23) 1.03 (0.83–1.27) 1.06 (0.86–1.31)
45–52 years 12,991/948 Ref. Ref. Ref. Ref.
≥53 years 2,352/215 1.25 (1.07–1.46)† 1.25 (1.06–1.47)† 1.21 (1.03–1.43)† 1.17 (0.99–1.39)

Model 1 only adjusted for age; model 2 adjusted for model 1 plus socioeconomic status and health behaviors including marriage status, education
level, occupation, household income, parity, family history of diabetes, smoking status, alcohol consumption, sedentary/physical activity and use of
contraceptive; model 3 adjusted for model 2 plus the physical measurements of body mass index and waist circumference; model 4 adjusted for
model 3 plus hypertension. †Significant results.

Table 3 | Adjusted odds ratios (95% confidence intervals) for diabetes stratified by body mass index, smoking, physical activity and use of
contraceptives

Total/cases Adjusted OR (95% CI)† P-value for interaction‡

Overall 17,076/1,288 1.21 (1.03–1.43)
BMI
Obese/overweight 5,918/581 1.05 (0.82–1.35) 0.30
Normal/underweight 11,158/707 1.35 (1.08–1.68)
Smoking

Yes 616/57 1.32 (0.49–3.59) 0.81
No 16,460/1231 1.20 (1.02–1.42)

Physical activity
Low 4,642/507 1.40 (1.07–1.83) 0.52
Middle 8,175/563 1.15 (0.90–1.47)
High 4,259/218 1.09 (0.72–1.65)

Use of contraceptives
Yes 3,186/209 1.15 (0.76–1.73) 1.00
No 13,890/1,079 1.21 (1.01–1.46)

†Model 3: adjusted for age, marriage status, education level, occupation, household income, parity, family history of diabetes, smoking status, alcohol
consumption, sedentary/physical activity, use of contraceptive, physical measurements of body mass index (BMI) and waist circumference. ‡Effect
modification was tested by adding interaction terms between these variables (BMI, smoking, physical activity, use of contraceptive) and age at
natural menopause to the model. CI, confidence interval; OR, odds ratio.
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also showed that the age at natural menopause affected type 2
diabetes risk even after adjustment for age, BMI and other
potential confounders, though the cut-off points for menopau-
sal age differed from the previous studies. Another two studies
involving menopausal age ≥53 years, which was in line with
our cut-off point for later age at menopause in the present
study, showed that the association was not statistically signifi-
cant after multivariable adjustment12,16. However, it is worth
noting that some other studies examining the association
between age at menopause and diabetes have yielded com-
pletely contradictory results, showing that early menopause is
associated with a greater risk of type 2 diabetes11,12. Most
recently, Muka et al.22, in a prospective, population-based
study, confirmed the increased risk of type 2 diabetes with early
onset menopause in postmenopausal women. The reasons for
the inconsistent results were unknown and possibly as a result
of differences in participant characteristics, study design, sample
size and menopausal age grouping. Additional prospective stud-
ies investigating the effects of age at menopause on diabetes
risk are warranted. In addition, the significant association of
later age at menopause and diabetes in the present study
tended to be null after adjustment for hypertension. Similarly,
in a previous study, after adjusting for hypertension and blood
lipid, the effect of postmenopausal status on the risk of type 2
diabetes was attenuated23. The findings along with the present
results suggested that when investigating the menopause-dia-
betes association in further studies, the metabolic factors should
be also considered.
Although mechanisms accounting for the association between

late menopause and increased diabetes risk among post-
menopausal women are unclear, recent studies raised the possi-
bility that the changes in hormones, as well as body composition,
play an important role. First, later age at menopause might lead
to prolonged endogenous estrogen exposure, and increasing

evidence has shown that high endogenous estrogen levels were
linked to an increased risk of impaired fasting glucose and dia-
betes in postmenopausal women24,25. Second, with 128,000 post-
menopausal women, a recent CKB study provided reliable
evidence that later age at menopause was independently associ-
ated with increased adiposity26. According to available evidence,
changes in body fat distribution around the time of menopause
could influence the diabetes risk with decreasing tissue insulin
sensitivity and glucose tolerance27–30. Further research is required
to unravel the related mechanisms by which late menopause
might affect diabetes risk in postmenopausal women.
The strengths of the present study included the large sample

size and robust results after adjustment for various covariates.
However, several limitations should be considered in this study.
First, with self-reported onset age at menopause, misclassifica-
tion might have occurred. However, menopausal age by recall
showed high correlations between two interviews31–33. Second,
despite adjustment for a comprehensive set of potential con-
founders, we cannot rule out residual confounding from other
known risk factors for diabetes, such as sleep duration and age
at menarche. Third, in the self-reported questionnaire, we did
not ask about the cause for menopause, and to avoid surgical
menopause, we just excluded women with hysterectomy or
ovariosteresis (unilateral or bilateral). This might lead to mis-
classification and slightly exaggerate the sample of women with
natural menopause in the present study.
In conclusion, in the present study of a large number of Chi-

nese postmenopausal women, later age at menopause was asso-
ciated with an increased prevalence of diabetes.
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Table 4 | Sensitivity analyses: Adjusted odds ratios (95% confidence intervals) for diabetes according to age at natural menopause

Age at menopause Total/cases Model 1 Model 2 Model 3 Model 4

Excluding women with cardiovascular disease (stroke/transient ischemic attacks, coronary heart disease)
≤44 years 1,708/121 0.96 (0.79–1.17) 0.98 (0.80–1.21) 1.01 (0.82–1.25) 1.04 (0.84–1.28)
45–52 years 12,744/917 Ref. Ref. Ref. Ref.
≥53 years 2,303/206 1.24 (1.06–1.45)† 1.24 (1.05–1.47)† 1.21 (1.02–1.43)† 1.17 (0.99–1.39)
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level, occupation, household income, parity, family history of diabetes, smoking status, alcohol consumption, sedentary/physical activity and use of
contraceptives; model 3 adjusted for model 2 plus the physical measurements of body mass index and waist circumference; model 4 adjusted for
model 3 plus hypertension. †Significant results.
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