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Purpose: The menopausal transition is accompanied by metabolic changes in women. This study explores the Chinese visceral
adiposity index (CVAI) as a potential indicator of menopausal status to aid in disease prevention.

Patients and Methods: A cohort of 404 premenopausal Chinese women aged 45 years and above, from the China Health and
Retirement Longitudinal Study (CHARLS), was included. CVAI was calculated from the 2011 survey data, menopausal status was
collected in the 2018 survey, representing a 7-year longitudinal follow-up. The cross-sectional study cohort from the National Health
and Nutrition Examination Survey (NHANES) included 3577 women aged 40-60 with CVAI and self-reported menopausal status
from 2003 to 2020. Logistic regression models were estimated the odds ratio (OR) of the menopause data and 95% confidence
intervals (ClIs).

Results: In the CHARLS cohort, the adjusted OR for menopause in the fourth quartile of CVAI compared to the first quartile was 5.23
(95% CI: 1.59, 17.17; P for trend: 0.005). Additionally, a significant difference in the association between menopausal status and CVAI
was found between rural and urban populations (P for interaction = 0.029). Moreover, in the NHANES cohort, the CVAI and the
menopausal status were associated after adjustment (OR: 1.02, 95% CI: 1.002, 1.037, P: 0.029). In the stratified analysis, the
association of CVAI with the status of menopause was observed among other ethnicities which including Asians (OR: 1.092, 95%
CI: 1.012, 1.178, P: 0.025). Finally, a nomogram was developed to facilitate the clinical assessment of menopause based on the CVAL
Conclusion: The CVAI demonstrated a significant association with the odds of menopausal status in both Chinese and the US
populations, suggesting its potential as a correlative marker for menopausal status, but the associational strength may vary by
population.
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Introduction

Women undergo natural menopause from the ages of 45 to 55 as a consequence of reduced ovarian follicle function,
whereas surgical menopause is similarly characterized by a reduction in estradiol (E2) levels." With a decrease in E2
levels, perimenopausal women experience a series of metabolic changes, including alterations in the quantity and
distribution of adipose tissue (AT).> Women in perimenopause experience a shift in body shape from a gynecoid to an
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android shape, accompanied by an elevated accumulation of visceral adipose tissue (VAT) and abdominal AT during the
menopausal transition.” > The incidence of cardiovascular and metabolic diseases increases among women after
menopause and is coupled with obesity.°

There is currently no consensus on whether and how obesity affects menopause. The majority of epidemiological investiga-
tions have concentrated on the correlation between obesity and the age at which menopause occurs, yielding inconsistent
findings. According to findings, obesity was associated with a lower age of menopause,” in contrast, obesity exhibited a link with
a later age at menopause onset.® Premenopausal obese females exhibit reduced levels of E2 than their nonobese counterparts do,
whereas postmenopausal obese females display elevated levels of E2 relative to nonobese females.” Compared with premeno-
pausal nonobese women, premenopausal women with obesity presented decreased levels of anti-Miillerian hormone, indicating
a reduced ovarian reserve.'® Most of the aforementioned studies utilized body mass index (BMI) to assess obesity, but this index
does not account for the effects of AT distribution during the menopausal transition. This limitation might explain the inconsistent
influence of obesity, which is primarily evaluated through BMI, on the onset of menopause.

Excessive AT in different body regions serves distinct physiological functions and has different impacts on health.'!
However, compared with subcutaneous AT, excessive visceral adiposity demonstrates a heightened vulnerability to
developing DM and future cardiovascular events.'> Magnetic resonance imaging (MRI) or computed tomography (CT) is
acknowledged as the most reliable and accurate method for quantitatively assessing VAT. Owing to the high cost and
time-consuming nature of imaging examinations, the visceral adiposity index (VAI), which is used to assess visceral
adipose deposition based on age, BMI, waist circumference (WC), and the concentrations of triglyceride (TG) and high-
density lipoprotein (HDL) in Caucasian populations, has been developed and was demonstrated to be a feasible and
reliable visceral adiposity assessment method.'® Furthermore, the Chinese visceral adiposity index (CVAI), constructed
based on differences in body AT distribution between Asians and Caucasian individuals, has been reported to have
greater accuracy than BMI and WC in predicting metabolic syndrome, hypertension, DM, and cardiovascular disease
(CVD).'"*'*> Accordingly, the primary aim of this exploration was to establish the association between self-reported
menopausal status and the utilization of the CVALI for the first time.

The proposed hypothesis is that the CVAI is associated with the menopause. To achieve the aforementioned
objectives, the data derived from the China Health and Retirement Longitudinal Study (CHARLS) were utilized. The
CVAI of premenopausal women in 2011 was calculated, and their menstrual information from 2018 was collected.
Moreover, the cross-sectional data from NHANES was utilized to examine the association between CVAI and menopause
among women aged 40—60 from 2003 to 2020. The relationship of CVAI with the odds of menopause was subsequently
examined via logistic regression. Finally, a clinically applicable nomogram was developed based on of the CVAI to
calculate the odds of menopausal status.

Materials and Methods
Study Subjects

The CHARLS is a broad-based survey that provides representative data at the national level over time. Its primary
objective is to examine the relationships among socioeconomic factors, health-related behaviors, and health outcomes
amidst the rapid demographic shift toward an aging population in China.'® The initial wave of the CHARLS was
conducted during the 2011-2012 period, followed by three subsequent waves conducted at approximately two-year
intervals.'® The Peking University Biomedical Ethics Committee granted authorization for the implementation of the
CHARLS survey (IRB00001052-11015). Prior to their participation, all individuals were required to sign a written
consent form after receiving detailed information.'®

First, a total of 11,847 individuals who had blood examination reports in the first wave (2011) were included. Among
these participants, 9612 individuals provided follow-up information during the third wave (2018). A total of 214
participants who were younger than 45 years old and 8798 participants who were postmenopausal or had unclear
menopausal status at the time of the first wave (2011) were subsequently excluded. In addition, 196 participants were
excluded because of incomplete data for calculating the CVAI Finally, a total of 404 participants met the criteria
(Figure 1A).
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A
CHARLS 2011: data of anthropometrics and blood
tests (n = 11,847) Records removed: .
i , Missing follow-up data in CHARLS 2018 (n = 2,235)
| CHARLS 2018: follow-up information (n = 9,612) " | Records removed:
! » Aged <45 years in CHARLS 2011 (n = 214)
Complete records for assessing the association Postmenopausal or unclear menopausal status in
between CVAI and the risk of menopause CHARLS 2011 (n = 8,145)
(n = 404). Incomplete CVAI data in CHARLS 2011(n = 196)
Missing menstrual data in CHARLS 2018 (n = 653)
B
NHANES 2003-2020: documented menstrual history(n = Records removed:
29,800) Missing CVAI data (n = 16,856) .
; » Age outside 40-60 range(n = 9,222).
Complete records of CVAI and menstruation in 2003-
2020 (n = 3,722) Records removed:
v > Incomplete sampling weights (wtsaf2yr.lipid = 0)(n =
Complete records of CVAI and menstruation in 2003- 145).
2020 (n = 3,577)

Figure | The standards for subject eligibility. The standards for subject eligibility presented in CHARLS (A) and in NHANES (B).

NHANES is a nationally representative cross-sectional survey to examine the health and nutritional status of the
population in the United States. The approval numbers from the Ethics Review Board (ERB) of the National Center for
Health Statistics for each survey cycle can be found at https://www.cdc.gov/nchs/nhanes/irba98.htm. Written consent is

obtained from each participant prior to their informed participation in the study.

A total of 29,800 documented menstrual records were included in the study from the years 2003 to 2020 in NHANES.
Participants who were excluded from the study were those without information on BMI (n = 375) and WC (n = 807), as
well as individuals with missing data on fasting triglyceride and HDL levels (n = 15,674). Additionally, participants
outside the age range of 40—60 years were also excluded from the analysis (n = 9222). Participants with a weight value of
“wtsaf2yr.lipid” equal to 0 (n = 145) were excluded from the weighted analysis. Therefore, a cohort of 3577 women aged
40-60 years with the available information on CVAI and menopause from 2003 to 2020 in NHANES were employed in
the analysis (Figure 1B).

This study was approved by the Ethics Committee of Jiangnan University Affiliated Hospital, with the ethical review
number LS2022081.

Data Collection
In the CHARLS, after completing the household interviews and providing body measurements and assessments of physical
ability, the collection of fasting blood samples, involving 8 mL of blood, was performed by experienced nurses for all study
participants. Within 60—120 minutes following blood sample collection, comprehensive blood count (CBC) tests were
conducted. During transportation, one whole blood sample was kept at 4 °C for later glycated hemoglobin Alc (HbAlc)
analysis, while the remaining specimen was processed at the time of CBC testing. Separation of plasma and red blood cells
was achieved by centrifuging the blood sample. Both components were frozen at —80 °C to ensure their stability during
transport. Transportation of every single blood specimen to Beijing was followed by their storage at —208 °C at the China
Centre for Disease Prevention and Control for subsequent analysis.'®

In the NHANES, briefly, demographic and lifestyle information was collected through the administration of ques-
tionnaires conducted in the participants’ homes. Then, Blood samples, physical examinations, and other assessments
were conducted in the mobile examination center vehicle. Biochemical markers including uric acid, LDL, TC, TG, HDL,

International Journal of Women’s Health 2025:17 hetps: 1423


https://www.cdc.gov/nchs/nhanes/irba98.htm

Dong et al

and glucose were measured using a Hitachi 704 Analyzer (Roche/Boehringer Mannheim Corporation, Indianapolis,
USA). Estradiol concentrations were assessed using isotope dilution high-performance liquid chromatography coupled
with tandem mass spectrometry, and data for this analysis were limited to the period from 2013 to 2016.

Menopause Assessment

Menopause is characterized by the cessation of menstrual periods for a continuous 12-month duration following the
final menstrual cycle, except in cases of pregnancy. In the CHARLS, in the first wave (2011), menstrual status was
reported as “yes”. In the third wave of follow-up (2018), the menstrual status was explicitly reported. In the NHANES,
the menstrual status was determined through the following question in the survey questionnaire: “Have you/had at least
one menstrual period in the past 12 months? (Please exclude bleedings caused by medical conditions, hormone
therapy, or surgeries).”

CVAI Calculation

The CVAI was calculated according to the original study:'
CVAl(female) = —187.32 + 1.71 x age + 4.23 x BMI + 1.12 x WC + 39.76 x logl0TG — 11.66 x HDL

Covariates

In the CHARLS, the covariates included age, place of residence (rural, urban), region of residence (South, North), marital
status (married, single), education levels (college and higher, high school, and elementary school and below), household
income (<10,000 yuan/year, 10,000-50,000 yuan/year), smoking status (nonsmoker/former smoker, smoker), alcoholic
beverage intake (drink but less than once a month, drink more than once a month, none), history of disease, including
DM, CVD, hypertension, and dyslipidemia, and lipid-lowering medications.

The laboratory results included low-density lipoprotein (LDL, mg/dL or mmol/L), TG (mg/dL or mmol/L), HDL (mg/
dL or mmol/L), total cholesterol (TC, mg/dL or mmol/L), glucose (mg/dL or mmol/L), creatinine (mg/dL or mmol/L),
white blood cell count (WBC, thousands), hemoglobin (g/dL), hematocrit (percent), mean corpuscular volume (MCV, fl),
platelet (PLT, x10%/L), C-reactive protein (CRP, mg/L), HbAlc, creatinine (mg/dL), cystatin C (mg/L), blood urea
nitrogen (BUN mg/dL), uric acid (mg/dL), residual cholesterol (RC = TC- HDL-LDL, mg/dL or mmol/L), and nonHDL
(nonHDL = TC-HDL, mg/dL or mmol/L) levels. To determine the BMI, the weight (measured in kilograms) of an
individual was divided by the square of their height (measured in meters). Obesity was categorized based on BMI
grading as follows: underweight (BMI < 18.5), normal weight (BMI 18.5-24.9), overweight (BMI 25-29.9), and obesity
(BMI > 30).

In the NHANES, the covariates included age, ethnicity, educational attainment, partnership, poverty income ratio
(PIR), tobacco consumption, and alcohol intake. The identification of hyperlipidemia included elevated levels of TG >
150 mg/dL, elevated levels of total cholesterol (TC) > 200 mg/dL, low-density lipoprotein (LDL) > 130 mg/dL, low
levels of high-density lipoprotein (HDL) < 40 mg/dL, or the use of anti-hyperlipidemic drugs. CVD was recognized as
a medical condition in which individuals had a history of heart attack or stroke. Participants were determined to have
Type 2 DM based on the presence of any of the following criteria: clinical diagnosis of DM, HbAlc level > 6.5%, fasting
blood sugar level > 7.0 mmol/L, random blood glucose level > 11.1 mmol/L, oral glucose tolerance test result >
11.1 mmol/L, or the use of antihyperglycemic agents. Diagnosis of hypertension was determined based on participants
meeting one or more of the following criteria: a known history of hypertension, prescribed antihypertensive medication,
or having a systolic blood pressure > 140mmHg or diastolic blood pressure > 90mmHg.

Statistical Analysis

R software (version 4.4.1, R Foundation, Vienna, Austria) was employed for conducting statistical analyses. The
presentation of continuous variables is in the form of the means + standard deviations, and group differences were
assessed via one-way ANOVA. Categorical variables are reported in terms of counts and percentages. The chi-square test
was utilized to evaluate the variances in categorical variables across groups. The odds ratio (OR) and its corresponding
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95% confidence intervals (Cls) were estimated via logistic regression analysis. P < 0.05 was interpreted statistically
significant.

In the CHARLS, the relationship between the CVAI and the occurrence of menopause was analyzed via four logistic
regression models. The crude model was applied without any adjustments. Model 1 was adjusted for age, level of
education, tobacco use habit, alcohol intake behavior, marital status, BMI, hypertension status, DM status, CVD status,
and dyslipidemia status. In Model 2, confounding factors were incorporated for the adjustment of lipid-related indicators,
including LDL (mg/dL), TG (mg/dL), HDL (mg/dL), and TC (mg/dL). Building upon Model 2, Model 3 was adjusted for
glucose (mg/dL), creatinine (mg/dL), and uric acid (mg/dL). In the stratified logistic analysis, the effects of the CVAI on
the incidence of menopause were stratified by education level, drinking status, marital status, BMI, hypertension status,
DM status, CVD status, and dyslipidemia status. The nomogram was constructed via the R package “regplot” for
visualization.

In the NHANES, to perform a weighted logistic regression analysis in the NHANES dataset, the “survey” package
in R was used. The weight value “wtsaf2yr.lipid” was used as a weight according to the instructions. The crude model
was adjusted for CVAIL Model 1 was adjusted for CVAI, age, race, PIR, education attainment, partnership status, BMI,
tobacco consumption, alcohol intake, hypertension, CVD, DM, and hyperlipidemia. Model 2 was built upon Model 1
by further incorporating adjustments for fasting blood test results such as LDL, fast total cholesterol, fast triglyceride,
and HDL. Model 3 was built upon Model 2 by further adjustments for fast glucose, creatinine, uric acid, and blood
urea nitrogen. In the stratified logistic analysis, the impacts of stratification factors on the association between CVAI
and menopause were evaluated. The stratification factors included age, race, education attainment, partnership,
smoking, alcohol intake, PIR, obesity, hypertension, CVD, DM, and hyperlipidemia. After filtering out E2 values
exceeding 1000 pg/mL to ensure the integrity of the analysis, the relationship between E2 and CVAI was evaluated
using linear regression. The survey and mediation packages in R were employed to conduct a comprehensive
mediation analysis, highlighting the intricate relationships between E2, CVAI and menopausal status. The average
causal mediation effect (ACME), average direct effect (ADE), and total effect were used to elucidate the relationships
between variables.

Results

Characteristics of the Participants in the CHARLS Cohort

A cohort of 404 female subjects (aged 45 years or above) from the CHARLS cohort was integrated into this study. The
baseline characteristics of the participants are presented according to their menstrual status, as shown in Table 1.
Approximately 7 years after the first wave, 262 individuals had postmenopausal status, whereas 142 individuals had
premenopausal status. The mean age of premenopausal women at the time of the 2011 survey wave was 47.27 years,
whereas the mean age among postmenopausal women was 47.97 years (Table 1, P = 0.04). Except for the notable age
differences observed in the postmenopausal and premenopausal subpopulations, no significant disparities were detected
in other baseline features (Table 1). Furthermore, the baseline data were compared according to the CVAI quartiles
(Supplementary Table 1). Participants with a CVAI in the upper quartile were found to have the highest mean age (48.75
years, P < 0.01), highest WBC (6.73 thousand cells), highest glucose (111.4 mg/dL), HbAlc (5.33), uric acid (3.96 mg/
dL), lowest HDL (43.89 mg/dL), highest TG (167.63 mg/dL), highest RC (34.78 mg/dL), highest nonHDL (147.95 mg/
dL), highest BMI (29.72 kg/m?), and highest waist circumference (96.58 cm) (P < 0.05, Supplementary Table 1).
Notably, the CVAI Q4 stratum exclusively comprised overweight or obese participants (BMI >25 kg/m?) (Supplementary

Table 1). This finding suggests that individuals with high VAT levels are predominantly overweight or obese.

Associations between the CVAI and the Self-Reported Menopausal Status in the
CHARLS Cohort

To further analyze the potential relationship of the CVAI with the self-reported menopausal status, four logistic
regression models were built (Table 2). After full adjustment in Model 3, when the fourth quartile (Q4) was compared
with the first quartile of the CVAI (Q1), the adjusted OR for menopause was 5.23 (95% CI: 1.59, 17.17; P for trend:

International Journal of Women’s Health 2025:17 hetps: 1425


https://www.dovepress.com/article/supplementary_file/514304/514304%2520Supplementary_Material%2520for%2520corrections_1_1.docx
https://www.dovepress.com/article/supplementary_file/514304/514304%2520Supplementary_Material%2520for%2520corrections_1_1.docx
https://www.dovepress.com/article/supplementary_file/514304/514304%2520Supplementary_Material%2520for%2520corrections_1_1.docx
https://www.dovepress.com/article/supplementary_file/514304/514304%2520Supplementary_Material%2520for%2520corrections_1_1.docx

Dong et al

Table | Baseline Characteristics of Participants According to Menstrual Status (2018) in CHARLS

Variables Total Pre-Menopause Post-Menopause Statistic | P value
(n=404) (n=142) (n=262)
Age 47.72 £ 3.27 4727 £ 3.35 47.97 = 3.21 —2.04 0.04
Residence place 1.44 0.23
Rural 253 (62.62) 95 (66.90) 158 (60.31)
Urban 151 (37.38) 47 (33.10) 104 (39.69)
Residence region 2.68 0.10
North 183 (45.30) 56 (39.44) 127 (48.47)
South 221 (54.70) 86 (60.56) 135 (51.53)
Marital status 0.06 0.81
Married 387 (95.79) 137 (96.48) 250 (95.42)
Single 17 (4.21) 5(3.52) 12 (4.58)
Education 4.27 0.12
College and higher 14 (3.47) 4 (2.82) 10 (3.82)
High school 159 (39.36) 47 (33.10) 112 (42.75)
Elementary school and below 231 (57.18) 91 (64.08) 140 (53.44)
Household income 0.28 0.60
<10,000 yuan/year 19 (67.86) 5 (55.56) 14 (73.68)
10,000-50,000 yuan/year 9 (32.14) 4 (44.44) 5 (26.32)
Smoking status 0.00 1.00
Non-smoker/Former smoker 392 (97.03) 138 (97.18) 254 (96.95)
Smoker 12 (2.97) 4 (2.82) 8 (3.05)
Drinking status 0.01 0.99
Drink but less than once a month | 35 (8.66) 12 (8.45) 23 (8.78)
Drink more than once a month 34 (8.42) 12 (8.45) 22 (8.40)
None 335 (82.92) 118 (83.10) 217 (82.82)
CVvD 0.30 0.58
No 376 (93.07) 134 (94.37) 242 (92.37)
Yes 28 (6.93) 8 (5.63) 20 (7.63)
DM 0.18 0.67
No 368 (91.09) 131 (92.25) 237 (90.46)
Yes 36 (891) Il (7.75) 25 (9.54)
Dyslipidemia 0.24 0.63
No 261 (64.60) 89 (62.68) 172 (65.65)
Yes 143 (35.40) 53 (37.32) 90 (34.35)
Hypertension 0.94 0.33
No 297 (73.51) 109 (76.76) 188 (71.76)
Yes 107 (26.49) 33 (23.29) 74 (28.24)
Obesity 0.74 0.69
Low weight/Normal 185 (45.79) 68 (47.89) 117 (44.66)
Obesity 80 (19.80) 25 (17.61) 55 (20.99)
Over weight 139 (34.41) 49 (34.51) 90 (34.35)
Lipid lowering drugs 1.29 0.26
No 388 (96.04) 139 (97.89) 249 (95.04)
Yes 16 (3.96) 3211 13 (4.96)
WBC (10%/uL) 6.40 + 1.96 6.33 + 1.71 6.44 £ 2.08 —0.56 0.58
Hemoglobin (g/dL) 13.30 = 1.94 13.48 £ 1.63 1321 £2.09 1.46 0.15
Hematocrit (%) 38.76 + 6.06 39.40 + 545 3842 + 6.35 1.62 0.11
MCV (fL) 87.46 £ 9.79 88.11 £9.08 87.11 £ 10.16 1.0l 0.31
PLT (10°/L) 233.73 £ 7421 | 22691 + 73.77 237.42 £ 74.32 -1.35 0.18
CRP (mg/L) 1.64 £ 4.77 1.25 + 1.84 1.86 £ 5.76 -1.55 0.12
Glucose (mg/dL) 105.29 £ 25.72 | 105.11 £ 24.89 105.38 + 26.20 —0.10 0.92
(Continued)

1426

International Journal of Women’s Health 2025:17




Dong et al

Table | (Continued).

Variables Total Pre-Menopause Post-Menopause Statistic | P value
(n=404) (n=142) (n=262)
HbAlc (%) 5.15 £ 0.65 5.13 £ 0.48 5.16 £ 0.73 —0.48 0.63
Creatinine (mg/dL) 0.66 + 0.12 0.66 = 0.12 0.66 = 0.12 —0.11 0.91
Cystatin C (mg/dL) 0.82 + 0.15 0.80 = 0.16 0.83 £0.14 —-1.38 0.17
BUN (mg/dL) 13.54 + 3.79 13.49 + 3.90 13.57 + 3.73 —-0.21 0.84
Uric acid (mg/dL) 3.72 £ 0.99 3.78 £ 1.07 3.69 £ 0.95 0.87 0.39
TC (mg/dL) 185.86 + 3441 | 186.00 = 35.03 185.78 + 34.14 0.06 0.95
HDL (mg/dL) 50.89 £ 12.77 | 50.57 + 13.00 51.07 £ 12.66 -0.37 0.71
LDL (mg/dL) 110.65 £ 30.50 | I11.35 £ 31.34 110.27 + 30.09 0.34 0.74
TG (mg/dL) 126.10 £ 84.43 | 126.38 £ 73.90 125.94 + 89.76 0.05 0.96
TC (mmol/L) 481 +0.89 4.81 £ 091 4.80 + 0.88 0.06 0.95
HDL (mmol/L) 1.32 £ 0.33 1.31 £ 0.34 1.32 £ 0.33 -0.37 0.71
LDL (mmol/L) 2.86 + 0.79 2.88 + 0.8I 2.85+0.78 0.34 0.74
TG (mmol/L) 1.42 + 0.95 1.43 + 0.83 1.42 + 1.01 0.05 0.96
RC (mg/dL) 2432 +21.33 | 24.08 + 18.22 24.45 £ 22.86 —-0.18 0.86
RC (mmol/L) 0.63 = 0.55 0.62 = 0.47 0.63 £ 0.59 —0.18 0.86
nonHDL (mg/dL) 134.96 + 3442 | 13542 £ 34.77 134.72 + 3430 0.20 0.84
nonHDL (mmol/L) 349 £ 0.89 3.50 £ 0.90 3.48 £ 0.89 0.20 0.84
BMI (kg/m?) 25.00 + 3.98 25.07 + 4.03 24.95 £ 3.96 0.29 0.77
CVAI 8251 +33.26 | 8253 %3433 82.50 + 32.73 0.0l 0.99
WC (cm) 8441 £11.99 | 84.63 + 12.21 84.30 £ 11.89 0.26 0.79

Notes: Continuous variables were reported as mean * standard deviation. Categorical variables were presented as counts and percentages.

Abbreviations: CVD, cardiovascular disease; DM, diabetes mellitus; WBC, white blood cells; MCV, mean corpuscular volume; PLT, platelets; CRP, C-reactive
protein; HbA I c, haemoglobin Alc; BUN, blood urea nitrogen; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides;
RC, residual cholesterol; BMI, body mass index; CVAI, Chinese Visceral Adiposity Index; WC, Waist circumference.

Table 2 Odds Ratios and 95% Confidence Intervals of the Status of Menopause by Quartiles of CVAI in

CHARLS

CVAI Crude Model Model | Model 2 Model 3
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Ql ref ref ref ref
Q2 1.09(0.62, 1.92) | 0.77 | 1.56(0.83, 2.96) 0.17 | 1.78(0.91, 3.50) 0.09 1.77(0.90, 3.48) 0.10
Q3 1.35(0.76, 2.40) | 0.31 | 2.38(1.12, 5.03) 0.02 | 2.97(1.28, 6.88) 0.0l 2.92(1.26, 6.79) 0.0l
Q4 1.48(0.83, 2.65) | 0.19 | 3.99(1.39, 11.43) | 0.01 | 5.45(1.66, 17.85) | 0.0l 5.23(1.59, 17.17) | 0.0l
P for trend 0.14 0.0l 0.004 0.005

Notes: Crude model was adjusted for CVAIQ. Model | was adjusted for age, education, smoking status, drinking status, marital status, BMI,
hypertension, DM, CVD, and dyslipidaemia based on Crude model. Model 2 was adjusted for LDL (mg/dL), TG (mg/dL), HDL (mg/dL), and TC
(mg/dL) based on Model |. Model 3 was adjusted for glucose (mg/dL), creatinine (mg/dL), and uric acid (mg/dL) based on Model 2. P for trend was
calculated by taking the median of each quartile of CVAI

0.005; Table 2). As quartiles of the CVAI increased, it was observed that a corresponding elevation in the ORs for the
correlation between the CVAI and the self-reported menopausal status, as shown in Supplementary Figure 1.

Stratified Analysis in the CHARLS Cohort

The heterogeneity of the associations between the menopausal status and the CVAI among subgroups was further
investigated. The ORs of menopause status were calculated for the Q4 compared to the Q1 of CVAI in different
subgroups using Model 3 (Figure 2). The association of the CVAI with the menopausal status varied across different

places of residence (P for interaction = 0.029) (Figure 2). The status of menopause was significantly greater in
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Stratification factor

Residence place
Rural (n = 121)

Urban (n = 81

)

Residence region
South (n =92)
North (n = 110)
Marital status
Married (n = 194)

Single (n = 8)

Drinking status
None (n = 165)

Drink monthly

(n = 15)

Drink less than monthly (n = 22)

CVD

No (n = 184)
Yes (n = 18)
DM

No (n = 186)
Yes (n = 16)
Dyslipidemia
No (n = 136)
Yes (n = 66)

Hypertension

No (n = 148)
Yes (n = 54)

Q4/Q1 N =202

0.908(0.435,1.889)
3.590(1.328,10.581)

0.972(0.450,2.112)
2.181(0.870,5.572)

1.5651(0.860,2.818)

0.500(0.014,17.472) e

1.774(0.936,3.401)
3.600(0.334,86.543)
0.240(0.033,1.436)

1.298(0.712,2.382)
7.500(0.718,180.024)

1.370(0.751,2.520)
3.667(0.121,114.481)

1.320(0.631,2.835)
2.698(0.780,9.652)

1.326(0.672,2.658)
0.750(0.103,3.580)

1
4

i
I
:
|

*

01

5

P

0.796
0.015

0.943
0.098

0.146
0.676

0.081
0.326
0.129

0.396
0.120

0.307
0.404

0.467
0.116

0.419
0.739

P for interaction
0.029

0.187

0.504

0.092

0.161

0.538

0.332

0.53

Figure 2 The odds ratios of menopause status for the highest versus lowest quartile (Q4/Q1) of CVAI in subgroup logistic regression (Model 3).
Abbreviations: DM, Diabetes Mellitus; CVD, Cardiovascular Disease.

participants living in urban areas compared to those in Q4 to Q1 of the CVAI (OR 3.590, 95% CI: 1.328, 10.581; P =
0.015; Figure 2). However, this effect was not observed in participants living in rural areas (P = 0.796). In addition, as
participants in CVAI Q4 did not exhibit underweight or normal weight, stratified analysis based on obesity classification

could not be performed (Supplementary Table 1).

Sensitivity Analysis in the CHARLS Cohort

To validate the stability of the models described above, 36 participants with DM at baseline (8.91%) were excluded, and
four logistic regression models were constructed. As demonstrated in Table 3, after controlling for all relevant variables

Table 3 Odds Ratios and 95% Confidence Intervals of the Status of Menopause by Quartiles of CVAI with Exclusion of
Participants with DM in CHARLS

CVAI Crude Model Model | Model 2 Model 3

95% CI P 95% CI P 95% CI P 95% CI P
Ql ref ref ref ref
Q2 1.11(0.62, 1.99) | 0.73 | 1.81(0.92, 3.56) | 0.08 1.94(0.96, 3.93) 0.07 | 1.97(0.97, 4.01) 0.06
Q3 1.3(0.72, 2.36) 0.39 | 2.79(1.25, 6.24) | 0.0l 3.1(1.29, 7.46) 0.01 | 3.11(1.29, 7.52) 0.0l
Q4 1.37(0.75, 2.51) | 0.31 | 4.8(1.55, 14.84) | 0.0l 5.49(1.59, 18.98) | 0.01 | 5.45(1.57, 18.88) | 0.0l
P for trend (Median value) 0.26 0.005 0.01 0.0l

Notes: Crude model was adjusted for CVAIQ. Model | was adjusted for age, education, smoking status, drinking status, marital status, BMI, hypertension, CVD,
and dyslipidemia based on Crude model. Model 2 was adjusted for LDL (mg/dL), TG (mg/dL), HDL (mg/dL), and TC (mg/dL) based on Model |. Model 3 was
adjusted for glucose (mg/dL), creatinine (mg/dL), and uric acid (mg/dL) based on Model 2. P for trend was calculated by taking the median of each quartile of

CVAL
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in Model 3, when comparing Q4 of the CVAI with Q1, the adjusted OR for menopausal status, was 5.45 (95% CI: 1.57,
18.88; P for trend: 0.01). There was a significant association of CVAI with the self-reported menopausal status that
remained consistent. Moreover, the association of CVAI with self-reported menopausal status remained after the
exclusion of 28 participants with CVD at baseline (Supplementary Table 2, OR: 5.38, 95% CI: 1.64, 17.62; P for
trend: 0.004). This association was also observed after 107 participants with hypertension at baseline were excluded
(Supplementary Table 3, OR: 5.4, 95% CI: 1.66, 17.59; P for trend: 0.004).

Nomogram Based on the CHARLS Cohort

To enhance the clinical applicability of this model and visualize the effects of different covariates on the outcome,
a nomogram was developed (Figure 3). To further evaluate the effectiveness of this nomogram, the C-index was
calculated. A C-index of 0.648 indicating that the nomogram demonstrated a moderate level of discriminatory ability.

Associations between the CVAI and the Status of Menopause in the NHANES Cohort
The association of CVAI with menopause was further examined in the NHANES database. Since NHANES is a cross-
sectional survey, a cohort of 3577 women between the ages of 40 and 60 with available menstrual information from 2003
to 2020 was obtained. The baseline characteristics of these participants were compared according to their menstrual
status (Supplementary Table 4). Postmenopausal women had higher levels of CVAI age, WC, LDL, fast total cholesterol,

fast triglyceride, fast glucose, uric acid, and blood urea nitrogen compared to premenopausal women (P <0.05,
Supplementary Table 4). Postmenopausal women exhibited higher proportions of being without a partner, and having

hyperlipidemia, CVD, DM, as well as hypertension compared to premenopausal women (P < 0.05, Supplementary
Table 4). Additionally, the postmenopausal group demonstrated differences in racial composition and educational
attainment compared to the premenopausal group (P < 0.05, Supplementary Table 4). Furthermore, the association

between CVAI and menopausal status was observed in logistic regression analysis after adjusting for potential con-
founding factors in Model 3 (OR: 1.02, 95% CI: 1.002, 1.037, P = 0.029; Table 4). The stratified analyses revealed
significant heterogeneity in the association between CVAI and menopausal status across various demographic and clinical
subgroups in the NHANES dataset from 2003 to 2020 (Table 5). A significant association was observed exclusively in
women aged 4044 years (OR=1.036, 95% CI: 1.002-1.072, P = 0.041), with no significant effects in older age groups
(all p>0.05). Regarding race/ethnicity, only the “Other Ethnicities” category showed a significant association with an OR
of 1.092 (95% CI: 1.012-1.178; P = 0.025). In terms of educational attainment, those with more than 12 years of
education showed an association (OR: 1.029; P = 0.011), while other educational categories did not reach statistical
significance. Current alcohol consumer exhibited a significant OR of 1.024 (P = 0.026). The individuals with a PIR
greater than 3.5 had an OR of 1.028 (P = 0.049). The subgroup analyses indicated significant associations for those with
hypertension (OR: 1.030; P = 0.028) and those without CVD (OR: 1.019; P = 0.032). Notably, hyperlipidemia was
identified as a significant interaction factor, with P for interaction < 0.01 indicating a significant difference in the
association of CVAI with menopause dependent on hyperlipidemia status.

Mediation Analysis

Using linear regression, a negative correlation was found between E2 and CVAI (P < 0.001, R? = 0.025; Supplementary
Figure 2). Therefore, E2 was further analyzed to determine its effect on the association between CVAI and menopause
(Table 6). First, the potential mediating role of E2 in the CVAI-menopause association was examined. The ADE and total
effect were found to be marginally significant (P = 0.056 and P = 0.064, respectively). The association between CVAI
and menopause demonstrated borderline significance during the 2013—-2016 observation period, which may be attribu-
table to reduced sample size in this interval. The non-significant ACME) (P = 0.964) excluded E2 as a mediator in the
CVAI-menopause association (Table 6). Subsequently, the influence of menopausal status on CVAI through E2 was
examined. Non-significant mediation was observed (ACME P = 0.41), with similarly non-significant direct (ADE
P =0.32) and total effects (P = 0.43). Finally, the E2-CVAI-menopause pathway was evaluated. While significant direct
(ADE P < 0.05) and total effects (P < 0.05) of E2 on menopausal status were confirmed, the absence of a mediation
effect (ACME P = 0.99) ruled out CVAI as a mediating factor.
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Figure 3 Nomogram for Classifying Menopausal Status Based on Clinical and Biochemical Factors. The classification model for determining menopausal status utilizing clinical and
biochemical variables, including the CVAIQ, age, education level, smoking status, alcohol consumption, marital status, BMI, hypertension, DM, CVD, dyslipidemia, LDL (mg/dL), TG
(mg/dL), HDL (mg/dL), TC (mg/dL), glucose (mg/dL), creatinine (mg/dL), and uric acid (mg/dL). Significant factors are marked with “*”, indicating a p-value < 0.05, and “**”, indicating
a p-value < 0.01.

Abbreviations: CVAIQ, Quartiles of the Chinese Visceral Adiposity Index; BMI, Body Mass Index; DM, Diabetes Mellitus; CVD, Cardiovascular Disease; LDL, Low-Density
Lipoprotein; TG, Triglycerides; HDL, High-Density Lipoprotein; TC, Total Cholesterol.
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Table 4 The Association between CVAI and
Menopause in the NHANES (2003-2020)

OR 95% CI P value
Crude model | 1.006 | 1.005, 1.008 | <0.0001
Model | 1.009 | 0.999, 1.018 | 0.066
Model 2 1.016 | 0.998, 1.034 | 0.085
Model 3 1.02 1.002, 1.037 | 0.029

Notes: Crude model was adjusted for CVAI. Model | was
adjusted by CVAI, age, race, family income, education back-
ground, partnership status, body mass index, smoking beha-
viour, alcohol consumption, Hypertension, CVD, DM,
Hyperlipidemia. Model 2 built upon Model | by further
incorporating adjustments for fasting blood test indices
such as low-density lipoprotein, fast total cholesterol, fast
triglyceride, high-density lipoprotein. Model 3 built upon
Model 2 by further adjustments for fast glucose, creatinine,
uric acid, blood urea nitrogen.

Abbreviations: OR, odds ratio; 95% Cl, confidence inter-

val; CVAI, Chinese visceral adiposity index.

Table 5 Stratified Association between CVAIl and Menopause

(2003-2020)

in the NHANES

Variable Subgroup OR (95% CI) P-value | P-interaction
Age Group 4044 years 1.036 (1.002—-1.072) | 0.041 0.783
45-49 years 1.003 (0.978-1.029) | 0.797
50-54 years 1.027 (0.996-1.060) | 0.092
55-60 years 1.000 (0.919-1.088) | 0.994
Race/Ethnicity | Non-Hispanic White | 1.022 (0.998-1.047) | 0.075 0.718
Non-Hispanic Black 1.014 (0.988-1.040) | 0.294
Mexican American 0.997 (0.961-1.034) | 0.870
Other Ethnicities 1.092 (1.012-1.178) | 0.025
Education <9 years 1.098 (0.991-1.217) | 0.069 0.170
9—12 years 0.995 (0.971-1.021) | 0.711
>|2 years 1.029 (1.007-1.052) | 0.011
Partnership Without partner 1.018 (0.995-1.043) | 0.127 0.234
With partner 1.021 (0.996-1.047) | 0.093
Smoking Never 1.019 (0.994-1.045) | 0.135 0.303
Former 1.016 (0.984-1.049) | 0.336
Current 1.033 (0.994-1.074) | 0.096
Alcohol Use Never 1.018 (0.976—1.063) | 0.394 0.139
Former 1.028 (0.978-1.080) | 0.276
Current 1.024 (1.003-1.045) | 0.026
PIR <13 1.007 (0.975-1.039) | 0.671 0.872
1.3-3.5 1.022 (0.995-1.051) | 0.110
>3.5 1.028 (1.000-1.057) | 0.049
Obesity Underweight/Normal | 1.042 (0.991-1.094) | 0.106 0.790
Overweight/Obese 1.016 (0.999-1.033) | 0.071
Hypertension No 1.01'1 (0.991-1.032) | 0.279 0.950
Yes 1.030 (1.003-1.057) | 0.028
CVD No 1.019 (1.002-1.037) | 0.032 0.636
Yes 1.044 (0.979-1.112) | 0.175
DM No 1.019 (1.000-1.038) | 0.055 0.926
Yes 1.025 (0.991-1.060) | 0.154
(Continued)
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Table 5 (Continued).

Variable Subgroup OR (95% CI) P-value | P-interaction
Hyperlipidemia | No 1.01'1 (0.993-1.031) | 0.235 0.009*
Yes 1.037 (1.000-1.075) | 0.052

Notes: The logistic regression was adjusted for CVAI, age, race, PIR, education attainment, partnership, BMI,
smoking, alcohol intake, hypertension, CVD, DM, hyperlipidemia, low-density lipoprotein, fast total choles-
terol, fast triglyceride, high-density lipoprotein, fast glucose, creatinine, uric acid, blood urea nitrogen,
excluding stratification factors.
Abbreviations: OR, odds ratio; 95% Cl, confidence interval; NHANES, National Health and Nutrition
Examination Survey; CVAI, Chinese visceral adiposity index; PIR, poverty income ratio; CVD, cardiovascular
disease; DM, diabetes mellitus.

Table 6 Causal Mediation Analyses of E2-CVAI-Menopause

Analysis Effect Type Estimate (95% CI) P-value | Prop. Mediated (95% CI)
CVAI - E2 - Menopause | ACME (indirect) | 0.00008 (—0.00069, 0) 0.964 6.56% (—103, 52)
ADE (direct) 0.001 14 (-0.00007, 0) 0.056
Total Effect 0.00122 (-0.00018, 0) 0.064
E2 - CVAI - Menopause | ACME (indirect) | —0.000018 (—0.000031, 0) | 0.990 0.95% (-2.96, 2.0)
ADE (direct) —0.00188 (—0.00177, 0) <0.001
Total Effect —0.00190 (—0.00177, 0) <0.001
Menopause - E2 - CVAI | ACME (indirect) | —0.00051 (—0.0017, 0) 0.410 —32.5% (—367, 244)
ADE (direct) 0.00210 (-0.0019, 0.01) 0.320
Total Effect 0.00159 (-0.0024, 0.01) 0.430

Notes: All models adjusted for age, race, PIR, education attainment, partnership, BMI, smoking, alcohol intake, hypertension, CVD, DM,
hyperlipidemia, low-density lipoprotein, fast total cholesterol, fast triglyceride, high-density lipoprotein, fast glucose, creatinine, uric acid,
blood urea nitrogen (n=621). 1000 bootstrap simulations with percentile Cis.

Abbreviations: ACME, Average Causal Mediation Effect; ADE, Average Direct Effect.

Discussion

Postmenopausal women have approximately one-third of their anticipated lifespan remaining. The quality of life and
health status in this phase are paramount for women. Hence, it is important to monitor the CVAI during the menopause
transition, assessing menopausal probability, and provide interventions for high-probability individuals through screen-
ing, which is critically important.

The findings of this study unveiled a positive association of CVAI with the odds of menopause in Chinese women
aged 45 years and older, thereby indicating the potential applicability of CVAI as an indicator of self-reported
menopausal status. In women aged 40 to 60 in the US, the CVAI was also significantly associated with the self-
reported menopausal status, particularly among other ethnic groups including Asian women. Menopause is clinically
diagnosed in women aged 40 years or above who have not experienced menstruation for a period of 12 consecutive
months following their last menstrual cycle, excluding pregnancy.’ The results from the Study of Women’s Health Across
the Nation (SWAN) revealed a noticeable rise in fat mass accompanied by a concurrent decrease in lean mass during the
perimenopausal period.” Hence, the concurrent alterations in fat and lean mass in the perimenopausal period do not result
in a detectable elevation in traditional metrics for assessing obesity, such as weight and BMI.? Furthermore, the results
from SWAN indicate an accelerated accumulation of VAT in the perimenopausal period.'” The shifts in body composition
throughout the menopausal transition contribute to the diminished ability of BMI to accurately indicate adiposity and
specific regional fat distribution.'®'" Additionally, traditional measurements of visceral adiposity, such as WC or hip
circumference, exhibit relatively lower sensitivity to changes in fat distribution during menopausal transition.'’
Therefore, the CVAL representing central visceral adiposity may be more closely associated with the odds of menopause

than traditional anthropometric assessment indices.
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In mediation analysis, all ACME (indirect effect) P > 0.05, indicating the absence of a mediating path. However, the
analysis revealed a significant association between E2 levels and menopausal status (P < 0.001), consistent with
biological phenomenon that a decrease in estrogen leads to menopause. Nevertheless, the association between E2 and
menopause is not mediated by CVAI Additionally, CVAI showed marginal significance with menopause (P = 0.056),
suggesting a potential association between visceral fat accumulation and menopause. The decline in significance may be
attributed to the reduced sample size. Therefore, the mediation analysis supports the hypothesis that CVAI is associated
with the menopause process. This is consistent with the findings from the SWAN study, which indicates an accelerated
accumulation of visceral fat during the perimenopausal period."”

Moreover, in the longitudinal CHARLS cohort, CVAI was measured in premenopausal women in 2011, while
menopausal status was assessed in the same group of participants in 2018, suggesting that changes in CVAI precede
the status of menopause. This conclusion is further corroborated by age-stratified analysis from the NHANES cohort,
which demonstrated a significant association between CVAI and menopausal status specifically within the 40-44 age
subgroup, indicating a 3.6% increase in odds for each unit increase in CVALI In contrast, no significant associations were
observed in other age groups. This indicates that the effects of declining ovarian function on metabolism and fat
redistribution are particularly pronounced during this critical transitional phase. This finding is consistent with the
“marked escalation of visceral fat at the early period of the menopausal transition” identified in the SWAN study.!” The
absence of significant associations for CVAI in individuals over 45 may be attributed to persistently low estrogen levels
within this age group, which likely diminish the impact on fat distribution.

AT is a type of loose connective tissue rich in adipocytes.”” It is primarily regarded as an energy reservoir, heat
shielding, and mechanical buffer.?® Over decades of research, AT has increasingly been acknowledged as an “endocrine
tissue”. The endocrine function of AT involves various factors, including increased expression of proinflammatory
cytokines and adipocyte-derived adipokines, insulin resistance, overactivation of insulin-like growth factor signaling
pathway, the occurrence of hypercholesterolemia, and excessive oxidative stress.?' The increased aromatization activity
of AT leads to elevated levels of estrogen.”? VAT encompasses omental AT, mesenteric AT, and epiploic AT.* VAT is
a significant contributor to the production of inflammatory adipocytokines.”® VAT communicates with other organs by
synthesizing and secreting adipokines. The accumulation of VAT and the increase in adipokine levels can contribute to
chronic inflammation and metabolic abnormalities linked to obesity.”® Excess accumulation of VAT is linked to an
elevated risk and mortality rate of metabolic disorders, such as DM.'" Current research suggests that visceral adiposity,
rather than overall obesity, impacts women’s mortality rates.”* Therefore, accurately measuring visceral adiposity is
crucial for assessing potential susceptibility to serious medical conditions. While MRI and CT are recognized as the most
trustworthy, specific, and comprehensive methods for assessing visceral adiposity, their time, cost, and radiation exposure
constraints limit their accessibility.

Owing to diminished ovarian activity, perimenopausal women experience a decrease in E2 levels, the main form of
estrogen that mediates physiological effects. Together with follicle-stimulating hormone, E2 plays important roles in
energy homeostasis, including food intake controlled by the central nervous system, energy consumption, coordination of
fat storage as well as metabolic processing in AT, and so on.* E2 promotes the accumulation of subcutaneous AT in the
gluteofemoral region in reproductive-aged women while concurrently reducing the amount of central AT, whereas
postmenopausal women tend to accumulate AT primarily around the visceral area due to decreased E2 levels.'®
Menopause also partially reverses the protective effect of AT distribution observed in women.”’ In addition, E2 plays
a critical role in lipid metabolism by enhancing fatty acid B-oxidation, optimizing mitochondrial bioenergetics, and
suppressing lipogenic pathways, thereby promoting efficient energy utilization."

Furthermore, this study observed a significantly greater OR for the self-reported menopausal status among urban
perimenopausal women with a CVAI in Q4 than in those with a CVAI in Q1 in the CHARLS database. However, this
correlation was not observed among women residing in rural areas. Consistent with previous research, the residential
areas, whether urban or rural, have an impact on the status of menopause.” The residential area comprehensively reflects
the socioeconomic status, work status, and education level of the participants. It also influences the occurrence of obesity,
such as the type and quantity of energy intake and the type and intensity of physical exercise.’® Additionally, the place of
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residence may also affect medical interventions that impact menopause, such as hormone replacement therapy, among
perimenopausal participants.

Furthermore, this study observed a significantly greater OR for the self-reported menopausal status among urban
perimenopausal women with a CVAI in Q4 than in those with a CVAI in Q1 in the CHARLS database. However, this
correlation was not observed among women residing in rural areas. Consistent with previous research, residential areas,
whether urban or rural, have an impact on the onset of menopause.” The residential area comprehensively reflects the
socioeconomic status, work status, and education level of the participants. It also influences the occurrence of obesity,
such as the type and quantity of energy intake and the type and intensity of physical exercise.”® Additionally, the place of
residence may also affect medical interventions that impact menopause, such as hormone replacement therapy, among
perimenopausal participants.

In the NHANES cohort, a significant association between the CVAI and menopausal status was identified (OR: 1.02).
Furthermore, in the stratified analysis of NHANES cohort, this association was evident among other ethnic groups,
including Asians (OR: 1.092), whereas no significant association was observed in non-Hispanic whites, non-Hispanic
blacks, and Mexican Americans. In the CHARLS cohort, the association between CVAI and menopause was found to be
stronger (OR: 5.23). These findings highlight the differing association of VAT accumulation with menopausal status
across diverse ethnic populations, which is consistent with the results of the SWAN study that VAT accumulation during
the menopausal transition varies among different racial groups.'” The varying strength of the association between CVAI
and menopausal status across different ethnic groups may also be attributed to the more accurate assessment of VAT in
the Chinese population.

Therefore, inexpensive and user-friendly surrogate measures such as CVAI have been developed on the basis of
anthropometric and metabolic parameters.”’ These surrogate measures for assessing visceral adiposity can be employed
to categorize the degree of adiposity in participants. CVAI was utilized as an assessment of visceral adiposity in this
investigation and used to explore the association with the self-reported menopausal status using representative long-
itudinal and cross-sectional databases from two countries. The results from the longitudinal data of the CHARLS study
demonstrated that individuals in the Q4 of CVAI had a higher odd of menopause in the upcoming years, as indicated by
a greater OR, compared to those in the Q1. In the cross-sectional NHANES study, there was a significant association
between CVAI and menopause OR in women aged 40—60. These outcomes are in agreement with research from the
SWAN study, supporting the observation of accelerated accumulation of visceral adiposity during the menopausal
transition.'” Therefore, the CVAI may serve as a potential marker for menopause. Given its established association
with CVD, heart disease, stroke, and DM in large-scale prospective cohort studies,”®*?° CVAI could be utilized as
a screening tool for metabolic and cardiovascular risk assessment during the menopausal transition period.

A clinically applicable nomogram to facilitate the assessment of menopause possibility and assist in the prevention of
obesity-related CVDs and metabolic disorders was further developed on the basis of the CVAIL. The nomogram for
menopausal assessment based on CVAI allows for the estimation of individualized probabilities of menopause. The
moderate discriminatory ability (C-index = 0.648) indicates that this nomogram should be utilized as a screening tool
rather than a diagnostic instrument.

The main characteristics of this analysis include the use of data collected from two nationally representative
populations, adjustment for major confounding factors, and the identification of a consistent association between
CVAI and the odds of menopause status, thereby confirming the reliability of the findings. Additionally, mediation
analyses have been incorporated.

This study is accompanied by several restrictions, for instance, the absence of a distinction between natural
menopause and surgical menopause in the assessment of the status of menopause. Additionally, the study did not take
into account the effects of hormone replacement therapy on menopause, as this information was not captured in the
CHARLS database. Within this study, other potential confounders that may influence the self-reported menopausal status,
such as the age of first menstruation and the number of childbirths, were not available in the CHARLS database. In
addition, the median age at menopause for Chinese women is 50 years.’* Extending the follow-up period and including
participants who have reached menopause would lead to more reliable results. Furthermore, the CHARLS dataset
primarily comprised individuals aged 45 years and older, which undermines the ability to examine the association
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between CVAI and menopause occurring at an age younger than 40, referred to as premature menopause. A further
limitation of this study is that the effects of variations in dietary habits among the population on the association between
CVAI and menopause have not been explicitly examined. Another limitation of this study is that, due to the restricted
questionnaire information available in the two databases, participants could not be categorized according to STRAW
standards into early menopausal transition, late menopausal transition, early postmenopause, and late postmenopause.
However, even in the absence of STRAW staging, real-world data are provided in this study, as hormonal assessments are
frequently unavailable in practice, thereby supporting the broader applicability of the findings. The most significant
limitation of this study is that the statistically significant association between CVAI and menopausal status can not be
interpreted as evidence of causation. CVAI is merely a concomitant marker that emerges during the menopausal
transition.

Future prospective studies should investigate whether CVALI tracking can identify women approaching menopause
and to conduct screening and specific interventions during the menopausal transition to reduce the occurrence of related
diseases.

Conclusion
The pieces of evidence from this investigation indicate that CVAI shows promise as a marker for assessing the self-
reported menopausal status, though its strength of association appears to vary among different populations.
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