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Objective

Infertility is not only a reproductive issue but is also closely linked to cardiovascular health and other factors. Life’s Crucial 9 (LC9) is a set of lifestyle guidelines aimed at improving cardiovascular health, yet its potential association with infertility remains underexplored. This study aims to investigate the relationship between LC9 and infertility, providing new insights and strategies for the prevention and management of infertility.





Methods

This study utilized data from the National Health and Nutrition Examination Survey (NHANES) from 2013 to 2018. Multivariate logistic regression and weighted quantile sum (WQS) regressions were employed to investigate the association between LC9 and infertility. Restricted cubic spline (RCS) analysis explored the linear or non-linear relationship between LC9 and infertility. Interaction analyses were conducted on subgroups to validate the findings.





Results

There was a significant negative association between LC9 and infertility. After adjusting for covariates, for every 10-point increase in LC9, there was a 35% decrease in the prevalence of infertility (P < 0.001). This negative correlation persisted when LC9 was divided into quartiles. Moreover, as LC9 increased, there was a trend towards lower infertility prevalence (P for trend < 0.001). WQS analyses showed consistent associations (OR=0.27, 95%CI: 0.14, 0.53), with sleep health score, psychological health score, and Body mass index score as significant factors. The dose-response curve indicated a linear association between LC9 and infertility, with higher LC9 associated with lower infertility risk.





Conclusion

The results of this study show a strong negative correlation between LC9 and the prevalence of infertility. Clinically, these findings offer hope for infertility patients, suggesting that adherence to a higher LC9 score significantly reduces the risk of infertility. This will provide a new avenue for infertility prevention and management, offering hope and potential relief to infertile patients.
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1 Introduction

Infertility is defined as the inability to conceive after at least 12 months of unprotected intercourse. Approximately 8%-12% of couples of reproductive age worldwide suffer from infertility (1). Although male infertility accounts for more than half of these cases, the burden of infertility is still predominantly borne by women (2). Infertility is a condition characterized by reproductive dysfunction resulting from various etiologies and is a significant reproductive health issue for couples of childbearing age. The causes of infertility can be attributed to organic factors (such as pelvic diseases) or iatrogenic factors (such as postoperative adhesions), but lifestyle and psychological stress may also play a role (3). The risk factors and mechanisms of infertility remain subjects of ongoing research. Several studies have indicated that infertility is associated with sleep (3), diet (4), appropriate exercise (5), diabetes (6), obesity (7), dyslipidemia (8), cardiovascular diseases (9), and smoking (10).

In 2010, the American Heart Association (AHA) defined cardiovascular health (CVH) and quantified it using seven metrics known as Life’s Simple 7, which includes diet, physical activity, smoking status, BMI, total cholesterol, blood pressure, and blood glucose. In 2022, the AHA added sleep as a new component of CVH, introducing Life’s Essential 8 (LE8) to further encourage personal and community health and to provide a more comprehensive reflection of cardiovascular health (11). On February 27, 2024, an article published in Circulation highlighted that individual mental health is a crucial component of enhancing cardiovascular health (12). Therefore, it is proposed to expand Life’s Essential 8 (LE8) by adding a mental health metric, creating what can be termed Life’s Crucial 9 (LC9). LC9 encompasses four health behaviors (diet, physical activity, smoking cessation, sleep) and five health factors (healthy weight, normal cholesterol levels, blood glucose, blood pressure, and mental health). Compared to LE8, LC9 redefines cardiovascular health by incorporating the new mental health metric, making it more aligned with clinical practice. Consequently, LC9 can better represent an individual’s cardiovascular health status and more accurately reflect the underlying pathophysiological changes within the body.

To date, numerous studies have explored the impact of the four health above behaviors and five health factors of CVH on infertility. However, the relationship between LC9 (the composite metric) and infertility has not yet been investigated. Previous research has indicated that infertility is associated with lower CVH scores in middle-aged women, focusing solely on diet, sleep, physical activity, smoking, BMI, total cholesterol, blood pressure, and blood glucose (13), without considering the impact of mental health on infertility. Nevertheless, mental health is very prevalent in the occurrence and development of infertility (14–19), and various psychological interventions are currently employed to address infertility (20).

With the ongoing changes in global lifestyles and environmental factors, the incidence of infertility has shown a marked upward trend. Given its complex etiology and uncertain treatment options, identifying modifiable factors associated with infertility has become a critical focus of current research, aiming to intervene and prevent its occurrence. Therefore, this study utilized data from the 2013-2018 cycles of the National Health and Nutrition Examination Survey (NHANES) in the United States. This database, with its comprehensive individual health indicators and lifestyle data, provides a broad population sample and a solid foundation for investigating infertility-related factors and their impact on cardiovascular health. For the first time, this study systematically analyzed the relationship between various independent LC9 factors and infertility, evaluating their potential roles in preventing infertility. This research not only aims to uncover further details about the complex causes of infertility but also provides important evidence-based support for clinical practice, advancing the development and implementation of public health strategies.




2 Methods



2.1 Study population

The National Health and Nutrition Examination Survey (NHANES) is a nationally representative cross-sectional survey conducted through home interviews and mobile examination centers, aimed at assessing the health and nutritional status of the U.S. population (21). This survey utilized data from 29,400 participants over three cycles of NHANES, spanning from 2013 to 2018. After excluding individuals <18 or >45 years old (n = 21,186), males (n = 3,891), and participants with missing or incomplete LC9 and infertility data (n = 1,975), a total of 2,348 participants were included in the final analysis. Figure 1 displays a flowchart of the entire selection process. NHANES is approved by the Research Ethics Review Board of the National Center for Health Statistics, and all participants provided informed consent (22). The data used in this study are de-identified and publicly available (https://www.cdc.gov/nchs/nhanes/index.htm).




Figure 1 | A flow diagram of eligible participant selection in the National Health and Nutrition Examination Survey.






2.2 Measurement



2.2.1 Assessment of Life’s Crucial 9

LC9 includes nine metrics: four health behaviors (healthy diet, physical activity, smoking cessation, and healthy sleep) and five health factors (weight management, cholesterol control, blood glucose management, blood pressure management, and mental health). Detailed instructions on calculating each participant’s LC9 score using the NHANES database can be found in Supplementary Table S1. In summary, each of the nine LC9 metrics has a score ranging from 0 to 100. The overall LC9 score is determined by averaging the scores of the nine individual metrics. A healthy diet is assessed using the Healthy Eating Index 2015 (HEI-2015) (23, 24). The components and scoring criteria of HEI-2015 are detailed in Supplementary Table S2. Sleep health, smoking status, physical activity, and mental health are derived from standardized questionnaires, while BMI, blood pressure, blood glucose, and cholesterol are obtained by trained professionals from the NHANES database (https://www.cdc.gov/nchs/nhanes/index.htm).




2.2.2 Diagnosis of infertility

As in previous studies (25, 26), infertility is defined as a decrease in the ability of an individual or their partner to conceive, evidenced by the inability to achieve pregnancy after one year or more of regular, unprotected intercourse. In this study, the assessment of infertility was derived from the NHANES Reproductive Health Questionnaire (RHQ074). Specifically, participants were asked the following question: “Have you ever tried to become pregnant for a year or longer without becoming pregnant?” Those who answered “yes” were classified as infertile (https://wwwn.cdc.gov/Nchs/Nhanes/2013-2014/RHQ_H.htm#RHQ074).





2.3 Covariables

According to previous studies (25, 26), the covariates in this research include age, race, marital status, education level, family poverty-to-income ratio (PIR), smoking, alcohol consumption, Physical activity, hypertension, diabetes, and hypercholesterolemia. For detailed information on these covariates, please refer to Supplementary Table S3.




2.4 Statistical analyses

In this study, all data were statistically analyzed using R (version 4.3.1). The data were weighted, with continuous variables presented as mean ± standard deviation, and p-values calculated using weighted linear regression models. Percentages for categorical variables (weighted N, %) and their p-values were calculated using weighted chi-square tests. The association between LC9 and infertility was analyzed using multivariable logistic regression models, where LC9 was categorized into quartiles. Trend tests and p-values for linear trends were calculated to determine the consistency of the relationship. Three models were constructed in this study: (1) an unadjusted crude model; (2) a model adjusted for age, race, education level, marital status, and family poverty-to-income ratio (PIR); and (3) a model further adjusted for smoking, alcohol consumption, Physical activity, hypertension, diabetes, and hypercholesterolemia. A smooth curve fitting was applied to further explore the potential linear relationship between LC9 and infertility. Additionally, odds ratios (ORs) were calculated for every 10-point increase in LC9, with subgroup analyses conducted based on age, race, marital status, education level, PIR, smoking, physical activity, alcohol consumption, hypertension, diabetes, and hypercholesterolemia.

In addition, we applied the WQS to explore the overall effect of each LC9 metric on infertility. LC9 metric with a WQS weighting (ranging from 0 to 1 and summing to 1) higher than 0.111 (the mean of the 9 LC9 metric) were identified as major contributors. The significance was determined by p-values below 0.05.





3 Results



3.1 Characteristics of the participants

This study included 2,348 women aged 18 to 45, representing approximately 36.26 million reproductive-aged women in the United States. The prevalence of infertility was 13% (equivalent to 4.66 million), with an average (SD) CVH score of 70.74 (14.23). Table 1 (weighted) indicates that compared to women without infertility, those with infertility had lower CVH scores [no infertility: 76.62 (13.29); infertility: 70.74 (14.23)]. Statistically significant differences (all p<0.05) were observed between infertility and non-infertility groups in terms of age, cohabitation status, smoking, alcohol consumption, hypertension, diabetes, and hyperlipidemia. Compared to women without infertility, those with infertility tended to be older (35-45 years), married, Caucasian, and heavy drinkers. The unweighted baseline characteristics are detailed in Supplementary Table S4.


Table 1 | Baseline characteristics of all participants were stratified by infertility, weighted.






3.2 Association between LC9 and infertility

As shown in Table 2, three different models were used to assess the association between LC9 and its nine sub-scores with infertility. In Model 3, after full adjustment for covariates, each 10-point increase in LC9 was associated with a 35% reduction in the odds of infertility [odds ratio: 0.65 (95% confidence interval: 0.54, 0.80)]. As the LC9 quartiles increased (with Q1 as the reference), the incidence of infertility progressively decreased, with the corresponding results being: Q2: [odds ratio: 0.53 (95% confidence interval: 0.32, 0.87)], Q3: [odds ratio: 0.33 (95% confidence interval: 0.17, 0.62)], and Q4: [odds ratio: 0.27 (95% confidence interval: 0.15, 0.50)]. Additionally, a statistically significant trend was observed with lower infertility incidence as LC9 increased (P for trend < 0.001). In all models, except for the physical activity score, other LC9 sub-scores maintained a significant negative association with infertility. Furthermore, consistent results were obtained in the unweighted analysis (Supplementary Table S5). Figure 2 further illustrates the significant negative correlation between LC9 and the prevalence of infertility (P for overall < 0.001; P for non-linear = 0.468).


Table 2 | Adjusted odds ratios (ORs) of LC9 and infertility, weighted.






Figure 2 | Dose-response relationships between LC9 and infertility. (A) weighted; (B) unweighted. OR (solid lines) and 95% confidence levels (shaded areas) were adjusted for age, education level, marital, PIR, race, smoking, drinking, Physical activity, hypertension, diabetes, and high cholesterol.






3.3 Subgroup analysis

The results of the subgroup analysis are shown in Figure 3. In most subgroups, LC9 scores were negatively correlated with infertility (P < 0.05). There was a significant interaction between LC9 scores and age (P < 0.05). For every 10-point increase in LC9, the odds of infertility decreased by 69% [0.31 (0.17, 0.57)] in women aged 18-25, which was significantly higher than the reduction observed in women aged 26-34 [0.60 (0.45, 0.80)] and those aged 35-45 [0.74 (0.56, 0.96)]. Similarly, in the unweighted subgroup analysis shown in Figure 3B, there were significant interactions between LC9 scores and both age and blood pressure (P < 0.05).




Figure 3 | Subgroup analysis between LC9 and infertility. (A) weighted; (B) unweighted. ORs were calculated as per 10-unit increase in LC9. Analyses were adjusted for age, education level, marital, PIR, race, smoking, drinking, Physical activity, hypertension, diabetes, and high cholesterol.






3.4 WQS analyses

The WQS index from the WQS regression was negatively associated with the risk of infertility (OR 0.27,95% CI 0.14 to 0.53) (Supplementary Table S6). Figure 4 showed that all sub-scores were negatively associated with infertility, with sleep health (weight = 0.244) identified as the most important factor influencing the presence of infertility, followed by psychological health and Body mass index score (weights = 0.178 and 0.148).




Figure 4 | Weights represent the proportion of partial effect for each LC9 metric in the WQS regression. The model adjusted for age, education level, marital status, PIR, and race.







4 Discussion

In this study, we found a significant negative correlation between CVH (quantified by LC9 scores) and the risk of infertility. Subgroup analysis further revealed a more pronounced interaction between LC9 scores and age in women younger than 35 years. This underscores the potential impact of cardiovascular health on the occurrence of infertility and highlights the importance of early monitoring and control of CVH, as quantified by LC9 scores, to reduce the incidence of infertility. In addition, the WQS regression results showed that sleep health (weight = 0.244) was considered the most important factor influencing the occurrence of infertility, followed by mental health and body mass index score (weights = 0.178 and 0.148).

To our knowledge, this is the first study to investigate the association between the new CVH metric (LC9) and the prevalence of infertility. Previous research has indicated that women with infertility have an increased risk of poorer CVH in middle age (quantified by LE8 scores) compared to women without infertility (13). This suggests a link between infertility and cardiovascular health, providing valuable insights for exploring CVH metrics and their relationship with infertility.

However, merely indicating the association between LE8 and infertility is insufficient. Infertility is a multifactorial condition closely related to various cardiovascular risk factors. For instance, a cross-sectional study involving 1,820 participants highlighted a strong association between sleep disorders and female infertility, potentially linked to the activation of the HPA axis (hypothalamic-pituitary-adrenal axis), which reduces endometrial receptivity (27). Additionally, a prospective study involving 385,292 participants demonstrated that healthy sleep patterns are associated with a reduced risk of cardiovascular diseases, coronary heart disease, and stroke (28). Another case-control study of 180 infertile women and 540 fertile women indicated that the psychological health of infertile women might be adversely affected (29). These shared risk factors may underlie both infertility and cardiovascular disease, with women experiencing infertility having a higher prevalence of cardiovascular risk factors even before conception (30). These pieces of evidence suggest that the CVH score assessed by LC9 could serve as an indicator of both cardiovascular health status and infertility incidence. Our study results demonstrate a negative linear relationship between CVH and infertility from various perspectives. For example, WQS results indicate that sleep health, mental health, BMI, and tobacco exposure are more closely associated with infertility after adjusting for other confounding factors.

The mechanisms underlying the relationship between cardiovascular health and infertility are multifaceted and complex. Possible mechanisms include:(1) Insulin Resistance (IR): Insulin resistance is a pathogenic mechanism in various diseases. Research suggests that IR may affect oocyte quality by reducing mitochondrial function and exacerbating oxidative stress in follicles, thereby further impairing mitochondrial function and inducing the release of inflammatory factors (31). (2) Lipid Metabolism Disorders: Dyslipidemia, a major contributor to cardiovascular disease, is typically characterized by elevated circulating levels of low-density lipoprotein cholesterol (LDL-C) and/or triglycerides (TG), along with reduced levels of high-density lipoprotein cholesterol (HDL-C). Women with lipid metabolism disorders tend to exhibit deteriorated cumulus-oocyte complex (COC) morphology and a decreased number of cleavage-stage embryos. Elevated TC concentrations may adversely affect endometrial receptivity, leading to infertility (8). (3) Endothelial Dysfunction: It is well-known that the incidence of cardiovascular diseases is significantly lower in premenopausal women compared to men, largely due to the protective role of estrogen on cardiovascular health. Estrogen regulates lipoproteins and possesses anti-apoptotic properties by increasing the activation of the protective PI3K/Akt pathway and reducing inflammation and cytokine production. Endothelial cell damage is closely related to cardiovascular diseases, and estrogen also plays a role in vascular function regulation. Studies suggest that the decline in regulatory function is due to estrogen loss rather than aging (32). Endocrine abnormalities causing female infertility, such as polycystic ovary syndrome (PCOS), are associated with endocrine disorders like hyperandrogenism.

Studies have shown that sleep disorders, including disturbances in sleep duration and continuity, can interfere with reproductive capabilities or lead to the activation of the hypothalamic-pituitary-adrenal (HPA) axis, further disrupting reproductive functions. Sleep disorders may also affect reproductive hormones such as thyroid-stimulating hormone (TSH), follicle-stimulating hormone (FSH), and prolactin (PRL) (3). Age is negatively correlated with oocyte quality, potentially due to the accumulation of DNA damage in oocytes from environmental stress factors over time or the first-in-first-out principle, where higher-quality oocytes are ovulated earlier in life. Additionally, the shortening of oocyte telomeres with age contributes to the decline in oocyte and embryo viability (33). A meta-analysis indicated that psychological interventions could improve pregnancy rates (20). For example, a study by Rong Zhou and colleagues (34) demonstrated that cognitive behavioral therapy (CBT) and the integrative body–mind–spirit (BMS) approach play important roles in improving pregnancy rates, with BMS being associated with reduced anxiety. Additionally, a prospective, controlled, single-blind, randomized study by Alice D. Domar et al. (35), which included 184 women who had been attempting to conceive for 1 to 2 years, demonstrated that group psychological interventions appeared to increase pregnancy rates in women with infertility. Moreover, factors such as obesity, diet, smoking (33), and lipid abnormalities—components of LC9—affect these pathophysiological processes. Therefore, these studies collectively emphasize the importance of LC9 in infertility and provide further theoretical support for this research.

The results of this study provide important guidance for the management and prevention of infertility. This is the first time LC9 has been used to predict the risk of infertility, demonstrating its potential clinical value. By adjusting for other confounding factors, the results are more reliable, and the representative sample obtained through national sampling allows for extrapolation to a larger population. However, there are limitations: (1) This study is cross-sectional, which prevents establishing a causal relationship between LC9 and infertility (36). Large-scale cohort studies are needed to further validate the current findings. (2) Data collection primarily relied on questionnaires, which may introduce measurement errors. (3) Despite adjusting for many confounding factors, the limitations of the NHANES database prevented us from including certain potential confounders of infertility, such as male-only causes, uterine structural abnormalities, and other anatomical factors, which may have a weaker association with CVH. (4) This study did not take into account participants’ job status or their exposure to other chemical and physical pollutants. For example, global warming and working in hot and humid environments may impact reproductive health in both men and women, potentially leading to infertility, which could affect the study’s findings. Therefore, caution should be exercised when interpreting the results due to this limitation. In future studies, we plan to include these factors as confounding variables in the model to improve the accuracy of infertility research.




5 Conclusion

In conclusion, the findings of this study reveal a significant protective association between Life’s Crucial 9 (LC9) and the incidence of infertility. This discovery not only provides scientific support for the application of LC9 in infertility risk assessment but also underscores its potential clinical significance in promoting reproductive health. By integrating LC9 into routine health management, healthcare professionals can more effectively identify and manage high-risk populations for infertility, thereby enhancing overall reproductive health. Furthermore, this study lays the groundwork for future research to validate the efficacy and mechanisms of LC9 in larger populations, advancing the development of infertility prevention strategies.





Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary Material.





Author contributions

SH: Conceptualization, Data curation, Investigation, Software, Writing – original draft, Writing – review & editing. SD: Conceptualization, Methodology, Writing – original draft, Writing – review & editing. SC: Formal Analysis, Methodology, Project administration, Supervision, Writing – review & editing. HG: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.




Acknowledgments

We are very grateful to the NHANES database for all the data provided.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2025.1465022/full#supplementary-material




References

1. Borght, MV, and Wyns, C. Fertility and infertility: Definition and epidemiology. Clin Biochem. (2018) 62. doi: 10.1016/j.clinbiochem.2018.03.012

2. Inhorn, MC, and Patrizio, P. Infertility around the globe: new thinking on gender, reproductive technologies and global movements in the 21st century. Hum Reprod Update. (2015) 21:411–26. doi: 10.1093/humupd/dmv016

3. Kloss, JD, Perlis, M, Zamzow, J, Culnan, E, and Gracia, C. Sleep, sleep disturbance and fertility in women. Sleep Med Rev. (2015) 22:78. doi: 10.1016/j.smrv.2014.10.005

4.Diet and fertility: a review. Am J Obstet Gynecol. (2018) 218(4):379–89. doi: 10.1016/j.ajog.2017.08.010

5. Mumford, SL, Johnstone, E, Kim, K, Ahmad, M, Salmon, S, Summers, K, et al. A prospective cohort study to evaluate the impact of diet, exercise, and lifestyle on fertility: design and baseline characteristics. Am J Epidemiol. (2020) 189. doi: 10.1093/aje/kwaa073

6.Diabetes: a metabolic and reproductive disorder in women. Lancet Diabetes Endocrinol. (2020) 8(2):134–49. doi: 10.1016/S2213-8587(19)30345-6

7. Legro, RS, Hansen, KR, Diamond, MP, Steiner, AZ, Coutifaris, C, Cedars, MI, et al. Effects of preconception lifestyle intervention in infertile women with obesity: The FIT-PLESE randomized controlled trial. PloS Med. (2022) 19. doi: 10.1371/journal.pmed.1003883

8. Yang, T, Zhao, J, Liu, F, and Li, Y. Lipid metabolism and endometrial receptivity. Hum Reprod Update. (2022) 28. doi: 10.1093/humupd/dmac026

9.Infertility, infertility treatment, and cardiovascular disease: an overview. Can J Cardiol. (2021) 37(12):1959–68. doi: 10.1016/j.cjca.2021.09.002

10.Smoking and infertility: a committee opinion. Fertil Steril. (2018) 110(4):611–8. doi: 10.1016/j.fertnstert.2018.06.016

11. Lloyd-Jones, DM, Allen, NB, Anderson, CAM, Black, T, Brewer, LC, Foraker, RE, et al. Life’s essential 8: updating and enhancing the American heart association’s construct of cardiovascular health: A presidential advisory from the American heart association. Circulation. (2022) 146:e18. doi: 10.1161/CIR.0000000000001078

12. Gaffey, AE, Rollman, BL, and Burg, MM. Strengthening the pillars of cardiovascular health: psychological health is a crucial component. Circulation. (2024) 149:641–3. doi: 10.1161/CIRCULATIONAHA.123.066132

13. Nichols, AR, Rifas-Shiman, SL, Switkowski, KM, Zhang, M, Young, JG, Hivert, M-F, et al. History of infertility and midlife cardiovascular health in female individuals. JAMA Netw Open. (2024) 7. doi: 10.1001/jamanetworkopen.2023.50424

14. Chen, X, Hao, X, Xie, L, and Liu, X. A bidirectional causal relationship study between mental disorders and male and female infertility. Front Psychiatry. (2024) 15:1378224. doi: 10.3389/fpsyt.2024.1378224

15. Yang, Q, Tao, J, Xin, X, Zhang, J, and Fan, Z. Association between depression and infertility risk among American women aged 18-45 years: the mediating effect of the NHHR. Lipids Health Dis. (2024) 23:178. doi: 10.1186/s12944-024-02164-3

16. Sun, F, Liu, M, Hu, S, Xie, R, Chen, H, Sun, Z, et al. Associations of weight-adjusted-waist index and depression with secondary infertility. Front Endocrinol. (2024) 15:1330206. doi: 10.3389/fendo.2024.1330206

17. Braverman, AM, Davoudian, T, Levin, IK, Bocage, A, and Wodoslawsky, S. Depression, anxiety, quality of life, and infertility: a global lens on the last decade of research. Fertil Steril. (2024) 121:379–83. doi: 10.1016/j.fertnstert.2024.01.013

18. Liao, T, Gao, Y, Yang, X, Tang, Y, Wang, B, Yang, Q, et al. Preconception depression reduces fertility: a couple-based prospective preconception cohort. Hum Reprod Open. (2024) 2024:hoae032. doi: 10.1093/hropen/hoae032

19. Szigeti, FJ, Sexty, RE, Szabó, G, Kazinczi, C, Kéki, Z, Sipos, M, et al. The SCREENIVF Hungarian version is a valid and reliable measure accurately predicting possible depression in female infertility patients. Sci Rep. (2024) 14:12880. doi: 10.1038/s41598-024-63673-w

20. Dube, L, Bright, K, Hayden, KA, and Gordon, JL. Efficacy of psychological interventions for mental health and pregnancy rates among individuals with infertility: a systematic review and meta-analysis. Hum Reprod Update. (2023) 29:71–94. doi: 10.1093/humupd/dmac034

21. Huang, S, He, Q, Wang, X, Choi, S, and Gong, H. Associations of the planetary health diet index (PHDI) with asthma: the mediating role of body mass index. BMC Public Health. (2024) 24. doi: 10.1186/s12889-024-19856-1

22.NHANES data release and access policy.  Available at: https://www.cdc.gov/nchs/nhanes/about/erb.html#print.

23. Weng, J, Mao, Y, Xie, Q, Sun, K, and Kong, X. Gender differences in the association between healthy eating index-2015 and hypertension in the US population: evidence from NHANES 1999–2018. BMC Public Health. (2024) 24:330. doi: 10.1186/s12889-023-17625-0

24. Yin, S, Wang, J, Bai, Y, Yang, Z, Cui, J, Xiao, Y, et al. Association between healthy eating index-2015 and kidney stones in American adults: A cross-sectional analysis of NHANES 2007–2018. Front Nutr. (2022) 9:820190. doi: 10.3389/fnut.2022.820190

25. Zhang, H, Zhang, J, Chen, W, Liu, H, Chen, J, and Chen, J. Association between bedtime and female infertility: a secondary analysis from a cross-sectional study. Front Endocrinol. (2024) 15:1340131. doi: 10.3389/fendo.2024.1340131

26. Zhuang, J, Wang, Y, Wang, S, Hu, R, and Wu, Y. Association between visceral adiposity index and infertility in reproductive-aged women in the United States. Sci Rep. (2024) 14:14230. doi: 10.1038/s41598-024-64849-0

27. Zhao, J, Chen, Q, and Xue, X. Relationship between sleep disorders and female infertility among US reproductive-aged women. Sleep Breath Schlaf Atm. (2023) 27. doi: 10.1007/s11325-023-02802-7

28. Fan, M, Sun, D, Zhou, T, Heianza, Y, Lv, J, Li, L, et al. Sleep patterns, genetic susceptibility, and incident cardiovascular disease: a prospective study of 385 292 UK biobank participants. Eur Heart J. (2020) 41. doi: 10.1093/eurheartj/ehz849

29. Bakhtiyar, K, Beiranvand, R, Ardalan, A, Changaee, F, Almasian, M, Badrizadeh, A, et al. An investigation of the effects of infertility on Women’s quality of life: a case-control study. BMC Womens Health. (2019) 19:1–9. doi: 10.1186/s12905-019-0805-3

30. O’Kelly, AC, Michos, ED, Shufelt, CL, Vermunt, JV, Minissian, MB, Quesada, O, et al. Pregnancy and reproductive risk factors for cardiovascular disease in women. Circ Res. (2022) 130:652. doi: 10.1161/CIRCRESAHA.121.319895

31. Xia, W, Cai, Y, Zhang, S, and Wu, S. Association between different insulin resistance surrogates and infertility in reproductive-aged females. BMC Public Health. (2023) 23:1–10. doi: 10.1186/s12889-023-16813-2

32.Estrogen and the cardiovascular system. Pharmacol Ther. (2012) 135:54–70. doi: 10.1016/j.pharmthera.2012.03.007

33. Farquhar, CM, Bhattacharya, S, Repping, S, Mastenbroek, S, Kamath, MS, Marjoribanks, J, et al. Female subfertility. Nat Rev Dis Primer. (2019) 5. doi: 10.1038/s41572-018-0058-8

34. Zhou, R, Cao, Y-M, Liu, D, and Xiao, J-S. Pregnancy or psychological outcomes of psychotherapy interventions for infertility: A meta-analysis. Front Psychol. (2021) 12:643395. doi: 10.3389/fpsyg.2021.643395

35. Domar, AD, Clapp, D, Slawsby, EA, Dusek, J, Kessel, B, and Freizinger, M. Impact of group psychological interventions on pregnancy rates in infertile women. Fertil Steril. (2000) 73:805–11. doi: 10.1016/S0015-0282(99)00493-8

36. Feng, G, Huang, S, Zhao, W, and Gong, H. Association between life’s essential 8 and overactive bladder. Sci Rep. (2024) 14:11842. doi: 10.1038/s41598-024-62842-1




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2025 Huang, Duan, Choi and Gong. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Higher Life’s Crucial 9 protects against infertility among U.S. women aged 18–45 years

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study population

          



          		

            2.2 Measurement

          

            		

              2.2.1 Assessment of Life’s Crucial 9

            



            		

              2.2.2 Diagnosis of infertility

            



          



          



          		

            2.3 Covariables

          



          		

            2.4 Statistical analyses

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of the participants

          



          		

            3.2 Association between LC9 and infertility

          



          		

            3.3 Subgroup analysis

          



          		

            3.4 WQS analyses

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Model 1 Model 2 Model 3

LC9 components (per 10 scores) [OR (95% ClI)] (2 [OR (95% Cl)] P. [OR (95% CI)] 2
Total LCY score 0.74 (0.65, 0.83) <0.001 0.72 (0.64, 0.82) <0.001 0.65 (0.54, 0.80) <0.001
Quartile
Q1 1 (ref) 1 (ref) 1 (ref)
Q 0.62 (0.43, 0.89) 0.010 0.58 (0.39, 0.87) 0.009 0.53 (0.32, 0.87) 0.014
Q3 046 (0.30, 0.72) <0.001 0.41 (0.26, 0.65) <0.001 0.33 (0.17, 0.62) 0.001
Q4 033 (0.20, 0.55) <0.001 031 (0.19, 0.53) <0.001 0.27 (0.15, 0.50) <0.001
P for trend <0.001 <0.001 <0.001

Subgroup LC9 scores

HEI diet score 0.95 (0.90, 1.00) 0.046 0.94 (0.89, 0.99) 0.017 0.95 (0.90, 1.01) 0.100
Physical activity score 0.97 (0.93, 1.01) 0.140 0.98 (0.93, 1.02) 0.130 1.11 (0.94, 1.32) 0.200
Tobacco exposure score 0.96 (0.93, 0.99) 0.028 0.96 (0.92, 0.99) 0.024 0.98 (0.78, 1.32) >0.9

Sleep health score 0.95 (0.90, 0.99) 0.041 0.92 (0.88, 0.98) 0.005 0.92 (0.85, 0.99) 0.026
Psychological health 0.93 (0.89, 0.98) 0.009 0.91 (0.86, 0.95) <0.001 0.92 (0.87, 0.97) 0.006
Body mass index score 0.92 (0.87, 0.96) <0.001 0.92 (0.87, 0.97) 0.003 0.92 (0.86, 0.98) 0.010
Blood lipid score 0.93 (0.88, 0.99) 0.014 0.96 (0.90, 1.02) 0.200 0.98 (0.90, 1.05) 0.500
Blood glucose score 0.86 (0.81, 0.92) <0.001 0.89 (0.83, 0.95) 0.001 0.85 (0.74, 0.98) 0.029
Blood pressure score 0.90 (0.85, 0.96) 0.001 0.92 (0.86, 0.98) 0.015 0.92 (0.82, 1.02) 0.100

Model 1: no covariates were adjusted.
Model 2: age, education level, marital, PIR, and race were adjusted.

Model 3: age, education level, marital, PIR, race, smoking, drinking, Physical activity, hypertension, diabetes, and high cholesterol were adjusted.
LC9, Life’s Crucial 9 PIR, Ratio of family income to poverty; ORs, odds ratios; CI, confidence interval.

The bold values are less than 0.05.





OEBPS/Images/fendo-16-1465022-g003.jpg
Subgroup

Overall
Age
18-25
26-34
>34
Race
Mexican American
Non-Hispanic White
Non-Hispanic Black
Other
Marital status
No
Yes
Education
Below high school
High School or above
PIR
Not Poor
poor
Smoking
Never
Former
Current
Physical activity
Inactive
Active
Drinking
former
heavy
mild
moderate
never
Hypertension
No
Yes
Diabetes
No
Yes
High cholesterol
No
Yes

OR(95%ClI)
0.65(0.53 to 0.80)

0.31(0.17 to 0.57)
0.60(0.45 to 0.80)
0.74(0.56 to 0.96)

0.55(0.31 to 0.98)
0.65(0.47 to 0.89)
0.53(0.38 to 0.75)
0.93(0.67 to 1.30)

0.68(0.46 to 0.99)
0.64(0.50 to 0.80)

0.35(0.18 to 0.66)
0.67(0.54 to 0.83)

0.71(0.57 to 0.90)
0.44(0.31 to 0.63)

0.68(0.55 to 0.86)
0.75(0.35 to 1.58)
0.60(0.37 to 0.97)

0.44(0.25 t0 0.75)
0.68(0.54 to 0.87)

0.30(0.01 to 8.05)
0.74(0.52 to 1.086)
0.62(0.41 to 0.94)
0.53(0.34 to 0.81)
0.95(0.59 to 1.54)

0.60(0.48 to 0.74)
0.89(0.54 to 1.47)

0.69(0.56 to 0.85)
0.48(0.18 to 1.25)

0.71(0.56 to 0.88)
0.39(0.20 to 0.77)

|

. ——— SE——

L |

——

v 1‘ i

P for interaction

0.008

0.318

0.41

0.921

0.436

0.895

0.422

0.297

4

0.21

0.508

0.35

[
0.1

<

1
1
1
1
l
[

1

1.6

protective factor risk factor

Subgroup

Overall
Age
18-25
26-34
>34
Race
Mexican American
Non-Hispanic White
Non-Hispanic Black
Other
Marital status
No
Yes
Education
Below high school
High School or above
PIR
Not Poor
poor
Smoking
Never
Former
Current
Physical activity
Inactive
Active
Drinking
former
heavy
mild
moderate
never
Hypertension
No
Yes
Diabetes
No
Yes
High cholesterol
No
Yes

OR(95%ClI)
0.67(0.57 t0 0.79)

0.39(0.21 to 0.65)
0.57(0.42 to 0.78)
0.77(0.62 to 0.95)

0.67(0.41 to 1.07)
0.63(0.48 t0 0.82)
0.55(0.38 to 0.79)
0.93(0.65 to 1.35)

0.63(0.46 to 0.86)
0.68(0.55 t0 0.82)

0.38(0.19 to 0.71)
0.71(0.59 to 0.84)

0.72(0.59 to 0.88)
0.52(0.37 to 0.70)

0.71(0.57 to 0.87)
0.67(0.41 to 1.09)
0.59(0.41 to 0.83)

0.48(0.30 to 0.75)
0.71(0.59 to 0.85)

0.69(0.50 to 0.95)
0.68(0.49 to 0.95)
0.63(0.45 to 0.88)
0.89(0.55 to 1.46)

0.62(0.51 to 0.75)
0.85(0.60 to 1.20)

0.70(0.59 to 0.83)
0.56(0.28 to 1.09)

0.69(0.57 to 0.83)
0.59(0.38 to 0.89)

P for interaction

[
0.1

<

]
: 0.008
] ]
f——— :
[ W—
]
: 0.376
[ ]
T :
—t ] !
]
f—--—_—
]
; 0.117
]
[ ] |
—T— !
]
' 0.343
]
p—— ,
=4 :
: 0.513
] ]
= :
: 0.877
f——f——— !
]
[ ]
]
[ ) 1
; 0.539
e ] |
]
] ]
: 0.939
0.21(0.04 to 0.84 )¢——————————————— ;
—_— |
]
[ ] |
]
[ ——] \
l—.—‘—l
]
! 0.018
f——] |
]
D—.—l—l
: 0.739
= [}
]
o T—————
; 0.361
—— !
]
] ]
I |
1 1.6

protective factor risk factor





OEBPS/Images/fendo-16-1465022-g001.jpg
NHANES 2013-2018
(N=29,400)

Excluded participants <18 or
>45 years old
(N=21,186)

Excluded male participants
(N=3,891)

Excluded incomplete LC9 and infertility data
(N=1,975)





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Images/fendo.2025.1465022_cover.jpg
& frontiers | Frontiers in Endocrinology

Higher Life’s Crucial 9 protects against
infertility among U.S. women aged 18-45
years





OEBPS/Images/fendo-16-1465022-g002.jpg
100

P for overall<0.001
P for nonlinear = 0.592
40

20

S

(1D%56)40

Fie
25

100

P for overall<0.001
P for nonlinear = 0.468
60

40

u
—

~ uw o
—

(1ID%S6)M0

1 .1fe’s Crucial 9

L.ife’s Crucial 9





OEBPS/Images/table1.jpg
Overall, Non-infertility, Infertility,

Charactenstic N = 36,266,192 (100%) N=31597,899 (87%) N = 4,668,293 (13%)  © Value
No. of participants in the sample 2,348 2,065 283 -
Age (%) <0.001
18-25 8,475,204 (23%) 7,935,345 (25%) 539,859 (12%)
26-34 11,943,370 (33%) 10,579,120 (33%) 1,364,250 (29%)
35-45 15,847,619 (44%) 13,083,435 (41%) 2,764,184 (59%)
Race (%) 0.153
Non-Hispanic White 20,817,235 (57%) 17,847,849 (56%) 2,969,386 (64%)
Other 6,503,832 (18%) 5,865,240 (19%) 638,592 (14%)
Non-Hispanic Black 4,655,868 (13%) 4,104,606 (13%) 551,263 (12%)
Mexican American 4,289,256 (12%) 3,780,205 (12%) 509,052 (11%)
Married/live with partner (%) <0.001
No 14,416,365 (40%) 13,408,319 (42%) 1,008,046 (22%)
Yes 21,849,827 (60%) 18,189,580 (58%) 3,660,247 (78%)
Education level (%) 0.971
Below high school 3,785,024 (10%) 3,300,393 (10%) 484,631 (10%)
High School or above 32,481,168 (90%) 28,297,507 (90%) 4,183,662 (90%)
PIR (%) 0.260
Not Poor 24,693,013 (72%) 21,283,046 (72%) 3,409,967 (75%)
poor 9,400,423 (28%) 8,281,507 (28%) 1,118,915 (25%)
Smoking (%) 0.048
Never 24,972,694 (69%) 22,049,273 (70%) 2,923,421 (63%)
Former 4,638,919 (13%) 3,997,170 (13%) 641,749 (14%)
Current 6,654,580 (18%) 5,551,457 (18%) 1,103,123 (24%)
Physical activity (%) 0.470
Inactive 4,284,392 (15%) 3,706,519 (14%) 577,874 (16%)
Active 25,233,812 (85%) 22,243,259 (86%) 2,990,553 (84%)
Drinking (%) 0.047
former 1,741,402 (5.0%) 1,350,142 (4.4%) 391,260 (8.7%)
heavy 9,055,486 (26%) 7,731,973 (25%) 1,323,513 (29%)
mild 9,565,997 (27%) 8,453,627 (28%) 1,112,371 (25%)
moderate 10,241,369 (29%) 9,041,706 (30%) 1,199,663 (27%)
never 4,539,156 (13%) 4,069,652 (13%) 469,504 (10%)
Hypertension (%) 0.001
No 30,640,616 (84%) 27,036,788 (86%) 3,603,829 (77%)
Yes 5,625,576 (16%) 4,561,112 (14%) 1,064,465 (23%)
Diabetes (%) 0.007
No 34,396,392 (95%) 30,134,993 (95%) 4,261,399 (91%)
Yes 1,869,800 (5.2%) 1,462,907 (4.6%) 406,894 (8.7%)
High cholesterol (%) 0.007
No 31,460,705 (87%) 27,690,895 (88%) 3,769,810 (81%)
Yes 4,805,488 (13%) 3,907,004 (12%) 898,484 (19%)
Mean LC9 score (mean (SD)) 75.86 (13.56) 76.62 (13.29) 70.74 (14.23) <0.001
Mean HEI-2015 diet score (mean (SD)) 37.78 (31.99) 38.44 (32.15) 33.35 (30.56) 0.048
Mean physical activity score (mean (SD)) 76.88 (39.10) 77.54 (38.64) 7242 (41.93) 0.148
Mean tobacco exposure score (mean (SD)) 75.86 (38.95) 76.62 (38.43) 70.68 (42.01) 0.039
Mean sleep health score (mean (SD)) 84.63 (23.22) 85.05 (22.95) 81.76 (24.84) 0.088
Mean psychological health score 86.84 (25.63) 87.50 (24.84) 82.35 (30.11) 0.037
(mean (SD))
Mean body mass index score (mean (SD)) 59.59 (37.11) 61.17 (36.58) 48.84 (38.96) 0.002
Mean blood lipid score (mean (SD)) 80.25 (26.29) 80.90 (25.88) 75.87 (28.59) 0.027
Mean blood glucose score (mean (SD)) 93.80 (16.76) 94.46 (15.93) 89.30 (21.03) <0.001
Mean blood pressure score (mean (SD)) 87.14 (22.34) 87.89 (21.90) 82.04 (24.57) 0.002

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

Percentages (weighted N, %) for categorical variables: the P value was calculated by the weighted chi-square test.

LC9, Life’s Crucial 9; CVH, cardiovascular health; PIR, Ratio of family income to poverty; ORs, odds ratios; CI, confidence interval.
The bold values are less than 0.05.
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