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Background

Altered reproductive timing of females has close relations to long-term health. Since the cardiovascular system delivers oxygen, nutrients, and hormones throughout the body, cardiovascular health (CVH) may significantly impact hormonally controlled events such as pregnancy, menarche, and menopause. This study sought to determine whether CVH is associated with reproductive lifespan and pregnancy loss, and the mediating role of inflammation.





Methods

Female participants (3964) from the National Health and Nutrition Examination Survey (NHANES) 2005–2018 were employed in this cross-sectional investigation. The Life’s Essential 8 (LE8) score was categorized into low (<50), moderate (50–79), and high (≥80) CVH. The years between menarche and menopause age was computed as the reproductive lifespan. Pregnancy loss was determined by the discrepancy between the total number of pregnancies and the number of live births. We conducted multivariable linear regression models and zero-inflated negative binomial regression models to investigate the prospective association of CVH with reproductive lifespan and pregnancy loss while accounting for various potential confounders. Mediation analysis was applied to explore the function of inflammation.





Results

After multivariate adjustment, higher CVH levels were notably associated with lower reproductive lifespan (β=−0.32, 95% CI: −0.47, −0.17, P<0.001) and lower number of pregnancy losses (β=−0.04, 95% CI: −0.07, −0.01, P=0.012). Specifically, increased CVH levels were associated with increased age at menarche (β=0.14, 95% CI: 0.10, 0.18, P<0.001) and decreased age at menopause (β=−0.18, 95% CI: −0.33, −0.04, P=0.014). Furthermore, a linear correlation was observed between CVH and reproductive lifespan (P<0.001), while the number of pregnancy losses decreased as CVH levels increase within a certain range and approximately presented an L-shaped relationship (P=0.009). Subgroup analyses proved a stronger inverse association between CVH and reproductive lifespan among never-married women (P for interaction<0.001), whereas no significant interaction existed between CVH and pregnancy loss. Inflammation biomarker alkaline phosphatase (ALP) mediated 9.4% of the association between CVH and reproductive lifespan (P=0.048).





Conclusions

Higher CVH levels were associated with shorter reproductive lifespan and lower prevalence of pregnancy loss at population level, and inflammation may mediate the association of CVH with reproductive lifespan. Comprehensive management of CVH in women may be vital to safeguard their reproductive health.
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1 Introduction

Pregnancy, menarche, and menopause are all key events of female reproductive life and are heavily influenced by hormones. The reproductive lifespan spans from the first to the last menstrual cycle of women (1), while pregnancy loss is known as the discrepancy between the tally of confirmed pregnancies and live newborns, which primarily involves adverse pregnancy events, such as miscarriages, stillbirths, and genetic terminations (2). Since hormone levels and cardiovascular health (CVH) have a complicated relationship, exposure to multiple factors that impair CVH during critical windows could alter the reproductive lifespan and pregnancy outcome. Growing evidence shows that cardiovascular diseases (CVDs) interfere with female reproductive factors, including fertility. On one hand, women with cardiovascular risk factors may heighten the risk of adverse perinatal outcomes during pregnancy (3, 4), and pregnant individuals with preexisting CVDs have elevated incidence rates of preeclampsia, placental abruption, and postpartum hemorrhage (5, 6). On the other hand, CVDs can cause endocrine issues and then alter ovulation and the menstrual cycle (7, 8), ultimately affecting fertility. Hence, the impact of CVH on reproductive health could be substantial.

More recently, the American Heart Association (AHA) introduced an emerging CVH indicator, termed as Life’s Essential 8 (LE8) score (9), which consists of diet, physical activity, smoking, sleep health, body mass index (BMI), untreated total cholesterol, fasting blood glucose, and untreated blood pressure (BP). LE8 was a redefined and recalculated indicator based on Life’s Simple 7, which integrates the above metrics without the sleep domain. It has been demonstrated that sleep quality is associated with female reproductive factors (10). LE8 underpins our study since it reflects up-to-date clinical guidelines and more appropriate responses to interindividual differences and changes. Higher CVH scores indicate better health and lower risk for multiple subsequent cardiovascular and non-cardiovascular events.

Inflammation responses are implicated in the physiological and pathological mechanisms of female reproductive events (11). Alkaline phosphatase (ALP) is an enzyme with multifaceted anti-inflammatory action, which mainly presents in the bone and liver, as well as the placenta, intestine, kidney, and leukocytes (12, 13). Increased serum ALP activity demonstrates significant covariation with inflammation (14, 15) and CVDs (16). In addition, detecting markedly high levels of ALP during the pregnancy might indicate additional risk for adverse obstetrics and perinatal outcome such as preterm labor, gestational diabetes, and hypertensive disorders (17, 18). Of note, it remains to be elucidated as to whether the immune response modulated through the ALP pathway could play important roles in the relationship between CVH and female reproductive health, which could promote a deeper understanding of the mechanistic role orchestrated by ALP in immune metabolism.

The National Health and Nutrition Examination Survey (NHANES) is an ethically approved, cross-sectional, nationwide survey that tracks Americans’ health and nutritional status over the past few decades. Drawing on diverse NHANES cycles, the associations of CVH with life expectancy, metabolic dysfunction, female infertility, cancer mortality, and liver, lung, renal, psychiatry diseases have been highlighted (19–23). However, the association of CVH with reproductive lifespan and pregnancy loss remains poorly understood in the general population. Herein, we comprehensively evaluated the above associations in a nationally representative sample of U.S. women from the 2005–2018 NHANES and sought to identify the mediating effects of immune response involving the ALP pathway.




2 Materials and methods



2.1 Study population

The NHANES is conducted by the National Center for Health Statistics at the Centers for Disease Control and Prevention. It is based on a multilevel probability sampling design for interviews, examinations, and laboratory items. Our data were collected from the 2005–2018 NHANES spanning seven consecutive waves. In total, 39,749 participants were included, and our analyses were limited to 3964 participants eventually. We only included female participants aged 40 and above who reported their age at menarche and natural menopause in the reproductive health questionnaire. Exclusions were implemented for the following individuals (1): missing or incomplete data required for assessing CVH (n=10,730), (2) missing data on relevant menstrual information and the number of pregnancies or live births (n=22,012), and (3) had a hysterectomy or with missing data (n=3043) (Figure 1).




Figure 1 | Flow chart for participant recruitment from NHANES 2005–2018.






2.2 Definitions of LE8 and CVH evaluation

The CVH status was quantified by the LE8 score, which was just launched in 2022; the scoring algorithm incorporates four health behaviors including diet, physical activity, tobacco/nicotine exposure, and sleep, while four health factors include BMI, non-high-density lipoprotein cholesterol, blood glucose, and BP (9). Scoring standards range from 0 to 100 for each indicator. Details on the LE8 CVH score calculation for each metrics have been previously published and are provided in Supplementary Table 1 (9, 24). The LE8 CVH score was computed as the average of these eight metrics and was divided into poor (0–49), moderate (50–79), and high (80–100) groups (4, 9).

Diet metric was evaluated by the Dietary Approaches to Stop Hypertension (DASH) diet score. Information about physical activity times, tobacco/nicotine use, sleep durations, history of diabetes, and medication was collected from self-report questionnaires. During the physical examination, measurements were taken of height, weight, and BP. BMI was computed by weight (kg) divided by height squared (m2). The average of the first three diastolic and systolic BP readings was recorded. Laboratory analysis of blood samples was performed to quantify non-high-density lipoprotein cholesterol, fasting glucose, and glycated hemoglobin levels.




2.3 Reproductive endpoints assessment

To calculate the length of the reproductive lifespan, we collected the self-reported information on age at the first and the last menstrual periods from the Reproductive Health Questionnaire, relying on answers to the questions “How old were you when you had your first menstrual period?” and “About how old were you when you had your last menstrual period?”, respectively. Reproductive lifespan was further analyzed as a continuous variable.




2.4 Pregnancy loss assessment

Pregnancy loss was appraised basing on self-reported reproductive health outcomes obtained through computer-assisted personal interviews and was viewed as a continuous variable for analysis. The number of initiated pregnancies was determined by responses to the following question: “How many times have you been pregnant? Be sure to count all your pregnancies including current pregnancy, live births, miscarriages, stillbirths, tubal pregnancies, and other pregnancies.” For assessing the number of deliveries with live newborns, participants were asked “How many of your deliveries resulted in a live birth? Count the number of total deliveries, not number of live born children.” Pregnancy loss was documented when there was at least one more pregnancy than live birth.




2.5 Covariates and mediators

Drawing from previous research findings and clinical insights, the following demographic and socioeconomic covariates that had been proven to be correlated with cardiovascular health and reproductive factors were included: age, race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, or others), education level (less than high school, high school, or more than high school), poverty income ratio (PIR), and marital status (married/living with a partner, widowed/divorced/separated, or never married), all of which were based on self-reported information.

As for the effect modifier variable, serum ALP was employed as a continuous variable, which has been widely utilized in NHANES studies for measuring inflammation. The variable name “LBXSAPSI” in the NHANES laboratory dataset was used to test ALP serum levels. Serum ALP activity was quantified using the Beckman Synchron LX20 Analyzer (NHANES 2005–2006), the Beckman Synchron LX20 Analyzer and the Beckman Coulter DxC800 Synchron Clinical System (NHANES 2007–2008), the Beckman Coulter DxC800 Synchron Clinical System (NHANES 2009–2014), the Beckman Coulter DxC800 and DxC660i Synchron Clinical Systems (NHANES 2015–2016), and the Roche Cobas 6000 Chemistry Analyzer (NHANES 2017–2018). Comprehensive data regarding the mentioned variables are obtainable through the NHANES database (https://www.cdc.gov/nchs/nhanes).




2.6 Statistical analysis

Categorical variables are presented as percentages, while continuous variables are indicated as mean ± standard deviation. All regression models were weighted using the complex survey design of NHANES. Specifically, we used the fasting subsample weights (WTSAF2YR) because several variables, including serum alkaline phosphatase (ALP) and fasting glucose, were measured in the fasting subsample. Stratification (SDMVSTRA), clustering (SDMVPSU), and appropriate weights were incorporated into all analyses following NHANES analytic guidelines.

In order to determine the association of CVH with reproductive lifespan and pregnancy loss, we fitted three models with increasing covariate adjustments to account for the potential confounding impact of different covariables: unadjusted (Model 1); adjusted for age and race/ethnicity (Model 2); adjusted for age, race/ethnicity, education level, PIR, and marital status (Model 3). Reproductive lifespan, treated as a continuous outcome, was analyzed using survey-weighted multivariable linear regression models. For pregnancy loss, which is a count variable with excess zeros, we also employed zero-inflated negative binomial (ZINB) regression models to appropriately model its distribution and obtain valid estimates. Further, a restricted cubic spline (RCS) regression model, using four knots placed at the 5th, 35th, 65th, and 95th percentiles of the CVH score distribution, was constructed to evaluate the non-linear relationship between CVH and reproductive lifespan and pregnancy loss, respectively. Subgroup analyses were performed by race/ethnicity, age, education level, PIR, and marital status. At last, the R package mediation (version 4.5) was used for mediation analyses, examining whether inflammatory mediated the association of CVH with reproductive lifespan and pregnancy loss. All above statistical examinations were performed in R (version 4.3.3) and EmpowerStats (version 4.2). A P value was deemed statistically significant if it was 0.05 or less.





3 Results



3.1 Baseline characteristics of participants

The general characteristics of the selected participants stratified by CVH levels were summarized in Table 1. In total, 3964 female adults were included in this study, in which 984, 2542, and 438 individuals exhibited low (LE8<50), moderate (50≤LE8<80), and high (LE8≥80) CVH, respectively. Overall, women characterized by higher CVH levels were more frequently to be younger, non-Hispanic white, and married/living with a partner. Moreover, they possessed higher educational levels and PIR but lower number of pregnancies and live births. Additionally, the average reproductive lifespan was 34.86 ± 7.63 years, and the average number of pregnancy losses was 0.74 ± 1.26 in the overall enrolled population. The average total CVH score was 60.70 ± 14.82, while it was 41.83 ± 6.43 in low CVH grade, 63.66 ± 8.15 in moderate CVH grade, and 85.90 ± 4.71 in high CVH grade, respectively. Detailed significant differences of eight LE8 metric scores were also observed among three CVH grades.


Table 1 | Baseline characteristics of participants with different CVH levels estimated from LE8 score.






3.2 Association of CVH with reproductive lifespan

Table 2 displays the association between CVH and reproductive lifespan grounded by the multivariable linear regression analysis. Our findings indicated that higher CVH levels were linked to lower reproductive lifespan in the unadjusted and fully adjusted models, whereas it was not significant in the minimally adjusted model. As shown, when full adjustments were made, it was observed that for every one-unit increment in the continuous CVH score, there was a corresponding decrease of 0.32 years in reproductive lifespan (β=−0.32, 95% CI: −0.47, −0.17, P<0.001). Contrasted with the lowest CVH level, individuals with the moderate and highest CVH levels exhibited decreased reproductive lifespan, with reductions of 0.65 years and 1.15 years (β=−0.65, 95% CI: −1.14, −0.15, P=0.010; β=−1.15, 95% CI: −1.94, −0.36, P=0.004; P for trend=0.002), respectively.


Table 2 | The association between the LE8 CVH score and reproductive lifespan.



By using the RCS model with all confounders fully adjusted, we further found that there was a linear linkage between CVH and reproductive lifespan (P for overall<0.001, P for nonlinear=0.361), as shown in Figure 2A. In other words, the reproductive lifespan of women diminishes with increasing CVH levels.




Figure 2 | Association between CVH and reproductive lifespan (A) and pregnancy loss (B) in the U.S. female adults based on the RCS models. Adjusted: age, race/ethnicity, education level, PIR, and marital status. The solid blue line and the shaded area denote the estimated β values and their corresponding 95% CIs, respectively. CVH, cardiovascular health; RCS, restricted cubic spline; PIR, poverty income ratio.



More specifically, increased CVH levels were associated with increased age at menarche and decreased age at menopause. As presented in Table 3, higher CVH levels were linked to higher age at menarche, both in the unadjusted model and the minimally/fully adjusted model. For every one-unit increment in the continuous CVH score, there was a corresponding increase of 0.14 years in the age at menarche after adjusting for all the proposed confounders (β=0.14, 95% CI: 0.10, 0.18, P<0.001). In addition, participants with the moderate and highest CVH levels exhibited higher age at menarche compared to the lowest CVH level (β=0.23, 95% CI: 0.10, 0.36, P<0.001; β=0.64, 95% CI: 0.42, 0.85, P<0.001; P for trend<0.001). Whereas the age at menopause dropped as CVH levels improved when confounders were fully adjusted (β=−0.18, 95% CI: −0.33, −0.04, P=0.014), but this association ceased to be significant after being fully adjusted in terms of a categorical CVH variable.


Table 3 | The association of the LE8 CVH score with age at menarche and age at menopause.






3.3 Association of CVH with pregnancy loss

To understand the relationship between CVH and pregnancy loss, we still fitted three models with increasing covariate adjustments (Table 4). Both the unadjusted model and the minimally/fully adjusted model revealed that higher CVH levels were tied to lower risk of pregnancy loss. For every one-unit increment in the continuous CVH score, there was a corresponding decline of 0.04 times in the number of pregnancy losses (Model 1: β=−0.04, 95% CI: −0.07, −0.01, P=0.003; Model 2: β=−0.04, 95% CI: −0.07, −0.01, P=0.007; Model 3: β=−0.04, 95% CI: −0.07, −0.01, P=0.012). As a categorical variable, participants with the moderate and highest CVH levels exhibited lower risk of pregnancy loss in contrast to the lowest CVH level (all P for trend<0.05). In ZINB regression models (Supplementary Table 2), higher CVH score was significantly associated with fewer pregnancy losses, and the associations remained consistent across all models. After adjusting for age and socioeconomic factors, each one-unit increase in CVH score was associated with a 0.08 decrease in the expected number of pregnancy losses (β=−0.08, 95% CI: −0.13, −0.02, P=0.005).


Table 4 | The association between the LE8 CVH score and pregnancy loss.



We further employed the RCS analysis to explore the potential non-linear association of CVH with pregnancy loss. As shown in Figure 2B, CVH levels and the number of pregnancy losses approximate an L-shaped relationship (P for overall=0.009, P for nonlinear=0.361), which means the number of pregnancy losses decreases as CVH levels increase within a certain range.




3.4 Subgroup analysis

To further assess the resilience of results, we stratified the data by race/ethnicity, age, education level, PIR, and marital status. CVH levels presented a more pronounced negative correlation of reproductive lifespan in postmenopausal women of non-Hispanic black, less than or more than high school, PIR<1.3, and never married (Figure 3A), and reproductive lifespan values were decreased by 0.8 years (β=-0.80, 95% CI: −1.16, −0.45, P<0.001), 0.38 years (β=−0.38, 95% CI: −0.71, −0.05, P=0.024), 0.36 years (β=−0.36, 95% CI: −0.57, −0.16, P<0.001), 0.54 years (β=−0.54, 95% CI: −0.81, −0.27, P<0.001), and 1.15 years (β=−1.15, 95% CI: −1.60, −0.70, P<0.001) with each unit increase in the continuous CVH score, respectively. Moreover, we observed a differential relationship of CVH with reproductive lifespan by marital status, with this negative relationship more pronounced among never-married women (P for interaction<0.001), whereas there was no significant interaction of other stratified variables between CVH levels and reproductive lifespan.




Figure 3 | Forest plots of subgroup analyses of CVH with reproductive lifespan (A) and pregnancy loss (B). Adjusted: race/ethnicity, age, education level, PIR, and marital status, except the stratified variable itself. CVH, cardiovascular health; PIR, poverty income ratio.



In addition, as CVH levels increase, the frequency of pregnancy losses is lower for women of other races, middle-age (40–59 years old), more than high school education level, PIR>3.5, and married/living with a partner (Figure 3B), with the prevalence of pregnancy losses decreased by 0.11 times (β=−0.11, 95% CI: −0.19, −0.04, P=0.003), 0.07 times (β=−0.07, 95% CI: −0.12, −0.03, P=0.003), 0.05 times (β=−0.05, 95% CI: −0.10, −0.01, P=0.011), 0.08 times (β=−0.08, 95% CI: −0.14, −0.03, P=0.001), and 0.06 times (β=−0.06, 95% CI: −0.10, −0.01, P=0.009) with each unit increase in the continuous CVH score, respectively. However, no significant interaction was noted between CVH levels and pregnancy loss (all P for interaction>0.05).




3.5 Inflammation mediated the association between CVH and reproductive lifespan

The current study estimates the mediating effect of inflammation biomarker ALP, based on the hypothesis that CVH has influence on reproductive lifespan through ALP. As shown in Figure 4, ALP level mediated the negative association between CVH and reproductive lifespan, accounting for 9.4% (P value for mediation=0.048) of the effect (Figure 4A). In terms of the association between CVH and pregnancy loss (Figure 4B), ALP level mediated significant direct effect, but the indirect effect was not significant (P value for mediation>0.05).




Figure 4 | Mediation effects of inflammation biomarker ALP in the associations of CVH with reproductive lifespan (A) and pregnancy loss (B). CVH, cardiovascular health; ALP, alkaline phosphatase.







4 Discussion

In a representative sample of U.S. postmenopausal women from NHANES 2005–2018, adherence to the LE8 metrics for CVH was associated with a shorter reproductive lifespan. Notably, the inverse association between CVH and reproductive lifespan was stronger among never-married women. Mediation analyses revealed that inflammation biomarker ALP may mediate the association between CVH and reproductive lifespan. There was compelling evidence indicating that the likelihood of reporting an elevated frequency of pregnancy loss was also lower as CVH levels improve. Further analyses using RCS models revealed a linear relationship between higher CVH levels and shorter reproductive lifespan, while the number of pregnancy losses decreases as CVH levels increase within a specific range and roughly presented an L-shaped relationship.

Reproductive lifespan holds significance of health status and physical aging in women. Since the timing of both onset and cessation of menstruation are known to be independent and vary among individuals, there may be distinct determinants, from hereditary and developmental factors to the combined effects of complex hormonal, environmental, and lifestyle exposures, influencing the reproductive timing (25–28). Thus far, no previous studies have considered the association of CVH estimated from LE8 score with reproductive lifespan, although better CVH was reported to be associated with lower occurrence of female infertility (22, 29). In our large population made of postmenopausal women, higher CVH levels were associated with shorter reproductive lifespan, exactly, delayed menarche and early menopause. It is known that significant overlap existed between female reproductive disorders like infertility, polycystic ovary syndrome, and the risk factors of CVDs as well as metabolic dysfunction (30). Previous pieces of evidence showed that female infertility was related to increased risk of early menopause (31), and the predicted reproductive lifespan of polycystic ovary syndrome cases was extended by an average of two years compared with normo-ovulatory females (32). Rather, in a Mendelian randomization analysis, biomarkers of CVD risk factors as measured by several types of lipids and blood pressure showed no impact on the risk of female infertility; of note, circulating levels of cardiometabolic risk determinants were not available in this investigation (33). The direct comparison of the above studies may be difficult due to different categories of CVH assessments. Notably, we employed LE8 as a novel CVH measurement which considers a broader range of health components. Numerous studies have emphasized the advantages of LE8 as a predictor of cardiovascular-related events. For example, LE8 surpassed LS7 in the prediction of coronary artery stenosis (34), and LE8 showed superior predictive ability for the risk of subsequent CVD mortality in individuals diagnosed with chronic kidney disease (35). Moreover, it is well recognized that sleep quality and pattern are frequently interrelated with reproductive events. Accordingly, the present results which has been disclosed under this newly developed scoring method were likely to be more fully and accurate.

Currently, there is an expanding body of data demonstrating that worse maternal CVH is associated with the incidence of adverse pregnancy outcomes, such as fetal death, preterm birth, preeclampsia, and small-for-gestational age birth (36, 37). Our findings are in agreement with the above evidence, showing that lower degree of CVH was suggestively related to increased number of pregnancy losses, which occur in 12%–15% of pregnancies. Several individual CVH metrics potentially correlated with pregnancy loss have been proven in previous research studies; for example, healthy dietary pattern and moderate occupational physical activity could reduce the chance of pregnancy loss (38, 39), while sedentary behavior, smoking, sleep–wake disorders, overweight or obesity, low-density lipoprotein cholesterol, blood glucose abnormality, and hypertensive disorders are highly associated with pregnancy loss (40–45). Results from the above observational studies may be distorted owing to residual confounding. Herein, LE8 score, which explores the overall effects of numerous health-related factors on CVH, was utilized, thus providing more solid evidence for understanding the diverse determinants affecting pregnancy loss before formulating effective intervention strategies.

While a priori, a shorter reproductive lifespan will reduce the chances of initiating pregnancy, there is substantial evidence supporting that extending the length of reproductive lifespan does not necessarily mean better pregnancy outcomes; for example, diabetes, hypertension, and other age-related diseases can negatively impact reproductive endpoints (46–48). Moreover, both premature and delayed timing of menarche and menopause have been correlated with non-reproductive detrimental health outcomes. It should be noted that women experiencing premature menarche or delayed menopause are at higher risk of steroid hormone-driven cancers, like breast, endometrial, and ovarian cancer (49–51). In addition, premature menarche also has been related with premature death, depression, CVDs, obesity, and type 2 diabetes mellitus (52–54), while diminished bone mineral density and a rising incidence of depressive disorders have been linked to delayed menarche (55, 56). Meanwhile, early menopause may increase the likelihood of long-term health issues, including reduced overall survival and increased risk of CVDs, osteoporosis, and mortality (57–59). Our results in the current research align with the above hypothesis that a prolonged reproductive lifespan does not seem to be related to optimal pregnancy outcome, but higher frequency of pregnancy loss. Potential mechanisms of the capacity damage of pregnancy maintenance could be through an increase in maternal age, which may lead to an increase in the rate of aneuploidy in embryos or a higher risk of neuroendocrine disorder, both in the reproductive organs and the entire body system. Given the adverse health effects of extended reproductive lifespan, public health interventions and effective and safe individualized plans could be urgently warranted.

Recent studies have elucidated novel insights into the mechanistic function of ALP in immunometabolic regulations. The potential anti-inflammatory ALP pathways may include the anti-inflammatory adenosine production, lipopolysaccharide detoxification, autophagy-dependent cellular degradation, mitochondrial biogenesis, and caveolin-dependent endocytosis (60–62). In this study, we found that ALP functioned as a critical modifier in the stable negative association between CVH and the duration of reproductive lifespan, accounting for 9.4% of the proportion using mediation analysis. Thus, we speculated that exposure to CVH metrics can balance inflammation states in the organ systems, at least partially, and then potentially lead to the alteration of reproductive events. The well-established mechanisms of immune response induced by the CVH metrics have yet to be determined, but in theory, it can be inferred from the aforementioned mechanism. Apart from the most prominent clinical diagnostic values on hepatobiliary system and musculoskeletal diseases, ALP also experiences noteworthy changes in various types of pathological pregnancy. Current studies have demonstrated that women with habitual abortion exhibit significantly elevated ALP levels compared to control groups (63), and ALP heightens the risk of spontaneous pregnancy loss in pregnant women (64). However, the pathology linking ALP to pregnancy loss is not well established in our cohort. To our knowledge, ALP is present in many tissues in the body while it was only measured in the serum in NHANES; thus, we were unable to confirm the origin of the enzyme, which means that this viewpoint remains speculative, and future researches should focus on specific ALP isozymes for further characterization.

The strength of our study lies in the statistically rigorous sampling design and weighted analysis of the large-scale NHANES data, which enable our findings to be extended to the U.S. general population, although it may not be directly generalized to other study settings or populations. More importantly, previous research has also reported the adverse effect of CVDs on female reproduction, but this is the first effort to focus on the association of CVH with reproductive lifespan and pregnancy loss. The employment of LE8, a currently updated measure of CVH with superior predictive ability, strengthened the credibility and accuracy of the results. The extensive adjustments for confounding factors, including age, race/ethnicity, education level, PIR, and marital status, ensured the validity and stability of the conclusion. There are also some limitations to note. Firstly, our conclusions must be interpreted cautiously in light of the cross-sectional design, which means it is not possible to infer causality. Although they have not always been consistent, few studies reported that reproductive factors such as the number of pregnancies may have influence on the risk of CVDs, supporting a likely possibility of a mutual influence between CVH and reproductive events. Secondly, despite considerably adjusting potential confounders and conducting sensitivity analyses, we were unable to assess the impact of residual confounding factors such as menstrual regularity, which was not available in NHANES. To clarify the underlying mediation effect, more unmeasured confounders need to be accurately identified and deeply evaluated by further prospective studies. Finally, we had difficulties in discarding some misclassified data due to the age information on menstruation. In addition, the calculated number of pregnancy losses was based on self-reports and may be prone to reporting bias.




5 Conclusions

Our study based on the NHANES data involving 3964 female adults suggested that higher CVH levels were associated with a shorter reproductive lifespan and a higher proportion of never-married women. ALP appeared to mediate the relationship between CVH and reproductive lifespan duration. Additionally, higher CVH levels were linked to lower odds of pregnancy loss prevalence. Promoting the convenience of data collection and calculation of LE8 score may allow the general public to get earlier practitioner-directed guidance for achieving optimal cardiovascular and reproductive health in women. Further prospective studies and mechanistic research are needed to clarify the underlying causal relationships and biological mechanisms.
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Non-Hispanic Black 702 0.02 (-0.05, 0.09) 0.518 ——
Mexican American 592 -0.08 (-0.16, 0.00) 0.612 ——
Other races 795 -0.11 (-0.19, -0.04) 0.003 e
Age 0.062
< 40 years 174 -0.04 (-0.21, 0.13) 0.631 =
40-59 years 1404 -0.07 (-0.12, -0.03) 0.003 —o—
2 60 years 2386 -0.01 (-0.05, 0.04) 0.782 —o—
Education level 0.861
< high school 1030 -0.06 (-0.12, 0.01) 0.081 —e—-
High school 941 -0.01 (-0.07, 0.05) 0.761 —0—
> high school 1991 -0.05(-0.10, -0.01) 0.011 —e—
PIR 0.176
<1.3 1230 -0.03 (-0.09, 0.02) 0.214 —_———
1.3-3.5 1262 -0.00 (-0.06, 0.05) 0.918 ——
=815 1472 -0.08 (-0.14, -0.03) 0.001 ——
Marital status 0.363
Married/ Living with a partner 2010 =0.06 (=0.10, =0.01) 0.009 ——
Widowed/ Divorced/ Separated 1590 -0.02 (-0.07, 0.03) 0.408 ——
Never married 364 -0.04 (-0.17, 0.09) 0.589 —_—
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Characteristics Total Low (LE8 < 50) Moderate (50 < LE8 < 8 High (LE8 > 80) P value

No. of participants in sample 3964 984 2542 438

Age, y (SD) 61.82 £11.80 = 6225+ 10.36 62.32 + 11.99 57.91 + 12,95 < 0.001

Age at menarche, y (SD) 12.88 + 1.80 1271 + 1.84 1290 + 1.78 13.13 + 1.74 < 0.001

Age at menopause, y (SD) 47.73 £ 747 47.70 + 6.86 47.84 £ 744 47.21 + 8.81 0.157

Reproductive lifespan, y (SD) 34.86 + 7.63 3499 +7.13 34.94 £7.56 34.09 + 8.99 0.681

Number of pregnancies, n (SD) 3.65+224 4.02 + 2.49 3.62+219 3.01 + 1.64 < 0.001

Number of live births, n (SD) 298 + 1.84 3.26 + 2.06 2.96 £ 1.79 242 £ 127 < 0.001

Number of pregnancy losses, n (SD) 0.74 £ 1.26 0.82 + 1.31 072 £ 1.25 0.70 + 1.12 0.207

PIR (SD) 2.56 £ 1.63 1.93 + 1.38 2.61 £ 1.62 3.66 £ 1.57 < 0.001

Race/ethnicity, n (%) < 0.001
Non-Hispanic White 1865 (47.05%) = 417 (42.38%) 1187 (46.70%) 261 (59.59%)

Non-Hispanic Black 712 (17.96%) 241 (24.49%) 432 (16.99%) 39 (8.90%)
Mexican American 592 (14.93%) 180 (18.29%) 376 (14.79%) 36 (8.22%)
Others 795 (20.06%) 146 (14.84%) 547 (21.52%) 102 (23.29%)

Education level, n (%) < 0.001
Less than high school 1030 (25.98%) = 347 (35.26%) 659 (25.92%) 24 (5.48%)

High school 943 (23.79%) 268 (27.24%) 616 (24.23%) 59 (13.47%)
More than high school 1991 (50.23%) = 369 (37.50%) 1267 (49.84%) 355 (81.05%)

Marital status, n (%) <0.001
Married/Living with a partner 2010 (50.71%) = 422 (42.89%) 1288 (50.67%) 300 (68.49%)
‘Widowed/Divorced/Separated 1590 (40.11%) = 464 (47.15%) 1024 (40.28%) 102 (23.29%)

Never married 364 (9.18%) 98 (9.96%) 230 (9.05%) 36 (8.22%)

AHA LES8 score (SD)

Total CVH score 60.70 + 14.82 41.83 + 6.43 63.66 + 8.15 85.90 + 4.71 < 0.001
Mean DASH diet score 50.53 + 32.56 | 29.72 + 27.57 54.12 + 31.04 76.47 +24.11 < 0.001
Mean physical activity score 3621 + 4447 | 7.05 + 2202 38.05 + 44.35 91.05 + 21.32 < 0.001
Mean tobacco/nicotine exposure score | 76.79 + 33.13 = 58.42 + 39.51 81.38 + 29.47 9142 £17.11 < 0.001
Mean sleep health score 81.90 + 25.14 70.13 + 29.44 84.38 + 23.16 93.95 + 13.07 < 0.001
Mean BMI score 57.19 + 34.60 34.67 + 30.42 60.52 + 32.71 88.50 + 19.13 < 0.001
Mean blood lipid score 58.31 + 30.27 4427 + 29.81 60.96 +29.11 7447 + 2530 < 0.001
Mean blood glucose score 72.56 + 27.99 55.51 +29.03 75.77 £ 25.68 92.19 + 16.56 < 0.001
Mean BP score 52.11 + 3341 34.84 + 28.55 54.14 + 32.51 79.17 + 26.69 < 0.001

Mean (SD) for continuous variables: the P value was calculated by the weighted linear regression model.

Percentages for categorical variables: the P value was calculated by the weighted chi-square test.

CVH, cardiovascular health; LES, Life’s Essential 8; SD, standard deviation; PIR, poverty income ratio; AHA, American Heart Association; DASH, Dietary Approaches to Stop Hypertension;
BMI, body mass index; BP, blood pressure.
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