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Abstract

Background/Objectives: This study examined how reproductive factors—such as oral contraceptive
(OC), age at menarche, number of pregnancies, and age at first delivery —are related to the risk of
metabolic syndrome (MetS) in Korean women aged 30-69, based on their menopausal status.
Methods: Data from the Korea National Health and Nutrition Examination Survey 2010-2023 were
analyzed, including 31,178 women with complete data. Survey-weighted logistic regression and
restricted cubic spline analyses were conducted, adjusting for sociodemographic, lifestyle, and
reproductive covariates. Results: OC use was significantly associated with increased MetS risk in
both premenopausal (adjusted OR 1.40, 95% CI 1.13-1.72) and postmenopausal women (adjusted OR
1.16, 95% CI 1.03-1.29). This association was primarily driven by elevated blood pressure in both
groups and high triglycerides in postmenopausal women. Other reproductive factors, including age
at menarche, number of pregnancies, and age at first delivery, showed no significant nonlinear
associations with MetS risk. Established risk factors such as older age, higher BMI, smoking, and
high-risk drinking were confirmed. Strength exercise was inversely associated with MetS in
postmenopausal women. Conclusions: OC use is linked to higher MetS risk, particularly through
blood pressure and triglyceride elevations. Other reproductive factors showed limited association.
These findings underscore the importance of considering OC use in metabolic risk assessments and
highlight potential benefits of lifestyle interventions.

Keywords: metabolic syndrome; oral contraceptives; reproductive factors; menopausal status

1. Introduction

Metabolic syndrome (MetS) is a cluster of metabolic abnormalities, including abdominal obesity,
hypertension, dyslipidemia, and impaired glucose metabolism, that increases the risk of
cardiovascular disease, type 2 diabetes, and all-cause mortality [1]. Well-established risk factors for
MetS include advancing age, higher body mass index (BMI), low physical activity, and unhealthy
lifestyle behaviors [2]. In women, unique physiological states such as puberty, pregnancy, and
menopause, as well as reproductive factors like age at menarche, parity, and age at first delivery, are
increasingly recognized as important determinants not only of MetS but also of other chronic diseases
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including diabetes and cardiovascular disease [3—6]. The hormonal and metabolic changes across a
woman’s reproductive lifespan may influence her long-term metabolic health.

Many studies have explored the relationship between female reproductive factors and MetS, but
findings remain inconsistent [7-12]. Some research has shown that early age at menarche is associated
with a higher risk of MetS and related disorders, while other studies have reported increased risk
with both early and late menarche, suggesting a reversed J-shaped association [7,9,10]. Similarly,
large-scale studies in populations have reported associations between age of menarche, frequency
pregnancy, age at first birth, and MetS risk, but results have varied depending on population and
analytic approach [13]. These discrepancies highlight the need for further research that considers
menopausal status and uses large, representative samples.

In contrast to reproductive history, the association between oral contraceptive (OC) use and
MetS has been less thoroughly investigated, despite the widespread use of OCs among women of
reproductive age. Existing studies suggest that OC use may adversely affect metabolic parameters
such as blood pressure and lipid profiles, but evidence regarding its impact on MetS risk is limited
and inconclusive [14-16]. Given the potential for hormonal contraceptives to influence cardio-
metabolic health, more research is warranted to clarify these relationships, especially in diverse
populations and across different reproductive stages.

Therefore, this study aimed to evaluate the associations of OC use and reproductive factors—
including age at menarche, number of pregnancies, age at first delivery, and breastfeeding history —
with the risk of MetS among Korean women, using a large-scale, nationally representative survey.
Importantly, we conducted stratified analyses by menopausal status to address a major limitation of
previous research and to better understand how these associations may differ pre and post
menopause.

2. Materials and Methods

2.1. Data Source and Study Population

This study utilized data from the Korea National Health and Nutrition Examination Survey
(KNHANES), an ongoing, nationally representative surveillance program conducted by the Korea
Disease Control and Prevention Agency. KNHANES assesses the health and nutritional status of the
Korean population and monitors trends in health-related risk factors and the prevalence of major
chronic diseases. The survey employs a complex, multistage probability sampling design to ensure
representativeness of the civilian, non-institutionalized Korean population. Detailed information on
the survey design, sampling methods, and data collection procedures is available on the KNHANES
website (http://knhanes.kdca.go.kr/).

Data from the 2010-2023 KNHANES cycles were combined following the official analytic
guidelines. To ensure valid population estimates, combined survey weights were calculated and
applied in all analyses, accounting for the complex multistage sampling design and integration across
survey years. Among women who participated in the KNHANES from 2010 to 2023, those aged 30
to 69 years were initially selected for this study. Participants with incomplete or implausible data for
any key reproductive factors, including age at menarche, age at menopause, number of pregnancies,
age at first delivery, duration of breastfeeding, or history of OC use, were excluded. After these
exclusions, 31,178 women with complete data remained for the final analysis. These participants were
further classified into premenopausal (n = 16,323) and postmenopausal (n = 14,857) groups based on
their menopausal status (Figure 1).
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Female participants in 2010-2023 KNHANES

n = 59,167
Age 30 ~ 69 years

n = 34,154

.', Excluded incomplete data for reproductive factors: \‘I

! - Age of Menarche (n=2,864) !

! - Age of Menopause (n=70) !

> - Frequency of Pregnancy (n=25) 1

! - Age of first Delivery (n=2) i

1 - Number of breastfeeding children (n=9) 1

'\ - Oral contraceptive use (n=6) /,'

Complete data for analysis

n=231,178
Pre Menopause Post Menopause
n = 16,323 n = 14,857

Figure 1. Flowchart for participant selection.

2.2. Covariates for Adjustment

Sociodemographic, lifestyle, and reproductive variables were included as covariates from
KHANES. Body mass index (BMI) was calculated as weight in kilograms divided by the square of
height in meters (kg/m?), using measured values of height and weight. Education level was classified
as <elementary school, middle school, high school, and =college. Monthly household income was
divided into quintiles (Q1: low, Q2: low-middle, Q3: middle, Q4: middle-high, Q5: high). Marital
status was defined as having a spouse or not. Smoking status was categorized as never smoker, ex-
smoker, or current smoker. Drinking habits were classified as never drinking, normal drinking (less
than or equal to 4 times per month), or high drinking (more than 4 times per month). Physical activity
was assessed by the number of days per week participants walked for at least 10 minutes (0, 1-3, or
4-7 days) and the number of days per week they performed strength exercises (0, 1-3, or 4-7 days).

Reproductive factors included age at menarche (years), number of pregnancies, age at first
delivery (years), and number of children breastfed. Menopausal status (post-menopausal or pre-
menopausal) and history of OC use (yes or no) were also included as covariates. All covariates were
measured using standardized questionnaires and protocols as part of the KNHANES survey.

2.3. Metabolic Syndrome as the Study Outcome

MetS, the primary outcome of this study, was defined according to the criteria established by
the National Cholesterol Education Program Adult Treatment Panel III. Specifically, MetS was
diagnosed when three or more of the following five components were present: (1) increased waist
circumference (>88 cm for women); (2) elevated triglycerides (2150 mg/dL) or current use of lipid-
lowering medication; (3) reduced high-density lipoprotein (HDL) cholesterol (<40 mg/dL for men or
<50 mg/dL for women) or current use of medication for reduced HDL cholesterol; (4) elevated blood
pressure (2130/85 mmHg) or current use of antihypertensive medication; and (5) elevated fasting
glucose (2100 mg/dL) or current use of antidiabetic medication. This definition does not require any
single component as mandatory; the presence of any three or more of the five criteria qualifies as
MetS.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0139.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0139.v1

4 of 13

2.4. Statistical Analysis

All statistical analyses were conducted using R software (version 4.4.3), incorporating the
complex survey design and sampling weights of the KNHANES. The survey design was specified
using the svydesign function of survey package, which accounted for primary sampling units,
stratification, and sampling weights to ensure nationally representative estimates.

Descriptive statistics were calculated for all covariates according to the presence or absence of
MetS. For categorical variables, frequencies and percentages were presented, and for continuous
variables, means and standard deviations were reported. Both unweighted for number of
participants and survey-weighted descriptive statistics were generated. Standardized mean
differences (SMDs) were calculated to assess the balance of covariates between groups.

To examine the association between covariates and MetS, survey-weighted logistic regression
models were used. Univariable logistic regression analyses were first performed for each covariate
to estimate the crude odds ratios (cOR) and 95% confidence intervals (CI) for MetS. Subsequently,
multivariable logistic regression models were constructed, including all covariates simultaneously,
to estimate adjusted ORs (aOR) and 95% CI. All analyses incorporated survey weights to account for
the complex sampling design.

To evaluate the risk of MetS according to reproductive factors, restricted cubic spline (RCS)
analyses were performed separately for premenopausal and postmenopausal women. The RCS
method allows for flexible modeling of potential nonlinear relationships between continuous
reproductive variables, such as age at menarche, number of pregnancies, and age at first delivery,
and the odds of MetS. All covariates were adjusted for in the models. The results were visualized
with aOR and 95% CI plotted against the reproductive factors. Separate plots were generated for
premenopausal and postmenopausal groups to assess potential differences in associations by
menopausal status.

In addition to evaluating the association between OC use and the risk of MetS defined by the
presence of three or more risk components, we further assessed the relationship between OC use and
the presence of MetS based on alternative thresholds, including having all five risk components, four
or more, two or more, and at least one risk component. Furthermore, we examined the association
between OC use and each individual component of MetS, namely high blood pressure, elevated
fasting blood glucose, high triglycerides, low high-density lipoprotein (HDL) cholesterol, and
abdominal obesity (excess waist circumference). These analyses were conducted separately for
premenopausal and postmenopausal women, and aOR with 95% CI were estimated for each
outcome.

3. Results

3.1. Baseline Characteristics by Metabolic Syndrome

Table 1 presents the baseline characteristics of the study population according to the presence
or absence of MetS. Among the 31,178 women included, 8,324 (26.7%) had MetS. Women with MetS
were older (mean age: 57.4 vs. 47.4 years; SMD = 0.993) and had higher BMI (26.1 vs. 22.7 kg/m? SMD
=1.046) compared to those without MetS. The MetS group also had a higher proportion of overweight
or obese individuals (BMI = 25.0 kg/m? SMD = 0.967).

In addition, women with MetS had a later age at menarche (14.7 vs. 13.9 years; SMD = 0.376),
more pregnancies (3.74 vs. 2.94; SMD = 0.432), a younger age at first delivery (24.73 vs. 26.64 years;
SMD = 0.459), and more breastfed children (1.90 vs. 1.05; SMD = 0.430). Post-menopausal status was
more common in the MetS group (74.3% vs. 37.7%; SMD = 0.775), as was OC use (21.1% vs. 13.5%;
SMD = 0.180). Other lifestyle factors, such as household income (SMD = 0.162), smoking status (SMD
= 0.075), walking days per week (SMD = 0.085), and strength exercise days per week (SMD = 0.165),
showed smaller differences between groups.
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Table 1. Baseline characteristics of study population by metabolic syndrome.
Overall No MetS MetS SMD'
(n=31,178) (n=21,660) (n=8,324)
Age (years), mean (+SD) 50.1 (z11.1) 47 .4 (£10.5) 57.4 (£9.1) 0.993
Age groups, n (%) 0.973
30-39 years 6,893 (22.1) 6,067 (28.0) 468 (5.6)
40-49 years 7,846 (25.2) 6,488 (30.0) 1,077 (12.9)
50-59 years 8,591 (27.6) 5,659 (26.1) 2,650 (31.8)
60-69 years 7,848 (25.2) 3,446 (15.9) 4,129 (49.6)
BMI (kg/m?), mean (+SD) 23.6 (£3.6) 22.7 (£3.0) 26.1 (£3.7) 1.046
BMI groups, n (%) 0.967
<185 1,304 (4.2) 1,184 (5.5) 44 (0.5)
18.5-24.9 20,447 (65.8) 16,322 (75.4) 3,384 (40.7)
25.0-29.9 7,690 (24.7) 3,744 (17.3) 3,703 (44.6)
30.0-34.9 1,403 (4.5) 343 (1.6) 997 (12.0)
>=35.0 246 (0.8) 43 (0.2) 183 (2.2)
Education level, n (%) 0.757
= Elementary 5,484 (17.6) 2,422 (11.2) 2,851 (34.3)
Middle school 3,574 (11.5) 1,972 (9.1) 1,468 (17.7)
High school 10,848 (34.8) 7,853 (36.3) 2,596 (31.2)
Z College 11,240 (36.1) 9,398 (43.4) 1,395 (16.8)
Income level, n (%) 0.162
Q1: Low 6,046 (19.5) 3,846 (17.8) 1,929 (23.2)
Q2: Low-middle 6,229 (20.1) 4,253 (19.7) 1,736 (20.9)
Q3: Middle 6,240 (20.1) 4,333 (20.1) 1,690 (20.4)
Q4: Middel-high 6,280 (20.2) 4,504 (20.9) 1,566 (18.9)
Q5: High 6,246 (20.1) 4,626 (21.5) 1,376 (16.6)
No Spouse, n (%) 4,118 (14.0) 2,326 (11.5) 1,633 (20.2) 0.243
Smoking status, n (%) 0.075
Never smoker 27,693 (89.0) 19,209 (88.8) 7,461 (89.9)
Ex-smoker 1,868 (6.0) 1,368 (6.3) 396 (4.8)
Current smoker 1,560 (5.0) 1,054 (4.9) 446 (5.4)
Drinking habit, n (%) 0.290
Never drinking 3,507 (11.3) 2,745 (12.7) 653 (7.9)
Normal drinking 23,350 (75.1) 16,516 (76.4) 5,941 (71.6)
High drinking 4,235 (13.6) 2,344 (10.8) 1,706 (20.6)
Walking per week, n (%) 0.085
0 day 16,481 (52.9)  11,521(53.2) 4,347 (52.2)
1-3 days 9,770 (31.3) 6,953 (32.1) 2,442 (29.4)
4-7 days 4,917 (15.8) 3,180 (14.7) 1,531 (18.4)
Exercise per week, n (%) 0.165
0 day 25,437 (81.6) 17,303 (79.9) 7,121 (85.6)
1-3 days 3,826 (12.3) 2,976 (13.7) 743 (8.9)
4-7 days 1,912 (6.1) 1379 (6.4) 459 (5.5)
Age of Menarche (years), mean (+SD) 14.1 (x2.0) 13.9 (x1.9) 14.7 (x2.1) 0.376
Pregnancy (times), mean (+SD) 3.2 (x1.9) 2.94 (£1.8) 3.74 (£1.9) 0.432
ﬁgg;f First Delivery (years), mean 261 (x4.1) 2664 (+40)  2473(x39)  0.459
Number of Breast Feeding (children),
mean (+SD) 1.3 (£1.8) 1.05 (£1.6) 1.90 (£2.2) 0.430
Post Menopause, n (%) 14,857 (47.7) 8,159 (37.7) 6,187 (74.3) 0.775
Used Oral Contraceptives, n (%) 4,858 (15.6) 2,928 (13.5) 1,756 (21.1) 0.180
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Abbreviation: BMI; body mass index, MetS; metabolic syndrome, SD; standard deviation, SMD; standardized
mean difference. * SMD values of 0.2-0.5 are considered small effect size, values of 0.5-0.8 are medium, and

values > 0.8 are large.

3.2. Associations Between Covariates and Metabolic Syndrome by Menopausal Status

Table 2 shows the associations between covariates and the risk of MetS. In both pre-menopausal
and post-menopausal women, higher age and BMI were strongly associated with increased risk of
MetS. For each 1-year increase in age, the aOR for MetS was 1.11 (95% CI: 1.10-1.12) in pre-
menopausal women and 1.09 (95% CI: 1.08-1.10) in post-menopausal women. Each 1 kg/m? increase
in BMI was associated with an aOR of 1.45 (95% CI: 1.42-1.48) and 1.31 (95% CI: 1.29-1.33),
respectively.

Lower income was also linked to a higher MetS risk: compared to the highest income group, the
lowest quintile had aOR of 1.45 (95% CI: 1.14-1.84) in pre-menopausal and 1.27 (95% CI: 1.10-1.48) in
post-menopausal women. Current smoking was associated with higher MetS risk in both groups
(aOR: 1.42 [95% CI: 1.03-1.96] for pre-menopause; 1.60 [95% CI: 1.26-2.04] for post-menopause), as
was high-risk drinking (aOR: 2.13 [95% CI: 1.58-2.88] and 1.41 [95% CI: 1.16-1.73], respectively).

Engaging in strength exercise was inversely associated with MetS in post-menopausal women
(aOR for 1-3 or 4-7 days/week: 0.62 [95% CI: 0.52-0.75]), but not in pre-menopausal women. OC use
was associated with increased MetS risk in both groups (aOR: 1.40 [95% CI: 1.13-1.72] for pre-
menopause; 1.16 [95% CI: 1.03-1.29] for post-menopause). After adjustment, age at menarche,
number of pregnancies, age at first delivery, and number of breastfed children were not significantly
associated with MetS in either group.

Table 2. Uni- and multivariate analysis of risk factors for Metabolic syndrome by menopause status.

Pre Menopause Post Menopause
Variables Crude OR  Adjusted OR  Crude OR Adjusted
(95% CI) (95% CI) (95% CI) OR (95% CI)
Ave ver 1 vears 1.10 (1.09- 1.11 (1.10- 1.10 (1.09- 1.09 (1.08—
geperly 1.11) 1.12) 1.10) 1.10)
1.43 (1.40- 1.45 (1.42- 1.33 (1.31- 1.31 (1.29-
BMI per 1 kg/m?
per 1 kg/m 1.46) 1.48) 1.35) 1.33)
Education level, College 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
. 2.07 (1.83- 1.06 (0.90— 1.31 (1.16- 1.06 (0.91-
High school
1811 SEh00 2.33) 1.25) 1.49) 1.23)
. 4.53 (3.68- 1.12 (0.84- 2.00 (1.75- 1.15 (0.97-
Middle school
radie schoo 5.59) 1.51) 2.29) 1.36)
Elementar 6.87 (5.47— 1.33 (0.96 2.94 (2.60— 1.19 (1.00-
y 8.63) 1.85) 3.34) 1.42)
Income level, Q5: High 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
o . 1.28 (1.07- 1.16 (0.93 117 (1.03- 1.09 (0.95
Q4: Middel-high 1.52) 1.46) 1.32) 1.26)
. 1.51 (1.26- 1.26 (1.00— 1.32 (1.16- 1.17 (1.01-
: 1
Q3: Middle 1.80) 1.59) 1.49) 1.35)
_ . 1.62 (1.36- 1.31 (1.04- 1.43 (1.27- 1.20 (1.04-
Q2: Low-middle 1.94) 1.66) 1.62) 1.38)
2.10 (1.78- 1.45 (1.14— 1.58 (1.39- 1.27 (1.10-
1: L
Ql: Low 2.49) 1.84) 1.79) 1.48)
Spouse, Yes 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Ne 1.78 (1.48- 1.04 (0.81- 1.34 (1.22- 0.98 (0.87—
2.13) 1.33) 1.48) 1.10)
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Smoking  status, Never
smoker 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
okt 0.91 (0.74- 1.03 (0.77- 1.16 (0.95- 1.22 (0.95
Smo 1.12) 1.38) 1.41) 1.55)
Current smoker 141 (1.15- 1.42 (1.03- 1.13 (0.93- 1.60 (1.26
trrent smoke 1.72) 1.96) 1.37) 2.04)
Drinking  habit, — Never ) o) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
drinking
L 1.18 (1.01- 1.28 (1.04- 1.26 (1.08— 1.29 (1.07—
Normal drinking 1.37) 1.57) 1.46) 1.54)
o 2.55 (2.05- 2.13 (1.58— 1.64 (1.38- 141 (1.16-
High
igh drinking 3.17) 2.88) 1.95) 1.73)
Walking per week, 0 day 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
1.02 (0.91- 1.15 (0.99- 1.01 (0.92- 1.08 (0.96
13 days 1.14) 1.34) 1.11) 1.22)
1.12 (0.96 0.98 (0.81— 1.28 (1.16- 1.08 (0.96
47 days 1.31) 1.20) 1.42) 1.22)
Exercise per week, 0 day 1.00 (ref.) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
0.63 (0.53— 0.95 (0.76~ 0.60 (0.53— 0.62 (0.52—
1-
3 days 0.76) 1.19) 0.68) 0.75)
0.81 (0.63— 0.82 (0.61— 0.57 (0.49— 0.62 (0.52—
47 days 1.03) 1.10) 0.66) 0.75)
1.09 (1.05- 1.00 (0.96 1.07 (1.05- 0.99 (0.96-
Age of Menarche per 1 year 112) 1.04) 1.09) 1.01)
Preomancy per 1 fimes 1.18 (1.14- 0.98 (0.94— 1.10 (1.07- 1.00 (0.97-
gnancy p 1.21) 1.03) 1.12) 1.03)
Age of First Delivery per 1  0.92 (0.91- 0.99 (0.97- 0.94 (0.93- 0.99 (0.98-
year 0.94) 1.01) 0.95) 1.01)
, , 1.14 (1.09- 0.99 (0.93— 1.16 (1.14 0.99 (0.96-
Breast Feeding per 1 child 1.18) 1.04) 1.19) 1.02)
S::Cll Contraceptives, Not — \y of) 1.00 (ref.) 1.00 (ref.) 1.00 (ref.)
Used 142 (1.22- 1.40 (1.13- 1.42 (1.28- 1.16 (1.03—
1.65) 1.72) 1.56) 1.29)

Abbreviation: BMI; body mass index, CI; confidence interval, OR; odds ratio.

3.3. Associations Between Reproductive Factors and Metabolic Syndrome

Figure 2 illustrates the results of restricted cubic spline analyses assessing potential nonlinear
relationships between reproductive factors and MetS risk, stratified by menopausal status. For age at
menarche, no significant nonlinear association with MetS risk was found in either pre-menopausal
(P for overall = 0.929) or post-menopausal women (P for overall = 0.655). The aORs remained stable
across the age range of 8-23 years, with confidence intervals including the null value of 1.0 in both
groups.

Similarly, the number of pregnancies showed no significant nonlinear association with MetS risk
in either pre-menopausal (P for overall = 0.364) or post-menopausal women (P for overall = 0.460).
While a slight downward trend in MetS risk was observed with increasing number of pregnancies
among pre-menopausal women, it was not statistically significant. In post-menopausal women, the
association remained flat across the full pregnancy range (0-13).

Age at first delivery also showed no significant nonlinear relationship with MetS risk in either
group (P for overall = 0.118 for pre-menopause; 0.172 for post-menopause), with aOR remaining close
to 1.0 throughout the age range of 15-43 years.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0139.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0139.v1

8 of 13

1.8 P for overall = 0.929 1.8 P far overall = 0.655

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Age of Menarche (years) Age of Menarche (years)

18 P for overall = 0.364 1.8 P for overall = 0.460

1 2 3 a4 &5 6 7 8 & 1o 11 12 13 “o0 1 2 3 4 &5 & 7 8 o 1o 11 12 13
Number of pregnancy (times) MNumber of pregnancy (times)
E 20, F 20,
1.8- Pforoverall =0.118 1.8+  Pforoverall=0.172
G L6
£
g,’1.4*
19}
%12

=
5 1.0+

% 0.8
B
& 0.6+

2
T o4

0.2

0.0 0.0
15161718102021 222324 0526 2728293031 32343435 3637383040414243 1516171810202122292425262728293031323334353637363940414243
Age of first delivery (years) Age of first delivery (years)

Figure 2. Restricted cubic spline analyses of reproductive factors and risk of metabolic syndrome stratified by
menopausal status. Restricted cubic spline curves illustrate the adjusted ORs and 95% confidence intervals
(shaded areas) for MetS according to age at menarche (A, B), number of pregnancies (C, D), and age at first
delivery (E, F), separately for premenopausal (blue, left panels) and postmenopausal women (red, right panels).
Models were adjusted for age, body mass index, number of pregnancies, age at first delivery, number of
breastfed children, oral contraceptive use, education level, income quintile, marital status, smoking status,

drinking habits, walking frequency, and exercise frequency.

3.4. Association Between Oral Contraceptive Use and Metabolic Syndrome

Figure 3 presents the association between OC use and MetS risk in both pre-menopausal and
post-menopausal women, considering different definitions of MetS and its individual components.
OC use was significantly associated with increased risk of MetS—defined as having three or more
metabolic risk factors—in both pre-menopausal (aOR: 1.40, 95% CI: 1.13-1.72) and post-menopausal
women (aOR: 1.16, 95% CI: 1.03-1.29).

However, no significant associations were found when stricter (24 or all 5 components) or more
lenient (=2 or 21 component) definitions of MetS were applied. When examining individual MetS
components, OC use was associated with higher risk of high blood pressure in both pre-menopausal
(aOR: 1.30, 95% CI: 1.17-1.45) and post-menopausal women (aOR: 1.20, 95% CI: 1.01-1.43), and with
high triglycerides in post-menopausal women (aOR: 1.23, 95% CI: 1.04-1.44). No significant
associations were observed for elevated fasting glucose, low HDL cholesterol, or increased waist
circumference in either group.

r(s). Distributed under a Creative Commons CC BY license.



https://doi.org/10.20944/preprints202507.0139.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0139.v1

9 of 13

Pre Menopause Post Menopause
1 1
. I 1
MetS (3+ of Risks) - | —®— 1.40(1.13-1.72) — 1.16 (1.03 - 1.29)
1 |
1 |
5' of Risks A —————— 103 (0.60 - 1.76) —— 1.02 (0.83 - 1.27)
1 1
1 |
4+ of Risks —Lo—— 1.10(0.81-1.49) do 1.05 (0.93 - 1.20)
1 1
1 1
2+ of Risks 4 :—o— 112 (0.95 - 1.32) —:o— 1.05(0.93 - 1.18)
1 1
. 1 1
1+ of Risks 4 —— 0.98 (0.85 - 1.13) -— 1,11 (0.94 - 1.32)
1 |
1 |
High Blood Pressure 4 e 1.20 (1.01-1.43) | —e—  1.30(¢1.17-1.45)
1 1
1 |
High Fasting Blood Sugar A +— 103 (0.88 - 1.20) -o:- 0.95 (0.86 - 1.04)
1 1
. . . 1 |
High Triglycerides 4 |—— 1.23 (1.04 - 1.44) - 1.02 (0.92 - 1.14)
1 1
1 1
Low HDL Cholesterol 4 - 0.99 (0.86 - 1.13) s 1.05(0.95-1.17)
1 |
1 |
Excess Waist 4 — 108 (0.79 - 1.33) —— 1.01 (0.86 - 1.18)
1 ]
1 1

00 05 10 15 20 25 3000 05 10 15 20 25 30
Adjusted OR for Risks of MetS (95% CI)

Figure 3. Adjusted odds ratios for metabolic syndrome and its components according to oral contraceptive use,
stratified by menopausal status. Forest plots display adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) for the association between oral contraceptive use and the risk of metabolic syndrome (MetS) and its
individual components in premenopausal (left) and postmenopausal (right) women. All models were adjusted
for age, body mass index, reproductive factors, education, income, marital status, smoking, alcohol

consumption, and physical activity.

4. Discussion

In this large, nationally representative study of Korean women aged 30 to 69 years, we examined
the associations between reproductive factors, including OC use, and MetS, with analyses stratified
by menopausal status. Our key findings include: (1) OC use was significantly associated with
increased risk of MetS in both pre-menopausal and post-menopausal women; (2) other reproductive
factors such as age at menarche, number of pregnancies, age at first delivery, and breastfeeding
history were not independently associated with MetS after adjusting for covariates in both pre-
menopausal and post-menopausal women; and (3) OC use was particularly linked to elevations in
blood pressure and triglycerides, two of the core components of MetS.

In contrast to several prior studies, our analysis did not identify significant independent
associations between reproductive factors, such as age at menarche, number of pregnancy, age at first
delivery, and breastfeeding history, and the risk of MetS after multivariable adjustment. A study by
Kwan et al. [7] and Zuo et al. [13] found a J-shaped association between age at menarche and MetS,
while a study by Ling et al. [17] reported that age at menarche was not associated with MetS risk, like
this study. To understand this inconsistency, methodological differences should be considered. Many
previous studies did not stratify analyses by menopausal status, despite menopause being a critical
modifier of metabolic risk. The hormonal changes accompanying menopause are independently
associated with increased MetS risk [18,19], and failure to stratify may obscure or confound the true
associations between reproductive factors and metabolic outcomes. Also, population-specific factors
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may also contribute. Genetic, cultural, dietary, or environmental characteristics of women may
modulate the relationships between reproductive history and metabolic risk differently [20]. These
differences highlight the importance of considering population context and methodological rigor in
interpreting epidemiological findings related to women’s reproductive health and long-term
metabolic outcomes.

OC use was consistently associated with an increased risk of MetS in both pre-menopausal and
post-menopausal women, with adjusted odds ratios of 1.40 and 1.16, respectively. This association
appeared to be primarily driven by elevations in blood pressure in both groups, and by
hypertriglyceridemia specifically in post-menopausal women. These findings are supported by
several biological mechanisms proposed in the literature [21-23]. One possible explanation for the
increased MetS or cardiovascular risk with OC use is the estrogen component, especially
ethinylestradiol, which can raise triglyceride levels and reduce the clearance of LDL, leading to
worsened lipid profiles [24,25]. Another factor is certain androgenic progestins, like levonorgestrel,
which may cause sodium retention and increase blood vessel resistance, resulting in higher blood
pressure [22,26]. Third, a “metabolic memory” effect may be present in post-menopausal women,
where earlier exposure to OCs leads to long-term alterations in insulin sensitivity and lipid
metabolism, potentially explaining the persistent elevation in triglycerides observed in this group
[27]. Importantly, OC use was not significantly associated with stricter definitions of MetS (i.e.,
presence of >4 or all 5 components), nor with other individual MetS components such as fasting
glucose or waist circumference. This pattern suggests that the metabolic impact of OC use may be
pathway-specific targeting particular components such as blood pressure and lipid metabolism,
rather than contributing to a systemic increase in overall metabolic dysfunction.

Strengths of this study include the large sample size, nationally representative design, detailed
reproductive and metabolic measurements, and the stratified analytic approach by menopausal
status. The use of complex survey weights and advanced statistical modeling enhances the robustness
and generalizability of our findings. Especially, our restricted cubic spline analyses further confirmed
the lack of significant nonlinear associations between reproductive factors and MetS, regardless of
menopausal status.

Despite these strength, several limitations should be considered. First, the cross-sectional design
precludes causal inference. The cross-sectional nature of this study limits our ability to infer causal
relationships between reproductive history, including OC use, and the risk of MetS. Since exposure
and outcome were assessed simultaneously, temporal precedence could not be established.
Therefore, our findings should be interpreted as associations rather than causal links. Second,
reproductive histories, and history of OC use, were based on self-reported data. This raises the
possibility of recall bias, particularly among older postmenopausal women, which may lead to
misclassification of exposure status. Nevertheless, to mitigate this bias, we excluded individuals with
incomplete reproductive data to assess the robustness of the findings. Third, our data lacked
granularity regarding the specific characteristics of OC use, such as duration, formulation
(estrogen/progestin dosage), and age at initiation. These factors may differentially impact metabolic
outcomes, and their absence limited our ability to perform a more nuanced analysis. Future
longitudinal studies with detailed OC exposure histories are warranted to clarify these relationships.
Fourth, although we employed multivariable regression models and adjusted for a wide range of
potential confounders, including socioeconomic status, lifestyle factors, and comorbidities, we cannot
exclude the possibility of residual confounding from unmeasured or unknown variables (e.g., dietary
intake, genetic susceptibility, or psychosocial stress). Accordingly, interpretation of the results should
consider this potential limitation.

5. Conclusions

In conclusion, our findings suggest that OC use is independently associated with increased risk
of MetS among Korean women, regardless of menopausal status, primarily via effects on blood
pressure and triglycerides. Other reproductive factors—including age at menarche, number of
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pregnancy, age at first delivery, and breastfeeding history —were not significantly associated with
MetS after adjustment for covariates. These findings underscore the need for individualized
metabolic risk assessment in women, especially those with a history of hormonal contraceptive use.
Comprehensive approaches that integrate reproductive history into preventive strategies may help
reduce the burden of cardio metabolic disease in women.
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