
O R I G I N A L  R E S E A R C H

Association Between Reproductive Lifespan and 
All-Cause and Cardiovascular Mortality in 
Women Aged 65 Years and Older: A Cohort 
Study Using NHANES 1999–2018 Data
Xiaohui Chen, Chunxue Li , Yue Bai, Lin Li

Department of Cardiovascular, The Second Hospital of Jilin University, Changchun, People’s Republic of China

Correspondence: Lin Li, Department of Cardiovascular, The Second Hospital of Jilin University, No. 218, Zi Qiang Street, Nanguan Zone, Changchun, 
Jilin, 130041, People’s Republic of China, Tel +8619975320351, Email lilin607268@jlu.edu.cn

Purpose: The association between reproductive lifespan and all-cause and cardiovascular mortality in women aged ≥65 years remains 
unclear. We examined this association in a nationally representative sample of older US women using NHANES data.
Patients and Methods: The study included postmenopausal women aged 65 years and older from the NHANES database as our 
study cohort. Throughout the analyses, NHANES sampling weights were applied to account for the complex survey design, and 
multiple imputation were used to deal with missing values. Multivariable Cox regression, restricted cubic splines, Kaplan–Meier 
survival curves, and subgroup analyses were used to estimate the associations between reproductive lifespan and both all-cause and 
cardiovascular mortality. Additionally, sensitivity analyses were performed to verify the robustness of the results.
Results: Among 4514 participants followed for a median of 101 months, all-cause mortality occurred in 1843 (38.67%) and 
cardiovascular mortality in 512 (10.74%). A linear relationship was observed between reproductive lifespan and all-cause mortality; 
in the fully adjusted model, for each additional year of reproductive lifespan, the risk of all-cause mortality decreased by 1% (HR = 
0.99, 95% CI 0.98–0.99, p < 0.001). Conversely, the relationship between reproductive lifespan and cardiovascular mortality followed 
an L-shaped curve. Further threshold-effect analysis identified an inflection point at 36 years: for reproductive lifespan < 36 years, each 
additional year conferred a 2% reduction in cardiovascular mortality risk (HR = 0.98, 95% CI 0.95–1.00, p = 0.033), whereas the 
protective effect plateaued when reproductive lifespan ≥ 36 years.
Conclusion: Short reproductive lifespan may be associated with an increased risk of all-cause and cardiovascular mortality. Greater 
attention should be given to women with a short reproductive lifespan.
Keywords: reproductive lifespan, all-cause mortality, cardiovascular mortality, NHANES, cohort study

Introduction
Estrogen, a protective sex hormone, is widely recognized for its beneficial effects on cardiovascular health. This leads to sex 
differences in cardiovascular health: men have a higher incidence of CVD, whereas women experience myocardial 
infarction approximately 10 years later and exhibit lower cardiovascular mortality.1–3 Following menopause, the decline 
in estrogen levels significantly increases the risk of cardiovascular mortality in women.4,5 With increasing life expectancy, 
women now spend nearly 40% of their lives in the postmenopausal state.6 Consequently, female-specific indicators, such as 
menstrual factors, are increasingly recognized for their significant influence on women’s health. However, associations of 
age at menarche or menopause with all-cause or cardiovascular mortality remain inconsistent.7–10 Reproductive lifespan, 
defined as the period between menarche and menopause, is a critical indicator of a woman’s reproductive health and can be 
used to estimate cumulative estrogen exposure.8,11–13 Previous studies have linked a shorter reproductive lifespan to 
a higher risk of cardiovascular disease and a longer reproductive lifespan to lower all-cause mortality.8,13,14 Population 
aging is a global phenomenon, and cardiovascular mortality increases with age.15 The United Nations’ World Population 
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Prospects 2024 defines aging by the proportion of the population aged ≥65 years; however, the relationship between 
reproductive lifespan and mortality risk in women aged ≥65 remains unclear.16

We hypothesized that reproductive lifespan is associated with all-cause and cardiovascular mortality among women 
aged 65 years and older and then analyzed data from NHANES (1999–2018). To our knowledge, this is the first 
nationally representative study to evaluate the association in US women aged 65 years and older.

Materials and Methods
Study Design and Population
The National Health and Nutrition Examination Survey (NHANES), managed by the National Center for Health 
Statistics (NCHS) within the US Centers for Disease Control and Prevention (CDC), employs a complex, stratified, 
multistage probability design to assess the health and nutritional status of the US population.17 Conducted biennially and 
reviewed by the NCHS Research Ethics Review Board, the programme requires all participants to provide written 
informed consent. Because the anonymised datasets are publicly available, secondary analyses are exempt from 
additional institutional review board approval and can be downloaded directly from the NHANES portal (http://www. 
cdc.gov/nchs/nhanes.htm).18 This investigation followed the STROBE Statement for reporting observational research and 
conformed to the ethical principles of the Declaration of Helsinki.19,20

Data were extracted from ten consecutive cycles of NHANES (1999–2018), conducted immediately before the 
COVID-19 pandemic and with publicly available mortality follow-up. Among 51,423 women who completed the 
interview component, 5140 were postmenopausal and aged≥65 years, after excluding 626 participants with missing 
information on vital status, age at menarche, or menopausal status, the final analytic cohort comprised 4514 women 
(Figure 1).

Figure 1 Flowchart of study population.
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We calculated reproductive lifespan as the age at menopause minus the age at menarche in postmenopausal women.11 

Age at menarche and age at menopause were determined based on their responses to questions in the reproductive health 
questionnaire: “Age when first menstrual period occurred” and “Age at last menstrual period”.

The primary outcomes of this study were all-cause and cardiovascular mortality, which were obtained from the 
National Death Index (NDI) up to December 31, 2019.21 Cardiovascular mortality was documented using the 
International Classification of Diseases, 10th Revision (I00–I09, I11, I13, and I20–I51) coding system. Additionally, 
the number of survival months from the study’s commencement to the occurrence of death or the follow-up endpoint was 
calculated.

Based on clinical experience and previous research, the covariates in our study included age, marital status, race/ 
ethnicity, education level, family income, smoking status, alcohol use, and body mass index (BMI).22,23 To mitigate the 
influence of other reproductive factors on all-cause and cardiovascular mortality, we included contraceptives use, number 
of pregnancies female hormone use as covariates. Since reproductive lifespan was defined from age at menarche and 
menopause, these two variables were excluded from the primary covariate set; for subgroup analyses they were 
subsequently categorized around their weighted mean values. Furthermore, the study participants were drawn from 10 
cycles of NHANES, and to minimize the bias associated with longer follow-up periods, we included NHANES cycles as 
covariates.

Age is calculated by the CDC from the participant’s self-reported date of birth collected at the household interview. 
Marital status was categorized as married/living with a partner or living alone. The race-ethnicity classification adheres to 
NHANES standards: Mexican American, Other Hispanic, Non-Hispanic black, Non-Hispanic white, or Others,24 The 
education level was categorized as follows: less than high school (less than 9th grade), high school or equivalent (9–11th 
grade), and above high school (High school graduate/GED or equivalent, Some college or AA degree, College graduate 
or above).25 The ratio of family income to poverty (PIR) was used to characterize family income level and was 
categorized into low (PIR≤1.30), medium (1.30 < PIR≤3.50), and high (PIR > 3.50) groups.26 Smoking status was 
categorized as never (smoked <100 cigarettes in life), former (smoked ≥100 cigarettes in their lifetime but does not 
currently smoke), and current (smoked ≥100 cigarettes in their lifetime and currently smokes). Alcohol use was classified 
as never, former, mild, moderate or heavy according to the method published in previous NHANES-based studies.27 BMI 
was calculated from self-reported height and weight (kg/m2), in subgroup analyses, categorized as <25 and ≥25 kg/m2, to 
determine whether the individual is overweight.28 Contraceptives use was determined based on participants’ responses to 
the question “Have you ever taken birth control pills?” Number of pregnancies was categorized into four groups: ≤2, 3, 4 
and ≥5.29 No multicollinearity was detected among all the covariates. The results of the multicollinearity test are 
presented in Supplementary Table 1.

In accordance with NHANES analytic guidelines, sampling weights and design variables were incorporated into all 
analyses; the Mobile Examination Center (MEC) examination weight served as the primary weight, together with strata 
(SDMVSTRA) and primary sampling units (SDMVPSU), to yield nationally representative estimates of the US civilian 
non-institutionalized population. The weights were calculated as follows: for 1999–2002, weight = (2/10)*(4-year MEC 
examination weight); for all other cycles, weight = (1/10)*(2-year MEC examination weight). After applying these 
weights, the analytic sample corresponded to an estimated15,446,717postmenopausal women aged ≥ 65 years in the US 
population.

Statistical Analysis
In this study, categorical variables are presented as unweighted number (weighted percentage), continuous variables are 
summarized as mean (standard deviation) if normally distributed, or as median (interquartile range, IQR) if skewed. 
Group comparisons were conducted using the χ2-test for categorical variables, one-way analysis of variance (ANOVA) 
for normally distributed continuous variables, and the Kruskal–Wallis test for skewed continuous variables. Multivariable 
Cox regression analysis was conducted to examine the association between reproductive lifespan and all-cause and 
cardiovascular mortality following multiple imputation of missing data (marital status: 49, 1.09%; education level: 11, 
0.24%; family income: 458, 10.15%; smoking status: 5, 0.11%; alcohol use: 342, 7.58%; BMI: 134, 2.97%; contra
ceptives use: 15, 0.33%; number of pregnancies: 6, 0.13%; female hormone use: 27, 0.60%). Prior to analysis, we 
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evaluated the proportional-hazards assumption using Schoenfeld residuals, as shown in Supplementary Figures 1 and 2. 
Reproductive lifespan was analyzed both continuously—hazard ratios (HRs) expressed per one-year increase—and 
categorically. Four models were constructed: Model 1 was a crude model without any covariate adjustments. Model 2 
was adjusted for sociodemographic characteristics including age, marital status, race/ethnicity, education level, and 
family income. Model 3 further adjusted for smoking status, alcohol use, and BMI. Model 4 further adjusted for 
contraceptives use, number of pregnancies, female hormone use and NHANES cycles. Additionally, after adjusting for 
variables in Model 4, restricted cubic splines (RCS) were provided to further explore the dose–response relationship 
between reproductive lifespan and both all-cause and cardiovascular mortality risk. The cumulative mortality rates were 
assessed using Kaplan–Meier survival curves based on the binary classification of reproductive lifespan and were 
evaluated utilizing the Log rank test. Participants lost to follow-up were censored at their last known time point.

Furthermore, we performed the following sensitivity analysis. First, to examine potential effect modification we 
treated reproductive lifespan as binary (< 35 vs ≥ 35 years). Survey-weighted Cox models included cross-product terms 
between reproductive lifespan and each of the following modifiers: age at menarche (< 13 vs ≥ 13 years), age at 
menopause (< 48 vs ≥ 48 years), contraceptive use, female hormone use, BMI (< 25 vs ≥ 25 kg/m2), marital status, race/ 
ethnicity, education, and family income. The p for interaction was derived from the likelihood-ratio test. Stratum-specific 
hazard ratios are displayed for visual inspection. Second, restricted mean survival time was compared between the 
dichotomized reproductive lifespan groups to quantify the associated clinical benefit. Additionally, we performed 
multivariable analyses on the following modified datasets as sensitivity analyses to verify result robustness: 1. Used 
tertiles of reproductive lifespan. 2. Excluded all participants with any missing covariates. 3. Added surgical menopause as 
an adjusted covariate. 4. Excluded participants who had undergone surgical menopause. 5. Excluded participants with 
age at menarche > 20 years or age at menopause > 60 or < 30 years.30

All analyses were performed using the statistical software packages R4.2.2 (http://www.R-project.org, The 
R Foundation)and Free Statistics software version 2.3.Statistics were considered significant when two-sided p values 
were <0.05.

Results
Characteristics of the Participants
The baseline characteristics of the 4514 participants with available data are presented in Table 1. Over a median follow- 
up of 101 months, 1843 (38.67%) all-cause mortality and 512 (10.74%) cardiovascular mortality were recorded. 

Table 1 Baseline Characteristics of Study Participants by Binary Classification of Reproductive 
Lifespan

Characteristic Reproductive Lifespan, Year p

Total <35 ≥35

Weight No. 15,446,717 6,770,102 8,676,614

Unweight No. 4514 2088 2426
Age (year), Mean (SD) 73.44 (5.74) 73.66 (5.76) 73.27 (5.71) 0.052

Marital status, n (%) 4465 0.031

Married/living with a partner 1866 (47.67%) 820 (45.04%) 1046 (49.70%)
Living alone 2599 (52.33%) 1245 (54.96%) 1354 (50.30%)

Race/ethnicity, n (%) 4514 0.002

Mexican American 595 (3.30%) 300 (3.74%) 295 (2.96%)
Other Hispanic 350 (3.88%) 154 (3.94%) 196 (3.84%)

Non-Hispanic white 2624 (81.59%) 1158 (79.41%) 1466 (83.28%)

Non-Hispanic black 701 (7.25%) 372 (8.80%) 329 (6.04%)
Others race 244 (3.98%) 104 (4.11%) 140 (3.88%)

(Continued)
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Table 1 (Continued). 

Characteristic Reproductive Lifespan, Year p

Total <35 ≥35

Education level (year), n (%) 4503 <0.001

Less than high school 862 (10.65%) 437 (12.72%) 425 (9.04%)

High school or equivalent 1905 (43.65%) 953 (48.45%) 952 (39.90%)
Above high school 1736 (45.70%) 694 (38.82%) 1042 (51.06%)

Family income, n (%) 4056 <0.001

Low 1280 (22.91%) 666 (26.95%) 614 (19.70%)
Medium 1847 (46.64%) 852 (46.92%) 995 (46.41%)

High 929 (30.45%) 385 (26.14%) 544 (33.89%)

Smoking status, n (%) 4509 0.018
Never 2832 (60.94%) 1287 (59.14%) 1545 (62.34%)

Current 1334 (31.77%) 610 (32.04%) 724 (31.56%)

Former 343 (7.29%) 189 (8.82%) 154 (6.11%)
Alcohol use, n (%) 4172 <0.001

Never 1280 (26.66%) 663 (30.85%) 617 (23.18%)

Former 1151 (25.95%) 571 (27.21%) 580 (24.90%)
Mild 1265 (35.04%) 531 (30.88%) 734 (38.49%)

Moderate 344 (9.53%) 155 (8.62%) 189 (10.27%)

Heavy 132 (2.83%) 58 (2.44%) 74 (3.16%)
BMI, (kg/m2), Mean (SD) 28.61 (6.30) 28.43 (6.02) 28.75 (6.50) 0.191

Contraceptives use, n (%) 4499 <0.001

No 2768 (56.10%) 1384 (62.65%) 1384 (51.00%)
Yes 1731 (43.90%) 698 (37.35%) 1033 (49.00%)

Number of pregnancies, n (%) 4508 0.073

≤2 1451 (36.04%) 671 (35.63%) 780 (36.37%)
3 840 (20.06%) 382 (19.93%) 458 (20.17%)

4 726 (16.24%) 313 (14.70%) 413 (17.44%)

≥5 1491 (27.65%) 719 (29.74%) 772 (26.02%)
Female hormone use, n (%) 4487 <0.001

No 2768 (55.12%) 1213 (51.54%) 1555 (57.92%)

Yes 1719 (44.88%) 860 (48.46%) 859 (42.08%)
NHANES cycles, n (%) 4514 <0.001

1999–2000 387 (8.17%) 182 (9.41%) 205 (7.19%)

2001–2002 484 (10.47%) 249 (12.25%) 235 (9.07%)
2003–2004 562 (10.60%) 283 (12.25%) 279 (9.31%)

2005–2006 416 (10.73%) 199 (11.14%) 217 (10.41%)

2007–2008 593 (10.80%) 322 (12.84%) 271 (9.22%)
2009–2010 576 (11.07%) 262 (10.55%) 314 (11.47%)

2011–2012 469 (11.85%) 245 (13.64%) 224 (10.46%)

2013–2014 337 (7.85%) 111 (5.70%) 226 (9.52%)
2015–2016 357 (9.22%) 131 (6.23%) 226 (11.55%)

2017–2018 333 (9.25%) 104 (5.99%) 229 (11.80%)

Age at menarche Mean (SD) 12.94 (1.70) 13.25 (1.81) 12.69 (1.57) <0.001
Age at menopause Mean (SD) 47.13 (7.64) 40.42 (6.03) 52.37 (3.59) <0.001

Reproductive lifespan (year), Mean (SD) 34.20 (7.81) 27.17 (5.88) 39.68 (3.60) <0.001

All-cause mortality, n (%) 4514 <0.001
No 2671 (61.33%) 1161 (55.79%) 1510 (65.65%)

Yes 1843 (38.67%) 927 (44.21%) 916 (34.35%)

(Continued)
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Participants were dichotomized according to their reproductive lifespan values, using the median value of 35 years as the 
cut-off, yielding 2088 individuals with reproductive lifespan < 35 years and 2426 with reproductive lifespan≥35 years. 
Compared with those in the shorter reproductive lifespan (< 35years) group, participants with longer reproductive 
lifespan (≥ 35years) were more likely to have a partner, higher educational attainment, and greater family income. They 
also exhibited earlier age at menarche, later age at menopause, and differed with respect to race/ethnicity, smoking status, 
and alcohol use.

Association of Reproductive Lifespan with All-Cause and Cardiovascular Mortality
Multivariable Cox regression was used to examine the associations between reproductive lifespan and both all-cause and 
cardiovascular mortality, treating reproductive lifespan as continuous, dichotomized (Table 2). In the fully adjusted 
model, each 1-year increase in reproductive lifespan was associated with a 1% lower risk of all-cause mortality and a 2% 
lower risk of cardiovascular mortality. When reproductive lifespan was analyzed categorically, compared with those 
whose reproductive lifespan was≥35 years, participants with reproductive lifespan < 35 years had a 13% higher risk of 
all-cause mortality and a 33% higher risk of cardiovascular mortality. These associations remained statistically significant 
across all adjusted models.

RCS were employed to model the dose–response relationship, and non-linearity was formally evaluated with the 
generalized additive model for associations between reproductive lifespan and both all-cause (Figure 2) and cardiovas
cular mortality (Figure 3). A significant non-linear association with cardiovascular mortality was observed (p for non- 
linearity =0.031). A two-segment linear regression identified the inflection point at 36 years, after which a piecewise Cox 
proportional-hazards model was fitted (Table 3). Cardiovascular mortality declined progressively with increasing 
reproductive lifespan up to 36 years, with no further reduction beyond this threshold.

Kaplan-Meier survival curves for all-cause and cardiovascular mortality according to binary reproductive lifespan are 
shown in Figures 4 and 5, respectively. With the median (35 years) as the cut-off, participants with reproductive 
lifespan<35 years exhibited significantly higher risks of both all-cause and cardiovascular mortality than those with 
reproductive lifespan≥35 years.

Sensitivity Analysis
Subgroup analyses (Supplementary Table 2) showed no significant interactions (all p for interaction > 0.05). Restricted 
mean survival time analysis (Supplementary Table 3) confirmed that women with a reproductive lifespan ≥35 years had 
significantly longer mean survival, indicating a clinical benefit. Additionally, we conducted multivariable analyses across 
several modified datasets, and the robustness of the findings was confirmed (Supplementary Tables 4–8).

Discussions
In our study, leveraging the large-scale, nationally representative NHANES database, we validated that a shorter 
reproductive lifespan is associated with an increased risk of all-cause mortality among US women aged 65 and older: 
reproductive lifespan showed an inverse linear association with all-cause mortality: every additional year of reproductive 

Table 1 (Continued). 

Characteristic Reproductive Lifespan, Year p

Total <35 ≥35

Cardiovascular mortality, n (%) 4514 <0.001

No 4002 (89.26%) 1816 (86.72%) 2186 (91.25%)
Yes 512 (10.74%) 272 (13.28%) 240 (8.75%)

Notes: Data are presented as unweighted number (weighted percentage) for categorical variables and weighted mean 
(standard deviation) for continuous variables. 
Abbreviations: SD, standard deviation; BMI, body mass index.
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Table 2 Multivariable Regression Between Reproductive Lifespan and All-Cause and Cardiovascular Mortality Risk

Variable Total No. Event (%) Model 1 Model 2 Model 3 Model 4

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

All-cause mortality
Reproductive lifespan 4514 1843 (38.67) 0.99 (0.98,1.00) 0.005* 0.99 (0.98,0.99) <0.001* 0.99 (0.98,1.00) 0.001* 0.99 (0.98, 0.99) <0.001*
Reproductive lifespan (Dichotomy)
<35 2088 927 (44.21) 1.14 (1.04,1.26) 0.005* 1.12 (1.01,1.25) 0.025* 1.11 (1.00,1.23) 0.047* 1.13 (1.02, 1.25) 0.015*
≥35 2426 916 (34.35) Reference Reference Reference Reference

Cardiovascular mortality
Reproductive lifespan 4514 512 (10.74) 0.99 (0.97,1.00) 0.018* 0.98 (0.97,1.00) 0.006* 0.98 (0.97,1.00) 0.010* 0.98 (0.97, 1.00) 0.007*
Reproductive lifespan (Dichotomy)

<35 2088 272 (13.28) 1.35 (1.14,1.61) <0.001* 1.33 (1.10,1.59) 0.003* 1.32 (1.10,1.58) 0.003* 1.33 (1.11, 1.59) 0.002*
≥35 2426 240 (8.75) Reference Reference Reference Reference

Notes: p values are set in bold and marked with an asterisk (*) to denote statistical significance at the 0.05 level. Model 1 was without covariate adjustment. Model 2 was adjusted for age, marital status, race/ethnicity, education level, and 
family income. Model 3 was further adjusted for smoking status, alcohol use, and BMI. Model 4 was further adjusted for contraceptives use, number of pregnancies, female hormone use and NHANES cycles.
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lifespan was linked to a proportional reduction in death risk. In contrast, its relationship with cardiovascular mortality 
was L-shaped, plateauing after 36 years. An article from Circulation emphasized that it is essential to incorporate female- 
specific risk factors into quantitative risk assessments conducted across the lifespan.31

An article from Circulation emphasized that it is essential to incorporate female-specific risk factors into quantitative 
risk assessments conducted across the lifespan. Compared with studying menarche or menopause in isolation, reproduc
tive lifespan offers a more comprehensive measure of cumulative estrogen exposure.13 Although reproductive lifespan is 
jointly determined by age at menopause and age at menarche, Table 1 shows that the variation in menopausal age is 
substantially greater than that in menarcheal age. These results are consistent with those reported by other 
researchers.32,33 Consequently, differences in reproductive lifespan appear to be primarily driven by the timing of 
menopause, even though age at menarche remains an important contributing factor. According to longitudinal analyses 
of US women, the mean age at menarche decreased by 1.2 years between 1959 and 2018, in contrast to a 1.5-year 
increase in menopausal age, resulting in a net gain of 2.1 years in reproductive lifespan.11 Many reproductive traits in 
women are known to be highly heritable; age at menopause, in particular, is highly heritable; nevertheless, it is also 
influenced by multiple environmental and lifestyle factors.34–38

Cardiovascular disease remains the leading cause of death in women. While estrogen confers cardioprotection, the 
onset of menopause and accompanying ovarian failure lead to a marked increase in coronary heart disease prevalence.39 

As the population ages, the health of older women has become an expanding public-health priority, with female-specific 
risk factors receiving increasing attention.40,41 To further elucidate sex-specific determinants of all-cause and 

Figure 2 Dose-response relationship between reproductive lifespan and all-cause mortality. NHANES examination weights (MEC), strata (SDMVSTRA) and PSU 
(SDMVPSU) applied. Solid and shaded represent the predicted value and 95% CI. They were adjusted for age, marital status, race/ethnicity, education level, family income, 
smoking status, alcohol use, BMI, contraceptives use, number of pregnancies, female hormone use and NHANES cycles. 99% of the data is shown.
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cardiovascular mortality among postmenopausal women, numerous studies have been conducted on reproductive factors. 
Despite differences in study populations, grouping criteria, and adjustment variables, early menopause appears to be 
consistently recognized as a risk factor. A systematic review that included 32 studies indicated that women who 
experienced menopause before age 45 had a cardiovascular disease mortality rate of 1.19 (95% CI 1.08–1.31) compared 
with those who reached menopause at or after age 45.42 The 2021 ESC Guidelines on Cardiovascular Disease Prevention 
designate premature menopause as a sex-specific risk factor for CVD.43 A study utilizing the NHANES database reported 
that earlier menopause is associated with an elevated risk of cardiovascular disease (CVD), further supporting 
a bidirectional relationship whereby early-onset CVD also significantly increases the risk of premature menopause.44 

Figure 3 Dose-response relationship between reproductive lifespan and cardiovascular mortality. NHANES examination weights (MEC), strata (SDMVSTRA) and PSU 
(SDMVPSU) applied. Solid and shaded represent the predicted value and 95% CI. They were adjusted for age, marital status, race/ethnicity, education level, family income, 
smoking status, alcohol use, BMI, contraceptives use, number of pregnancies, female hormone use and NHANES cycles. 99% of the data is shown.

Table 3 Threshold Effect Analysis of the Relationship Between 
Reproductive Lifespan and Cardiovascular Mortality Risk

Threshold of Reproductive Lifespan HR 95% CI p value

<36 years 0.98 0.95, 1.00 0.033*
≥36 years 1.03 0.99, 1.07 0.149

Notes: p values are set in bold and marked with an asterisk (*) to denote statistical 
significance at the 0.05 level. Adjusted for age, marital status, race/ethnicity, education 
level, family income, smoking status, alcohol use, BMI, contraceptives use, number of 
pregnancies, female hormone use, and NHANES cycles.
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However, a Mendelian randomization study found no association between age at menopause and cardiovascular disease.9 

Menarche marks the onset of menstruation and sexual maturity within the reproductive endocrine system and has also 
been shown to be associated with cardiovascular health. In the Nurses’ Health Study, multivariable adjustment showed 
that compared with women who experienced menarche at 13 years, menarche at ≤10 years had a cardiovascular disease 
risk of 1.22 (95% CI 1.09–1.36).10 They have also observed that early age at menopause and a shorter reproductive 
lifespan were associated with a higher risk of cardiovascular disease. A study conducted on Swedish women confirmed 
that a shorter reproductive lifespan is associated with an increased risk of cardiovascular events and all-cause mortality. 
This association remained consistent after excluding women who underwent surgical menopause.45 This is consistent 
with our findings. However, it is important to note that a minority of studies have reached different conclusions. For 
instance, a study from Norway reported that among women aged 60 years or older, the risk of atrial fibrillation was not 
associated with age at menarche, reproductive lifespan, or age at menopause.46 Indeed, it has even been reported that 
a longer reproductive lifespan and cumulative estrogen exposure were associated with an increased risk of all-cause 
mortality.47 And a multivariable-adjusted, twin-matched, case-control analysis showed no significant association between 
the reproductive period and mortality.48 Given the marked heterogeneity across current findings, large-scale, prospective 
cohort studies are now urgently warranted. Moreover, the biological pathways linking reproductive lifespan to cardio
vascular health—and ultimately to mortality—remain poorly delineated. Although estrogen-driven activation of genomic 

Figure 4 Kaplan–Meier curves of all-cause mortality according to reproductive lifespan status for women aged 65 years and older. NHANES examination weights (MEC), 
strata (SDMVSTRA) and PSU (SDMVPSU) applied. Participants were split at the median reproductive lifespan (median = 35 years). The numbers at risk are shown below the 
plots.
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(ERα/ERβ) and non-genomic (GPER) receptors has been postulated to confer cardioprotection in women by modulating 
calmodulin, caveolin-1, RhoA, nitric oxide, and Mdm2 via functional interactions with G-protein–coupled receptor 
kinase-2 (GRK2), 40 rigorous mechanistic studies are still required to validate these hypotheses and to uncover any 
additional mediators.49

Our study utilized complete-cycle data from the NHANES database prior to the COVID-19 pandemic, the survey was 
meticulously designed, collected, and processed in accordance with NHANES standards to minimize non-sampling and 
measurement errors, and sampling weights and design variables were employed to increase the extrapolation of results. Then, 
we identified a threshold relationship between reproductive lifespan and cardiovascular mortality, with the inflection point 
located near the median—an observation not previously reported. This finding underscores the need for heightened surveillance 
of women whose reproductive lifespan falls below the median. Moreover, we conducted sensitivity analyses to ensure the 
robustness of our findings. Collectively, these measures enhance the accuracy and validity of our results. However, our research 
has certain limitations. First, as a retrospective cohort study, there is a potential for recall bias. Additionally, despite adjustment 
for an extensive covariate set, residual or unmeasured confounding cannot be ruled out. Third, the race-ethnicity classification 
adheres to NHANES standards; however, collapsing minority groups such as Asians and American Indians/Alaska Natives into 
an “other” category may obscure important between-group differences. In addition, the cross-sectional design of NHANES 
means that period-specific reproductive-hormone data and details on the timing and dosage of female hormone use are 

Figure 5 Kaplan–Meier curves of cardiovascular mortality according to reproductive lifespan status for women aged 65 years and older. NHANES examination weights 
(MEC), strata (SDMVSTRA) and PSU (SDMVPSU) applied. Participants were split at the median reproductive lifespan (median = 35 years). The numbers at risk are shown 
below the plots.
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unavailable. Therefore, large prospective cohorts with repeated hormone measurements and long-term mortality follow-up are 
needed to clarify the relationship between reproductive lifespan and both all-cause and cardiovascular mortality.

Conclusion
Reproductive lifespan may be associated with all-cause and cardiovascular mortality; in particular, we observed an 
L-shaped relationship between reproductive lifespan and cardiovascular death, with a critical threshold at 36 years. This 
easily ascertained variable could be considered as a female-specific risk enhancer in cardiovascular risk assessment. 
Further prospective, longitudinal studies are warranted to confirm its clinical significance.
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