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Environmental exposures and reproductive outcomes
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MAJOR concern among female firefighters

* 5 key themes:

1) Department variation regarding
pregnancy policy

2) Decision-making by firefighters for
disclosure of a pregnancy

3) Lack of education, research, and

information for firefighters on
reproductive health

4) Reproductive health concerns impact —
female recruitment and retention h

5) Innovation within the fire service
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Male firefighters: Infertility and sperm abnormalities

Among Danish firefighters, full-time firefighters had*:
 46-53% greater risk of male-factor infertility compared to non-firefighters
 36-40% greater risk compared to military members

Exploratory study of 20 Australian firefighters?:

* Firefighter semen parameters below World Health Organization
reference values for fertility

* Younger firefighters (<45) had decreased average sperm quality

* Increased rank and use of protective equipment/behaviors
improved sperm quality

* Increased frequency of fire exposure associated with reduced

sperm ua“t 1. Petersen, 2019
p q y 2. Engelsman, 2021 I
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Children of male firefighters: Birth defects

National Birth Defects Prevention Study (1997-2011 data)?!
Compared to general population,* children of male firefighters more likely to have:

Total anomalous pulmonary venous return (OR 3.1; 95%Cl 1.1-8.7)
Cleft palate (OR 1.8; 95%Cl 1.0-3.3)

Cleft lip (OR 2.2; 95%Cl 1.2-4.2)

Transverse limb deficiency (OR 2.2; 95%Cl 1.1-4.7)

Compared to police, T children of male firefighters more likely to have:

Cleft palate (OR = 2.4; 95%CI=1.1-5.4)

Potential mechanisms preconception toxicity (chemicals, heat or shiftwork) or transfer of
chemical contamination from workplace to home

1. Siegel et al., Birth defects associated with paternal firefighting in the National Birth Defects Prevention Study Am J Ind Med. 2022
*Adjusted for study site, maternal age, race/ethnicity, smoking status and education; tAdjusted for race/ethnicity
Data from 10 states (Arkansas, California, Georgia, lowa, Massachusetts, New Jersey, New York, North Carolina, Texas, and Utah). I
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Female firefighters: Infertility

* 30% of women firefighters reported previously
experiencing infertility (manuscript in
preparation) vs 12.5% of US women1

* Length of time working as firefighter (>15 years)
associated with modest, non-significant
increased risk of infertility (vs working <5 years;
relative risk 1.39, 95% Cl 0.86-2.24), adjusted for
age

1. Kelley, 2019
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Female firefighters: Miscarriage and preterm birth

Miscarriage rates 2.3 times higher among female firefighters than
national average 12

 On average, firefighters reported pregnancy at end of 15t trimester
* Most did not restrict duties until 2" or 37 trimester

* 10% did not restrict duties at all

Preterm birth rates 1.57 times higher among female firefighters

compared to non-firefighters3 1. Jahnke, 2018
2. Jung, 202

e US nurses (1993-2000): 8.4%* T —
4. Lawson 2009

* US birth certificates (2018): 10.02%> 5. Martin 2019

* Firefighters who started work restrictions during the 2" trimester
lower risk PTB than those who started in the 3" trimester or
didn’t restrict (RR 0.67, 95% Cl 0.84-1.03)3

Wellness-Fitness Initiative Task Force Meeting




Anti-Mullerian Hormone (AMH)

Clinical marker of ovarian reserve (reproductive
potential of ovaries)?

Associated with fertility, age at menopause,
miscarriage and preterm birth?>

Biomarker for environmental/occupational
exposures that could affect the ovary

* |nhaled toxicants (tobacco smoke, indoor fuel
burning and pesticide use) and stress®®

33% lower in firefighters than non-firefighters®
e Similar differences in smokers v. non-smokersi?11

S

1.Weenan, 2004 4. Lyttle Schumacher, 2018 7 \white, 2016 10. Seifer, 2011
2.Freeman, 2012 5. Stegmann, 2015 8.Dong, 2017 11. Plante, 2010
3.Dewally, 2014 6. Plante, 2010 9. Davidson, 2022 Image: www.anshlabs.com/
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‘ Male firefighters at increased risk of sperm abnormalities,
infertility and birth defects in their children compared with non-
firefighters

& Female firefighters at increased risk of miscarriage, preterm birth,
infertility and reproductive reserve compared with non-
firefighters

(‘ Exposures increasing cancer risk can affect reproductive health

e Exposure reduction may also improve reproductive health

e Reproductive health and exposure reduction could be
addressed in WFI

10 Wellness-Fitness Initiative Task Force Meeting




References

Abdo, M., Ward, I., O'Dell, et al (2019). Impact of Wildfire Smoke on Adverse Pregnancy Outcomes in Colorado, 2007-2015. International journal
of environmental research and public health, 16(19), 3720. https://doi.org/10.3390/ijerph16193720

Chersich, M. F., Pham, M. D., Areal, A., et al (2020). Associations between high temperatures in pregnancy and risk of preterm birth, low birth
weight, and stillbirths: systematic review and meta-analysis. BMJ (Clinical research ed.), 371, m3811. https://doi.org/10.1136/bmj.m3811

Davidson, S., Jahnke, S., Jung, A., et al. (2022). Anti-Millerian Hormone Levels among Female Firefighters. Int J Environ Res Public Health, 19,
5981.

Dewailly, D., Andersen, C. Y., Balen, et al. (2014). The physiology and clinical utility of anti-Mullerian hormone in women. Human reproduction
update, 20(3), 370-385. https://doi.org/10.1093/humupd/dmt062

Dong, YZ, Zhou, FJ, & Sun, YP. (2017). Psychological stress is related to a decrease of serum anti-mullerian hormone level in infertile women.
Reprod Biol Endocrinol, 15(1), 51.

Engelsman M, Toms LL, Wang X, Banks APW, Blake D. Effects of firefighting on semen parameters: an exploratory study. Reprod Fertil. 2021 Mar
11;2(1):L13-L15. doi: 10.1530/RAF-20-0070. PMID: 35128440; PMCID: PMC8812458

Freeman, E. W., Sammel, M. D,, Lin, H., & Gracia, C. R. (2012). Anti-mullerian hormone as a predictor of time to menopause in late reproductive
age women. The Journal of clinical endocrinology and metabolism, 97(5), 1673-1680. https://doi.org/10.1210/jc.2011-3032

Gaskins, A. J., Minguez-Alarcdn, L., VoPham, T,, et al (2021). Impact of ambient temperature on ovarian reserve. Fertility and sterility, 116(4),
1052-1060. https://doi.org/10.1016/j.fertnstert.2021.05.091

Jahnke, S. A., Poston, W.,, Jitnarin, N., & Haddock, C. K. (2018). Maternal and Child Health Among Female Firefighters in the U.S. Maternal and
child health journal, 22(6), 922—931. https://doi.org/10.1007/s10995-018-2468-3

Jung, A.M., Jahnke, S.A., Dennis, L.K. et al. Occupational factors and miscarriages in the US fire service: a cross-sectional analysis of women
firefighters. Environ Health 20, 116 (2021). https://doi.org/10.1186/s12940-021-00800-4

Jung, A.M., Jahnke, S.A., Dennis, L.K. et al. Firefighter occupational factors and the risk of preterm birth: results from a survey of women
firefighters in the United States. In press.



https://doi.org/10.3390/ijerph16193720
https://doi.org/10.1136/bmj.m3811
https://doi.org/10.1210/jc.2011-3032
https://doi.org/10.1016/j.fertnstert.2021.05.091
https://doi.org/10.1186/s12940-021-00800-4

References

Kelley, A. S., Qin, Y., Marsh, E. E., & Dupree, J. M. (2019). Disparities in accessing infertility care in the United States: results from the
National Health and Nutrition Examination Survey, 2013-16. Fertility and sterility, 112(3), 562—-568.
https://doi.org/10.1016/j.fertnstert.2019.04.044

Kuehn, L., & McCormick, S. (2017). Heat Exposure and Maternal Health in the Face of Climate Change. International journal of
environmental research and public health, 14(8), 853. https://doi.org/10.3390/ijerph14080853

Lawson, C. C., Whelan, E. A., Hibert, E. N., et al. (2009). Occupational factors and risk of preterm birth in nurses. American journal of
obstetrics and gynecology, 200(1), 51.e1-51.e518. https://doi.org/10.1016/j.ajog.2008.08.006

Lawson, C. C., Rocheleau, C. M., Whelan, E. A., et al. (2012). Occupational exposures among nurses and risk of spontaneous abortion.
American journal of obstetrics and gynecology, 206(4), 327.e1-327.e3278. https://doi.org/10.1016/j.ajog.2011.12.030

Lyttle Schumacher, B. M., Jukic, A., & Steiner, A. Z. (2018). Antimllerian hormone as a risk factor for miscarriage in naturally conceived
pregnancies. Fertility and sterility, 109(6), 1065—1071.e1l. https://doi.org/10.1016/].fertnstert.2018.01.039

Martin, J. A., Hamilton, B. E., Osterman, M., & Driscoll, A. K. (2019). Births: Final Data for 2018. National vital statistics reports : from the
Centers for Disease Control and Prevention, National Center for Health Statistics, National Vital Statistics System, 68(13), 1-47.

Merklinger-Gruchala, A., Jasienska, G., & Kapiszewska, M. (2017). Effect of Air Pollution on Menstrual Cycle Length-A Prognostic Factor of
Women's Reproductive Health. International journal of environmental research and public health, 14(7), 816.
https://doi.org/10.3390/ijerph14070816

Nkansah-Amankra, S., Luchok, K. J., Hussey, J. R., Watkins, K., & Liu, X. (2010). Effects of maternal stress on low birth weight and preterm
birth outcomes across neighborhoods of South Carolina, 2000-2003. Maternal and child health journal, 14(2), 215-226.
https://doi.org/10.1007/s10995-009-0447-4

Petersen K U, Johnni Hansen, Niels E Ebbehoej, Jens P Bonde, Infertility in a Cohort of Male Danish Firefighters: A Register-Based
Study, American Journal of Epidemiology, Volume 188, Issue 2, February 2019, Pages 339—-346, https://doi.org/10.1093/aje/kwy235

Plante, B. J., Cooper, G. S., Baird, D. D., & Steiner, A. Z. (2010). The impact of smoking on antimillerian hormone levels in women aged 38
to 50 years. Menopause (New York, N.Y.), 17(3), 571-576. https://doi.org/10.1097/gme.0b013e3181c7deba I



https://doi.org/10.3390/ijerph14080853
https://doi.org/10.1016/j.ajog.2008.08.006
https://doi.org/10.1016/j.ajog.2011.12.030
https://doi.org/10.1016/j.fertnstert.2018.01.039
https://doi.org/10.3390/ijerph14070816
https://doi.org/10.1007/s10995-009-0447-4
https://doi.org/10.1093/aje/kwy235
https://doi.org/10.1097/gme.0b013e3181c7deba

References

Schliep, K. C., Mumford, S. L., Silver, R. M., et al (2019). Preconception Perceived Stress Is Associated with Reproductive Hormone Levels
and Longer Time to Pregnancy. Epidemiology (Cambridge, Mass.), 30 Suppl 2(Suppl 2), S76-S84.
https://doi.org/10.1097/EDE.0000000000001079

Seifer, D. B., Baker, V. L., & Leader, B. (2011). Age-specific serum anti-Mdllerian hormone values for 17,120 women presenting to fertility
centers within the United States. Fertility and sterility, 95(2), 747-750. https://doi.org/10.1016/j.fertnstert.2010.10.011

Sheridan, P,, llango, S., Bruckner, T. A., Wang, Q., Basu, R., & Benmarhnia, T. (2019). Ambient Fine Particulate Matter and Preterm Birth
in California: Identification of Critical Exposure Windows. American journal of epidemiology, 188(9), 1608—-1615.
https://doi.org/10.1093/aje/kwz120

Siegel et al., Birth defects associated with paternal firefighting in the National Birth Defects Prevention Study Am J Ind Med. 2022.

Stanley, I. H., Boffa, J. W.,, Hom, M. A,, et al. (2017). Differences in psychiatric symptoms and barriers to mental health care between
volunteer and career firefighters. Psychiatry research, 247, 236-242. https://doi.org/10.1016/j.psychres.2016.11.037

Stegmann, B. J., Santillan, M., Leader, B., Smith, E., & Santillan, D. (2015). Changes in antimllerian hormone levels in early pregnancy
are associated with preterm birth. Fertility and sterility, 104(2), 347-55.e3. https://doi.org/10.1016/j.fertnstert.2015.04.044

Stocker, L. J., Macklon, N. S., Cheong, Y. C., & Bewley, S. J. (2014). Influence of shift work on early reproductive outcomes: a systematic
review and meta-analysis. Obstetrics and gynecology, 124(1), 99—-110. https://doi.org/10.1097/A0G.0000000000000321

Weenen, C, Laven, JS, et al. (2004). Anti-Mullerian hormone expression pattern in the human ovary: potential implications for initial and
cyclic follicle recruitment. Mol Hum Reprod, 10(2), 77-83.

White, AJ, Sandler, DP, D'Aloisio, AA, et al. (2016). Antimullerian hormone in relation to tobacco and marijuana use and sources of
indoor heating/cooking. Fertil Steril, 106(3), 723-30.



https://doi.org/10.1097/EDE.0000000000001079
https://doi.org/10.1016/j.fertnstert.2010.10.011
https://doi.org/10.1093/aje/kwz120
https://doi.org/10.1016/j.psychres.2016.11.037
https://doi.org/10.1016/j.fertnstert.2015.04.044
https://doi.org/10.1097/AOG.0000000000000321

	Slide Number 1
	Firefighter Reproductive Health and Child Outcomes
	Environmental exposures and reproductive outcomes
	MAJOR concern among female firefighters
	Male firefighters: Infertility and sperm abnormalities
	Children of male firefighters: Birth defects 
	Female firefighters: Infertility
	Female firefighters: Miscarriage and preterm birth
	Anti-Müllerian Hormone (AMH)
	Summary
	Slide Number 11
	Slide Number 12
	Slide Number 13

