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ABSTRACT

Objectives: The reproductive health of female workers has been extensively investigated in South Korea and
other countries worldwide. However, few studies have discussed the reproductive health of male workers. In
this study, we reviewed the recent literature that reports on the effects of occupational exposure on the
reproductive health of male workers and the health of their children.

Methods: In May 2020 we used the PubMed search engine to search the literature over the last 10 years and chose
case—control, cohort, and cross—sectional studies and reviews. We selected epidemiological studies that investigated
the association between pre—pregnant occupational exposure and the reproductive health of male workers and the
health of their children. We excluded case reports, non—epidemiological studies (animal experiments, cellular-level
experiments, and similar articles), and studies that described postnatal occupational exposure.

Results: We eventually selected 23 studies. The studies that included exclusively male workers reported that
those employed in the agricultural sector or those exposed to pesticides showed lower blood levels of reproductive
hormones and a high risk of lympho—-hematopoietic system cancer in their children. Male workers exposed to
complex organic solvents and organic compounds showed a high risk of poor semen quality, increased time to
pregnancy, decreased blood levels of reproductive hormones, and a high risk of lympho—hematopoietic system
cancer in their children. Male workers employed in occupations that involved significant social contact, or in the
leather and livestock industries, and in occupations with high levels of exposure to lead and organic solvents
showed a high risk of malignancies, including lympho—hematopoietic system cancer, neuroblastoma, and central
nervous system tumors in their children. Studies that investigated both male and female workers reported that
children of male smelters showed a high risk of premature birth, and children of male workers exposed to metals
showed a high risk of hypospadias and cryptorchidism. Children of male welders and workers employed in the
glass, ceramic, and tile industries showed a high risk of premature birth.

Conclusion: The findings of this study will serve as basic data for further research on male workers' reproductive
health and provide a scientific basis for the development of strategies to protect the reproductive health of males
employed in high-risk occupations. Moreover, the results of this study may provide guidelines to improve the
understanding of and knowledge on male workers’ reproductive health.
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Eligible studies (n=228)

2,715 studies were excluded after screening of titles and
abstracts
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\4
Included studies (n=23)

205 studies were excluded after full text review

~ Inappropriate study design (n=9)
- Inappropriate population (n=54)
- Inappropriate outcome (n=48)

- Inappropriate exposure (n=91)

- Duplication (n=3)

Figure 1. Flow diagram representing the study selection process for literature review

Table 1. Studies examining only male workers

Author,

Year Design

Study participant

Risk factor

Outcome Result

MacCarthy 2,920 childhood Case—control
et al. 2010 neuroblastoma cases and study
2,920 controls

Paternal occupation Childhood

—Paternal occupational

neuroblastoma exposure to leather

OR=5.00 (95% CI. 1.07-46.93)

Keegan et 16,764 cases of Case—control

Paternal occupation Childhood

—Paternal high social contact

al. 2012  childhood leukemia and study leukemia OR=1.14 (95% CI: 1.05-1.23)
16,764 controls

Wang et 302 male workers Case—control Formaldehyde -Time to -TTP

al. 2012 occupationally exposed study pregnancy (TTP) OR=2.8 (95% CI: 1.08-7.4)
to formaldehyde and 305 —Abortion —Abortion
controls OR=1.9 (95% Cl: 1.1-3.3)
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Table 1. Continued
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Author,
Year

Study participant Design

Risk factor

Outcome

Result

Keegan et 11,119 childhood central Case—control

Paternal occupation Childhood

—Livestock industry

al. 2013  nervous system tumor study central nervous OR=1.40 (95% ClI: 1.01-1.94)
cases and 11,039 system tumor —Lead exposure
controls OR=1.18 (95% ClI: 1.01-1.39)
-Solvent exposure
OR=1.73 (95% Cl: 1.02-2.92)
—High social contact
OR=1.15 (95% Cl: 1.01-1.31)
Campagna 1,223 male workers Cohort study DDT Time to TTP did not increase
et al. 2015 exposed to DDT pregnancy (TTP) significantly
- Fecundability ratio(FR)
=1.22(95% Cl: 0.84-1.77)
Liu et al. 592 male workers Cross—sectional Bisphenol-A Reproductive  —Decrease in androstenedione
2015 occupationally exposure study hormone level level (p¢0.001)
to bisphenol-A —Decrease in free androgen
index level (p=0.021)
Wang et 114 male workers Case—control Formaldehyde Sperm motility -Low exposure
al. 2015  occupationally exposed study OR=3.21 (95% Cl: 1.24-8.28)
to formaldehyde and 76 —High exposure
controls OR=4.84 (95% Cl: 1.83-12.81)
Zheng et 5 cohort studies and 15 Meta—-analysis  Pentachlorophenol Hematopoietic In 3 studies, paternal exposure
al. 2015 cases—control studies (PCP) cancer to PCP during perinatal period
about the between significantly increased the risk
exposure to of childhood lymphoma and
pentachlorophenol (PCP) hematopoietic neoplasm
and the incidence of —McKinney et al. 1991
lymphoma and OR=2.73 (95% Cl: 1.44-5.16)
hematopoietic neoplasm. -Ali et al. 2004
OR=12.17 (95% ClI: 1.36-109.21)
—-Feychting et al. 2001
OR=2.18 (95% Cl: 1.26-3.78)
Sallmen et 11,863 male workers  Cohort study Inorganic lead Offspring's No significant differences in the
al. 2016  occupationally exposed schizophrenia  incidence of schizophrenia
to inorganic lead —Paternal blood lead level <0.5,
0.5-0.9, 1.0-1.4, >1.5(umol/L)
HR=0.97 (95% CI=0.52-1.83)
HR=1.25 (95% Cl=0.85-1.82)
HR=0.90 (95% Cl=0.54-1.49)
HR=1.38 (95% Cl=0.65-2.92)
Cremone 99 male workers exposed Cross—sectional Pesticides -Reproductive  Lower LH level(p{0.01), poor
se et al. to pesticides and 36 study hormone level sperm morphology, higher
2017 controls in Brazil -Semen quality sperm count (p<0.01, p=0.04)
Gunier et 669 children diagnosed Case—-control Paternal occupational ALL OR=1.7 (95% Cl: 1.2-2.5)
al. 2017  with ALL and study pesticide exposure
1,021controls during the perinatal
period
lanos et al. 7 studies analyzing the Meta—analysis  Solvent Semen quality -Decrease in volume
2018 semen of subjects SMD: -0.35 (-0.63 ~ -0.07)
occupationally exposed —-Decrease in concentration
to solvents SMD: -0.36 (-0.64 ~ -0.08)
Duydu et 304 male workers Cross—sectional Boron Sperm Y:X ratio —Not statistically significant
al. 2019  occupationally exposure study sperm Y:X ratio change (0)0.05)

to boron in Turkey
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Table 2. Studies examining both male and female workers

A$g;<:r, Study participant Design Risk factor Outcome Result

Li et al. 816,743 births born in Cross—sectional Parental Preterm birth {Maternal occupation with risk

2010 Sweden from 1990 to study occupation of preterm birth)

2004 —-Mechanics, iron and
metalware workers
OR=1.16 (95% ClI: 1.03-1.30)
—Food manufacture
OR=1.19 (95% ClI: 1.02-1.38)
—Packers, loaders and
warehouse workers
OR=1.18 (95% Cl: 1.06-1.33)
—Building caretakers and
cleaners
OR=1.15 (95% Cl: 1.06-1.26)
(Paternal occupation with risk
of preterm birth)
-Welders
OR=1.14 (95% Cl: 1.03-1.26)
-Glass, ceramic and tile
workers
OR=1.13 (95% ClI: 1.02-1.24)

Sakr et al. 730 male and female Cross—sectional Smelter —-Miscarriage (Female worker)

2010 Workers at the Smelter study (aluminum, —Preterm birth Lab worker: congenital
chromium, —-Congenital anomaly, OR=7.89 (95%
manganese, etc) anomaly Cl=1.16-53.77)

{Male worker)

Production worker: preterm
birth, OR=2.85 (95%
Cl=1.25-6.49)

Van Maele— 22 case—control Meta—analysis  —Pesticides Childhood —Paternal pesticide exposure

Fabry et al. studies and 3 cohort —-Agriculture leukemia RR=1.14 (95% Cl: 0.76-1.69)

2010 studies on the —-Maternal pesticide exposure

association between RR=1.62 (95% Cl: 1.22-2.16)
parental occupational

pesticides exposure

and childhood leukemia

Miao et al. 56 sons of male or Cross—sectional Bisphenol-A Anogenital —Maternal bisphenol-A

2011 female workers who study distance exposure(p<0.01)

did have occupational —Paternal bisphenol-A
Bisphenol-A exposure exposure(p=0.15)
during pregnancy and

97 controls

Morales— 45,341 male births  Cohort study Endocrine —Hypospadias —Maternal exposure to EDCs

Suarez- disrupting —Cryptorchidism  during pregnancy increased the

Varela et al. chemicals risk of hypospadias

2011 (EDC) HR=2.6 (95% Cl: 1.8-3.4)
—Pesticides —Paternal exposure to heavy
—-Organochlorine metals during pregnancy
compounds increased the risk of
-Phthalate hypospadias and
-Phenols cryptorchidism
-Metals HR=2.2 (95% CI: 1.0-3.4)

HR=1.9 (95% CI: 1.1-2.7)
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A\L;g;c:r’ Study participant Design Risk factor Outcome Result
Bukowinski 178,766 children of  Cohort study Military service Birth defect No significant risk increase was
et al. 2012 male and female U.S. observed

military members who
participated in the
1990-1991 Gulf War.
Grufferman 319 children whose Case—control TCDD Child —-Maternal TCDD exposure
et al. 2014 parent did have military study rhabdomyosarco  OR=2.75 (95% Cl: 0.71-10.62)
service-related TCDD ma —Paternal TCDD exposure

exposure and 319
controls

OR=1.72 (95% CI: 0.565-5.41)

Jorgensen Sons born between  Cohort study
et al. 2014 1980 and 2007 in

Denmark to parents

working in farmers or

horticultural workers

during pregnancy

—Horticultural work Cryptorchidism
—-Farmer
—Pesticides

-Sons of maternal horticultural
workers

HR=1.2 (95% Cl: 0.95-1.52)
-Sons of maternal farmers
HR=1.31 (95% Cl: 1.12-1.53)
-Sons of paternal horticultural
workers

HR=1.2 (95% ClI: 0.96-1.51)
-Sons of paternal farmers
HR=1.04 (95% ClI: 0.96-1.12)

Tougaard et Children of male or  Cohort study
al. 2015 female construction

painters

-Organic solvent Congenital
—Paint emission

OR=0.88 (95% ClI: 0.74-1.05)
malformation

Ferri et al. 116 cases of childhood Case—control
2018 acute leukemia and  study
162 controls

Parental
occupation and
perinatal pesticides

Childhood acute
leukemia

—Maternal pesticides exposure
during pregnancy
OR=1.87 (95% Cl: 1.04-3.33)

exposure —Paternal pesticides exposure
during pregnancy
OR=0.47 (95% Cl: 0.14-1.52)
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et al, 1991; Feychting et al., 2001; Ali et al.,
2004; Zheng et al., 2015),. ¥4 <2&7F 47184
o &%= AYS 7L A= A AHY FF:47F

AE%HKeegan et al., 2013) T4 ol =AUt st
gk, g S22 HAHE-A 23} A<l JAtok
ol9] FF-AA7 A= FAT Aol Sl
(Miao et al., 2011).

3) :L_J.\_ i%(}” [[|-§ AHAIE}I 7-| P%%F
3 LEAPE goll =25= A 7L Sl A
$ A9 FFAHAZTUH Keegan et al., 2013) T4
3lo] &9ttt F&5o] 2E P4 22X Ao
A QotdTt ZHE3e Aol &9t Morales-

Suarez-Varela et al., 2011). @A oA SFEsH=
Ay SLEAY] @Rl A 24ES] F o] =QtTHSakr et
al., 2010). 840l IA 2E] HjQ oA RAF
o] YFo] F7I5kHLI et al., 2010). SHARF
A 2229 & &7 A9 9] 2dH EAY(Sallmen et
al., 2016} 793t AW/dE HolA| gttt

4) 1 9| MR E= XY 20| OE $ARA LS
OFHA|7F AFSIA HEo] B A}, 7REANY, S

o TAFHL Q= A% Hold A4 HZXEV|A
Keegan et al., 2012), AFEAN|EZ(MacCarthy
et al.,, 2010), $3A173A15%Keegan et al., 2013)
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Table 3. Summary of studies reporting the significant associations between occupational exposure of male wokers and their
reproductive health regarding childhoold cancer, congenital anomaly, misccariage, preterm birth, and decreased

reproductive function

Types of

outcome Author, year Risk factor Outcome Main result
Childhood MacCarthy et al. 2010 Leather industry Childhood neuroblastoma  OR=5.00 (95% Cl: 1.07-46.93)
solid cancer Keegan et al. 2013 High social contact Childhood central neural OR=1.15 (95% Cl: 1.01-1.31)
Keegan et al. 2013  Solvent exposure system tumor OR=1.73 (95% ClI: 1.02-2.92)
Keegan et al. 2013 Lead exposure OR=1.18 (95% Cl: 1.01-1.39)
Keegan et al. 2013  Livestock industry OR=1.40 (95% CI: 1.01-1.94)
Childhood McKinney et al. 1991 Pentachlorophenol  Lymphoma and OR=2.73 (95% ClI: 1.44-5.16)
mztfp"ie“c Feychting et al. 2001 ("CP) hematopoietic cancer OR=2.18 (95% Cl: 1.26-3.78)
Ali et al. 2004 OR=12.17 (95% ClI: 1.36-109.21)
Keegan et al. 2012 High social contact Childhood leukemia OR=1.14 (95% ClI: 1.05-1.23)
Gunier et al. 2017  Pesticide Acute lymphocytic leukemia OR=1.70 (95% Cl: 1.20-2.50)
Congenital Morales—Suarez— Heavy metals Cryptorchidism HR=1.90 (95% CI: 1.10-2.70)
anormaly Varela et al. 2011
Morales—-Suarez- Hypospadias HR=2.20 (95% CI: 1.00-3.40)
Varela et al. 2011
Miscarriage ~ Wang et al. 2012 Formaldehyde Abortion OR=1.90 (95% ClI: 1.10-3.30)
Preterm birth Li et al. 2010 Glass, ceramic and Preterm birth OR=1.13 (95% CI: 1.02-1.24)
tile workers
Li et al. 2010 Welders OR=1.14 (95% CI: 1.03-1.26)
Sakr et al. 2010 Smelter OR=2.85 (95% ClI: 1.25-6.49)
Decreased  Wang et al. 2012 Formaldehyde Time to pregnancy (TTP)  OR=2.80 (95% Cl: 1.08-7.40)
][SE;?%;C“VG Wang et al. 2015 Formaldehyde-High Sperm motility OR=4.84 (95% Cl: 1.83-12.81)
exposure
Wang et al. 2015 Formaldehyde-Low OR=3.21 (95% Cl: 1.24-8.28)
exposure
www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(3): 202-212



BUg 0 B 2R Aol A B
Aol Z7HSACKL et al, 2010). SHITE B4 22

9] -EF(Bukowinski et al., 2012), QolsASA
(Jorgensen et al., 2014), HJE =&FAF(Tougaard
et al., 2015), oflo]AE @#X|(TCDD) k2(Grufferman
et al,, 20142 A%A713 & A4 dg ojgkat {9
gt Aol WAEA ok, A LEAY FAakE
I A9 G Duydu et al,, 20192 oIt A4
_9_ Eo] ;(] o1—oh—4-

A7l 295 5 94 2E2AY AYd &3 4of
o, AH7NE, f4E 24N B4 7ls A 7ol /o't
A Halgk =8 A+ ZIE Table 39 89Fs}
Aok A9 T—’E—éﬁ’iﬂr ‘8‘-’] gt Aol wEE 3 &
229l A4 P aRIe g2 =2 ARA HE, 771
A =&, H =F, %4 T 7EEARRI O] 313131
A o] At ‘n‘—’] o] IEEE 9 4=
x}_,] A=A _,4%13_0]_12,_‘_ 5% E =2 ARE A
5, HeEEE5Eo] 18l A< 7]°‘]J} oA
A 2EAL] P AH8RICEE FuE kEo] #
ZHE| G}, B 9RHe] fAbY f-oftt Addo] WaEE |
A 2R AYH AFRQ2 ZELHSE kE0
AQ1AL, vHj-eALe] 24N {ofgt Addo] WA HA
S2A9] A9 PRI /A /HYS o
= 3% 83U A Aha A5 AU E3k
4 SEAE ZEYHSIEY E2H AF dATAY
AlZto] Zojx|1l, o] 5/do] FAish= B4 75

o Hspt waEwlgich
V.o

2 1097 B o FEARR] A ditt
g Ay oA g 2R A4
@%‘E—T}ﬁ?{; ZolE 4= glol=t, =2jolA
S Auid HeEE2rE, ZEYY6|=
T S5 U0l &2 A AR A
Fo] B2 AYS 7K B, A/ A/l F
Afdhe A, 7140l S B I/ =A1/
BdS UFe 49 &d3olAY AlfaolA 535t
L AL AARAN FIE & 7FsA4Jo] &9t EF,
4 SE2A] HEERRTs h:gﬂr 4ot dalet,
SdjslolE w3} 4] Tl A 7o) s
ojgt Ansol FelEgict

O
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9] dA-Eo] Bk 3 AXEA fE8RIE0]
A B0 FFZ v A= 71AS thad Zo] 4R B

1=k Gunier et al.(2017)2 Y41 & ol A7} &
JHLE o] EH BF ST A9 aoF F4
HEy wigHo] S7RRIT . HIsigl=t|, A%
tgﬂﬂoﬂ Tﬂo]‘ 7]X—1o o/\ S}t ?—— ._'_oﬂo]- Ba1ley et
al.2014)°] AHAE = kOﬂ =EH o9 &4
YA M|z A Efolit AR oflA Aof F4 HIEA W
IH(ALL) I fl9do] S7tsh] wiZolgks 7HdS
AABFATE. Cremonese et al.(2017)2 =9Fo] [H &
22 BH|E dAsto] ekl E2H WA <EA 1%
oA == GAAS2E BHE JAE = U
oA, FFeER QIS 18|55 o2 Qlste] A
ko] gej7t B X =Hl(poor morphology) LH &
23 Falgoet A9l B2 999 B4
FE4Q dFE € & UL AU lanos et
al.(2018)2 53 |71-8A7F AN ikt d=E 7
*E?LE HH]% FAAZ|12 FA A e g4
NZES AMEAIA FA9] gt HAY] F&7t 7Has)
= 731,}7]— UERATHY 3199t Wang et al.(2012)2 &
AEEAL] ZEYHPIE &3 AR 7IZE
(TTP) S7F2] YRlo] ZELH S| =7} HAre] a4
S JAIsH] dlizolH, fAF f3lo] F7leke el

EESU S| =7 FAAEEAS] HA DNASE &4A1717]
i &2d Zolgkal 34513t Liu et al.(2015)2 4F
3 F HATE-A G ZEAIA FAEATEE]]

. o
H

AEItto]2(androstenedione)@} 88 t=2 A

A 4(free androgen index level)7} §-2J5lA| F4sH

o W4 Bolg fUT 5 3eS RIS WY 2

F2219] A Ho mhE A 9] Atk dhAgo] tigt oy A+t
o (MacCarthy et al., 2010; Keegan et al., 2012;
Keegan et al., 2013) AAE2 of#%|9] 2570 wet
Bjod 2hiq9] Ak o] w2 djlo] B &=
A7F AR 9 F BAEEE VAL Q= B k&
Elo] FANEY] EA4Fo] A7) wiZelH, e d
o= Al F FALEAT} ARoA BA=E4EE
o edH HHE JoE Foret "“Q%‘é%@o] o}
o JF= vA Agho] WAYsIHS AR FH5HATt.
9] A= ZEAY A é]l:'._740ﬂ HAE AP+
g AEstY 7|& Iy APAFolA oA R
22 FARA ZAE et ¢ s 7IRARE A
St 4= Slov ¥ 71A] gAIFEO] Stk WA, 79

}n

o rlJm
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