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Abstract

Background: Few studies have evaluated birth defects among children of fire-

fighters. We investigated associations between birth defects and paternal work as a

firefighter compared to work in non‐firefighting and police officer occupations.

Methods: We analyzed 1997–2011 data from the multi‐site case‐control National

Birth Defects Prevention Study. Cases included fetuses or infants with major

structural birth defects and controls included a random sample of live‐born infants

without major birth defects. Mothers of infants self‐reported information about

parents' occupations held during pregnancy. We investigated associations between

paternal firefighting and birth defect groups using logistic regression to estimate

odds ratios (ORs) and 95% confidence intervals (CIs). Referent groups included

families reporting fathers working non‐firefighting and police officer jobs.

Results: Occupational groups included 227 firefighters, 36,285 non‐firefighters, and

433 police officers. Twenty‐nine birth defects were analyzed. In adjusted analyses,

fathers of children with total anomalous pulmonary venous return (TAPVR; OR = 3.1;

95% CI = 1.1–8.7), cleft palate (OR = 1.8; 95% CI = 1.0–3.3), cleft lip (OR = 2.2; 95%

CI = 1.2–4.2), and transverse limb deficiency (OR = 2.2; 95% CI = 1.1–4.7) were more

likely than fathers of controls to be firefighters, versus non‐firefighters. In police‐

referent analyses, fathers of children with cleft palate were 2.4 times more likely to

be firefighters than fathers of controls (95% CI = 1.1–5.4).

Conclusions: Paternal firefighting may be associated with an elevated risk of birth

defects in offspring. Additional studies are warranted to replicate these findings.

Further research may contribute to a greater understanding of the reproductive

health of firefighters and their families for guiding workplace practices.
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1 | INTRODUCTION

There are over 1.1 million firefighters that protect our communities

and environment in the United States today.1 The hazardous

conditions and chemicals that firefighters encounter on the job, as

well as their acute and chronic safety and health effects, are well‐

recognized. However, studies of reproductive health in firefighters

are limited, although the topic is of great concern to the fire service.2

Research on male firefighters has supported associations with

infertility,3 reduced semen quality,4 and reproductive cancers,

including of the testes and prostate.5–9 Some studies have focused

on pregnancy and birth outcomes among female firefighters, such

as miscarriage, preterm delivery, abortive outcomes, and delivery

complications,10–12 but none have evaluated birth defects—likely

given the difficulties in studying a rare outcome among a

small population (i.e., women comprise roughly 8% of all US

firefighters1). Exposures among male firefighters could impact

birth outcomes in children through direct (e.g., toxicity to the male

reproductive system) and indirect routes (e.g., take‐home exposure

affecting pregnant mothers).13,14 Nonchemical exposures among

firefighters, such as heat and shiftwork, might also directly affect

reproductive health.14,15

Only a few studies have evaluated birth defects among children

of firefighters, with inconsistent findings. Most recently, an

analysis of National Birth Defects Prevention Study data from

1997 to 2004 found no associations between birth defects and

paternal occupation as a firefighter; however, the sample only

included 81 firefighters (58 cases) for that time period.16 A few

small, older studies found positive associations between paternal

firefighting and children born with birth defects, such as congenital

heart defects, oral clefts, genital organ defects, urinary system

defects, musculoskeletal defects, and Down syndrome, with

varying magnitude of association and precision when compared

to non‐firefighters or police officers.17–21 Other studies found no

evidence of positive associations for birth defects among children

of small numbers of firefighters.22,23

Recently the epidemiologic literature on the association between

birth defects and maternal or paternal exposures that might be

common among firefighters has grown. Relevant polycyclic aromatic

hydrocarbons (PAHs), engine exhaust, organic solvents, poly-

brominated diphenyl ethers (PBDEs), polychlorinated organic sub-

stances, heavy metals, phthalates, and other endocrine disrupting

chemicals.24–36

Given the age, inconsistencies, and sample size limitations of

past studies, as well as a recent growth in studies that support

associations between birth defects and select exposures common

among firefighters, further research on birth defects among

children of male firefighters is needed. Our objective was to

investigate associations between birth defects and paternal

work as a firefighter compared to paternal work in all other

occupations and, to control for residual confounding, police officer

occupations.

2 | MATERIALS AND METHODS

2.1 | Data collection

We analyzed data from the National Birth Defects Prevention Study

(NBDPS), a multi‐site, population‐based case‐control study of major

structural, non‐chromosomal birth defects. Previous publications

have thoroughly described the NBDPS design and methods.37,38

Briefly, families of infants and fetuses were recruited from birth

defects surveillance centers in 10 states (Arkansas, California,

Georgia, Iowa, Massachusetts, New Jersey, New York, North

Carolina, Texas, and Utah). All centers identified cases among live

births, and some also included cases among stillbirths (fetal deaths at

≥20 gestational weeks) and terminations of pregnancy (any gesta-

tional age). Clinical geneticists classified all congenital heart and non‐

heart defect cases as isolated (i.e., no other major birth defects) or

characterized by multiple major birth defects (i.e., two or more major

defects occurring in different organ systems). Pediatric cardiology

experts reviewed clinical records to further classify congenital heart

defect cases as simple (one single heart defect or a well‐defined

constellation of defects recognized as one entity), associated

(common, uncomplicated combinations of heart defects), or complex

(three or more distinct defects). Study personnel identified control

families from hospital delivery logs or vital records in the same study

sites as cases and included a random sample of live births without

major structural defects. All NBDPS families included deliveries on or

after October 1, 1997, and with estimated dates of delivery on or

before December 31, 2011. All interviewed study participants

provided informed consent and institutional review board approval

was obtained from each study site and the Centers for Disease

Control and Prevention.

Mothers of cases and controls completed a computer‐assisted

telephone interview between 6 weeks and 2 years after the

estimated date of delivery. The interviews, conducted in both English

and Spanish, included, but were not limited to, questions about

demographics, behavior, and health during pregnancy, reproductive

history, and occupation.

In addition to providing information on their own jobs held

during pregnancy, mothers also reported a narrative description of

each job held by infants' fathers for at least 1 month in the 3 months

before the estimated date of conception through the end of

pregnancy. The narrative job description consisted of answers to

five questions: where the father worked, what the company made or

did, the father's job title, typical job duties, and any equipment or

chemicals handled. The survey also collected information on

estimated start/stop dates, hours worked per day, and days worked

per week. Experienced coders previously assigned the 2007 North

American Industry Classification System (NAICS) and 2010 Standard

Occupational Classification (SOC) codes to all reported maternal and

paternal jobs in NBDPS.

For the current analysis, we included all case and control families

who participated in NBDPS and who reported a father working a
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specified job at some point during pregnancy. Only those paternal

jobs with specified, valid SOC codes were included in firefighter‐

status classification and potential analysis (i.e., excluding jobs with a

missing SOC code or labeled as homemaker/parent, student, various

short‐term jobs not otherwise specified, do not know, refused, un‐

codable, or blank; n = 5519).

2.2 | Occupation classification

We determined the firefighter status of fathers using SOC codes

assigned according to job narratives reported by mothers. We

classified jobs into non‐mutually exclusive groups as firefighting,

non‐firefighting, and police‐related. Firefighting‐related SOC catego-

ries included 332010/332011 (Firefighters), 331020 (First‐Line

Supervisors of Fire Fighting and Prevention Workers), 332021 (Fire

Inspectors and Investigators), and 332022 (Forest Fire Inspectors and

Prevention Specialists). We reviewed job narratives for the latter

three occupations to identify any jobs for which firefighting‐related

duties or environments could not be confirmed or determined for

consideration in father‐level exclusions. Jobs that had been assigned

any SOC code other than those considered firefighting‐related were

classified as non‐firefighting jobs. Jobs with listed SOC categories

331012 (First‐Line Supervisors of Police and Detectives), 333050

(Police Officers), and 333051 (Police and Sheriff's Patrol Officers)

were additionally considered police officer jobs.

All fathers reported to have worked at least one job within a

firefighting‐related SOC category during the periconceptional period

of 3 months before conception through the first month of pregnancy

were categorized as firefighters for the current analysis. We

categorized all fathers working only non‐firefighting jobs during the

periconceptional period as non‐firefighters. Additionally, we classi-

fied fathers as police officers if they reported at least one job within a

police‐related SOC during the periconceptional period.

Firefighting fathers whose only relevant job was one in which the

firefighting‐related duties or environments could not be confirmed or

determined were excluded from all analyses (n = 3). We excluded

firefighting fathers working as firefighters only outside of the

periconceptional period (n = 9) and non‐firefighters that held no job

during the periconceptional period from analyses (n = 1532). Addi-

tionally, in analyses comparing firefighters to police officers (i.e.,

police‐referent analyses), police officers that held no police‐related

job during the periconceptional period were excluded (n = 19), as

were fathers that worked as both firefighter and police officer (n < 3).

At the father level, and after exclusions, firefighter‐status classifica-

tions were mutually exclusive between firefighters and non‐

firefighters, and firefighters and police officers.

2.3 | Outcome classification

This spectrum analysis examined all congenital heart and non‐heart

defects classified as isolated or multiple with sufficient sample

size.39,40 Any birth defects with less than three cases in any

occupation group were not examined as individual defect groups.

We grouped individual defects that did not meet the sample size

criteria into larger anatomical groups where possible to include them

in analyses. We additionally conducted a sensitivity analysis that

restricted to isolated non‐heart defect cases and isolated, simple

heart defect cases (i.e., one single heart defect or a well‐defined

constellation of heart defects recognized as one entity). All

individual defect groups included the appropriate control group in

comparison to the case group (e.g., only male controls for analyzing

hypospadias cases).

2.4 | Statistical analysis

We first evaluated an a priori set of family characteristics of fathers

that worked as firefighters, non‐firefighters, and police officers

during the periconceptional period in a descriptive analysis. We

calculated frequencies and percentages or means and standard

deviations for study site (state) and maternal age at delivery (in years

and categorical as <20, 20–34, and ≥35 years), race/ethnicity, body

mass index (BMI) pre‐pregnancy (underweight, <18.5 kg/m2; normal

weight, 18.5 to <24 kg/m2; overweight, 25 to <30 kg/m2; or obese,

>30 kg/m2), smoking during early pregnancy (i.e., 1 month before

conception through the third month of pregnancy based on a period

in which a fetus is most vulnerable to maternal exposure to

teratogens), alcohol use during early pregnancy, and education status

by paternal occupation. As done in the previous NBDPS analysis of

paternal occupation, we selected maternal demographic and behav-

ioral variables because mother‐reported information on related

characteristics among fathers was often missing.16 We also assessed

these covariates descriptively by paternal occupation among only

control families to summarize the demographic characteristics of the

base population analyzed for this study.

We calculated the number of cases for each birth defect group

by paternal firefighter status. For each defect group with at least

three cases in each occupation group, we investigated associations

between paternal firefighting during the periconceptional period and

each birth defect using logistic regression to estimate odds ratios

(ORs) and 95% confidence intervals (CIs). Referent groups included (a)

families reporting fathers working non‐firefighting jobs during the

periconceptional period, and (b) families reporting fathers working as

police officers during the periconceptional period. The second

comparison group reduced unmeasured confounding by paternal

characteristics (e.g., age and other demographic characteristics),

socioeconomic factors, work conditions, and healthy worker status

that are similar between firefighters and police officers, other than

some heavy chemical exposures encountered by firefighters. We

included covariates in multivariable analyses where there appeared to

be potentially confounding differences between firefighters and the

referent group based on the distribution of frequencies and

percentages in the descriptive analysis. Observations with missing

covariate information were excluded from multivariable analyses
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(<1% of any exposure group for all covariates included in

multivariable models). All cell sizes less than three were suppressed

as a practice of confidentiality and to preserve statistical power. We

repeated multivariable analyses for a sensitivity analysis restricting to

isolated/simple defect cases to assess whether potential associations

were driven by multiple defect cases only (i.e., a more heterogenous

case population).

3 | RESULTS

A total of 44,621 paternal jobs worked at some point during

pregnancy reported by mothers in NBDPS were included in

firefighter‐status assignment. Of these, 250 jobs were firefighting

occupations and 44,371 as non‐firefighting occupations based on

SOC codes. Additionally, 473 paternal jobs worked at some point

during pregnancy were police officer occupations based on SOC

codes. Of the firefighting jobs worked at some point during

pregnancy, SOC codes identified 227 (90.8%) as firefighter occupa-

tions, 15 (6.0%) as first‐line supervisors of firefighting and prevention

worker occupations, and 8 (3.2%) as fire inspector and investigator or

forest fire inspector and prevention specialist occupations.

After father‐level exclusions, including periconceptional period

restrictions, 227 paternal firefighters (168 cases, 59 controls) and

36,285 non‐firefighters (26,486 cases, 9,799 controls) were included

in analyses. Of non‐firefighters, 433 fathers were also included as

police officers (318 cases, 115 controls) in police‐referent analyses.

Table 1 provides a summary of NBDPS family characteristics by

paternal occupation. Study site varied for NBDPS families of

firefighters compared to non‐firefighters. While the mean maternal

age was similar across paternal occupation groups, substantially less

maternal co‐parents to firefighters were under the age of 20

compared to those to paternal non‐firefighters (results not shown,

cell size <3). Compared to maternal co‐parents to non‐firefighters,

maternal co‐parents to firefighters smoked less during early

pregnancy (10% vs. 18%) and were more educated (82% had beyond

a high school degree vs. 61%). More maternal co‐parents to

firefighters were non‐Hispanic white than those to both non‐

firefighters and police officers (83%, 62%, and 74%, respectively).

Study site, maternal age at delivery, maternal smoking during early

pregnancy, and maternal education did not differ substantially

between families of firefighters and police officers. Maternal BMI

pre‐pregnancy and alcohol use during early pregnancy did not vary by

paternal occupation. The supplementary material includes a descrip-

tive summary of covariates by paternal occupation among only

control families (Supporting Information: Table S.I); note that select

covariate categories were collapsed due to some non‐reportable cell

sizes (n < 3).

Table 2 provides the results of the multivariable analyses

assessing associations between 29 birth defect groups and paternal

firefighting in referent to non‐firefighters and police officers. Non‐

firefighter‐referent models adjusted for study site and maternal age

(continuous in years), race/ethnicity (dichotomous as non‐Hispanic

white vs. nonwhite and Hispanic to keep consistent with police‐

referent models), smoking status, and education. Police‐referent

models adjusted for maternal race/ethnicity (dichotomous as non‐

Hispanic white vs. nonwhite and Hispanic to allow police‐referent

models to converge). Adding maternal smoking status to the adjusted

police‐referent models did not change results (results not shown).

Fathers of children with total anomalous pulmonary venous

return (TAPVR) defect (OR = 3.1; 95% CI = 1.1–8.7), oral cleft

(particularly cleft palate [OR = 1.8; 95% CI = 1.0–3.3] and cleft lip

[OR = 2.2; 95% CI = 1.2–4.2]), and transverse limb deficiency (OR =

2.2; 95% CI = 1.1–4.7) were 2–3 times more likely than fathers of

controls to be firefighters versus non‐firefighters. The OR was also

elevated for children born with an atrioventricular septal defect

(AVSD) but was imprecise (OR = 2.0; 95% CI = 0.7–5.6).

In the police‐referent analysis, fathers of children with a cleft

palate were 2.4 times more likely to be firefighters than fathers of

controls (95% CI = 1.1–5.4), which was slightly higher than found in

reference to non‐firefighters. Estimates for TAPVR and cleft lip in the

police‐referent analysis were elevated–and similar to non‐firefighter‐

referent estimates—but were imprecise with wide CIs. For many of

the remaining defects, we found no substantial evidence of elevated

associations in analyses of either occupational referent group.

Results of the sensitivity analysis restricting to isolated/simple

defect cases are shown in Supporting Information: Table S.II. In

general, estimates were similar to those in the main analysis of

isolated and multiple defect cases. The estimates for TAPVR, cleft

palate, cleft lip, and transverse limb deficiency did not change

directionality and were either similar, larger, or slightly attenuated.

Results for six defects could not be reported due to a lack of sample

size and CIs were generally very wide due to a loss in precision.

4 | DISCUSSION

The current analysis evaluated associations between paternal fire-

fighting and individual birth defects among children in comparison to

(a) paternal non‐firefighters and (b) paternal police officers. The

results suggested associations between paternal firefighting and

several birth defects, including cleft palate, cleft lip, and TAPVR. We

observed an association between firefighting and cleft palate in

comparison to both non‐firefighters and police officers. Effect

estimates for cleft lip and TAPVR, while similarly elevated in

comparison to both referent groups, were imprecise in comparison

to police officers, likely due to small sample size. Transverse limb

deficiency and AVSD had elevated ORs associated with paternal

firefighting in comparison to non‐firefighters, however, the associa-

tions were less precise in comparison to police officers.

Some previous studies of birth defects among children of male

firefighters support our findings, however, many of these studies had

very small numbers of exposed cases. For example, several studies

found results suggestive of an association between firefighting and

oral clefts.18,19,21 A study in British Columbia was the only previous

analysis to directly compare firefighters to both non‐firefighters and
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TABLE 1 Distribution of covariates among families of paternal firefighters, non‐firefighters, and police officers, National Birth Defects
Prevention Study, 1997–2011

Firefightersa (n = 227) Non‐firefighters (n = 36,285) Policea (n = 433)
Covariate nb,c %b nb,c %b nb,c %b

Study site

Arkansas 23 10.1 4604 12.7 51 11.8

California 26 11.5 4075 11.2 38 8.8

Georgia 10 4.4 4086 11.3 26 6.0

Iowa 25 11.0 3702 10.2 43 9.9

Massachusetts 44 19.4 4659 12.8 71 16.4

New Jersey 12 5.3 1960 5.4 36 8.3

New York 21 9.3 2630 7.3 45 10.4

North Carolina 21 9.3 2767 7.6 38 8.8

Texas 18 7.9 3842 10.6 55 12.7

Utah 27 11.9 3960 10.9 30 6.9

Maternal age at delivery

Years (mean, SD) 29.5 4.6 28.2 6.0 29.8 4.7

Maternal race/ethnicity

Non‐Hispanic White 188 82.8 22,434 61.8 322 74.4

Non‐Hispanic Black 6 2.6 3073 8.5 27 6.2

Hispanic 19 8.4 8433 23.2 70 16.2

All other non‐Hispanic groups 14 6.2 2341 6.5 14 3.2

Maternal BMI pre‐pregnancy

Underweight 10 4.4 1777 5.1 11 2.6

Normal weight 123 54.4 18,169 52.2 252 58.5

Overweight 58 25.7 8068 23.2 108 25.1

Obese 35 15.5 6814 19.6 60 13.9

Maternal smoking during early pregnancy

No 204 89.9 29,671 81.8 367 84.8

Yes 23 10.1 6592 18.2 66 15.2

Maternal alcohol use during early pregnancy

No 131 58.0 22,552 62.4 253 59.0

Yes 95 42.0 13,603 37.6 176 41.0

Maternal education status

No high school degree or
equivalent

7 3.1 5373 14.8 10 2.3

High school degree or
equivalent

34 15.0 8641 23.8 85 19.6

Some college 98 43.2 10,183 28.1 146 33.7

College degree or higher 88 38.8 12,047 33.2 192 44.3

Abbreviations: BMI, body mass index; SD, standard deviation.
an < 3 fathers classified as firefighter and police officer were excluded from analyses with a police officer referent group.
bEstimates shown as n (%) except if indicated otherwise.
cFrequencies may not combine to sample totals where there are missing values (<5% missing for all categories).
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police officers and found that cleft lip was elevated among children of

firefighters in comparison to non‐firefighters (OR 4.2; 95%

CI = 0.4–46.1), the estimate was diminished in comparison to police

officers (OR = 1.6; 95% CI = 0.2–10.1).18 The study was unable to

analyze cleft palate due to a lack of exposed cases. A study of birth

defects in Atlanta, GA also supported associations between fire-

fighting and cleft lip in comparison to non‐firefighters (OR = 13.3;

95% CI = 4.0–44.4), but did not present results for cleft palate among

children of firefighters due to either an absence of sufficient cases or

an absence of a strong association (i.e., OR not greater than 1.5 or

less than 0.7).19

While no previous studies reported results for the congenital

heart defects TAPVR and AVSD among children of firefighters

specifically, several studies suggested associations between

grouped categories of any heart defect or other heart anoma-

lies.19,20 The estimate for the grouped category for any heart

defect was not elevated in the current analysis. Two studies

suggested associations between firefighting and septal heart

defects (i.e., ventricular and atrial septal defects),18,20,21 which

results in the current study did not strongly support.

Similar to our non‐firefighter‐referent analysis, several previous

studies have suggested associations between firefighting and limb

defects or other musculoskeletal anomalies in comparison to non‐

firefighters with varying degrees of association.18–20 Inconsistent

with our findings, the study from British Columbia found estimates

for limb anomalies to increase in referent to police officers, however,

only one case among police officers was included for each limb

defect category.18 On the other hand, the study from Atlanta

suggested that police officer work could be associated with upper

limb reduction defects.19

Some previous studies found results inconsistent with the

current study, such as associations between paternal firefighting

and defects of the digestive system (i.e., an elevated estimate for

pyloric stenosis, while we found none for anorectal atresia/

stenosis),21 hypospadias/genital organs,19,20 or no defects found

at all.16,22,23 Nonetheless, there are major differences in study design

between previous studies and the current analysis, such as sample

size, years of observation, geographic location, and methods of

occupation or outcome ascertainment.

There are a few possible explanations for why results slightly

differed between non‐firefighting and police‐referent analyses in the

current study. It is likely that the police officer referent group helped

address residual confounding because of similarities between fire-

fighters and police officers related to demographic characteristics

(e.g., age), lifestyle, physical fitness (i.e., both firefighters and police

officers often must pass physical examinations for fitness‐for‐duty),

and so forth. Also, analyses lost statistical power with diminished

sample size in the police‐referent group, leading to wide CIs even for

defects that maintained moderately elevated estimates (i.e., cleft lip

and TAPVR); or that firefighting carries some similar occupational risk

factors for adverse reproductive outcomes as those in other public

safety and first responder groups (e.g., shift work, diesel exhaust, and

heavy metal exposure).9,41

The associations we identified in the current study are plausible

given the many exposures firefighters face that could directly or

indirectly (i.e., through maternal pathways) increase the risk of

adverse birth outcomes in offspring.14,15,24–36,42–44 For example,

firefighters are heavily exposed to PAHs as combustion by‐products

released during fire response and training,45–48 and their postfire

urinary levels of PAH exposure are significantly higher than levels

observed in office workers and the general population.49 PAH

exposure is recognized to impact reproduction and development

through male and female reproductive pathways.50 Studies have

shown that maternal PAH exposure may increase the risk for several

birth defects, including oral clefts.25–27,29–31 Reports suggest that

paternal exposure to PAHs and other toxic compounds can have

adverse effects on future offspring through possible genetic and

nongenetic (e.g., epigenetic, noncoding RNA, and microRNA) mecha-

nisms.51,52 Furthermore, DNA methylation, accelerated epigenetic

age, changes in microRNA expression, and thyroid hormone disrup-

tion have been studied in firefighters within the context of

mechanisms for carcinogenicity53–57; but research on the overlap

between potential biomechanistic pathways for cancer and those for

direct routes of developmental toxicity in firefighters is warranted.

Exposure‐induced mechanistic changes that are present in the

sperm could cause abnormal fetal development leading to a birth

defect. Still, there is lack of research on paternally‐mediated

environmental exposures to children's health—despite an ever‐

increasing body of mechanistic data—that has been discussed in the

literature.58 A prior study showed paternal smoking (a common

source of PAH exposure) appeared to induce DNA alterations in

human F1 offspring that cannot be explained by maternal exposure

to second‐hand smoke alone59; this finding has also been replicated

by other researchers.60 Therefore, a mechanism for birth defects

connected to paternal exposure is biologically plausible.

Indirect exposure among mothers who are co‐parents to male

firefighters is also possible. Contamination of firefighters' gear,

clothing, skin, and workplaces is a major source of their exposure

to persistent chemicals.45,61–63 If strict decontamination procedures

are not adhered to following a fire response, such as using cleansing

wipes andor showering, firefighters can have chemicals that linger on

their skin even after they leave the incident and fire station.64 This

contamination can lead to extended exposure for firefighters or even

secondary exposure affecting pregnant mothers in the home

environment. In some situations, firefighters bring contaminated gear

or clothing into their personal vehicles or homes, like for cleaning or

storage purposes.65,66 Take‐home exposure among firefighters is not

well‐measured, so little is known about the potential for secondary

exposure of firefighters' families.

To our knowledge, this analysis included the largest sample of

children born with birth defects among firefighters in the literature to

date. This analysis nearly tripled the sample size of firefighters from a

previous NBDPS analysis of paternal occupations by adding 7 years

of additional, more recent, data and increased power for examining

more individual defects. Furthermore, to our knowledge, this is only

the second study of birth defects in children of male firefighters that
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used police officers as a referent group to help control for potential

residual confounding, with the first studying a non‐US sample from

decades earlier.18 Still, there are limitations to the current study.

Sample sizes were small for some individual defect groups, with

roughly a third of defects analyzed having <5 firefighter cases,

contributing to reduced statistical power and wide CIs/imprecise

estimates. This limitation was greater for the police‐referent analysis,

for which the number of cases among children of police officers was

also small for some defects.

We evaluated an a priori set of characteristics as potential

confounders for which to control in the multivariable models.

However, our ability to evaluate a larger number of variables as

TABLE 2 Adjusted associations between individual birth defect groups and paternal occupation as a firefighter in comparison to paternal
non‐firefighters and paternal police officers, National Birth Defects Prevention Study, 1997–2011

Firefighters versus non‐firefightersa Firefighters versus police officersb,c

Defect FF cases, nb Non‐FF cases, n OR 95% CI Police cases, n OR 95% CI

Any heart defect 61 10,162 1.01 (0.71 – 1.45) 128 0.90 (0.58– 1.39)

Conotruncal defects 19 2185 1.44 (0.85 – 2.43) 32 1.04 (0.54 – 2.03)

Tetralogy of Fallot 8 990 1.33 (0.63 – 2.80) 15 0.92 (0.35 – 2.41)

D‐Transposition of the Great Arteries 7 673 1.65 (0.75 – 3.64) 11 1.14 (0.42 – 3.12)

AVSD 4 304 2.02 (0.73 – 5.63) 6 1.22 (0.33 – 4.51)

APVR 4 319 2.38 (0.85 – 6.65) 4 1.85 (0.44 – 7.70)

TAPVR 4 251 3.10 (1.11 – 8.68) 3 2.49 (0.54 – 11.55)

LVOT defects 10 1914 0.81 (0.41 – 1.60) 16 1.21 (0.51 – 2.84)

Hypoplastic left heart syndrome 3 552 0.88 (0.28 – 2.84) 7 0.85 (0.21 – 3.45)

Coarctation of the aorta 4 1015 0.61 (0.22 – 1.69) 8 0.97 (0.28 – 3.39)

RVOT defects 6 1773 0.59 (0.25 – 1.37) 23 0.50 (0.19 – 1.31)

Pulmonary valve stenosis 4 1319 0.51 (0.19 – 1.43) 18 0.43 (0.14 – 1.33)

Septal defects 20 3958 0.88 (0.53 – 1.48) 47 0.83 (0.45 – 1.53)

Perimembranous VSD 12 1401 1.52 (0.81 – 2.84) 13 1.72 (0.73 – 4.02)

Secundum ASD 6 2008 0.51 (0.22 – 1.20) 27 0.42 (0.16 – 1.08)

ASD, not otherwise specified 3 529 1.05 (0.32 – 3.46) 6 1.08 (0.26 – 4.57)

Neural tube defects 7 1806 0.65 (0.30 – 1.44) 16 0.84 (0.33 – 2.16)

Spina bifida 4 1071 0.63 (0.23 – 1.75) 11 0.69 (0.21 – 2.27)

Oral clefts 37 3963 1.67 (1.09 – 2.54) 44 1.72 (1.00 – 2.96)

Cleft palate 15 1370 1.84 (1.03 – 3.29) 13 2.40 (1.06 – 5.41)

Cleft lip with cleft palate 10 1683 1.16 (0.59 – 2.29) 20 1.04 (0.45 – 2.37)

Cleft lip without cleft palate 12 910 2.23 (1.19 – 4.20) 11 2.20 (0.91 – 5.31)

Esophageal atresia 3 628 0.77 (0.24 – 2.46) 11 0.50 (0.13 – 1.86)

Anorectal atresia/stenosis 6 873 1.21 (0.52 – 2.84) 12 0.96 (0.34 – 2.70)

Hypospadias 18 2175 1.07 (0.59 – 1.94) 30 0.88 (0.42 – 1.86)

Limb deficiency 10 1046 1.63 (0.83 – 3.20) 20 0.90 (0.39 – 2.07)

Transverse limb deficiency 8 611 2.23 (1.05 – 4.71) 12 1.26 (0.48 – 3.28)

Craniosynostosis 12 1401 1.20 (0.64 – 2.27) 20 1.17 (0.53 – 2.57)

Gastroschisis 3 1092 0.96 (0.29 – 3.15) 9 0.65 (0.17 – 2.49)

Abbreviations: AVSD, atrioventricular septal defect; CI, confidence interval; D‐Transposition, Dextro‐Transposition; FF, firefighter(s); L/RVOT, left/right
ventricular outflow tract; OR, odds ratio; [T]APVR, [Total] anomalous pulmonary venous return; V/ASD, ventricular/atrial septal defect.
aAdjusting for study site and maternal age in years, race/ethnicity (dichotomous as non‐Hispanic white vs. nonwhite/Hispanic to allow all models to
converge), smoking status, and education.
bn < 3 fathers classified as firefighter and police officer were excluded from analyses with a police officer referent group.
cAdjusting for maternal race/ethnicity (as non‐Hispanic white vs. nonwhite/Hispanic to allow all models to converge).
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potential confounders was limited by our sample size. Although using

a police officer referent group allowed us to control for many

potential confounders that existed in the non‐firefighter‐referent

analysis—including paternal characteristics, residual confounding

could still be present in both analyses. For example, because

maternal race/ethnicity was dichotomized due to small sample size,

it may not have been adequately controlled for in multivariable

models.

Because we examined a wide spectrum of birth defect groups,

our results are subject to potential random errors introduced through

multiple comparisons. Because we ran regression models for 29 birth

defect groups and two referent groups, it is possible that some

positive or significant estimates could have been found due to

chance. Nonetheless, previous studies support our results, particu-

larly related to oral clefts and limb defects.18–21

Our assessment of occupation was also subject to limitations. No

specific occupational exposures were evaluated for this analysis, and

exposures may have widely varied across the included sample of

firefighters. Further, our analysis did not account for maternal

occupation or occupational exposures. We were unable to evaluate

birth defects among female firefighters, whose occupational ex-

posures could have different or stronger reproductive effects, due to

an insufficient sample size. Similar to the previous NBDPS analysis of

paternal occupations, we focused on the exposure period of 3

months before conception through the first month of pregnancy as a

periconceptional window during which male‐mediated mechanisms

of teratogenesis can occur,16 although take‐home exposure of

pregnant mothers could occur through the end of the first trimester.

Research delineating potential maternal and paternal routes of

toxicity for firefighters and their families could be important for

practice.

Because there is no clear evidence to identify whether

paternally‐mediated risks follow a direct biological mechanism (e.g.,

a direct impact on sperm or seminal fluid) or an indirect effect (e.g.,

take‐home exposures to domestic partners), we did not exclude

families in which donor sperm were used. We also did not have full

data on household composition, including whether the father resided

in the same household with the biological mother throughout

periconception and the first trimester of pregnancy. We also did

not assess non‐paternity. All of these might lead to misclassification

of occupation; in all these scenarios, however, the misclassification

would likely lead to bias towards the null.

Lastly, the data evaluated in the current study were collected

between 1997 and 2011 and may not accurately represent

reproductive hazards among current firefighters. Over the past

decade, research related to exposure and cancer risk for

firefighters has grown rapidly.7,8 As a result, awareness levels,

control interventions, workplace practices and policies, and

healthy behaviors among firefighters are also increasing.67,68

Positively, this cultural shift, while aimed at preventing cancer,

may also reduce adverse reproductive health outcomes among

families of firefighters.

5 | CONCLUSIONS

The results of this study, if replicated, have implications for research

and practice. National fire service organizations recognize the need

for clear evidence‐based guidance on how firefighting impacts

reproductive health for both men and women. In early 2022, the

National Fallen Firefighters Foundation released its updated

Research Agenda for the Fire Service and indicated reproductive

health as a critical area related to health and safety.2 Recent research

reported more than 30% of fire departments have no policy on

pregnancy or reproductive health.12 Nonetheless, fire service

members, leadership, and organizations can continue to advocate

for adherence to decontamination practices and control interventions

aimed at reducing exposure among firefighters. While many of these

interventions are aimed at reducing the risk of cancer, it is likely that

many of the same practices will better protect firefighters and their

families from adverse reproductive health outcomes associated with

hazardous exposures. Additional research may lead to a better

understanding of the reproductive health of male and female

firefighters and their families and help guide policy decisions and

standard operating guidelines.
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