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STUDY QUESTION: Does the fertility status of an individual act as a biomarker for their future health?
SUMMARY ANSWER: Data support an association between reproductive health and overall health for men and women.
WHAT IS ALREADY KNOWN: Various chronic conditions, such as diabetes, obesity and cancer, can compromise fertility, but there are
limited data for the converse situation, in which fertility status can inﬂuence or act as a marker for future health. Data reveal an association
between infertility and incident cardiovascular disease and cancer in both men and women.
STUDY DESIGN, SIZE, AND DURATION: A National Institute of Child Health and Human Development-Centers for Disease Control
and Prevention workshop in April 2016 was convened that brought together experts in both somatic diseases and conditions, and reproductive health. Goals of the workshop included obtaining information about the current state of the science linking fertility status and overall
health, identifying potential gaps and barriers limiting progress in the ﬁeld, and outlining the highest priorities to move the ﬁeld forward.
PARTICIPANTS/MATERIALS, SETTING AND METHODS: Approximately 40 experts participated in the workshop.
MAIN RESULTS AND THE ROLE OF CHANCE: While the etiology remains uncertain for infertility, there is evidence for an association
between male and female infertility and later health. The current body of evidence suggests four main categories for considering biological
explanations: genetic factors, hormonal factors, in utero factors, and lifestyle/health factors. These categories would be key to include in future
studies to develop a comprehensive and possibly standardized look at fertility status and overall health. Several themes emerged from the
group discussion including strategies for maximizing use of existing resources and databases, the need for additional epidemiologic studies and
public health surveillance, development of strategies to frame research so results could ultimately inﬂuence clinical practice, and the identiﬁcation of short and long-term goals and the best means to achieve them.
LIMITATIONS, REASONS FOR CAUTION: Further research may not indicate an association between fertility status and overall

health.
WIDER IMPLICATIONS OF THE FINDINGS: Currently medical care is compartmentalized. Reproductive medicine physicians treat

patients for a short period of time before they transition to others for future care. Going forward, it is critical to take an interdisciplinary
patient care approach that would involve experts in a broad range of medical specialties in order to more fully understand the complex interrelationships between fertility and overall health. If infertility is conﬁrmed as an early marker of chronic disease then screening practices could
be adjusted, as they are for patients with a family history of malignancy.
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WHAT DOES THIS MEAN FOR PATIENTS?
This is a report from a workshop where a group of experts from around the world considered whether your fertility can tell you anything about
how healthy you will be in the future.
It is known that some medical conditions, for example being obese, can have an impact on your fertility, but it is not clear whether your fertility
may hold any clues to your future health. Recent studies have suggested that some causes of infertility may be linked with other health issues
such as cardiovascular disease.
The expert group agreed that more research is needed before any conclusions can be drawn.
They suggested speciﬁc areas and strategies for future studies and noted that medical experts from diverse ﬁelds begin to incorporate reproductive health into more studies to help work out the nature of any possible relationships between infertility and overall health.

Introduction
It has been stated that ‘…different infertility etiologies not only share
particular genes and/or molecular pathways with other pathologies
but they have distinct clinical relationships with other diseases appearing after infertility is manifested’ (Tarin et al., 2015).
It is clear that chronic conditions such as cancer, diabetes and obesity can impair fertility (La Vignera et al., 2015; Mitchell and Fantasia,
2016; Silva et al., 2016). Indeed, any discussion of fertility status and
the impact on future health must begin with the strong association
between fertility status and current health (Sermondade et al., 2013;
Eisenberg et al., 2016b; Sundaram et al., 2017). However, less is
known about the extent to which fertility status can impact or act as a
marker for future overall health. Infertility is not necessarily a unique
disease of the reproductive axis, but is often physiologically or genetically linked with other diseases and conditions. Recent epidemiologic
studies demonstrate links between fertility status in both males and
females and various somatic diseases and disorders (Hotaling and
Walsh, 2009; Eisenberg et al., 2014). Taken together, these data
strongly suggest that fertility status can be a window into future health.
Data suggest that infertility may be associated with a variety of other
health processes, suggesting infertility is genetically and clinically linked
with these other diseases. For example, polycystic ovary syndrome
(PCOS) has been associated with both impaired glucose tolerance and
cardiovascular disease (Fauser et al., 2012). However, it is not clear
whether if the symptoms of PCOS were lessened, differences in other
health outcomes would result. Ovarian aging is also a reproductive
process with potential for broader implications. The number of ovarian follicles peaks in utero and decreases throughout the lifespan of the
woman. The question remains whether this pattern accelerates for
women with decreased ovarian reserve, a condition of ovarian insufﬁciency associated with a lower response to gonadotrophin stimulation.

Decreased ovarian reserve is associated with genetic abnormalities
and with shorter telomeres (Butts et al., 2009), a characteristic of agerelated diseases.
It is important to remember that childbirth (and hence fertility)
could affect maternal/women’s health in a positive direction (Falick
Michaeli et al., 2015). High levels of endogenous estrogen and the
physiological changes associated with breastfeeding are two factors
related to pregnancy that might affect future health. In addition to the
possibility of ‘rejuvenating effects’ of pregnancy, genetic dispositions
may play a role in any correlation between pregnancy and overall
health.
Subtle differences between males and females (e.g. physiology, hormonal) could affect the occurrence, severity or direction (protective
or deleterious) of the effects of fertility status on overall health.
Somatic diseases, such as, rheumatoid arthritis, autism and lupus, affect
one sex more frequently than the other (Quintero et al., 2012;
Rubtsova et al., 2015). Even in diseases with equal prevalence in males
and females, there can be signiﬁcant differences in severity; for
example, men with dilated cardiomyopathy tend to die about 10 years
before affected women (Herman et al., 2012). One intriguing possibility is that males and females read their genomes differently. Although
scientiﬁc dogma maintains that Y chromosome genes only function in
the gonad and that the second X chromosome is inactive in the
female, these concepts are changing. In fact, 12 of 17 surviving genes
on the Y chromosome have a broad tissue expression and hundreds
of genes are expressed from the second X chromosome, also in a
broad distribution pattern (Bellott et al., 2014). This leads to subtle,
but distinct differences in XX and XY cells throughout the body.
These ﬁndings lead to two clinically important implications for examining the impact of fertility status on overall health: ﬁrst, the link between
infertility and a given disease could manifest differently between the
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sexes; and second, in cases where both sexes are similarly affected,
there could be signiﬁcant differences in severity. As such, speciﬁc
emphasis on sex will be required for all fertility status and overall
health studies and may require different methods of evaluation
between the sexes.
If validated, the premise that fertility and overall health share common or intersecting physiological pathways, and that dysregulation of a
common pathway can disrupt both systems, provides a valuable
opportunity to affect future health during the fertility evaluation.
Importantly, the directionality of the causal pathways between health
and infertility are not deﬁnitively known at the current time. However,
even if a cause and effect relationship remains unclear, the clinically
relevant issue remains that a patient with infertility might also experience an increased risk of organ system dysfunction, apparent only later
in life. Knowledge of the existence of such as relationship could provide an enormous opportunity for early detection, prevention, and
intervention in serious, chronic diseases. With increased attention to
infertility (Prevention, 2014), there is increased potential to reach people during their reproductive years, when they are highly motivated to
protect their current and future health yet young enough to begin to
make changes to their lifestyle/health, which may mitigate later disease risk. The lack of knowledge regarding the relationship between
fertility status and overall health becomes even more important in
light of the economic burdens of these chronic conditions and may
increase further the issues of access to care for infertility evaluation
and treatment.
Infertility is often the ﬁrst health crisis faced by an otherwise healthy
man or woman, but they might learn of a lifelong, non-reproductive
condition from the clinician. Although achieving pregnancy is appropriately the ﬁrst priority at the time, medical counseling about overall
health should occur for both men and women, where a diagnosis of
infertility could lead to a comprehensive look at overall health. If infertility serves as a window on future health, it could be a clinical ‘game
changer’, providing new insights for the diagnosis of chronic disease
and its underlying mechanisms. Clinical care would be transformed by
early identiﬁcation of those at risk for a disease (who otherwise may
not know), in addition to treating those already diagnosed. Here, we
focus on the primary disease outcomes (e.g. cardiovascular, cancer
and metabolic) and etiologies (e.g. genetic) for which strong preliminary data are available.

Materials and Methods
Leaders at both the National Institute of Child Health and Human
Development and Centers for Disease Control and Prevention convened
the conference in April 2016 with interested parties from around the
world. All participants made meaningful contributions to the workshop.
The primary workshop organizers summarized the workshop and drafted
the current report.

Results

targeting the late reproductive years, but aspects of reproductive
development and health, including age at puberty, menstrual cyclicity
and pregnancy (pre-eclampsia, gestational diabetes or pregnancyinduced hypertension) (Mosca et al., 2011), lay the groundwork for
subsequent cardiovascular health. Infertility itself, or underlying causes
of infertility, could foretell of worsened CVD risk. If true, this would
present a unique opportunity to identify high-risk individuals much
earlier in life when intervention would be the most beneﬁcial. Indeed,
infertility and CVD share underlying biologic mechanisms, such as
inﬂammation, as well as common risk factors, including late menarche,
early menopause, PCOS, smoking, diet and adiposity.
The major risk factors for CVD are similar in women and men,
including age, dyslipidemia, diabetes, hypertension, smoking, family history, obesity and physical inactivity. However, sex differences also are
clinically signiﬁcant (Vaccarino et al., 1998; Gupta et al., 2014). While
deaths owing to CVD in the USA have substantially declined in both
men and women within the last decade, there remains an inexplicable
lack of improvement in survival from myocardial infarction among
young women (Mehta et al., 2016). These sex differences could be
related to genetics, or hormonal status, both interesting variables that
could tie back to reproductive health.
Validating the acceptance of the fertility status and overall health concept, the Framingham Heart Study (https://www.framinghamheartstudy.
org/) recently added questions about female infertility and, 14% of
respondents stated that they experienced infertility (in line with population estimates). Infertile women tended to be older and heavier than controls, but the number of live births and their other risk factors for CVD
were similar.
The onset of CVD in women has a 10-year lag compared to onset in
men. Studies suggest that reproductive variables in women, such as
early menopause, premenopausal oophorectomy and primary ovarian
insufﬁciency, are risk factors for CVD. Other reproductive factors
inﬂuence risk of CVD, including the timing of menarche, pregnancyassociated hypertension and pr-eeclampsia, gestational diabetes,
PCOS, functional hypothalamic amenorrhea and the decline in ovarian
function (Bleil et al., 2013; Hillman et al., 2014). While loss of estrogen
has been thought of as a predominant factor in some of these disorders, reproductive changes could foretell a common underlying pathology that contributes to declining ovarian reserve and CVD risk in
women.
In general, infertile men are less healthy than fertile men (Salonia
et al., 2009), and men with abnormal semen quality are more likely to
have hypertension and heart disease. The incidence of ischemic heart
disease is ~60% higher in infertile men compared to all other men
(Eisenberg et al., 2016a, b). Data from studies linking fertility to cardiovascular health – using fatherhood as a surrogate – also showed a positive correlation (Lawlor et al., 2003). Low testosterone levels in men
have been linked to greater risk of a cardiovascular event (Khaw et al.,
2007). Studies have shown that men with semen abnormalities also
experience an earlier mortality (Jensen et al., 2009; Eisenberg et al.,
2014).

Fertility status and cardiovascular disease

Fertility status and cancer

Cardiovascular disease (CVD) is the leading cause of death in men and
women both globally and in the United States.(Xu et al., 2016).
Current efforts focus on prevention of risk factors for CVD, frequently

While it is apparent that infertility can result from cancer or its treatment, emerging evidence demonstrates that infertility might also serve
as a marker for elevated cancer risk. The speciﬁc associations are
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difﬁcult to assess, in part owing to the complexity of cancer, but the literature reveals some intriguing interrelationships. Studies of mice lacking the breast cancer genes BRCA1 and BRCA2, tumor suppressors that
maintain genomic integrity through repair of DNA double strand
breaks, demonstrate links between infertility and breast cancer (Xu
et al., 2003; Sharan et al., 2004; Hartford et al., 2016). Repair of
double-stranded breaks occurs by homologous recombination, and
defects in the process are a common molecular mechanism in both
tumorigenesis and infertility. BRCA1 mutant male mice undergo apoptotic elimination of spermatocytes because of a failure in doublestranded DNA repair. In oocytes, impaired spindles result in misaligned chromosomes.
Moreover, women who carry a BRCA1 mutation have a reduced
oocyte pool and produce fewer eggs compared to women with wildtype BRCA1 (Oktay et al., 2010). However, other studies found no
association between BRCA1/BRCA2 mutations and infertility (Pal et al.,
2010). It is possible that BRCA1/BRCA2 haplo-insufﬁciency in germ cells
might contribute to a diminished egg supply without clinically apparent
infertility. In support of this, BRCA1/BRCA2 carriers who did not
undergo prophylactic surgery, chemotherapy, or radiation entered
menopause three years sooner than control women (Lin et al., 2013).
Thus, identifying young women with low ovarian reserve may lead to
new cancer screening strategies.
The association between female fecundity and tumorigenesis is
equally complex. For example, risk levels vary between those not
bearing children (nulliparity) and women with infertility (those taking
longer than 12 months to conceive). Nulliparity is an established risk
factor for breast, ovarian and endometrial cancers, but it is unclear
how this risk associates with actual infertility. However, anovulation,
including that related to PCOS, has been associated with uterine cancer (Haoula et al., 2012). Endometriosis and tubal factor infertility are
also associated with ovarian cancer. There are several possible biological mechanisms to explain these associations. Anovulation could
increase the likelihood of breast and uterine cancers owing to
increased estrogen in the presence of low progesterone levels.
Endometriosis could increase risk of ovarian cancer because of genetic
predisposition, the occurrence of pre-malignant atypical endometriosis, or hormonal and inﬂammatory factors. Tubal factors could
increase risk of ovarian cancer as a result of aberrant inﬂammatory
responses.
Multiple studies have established male infertility as a harbinger of
cancer risk. The ﬁrst case reports from the 1970s and 1980s suggested
a link between testicular germ-cell dysfunction and a subsequent risk
of testicular cancer (Skakkebaek, 1978; Berthelsen et al., 1982).
Several large population-based cohort studies subsequently conﬁrmed
these ﬁndings. A 2002 study followed a cohort of 32 442 men for up
to 32 years and demonstrated a 2.3 times higher risk of testis cancer in
men with low sperm concentration (Jacobsen et al., 2000). Another
study likewise demonstrated that men diagnosed with male factor
infertility had a nearly three times higher risk of testis cancer in the
years following evaluation (Walsh et al., 2009). The association
between infertility and prostate cancer has been inconclusive, with
studies suggesting no association, a positive association or a negative
association (Ruhayel et al., 2010; Walsh et al., 2010; Eisenberg et al.,
2015).
The etiology of the association between male infertility and cancer
remains uncertain. Gestational exposures (i.e. testicular dysgenesis
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syndrome) are a plausible cause (Skakkebaek et al., 2001, 2016). As
up to 10% of the male genome is devoted to reproduction, common
genetic pathways could also explain the association (Bonadona et al.,
2011; Ji et al., 2012): mutations in MutS Homolog DNA mismatch
repair genes including MSH2, MSH4, MSH5 and PMS2 have been associated with cancers and, in mice, cause varying forms of infertility
including azoospermia.
Patients experiencing infertility are unique because they have frequent exposure to several factors which can affect their cancer risk/
diagnosis, e.g. ovarian stimulation drugs and other infertility interventions, low parity, less use of oral contraceptives, higher social class and
higher rates of cancer screening. Finally, it is important to consider
pre-IVF exposures and underlying factors which may have led to the
infertility itself.

Fertility status and metabolism
Historic population data indicate at least a correlational relationship
between body weight – a ‘read-out’ of metabolic function – and fertility or fecundity. Over the last 100 years in the USA, the number of
actual births has been rising but the birth rate has declined steeply.
Since the 1980s, the prevalence of impaired fecundity (such as conception delays and pregnancy loss) also increased (http://www.cdc.gov/
nchs/nsfg/key_statistics/i.htm#infertility). Concurrently, the prevalence of obesity in men and women of reproductive age has also risen
(http://www.cdc.gov/nchs/data/databriefs/db219.htm). Although this
relationship is correlative, the physiological connections that regulate
metabolism and reproduction are known.
Female reproductive health is also linked to metabolic status. Energy
balance is important in normal fertility, as shown by examples of
increased prevalence of infertility in women with anorexia, obesity or
those who exercise excessively. Women with PCOS are often both
infertile and obese, and suffer from metabolic syndrome. Even lean
women with PCOS often have insulin resistance, and it is possible that
the molecular mechanisms of insulin resistance are the common pathway linking infertility and poor metabolic health. Women with PCOS
have an elevated risk for diabetes even after adjusting for obesity.
Obesity causes an inﬂammation-like state, which in turn affects steroidogenesis. The resulting shift in a woman’s fertility would be analogous
to the shift caused by premature aging. As such, female infertility often
reﬂects underlying metabolic imbalance.
Obesity is often associated with resistance to metabolic hormones
such as insulin and leptin, which also modulate reproductive function.
In addition, studies of female mammals show that changes in ovarian
function disrupt metabolic homeostasis and can trigger the onset of
metabolic (and other) pathologies (Della Torre et al., 2014). Some
infertile men might biologically age faster than expected, leading to
additional health burdens including metabolic dysfunction. Data demonstrate that one in 10 white European men presenting for primary
infertility and one in eight presenting for secondary infertility have
metabolic syndrome (Ventimiglia et al., 2015, 2017).
Male reproductive health declines with age, and men whose primary
complaint is infertility have a higher number of comorbid conditions
than those who seek medical attention for other issues. Indeed, the
Charlson Comorbidity Index (CCI), a comorbidity index for predicting
mortality (Charlson et al., 1987), is signiﬁcantly higher in men who present to the clinic for infertility when compared to fertile men, and
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fertility was a strong predictor of the relative CCI score. A higher CCI
was linked to lower sperm concentration and higher FSH. These data
suggest that fertility status could be a reasonable proxy for men’s
health (Salonia et al., 2009). Some have suggested that the common
link between male infertility and comorbid conditions could be accelerated aging: infertile men could have a poorer baseline of stem cells in
both the germ line and somatic cell populations, and/or faster exhaustion of the stem cell populations.

The genome and infertility
Infertility affects 10–15% of couples, making it one of the most common disorders for people of reproductive age (Chandra et al., 2013,
2014; Louis et al., 2013; Thoma et al., 2013). Over 50% of male cases
are idiopathic, but many are thought to have an underlying genetic etiology. However, while mutations in over 200 genes have been shown
to decrease fertility in animal models, few genetic causes of infertility
have been validated in humans (Matzuk and Lamb, 2008; White et al.,
2013). Approximately 1000 genes, or 4% of the human genome, are
involved in generating a functional sperm, and efforts to identify genetic
causes for male infertility by relatively inefﬁcient candidate gene
sequencing approaches in relatively small cohorts of individuals have
been unsuccessful until recently.
New multi-centered studies are now underway, including a recent
study that showed copy number variations (CNVs) are enriched in
infertile men compared to fertile controls men (Lopes et al., 2013;
Huang et al., 2015). In addition, employing a quantitative approach
that uses an ‘interactome’ to examine common linkages in comorbidity
(Menche et al., 2015), investigators detected overlapping relationships
between male infertility and congenital abnormalities, male urogenital
disease, nervous system disease, and endocrine disease. These studies
provide a conceptual framework of common genetic pathways
involved in fertility and overall health.
A separate study reported that 168 genes identiﬁed by genomewide association study/online mendelian inheritance in man/differentially expressed genes analyses, also are signiﬁcantly associated with
male infertility (Tarin et al., 2015). These genes are involved in diverse
and basic cellular functions such as ribosome and proteasome pathways and regulation of metabolism, RNA degradation and translation.
Examining genetic correlations in the absence of speciﬁc gene lists
could also reveal comorbidities. An atlas of genetic correlations across
human diseases was recently published (Bulik-Sullivan et al., 2015).
Although infertility was not included in the analysis, the model can be
used to compare infertility with other conditions in the future.

Discussion
Recommendations and next steps
While the etiology remains uncertain for infertility, the current body of
evidence suggests four main categories for considering biological explanations: genetic factors, hormonal factors, in utero factors and lifestyle/
health factors. These categories would be key to include across future
studies to develop a comprehensive and possibly standardized look at
fertility status and overall health. Several themes emerged from the
workshop discussion including strategies for maximizing use of existing
resources and databases, the need for additional epidemiologic studies
and public health surveillance, development of strategies to frame
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research so that results could ultimately inﬂuence clinical practice, and
the identiﬁcation of short and long-term goals and the best means to
achieve them.
A number of immediate recommendations emerged. Participants
agreed that the development of a common working deﬁnition of infertility is a key, pressing need and that the deﬁnition needs to include the
infertile couple. A consensus conference could address this goal. In
addition, detailed questions to assess fertility status for both sexes
should be developed for inclusion in NHANES (National Health and
Nutrition Examination Survey) and other health-focused surveys.
NHANES should also consider initiating the collection of biomarkers
of fertility that can be linked with behavioral data (diet, lifestyle, etc).
In the near future, researchers will need to use the data that are
already available more efﬁciently. Existing databases could be used for
secondary analysis, and, at the same time expanded by leveraging clinical cohorts, e.g. the Reproductive Medicine Network, the All of Us
Program (formerly the Precision Medicine Initiative), and dbGAP.
Scientiﬁc societies, such the American Society for Reproductive
Medicine and the Society for the Study of Male Reproduction, should
help to support workshops on mining existing databases to allow
investigators to develop consortium-type science. Additional epidemiological work is important, especially to resolve controversies in
the literature. Moreover, establishing fertility along the spectrum of
health will allow incorporation of reproductive health research in studies of other health disorders.
Long-term preconception cohort studies are necessary, but admittedly expensive, to identify individuals who will experience not only
infertility but also other fecundity impairments such as conception
delays and pregnancy loss, and their interaction with health across the
lifespan. The identiﬁcation of cases where infertility and co-morbid
conditions are particularly severe, e.g. men with non-obstructive azoospermia at age 25 years who die from CVD by age 40 years, if available, might improve the knowledge of possible mechanistic links.
One immediate possibility is a detailed bioinformatics study of the
available data that could begin to identify pathways that are involved in
both reproduction and somatic diseases and disorders. It is important
to note that the workshop did not address all areas of health potentially related to fertility (e.g. the immune system).
Further development of the ﬁeld requires creation of new animal
models which are critical to allow identiﬁcation of biomarkers for infertility and for efforts to probe mechanisms that link infertility with other
health conditions. For example, the US National Institutes of Health
Knock Out Mouse Production and Phenotyping (KOMP2) project
seeks to establish gene knockouts and phenotyping for every proteincoding gene in the mouse genome, along with tissue banking, tissue
expression studies and transcriptome analysis. Although information
on fertility is one of the several tiers of standard phenotyping, deep
phenotyping of some strains needs to be performed to determine if
infertility is associated with other health issues. Studies to date have
established that a large number of knock-out strains exhibit male infertility; as might be expected fewer female infertile strains were identiﬁed. In total, 5–6% of strains show some level of infertility.
Currently, medical care is compartmentalized and specialists frequently do not know how best to treat the individual as a whole or to
assess and minimize future health risks in body systems outside of their
area of expertise. Reproductive medicine physicians treat patients for
a short period of time before they transition to others for future care.
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Going forward, it is critical to take an interdisciplinary patient care
approach that would involve experts in a broad range of medical specialties in order to more fully understand the complex interrelationships between fertility and overall health. Indeed, if infertility is
conﬁrmed as an early marker of chronic disease, screening practices
could be adjusted, as they are for patients with a family history of
malignancy.

Acknowledgments
We greatly appreciated the science writing talents of Amber Boehm.
We thank Emily Jay for superbly handling all the administrative details
that made the workshop run smoothly. Funding was provided from
the Fertility and Infertility Branch, NICHD, and the Division of
Reproductive Health, National Center for Chronic Disease Prevention
and Health Promotion of CDC. Workshop Participants: Sevgi Aral,
Ph.D. (National Center for HIV/AIDS, Viral Hepatitis, STD, and TB
Prevention), Kurt T. Barnhart, M.D., M.S.C.E.* (University of
Pennsylvania), Sheree Boulet, DrPH (National Center for Chronic
Disease Prevention and Health Promotion), Louise A. Brinton, Ph.D.,
M.P.H.* (National Cancer Institute, National Institutes of Health),
Marcelle I. Cedars, M.D.*,# (University of California, San Francisco),
Gwen Childs, Ph.D. (University of Arkansas for Medical Sciences),
Barbara Collura* (RESOLVE: The National Infertility Association),
Donald F. Conrad, Ph.D.* (Washington University in St. Louis), Alan
Decherney, M.D. (Eunice Kennedy Shriver National Institute of Child
Health and Human Development, National Institutes of Health), Louis
V. DePaolo, Ph.D.# (Eunice Kennedy Shriver National Institute of
Child Health and Human Development, National Institutes of Health),
Chhanda Dutta, Ph.D. (National Institute on Aging, National Institutes
of Health), Esther Eisenberg, M.D.* (Eunice Kennedy Shriver National
Institute of Child Health and Human Development, National Institutes
of Health), Michael L. Eisenberg, M.D.*,# (Stanford University School
of Medicine), Leslie V. Farland, Sc.D., Sc.M. (Harvard Medical School,
Brigham and Women’s Hospital), Asgi Fazleabas, Ph.D.+ (Michigan
State University), Rachel Gorwitz, M.D. (National Center for HIV/
AIDS, Viral Hepatitis, STD, and TB Prevention), Lisa M. Halvorson,
M.D. (Eunice Kennedy Shriver National Institute of Child Health and
Human Development, National Institutes of Health), Mary Ann
Handel, Ph.D.+ (The Jackson Laboratory), Della Hann, Ph.D. (Eunice
Kennedy Shriver National Institute of Child Health and Human
Development, National Institutes of Health), Patricia Hunt, Ph.D.*
(Washington State University), Lorette Javois, Ph.D.* (Eunice Kennedy
Shriver National Institute of Child Health and Human Development,
National Institutes of Health), Philip Jordan, Ph.D. (Johns Hopkins
University, Bloomberg School of Public Health), Rosalind King, Ph.D.
(Eunice Kennedy Shriver National Institute of Child Health and Human
Development, National Institutes of Health), Dolores J. Lamb, Ph.D.
(Baylor College of Medicine), Almudena Veiga-Lopez, D.V.M., Ph.D.
(Michigan State University), Germaine M. Buck Louis, Ph.D., M.S.+
(Eunice Kennedy Shriver National Institute of Child Health and Human
Development, National Institutes of Health), Stuart B. Moss, Ph.D.#
(Eunice Kennedy Shriver National Institute of Child Health and Human
Development, National Institutes of Health), Joanne Murabito, M.D.,
Sc.M.* (Boston University School of Medicine), David C. Page, M.D.*
(Massachusetts Institute of Technology), Karen Pazol, Ph.D. (National
Center for Chronic Disease Prevention and Health Promotion

Cedars et al.

Centers for Disease Control and Prevention), Margaret D. Pisarska,
M.D. (Cedars-Sinai Medical Center), Kathryn S. Porter, M.D.,
FACPM* (National Center for Health Statistics Centers for Disease
Control and Prevention), Aleksandar Rajkovic, M.D., Ph.D. (MageeWomens Research Institute and Foundation), Andrea Salonia, M.D.,
Ph.D.* (Vita-Salute San Raffaele University), Steven M. Schrader, Ph.D.
(National Institute for Occupational Safety and Health, Centers for
Disease Control and Prevention), Shyam Sharan, Ph.D.* (National
Cancer Institute, National Institutes of Health), Susan Taymans,
Ph.D.# (Eunice Kennedy Shriver National Institute of Child Health and
Human Development, National Institutes of Health), Paul Turek, M.
D., FACS, FRSM+ (The Turek Clinic), Thomas J. Walsh, M.D., M.S.*
(University of Washington School of Medicine), Lee Warner, Ph.D.,
MPH# (National Center for Chronic Disease Prevention and Health
Promotion, Centers for Disease Control and Prevention). *Speaker;
+Discussion Leader; # Organizing Committee.

Authors’ roles
M.I.C., S.E.T, L.V.D., L.W., S.B.M. and M.L.E. organized the meeting.
M.I.C., S.E.T., S.B.M. and M.L.E. wrote the proceedings. M.I.C., S.E.T.,
L.V.D., L.W., S.B.M. and M.L.E. approved the ﬁnal version.

Funding
The Fertility and Infertility Branch, National Institute of Child Health
and Human Development, National Institutes of Health; Division of
Reproductive Health, National Center for Chronic Disease Prevention
and Health Promotion, Centers for Disease Control

Conﬂict of interest
None.

References
Bellott DW, Hughes JF, Skaletsky H, Brown LG, Pyntikova T, Cho TJ,
Koutseva N, Zaghlul S, Graves T, Rock S et al. Mammalian Y chromosomes retain widely expressed dosage-sensitive regulators. Nature
2014;508:494–499.
Berthelsen JG, Skakkebaek NE, von der Maase H, Sorensen BL, Mogensen
P. Screening for carcinoma in situ of the contralateral testis in patients
with germinal testicular cancer. Br Med J 1982;285:1683–1686.
Bleil ME, Gregorich SE, McConnell D, Rosen MP, Cedars MI. Does accelerated reproductive aging underlie premenopausal risk for cardiovascular
disease? Menopause 2013;20:1139–1146.
Bonadona V, Bonaiti B, Olschwang S, Grandjouan S, Huiart L, Longy M,
Guimbaud R, Buecher B, Bignon YJ, Caron O et al. Cancer risks associated with germline mutations in MLH1, MSH2, and MSH6 genes in
Lynch syndrome. JAMA 2011;305:2304–2310.
Bulik-Sullivan B, Finucane HK, Anttila V, Gusev A, Day FR, Loh PR, C
ReproGen, C Psychiatric Genomics, C Genetic Consortium for
Anorexia Nervosa of the Wellcome Trust Case Control, Duncan L,
Perry JR, Patterson N, Robinson EB et al. An atlas of genetic correlations
across human diseases and traits. Nat Genet 2015;47:1236–1241.
Butts S, Riethman H, Ratcliffe S, Shaunik A, Coutifaris C, Barnhart K.
Correlation of telomere length and telomerase activity with occult ovarian insufﬁciency. J Clin Endocrinol Metab 2009;94:4835–4843.

Fertility status and overall health

Chandra A, Copen CE, Stephen EH. Infertility and impaired fecundity in
the United States, 1982–2010: data from the National Survey of Family
Growth. Natl Health Stat Rep 2013;67:1–18. 1 p following 19.
Chandra A, Copen CE, Stephen EH. Infertility service use in the United
States: data from the National Survey of Family Growth, 1982–2010.
Natl Health Stat Rep 2014:1–21.
Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 1987;40:373–383.
Della Torre S, Benedusi V, Fontana R, Maggi A. Energy metabolism and fertility: a balance preserved for female health. Nat Rev Endocrinol 2014;10:
13–23.
Eisenberg ML, Li S, Behr B, Cullen MR, Galusha D, Lamb DJ, Lipshultz LI.
Semen quality, infertility and mortality in the USA. Hum Reprod 2014;29:
1567–1574.
Eisenberg ML, Li S, Brooks JD, Cullen MR, Baker LC. Increased risk of cancer
in infertile men: analysis of U.S. Claims data. J Urol 2015;193:1596–1601.
Eisenberg ML, Li S, Cullen MR, Baker LC. Increased risk of incident chronic
medical conditions in infertile men: analysis of United States claims data.
Fertil Steril 2016a;105:629–636.
Eisenberg ML, Sundaram R, Maisog J, Buck Louis GM. Diabetes, medical
comorbidities and couple fecundity. Hum Reprod 2016b;31:2369–2376.
Falick Michaeli T, Bergman Y, Gielchinsky Y. Rejuvenating effect of pregnancy on the mother. Fertil Steril 2015;103:1125–1128.
Fauser BC, Tarlatzis BC, Rebar RW, Legro RS, Balen AH, Lobo R,
Carmina E, Chang J, Yildiz BO, Laven JS et al. Consensus on women’s
health aspects of polycystic ovary syndrome (PCOS): the Amsterdam
ESHRE/ASRM-Sponsored 3rd PCOS Consensus Workshop Group.
Fertil Steril 2012;97:28–38 e25.
Gupta A, Wang Y, Spertus JA, Geda M, Lorenze N, Nkonde-Price C,
D’Onofrio G, Lichtman JH, Krumholz HM. Trends in acute myocardial
infarction in young patients and differences by sex and race, 2001 to
2010. J Am Coll Cardiol 2014;64:337–345.
Haoula Z, Salman M, Atiomo W. Evaluating the association between endometrial cancer and polycystic ovary syndrome. Hum Reprod 2012;27:
1327–1331.
Hartford SA, Chittela R, Ding X, Vyas A, Martin B, Burkett S, Haines DC,
Southon E, Tessarollo L, Sharan SK. Interaction with PALB2 is essential
for maintenance of genomic integrity by BRCA2. PLoS Genet 2016;12:
e1006236.
Herman DS, Lam L, Taylor MR, Wang L, Teekakirikul P, Christodoulou D,
Conner L, DePalma SR, McDonough B, Sparks E et al. Truncations of
titin causing dilated cardiomyopathy. N Engl J Med 2012;366:619–628.
Hillman JK, Johnson LN, Limaye M, Feldman RA, Sammel M, Dokras A.
Black women with polycystic ovary syndrome (PCOS) have increased
risk for metabolic syndrome and cardiovascular disease compared with
white women with PCOS [corrected]. Fertil Steril 2014;101:530–535.
Hotaling JM, Walsh TJ. Male infertility: a risk factor for testicular cancer.
Nat Rev Urol 2009;6:550–556.
Huang N, Wen Y, Guo X, Li Z, Dai J, Ni B, Yu J, Lin Y, Zhou W, Yao B
et al. A screen for genomic disorders of infertility identiﬁes MAST2 duplications associated with nonobstructive azoospermia in humans. Biol
Reprod 2015;93:61.
Jacobsen R, Bostofte E, Engholm G, Hansen J, Olsen JH, Skakkebaek NE,
Moller H. Risk of testicular cancer in men with abnormal semen characteristics: cohort study. Br Med J 2000;321:789–792.
Jensen TK, Jacobsen R, Christensen K, Nielsen NC, Bostofte E. Good
semen quality and life expectancy: a cohort study of 43,277 men. Am J
Epidemiol 2009;170:559–565.
Ji G, Long Y, Zhou Y, Huang C, Gu A, Wang X. Common variants in mismatch repair genes associated with increased risk of sperm DNA damage and male infertility. BMC Med 2012;10:49.

7
Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N, Luben R,
Welch A, Day N. Endogenous testosterone and mortality due to all
causes, cardiovascular disease, and cancer in men: European prospective investigation into cancer in Norfolk (EPIC-Norfolk) Prospective
Population Study. Circulation 2007;116:2694–2701.
La Vignera S, Condorelli RA, Di Mauro M, Lo Presti D, Mongioi LM, Russo
G, Calogero AE. Reproductive function in male patients with type 1 diabetes mellitus. Andrology 2015;3:1082–1087.
Lawlor DA, Emberson JR, Ebrahim S, Whincup PH, Wannamethee SG,
Walker M, Smith GD, H British Women’s, S. Health and S. British
Regional Heart. Is the association between parity and coronary heart
disease due to biological effects of pregnancy or adverse lifestyle risk factors associated with child-rearing? Findings from the British Women’s
Heart and Health Study and the British Regional Heart Study. Circulation
2003;107:1260–1264.
Lin WT, Beattie M, Chen LM, Oktay K, Crawford SL, Gold EB, Cedars M,
Rosen M. Comparison of age at natural menopause in BRCA1/2 mutation carriers with a non-clinic-based sample of women in northern
California. Cancer 2013;119:1652–1659.
Lopes AM, Aston KI, Thompson E, Carvalho F, Goncalves J, Huang N,
Matthiesen R, Noordam MJ, Quintela I, Ramu A et al. Human spermatogenic failure purges deleterious mutation load from the autosomes and
both sex chromosomes, including the gene DMRT1. PLoS Genet 2013;9:
e1003349.
Louis JF, Thoma ME, Sorensen DN, McLain AC, King RB, Sundaram R,
Keiding N, Buck Louis GM. The prevalence of couple infertility in the
United States from a male perspective: evidence from a nationally representative sample. Andrology 2013;1:741–748.
Matzuk MM, Lamb DJ. The biology of infertility: research advances and
clinical challenges. Nat Med 2008;14:1197–1213.
Mehta LS, Beckie TM, DeVon HA, Grines CL, Krumholz HM, Johnson
MN, Lindley KJ, Vaccarino V, Wang TY, Watson KE et al. Acute myocardial infarction in women: a scientiﬁc statement from the American Heart
Association. Circulation 2016;133:916–947.
Menche J, Sharma A, Kitsak M, Ghiassian SD, Vidal M, Loscalzo J, Barabasi
AL. Disease networks. Uncovering disease-disease relationships through
the incomplete interactome. Science 2015;347:1257601.
Mitchell A, Fantasia HC. Understanding the effect of obesity on fertility
among reproductive-age women. Nurs Womens Health 2016;20:368–376.
Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM,
Newby LK, Pina IL, Roger VL, Shaw LJ et al. Effectiveness-based
guidelines for the prevention of cardiovascular disease in women – 2011
update: a guideline from the American Heart Association. Circulation
2011;123:1243–1262.
Oktay K, Kim JY, Barad D, Babayev SN. Association of BRCA1 mutations
with occult primary ovarian insufﬁciency: a possible explanation for the
link between infertility and breast/ovarian cancer risks. J Clin Oncol 2010;
28:240–244.
Pal T, Keefe D, Sun P, Narod SA, Hereditary G. Breast Cancer Clinical
Study. Fertility in women with BRCA mutations: a case-control study.
Fertil Steril 2010;93:1805–1808.
C. f. D. C. a. Prevention. National Public Health Action Plan for the Detection,
Prevention, and Management of Infertility. Atlanta, Georgia: Centers for
Disease Control and Prevention, 2014.
Quintero OL, Amador-Patarroyo MJ, Montoya-Ortiz G, Rojas-Villarraga
A, Anaya JM. Autoimmune disease and gender: plausible mechanisms
for the female predominance of autoimmunity. J Autoimmun 2012;38:
J109–J119.
Rubtsova K, Marrack P, Rubtsov AV. Sexual dimorphism in autoimmunity.
J Clin Invest 2015;125:2187–2193.
Ruhayel Y, Giwercman A, Ulmert D, Rylander L, Bjartell A, Manjer J,
Berglund G, Giwercman YL. Male infertility and prostate cancer

8
risk: a nested case-control study. Cancer Causes Control 2010;21:
1635–1643.
Salonia A, Matloob R, Gallina A, Abdollah F, Sacca A, Briganti A, Suardi N,
Colombo R, Rocchini L, Guazzoni G et al. Are infertile men less healthy
than fertile men? Results of a prospective case-control survey. Eur Urol
2009;56:1025–1031.
Sermondade N, Faure C, Fezeu L, Shayeb AG, Bonde JP, Jensen TK, Van
Wely M, Cao J, Martini AC, Eskandar M et al. BMI in relation to sperm
count: an updated systematic review and collaborative meta-analysis.
Hum Reprod update 2013;19:221–231.
Sharan SK, Pyle A, Coppola V, Babus J, Swaminathan S, Benedict J, Swing D,
Martin BK, Tessarollo L, Evans JP et al. BRCA2 deﬁciency in mice leads to
meiotic impairment and infertility. Development 2004;131:131–142.
Silva AM, Correia S, Socorro S, Maia CJ. Endogenous factors in the recovery of reproductive function after testicular injury and cancer. Curr Mol
Med 2016;16:631–649.
Skakkebaek NE. Carcinoma in situ of the testis: frequency and relationship
to invasive germ cell tumours in infertile men. Histopathology 1978;2:
157–170.
Skakkebaek NE, Rajpert-De Meyts E, Buck Louis GM, Toppari J,
Andersson AM, Eisenberg ML, Jensen TK, Jorgensen N, Swan SH, Sapra
KJ et al. Male reproductive disorders and fertility trends: inﬂuences of
environment and genetic susceptibility . Physiol Rev 2016;96:55–97.
Skakkebaek NE, Rajpert-De Meyts E, Main KM. Testicular dysgenesis syndrome: an increasingly common developmental disorder with environmental aspects. Hum Reprod 2001;16:972–978.
Sundaram R, Mumford SL, Buck Louis GM. Couples’ body composition
and time-to-pregnancy. Hum Reprod 2017;32:662–668. doi: 10.1093/
humrep/dex001.
Tarin JJ, Garcia-Perez MA, Hamatani T, Cano A. Infertility etiologies are
genetically and clinically linked with other diseases in single metadiseases. Reprod Biol Endocrinol 2015;13:31.

Cedars et al.

Thoma ME, McLain AC, Louis JF, King RB, Trumble AC, Sundaram R, Buck
Louis GM. Prevalence of infertility in the United States as estimated by
the current duration approach and a traditional constructed approach.
Fertil Steril 2013;99:1324–1331 e1.
Vaccarino V, Horwitz RI, Meehan TP, Petrillo MK, Radford MJ, Krumholz
HM. Sex differences in mortality after myocardial infarction: evidence for
a sex-age interaction. Arch Intern Med 1998;158:2054–2062.
Ventimiglia E, Capogrosso P, Boeri L, Serino A, Colicchia M, Ippolito S,
Scano R, Papaleo E, Damiano R, Montorsi F et al. Infertility as a proxy of
general male health: results of a cross-sectional survey. Fertil Steril 2015;
104:48–55.
Ventimiglia E, Capogrosso P, Serino A, Boeri L, Colicchia M, La Croce G,
Scano R, Papaleo E, Damiano R, Montorsi F et al. Metabolic syndrome in
White-European men presenting for secondary couple’s infertility: an
investigation of the clinical and reproductive burden. Asian J Androl 2017;
19:368–373. doi: 10.4103/1008-682X.175783.
Walsh TJ, Croughan MS, Schembri M, Chan JM, Turek PJ. Increased risk of
testicular germ cell cancer among infertile men. Arch Intern Med 2009;
169:351–356.
Walsh TJ, Schembri M, Turek PJ, Chan JM, Carroll PR, Smith JF, Eisenberg
ML, Van Den Eeden SK, Croughan MS. Increased risk of high-grade
prostate cancer among infertile men. Cancer 2010;116:2140–2147.
White JK, Gerdin AK, Karp NA, Ryder E, Buljan M, Bussell JN, Salisbury J,
Clare S, Ingham NJ, Podrini C et al. Genome-wide generation and systematic phenotyping of knockout mice reveals new roles for many
genes. Cell 2013;154:452–464.
Xu J, Murphy SL, Kochanek KD, Arias E. Mortality in the United States,
2015. NCHS Data Brief 2016 Dec;1–8.
Xu X, Aprelikova O, Moens P, Deng CX, Furth PA. Impaired meiotic
DNA-damage repair and lack of crossing-over during spermatogenesis
in BRCA1 full-length isoform deﬁcient mice. Development 2003;130:
2001–2012.

