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Abstract

Background: There is growing recognition that reproductive factors are associated with 

increased risk of future cardiovascular disease (CVD). Infertility has been less well studied, 

although emerging data support its association with increased risk of CVD. Whether infertility is 

associated with future risk of heart failure (HF) is not known.

Objectives: To examine the development of HF and HF subtypes in women with and without 

history of infertility.

Methods: We followed post-menopausal women from the Women’s Health Initiative 

prospectively for the development of HF. Infertility was self-reported at study baseline. 

Multivariable cause-specific Cox models were used to evaluate the association of infertility with 

incident overall HF and HF subtypes (HF with preserved ejection fraction [HFpEF, LVEF ≥ 50%] 

vs reduced ejection fraction [HFrEF, LVEF < 50%]).

Results: Among 38,528 post-menopausal women (mean age 63 ± 7 years), 5399 (14%) 

participants reported a history of infertility. Over a median follow-up of 15 years, 2373 developed 

incident HF, including 807 HFrEF and 1133 HFpEF. Infertility was independently associated 

with future risk of overall HF (HR 1.16, 95% CI 1.04–1.30, p=0.006). Notably, when examining 

HF subtypes, infertility was associated with future risk of HFpEF (HR 1.27, 95% CI 1.09–1.48, 

p=0.002), but not HFrEF (HR 0.97, 95% CI 0.80–1.18).

Conclusions: Infertility was significantly associated with incident HF. This was driven by 

increased risk of HFpEF, but not HFrEF, and appeared independent of traditional CV risk 

factors and other infertility-related conditions. Future research should investigate mechanisms that 

underlie the link between infertility and HFpEF.

CONDENSED ABSTRACT

We sought to investigate the association of infertility with HF and HF subtypes in the 

Women’s Health Initiative. Among 38,528 post-menopausal women, history of infertility was 

significantly associated with risk of future HF. This was driven by greater risk of HFpEF and not 

HFrEF. Traditional cardiovascular risk factors, coronary heart disease, or other infertility-related 

conditions did not appear to explain this association.

Keywords

infertility; heart failure; women
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INTRODUCTION

There is a growing recognition that sex-specific and reproductive factors including 

premature menopause and adverse pregnancy outcomes increase risk of future 

cardiovascular disease (CVD) (1–4). Early life events may provide a window into future 

CV risk and identify patients who would benefit from early prevention. Infertility is a 

reproductive factor that is consistently underrecognized with respect to CV risk in part due 

to paucity of rigorous data examining CV risk in women with a history of infertility. The 

risk of infertility should not be overlooked as it affects over 14% of women in the United 

States (5) and has been linked to higher risk of overall CVD risk in some studies although 

the available data are conflicting (6–9). In the Swedish Medical Birth Register, women 

who reported at least 5 years of infertility before a successful pregnancy had a 19% higher 

incidence of CVD compared with women without a history of infertility (6).

The association of infertility with heart failure (HF) has not been previously examined. HF 

is a major public health concern, affecting over 6 million individuals and accounting for 

more than 1 million hospital admissions per year in the United States (10). Notably, the 

prevalence of HFpEF, now the leading form of HF, is higher in women compared with 

men. Moreover, women with HFpEF are more likely to experience symptoms of congestion 

such as shortness of breath, exercise intolerance and report worse quality of life compared 

with men (11). Emerging data suggest that women may be more susceptible to developing 

HFpEF and that reproductive factors may play a role in mediating HF risk in women (12). 

A previous investigation in the Women’s Health Initiative (WHI) found that earlier age 

at menopause and nulliparity were both associated with higher risk of HF and HFpEF, 

respectively (13).

In this context, we sought to investigate the association of infertility with risk of HF and 

HF subtypes among women enrolled in the Women’s Health Initiative (WHI). Given prior 

associations of infertility with CVD, we hypothesized that infertility would be associated 

with incident HF, driven primarily by increased risk of HFrEF. We further postulated 

that the association between infertility and HF would be mediated in part by established 

atherosclerotic CVD risk factors.

METHODS

Study Population

The characteristics and enrollment of WHI participants have been previously described 

(14,15). Briefly, the WHI is a national prospective study of 161,808 post-menopausal 

women recruited across 40 clinical centers between 1993 and 1998. Participants were 

enrolled in either the observational study or one or more of the three clinical trials. We 

included a subset of 44,174 WHI participants with centrally adjudicated HF outcomes from 

the HF sub cohort. The HF sub cohort includes all women randomized to the hormone trial 

of WHI (n=27,347) as well as all Black (n=11,880) and Hispanic (n=4,947) participants 

from the observational study and other clinical trial components.
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We excluded subjects with prevalent HF (n=669), missing infertility data (n= 587), missing 

follow-up data (n=297), and missing key covariates (n=4093), yielding a final sample of 

38,528 participants. For analyses examining 10-year estimated atherosclerotic cardiovascular 

disease (ASCVD) risk score, we excluded prevalent CVD (n=2884), missing infertility data 

(n=587), and missing covariates (n=3884), yielding a final sample of 36,819 participants.

All participants provided informed consent and study protocols were approved by the 

appropriate institutional review boards.

Clinical Assessment

All participants underwent comprehensive medical history including detailed reproductive 

history, physical examination, and anthropometry at screening, and interim medical history 

was queried twice each year for the duration of follow-up. The primary exposure of 

interest was history of infertility. Infertility was defined as the inability to conceive after 

one or more years of trying to become pregnant independent of eventual pregnancy 

outcome (16). Self-reported history of infertility and specific cause of infertility were 

ascertained via interviews and questionnaires at baseline. Causes of infertility included 

hormones or ovulation, tubes or uterus (including endometrial polyps, fibroids, intrauterine 

or peritubal adhesions, tubal occlusion, or salpingitis), endometriosis, problems with partner, 

or unexplained infertility. Selected covariates included age at screening, self-reported race/

ethnicity, body mass index (BMI), systolic blood pressure, hypertension treatment, diabetes 

mellitus (DM), hyperlipidemia, smoking status, baseline coronary heart disease (CHD), 

irregular menses, thyroid disease, and early menopause. DM was defined as a fasting 

glucose >126 mg/dL or use of diabetes medication. Irregular menses was defined as lack of 

regular monthly menstruation. Thyroid disease included hypothyroidism, hyperthyroidism, 

or mixed thyroid disease (both hypothyroidism and hyperthyroidism). Early menopause was 

defined as menopause at or before the age of 45.

Heart Failure Outcomes

All HF events including confirmed cases of HF hospitalization and patient-reported 

hospitalization for HF or CHD were sent to University of North Carolina for adjudication 

by trained physicians. Available medical records for HF hospitalizations were reviewed, and 

HF hospitalizations were classified into 1 of 5 categories (definite acute decompensated 

HF, possible acute decompensated HF, chronic stable HF, unclassifiable, or HF unlikely) 

based on the algorithm used in the Atherosclerosis Risk in Communities (ARIC) study (17). 

The primary outcome of interest was incident HF, and secondary outcomes included HF 

with reduced ejection fraction (HFrEF) and HF with preserved ejection fraction (HFpEF). A 

designation of definite acute decompensated HF or possible acute decompensated HF was 

considered incident HF. HF with a left ventricular ejection fraction <50% was defined as 

HFrEF, and HF with LVEF ≥50% was classified as HFpEF. If no LVEF was available or if 

the HF case was designated as recovered LVEF, it was designated as unclassified HF.

Statistical Analysis

Baseline characteristics were summarized for participants with and without history of 

infertility. Results are reported as means (standard deviations) and medians (interquartile 
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ranges) for continuous variables and percentages for dichotomous variables. Between-group 

differences were examined using Student’s t-test, chi square test, or Wilcoxon rank-sum test 

as appropriate.

In our primary analysis, we examined the association of infertility with incident HF and HF 

subtypes. Cumulative incidence rates of overall HF, HFrEF, and HFpEF were estimated 

using a cumulative incidence function, accounting for competing risks of death, other 

HF subtype, and unclassified HF. Between group differences in the cumulative incidence 

rates were formally tested using Gray’s test. We then performed cause-specific Cox 

proportional hazards models fitted for overall HF, and separately for HFpEF and HFrEF. 

Models were adjusted for age at screening, BMI, systolic blood pressure, hypertension 

treatment, DM, hyperlipidemia, smoking status (current and former), baseline CHD, and 

cohort (observational study or clinical trial). Secondary models were further adjusted for 

race/ethnicity. In sensitivity analyses we reclassified HF subtypes using the cutpoint of 

LVEF <40% vs ≥40%. We also performed sensitivity analyses excluding women with 

history of CHD to explore potential ischemic mechanisms driving the relationship between 

infertility and HF. Finally, to examine whether eventual pregnancy outcome modified the 

association between infertility and HF, we performed sensitivity analyses excluding women 

who never became pregnant. For all Cox regressions, we confirmed that the proportional 

hazards assumption was met using Schoenfeld residuals. We performed multiple imputation 

techniques to impute missing covariate data for the n=4093 women in our study with 

missing covariate data. A fully conditional specification (FCS) regression model with all 

clinical covariates list above was used and we refit models from the primary analyses. 

Results from 20 iterations were properly combined using PROC MIANALYZE and they 

were consistent with the primary findings (Supplemental Table 1).

To better understand the link between infertility and HF, we evaluated the association 

of infertility with established CHD risk factors (age, BMI, race/ethnicity, systolic blood 

pressure, hypertension treatment, DM, smoking status, and hyperlipidemia) using both age-

adjusted and stepwise logistic regression (age and cohort forced in, entry P<0.10, retention 

P<0.05). We also examined the association of infertility with traditional atherosclerotic 

CVD risk as captured by the 10-year ASCVD risk score using univariate logistic regression 

models. For ASCVD risk score analyses, we performed multiple imputation to impute 

missing total cholesterol and high-density lipoprotein values due to significant missingness 

(18). Total cholesterol and high-density lipoprotein along with all CHD risk factors were 

used in an FCS regression model and the final results were summarized from 20 iterations 

of the imputation process using PROC MIANALYZE. All cross-sectional models were also 

adjusted for cohort to reduce selection bias from the HF sub cohort.

In exploratory analyses, we examined the association of infertility-related risk factors 

with HF outcomes. We first added known risk factors for infertility (irregular menses, 

thyroid disease, waist circumference, and early menopause) into the primary stepwise 

logistic regression model. We then assessed the association of infertility risk factors with 

incident HF using Cox proportional hazards models. Finally, we further adjusted the primary 

analyses evaluating the association of infertility with incident HF for the presence of 

irregular menses, thyroid disease, waist circumference, and early menopause.
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All tests were two-sided and a P-value of <0.05 was considered statistically significant. 

Statistical analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS

Of 38,528 women included for analysis, 5399 (14%) reported a history of infertility. The 

mean age at enrollment was 63 ± 7 years, 50% of women identified as non-Hispanic White, 

33% were Black, and 15% were Hispanic (Table 1, baseline characteristics for n=36,819 

included in the 10-year ASCVD analysis are presented in Supplemental Table 2). Compared 

with women without a history of infertility, women with infertility were more likely to be 

former or current smokers (former smoking: 42% vs 38%, p<0.001, current smoking: 11% 

vs 10%, p=0.04), have a history of irregular menses (24% vs 15%, p<0.001), thyroid disease 

(24% vs 18%, p<0.001), and early menopause (35% vs 30%, p<0.001).

Over a median follow-up time of 15 years (Q1-Q3: 8–20), 2373 women developed incident 

HF, including 807 HFrEF cases and 1133 HFpEF cases.

History of infertility predicts risk of future heart failure

We examined the association of history of infertility with HF outcomes (Central 

Illustration). Cumulative incidence plots show greater risk of future HF among women 

with vs without history of infertility (Figure 1). In both age-adjusted and multivariable-

adjusted Cox models, infertility was independently associated with future risk of overall HF. 

Specifically, women with a history of infertility had nearly 20% increased risk of developing 

HF compared with those without infertility (HR 1.16, 95% CI 1.04–1.30, p=0.006, Table 

2). When examining HF subtypes, we found that infertility was significantly associated with 

future risk of HFpEF (HR 1.27, 95% CI 1.09–1.48, p = 0.002), but not HFrEF (HR 0.97, 

95% CI 0.80–1.18, p=0.78) (Figure 2).

Results were consistent after further adjustment for race/ethnicity (Supplemental Table 3, 

stratified results in Supplemental Table 4), and reclassification of HF subtypes using the 

LVEF 40% cut-point (Supplemental Table 5). In sensitivity analyses after exclusion of 

women with prevalent CHD, we found similar results with a 16% increased risk of future 

HF development among those with infertility (HR 1.16, 95% CI 1.04–1.30, p=0.009), again 

limited to increased risk of HFpEF and not HFrEF (Supplemental Table 6). Finally, the 

association of infertility with HF and HFpEF persisted even after exclusion of women who 

never became pregnant (Supplemental Table 7).

Among women with infertility, the proportion of women with a history of infertility due to 

hormones or ovulation was slightly higher in those who developed incident HF compared 

with those who did not, although these differences were not statistically significant (7.4% 

vs 5.9%, p=0.18). Other reasons for infertility including tubes or uterus, endometriosis, 

problems with partner, or unexplained infertility were similar between the two groups 

(Supplemental Table 8).
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Infertility is not associated with 10-year atherosclerotic cardiovascular disease risk

We evaluated the association of infertility with traditional CV risk factors. In stepwise 

regression models, we found that BMI, White race, and smoking status were independently 

associated with infertility (p<0.05, Table 3). Specifically, former and current smoking were 

both associated with nearly 1.2-fold higher odds of self-reported history of infertility 

compared with non-smokers (former smoker: OR 1.19, 95% CI 1.12–1.27, p<0.001; 

current smoker: OR 1.14, 95% CI 1.03–1.26, p=0.01). White race was associated with 

1.2-fold higher odds of infertility (OR 1.10, 95% 1.03–1.19, p=0.009). By contrast, systolic 

blood pressure, hypertension treatment, DM, and hyperlipidemia were not associated with 

infertility (p>0.05 for all). We further examined the association of infertility and traditional 

CV risk as captured by 10-year estimated ASCVD risk and found no significant association 

(OR 0.95, 95% CI 0.67–1.34, p=0.77).

Risk factors for infertility do not explain association between infertility and heart failure

To better understand the link between infertility and HF, we explored the association 

of infertility-related risk factors with incident HF. We first confirmed the association 

between established infertility-related risk factors with infertility in our sample. Addition 

of infertility-related risk factors to the stepwise model demonstrated significant associations 

between irregular menses, early menopause, and thyroid disease with infertility (irregular 

menses: OR 1.84, 95% CI 1.72–1.97, p<0.001; early menopause: OR 1.26, 95% CI 1.18–

1.34, p<0.001; thyroid disease: OR 1.33, 95% CI 1.24–1.42, p<0.001, Table 3). Waist 

circumference was not associated with infertility status (p=0.31).

Second, we examined the association of infertility risk factors with incident HF 

(Supplemental Table 9). We found that thyroid disease was associated with future risk of 

overall HF (HR 1.11, 95% CI 1.01–1.22, p=0.03) but not incident HFpEF or HFrEF (p=0.06 

and 0.70, separately). Early menopause was associated with future risk of overall HF (HR 

1.11, 95% CI 1.02–1.21, p=0.02) and HFrEF (HR 1.17, 95% CI 1.01–1.35, p=0.04), but 

not HFpEF. Also, Early menopause was associated with a 11% increase in the incidence 

of overall HF (HR 1.11, 95% CI: 1.02–1.21, p=0.02) and a 17% increase in the incidence 

of HFrEF only (HR 1.17, 95% CI: 1.01–1.35, p=0.04). Irregular menses was not associated 

with future risk of overall HF or HF subtypes.

Finally, the relationship between infertility and future risk of HF and HFpEF persisted even 

after further adjustment for irregular menses, early menopause, and thyroid disease (overall 

HF: HR 1.15, 95% CI 1.03–1.29, p=0.01; HFpEF: HR 1.26, 95% CI 1.08–1.47, p=0.003, 

Supplemental Table 10).

DISCUSSION

In a large prospective cohort of 38,528 post-menopausal women, we demonstrate that 

history of infertility was significantly associated with incident HF. Our principal findings are 

two-fold. First, women with infertility had a higher risk of developing HF, driven primarily 

by greater risk of future HFpEF and not HFrEF. Second, the association between infertility 

and HF did not appear to be explained by established CV risk factors or infertility-related 
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risk factors, highlighting the need for further investigation into the underlying mechanistic 

drivers.

Emerging data suggest that a woman’s reproductive period provides an important window 

into her lifetime CV risk. Premature menopause and adverse pregnancy outcomes including 

hypertensive disorders of pregnancy and gestational diabetes have now been recognized 

as independent risk factors for future atherosclerotic CVD (1). By contrast, infertility, a 

condition that affects over 14% of women, has not been rigorously studied with respect 

to its impact on future CVD, and the limited available data are conflicting. In 863,324 

women with self-reported fertility data in the Swedish Medical Birth Register, women 

with infertility for 5 or more years prior to successful pregnancy had a 20% greater 

risk of incident CVD compared with women without a history of infertility (6). A cross-

sectional analysis of 744 women who participated in the National Health and Nutrition 

Examination Survey also found that self-reported infertility was significantly associated 

with cardiovascular events (19). By contrast, previous studies from the WHI and the Study 

of Women’s Health Across the Nation (SWAN) did not find independent associations of 

infertility with CVD events (7,8). Given the rising prevalence of HF, particularly HFpEF, 

among women, increasing attention has been directed toward identifying reproductive risk 

factors that contribute to future HF development. Recent studies have demonstrated higher 

risk of HF among women with history of preeclampsia, particularly recurrent preeclampsia, 

as well as nulliparity and shorter total reproduction duration (13,20). We now present 

evidence supporting infertility as an independent risk factor for the development of HF 

among women without previous history of HF.

Contrary to our hypothesis, the increased risk of HF in women with a history of infertility 

was not explained by traditional atherosclerotic CV risk factors such as hypertension, 

obesity, and DM or greater risk of ischemic heart disease. First, adjustment for traditional 

CV risk factors or exclusion of women with prevalent CHD did not attenuate the association 

between infertility and HF. Second, we found no association between infertility and 10-year 

ASCVD risk score, nor was infertility associated with observed CHD events in a previous 

WHI analysis (7). Finally, infertility was associated with greater risk of HFpEF and not 

HFrEF; the opposite would be expected for a process driven by ischemic heart disease. 

Taken together, these findings suggest that the mechanisms mediating HF risk in infertility 

are orthogonal to traditional atherosclerotic CVD.

We separately examined whether risk factors for infertility, rather than infertility itself, 

explained the association of infertility with risk of HF. Menstrual cycle irregularity and 

premature menopause are both well-established risk factors for infertility and have been 

consistently shown to increase risk of future CVD in cross-sectional and prospective 

studies (21). Thyroid disease, another risk factor for the development of infertility, is 

strongly associated with CVD including HF and CHD (22,23). We confirmed independent 

associations between irregular menses, early menopause, and thyroid disease with infertility, 

as well as associations between thyroid disease with incident HF. However, further 

adjustment for these infertility-related risk factors did not attenuate the association between 

infertility and incident HF, which argues that they do not mediate the association between 

infertility and HF.
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Taken together, these findings support the novel association of infertility with incident 

HFpEF, which appears independent of traditional cardiovascular risk factors, ischemic heart 

disease, or infertility-associated factors. The current paradigm of HFpEF development 

proposes that cardiometabolic comorbidities induce a pro-inflammatory state that 

contributes to downstream myocardial structural and functional alterations characteristic 

of HFpEF (24,25). In our exploratory analyses, infertility due to hormonal or ovulatory 

dysfunction, but not other causes of infertility, was more commonly reported among 

women who developed HF compared with those who did not. Hypothalamic pituitary 

axis dysregulation and associated estrogen deficiency have previously been implicated 

in the development of HF and CVD and are being explored as a potential targets for 

treatment of HF (26). Specifically, estradiol is a key regulator of inflammatory processes 

and lower concentrations of estradiol is thought to trigger systemic inflammation, which 

promotes production of reactive oxygen species, impaired nitric oxide signaling, renin-

angiotensin-aldosterone system activation, and endothelial and vascular inflammation (27). 

Collectively, these changes are postulated to contribute to downstream cardiac structural 

changes including increased collagen synthesis and diastolic dysfunction, key factors in the 

pathogenesis of HFpEF (28,29). This hypothesis has been supported by both pre-clinical 

and clinical studies. For example, in rodent studies, bilateral ovariectomy triggered collagen 

deposition and myocardial hypertrophy while low-dose estrogen replacement attenuated 

these changes (28). Clinical studies have consistently demonstrated acceleration of CVD and 

HF risk following menopause, including premature menopause, raising the hypothesis that 

estrogen deficiency plays an important role in mediating CV risk (2). In post-menopausal 

women, estrogen deficiency, in the form of a higher testosterone/estradiol ratio, has been 

associated with higher risk of incident CVD, CHD, and HF (30), and estrogen replacement 

therapy was associated with significant reduction in mortality among postmenopausal 

women with advanced HF (31). However, estrogen replacement therapy administered in 

randomized trials increased CV events, highlighting the complex relationship between 

sex hormones and CVD (32,33). Beyond estrogen deficiency, shared cardiometabolic risk 

factors such as obesity and diabetes may be also explain the association between infertility 

and HFpEF. For example, polycystic ovary syndrome, a common cause of infertility, is 

strongly associated with increased cardiometabolic risk (34). Moreover, in a Framingham 

Heart Study of 1,968 women, infertility was strongly associated with BMI and waist 

circumference (35), and a smaller study of 130 women with and without unexplained 

infertility found elevated high sensitivity C- reactive protein, triglycerides, low-density 

lipoprotein cholesterol, and lower high-density lipoprotein levels among women with history 

of infertility compared with controls (36). Notably, we did not find associations between 

BMI, waist. circumference, or hyperlipidemia with infertility in our sample. However, 

these parameters were ascertained at the time of study enrollment when participants were 

post-menopausal and not contemporaneous with time of infertility. It is conceivable that the 

cardiometabolic risk profile between women with and without infertility varies early in life 

but may converge later in life, particularly as many women experience postpartum weight 

retention following pregnancy. Whether the association of infertility with HFpEF is causal or 

due to shared risk factors warrants further investigation.

Lau et al. Page 9

J Am Coll Cardiol. Author manuscript; available in PMC 2023 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Limitations

This study has several limitations worth discussion. First, infertility status was self-reported, 

which may have resulted in some misclassification. Nevertheless, self-report has previously 

been validated as a highly sensitive method for ascertaining infertility (37). Second, the WHI 

enrolled post-menopausal women between 1993 and 1998 and thus most of the pregnancies 

in this cohort pre-dated contemporary fertility treatments such as in vitro fertilization. 

As such, we were unable to examine the effect of fertility treatment on the risk of HF 

among women with infertility, an important area for future study. Third, granular data on 

duration of infertility prior to pregnancy and reasons for nulliparity were not available in 

the WHI. Sensitivity analyses restricted to women with infertility and subsequent reported 

history of pregnancy still showed greater risk of HF, however we were not powered 

to examine women who never became pregnant. Fourth, baseline covariates including 

traditional CV risk factors including BMI, WC, and blood pressure were ascertained at 

study enrollment, and do not reflect CV risk at the time of infertility or across the life 

course. Information on cardiometabolic risk profile including anthropomorphic data, vital 

signs, and laboratory values including hormone levels obtained at the time of infertility 

may provide important insights into the mechanisms driving the association of infertility 

with HF but were not available in the WHI. Fourth, while CHD did not appear to explain 

the association between infertility and HF, microvascular disease, a key factor in HFpEF 

pathogenesis, was not specifically examined. Finally, this is an observational study, limiting 

our ability to make causal inferences. Nevertheless, this study is strengthened by the 

availability of comprehensive reproductive data from a large and diverse patient sample with 

generalizability across different racial/ethnic groups, which allows us to uniquely evaluate 

long term HF risk among women with a history of infertility.

CONCLUSION

In summary, history of infertility was significantly associated with risk of future HF, driven 

by increased risk of HFpEF but not HFrEF. Traditional CV risk as ascertained by 10-year 

ASCVD risk score was not associated with infertility. While traditional CV risk factors 

and infertility-related risk factors were independently associated with incident HF, they did 

not explain the association between infertility with incident HF and HFpEF. Our findings 

highlight the need for rigorous studies investigating the mechanisms by which infertility 

may lead to future HFpEF and overall CV risk.
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ABBREVIATIONS

ASCVD atherosclerotic cardiovascular disease

BMI body mass index

CHD coronary heart disease

CVD cardiovascular disease

DM diabetes mellitus

HF heart failure

HFrEF heart failure with reduced ejection fraction

HFpEF heart failure with preserved ejection fraction

LVEF left ventricular ejection fraction

WHI Women’s Health Initiative
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CLINICAL PERSPECTIVES

Competency in Medical Knowledge:

Infertility is associated with an increased risk of heart failure, specifically HFpEF, and 

this association is not explained by conventional cardiovascular risk factors, coronary 

disease, or other infertility-related conditions.

Translational Outlook:

Future studies are needed to identify the mechanisms that underlie the association 

between infertility and heart failure.
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Figure 1. Incident Heart Failure Among Women With and Without Infertility.
The cumulative incidence plots reflect incident heart failure among women with history of 

infertility (red line) and without history of infertility (blue line).
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Figure 2. Association of infertility with incident HF and HF subtypes.
Women with a history of infertility had increased hazards of HF and HFpEF. Age-adjusted 

and multivariable-adjusted Cox proportional hazards models begin follow-up at study 

enrollment. Multivariable-adjusted models were adjusted for age at screening, BMI, systolic 

blood pressure, hypertension treatment, DM, hyperlipidemia, smoking status (current and 

former), baseline CHD, and cohort (observational study or clinical trial). Abbreviations: CI 

= confidence interval, HF = heart failure, HFpEF = heart failure with preserved ejection 

fraction, HFrEF= heart failure with reduced ejection fraction, HR = hazard ratio
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Central Illustration. Infertility is associated with future HFpEF, but not HFrEF.
Women with a history of infertility had greater risk of incident heart failure, specifically 

heart failure with preserved ejection fraction. This association did not appear to be explained 

by traditional cardiovascular risk factors or infertility-related factors. Abbrevations: HF = 

heart failure, HFpEF = heart failure with preserved ejection fraction, HFrEF = heart failure 

with reduced ejection fraction, HR = hazard ratio

Lau et al. Page 17

J Am Coll Cardiol. Author manuscript; available in PMC 2023 April 26.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Lau et al. Page 18

Table 1.

Baseline Demographics and Clinical Characteristics

Total cohort N=38,528 Infertility N=5399 No Infertility N=33,129 p-value

Age, years 63 ± 7 63 ± 7 63 ± 7 0.68

Race/Ethnicity

Non-Hispanic White, n (%) 19,213 (50%) 2884 (53%) 16329 (49%) <0.001

Black, n (%) 12,826 (33%) 1663 (31%) 11163 (34%) <0.001

Hispanic, n (%) 5588 (15%) 718 (13%) 4870 (15%) 0.01

Traditional CV risk factors

Systolic blood pressure,

mmHg 129 ± 18 129 ± 18 129 ± 18 0.95

Hypertension treatment, n (%) 11,499 (30%) 1577 (29%) 9922 (30%) 0.27

BMI, kg/m2 29.6 ± 6.3 29.4 ± 6.2 29.6 ± 6.3 0.04

DM, n (%) 2790 (7%) 382 (7%) 2408 (7%) 0.61

Total cholesterol, mg/dL 220 ± 45 218 ± 45 221 ± 45 0.01

HDL cholesterol, mg/dL 56 ± 15 56 ± 15 56 ± 14 0.01

Hyperlipidemia, n (%) 5542 (14%) 786 (15%) 4756 (14%) 0.69

Former smoker, n (%) 14,808 (38%) 2259 (42%) 12,549 (38%) <0.001

Current smoker, n (%) 3906 (10%) 590 (11%) 3316 (10%) 0.04

Coronary heart disease, n (%) 1097 (3%) 166 (3%) 931 (3%) 0.28

10-year ASCVD Risk, % 7 (10) 7 (10) 7 (10) 0.26

Infertility-related risk factors

Irregular menses, n (%) 6424 (17%) 1368 (24%) 5056 (15%) <0.001

Premature menopause, n (%) 11669 (30%) 1872 (35%) 9797 (30%) <0.001

Waist circumference, cm 90 ±14 89 ±14 90 ± 14 0.38

Thyroid disease, n (%) 7342 (19%) 1278 (24%) 6064 (18%) <0.001

Values are means (standard deviations) or medians (inter-quartile ranges) unless otherwise noted.

Abbreviations: ASCVD = atherosclerotic cardiovascular disease, DM = diabetes, HDL = high-density lipoprotein, HF = heart failure, HFpEF = 
heart failure with preserved ejection fraction, HFrEF = heart failure with reduced ejection fraction, LVEF = left ventricular ejection fraction.
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Table 3.

Cross-sectional associations of traditional cardiovascular and infertility-related risk factors with infertility

Age-adjusted analysis Stepwise Regression*

OR (95% CI) p-value OR (95% CI) p-value

Traditional CV risk factors

Age 0.99 (0.96–1.02) 0.47 0.98 (0.95–1.01) 0.21

BMI 0.97 (0.94–1.00) 0.04 0.96 (0.93–0.99) 0.01

Non-Hispanic White race/ethnicity 1.16 (1.09–1.25) <0.001 1.10 (1.03–1.19) 0.009

Black race 0.91 (0.85–0.98) 0.008 - -

Hispanic ethnicity 0.93 (0.85–1.01) 0.10 - -

Systolic blood pressure 1.01 (0.98–1.04) 0.62 - -

Hypertension treatment 0.98 (0.92–1.05) 0.56 - -

DM treatment 0.99 (0.88–1.11) 0.85 - -

Former smoker 1.18 (1.11–1.25) <0.001 1.19 (1.12–1.27) <0.001

Current smoker 1.10 (1.00–1.21) 0.049 1.14 (1.03–1.26) 0.01

Hyperlipidemia 1.03 (0.95–1.12) 0.50 - -

Infertility-related risk factors

Irregular menses 1.88 (1.75–2.01) <0.001 1.84 (1.72–1.97) <0.001

Early menopause 1.28 (1.20–1.36) <0.001 1.26 (1.18–1.34) <0.001

Waist circumference 0.99 (0.96–1.01) 0.31 - -

Thyroid disease 1.38 (1.29–1.48) <0.001 1.33 (1.24–1.42) <0.001

OR: odds ratio per dichotomous variable or 1 standard deviation increase in continuous variable.

*
Stepwise model: age and cohort forced, entry at P<0.10, retention at P<0.05.

Abbreviations: BMI = body mass index, CI = confidence interval, CV = cardiovascular, DM = diabetes mellitus.
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