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Abstract

Background: The consequences of an infertility diagnosis extend beyond the pursuit of family 

building, as infertile women also face increased risks of severe maternal morbidity, cancer, and 

chronic disease.

Objective: To examine the association between female infertility and all-cause mortality.

Study Design: Retrospective analysis of 72,786 infertile women identified in the Optum 

Clinformatics Datamart from 2003-2019 by infertility diagnosis, testing and treatment codes 

compared with 3,845,790 non-infertile women seeking routine gynecologic care. Baseline 

comorbidities were assessed using the presence of ≥1 metabolic syndrome (MetS) diagnoses and 

the Charlson Comorbidity Index (CCI). The primary outcome of all-cause mortality was identified 

by linkage to Social Security Administration Death Master File outcomes and medical claims. The 

association of infertility with mortality was examined using Cox proportional hazard regression 

while adjusting for age, hypertension, hyperlipidemia, type II diabetes, year of evaluation, 

smoking, number of visits per year, nulliparity, obesity, region of country, and race.

Results: Among 16,473,458 person-years of follow up, 13,934 women died. Infertile women had 

a 32% higher relative risk of death from any cause (0.42% versus 0.35%, aHR 1.32, 95% CI 

1.18-1.48) compared to non-infertile women. Mean follow up time per patient was 4.0±3.7 years 

versus 4.2±3.8 years for infertile and non-infertile women, respectively. When stratified by age < 

35 or ≥35 years or baseline medical comorbidity, the association between infertility and mortality 

remained. Infertile women who delivered a child during the follow up period faced similar 
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increased risk of mortality compared to the overall infertile group. Finally, receipt of fertility 

treatment was not associated with a higher risk of death compared to receiving an infertility 

diagnosis or testing alone.

Conclusions: While absolute risk of death was low in both groups, infertile women faced a 

higher relative risk of mortality compared to non-infertile women. The association remained 

across all age, race/ethnicity, morbidity, and delivery strata. Importantly, infertility treatment was 

not associated with an increased risk of death. These findings reinforce the disease burden 

associated with infertility and its potential for longer-term sequelae.

Introduction

Infertility, defined by the American Society of Reproductive Medicine as the inability to 

achieve pregnancy after 12 months of regular unprotected intercourse, has short and long-

term health implications[1]. Since the birth of the first IVF baby in 1978, the field of assisted 

reproductive technology (ART) has developed at a remarkable pace, with rapid advances in 

ovarian stimulation, IVF techniques and the embryology laboratory. ART has created family 

building options for patients that were previously unimaginable [2]. While our ability to 

address the immediate (periconceptional) aspects of infertility have improved, the long-term 

health effects implications of infertility have received less recognition.

Both male and female infertility have been associated with greater risks of cancer and 

chronic disease, which are the leading causes of morbidity and mortality [3-10]. These 

associations suggest that infertility provides a window into future health and has effects 

beyond the reproductive years [11, 12]. Although nulliparity and infertility are distinct, the 

former has been associated with increased risk of mortality in large population-based linkage 

studies[13, 14]. An independent association between infertility and mortality was reported 

from a secondary analysis of a multicenter randomized clinical trial from 1992-2001[15]. 

We sought to build upon this prior work by presenting results from a contemporary cohort of 

infertile women and examining differential effects of infertility and fertility treatment on the 

subsequent risk of mortality.

Materials and Methods

Patients

We analyzed subjects insured by a plan included in Optum’s de-identifed Clinformatics® 

Data Mart (CDM), a nationwide commercial and Medicare Advantage claims database, from 

2003-2019. Patients are enrolled in Optum’s CDM when their insurance coverage begins 

and administrative claims submitted for payment by providers and pharmacies are verified, 

adjudicated, adjusted, and de-identified prior to inclusion. 23% of the US population is 

covered by a plan included in CDM, and the distribution of ethnicity and region is similar to 

the US population overall. This study was approved by the Stanford Institutional Review 

Board.

Women were identified within Optum’s CDM for inclusion in the infertile and control 

groups based on the following criteria: 1) Age 20-45 years, 2) Enrolled in the insurance 

claims database for at least 6 months before and after inclusion in the study and 3) presence 
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of specific diagnostic or procedural codes indicating fertility status. Characterization of the 

infertile and non-infertile groups by ICD 9/10 diagnosis and procedural (CPT) codes has 

been described in detail previously by our group [3, 4]. In brief, the group of infertile 

women was comprised of women receiving any of the following during enrollment: 1) an 

infertility diagnosis, 2) fertility testing, or 3) fertility treatment. Women with an infertility 

diagnosis were identified by ICD 9/10 diagnosis codes (Supplementary Table 1). Fertility 

testing was identified through ICD 9/10 diagnosis codes or the presence of a CPT code for 

hysterosalpingogram (HSG). Patients receiving fertility treatment were identified by the 

presence of a CPT code for intra-uterine artificial insemination (IUI), follicular puncture for 

oocyte retrieval, or intrauterine embryo transfer. Pharmacy claims for a prescription for 

clomiphene citrate or gonadotropins (Follicle Stimulating Hormone, Human Menopausal 

Gonadotropin, or Human Chorionic Gonadotropin) were also used to identify patients 

receiving fertility treatment.

The comparison group was composed of women receiving routine gynecologic care who did 

not have an infertility diagnosis or any procedure codes for fertility testing or treatment 

during enrollment. These non-infertile patients were identified through: 1) the presence of a 

claim for a well woman visit, or an encounter for 2) contraceptive management, 3) 

placement or removal of an IUD, 4) placement of a contraceptive implant, 5) encounter for 

contraceptive surveillance, or 6) pap smear.

Assessment of Baseline Comorbidities

Baseline comorbidities were assessed using the presence of ≥ 1 metabolic syndrome (MetS) 

diagnoses and the Charlson Comorbidity Index (CCI). MetS diagnoses included 

hypertension, hyperlipidemia, type II diabetes, and obesity and were identified using 

diagnosis codes from inpatient and outpatient records (hypertension: ICD 9: 401–405; ICD 

10: I10–I16), hyperlipidemia (ICD 9: 270.2–270.4; ICD 10: E784, E785, E781, E782, 

E7800), diabetes mellitus (ICD 9: 250; ICD 10: E08–E13), obesity (ICD 9: 278.0; ICD 10: 

E66.9, E66.01, E66.3, E66.2). While the CCI has traditionally been used in an inpatient 

setting to evaluate mortality, its use has been validated in both ambulatory and reproductive 

settings[16, 17]. In addition, an updated CCI was calculated for all patients that is 

appropriate for use with administrative data and has shown good to excellent discrimination 

in predicting mortality[18].

Outcome Ascertainment

All-cause mortality was determined by Optum using any of the following strategies: 1) 

Linkage to Social Security Administration Death Master File, which contains information 

about individuals who had Social Security numbers and whose deaths were reported to the 

Social Security Administration from 1962 to the present. If multiple dates were present, 

verification was performed with death certificates. 2) Claims from Centers for Medicare and 

Medicaid Services (CMS) data 3) Facility claims where discharge status was designed as 

“expired” and 4) Member coverage discontinuation due to death. Death records were 

removed if insurance coverage of claims was found more than 60 days after the death date.
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Subgroup of Patients with a Delivery

In both groups, women who became pregnant and had a delivery during the follow up period 

were identified by diagnosis and procedure codes obtained from literature indicating the 

conclusion of a pregnancy [19, 20].

Statistical Analysis

The association of infertility with mortality was examined using Cox proportional hazard 

regression. Upon inclusion in either infertile or non-infertile groups, patients were followed 

for the duration of their enrollment in the insurance database or until their death, whichever 

occurred first. The end of enrollment was defined as when insured coverage ended or the last 

period of available data, and women were censored in the survival analysis at this time point. 

Analyses were adjusted for age, hypertension, hyperlipidemia, type II diabetes, year of 

evaluation, smoking, number of visits per year, nulliparity, obesity, region of country and 

race. We also stratified the data by age (< 35 or ≥35 year), baseline medical comorbidity 

quantified as number of MetS diagnoses (0 or ≥1) and CCI (score of 0 or ≥1), follow up time 

(<4 or ≥4 years), race, delivery, receipt of fertility treatment during the follow up period. 

Identical Cox proportional hazard models were applied for the sub-analyses. All p values 

were 2-sided with p<0.05 considered statistically significant. Analyses were performed 

using SAS (version 9.4, SAS Institute, Inc., Cary, NC, USA).

Results

Patient Demographics

The study population included 72,786 infertile women and 3,845,790 non-infertile women. 

Infertile and non-infertile women were similar in age at the time of enrollment (mean age 

33.7±5.8 years versus 32.6±7.5 years, respectively) and followed for comparable time 

periods (mean follow up time 4.0±3.7 years versus 4.2±3.8 years). Infertile women were 

more likely to be nulliparous (16.6% versus 8.1%), obese (20.2% versus 14.9%) and 

smokers (7.3% versus 5.4%) compared to non-infertile women. Epidemiologic studies vary 

in their findings but some have found a higher prevalence of smoking among infertile 

women compared to fertile women [21]. Ethnicity, year of evaluation and region of the 

country was distributed similarly among infertile and non-infertile women (Table 1). 

Infertile women had a median of 4.0 (range 1.9-7.2) medical visits per year (all types) 

compared to 2.7 (range 1.3-4.8) visits per year (all types) among non-infertile women. 37% 

of the women in the cohort had infertility testing, 90% of women in the cohort had an 

infertility diagnosis and 23% of the infertile cohort underwent fertility treatment. We 

included patients undergoing fertility testing with the understanding that they would already 

meet criteria for an infertility diagnosis. However, providers may use testing instead of 

diagnosis codes for reimbursement purposes thus we sought to capture these women for 

inclusion in the infertile group.

Risk of Mortality between Infertile and Non-infertile Women

Among 16,473,458 person-years of follow up, 13,934 women died. Among infertile women, 

there were 307 deaths (0.42%) during the follow up period. Among non-infertile women, 
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there were 13,627 deaths (0.35%). Women were on average 42.2±7.6 years of age at time of 

death in the infertile and 43.3±8.2 years of age at time of death in the non-infertile group. 

While absolute rates of death from any cause were low, infertile women had a 32% higher 

relative risk of death (aHR 1.32, 95% CI 1.18-1.48) compared to non-infertile women during 

the follow up period. The risk of all-cause mortality for infertile women compared with non-

infertile women during the follow up period is depicted in Figure 1. Using the Schoenfeld 

Residuals method, we concluded the assumption of proportional hazards was valid. A 

subgroup of the non-infertile and infertile cohorts were matched based on age, follow up 

time, nulliparity, obesity, smoking, year of visit, region and race. In this analysis, power was 

limited due to the smaller sample size and number of outcomes but point estimates and 

interpretations were similar (Supplementary Table 2).

Stratification by Age and Comorbidities

Analyses were stratified by age and medical comorbidities to further investigate the 

association between infertility, mortality, and potential confounders (Table 2). When 

stratified by age < 35 or ≥35 years or baseline medical comorbidity, the association between 

infertility and mortality remained (aHR 1.39, 95% CI 1.15 - 1.69 and aHR 1.32, 95% CI 

1.15-1.52, respectively). When stratified by MetS diagnoses, there was a similar increase in 

risk of death among infertile patients compared to non-infertile patients across strata (aHR 

1.24, 95% CI 1.07 - 1.44 among patients with no prior MetS diagnosis, aHR 1.24, 95% CI 

1.05 - 1.47 among patients with at least 1 prior MetS diagnosis. Baseline comorbidities were 

also quantified using the CCI with similar results as shown in Table 2.

Stratification by Race

Risk of death among infertile and non-infertile women was examined by racial subgroups. 

The majority of patients in both patient groups were White (55% and 61.5%). Infertile 

White women faced a higher risk of death compared to non-infertile White women with a 

point estimate similar to the overall analysis (aHR 1.41, 95% CI 1.23-1.63). The association 

was similar among Black patients (aHR 1.40, 95% CI 1.05-1.87). Among Asian and 

Hispanic patients, the risk of death was not statistically different between infertile and non-

infertile groups (aHR 1.33, 95% CI 0.75-2.37, and aHR 0.90, 95% CI 0.56-1.43, 

respectively).

Subgroup of All Patients with a Delivery

Risk of mortality was stratified by delivery among patients in both infertile and non-infertile 

groups (Table 3). Among patients who had a delivery during follow up, there were 14 deaths 

(0.19%) in the infertile group and 328 deaths (0.16%) in the non-infertile group. Among 

patients who did not have a delivery during follow up, there were 293 deaths (0.45%) in the 

infertile group and 13,299 deaths (0.37%) in the non-infertile group. The association 

between infertility and increased risk of mortality remained among women who had a 

delivery during follow up (aHR 1.75, 95% CI 1.14-2.70) and among women who did not 

have a delivery during follow up (aHR 1.30, 95% CI 1.16-1.46).
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Subgroup of Infertile Patients

Finally, the risk of mortality was examined among infertile patients only, subdivided among 

infertile patients who received a fertility diagnosis or underwent fertility testing, and infertile 

patients who underwent fertility treatment. Among 55,858 patient receiving an infertility 

diagnosis or undergoing fertility testing, there 269 deaths (0.48%). Among 16,928 infertile 

patients undergoing fertility treatment, there were 38 deaths (0.22%). The risk of death was 

increased among infertile patients receiving an infertility diagnosis or fertility testing 

compared to those undergoing fertility treatment (aHR 1.92, 95% CI 1.35-2.72).

Comment

Principal Findings of the Study

From a contemporary cohort of 3,918,576 women age 20-45, we report a small absolute risk 

of death but a 32% relative increase in risk of death among infertile women compared to 

non-infertile women. These findings are consistent with prior reports from our group that the 

consequences of an infertility diagnosis extend beyond the pursuit of family building, as 

infertile women also face increased risks of severe maternal morbidity, cancer, and chronic 

disease [3, 4, 22]. Mortality patterns among U.S. residents are tracked by the National 

Center for Health Statistics. To place our results in context, the death rate in 2017 among all 

U.S. women ages 25-44 years was 446.7/100,000 (0.45%), which is overall similar to the 

death rates we report.

Results and Clinical Implications

Counseling an infertile patient who is planning to undertake fertility treatment typically 

includes a discussion regarding attendant risks. Current counseling largely focuses on peri-

procedural and pregnancy-related risks[23]. The growing body of work demonstrating an 

association between both female and male infertility and increased risk of morbidity and 

mortality[24] suggests that continued evaluation of infertile patients may be warranted after 

reproductive pursuits conclude. The fertility evaluation offers an opportunity to screen for 

additional factors that may affect future health, implement additional periodic health 

screening measures, and provide counseling regarding the implications of an infertility 

diagnosis on a woman’s short and long-term health.

Research Implications

Our findings are complementary to several studies reporting an association between male 

and female infertility, increased risk of morbidity, and increased risk of mortality[6, 7, 11, 

12, 25, 26]. Our findings also reinforce the concept of infertility as a distinct class of 

diagnoses. Female infertility has been associated with increased risk of metabolic syndrome 

and cardiovascular disease[9, 27]. An increased risk of death among infertile women was 

first reported from a secondary analysis of a multicenter randomized clinical trial (aHR1.10, 

95% CI, 1.02-1.18) [15]. . Our findings reinforce this initial report, with the additional 

advantage that the data in this analysis were prospectively obtained and not subject to 

patients’ ability to recall a history of infertility. Furthermore, the ages of patients enrolled in 

the study was such that during their reproductive years, contemporary fertility treatments 
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were just emerging; the awareness of infertility and treatment options have changed 

dramatically since the early 1980s[2].

We performed a series of stratified analyses to evaluate if confounding factors (e.g. age, 

comorbidity, race/ethnicity, maternity) may explain the association between infertility and 

mortality. We found that the risk of mortality among infertile patients persisted across 

differences in age (<35 or ≥ 35 years) and comorbidities (Number of MetS diagnoses or 

CCI). In a subanalysis with propensity matching, the association of infertility and mortality 

remained among healthy women. These findings suggest that a biologic difference may exist 

among infertile women leading to an increased risk of mortality that is not solely attributed 

to increasing age and medical comorbidities.

Childbearing has a protective effect on mortality and is influenced by a myriad of factors 

that are biologic, social, and economic [13, 14, 28]. Having children prior to ART treatment 

has been associated with reduced risk of mortality[29]. This association can be attributed to 

better health among previously fertile women, or a less severe form of infertility among 

parous women that is associated with a lower risk of death. In a subgroup analysis, we found 

similar risk of mortality among women who had a delivery during follow up and those who 

did not.. Although this analysis is limited by small sample size, it suggests that a biologic 

difference exists between infertile and non-infertile women independent of powerful 

influencers of mortality including childbirth. Disparate birth outcomes including stillbirth, 

multiple birth, and birth of a child with significant abnormality can all increase physical and 

emotional stress, which in turn can influence health and mortality risk among both infertile 

and non-infertile women; this merits examination in a future study.

Finally, we stratified the risk of mortality among infertile patients who received an infertility 

diagnosis or fertility testing versus those patients who underwent fertility treatment. While 

our sub-analyses are limited by small numbers, we report that receipt of fertility treatment 

(e.g. IUI, in vitro fertilization, or controlled ovarian stimulation) is not independently 

associated with increased risk of death. These findings are concurrent with large population 

studies reporting lower risk of death among women treated with IVF compared to unexposed 

women[30, 31]. Importantly, women who undergo fertility treatment generally have higher 

education, income and access to care; this “healthy user effect” may explain the association 

with lower mortality [32]. In addition, physical, psychological, and social resources play a 

role in fertility treatment initiation, and patients can face multiple barriers to obtaining 

treatment after an infertility diagnosis [33].

Strengths and Limitations

To our knowledge, this is the first report of an association between infertility and mortality 

in a contemporary cohort of women diagnosed with infertility and exposed to fertility 

treatment as it is practiced in the current day. Study strengths include the large size of the 

cohort, detailed claims-based characterization of infertility, adjustment for multiple 

covariates and sub-analyses demonstrating that the increased risk of mortality among 

infertile women persists across all age, race/ethnicity, morbidity, and delivery strata. 

Limitations to our study design include the relatively young age of the cohort and the 

modest individual follow-up of 4 years on average, a time when death represents a rare 
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event, and the relatively young age at time of death. Furthermore, since cause of death was 

not available, we could not determine if mortality events were precipitated by biological 

disease, accidents, suicide or other causes. In addition, details regarding infertility diagnosis 

and treatment are not fully captured in insurance claims data. The prevalence of infertility in 

our patient cohort is lower than reported in national data[34]. This reflects prior reports that 

only a minority of infertile women seek evaluation and/or treatment[32], and is also due to 

stringent inclusion criteria to avoid inadvertently including a fertile woman in the infertile 

cohort. While the prevalence of fertility treatment is in line with the most recent National 

Health Statistics Report[32], patients could have sought fertility treatment outside of 

insurance coverage and this would have not been captured in our database. It is also possible 

that women in the unexposed group had diagnoses of infertility before or after enrollment 

the database. This misclassification, however, would lead to a regression to a null finding. 

Despite any association we found likely being an under-estimate, we still found a significant 

difference between the cohorts. Given the rare nature of the outcome of interest, we were 

unable to further stratify the infertile cohort by infertility diagnosis. Within this 

heterogeneous patient population, there may be subsets that are higher risk for later 

mortality that warrant study in a larger cohort over a longer period of time. For example, the 

association between infertility and risk of mortality may be more pronounced in female 

infertility and diluted out by a population of women in IVF-treated couples with only male 

factor infertility. Overall, however, we anticipate this would have resulted in an 

underestimate of associations. The limited duration of follow up and lack of access to 

granular information on why an individual patient changes or loses insurance coverage is an 

additional limitation of the analysis. However, follow up time was similar between the 

groups (4.0 years vs 4.2 years for infertile vs non-infertile, respectively). The reported 

differences between the groups may change as these young patients age beyond the 

reproductive years and longer term follow up is warranted. We are also limited by the 

accuracy of coding for infertility diagnoses and procedures, and standard fertility tests such 

as the HSG could have been performed to evaluate other gynecologic concerns. 

Additionally, information on parity is not readily available using claims data and births were 

captured only if they occurred during the follow up period. Finally, an ideal statistical model 

would incorporate time-dependent covariates. Claims data is not well-suited to this design 

because not every enrollee is seen at regular intervals, the time of a particular diagnosis may 

be unreliable, and once a diagnosis is recorded, it is not possible to know if or when it 

resolves. Validation of these findings in a contemporary, prospective cohort of women 

evaluated longitudinally at multiple time points past the reproductive years is warranted.

Conclusions

While absolute risk of death was low in both groups, infertile women face a higher relative 

risk of mortality compared to fertile women, reinforcing the disease burden associated with 

this diagnosis and its potential for long-term health sequelae. Moreover, the association 

remained across all age, race/ethnicity, morbidity, and delivery strata. Importantly, fertility 

treatment was not associated with an increased risk of death. Longer-term studies are needed 

to address the time course of this association.
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Condensation: While absolute risk of death was low in both groups, infertile women 

faced a higher relative risk of mortality compared to non-infertile women.
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AJOG at a Glance:

A. The objective of this study was to examine the association between female 

infertility and mortality using an insurance claims database.

B. While absolute risk of death was low in both groups, we report that infertile 

women have a 32% higher relative risk of death from any cause (0.42% 

versus 0.35%, aHR 1.32, 95% CI 1.18-1.48) compared to non-infertile 

women. When stratified by age or baseline medical comorbidity, the 

association between infertility and mortality remains.

C. Novel findings include that receipt of fertility treatment was not associated 

with a higher risk of death compared to receiving an infertility diagnosis or 

testing alone. Overall, these findings suggest that infertility is not only a 

distinct disease process, but also a window to future health.
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Figure 1. 
Adjusted Cox-proportional hazard regression models compare the risk of death from any 

cause over the study period between infertile and non-infertile women. The survival table 

represents the number of women available for analysis at each time point.
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