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Abstract.
Background: Epidemiological studies suggest that proxies of higher lifetime estrogen exposure are associated with better
cognitive function in postmenopausal women, but this has not been found consistently.
Objective: To determine whether reproductive history, an important modifier of estrogen exposure across the lifetime, is
associated with risk of cognitive impairment in postmenopausal women.
Methods: We analyzed the baseline data from Zhejiang Major Public Health Surveillance Program (ZPHS) including 4,796
postmenopausal women. Cognitive impairment was assessed through the application of Mini-Mental State Examination questionnaire. Logistic regression models, controlled for an extensive range of potential confounders, were generated to examine the
associations between women’s reproductive history and risk of cognitive impairment in their later life.
Results: The length of reproductive period was inversely associated with risk of cognitive impairment (p = 0.001). Odds ratio
(OR) of cognitive impairment were 1.316 (95% CI 1.095∼1.582) for women with 5 or more times of full-term pregnancies,
compared with those with 1∼4 times of full-term pregnancies. Women without incomplete pregnancy had a significant higher
risk of cognitive impairment (OR = 1.194, 95% CI 1.000∼1.429), compared with the reference (1∼2 times of incomplete
pregnancies). Oral contraceptive use (OR = 0.489, 95% CI 0.263∼0.910) and intrauterine device (IUD) use (OR = 0.684, 95%
CI 0.575∼0.815) were associated with significantly reduced risk of cognitive impairment.
Conclusion: Our results indicated that shorter reproductive period, higher number of full-term pregnancies and no incomplete
pregnancy history were associated with an increased risk of cognitive impairment. In contrast, oral contraceptive and IUD use
corresponded to reduced risk of cognitive impairment.
Keywords: Cognitive impairment, estrogen, intrauterine device, pregnancies, reproductive history

INTRODUCTION
Diseases related to cognitive impairment, especially
dementia and its most common cause “Alzheimer’s disease” (AD), are becoming prominent health threat and
bring enormous social burden in elders worldwide. It
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is estimated that more than 35.6 million people lived
with dementia worldwide in 2010; this number will
be doubled by 2030, and tripled by 2050 [1]. Based
on estimation, the prevalence of dementia and AD
among individuals aged 65 years and older in China
were around 5.14% and 3.21% respectively [2], and
are increasing nationwide.
Extensive evidences showed that postmenopausal
women carry an increased risk of developing AD than
age-matched men [3–5], probably due to the marked
reduction of estrogen level that occurs following the
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menopause. Animal and in vitro studies have identified that estrogen has several possible neuroprotective
effects on the cognitive function, including inhibition
of amyloid-␤ formation [6], stimulation of cholinergic activity [7], protection against oxidative stress [8],
increase of cerebral blood flow [9], etcetera. Nonetheless, controversy still exists in human studies.
Seeing that estrogen exposure may modify women’s
risk of cognitive impairment in later life, reproductive events, which influence the cumulative estrogen
exposure across women’s lifetime, were investigated
in many epidemiological and clinical studies. The
majority of studies supported that better cognitive
performance in later life was associated with proxies of higher lifetime estrogen exposure, including
longer reproductive period (years between menarche
and menopause) and less parity [10–12]. On the contrary, others observed a negative or no association
[13, 14]. Moreover, to our knowledge, there is a
vacancy in literature on the association between risk
of cognitive impairment and number of incomplete
pregnancies, which may result in different effect on
estrogen levels in contrast to full-term pregnancy. In
addition, only a few studies focusing on the association between women’s reproductive history and risk
of cognitive impairment have been conducted in Chinese populations, although previous studies revealed
that estrogen concentration in Chinese women was
generally lower than in Caucasian women in both
pre and post menopause period [15, 16]. Lastly, use
of an intrauterine device (IUD), a form of longterm reversible contraception, induces a number of
immunological and biochemical changes in the uterine
environment and possibly affects the women’s hormonal concentration, and it received little attention
previously in this field.
In this study, we utilized the baseline data from
a large population-based cohort study to explore the
associations between reproductive history (including incomplete pregnancy especially) and cognitive
impairment among elderly women in eastern China,
and discussed IUD users’ risk of cognitive impairment.
MATERIALS AND METHODS
Study design
The baseline data is from Zhejiang Major Public
Health Surveillance Program (ZPHS), a community
based cohort study focusing on aging and health among
elderly in Zhejiang province, China. It was conducted
by Zhejiang Provincial Center for Disease Control and

Prevention, and the baseline survey was finished in
2014. Seven counties were randomly selected from 90
counties in Zhejiang province. At least 1,500 permanent residents in each county aged 60 years and older
were randomly selected for participation. Finally 9,411
(89.6%) valid questionnaires were obtained. During
the baseline survey, ZPHS performed questionnairebased interview, physical examinations and laboratory
tests for each participant. ZPHS protocol was approved
by the Ethics Committee of Zhejiang Provincial Center
for Disease Control and Prevention, and written consents were obtained from all participants prior to the
research.
Participant selection
We selected postmenopausal women from the
database stated above. Female participants who
answered “yes” to the question “Do you have
menopause already?” were recognized as eligible
study participants. Data completeness was checked
subsequently, and observations with incomplete
information in cognitive function and reproduction
characteristics were deleted.
Cognitive assessment
Cognitive functioning was assessed using the Chinese version of the Mini-Mental State Examination
(MMSE), which includes 30 items. The maximum
score is 30 points, with higher MMSE scores indicating better cognitive function. The widely accepted
cut-off point to define cognitive impairment in China
(MMSE Chinese Standard, MCS) is education-specific
[17]: 17/18 for illiteracy, 20/21 for people with primary education level, 24/25 for people with higher
than primary education level. We defined cognitive
impairment according to this standard.
Reproductive characteristics
Factors that were possibly related to endogenous
or exogenous estrogen exposure across the lifetime
were collected in the reproductive history section
within the questionnaire: age at menarche, age at
menopause, regularity of menstrual cycle (“regular”
and “irregular”), length of menstrual cycle, number of
full-term pregnancies, number of incomplete pregnancies, oral contraceptive use (“ever” and “never”), IUD
use (“ever” and “never”). Reproductive period, an indicator of endogenous estrogen exposure, was calculated
as age at menopause minus age at menarche.
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Other variables

RESULTS

Based on findings reported in the literature, variables described below were considered as potential
confounders and were included in our analysis: age,
race (“Han ethnicity” and “minority”), education level
(“lower than primary”, “primary”, “junior middle”,
“senior middle” and “college and above”), marital
status (“single”, “married” and “divorced/widowed”),
economic status (“rich”, “median” and “poor”),
smoking (“never”, “past” and “current”), alcohol
drinking (“never”, “past” and “current”), exercise
(“yes” and “no”), hypertension (“yes” and “no”),
diabetes (“yes” and “no”), coronary heart disease
(“yes” and “no”), and depressive symptom (“yes”
and “no”). Economic status was self-evaluated and
reported by participants. Depressive symptom was
determined using the Patient Health Questionnaire9 scale (PHQ-9) and postmenopausal women who
scored 5 or above were defined as depressed
[18].

General and reproductive characteristics
of participants

Statistical analysis
Descriptive statistics were applied to illustrate the
general characteristics and reproductive characteristics of included postmenopausal women. Crude
age-specific prevalence of cognitive impairment were
calculated according to number of full-term pregnancies and number of incomplete pregnancies.
The associations between general characteristics
and cognitive function were examined by t-test or
Chi-square test or Kruskal-Wallis test as appropriate to variables. The general characteristics which
were associated with poor cognitive performance at
the 10% significance level (p < 0.1) were considered as potential confounders. Preliminary logistic
regression model (model 1) was generated by including all identified potential confounders, to screen
possible associated factors of reproductive characteristics and risk of cognitive impairment one by
one, then, independents with p values <0.1 were
included into further adjusted logistic regression model
(model 2) to estimate the adjusted ORs. Interactions
between independents were checked simultaneously
in model 2, with the inclusion criterion defined as
p < 0.05.
All statistical analyses were performed by SPSS
(version 20.0, SPSS Inc.), and the significance level
was at two-tailed probability <0.05.
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By using participants selection criteria mentioned
above, we initially identified 4,805 postmenopausal
women from an accumulation of 9,411 participants.
After checking for data completeness on MMSE
scores, 4,796 postmenopausal women were included in
final analysis. The general characteristics of included
postmenopausal women are presented in Table 1.
Among the 4796 postmenopausal women, 919 were
indicated as cognitive impairment by MMSE, and
the prevalence of cognitive impairment was 19.2%
(95% CI 18.1∼20.3). The mean age of postmenopausal
women was 69.8 years, with a higher mean age
(75.0 years) in women suffering cognitive impairment (p < 0.001). Besides age, the majority of variables
were significantly associated with cognitive function,
such as race, education, marital status, economic status, smoking, alcohol drinking, exercise, hypertension,
and depression, so these variables were considered
as potential confounders and were adjusted in further analysis. Meanwhile, the distributions of diabetes
and coronary heart disease showed no difference
between women with and without cognitive impairment.
Descriptive statistics for reproductive characteristics of included postmenopausal women were shown
in Table 2. The postmenopausal women in this
study started menopause on average 32.5 years
after menarche, with an average of every 29.3 days
to complete a menstrual cycle during reproductive period. Only 6% reported irregular menstrual
cycle. Over three quarters of all women had 1∼4
times of full-term pregnancies, and 3,185 (66.5%)
did not experience miscarriage or abortion. 154
(3.2%) and 2,470 (51.6%) women reported ever
use of oral contraceptive and an IUD, respectively.
Association between reproductive characteristics
and cognitive function
We explored the associated factors of cognitive
impairment by logistic regression, controlled for all
potential confounders identified. In the preliminary
model, reproductive period, number of full-term pregnancies, number of incomplete pregnancies, oral
contraceptive use, and IUD use were significantly associated with cognitive impairment. After adjusting for
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Table 1
General characteristics of 4796 included postmenopausal women

Characteristics

Overall (n = 4,796)

Age (years, mean, SD)
Race (n, %)
Han ethnicity
Minority
Education (n, %)
<Primary
Primary
Junior middle
Senior middle
≥College
Marital status (n, %)
Single
Married
Divorced/widowed
Economic status (n, %)
Rich
Median
Poor
Smoking (n, %)
Never
Past
Current
Alcohol drinking (n, %)
Never
Past
Current
Exercise (yes, n, %)
Hypertension (yes, n, %)
Diabetes (yes, n, %)
CHD (yes, n, %)
Depressive symptom (yes, n, %)

Cognitive impairment
Yes (n = 919)

No (n = 3,877)

69.8 (7.7)

75.0 (8.6)

68.5 (6.9)

4624 (96.4)
172 (3.6)

850 (92.5)
69 (7.5)

3774 (97.3)
103 (2.7)

3144 (65.5)
1531 (31.9)
100 (2.1)
19 (0.4)
2 (0.0)

719 (78.2)
184 (20.0)
10 (1.1)
4 (0.4)
2 (0.2)

2425 (62.5)
1347 (34.8)
90 (2.3)
15 (0.4)
0 (0.0)

19 (0.4)
3221 (67.2)
1551(32.3)

4 (0.4)
470 (51.1)
445 (48.4)

15 (0.4)
2751 (71.0)
1106 (28.5)

431 (9.0)
3773 (78.7)
592 (12.3)

53 (5.8)
676 (73.6)
190 (20.7)

378 (9.7)
3097 (79.9)
402 (10.4)

4686 (97.7)
55 (1.1)
55 (1.1)

883 (96.1)
19 (2.1)
17 (1.8)

3803 (98.1)
36 (0.9)
38 (1.0)

4234 (88.3)
185 (3.9)
377 (7.9)
914 (19.1)
2448 (46.9)
508 (10.6)
162 (3.4)
612 (12.8)

796 (86.6)
49 (5.3)
74 (8.1)
129 (14.0)
472 (51.4)
101 (11.0)
39 (4.2)
197 (21.4)

3438 (88.7)
136 (3.5)
303 (7.8)
785 (20.2)
1776 (45.8)
407 (10.5)
123 (3.2)
415 (10.7)

p-value
<0.001
<0.001
<0.001

<0.001

<0.001

0.001

0.033

<0.001
0.002
0.663
0.106
<0.001

SD, standard deviation; CHD, coronary heart disease.
Table 2
Reproductive characteristics among 4796 postmenopausal women
Reproductive characteristics
Age at menarche (years, mean, SD)
Age at menopause (years, mean, SD)
Reproductive period (years, mean, SD)
Regularity of menstrual cycle (n, %)
Regular
Irregular
Length of menstrual cycle (days, mean, SD)a
Number of full-term pregnancies (n, %)
0
1–4
≥5
Number of incomplete pregnancies (n, %)
0
1–2
≥3
Oral contraceptives use (n, %)
Never
Ever
IUD use (n, %)
Never
Ever

Overall (n = 4,796)

Cognitive impairment
Yes (n = 919)

No (n = 3,877)

16.8 (1.7)
49.3 (4.2)
32.5 (4.7)

17.1 (1.7)
48.8 (4.3)
31.8 (4.6)

16.8 (1.7)
49.4 (4.2)
32.7 (4.6)

4505 (94.0)
290 (6.0)
29.3 (2.4)

859 (93.6)
59 (6.4)
29.4 (2.0)

3646 (94.0)
231 (6.0)
29.3 (2.4)

58 (1.2)
3651 (76.2)
1080 (22.6)

17 (1.9)
534 (58.2)
366 (39.9)

41 (1.1)
3117 (80.5)
714 (18.4)

3185 (66.5)
1473 (30.8)
131 (2.7)

644 (70.2)
240 (26.2)
33 (3.6)

2541 (65.6)
1233 (31.8)
98 (2.5)

4622 (96.8)
154 (3.2)

906 (98.7)
12 (1.3)

3716 (96.3)
142 (3.7)

2319 (48.4)
2470 (51.6)

624 (68.0)
293 (32.0)

1695 (43.8)
2177 (56.2)

SD, standard deviation; IUD, intrauterine device. Data for the following are missing: 17 for age at menarche; 17 for age at menopause; 17 for
reproductive period; 1 for regularity of menstrual cycle; 47 for length of menstrual cycle; 7 for number of full-term pregnancies; 7 for number
of incomplete pregnancies; 20 for oral contraceptives use; 7 for IUD use. a Among women with regular menstrual cycle only.
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chosen independents, these associations remained significant in further logistic regression model (Table 3).
Reproductive period was used as a main proxy
measure for endogenous estrogen exposure and
was defined as the length of time between age
at menarche and menopause. Our study found
that longer reproductive period was related to a
lower risk of cognitive impairment (OR = 0.972,
95% CI 0.956∼0.988, p = 0.001), and this result
was statistically significant after adjustment for
other reproductive characteristics (OR = 0.974, 95%
CI 0.958, 0.990, p = 0.001). It indicated that each
additional reproductive year corresponded to a 3%
reduction in risk of cognitive impairment. Neither
the regularity of menstrual cycle nor the length
of menstrual cycle, were associated with cognitive
impairment.
Estrogen exposure is expected to be correlated
with the number of pregnancies, including full-term
and incomplete pregnancies. In our study, we tested
both the relationship between number of full-term
pregnancies, number of incomplete pregnancies, and
cognitive impairment. Compared with women with
1∼4 times of full-term pregnancies, a 30% increase
in risk of cognitive impairment was observed in
women with 5 or more times of full-term pregnancies, while the risk of cognitive impairment was
non-significant in nulliparity. The risk of cognitive
impairment in women without incomplete pregnancy
was higher than women with 1∼2 times of incomplete pregnancies (OR = 1.219, 95% CI 1.002∼1.452,
p = 0.027), and the result was still statistically significant after adjusting for other additional reproductive
characteristics (OR = 1.194, 95% CI 1.000∼1.429,
P = 0.049). Nevertheless, women with 3 or more times
of incomplete pregnancies did not have a significant
increased risk of cognitive impairment compared with
women with fewer times of incomplete pregnancies.
Figures 1 and 2 showed crude age-specific prevalence of cognitive impairment by number of full-term
pregnancies and number of incomplete pregnancies,
respectively.
We observed a statistically significant, almost a 50%
reduction in risk of cognitive impairment in women
who had ever used oral contraceptives (OR = 0.482,
95% CI 0.261∼0.892, p = 0.020), and a similar protective effect was observed in women who had ever
used an IUD (OR = 0.669, 95% CI 0.563∼0.794,
p < 0.001), after adjusting for potential confounders.
These associations were relatively steady in further
logistic regression, which controlled for other reproductive characteristics.
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Fig. 1. Crude age-specific prevalence of cognitive impairment by
number of full-term pregnancies.

DISCUSSION
In this study, we explored the relationship between
reproductive characteristics and cognitive impairment.
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Fig. 2. Crude age-specific prevalence of cognitive impairment by
number of incomplete pregnancies.

The results of our study suggested that shorter
reproductive period, higher number of full-term pregnancies, and no incomplete pregnancy history were
significantly associated with an increased risk of

cognitive impairment, whereas oral contraceptives use
and IUD use contributed to the beneficial effect on
cognitive function.
Estrogen exposure may alter women’s risk of cognitive impairment. Women differ in their level of
cumulative estrogen exposure due to variances in
reproductive history and use of estrogen containing
therapies. Endogenous estrogen exposure is highest
during a woman’s reproductive life. An increasing
number of reproductive years, resulting from a younger
age at menarche and/or an older age at menopause,
indicates a higher lifetime endogenous estrogen exposure [19]. We found that a longer reproductive period
was associated with a significantly better cognitive
function (MMSE), in agreement with the majority of
previous studies [10–12]. Other studies [20–22] also
reported the similar effect of reproductive period on
the risk of dementia and AD, but not all studies [13,
23, 24]. Our finding supported the protective effect of
estrogen exposure on cognitive impairment.
Although the length of reproductive period is
associated with women’s lifetime estrogen exposure,
reproductive activity during this time also affects
endogenous estrogen exposure. Evidences demonstrated that the level of estrogen varies differently
during and after pregnancy [25, 26]. Most previous
studies only investigated the variables of number of
pregnancies and number of children. Considering that
there is no biological evidence that incomplete pregnancy produces the equivalent effect in estrogen levels
as full-term pregnancy [20], we explored both fullterm pregnancy and incomplete pregnancy with their
effects on cognitive function. Our results suggested
that full-term pregnancy and incomplete pregnancy
have different effects on cognitive function. We found
that women with 5 or more times of full-term pregnancies had worse cognitive function, compared with
those who had fewer times of full-term pregnancies.
Previous studies generally supported that despite the
high levels of estrogen during pregnancy, women with
more parity were associated with the higher risk of
cognitive impairment [10–12, 27] and AD [28–30],
due to lower circulating estrogen over lifetime than
women with fewer parity or nulliparity [25, 31]. In
contrast, our results is the first to find that women
with 3 or more times of incomplete pregnancies were
not associated with the decline in cognitive performance compared with women who had fewer times
of incomplete pregnancies. Moreover, women without
incomplete pregnancy had a higher risk of cognitive
impairment compared with the same reference, after
controlling for general and other reproductive charac-
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Table 3
Association between reproductive characteristics and cognitive impairment
Reproductive characteristics
Reproductive period
Regularity of menstrual cycle (regular)
Length of menstrual cycled
Number of full-term pregnancies
0
1–4
≥5
Number of incomplete pregnancies
0
1–2
≥3
Oral contraceptives use (ever)
IUD use (ever)

Model 1a

Model 2b,c

OR (95% CI)

p-value

OR (95% CI)

p-value

0.972 (0.956, 0.988)
0.889 (0.644, 1.227)
1.008 (0.978, 1.040)

0.001
0.474
0.595

0.974 (0.958, 0.990)

0.001

1.026 (0.543, 1.939)
1.000 (reference)
1.360 (1.133, 1.632)

0.937
–
0.001

0.816 (0.434, 1.536)
1.000 (reference)
1.316 (1.095, 1.582)

0.529
–
0.003

1.219 (1.002, 1.452)
1.000 (reference)
1.343 (0.855, 2.110)
0.482 (0.261, 0.892)
0.669 (0.563, 0.794)

0.027
–
0.201
0.020
<0.001

1.194 (1.000, 1.429)
1.000 (reference)
1.274 (0.808, 2.009)
0.489 (0.263, 0.910)
0.684 (0.575, 0.815)

0.049
–
0.297
0.024
<0.001

OR, odds ratio; CI, confidence interval; IUD, intrauterine device. Sample size of each analysis in model 1 when following variables were
screened: 4,779 for reproductive period; 4,795 for regularity of menstrual cycle; 4458 for length of menstrual cycle; 4789 for number of fullterm pregnancies; 4,789 for number of incomplete pregnancies; 4776 for Oral contraceptives use; 4,789 for IUD use. Sample size of model 2
was 4751. It was due to the missing values. a Adjusted for potential confounders (age, race, education, marital status, economic status, smoking,
alcohol drinking, exercise, hypertension and depressive symptom). b Reproductive characteristics with p values <0.1 in model 1 are included
into model 2, and all potential confounders (same as model 1) are also adjusted. c No significant interactions were found between independents
in model 2. d Among women with regular menstrual cycle only.

teristics (especially number of full-term pregnancies).
Speculative explanation is that, women experience
high levels of estrogen during pregnancy (no matter
complete or incomplete pregnancy); however, incomplete pregnancy has weaker effect on longer-term
reduction of estrogen levels than full-term pregnancy.
Besides endogenous estrogen exposure, exogenous
estrogen use and related factors may also modify the
risk of cognitive impairment and the incidence of AD
[32]. Estrogen is one of major ingredients in oral contraceptive. Our finding of a protective effect of oral
contraceptive use on cognitive function is consistent
with some earlier population-based studies [12, 33],
whereas no significant association was also identified
[13, 34]. Another study [27] found that oral contraceptive use was related to better cognitive performance
only in univariate model. Mifepristone, a kind of emergency contraceptive, has been reported to be effective
in treatment for AD in a number of clinical studies
[35–37]. It is important to note that the particular type
and duration of oral contraceptive used by participants
were not collected in our study and also not reported by
those epidemiological studies afore mentioned, and it
is highly possible that different oral contraceptive may
differ in their effect on cognitive function. This may
help to explain some of the controversy with regard
to the role of oral contraceptive use in protection of
cognitive impairment and against AD.
The IUD is the most widely used single method of
contraception in China and worldwide [38, 39]. Our

study found that ever use of an IUD was inversely
related to the risk of cognitive impairment. This
potential association between IUD use and cognitive
impairment, which was not assessed in previous literatures, needs to be confirmed in future study. Most
women with IUD use (98.5%) in our study practiced
intrauterine contraception before 1990s, when inert
IUDs and copper IUDs were most used among all types
of IUDs in China [40]. Clinical studies suggested that
inert IUD and copper IUD users had increased concentration of estrogen receptors [41] or higher levels
of estrogen [42–46]. It is likely that IUD use protects
the cognitive function through changing the balance
of hormone receptors or hormone levels in the uterus.
However, some other studies presented different evidence [47–50]. Therefore, it is unclear whether use of
an IUD will lower the risk of cognitive impairment
through hormonal mechanisms, an issue worth further
study.
There are several methodological issues and limitations. First, some recall bias might exist considering
the self-report essence of retrospective information,
particularly concerning lifetime estrogen exposure.
Although reproductive characteristics were events that
occurred long before for recruitment of subjects in this
study, research suggested that up to 90% of normal
women could accurately report their age at menarche
within a 1-year error margin [51]. Unfortunately, if
the error rate of recalling retrospective information
was higher in those women with more severe forms
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of cognitive impairment, it might have strengthened or
weakened the association between reproductive characteristics and cognitive impairment. Despite this, the
findings of this study did fit with predictions based on
the effects of estrogens on cognitive function, and provided clues for further research. Secondly, there were
no detailed information on specific type and duration
of oral contraceptive and IUD, as well as the information about estrogen replacement therapy (ERT) use.
The data of ERT use was actually collected through
the questionnaires. However, only 18 (0.4%) of 4,796
women reported ever use of ERT, while most of them
experienced perimenopause before year 2000. Unlike
western countries, ERT is gradually accepted and used
in recent years in China. Even in urban areas, there are
still a lot of menopause women without receiving ERT
nowadays. These may explain the low rate of ERT use
in our study. We could not excluded reporting bias of
ERT use as well. Because of the small number of ERT
users, we think it would not substantially influence the
results of our study. Finally, we did not take genetic
factors into consideration, such as apolipoprotein E
(APOE) carrier status.
Despite these limitations, this study has a number of strengths. 1) Our study was based on a large
community-based sample of postmenopausal women,
and the results are relatively robust and are potentially correlated with the broader population of elderly
women in Zhejiang province. 2) A wide range of
potential confounders was taken into account in our
analyses, and adjusted ORs were estimated in logistic model to control other reproductive characteristics.
3) Some important new findings were made in this
study, including the relationship between the number of incomplete pregnancies, IUD use, and risk of
cognitive impairment. 4) The limited number of studies based on Chinese population makes our study a
valuable extension on previous work.
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