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Abstract

Purpose—Despite accumulating evidence from experimental animal studies showing that 

paternal environmental exposures induce genetic and epigenetic alterations in sperm which in turn 

increase the risk of adverse health outcomes in offspring, there is limited epidemiological data on 

the effects of human paternal preconception exposures on children’s health. We summarize animal 

and human studies showing that paternal preconception environmental exposures influence 

offspring health. We discuss specific approaches and designs for human studies to investigate the 

health effects of paternal preconception exposures, the specific challenges these studies may face, 

and how we might address them.

Recent Findings—In animal studies, paternal preconception diet, stress, and chemical 

exposures have been associated with offspring health and these effects are mediated by epigenetic 

modifications transmitted through sperm DNA, histones, and RNA. Most epidemiological studies 

have examined paternal preconception occupational exposures and their effect on the risk of birth 

defects and childhood cancer; few have examined the effects of low-level general population 

exposure to environmental toxicants. While the design and execution of epidemiological studies of 

paternal preconception exposures face challenges, particularly with regard to selection bias and 

recruitment, we believe these are tractable and that preconception studies are feasible.

Summary—New or augmented prospective cohort studies would be the optimal method to 

address the critical knowledge gaps on the effect of paternal preconception exposures on prevalent 

childhood health outcomes. Determining if this period of life represents a window of heightened 

vulnerability would improve our understanding of modifiable risk factors for children’s health and 

wellbeing.
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Introduction

Homer Simpson, patriarch of the animated television show, The Simpsons, once said, “I 

never thought of fatherhood as something that could affect a kid.” We believe this quote 

aptly describes why there are limited epidemiological studies focused on the potential for 

paternal environmental exposures to affect children’s health. The notion of male-mediated 

developmental toxicity was first described over two decades ago by Olshan and Faustman,1 

but the field has advanced little since then. Consequently, there is limited human data on the 

health effects of paternal preconception exposures, despite older literature showing that 

environmental exposures can induce sperm DNA mutations and growing evidence from 

recent experimental animal studies demonstrating that environmental exposures to the father 

may affect offspring health via epigenetic alterations transmitted through sperm.2–7

Given the potential for paternal environmental exposures to adversely affect the health of 

subsequent generations, there is a critical need for epidemiological studies to investigate this 

understudied and underappreciated contribution to children’s health. Existing cohorts must 

be augmented or new cohorts must be established to address hypotheses that will help 

achieve a greater understanding of the role that father’s preconception exposure plays in 

child health. We believe the opportunity is ripe as many established and mature cohorts 

examining the health effects of maternal exposures during pregnancy are reaching the end of 

their childhood follow-up and the majority of these studies did not assess paternal exposures 

and the extent they may affect child health outcomes.

In this commentary, we briefly summarize some relevant accumulating experimental studies 

in animals and the sparse epidemiological studies that have examined paternal preconception 

exposures and child health to provide a rationale for studying this potentially important 

window of exposure. We then discuss how we can use epidemiological studies to investigate 

paternal preconception exposures, the specific challenges these studies face, and how we 

might address them.

Paternal Preconception Exposures and Offspring Health

Recent experimental studies in animals and observational studies in humans challenge two 

traditional paradigms in developmental programming: 1) the in utero and early life 

environment is the primary determinant of child and subsequent adult health and 2) paternal 

factors can only influence child health via Mendelian inheritance. This first assumption is 

challenged by recent animal and human studies showing that paternal preconception stress, 

diet, and exposure to environmental toxicants are associated with hypothalamic-pituitary-

adrenal (HPA) axis function, birth defects, childhood cancers, growth, obesity, and 

cardiometabolic risk markers in offspring.
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Experimental studies in animals have challenged the second assumption by showing that 

epigenetic modifications encoded in sperm (and oocytes) are heritable and influence 

offspring phenotypes. The origins of this hypothesis likely lies in the history of investigating 

the impact of environmental chemical exposures on male fertility. Indeed, there are 

suggestions that exposure to lead, phthalates, and some pesticides may have detrimental 

effects on male fertility, including reduced semen quality and decreased time to 

pregnancy.8,9

While sperm has traditionally been thought of as merely a vehicle for transporting 23 

chromosomes, it also carries an epigenetic cargo consisting of methylated DNA, non-coding 

RNAs, protamines, and histones that are critical to fertilization and programming early 

embryonic development.10 For instance, despite each sperm carrying only 5–10 fg of RNA, 

compared to 1 ng of maternal RNA in the oocyte,11 there is evidence that paternally-derived 

RNAs play an important role in the development of obesity, metabolic disorders, and stress 

responses in animals.12–15 Thus, environmental chemical exposures may affect the sperm 

epigenome by altering DNA methyltransferase or histone deacetylase activity, interfering 

with hormonal regulation of sperm development, or inducing oxidative stress that results in 

mitochondrial or nuclear DNA damage.

In light of mounting evidence, it is plausible that some preconception environmental 

exposures could increase the risk of disease via epigenetic modifications of the germline. 

Evolutionarily, it makes sense for information about the fathers’ (and mothers’) 

preconception experiences to be passed onto their offspring to improve fitness and survival. 

Below we describe how paternal exposure to three broad classes of environmental stressors – 

psychosocial stress, diet, and environmental chemicals – impacts offspring health in animal 

or epidemiological studies.

Psychosocial Stress

In a series of animal studies, paternal stress before conception was associated with changes 

in sires’ sperm miRNAs, decreased HPA axis response in offspring following an acute 

stressor, and increased expression of glucocorticoid-responsive genes in the brain of the 

offspring.16 In a follow-up study, the offspring phenotypes were recapitulated by injecting 

sperm miRNAs from stress-exposed fathers into zygotes created through in vitro fertilization 

(IVF) using control mice.17 In another study, male mice were conditioned to fear the scent of 

acetophenone.18 Both F1 and F2 male offspring feared acetophenone at the initial challenge, 

despite never having smelled the chemical directly. Changes in the olfactory system 

neuroanatomy specific to acetophenone accompanied these phenotypic changes in the 

offspring, as well as hypomethylation of genes in the offspring’s sperm specific to this 

pathway. In experiments using IVF to create embryos with sperm from male mice 

conditioned to fear the scent of acetophenone, the authors confirmed paternal transmission 

of these effects to offspring.

In a series of epidemiologic studies among adults born to Holocaust survivors, post-

traumatic stress disorder (PTSD) in mothers and fathers was associated with increased risk 

of PTSD, lower levels of urinary cortisol, increased glucocorticoid sensitivity, and lower 

methylation of the glucocorticoid receptor gene in offspring.19–24
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While the context of environmental stressors experienced by rodents and humans in these 

studies differs, stress has been associated with epigenetic alterations in both rodents and 

humans, thus providing evidence that paternal environmental experiences could be 

transmitted through the sperm epigenome.

Diet

Several human and rodent studies have examined the effect of paternal preconception diet on 

offspring adiposity, obesity or related cardiometabolic outcomes. Ng and colleagues showed 

that female offspring sired by males fed a high fat diet had impaired glucose tolerance and 

insulin secretion during a glucose tolerance test.25 These same females had reduced beta cell 

islet areas and altered expression of genes involved in regulatory pathways associated with 

insulin and glucose metabolism.26 Others have reported that a high fat diet during postnatal 

life modifies some of the metabolic derangements associated with a paternal preconception 
high fat diet.27 At the other end of the nutritional spectrum, paternal preconception fasting 

was associated with alterations in offspring serum glucose levels.28 Furthermore, Carone and 

colleagues showed that sires fed a low protein diet had offspring with elevated hepatic 

expression of genes involved in lipid and cholesterol synthesis and decreased cholesterol 

ester concentrations in the liver.29 In a follow-up study, they injected sperm or tsRNA 

purified from sperm obtained from sires fed the low protein diet into control oocytes or 

zygotes created using IVF and showed that a low protein paternal diet affected 

preimplantation embryo gene regulation.30

Altered metabolic states in the father before conception can also affect offspring disease 

susceptibility in animal models. Wei and colleagues showed that paternal pre-diabetes 

caused impaired glucose tolerance and insulin resistance in offspring and altered 

methylation and expression of genes involved in glucose-insulin homeostasis in the 

pancreatic islet cells of these offspring.31 Many of these same genes were hyper- or 

hypomethylated in the sperm DNA of pre-diabetic fathers, suggesting that DNA methylation 

may be one mechanism that paternal preconception environmental exposures programs 

offspring phenotypes.

In humans, two studies from the same cohort examined food availability in paternal 

grandparents and the risk of mortality in grandchildren.32,33 The authors reported sex-

specific, grandparent of origin effects, where sufficient food availability during the 

grandfather or grandmother’s childhood was associated with increased mortality in the 

grandson or granddaughter, respectively. There was an absence of association of the 

grandfather’s food availability with granddaughter’s mortality, and vice versa, suggesting 

sex-specific, parent-of-origin transmission.

Environmental Toxicants

Numerous epidemiologic studies over the last several decades have examined the risk of 

birth defects, childhood cancers, and adverse neonatal health outcomes associated with 

paternal occupational exposures before or during pregnancy.1,34–37 Some studies suggest an 

increased risk of male genital malformations among infants born to fathers with 

occupational exposure to polychlorinated compounds and heavy metals.38,39 In a nested 
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case-control study, Pierik and colleagues reported that paternal exposure to pesticides was 

associated with nearly 4-fold increased risk of cryptorchidism in male infants, while 

maternal exposure was not.40 In a retrospective follow-up of 71 New Zealand Malaysian 

veterans, Carran and Shaw reported that veterans who had applied di-n-butyl phthalate as an 

insecticide during military operations were more likely to have sons with cryptorchidism or 

hypospadias compared to the general population.41 Several case-control studies have 

reported increased risk of several types of childhood cancer among fathers with occupational 

exposure to benzene, aniline, creosote, diesel fuel, turpentine, lacquer thinner, insecticides, 

fungicides, and herbicides.42–44 Pooled- and meta-analyses show that the risk of childhood 

leukemia is elevated among children born to fathers with preconception benzene and 

pesticide exposures.45,46 Finally, there is some evidence that paternal occupational exposure 

to radiation, chromium, and benzene may be associated with increased risk of preterm 

delivery, low birthweight, or being small for gestational age.47,48

Despite a large body of epidemiological evidence examining paternal occupational 

exposures and birth defects or childhood cancers, there are very few prospective studies 

examining non-occupational general population environmental exposures in fathers and 

offspring health. Investigators from the LIFE study assembled a cohort of couples recruited 

before conception to examine the relationship of preconception persistent and non-persistent 

chemical exposures with time-to-pregnancy and neonatal anthropometry.49,50 Men’s 

preconception exposure to some phthalates, polychlorinated biphenyls (PCBs), and lead was 

associated with increased time to pregnancy, even after adjusting for the female partner’s 

exposure to these chemicals.50 Paternal preconception serum concentrations of PCBs, 

polybrominated diphenyl ethers, and dichlorodiphenyltrichloroethane were associated with 

reduced birth weight in this cohort as was paternal preconception urinary monoethylhexyl 

phthalate concentrations.49,51 Several paternal chemical exposures were associated with 

altered secondary sex ratio in this same cohort.52

Considerations of the Current Literature

The current literature has several limitations that impede our understanding of the human 

health impacts of paternal preconception environmental exposures. First, virtually no studies 

have examined the potential effects of paternal exposures on neurodevelopment, asthma/

allergy, adiposity, or cardiometabolic function; instead most focused on birth defects, 

childhood cancer, and neonatal outcomes. A second limitation is that most prior research has 

examined the effects of only occupational exposures and few studies have examined 

exposure to the multitude of environmental toxicants that the general population of men are 

exposed to on a daily basis, typically at low-levels.53 Recent advances in analytic chemistry 

techniques have revolutionized the study of low-level environmental chemical exposures and 

allow investigators to quantify concentrations in a variety of biospecimens with great 

sensitivity and specificity.54 Another factor to consider is the difficulty disentangling the 

effect of paternal preconception exposures from maternal preconception or prenatal 

exposures. Often, environmental exposures are correlated within a couple because of shared 

residence, diet, and lifestyle.55 While animal studies can address this by mating exposed 

males with an unexposed dam, it is important to consider the impact of such co-exposure in 

human studies where both partners may share similar environments. Therefore, this 
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necessitates epidemiological studies that measure, consider, and adjust for both partners’ 

exposures.

Integral to the study of paternal preconception exposure is the need to expand our 

understanding of windows of heightened vulnerability within the context of 

spermatogenesis. Epidemiological (and animal) studies need to carefully consider timing in 

the design and analysis of paternal exposure. To date, epidemiological studies have 

predominately examined exposures occurring shortly before conception and assumed that 

their levels and effects during spermatogenesis are constant. This is a justifiable starting 

point for identifying preconception paternal exposures that influence child health, but 

additional studies with more extensive preconception exposure assessment may be required 

to identify discrete periods of susceptibility during spermatogenesis. Furthermore, it is also 

important to consider exposures occurring months or years earlier, including prenatal or 

pubertal development.

Finally, renewed efforts to study paternal preconception exposures should not come at the 

expense of continued examination of maternal prenatal and preconception exposures. 

Indeed, they should (and could) be studied in parallel and complement each other. Just as 

maternal exposures may confound paternal exposures, the reverse may also be true. We 

believe that paternal exposures are critical to study because their potential health effects are 

largely unknown despite growing evidence in animal studies demonstrating their 

importance. In addition, the effects and biological mechanisms of paternal preconception 

exposures may be easier to isolate than maternal preconception exposures in 

epidemiological studies for reasons described below.

Epidemiological Studies of Paternal Preconception Exposures

Study Design

Most epidemiological studies have focused on paternal preconception occupational 

exposures with only a limited number of neonatal or child health outcomes. These studies 

are further limited by case-control designs and are restricted by the number and type of 

exposures that can be accurately assessed using questionnaires or other available data. 

Below we describe five study designs that could be used to advance our understanding of the 

impact that paternal preconception exposures have offspring health (see Table 1 for 

summary).

Population-Based Prospective Cohort Study—We believe that prospective cohort 

studies with preconception enrollment are the optimal method for quantifying the potential 

effects of paternal preconception exposure on prevalent health outcomes in children since 

investigators can prospectively collect biospecimens, measure potential confounders and 

covariates, and assess maternal preconception and prenatal environmental exposures. There 

has been mixed experiences with executing prospective preconception studies in the field as 

we discuss below.

The single largest effort to study maternal and paternal preconception exposures came 

during the development and implementation of the National Children’s Study (NCS) in the 
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early 2000s. The NCS planned to enroll a nationally-representative prospective cohort of 

pregnant women, with a subset of several thousand couples enrolled before pregnancy.56 

While the NCS was ultimately abandoned, the pilot work revealed that while preconception 

enrollment was possible, it required intensive efforts for enrollment and follow-up and most 

women did not complete baseline exposure assessment within 30 days of conception.57

In contrast to the NCS experience, numerous investigators have successfully enrolled 

women or couples before conception to study the impact of preconception exposures on 

fertility, pregnancy loss, and in some cases, neonatal outcomes. In 2004, Buck identified 15 

studies with preconception enrollment of women or couples that were followed until 

pregnancy or up to 12 menstrual cycles.58 Subsequently, Buck-Louis and colleagues 

initiated the LIFE Study and demonstrated that it was possible to identify and enroll 501 

Michigan and Texas couples who were trying to conceive by screening and recruiting 

couples listed in commercial and government databases. However, they had to contact and 

screen >400,000 individuals to identify 1,184 eligible couples.59 More recently, internet-

based advertising for recruiting and web-based platforms for questionnaire administration 

have emerged as technologies to establish preconception cohorts. This design has the benefit 

of not having to screen and identify eligible participants since targeted advertisements can be 

tailored towards couples trying to conceive on specific websites (e.g., The Bump) or through 

social media (e.g., Facebook). Indeed, Wise and colleagues used this method in the PRESTO 

study and enrolled 2,421 of 3,805 screened women who were trying to conceive.60 Of those 

who enrolled, 1,384 invited their male partner to participate and 693 of these men agreed 

and completed a questionnaire related to demographics, medical history, lifestyle, and other 

factors that might influence fertility. In both PRESTO and the LIFE Study, the investigators 

also demonstrated that participants are willing and able to provide biological specimens at 

designated laboratories (PRESTO) or at home when given supplies and instructions (LIFE).

Additional limitations and challenges of prospective cohorts include selection bias, 

maintaining sufficient statistical power over the course of follow-up during preconception, 

pregnancy, and childhood, and accurate exposure assessment during lengthier preconception 

periods, especially for non-persistent chemicals.

Clinic-Based Prospective Cohort Study—An alternative to traditional population-

based designs is recruiting couples seeking fertility treatments and attempting conception at 

a clinical facility. One major advantage of this design is that it reduces the need to invest 

resources into identifying couples at risk of becoming pregnant. Given than >70,000 

children in the United States were born following conception with assisted reproductive 

technology (ART) in 2014 (~1.6% of all births),61 this clinical population remains a feasible 

target for preconception exposure studies. Using the EARTH Study, a prospective 

preconception cohort of couples, we have previously shown that both men and women are 

very willing to actively participate in research by providing biospecimens during fertility 

treatments, and continue follow-up over the course of pregnancy.55,62 Among EARTH Study 

couples who have a live-born infant, most were willing to continue participating in follow up 

of their children. In a pilot study of 257 families from the EARTH Study, 201 (78%) agreed 

to participate and to date 138 (54%) completed questionnaires that were returned by mail.

Braun et al. Page 7

Curr Epidemiol Rep. Author manuscript; available in PMC 2018 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



This design has the same strengths and limitations of population-based prospective cohort 

studies and the additional limitation that underlying infertility itself or its treatments may be 

related to both paternal preconception exposures and child health.

Prospective Cohort of Subsequent Siblings—Enrolling subsequent siblings from 

ongoing prospective pregnancy and birth cohort studies is an alternative to starting an 

entirely new preconception cohort.56 In this design, assessment of paternal exposure could 

begin after enrollment of the mother during pregnancy or after delivery of the index child 

and continue until the birth of a subsequent child. This design has the advantages of 

following fertile couples who have an above average likelihood of having another child and 

being able to conduct prospective exposure assessment. Limitations are similar to 

prospective designs and an additional limitation includes the inability to examine first 

pregnancies in couples.

Retrospective Assessment of Paternal Exposures in Existing Cohorts—A 

fourth design could retrospectively assess paternal exposures in existing case-control or 

cohort studies. This method is both feasible and efficient, especially if child follow-up has 

already begun. However, the number and types of exposures that can be examined presents a 

major challenge to this design. Questionnaires or existing records can be used to 

retrospectively assess some environmental exposures, but these may lack sensitivity or 

specificity for some low-level and/or non-persistent environmental chemical exposures.

Mathematical or pharmacokinetic modeling are promising new alternatives to assess 

paternal preconception exposures. Many persistent chemicals, such as polybrominated 

diphenyl ethers, have long biological half-lives (i.e., years). Thus, paternal exposure after 

conception may be informative of paternal preconception exposure. Some investigators have 

employed predictive or pharmacokinetic modeling techniques to reconstruct prenatal or 

childhood exposure to persistent environmental pollutants nearly a decade after 

measurement of the initial exposure.63,64 For instance, Verner and colleagues used Super 

Learner, a machine-learning algorithm, to explain 95% of the variance in mother’s p,p’-

dichlorodiphenyltrichloroethylene (p,p’-DDE) concentrations during pregnancy using 

maternal-level covariates (e.g., parity) and children’s p,p’-DDE concentrations at 9 years of 

age. Thus, it may be possible to reconstruct father’s preconception exposure to some 

persistent environmental chemicals in existing case-control and cohort studies of child 

health.

New Follow-up of Existing Male Fertility Cohorts—Finally, many existing studies 

have examined male reproductive health outcomes.58,65,66 Most of these studies did not 

continue following participants after conception or delivery. Thus, new child cohorts could 

be established to investigate the impact of paternal preconception exposures by leveraging 

existing biospecimens collected from fathers and conducting new follow-up on children born 

to participants. Limitations are similar to prospective designs; an additional limitation 

includes the possibility of low response rates, especially if there has been a long latency 

between study inception and child follow-up.
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Limitations and Challenges in Epidemiological Studies

Epidemiological studies of paternal (and maternal) preconception exposure face several 

unique challenges related to recruitment, follow-up, selection bias, and generalizability.

Enrolling couples at risk of becoming pregnant into population-based prospective 

preconception cohort studies can be logistically challenging because about 10% of 

reproductive age women in the United States become pregnant each year and about 63% of 

these are intended pregnancies.67,68 With a relatively small proportion of couples actively 

trying to conceive at a given time, large source populations may be needed to ensure that a 

sufficiently large enough number of participants can be enrolled before conception. In 

addition, studies trying to recruit fathers face unique challenges such as questions 

surrounding paternity and confirming that they are the biological father. Furthermore, 

recruiting men of reproductive age is challenging due to their lack of interest in participating 

in research studies. Despite this, prior studies described above demonstrate the feasibility of 

enrolling fathers in research studies.

Furthermore, only those couples who conceive, maintain their pregnancy, and have a live 

birth will be eligible for any child follow-up and censoring at these times could reduce the 

study’s sample size or induce selection bias. Thus, investigators should design preconception 

cohort studies to account for this censoring and reduction in sample size before offspring are 

born. Additionally, sample size calculations should consider loss to follow-up over the 

course of childhood.

The interpretation of associations between preconception exposures and child health 

outcomes also need to consider the potential for selection bias. As discussed by Hatch and 

colleagues, selection bias in preconception studies may arise when conditioning on a 

selection factor that is indirectly or directly caused by exposure and other measured or 

measured factors associated with child health (Figure 1).69 For instance, selection bias may 

be present when recruiting couples who intend to get pregnant because they may be different 

than couples who unintentionally conceive in terms of socioeconomic factors associated 

with both environmental exposures and child health. Reassuringly, three groups of 

investigators used Scandinavian cohorts and corresponding registry data to show that 

selection biases do not influence the association between a multitude of peri- or prenatal risk 

factors and maternal or child health outcomes in studies with preconceptional or prenatal 

enrollment.69–71

Selection bias may also affect studies recruiting couples from fertility clinics if their 

infertility diagnosis, infertility treatments, or factors predictive of these are associated with 

both child health and preconception environmental exposures. Adjusting for these factors or 

restricting to couples who receive less intensive fertility treatments (e.g., intrauterine 

insemination) may reduce these potential biases.

Consideration of live-birth bias may also be necessary in studies of preconception exposures. 

For example, associations between environmental exposures and child health might appear 

protective if the exposure is associated with reduced fecundability or fetal loss.72 However, 

the relevance of such considerations is questionable since the population at risk is live-born 
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children and the fetuses-at-risk approach can produce biased estimates for postnatal 

outcomes.73,74

While statistical generalizability of preconception cohorts may be a concern, we do not 

believe this should take precedence over internal validity.75 By analogy, Doll and Hill 

examined the mortality of British doctors by smoking habits and the results were 

scientifically generalizable despite being conducted on a group of male physicians from the 

United Kingdom.76 Indeed, recruiting couples trying to conceive may offer some advantages 

since the higher degree of parental investment may increase willingness to participate in 

studies and decrease the variability of socioeconomic factors associated with child health 

and development, thus reducing one potential source of confounding.

Finally, studying children conceived with ART is of public health importance because there 

is concern that certain fertility treatments might be associated with neurodevelopmental 

disorders like autism spectrum disorder.77,78 Children conceived with ART represent a large 

and growing segment of the population with over 4 million babies born worldwide since 

1978. In the United States, these children account for about 1.6% of births per year.61,77 

Thus, studies of preconception exposures among children conceived with fertility treatments 

are needed to address this potentially sensitive subgroup.

Future Opportunities

The study of paternal preconception exposure to environmental toxicants offers some unique 

opportunities that are not possible in studies of maternal preconception or prenatal 

exposures. First, maternal preconception environmental exposures are often difficult to 

separate from prenatal exposure, particularly for persistent chemicals that have long 

biological half-lives (e.g., PCBs). Thus, it would be challenging, if not impossible, to 

determine whether maternal preconception or prenatal exposure impacts the offspring since 

serum levels of these chemicals will be very stable before conception and during pregnancy.

Second, in many instances, investigators can collect preconception semen samples, whereas 

oocyte collection is precluded apart from the setting of a fertility clinic. A fertility clinic 

study could collect a portion of the semen sample used for insemination/fertilization that led 

to the livebirth. This could allow for studies of sperm epigenetic mechanisms that might be 

impacted by environmental exposures and in turn would directly link paternal preconception 

environmental exposures with child health. Examples of informative sperm epigenetic 

mechanisms include DNA methylation, different types of RNAs, and sperm proteins.79,80

Third, the short duration of spermatogenesis, ~70 days, offers the opportunity to focus on a 

narrow window of exposure, much like studies of prenatal exposures. However, it is 

important to consider that other relevant paternal preconception exposures may be outside 

this window.

Finally, this review should serve as a call for more collaborative efforts between 

epidemiologists, toxicologists, and basic scientists to identify candidate toxicants that should 

be investigated, relevant models of exposure and child health outcomes, and windows of 

heightened susceptibility.
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Conclusion

Despite compelling experimental and limited epidemiologic data demonstrating paternal 

preconception occupational exposures, diet, and stress affect offspring health, there are 

almost no epidemiological studies examining the health effects of environmental toxicants 

during this unique period of potentially heightened developmental susceptibility. We believe 

that new or augmented prospective cohort studies would be the optimal method to address 

this critical knowledge gap. Furthermore, a fuller understanding of fathers’ contribution to 

their children’s health will be relevant to healthcare providers advising couples on lifestyle 

decisions prior to conception.
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Figure 1. Example illustrating the potential for selection bias to influence studies of paternal 
preconception environmental exposures and child health
In this figure, E is the exposure of interest (e.g., paternal smoking), S is some selection 

factor of study eligibility, D is a child health outcome, and U is and unknown or unmeasured 

factor that causes both selection and the child health outcome.
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