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Abstract
Background Menopause induces a series of pathophysiological changes and long-
term complications (coronary heart disease, cerebrovascular disease, osteoporo-
sis, etc.), among which coronary heart disease is the leading threat to health.
Objective To investigate the effects of changes in menopausal status and aging on
common risk factors for coronary heart disease in middle-aged women, including
carotid intima-media thickness (CIMT) thickening, hypertension, dyslipidemia,
diabetes mellitus, and obesity. Methods A total of 556 healthy premenopausal
women aged 45-54 years who underwent regular health check-ups at the Physical
Examination Center of Beijing Shijitan Hospital, Capital Medical University in
2018 were selected. According to relevant criteria, 89 were excluded, and 467
women were finally included as study subjects. Based on whether menopause
occurred during the 3-year follow-up period, the subjects were divided into a pre-
menopausal group (176) and a postmenopausal group (291). Changes in BMI,
waist circumference, blood glucose, blood pressure, blood lipids, and other indi-
cators were monitored in both groups, and inter-group and intra-group compar-
isons were performed before and after follow-up. Multivariate logistic regression
analysis was used to explore the effects of menopausal status and age on the
incidence of risk factors for coronary heart disease (CIMT thickening, hyper-
tension) in middle-aged women. Results The mean age of the 467 subjects
was (47.6$±$2.3) years. Compared with baseline, waist circumference, uric acid
(UA), total cholesterol (TC), triglycerides (TG), and low-density lipoprotein
cholesterol (LDL-C) levels increased after 3 years, while fasting blood glucose
(FBG) levels decreased (P<0.05). Inter-group comparison: After 3 years, there
were no statistically significant differences in waist circumference, BMI, TG,
FBG, or high-density lipoprotein cholesterol (HDL-C) levels between the two
groups (P>0.05); UA, TC, and LDL-C levels in the postmenopausal group were
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higher than those in the premenopausal group, with statistically significant dif-
ferences (P<0.05). Intra-group comparison: Waist circumference in both groups
increased after 3 years compared with baseline levels (P<0.05). UA, TC, and
TG levels in the premenopausal group were higher after 3 years than at baseline
(P<0.05). UA, TC, TG, and LDL-C levels in the postmenopausal group were
higher after 3 years than at baseline (P<0.05). Multivariate logistic regression
analysis showed that age $�$50 years was a risk factor for CIMT thickening
in middle-aged women (OR=2.475, 95%CI=1.049-5.838, P=0.038). Conclusion
Changes in waist circumference and TG in middle-aged women were mainly
influenced by aging, changes in LDL-C were mainly influenced by menopausal
status, and changes in TC and UA were influenced by both menopausal status
and aging. Age $�$50 years is a risk factor for CIMT thickening in middle-aged
women, and changes in metabolic indicators such as UA, TC, and LDL-C after
menopause precede changes in CIMT.
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Abstract

Background: Menopause causes a series of pathophysiologic changes and long-
term complications (coronary heart disease, cerebrovascular disease, osteoporo-
sis, etc.), among which coronary heart disease is the leading cause of mortality.
Objective: To investigate the effects of menopausal status changes and aging
on common risk factors for coronary heart disease in middle-aged women, in-
cluding increased carotid intima-media thickness (CIMT), hypertension, dyslipi-
demia, diabetes, and obesity. Methods: A total of 556 healthy premenopausal
women aged 45-54 years who underwent regular physical examinations at the
Physical Examination Center of Beijing Shijitan Hospital affiliated with Capital
Medical University in 2018 were initially selected. After excluding 89 women
according to relevant criteria, 467 women were finally included as study sub-
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jects. Based on whether they became menopausal during the 3-year follow-
up period, subjects were divided into a premenopausal group (n=176) and a
postmenopausal group (n=291). Changes in BMI, waist circumference, blood
glucose, blood pressure, blood lipids, and other indicators were monitored, and
inter-group and intra-group comparisons were performed before and after follow-
up. Multivariate logistic regression analysis was used to explore the effects of
menopausal status and age on the incidence of coronary heart disease risk factors
(CIMT thickening, hypertension) in middle-aged women. Results: The aver-
age age of the 467 subjects was (47.6$±$2.3) years. Compared with baseline,
waist circumference, uric acid (UA), total cholesterol (TC), triglyceride (TG),
and low-density lipoprotein cholesterol (LDL-C) levels increased, while fasting
blood glucose (FBG) levels decreased after 3 years (P<0.05). Inter-group com-
parison showed no significant differences in waist circumference, BMI, TG, FBG,
or high-density lipoprotein cholesterol (HDL-C) levels between the two groups
after 3 years (P>0.05). UA, TC, and LDL-C levels in the postmenopausal group
were significantly higher than those in the premenopausal group (P<0.05). Intra-
group comparison revealed that waist circumference in both groups increased
after 3 years compared with baseline (P<0.05). UA, TC, and TG levels in
the premenopausal group were higher after 3 years than at baseline (P<0.05).
UA, TC, TG, and LDL-C levels in the postmenopausal group were higher after 3
years than at baseline (P<0.05). Multivariate logistic regression analysis showed
that age $�$50 years was a high-risk factor for increased CIMT in middle-aged
women (OR=2.475, 95%CI=1.049-5.838, P=0.038). Conclusions: Changes in
waist circumference and TG in middle-aged women are mainly affected by age,
changes in LDL-C are mainly affected by menopausal status, and changes in
TC and UA are affected by both menopausal status and age. Age $�$50 years
is a high-risk factor for increased CIMT in middle-aged women, and changes
in metabolic indicators such as UA, TC, and LDL-C precede changes in CIMT
after menopause.

Keywords: Coronary disease; Menopause; Age; Obesity; Middle-aged women;
Risk factors; Prospective studies; Cohort studies

Introduction
After age 40, women gradually experience ovarian function decline, and com-
plete ovarian exhaustion marks the onset of menopause. In addition to re-
productive system changes, menopause is accompanied by a series of patho-
physiologic changes across multiple systems and organs, including alterations in
physical function, cardiovascular system changes, and metabolic shifts, which
also increase the risk of various chronic diseases such as coronary heart disease,
cerebrovascular disease, and osteoporosis. Coronary heart disease has gradually
become the leading cause of death in both developed and developing countries.
Epidemiological reports indicate that menopause, age, family history of early-
onset coronary heart disease, hypertension, hypercholesterolemia, diabetes, obe-
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sity, and smoking are all common risk factors for coronary heart disease.

With increasing age and changes in menopausal status, some modifiable risk
factors for coronary heart disease (such as hypertension, hypercholesterolemia,
diabetes, and obesity) may also be affected, further increasing the incidence of
coronary heart disease. This prospective cohort study explores the influence
patterns of age and menopausal status on coronary heart disease-related risk
factors in middle-aged women, providing guidance for health management and
intervention strategies for menopausal women.

1.1 Study Subjects

Healthy premenopausal women aged 45-54 years who underwent regular phys-
ical examinations at the Physical Examination Center of Beijing Shijitan Hos-
pital affiliated with Capital Medical University in 2018 were selected. Inclu-
sion criteria: (1) Women with regular menstrual cycles; (2) Age 45-54 years.
Exclusion criteria: (1) Pregnancy; (2) Hysterectomy; (3) Use of hormone
replacement therapy (including estrogen, progesterone, sequential or combined
estrogen-progesterone therapy); (4) Smoking; (5) Family history of early-onset
coronary heart disease; (6) Malignant tumors, increased carotid intima-media
thickness, hypertension, diabetes, coronary heart disease, hyperlipidemia, or
hyperuricemia. Elimination criteria: (1) Unable to complete follow-up on
schedule; (2) Uncertain menopausal status at follow-up end (irregular menstru-
ation or amenorrhea not meeting menopause diagnostic criteria). This study
was approved by the Ethics Committee of Beijing Shijitan Hospital affiliated
with Capital Medical University (2018 Research Review No. 46), complied with
the ethical standards of the Declaration of Helsinki, and all subjects signed
informed consent forms.

1.2 Study Methods

This was a prospective cohort study. Follow-up began at enrollment and
ended after 3 years, concluding in February 2022. Subjects who became
menopausal during the 3-year follow-up period entered the experimental group
(postmenopausal group). Those who remained premenopausal after 3 years
entered the control group (premenopausal group). Subjects with uncertain
menopausal status at the 3-year follow-up end (irregular menstruation or
amenorrhea not meeting menopause diagnostic criteria) were eliminated from
the study. At the start and end of follow-up, medical history was collected
(new diseases and surgical conditions, etc.) and relevant examinations were
performed for each group, including: physical examination (height, weight,
waist circumference, systolic pressure, diastolic pressure, etc.), laboratory
tests [uric acid (UA), total cholesterol (TC), triglyceride (TG), fasting blood
glucose (FBG), high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C)], and carotid intima-media thickness (CIMT)
measurement. Differences in examination indicators during the 3-year follow-up
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period were analyzed, with further intra-group and inter-group comparisons
conducted according to postmenopausal and premenopausal groups.

1.3 Diagnostic Criteria

1.3.1 Menopause: In women over 40 years of age, after excluding pregnancy,
12 consecutive months of amenorrhea constitutes a retrospective clinical diag-
nosis.

1.3.2 CIMT thickening: Subjects were placed in a supine position with the
head turned to the side opposite the examination area. The same professional
physician used a Philips IE 33 ultrasound machine (linear array probe, frequency
4-11 MHz) to scan the transverse and longitudinal axes of both common carotid
arteries, internal carotid arteries, and carotid bifurcations. The arterial poste-
rior wall showed a “double-line” image with boundaries between the intima and
lumen and between the media and adventitia; the distance between them was
defined as CIMT. When the vascular wall was smooth and CIMT<0.9 mm, it
was considered normal; when CIMT$�$0.9 mm, it was considered thickened.

1.3.3 Hypertension: In the absence of antihypertensive medication, hyperten-
sion can be diagnosed when systolic pressure$�140𝑚𝑚𝐻𝑔𝑎𝑛𝑑/𝑜𝑟𝑑𝑖𝑎𝑠𝑡𝑜𝑙𝑖𝑐𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒�$90
mmHg are measured on three different days.

1.4 Statistical Methods

SPSS 26.0 software was used for statistical analysis. Measurement data with
normal distribution were expressed as (x̄±s). Independent samples t-test was
used for inter-group comparisons, and paired t-test was used for intra-group
comparisons before and after follow-up. Count data were expressed as relative
numbers, and inter-group comparisons used �2 test. Multivariate logistic regres-
sion analysis was used to explore the effects of menopausal status and age on the
incidence of coronary heart disease risk factors (CIMT thickening, hypertension)
in middle-aged women. P<0.05 was considered statistically significant.

Results
2.1 Follow-up Results

A total of 556 premenopausal healthy women were enrolled. At the end of the 3-
year follow-up, 89 women were excluded: 85 developed amenorrhea or oligomen-
orrhea but did not meet menopause criteria; 2 were unable to complete follow-up
and related examinations due to personal reasons (1 due to job transfer, 1 lost
to follow-up); and 2 used sex hormone therapy due to menopause-related symp-
toms [Figure 1: see original paper]. Finally, 467 women were included as study
subjects. At follow-up end, 291 women who had become menopausal were in-
cluded in the postmenopausal group (n=291), and 176 women who remained
premenopausal were included in the premenopausal group (n=176). The av-
erage age of study subjects was (47.6$±$2.3) years. Compared with baseline,
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waist circumference, UA, TC, TG, and LDL-C levels increased after 3 years,
while FBG levels decreased (P<0.05). There were no significant differences in
BMI or HDL-C levels before and after follow-up (P>0.05) .

TABLE:1 shows the follow-up results of research subjects (n=467, x̄±s).

2.2 Comparison of Waist Circumference and BMI Between the Two
Groups

Inter-group comparison showed no significant differences in waist circumference
or BMI between the two groups at baseline or after 3 years (P>0.05). Intra-
group comparison revealed that waist circumference in both groups increased
after 3 years compared with baseline (P<0.05) .

2.3 Comparison of Laboratory Examination Indexes Between the Two
Groups

Inter-group comparison showed no significant differences in UA, TC, TG, FBG,
HDL-C, or LDL-C levels between the two groups at baseline (P>0.05). After
3 years, there were no significant differences in TG, FBG, or HDL-C levels
between the two groups (P>0.05). However, UA, TC, and LDL-C levels in the
postmenopausal group were significantly higher than those in the premenopausal
group (P<0.05) .

Intra-group comparison showed no significant differences in FBG, HDL-C, or
LDL-C levels in the premenopausal group before and after follow-up (P>0.05),
while UA, TC, and TG levels after 3 years were significantly higher than baseline
(P<0.05). In the postmenopausal group, there were no significant differences in
FBG or HDL-C levels before and after follow-up (P>0.05), while UA, TC, TG,
and LDL-C levels after 3 years were significantly higher than baseline (P<0.05)
.

2.4 Comparison of CIMT Thickening and Hypertension Incidence Be-
tween the Two Groups

After 3 years, there was no significant difference in the incidence of CIMT
thickening between the two groups (P>0.05). However, the incidence of hyper-
tension in the postmenopausal group was significantly higher than that in the
premenopausal group (P<0.05) .

2.5 Multivariate Logistic Regression Analysis of the Effects of
Menopause and Age on the Incidence of Increased CIMT and
Hypertension in Middle-aged Women

Using new-onset CIMT thickening and hypertension as dependent variables (as-
signment: yes=1, no=0), and menopausal status (assignment: menopausal=1,
premenopausal=0) and age (assignment: $�$50 years=1, <50 years=0) as inde-
pendent variables, multivariate logistic regression analysis showed that age $�$50
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years was a risk factor for CIMT thickening in middle-aged women (OR=2.475,
95%CI=1.049-5.838, P=0.038) .

Discussion
3.1 Changes in Menopausal Status and Metabolic Disorders

The essence of menopause is the change in estrogen levels caused by ovarian
failure. During the transition of menopausal status, women experience a transi-
tion from normal to low estrogen levels, a period also known as the menopausal
transition. Estrogen has multiple physiological functions, participating in the
regulation of protein synthesis, water-electrolyte balance, and lipid metabolism.
Do the obvious fluctuations in estrogen levels during the menopausal transition
also cause a series of metabolic disorders?

The postmenopausal group in this study precisely experienced the transi-
tion from premenopause to menopause during the 3-year follow-up period
(menopausal transition). Studying this population helps explore relevant
changes in women’s bodies before and after the menopausal transition. There-
fore, the “effects of menopause” discussed in this study specifically refer to the
short-term effects of menopausal status changes on the body.

The average age of menopause is 49-51 years, with menopause before age 45
defined as early menopause and after age 55 as late menopause. This study
selected women aged 45-54 years to minimize interference from age span on the
results. According to baseline data comparisons between the two groups (Tables
2 and 3), there were no significant differences in any indicators at enrollment
(P>0.05).

3.2 Menopause, Age, and Obesity

Obesity is closely related to various chronic diseases in the elderly, particularly
coronary heart disease, diabetes, and hypertension. Women tend to develop
obesity in middle age, and traditional concepts attribute this change to both
aging and menopausal status changes. In a cross-sectional study—the Study
of Women’s Health Across the Nation (SWAN)—16,065 middle-aged women
were followed by telephone, finding that naturally menopausal women had
similar BMI to premenopausal women, while surgically menopausal women
had higher BMI than premenopausal women. Our study results showed that
postmenopausal women, who experienced menopausal status changes during
the 3-year follow-up period, had no significant BMI changes compared with
premenopause [baseline (23.29$±3.17)𝑘𝑔/𝑚{2}, 3𝑦𝑒𝑎𝑟𝑠𝑙𝑎𝑡𝑒𝑟(23.34±3.19)𝑘𝑔/𝑚{2}$;
P=0.722], consistent with SWAN findings. Since this study did not include
surgically menopausal patients, we could not evaluate BMI changes in that
population.

In addition to BMI, waist circumference is also an important indicator
reflecting obesity. Also in a SWAN study, 543 middle-aged women un-
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dergoing menopause were observed, showing a 6% increase in waist cir-
cumference over 6 years of follow-up. In our study, the average waist
circumference of all subjects significantly increased during the 3-year
follow-up period [baseline (76.31$±7.25)𝑐𝑚, 3𝑦𝑒𝑎𝑟𝑠𝑙𝑎𝑡𝑒𝑟(77.91±$7.62)
cm; P<0.001]. Specifically, postmenopausal subjects’ average waist
circumference increased from (76.66$±7.53)𝑐𝑚𝑡𝑜(78.09±7.72)𝑐𝑚(𝑃 <
0.001), 𝑤ℎ𝑖𝑙𝑒𝑝𝑟𝑒𝑚𝑒𝑛𝑜𝑝𝑎𝑢𝑠𝑎𝑙𝑠𝑢𝑏𝑗𝑒𝑐𝑡𝑠′𝑎𝑣𝑒𝑟𝑎𝑔𝑒𝑤𝑎𝑖𝑠𝑡𝑐𝑖𝑟𝑐𝑢𝑚𝑓𝑒𝑟𝑒𝑛𝑐𝑒𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑𝑓𝑟𝑜𝑚(75.76±6.78)𝑐𝑚𝑡𝑜(77.62±$7.47)
cm (P<0.001). However, there were no significant differences between the two
groups before or after follow-up (P=0.235 at baseline; P=0.566 at 3 years).
Therefore, we speculate that menopausal status changes have minimal impact
on waist circumference, and that changes in waist circumference in middle-aged
women are mainly affected by age.

In a study on body fat distribution detection, 8 middle-aged women under-
went MRI evaluation before and after menopause (8-year interval), finding that
menopausal status changes did not cause waist circumference changes [pre-
menopause (92.1$±4.6)𝑐𝑚, 𝑝𝑜𝑠𝑡𝑚𝑒𝑛𝑜𝑝𝑎𝑢𝑠𝑒(93.4±$3.7) cm], but subcutaneous
and visceral fat distribution did change. Therefore, adding body fat distribu-
tion detection to future studies could help further understand changes in fat
distribution in middle-aged women.

3.3 Menopause, Age, and Blood Lipids

Lipid metabolism disorders are closely related to cardiovascular disease occur-
rence, and menopause is closely related to body fat changes. SWAN results
showed that after menopause, middle-aged women’s serum TC, LDL-C, and
apolipoprotein B levels all significantly increased and were associated with
carotid plaque formation in the long term. Our study results showed that
after 3 years of follow-up, average TC and TG levels in all subjects signifi-
cantly increased compared with baseline (P<0.001). In further group compar-
isons, postmenopausal women’s TC levels after 3 years significantly increased
compared with baseline (P<0.001) and were significantly higher than those
in the premenopausal group at the same time point (P<0.001), while pre-
menopausal women’s TC levels also significantly increased compared with base-
line (P=0.004). We speculate that TC changes in middle-aged women are af-
fected by both menopausal status and age. After 3 years, TG levels in both
postmenopausal and premenopausal women significantly increased compared
with baseline (postmenopausal P<0.001; premenopausal P=0.001), with no sig-
nificant difference between groups (P=0.422). We speculate that TG changes
in middle-aged women are mainly affected by age.

Additionally, our results showed that after 3 years of follow-up, LDL-C levels in
all subjects increased compared with baseline (P=0.039). In further group com-
parisons, postmenopausal women’s LDL-C levels significantly increased com-
pared with baseline (P=0.005) and were significantly higher than those in the
premenopausal group at the same time point (P=0.005), while premenopausal
women’s LDL-C levels showed no significant change compared with baseline
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(P=0.664). We speculate that LDL-C changes in middle-aged women are mainly
affected by menopausal status.

3.4 Age, Menopause, and UA

Elevated UA levels are positively correlated with cardiovascular disease occur-
rence, possibly because UA crystals deposit on vascular walls, stimulate vascular
smooth muscle cell proliferation, and induce inflammatory responses that pro-
mote arterial plaque formation. In the SONIC study, a cross-sectional study of
1,115 elderly subjects found that elevated serum UA might be an independent
risk factor for CIMT thickening in women around 70 years old and could serve
as an alternative predictive indicator for atherosclerosis. In our study, after 3
years of follow-up, UA levels in all subjects significantly increased compared with
baseline (P<0.001). Further group comparisons showed that postmenopausal
women’s UA levels significantly increased compared with baseline (P<0.001)
and were significantly higher than those in the premenopausal group at the
same time point (P=0.001), while premenopausal women’s UA levels also sig-
nificantly increased compared with baseline (P=0.004). We speculate that UA
levels in middle-aged women are affected by both menopausal status and age.

3.5 Age, Menopause, and CIMT Thickening/Hypertension

A recent meta-analysis of 119 randomized controlled trials including 100,667 pa-
tients found that interventions slowing CIMT progression might simultaneously
reduce cardiovascular disease incidence, demonstrating the positive correlation
between CIMT and cardiovascular risk and indicating that CIMT detection
can serve as an early prediction method for coronary heart disease. A cross-
sectional study by IEAMTAIRAT et al. (including 61 premenopausal and 61
postmenopausal women) showed that postmenopausal women had significantly
higher mean common carotid artery CIMT than premenopausal women, indi-
cating that menopause is an important risk factor for CIMT thickening.

Based on the average menopausal age of 49-51 years, this study used age $�$50
years and <50 years as assignment variables. Results showed that age $�$50
years was a high-risk factor for CIMT thickening, with women $�$50 years
having 2.475 times higher incidence of CIMT thickening than those <50 years
(P=0.038). However, we did not find an effect of menopause on CIMT thick-
ening, speculating that changes in metabolic indicators such as UA, TC, and
LDL-C after menopause precede changes in CIMT.

A prospective cohort study by ZHANG Ying et al. found that monitoring CIMT
thickening combined with hypertension could more efficiently predict coronary
heart disease occurrence and improve prevention efficiency. However, this study
did not find effects of menopause and age on hypertension incidence, possibly
because our observation window (3 years) may be too short to observe the full
development of coronary heart disease. Therefore, future studies should extend
follow-up time to obtain complete observation of cardiovascular events during
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the menopausal transition in middle-aged women.

Summary and Outlook
In summary, this study found that changes in waist circumference and TG in
middle-aged women are mainly affected by age, changes in LDL-C are mainly
affected by menopausal status, and changes in TC and UA are affected by both
menopausal status and age. Age $�$50 years is a high-risk factor for CIMT
thickening in middle-aged women, and changes in metabolic indicators such as
UA, TC, and LDL-C after menopause precede changes in CIMT.

Coronary heart disease is a ruthless killer of human health, and tertiary preven-
tion and early prediction of coronary heart disease remain hot research topics.
Regarding controllable high-risk factors for coronary heart disease, the Chinese
Society of Cardiology clearly outlined management measures in the 2018 edition
of the “Guidelines for the Diagnosis and Treatment of Stable Coronary Artery
Disease,” including lipid management, blood pressure management, blood glu-
cose management in diabetic patients, physical exercise, weight management,
smoking cessation, psychosocial factor management, and alcohol management.

Based on our study results, LDL-C, TC, and UA are all affected by menopausal
status, and their changes precede CIMT changes. Therefore, for postmenopausal
women, monitoring of LDL-C, TC, and UA levels should be emphasized, and
effective management through diet, exercise, lifestyle modifications, and phar-
macological control should be implemented to combat abnormal elevations in
these indicators, thereby achieving the goal of preventing long-term cardiovas-
cular disease. Additionally, for middle-aged women aged $�$50 years, regular
CIMT monitoring is recommended to enable early identification and manage-
ment of high-risk factors for coronary heart disease.
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