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Abstract

Non-persistent endocrine-disrupting chemicals (EDCs) are exogenous, man-made substances present in the environment
that may interfere with the natural human hormones and may exert adverse consequences on human organism. Endocrine-
disrupting chemicals have been suspected to be associated with altered reproductive function in the case of males and
females. Environmental endocrine-disrupting non-persistent chemicals like parabens, phthalates, bisphenol A (BPA), syn-
thetic pyrethroids and organophosphate pesticides are found in various products such as metal food cans, plastic bottles,
detergents, personal care products or chemicals used for fighting against insects. The widespread distribution of these
chemicals causes that humans are permanently exposed through multiple sources. The aim of this review is to summa-
rize data linking non-persistent endocrine-disrupting chemicals exposure, and human, male reproductive hormones lev-
els. The included studies were selected by searched PubMed, Web of Science and MEDLINE, original papers published
from 2006 to 2016 and referring to human data were included to the review. The results of reviewed studies were not
consistent, however, majority of the studies indicated that non-persistent EDCs may affect male reproductive hormones
levels. Most findings suggest that exposure to environmental EDCs is negatively related to the level of testosterone (except
for exposure to BPA which is positively associated). In most of the studies negative association was found between exposure
to examined EDCs and free androgen index, too. Considering the suggested health effect of exposure to EDCs, more epi-
demiological data is needed. Int J Occup Med Environ Health 2018;31(5):551-573
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INTRODUCTION

Infertility is defined clinically in the case of women and
men who cannot achieve a clinical pregnancy after 1 or
more of regular unprotected (at least 3 times in week)
sexual intercourse [1]. A male factor is exclusively re-
sponsible in about 20% of infertile couples and contrib-

utes to another 30-40% of couples [2]. There are many
hypotheses in the increase of male infertility [3]. One
of the hypothesis is the exposure to environmental fac-
tors especially substances with hormonal activity. The
group of chemicals that could interfere with normal
hormonal balance is named endocrine-disrupting chemi-
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cals (EDCs) or endocrine disruptors (EDs). Endocrine-
disrupting chemicals constitute a heterogeneous group
of substances that interfere with endocrine function [4].
There is a number of official definitions of the EDCs.
The most commonly used one is the following: “Endo-
crine-disrupting chemicals (EDCs) have been defined
as exogenous agents that interfere with the production,
release, transport, metabolism, binding, action, or elimi-
nation of the natural hormones in the body responsible
for the maintenance of homeostasis and the regulation of
developmental processes” by the United States Environ-
mental Protection Agency (U.S. EPA) [5].

Toxicological and epidemiological studies on non-per-
sistent environmental chemicals, such as: bisphenol A,
phthalates, parabens, synthetic pyrethroids and organo-
phosphate pesticides, which have relatively short half-lives
in the human body and do not accumulate significantly,
have also been reported to have endocrine-disrupting
properties and are suspected to affect human reproduc-
tion and development [6]. The EDCs are observed in all
places and countries where human biomonitoring studies
have been performed. These substances are omnipresent
in the environment and in mass-consumption products
and food. Endocrine disruptors may be found in many
products including plastic bottles, metal food cans, deter-
gents, flame retardants, food, toys, cosmetics, and chemi-
cals used for fighting against insects.

Human environmental exposure to EDCs takes place via
ingestion of food, dust and water, via inhalation of gases
and particles in the air, and through the skin [7]. Since
such toxicants are omnipresent and it’s hard to measure
the amount of chemicals entering the body that is why
there is disagreement about the degree of risk from expo-
sure to EDCs [8]. Reproductive effect of EDCs exposure
has been suspected for a long time, based on laboratory
experiments and human epidemiological studies [9]. Due
to temporal downward trends in semen quality and tes-
tosterone levels among adult men, researchers become
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increasingly concerned regarding potential risk of EDCs
to men’s reproductive health [10].

This review focuses on the human data regarding the re-
lationship between environmental exposure to selected
non-persistent EDCs (bisphenol A, phthalates, parabens,
synthetic pyrethroids, organophosphate pesticides) in the
case of adult men and male reproductive hormones levels,
one of the predictor of male fertility.

MATERIAL AND METHODS

Epidemiological studies focused on the exposure to EDCs
and male reproductive hormones levels were identified by
means of searching databases. PubMeb, Web of Science
and MEDLINE were systematically searched with detailed

bAAN13 »”

terms for: “bisphenol A,” “phthalate,” “parabens,” “pyre-
throids,” “organophosphate pesticides” and “reproduc-
tive health,” “reproductive hormones levels.” Each of the
first 5 keywords was combined with the 2 last keywords. The
papers published from 2006 to 2016 were selected and only
original articles were included. The period was chosen to
reflect the finding over the past 10 years during which new
techniques of measuring exposures and health effects in ep-
idemiology studies have emerged. Articles focused on the
animal and review or report papers were excluded. Studies
regarding environmental exposure for adult men were in-
cluded to the review. Papers concerning prenatal exposure
to endocrine disruptors and male reproductive hormones
levels were not taken into consideration. We included co-
hort, case-control cross-sectional, prospective and clinical
studies that analyzed the impact of exposure to non-persis-
tent EDCs on male reproductive hormones levels.

Data was independently extracted by 2 investigators who
determined eligibility. Discrepancies were resolved by
the third independent author. Finally 26 original studies
concerning the association of non-persistent endocrine-
disrupting chemicals and male reproductive hormones
levels were classified to be reviewed. Contextual details of
studies included in the systematic review are presented in
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the Table 1. The following data information was selected
from the eligible papers: authors, the year published, the
year studied, the design of study, the kind of endocrine-
disrupting chemicals, exposure assessment, type of out-
come, study population, the main conclusion, and the
confounders or the potential risk factors. At last all the
full-text articles were read in-depth to identify the aims of
the studies, statistical methods and accurate results.

RESULTS
Details of the results are shown in the Table 2

Bisphenol A and male reproductive hormones

Bisphenol A (BPA) is used in the chemical industry as
a monomer in the production of plastic. It is also an im-
portant ingredient in the production of epoxy resins [11].
This toxicant could be identified in toys, cans or baby
bottles. Four papers concerning exposure to BPA and
male reproductive hormones levels were identified and
included in this review [12-15]. Two studies were conduct-
ed in the USA [12,13], one in Italy [14] and one in Den-
mark [15]. The most of the studies were cross-sectional,
only Lassen et al. [15] performed an on-going prospective
study among general population. In the 2 studies partici-
pants [12,13] were recruited from medical centers. Gal-
loway et al. (2010) [14] and Lassen et al. (2014) [15] re-
cruited the participants from the general population. In all
the reviewed studies total urinary concentrations of BPA
(free + conjugated species) and serum reproductive hor-
mones levels were measured.

Galloway et al. (2010) [14] noticed increasing levels
of testosterone (T) with increasing BPA concentra-
tion (p = 0.004). Similar findings were observed in Las-
sen et al. study (2014) [15] but additionally the authors ob-
served increase in the levels of luteinizing hormone (LH)
(p = 0.005) and estradiol (E,) (p = 0.006) in the high-
est quartile of BPA excretion (> 6.44 ng/ml ). Meek-
er et al. (2010) [13] found a significant positive association

between follicle-stimulating hormone (FSH) (p = 0.0004)
and BPA urinary concentration. An inverse association
between inhibin B (INB) (p = 0.003) and BPA was found,
too. On the other hand Mendiola et al. (2010) [12] did
not observe any association between exposure to BPA
and FSH and INB concentration but noticed significant
association with sex hormone binding globulin (SHBG)
(B =0.07; 95% CI: 0.007-0.13).

Phthalate and male reproductive hormones

Phthalates constitute a group of industrial chemicals with
many commercial uses, including personal-care products,
medical devices and plasticizers in the packing materials
of food [16]. Several studies addressing links between uri-
nary metabolites of phthalate and reproductive hormones
levels in the case of men have been published for a few
recent years [17-27]. In the review 12 papers were in-
cluded. Most of these studies were cross-sectional. Four
of the studies were conducted in China [22,26,27], two
in the USA and Denmark [18,19], one in Poland [21], in
India [23], in Sweden [25] — and Specht et al. (2014) [24]
performed a multicenter study where subjects were re-
cruited in Poland, Ukraine and Greenland. Most of these
participants were enrolled during visits in medical cen-
ters [18,19,21,23,24,26,27]. Reproductive hormones levels
were measured in serum in all the presented studies. In
the case of exposure assessment the levels of phthalate
metabolites were mostly measured in urine [18-22,25,26].
Whereas Pant et al. (2014) [23] and Wang et al. (2016) [27]
assessed the seminal concentrations of phthalates and
Specht et al. (2014) [24] as well as Janjua et al. (2007) [17]
investigated levels of phthalate metabolites in serum.
Mendiola et al. (2011) [19], Joensen et al. (2012) [20] and
Pan et al. (2015) [26] found the negative association be-
tween phthalate and free androgen index, additionally
Mendiola et al. (2011) [19] reported inverse association
between some metabolites of phthalate (mono(2-ethyl-
hexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl)

[JOMEH 2018;31(5)

953



oner gNI:HS
‘oner T:L ‘oner HT:Ld [1p/Su] 14
‘Ivd ‘[1w/3d] NI ‘[ynil HSA

[[w/3u] JOIDN
ANIOW dN'THIN dNTIN ddOW
JOW ddOAN dHOAWN dHHANW

{vn1l 11 {yiowu] ogHS {yowd] “g  JHAN dzdIN d9IN dIUN dIIN SR ETFS61 loz] (z102)
‘[/jowu] 7, :S[oA9] QUOWLIOY WIS :sayjoqelow dgereyiyd Areurn = SFIN Apmis Suro3-uo UdW [88  6007-L007  HPWUS( B 10 UASUO[
ol HT.L [u/Bu]
‘onel [ ‘onel HT:Ld ‘onel HTIVA dFIN 00N dNOW daN
‘Ivd pue [jw/3d] gNT {1owd] °g ‘L4 dZgIN dHN ddOIN ddOFIN
‘[11own] 1 [yjowu] ogHS VN1l HT dHOAW dHHAN dHAW S1eA 79F7Z¢ 611 (r102)
(Y1l HSA :S[A9] QuOWIOY WIds :sagrjoqerewt djepeyiyd Areurn = (ISFN [BUOIIIS-SSOID WW Gy S00Z-6661 VS T 19 R[OIPUA]N
oner 1:F ‘Tvd ‘onel T:L pue
ant vnil 11 ‘ynil HSd [Tw/Bu] JHOAN dHHAW  S18dk ¢'6F9¢ arurp A
‘[twyjowrt] HgHS {rw/dd] g dAN dzdN dIN dHAN = ST -1ojut woxy [81] (6002)
‘[1p/3u] I, :S[9A9] QUOWLIOY WINIAS :saoqelaw djereyiyd Areurn SIBIA GG—-§]  [BUOIIAS-SSOID W Gz $007-0002 VSN [ 19 YN
dqe[reAe
N (/3] dGIN I sevjoqeiow o[qe[reAe Joensqe (211 (£002)
QL BT ‘HSA :S[oAd] suowioy winids  drefeyiyd 7 pue J¢ JO S[OAS] WNIdS  J0BISqR A[UO Apmys jond uow 97 Aluo  yrewudq e 1e enluer
[rw/3d] gNi ‘[y1owd] g [yjowd] 1 (Ju/3u]
‘[iownu] 1 ‘[yjowu] OgHS TUNIIHT  (ser0ads papednfuod + 2013) vdd anoadsoxd [s1] (¥102)
(/N1 HSA :S[oA9] 2uOWIOY WIS JO UOIIBIIUAOUO) ATRULIN [B)0) s1eak ()¢—L7 Surog-uo WwWgNE  6007-8007  JTBWUd(  [B 19 udsse|
(tw/jowru] ogHS {1p/u] L {rw/Su] I [1/3n] (sewads payednfuoo + va1y) [¥1] (0102)
[w/3d] “g :s[oA9] QUOWIOY WIS g JO UONRIIUIUOI AIRULIN [R10) SIBIA p/—()7 [BUOIIS-SSOID W €€ 0002-8661 Ae1 8 30 Aeasoien)
oner HT:IVA ‘onel gNI:HSA ‘TvA
‘{1p/3u] L4 ‘oner HT:L ‘oner 1 pue
(o1l 1T ‘[Vn1) HSA [rw/3d] aNI s1eak 9y F LT orurp A
‘[twyjowrt] ogHS {ruw/d] g [1/31] (sewads payesnluod + va1j) = ASFIN -1ojut woy [er] (0T02)
‘[1p/3u] I :S[oA9] QUOWIOY WIS ¢ JO UOIBIUIIUOI ATRULIN [8J0}  SIBAA GG—8  [BUOIIIAS-SSOID uow /9] - VSN B39 1NN
ONeIHTL
‘ones ‘g, ‘oel HT:LA ‘oner HTIVA
‘L4 ‘TvA pue [w/3d] gNi {yowd] ‘g sk L1F6°1E
‘[11own] 1, irowu] ogHs Tynil HT  [1/3] (se1ads pajednfuoo + sa1y) = ASFIN [z1] (0102)
,:\ DE HSA :S[AJ] duouLIoy WnIds  y4d JO uoneruaduod \QNEH: [e101 SIBAA €G-8 [eUOI}33S-SSOID muwc/e  S00-6661 VS ‘[ 19 e[OIpUdN
QwodINQ a1nsodxa jo uonuyadq By uisop Apmig oidureg poud uoneI0| Apmig

9707 03 907 WO} MOIAI ONBWIAISAS Ay} Ul

PapN[oul S[aA9] SAUOWLIOY 2ANONPOIdal o[ew pue S[eorwayd Surdnisip-ouLIOpUa Jua}sisIad-uou Jo UOIBIDOSSE Y} SUILIAIUOD SAIPNJS JO S[IBIAP [BNIXAIU0)) °T IR,

31(5)

[JOMEH 2018

954



onel ;g ‘onel HT:L ‘Tvd
‘onel gNI-HSA pue [1p/Su] 14 ‘[1p/su] L
‘Trw/Bu] Tad “lunal 51 [yn1] HS4A

‘{rw/3d] gNT {rwjowu] ogHS
[rw/3d] “g :s[ea9] QuowIoy WnIds

(1w/Bu] L ‘[rw/3u] T4
{rewy/nrw] BT {roy/nrw] 5S4
[wy/3d] “g :s[ea9] SuowIoy wnids

IV pue [1p/Su] L1 (1p/Su] L [1/jowu]

OgHS Trw/nrw] BT Trw/nrw] HSd
(rw/3d] “g :s[ea9] duowIoy wnias

IVd [y1owu] OgHS

{owd] g {ynil Hsd Tunil H1
‘[/jow] T, :S[9A9] QUOULIOY WINIAS

[1owu] 14 ‘[/owd] ‘g
‘[yrowu] r “[ijowu] ogys /N1l HT
QU] HSA :S[9A9] QUOWIOY WNIds

oner T
‘Ivd pue [1/3u] gNT ‘[Jw/jowu] HgHS

[ruyjourn] 1, [juyjouwd] ‘g [yn1] HSA
[UOI) HT :S[PA9] QUOWLIOY WINIAS

[Tw/3u] 1 “[rw/nrw] g1
‘{Tuw/nTw] HSA :S[oA9] QUOWLIOY WSS

Ivd pue

(rw/3d]) g {ynul Hsd unil H1
‘[/owu] 7, :S[oA9] QUOWLIOY WNIAS

[rw/3d] g {yn1l HSd
‘[fw/3u] 7, :sjoa9] suowoy ewsed

[1/3] vdg paresnfuod sreaky'6F [ 9¢

d9 dd dIN :s1oyIew pue
suaqered Jo UONRNUIOUOI ATRULIN

(1w/3u] ANl 28N JHAW
dHOAW ddOdIN dHHAN dOUIN
ddOW dHOW ddUN d9'I dAN
TN :samoqeraw ajereyiyd Areurm

[Tw/Su] JOW dHOAW dHHAN
dHAW 29N d9N JAN JNIN
:sajjoqelow ogereyiyd uowas

[Tw/3u] JOOW

AN dOW dJHIWOW ddOAN
dHOAW dHHAW dHANW dZ9IN
AN dIIN ddOW dAN dJNIN
:sagrjoqerowt djereyyyd Areurn

[1w/3u] INTHIN dNFOIN dOTOI
dHHAW dHOAW ddOdN
dHAW dZdN d9N dIN
:sayoqelow ojereyiyd Areurn

[Tw/3u] JOSWIN-XIL
dOPININ-0X0,
dOSIIN-HOL ddAN-X8
dHAN-0x0§ JHAW-HOS
:sajoqelow dgereyiyd wnias

[Jw/3M] 49 d9a dHAQ e
-[ey3yd Jo UOIRIIUAIUOD [RUILAS

(13 vid
dZdN dHAW daN d9N
:sayoqelow djereyiyd Areurin

[Tw/3M] INTIN dZIIN

d9N ddN dHAW dHIW-HOS
:sayjoqelow dgereyiyd Areurn

= dS+IN
SIBAL G-

s1eak 1707

s1eak $'CF ¢
= dS+IN

s1eak 162
= ds+N
SIBOA
9¢0+¥'81
= dS+IN
s1eak ()7-LT

sreak
1668l
SIBAA
LTSFIYTE
= dS+IN
s1eak (Op-17

SIRIK 7€ =
s1eak ()p—07

s1eak 9y F ¢
= dS+IN
s1eak /G177

[BUO}035-5S010

Apn3s 310400
aAndadsoxd

[BUO1}035-$S010

[BUO}035-58010

[BUOI}035-SS010

[BUO1}035-$S010

[BUO}035-58010

[BUOI}035-SS010

[BUOI}035-$S010

orurp Ay
-IoJur Wwolj
uuw /91

I 96/,
orurp Ay
-I9Jur wolj

wuwl 7y¢

ot Aypn
-IoJur wWolj
uou 9901

uul $1¢

usl ¢(7
—aurenyn
uaw ()]
—puejod
usw 94| -
puR[USaID)

orurp A
-IoJur Wolj
uaur ()9

uuw 7ee
oI A
-IoJur wolj
uauwr 697

¥002-000C

Y10C-€10¢T

€10¢

v10¢-C10¢C

0102-800C

¥002-200¢T

L00T

vin

euIs

BuIy)

eurgy

UIpIMG

oureny)

‘puejog
‘pue[uIIn)

wIpu[

euIs

PUe[od

[o¢] (1102)
e 19 IO

(8] (L100)
‘e 30 U1

(2] (9102)
‘e 19 Suepy

[9z] (s102)
.:N 19 :.mm

[sz] (s102)
‘[& 19 UOSS[OXY

vzl (v102)
‘e 39 1yoadg

[¢z] ($102)
‘Te 19 Jued

[zl (€102)
‘Te 10 ueHq

(12l (¢102)
‘e 12 ZoImaIn(

955

31(9)

[JOMEH 2018



(/3] d1aga d1aa

opel HT.L‘oner 'Y ‘HdAd dLANA dLNA dNA SR 9pF16e orurp Ay (€] (sT00)
‘{11owd] g ‘[yjown] 1 [jw/nw] HT  :somjoqesow sapronsad ajeydsoyd = ST -1ojut woxy e
‘(Tu/nw] HSA S[9A9] QUOWIOY WIS  -OUBSIO JO SUONBIIUAIUOD ATRULIN  SIBAA §¢—G7  [BUONDIS-SSOID uuw 9T €107-210¢ uredg ofaregjoy
(lw/3u] JLANA 41N dNA
dLd4d d14d ‘Hdad ‘AdOL
[o8ueyd 95] ‘g  :souoqeivw sapronoasur aeydsoyd  s1eak /¢ = o\ [ov] (s102)
‘[a8ueyp 9] T, :S[0AS] QUOWIOY WNIAS  -OUBSIO JO SUONBIJUUO) ATRULIN  SIBAK GG—()7 [BUOMDS-SSOID  USW 9GS 70076661 VSN e 39 aylowQ
[1/81] (suarerpydeu pue
[ATBQIE JO SAII[OqRIAW)) NT
‘NI ‘(IAyow-sojrifdioqyo pue arurp Apn
[lw/3u] Ty soyuddroryd jo anoqerow) AdOL -1ojul woxy (6] (2002)
[w/3d] “g :S[oAS] QUOWLIOY WNIAS :SAPIONIASUI JO SAN[OQRISW AIRULIN  SIRAK HG—()7  [PUOIIIAS-SSOID uauw 7z €007-000 VSN B39 1NN
[1/81] (suareyyydeu pue
[A1RqIR) JO SY[OQRISW) NT
1 pue [yn1] HsA Tunil HT (ifyyow-soukdroyo pue orurp Ay
‘[rw/3d] gNI [ruwyjownu] HgHS - sopukdiofyd jo anjoqeow) AJOL SIeak §'SF1°9¢ -1ojut woxy [8¢] (9002)
‘([p/3u] I :S[QAS] SUOWLIOY WNIAS :SIPIONIASUT JO SANOeIAW ATRULIN =  SFN [PUONOAS-SSOID  USW 897 €007-000 VSN T8 10 1Y
oner HT:L pue [yjowd] 14 rw/3d] gNI €002-200¢ [9¢] (+102)
{vrown] ogHs Trowy] L YNl HT  [1w/3u] ved-¢ :proxyaiid jo oy pue T3
(/N1 HSA :S[oA9] QUOWIOY WNIdS  -OQBIOW JO UONBIIUAIUOI ATRULIN  SIBAA /78] [BUOIIIIS-SSOID wuwzze  0007-6661 uedef BSRUIYSOR
[/3n] voag s1eak
‘VOOQ-suen ‘vOOd-so ‘VAd-€ Sy yFYTTE ot Ann
(rw/2d] g {yni) Hs4 sponpaiid jo sanjoquiow - = ASFIN -1ojul woxy [se] (7102)
‘[/Bu] T :soao] suotmioy ewserd JO UOTJBI)UAOUO) ATRULIN  SIBIA §'pp—77 [BUONOAS-SSOID  UAW H¢¢  TT07-8002 pue[og Te 10 uBAMpRY
1w pue [[w/ad] g {ynil Hsd  [lw/Bu] voda-suen ‘voOa-sh  sieok g'6F9¢ oo Ayn
Tvn1l 11 Trw/3d] g rw/own] ogHS 'Ved-€ spioryaidd jo say = ST -IoJuI wo1y (v (6002)
‘{ip/Su] L :S[oAd] UOWLIOY WINIAS  -OqeIAW JO UONBIUAOUOD ATBULIN  SIBAK $G—-Q] [BUONDAS-SSOID  UAW [9]  £007-000Z VSN T8 10 10N
SIBOA
CETYFLE 6T orurp A
[w/3u] 1 (rwsd] g ynil w1 (/8] vad-¢ :sproxyaiid jo = ST -1ojut woxy el (8002)
{U/NT] HS :S[9A9] SUOWIOY WNISS  -0qe)dW JO UOTBIIUOUO) ATRULIN  SIBAA [H—(7 [RUONDAS-SSOID  UWIW ZTZ 9007007 iilig) [e 10 Uel
SIBAA o A
[ynl Hsa Trw/ad] g (B dngrdg dd dA AN THFPITE -1ajul woxy (1€l (102)
‘[rw/Su] [ :s[oA9] suowIOy WNIAS  :suaqeed Jo UOIRIIUOUOD ATRULIN =  SFN [PUONOAS-SSOID  USW GTC 11078002 pue[od Te 32 ZOImMaIn
QwodINQ a1nsodxa jo uonuyadq By uisop Apmig oidureg poud uoneI0| Apmig

“JU0D — 9T()Z 03 9(()7 WOIJ MAIAAI JIRWIAISAS oY) UI
PapN[oul S[aA9] SAUOWLIOY 2ANONPOIdal o[ew pue S[eorwayd Surdnisip-ouLIOpUa Jua}sisIad-uou Jo UOIBIDOSSE Y} SUILIAIUOD SAIPNJS JO S[IBIAP [BNIXAIU0)) °T IR,

31(5)

[JOMEH 2018

956



dg'A dOOIN dNOIN dIN
((10°0-)-10~ 11D %86 *90°0~ = §) suonenuaduod JHAW Areutin i JZgW JIN ddOW ddDEN (611 (1102)
pajeI0ssE A[as1oAur sem oner HT/IVA “(60°0-20°0 {10 %S6 50°0 = ¢) dHHIN (s pajeroosse aAnisod sem OIHS dHOAWN dHHAW dHAW ‘& 39 BIOIPUS
SQUOWLIOY PaInseaw ay) Jo Aue yim JzgIN d9IN ddIN Suowe diysuone[ar ou
{(%(r T~ 11110 %86) “ U1 SUIAP 9,8°9 © YL PIJRIOOSSE Se JHAJ Ul YO SBIOUI — “ YA PIJRIO0SSE

Ajaszaaur sem JHAW pasnipe-08 (g0 = anfea-d p/3u (£'7-)-'LT— 1D %S6) 1 U 3583193p [p/3u 641 © dHOA dHHANW [81] (6002)

YIIM PIBIDOSSE SeM JHHIA Ul YOI 95e210ul — JHAIA ATRuLIn pajsn(pe-0g§ Y PojeIoosse A[ISIOAUL Sem J, JAN 29N d9IN dHAN ‘Te 19 I9Y9N
[£1](2002)

21n80dxa 0] PAIR[AI 10U AI3M JSIY] INQ SYIIM 7 A} UIMIQ PIAIISQO LM “F pue [T ‘GNI Ul S9IUSIIJJIP oIt d9IN daN d9 ‘e 30 enfuef
(9%¥T 1D %S6) ‘A 1oUSIY 95€T PUe (9%65-9 :1D %S6) HT 10USIY %7¢ [s1] (¥7102)

(95878 11D %S6) 1 19YSIY 9,8] 25eI0AR UB PBY UOIAINXD VI JO AEéﬁE\wc $$9 <) omIenb 3soySIy oy} ul usw vdg ‘Te 10 uasse |
(yo00=d [¥1] (0102)

momo.olmﬁo.o ”HO Q&m@ ﬂovoo = @v T E mzouwbﬁoozoO H HoﬂwE 5_3 vB.EQme.m Sem Eououoxo <mm %:.m@ HoawE <mm .:N 19 %NBOEMO

(L6'0-SL'0 °ID %56 98°0 = ) onex [ pue yq u2amiaq pue (4¢'T-#0'T 1D %56 ST°T = ¢) HSA Pue vdd
U93M}12q UOIIRID0SSE 9ANIS0d B a19M 213y sojduwres auLIn o[d[nul WOl SUONLIIUIIUOD Vg UBW JLIJAWO0IT
Sursn [apowr ot Ut {(7Z0-8'€€- 1D %56 8°9T— = ¢) NI PUB Vg U9oM}aq UOTJBIIOSSE ISIQAUI AT)SaFINS ©

pue (5'1-T°7 1D %56 €71 = ¢) HS PUe Vdg Uaamiaq uonerosse aanisod e seam 2191 djduwres wnias ay) se [¢1] (0T02)
Kep qwres ay) uo pajoa)0d [dures aurIn A[FUIS YY) UT PAINSEAUW SUOTIBIIUIIU0D V¢ A[UO FuIsn [apowt ) ur vdd T8 39 I\
(A1oanoadsar *(g0'0-)-81°0~ 11D %86 ‘110~ = ¢ Pu® (+00°0-)-600~ 1D %56
50°0— = ¢) oneI HT/IVA PU® TV Y10q pue UOHRIUIU0D I ATRULIN U93M)Aq UOTIRIIOSSE [z1] (0102)
9SIQAUT JUBIYTUTIS © Sem 213y} {(CT°0-L00°0 *ID %56 ‘L0°0 = ) OGHS Ul Paje1oosse APuedyrudIs sem Ve AL I& 13 R[OIPUAA
s3uIpuy uIejy arnsodxg 90IN0g

9707 03 90()7 WO} MOIAI ONJBWIA)ISAS Y} UI
PapN[OUI S[2A9] SAUOWLIOY 2ANONPOIdaI dew pue S[eIrayd SuldnisIp-ouLIopua Jua)sIsIad-uou Jo UOHRIDOSSE A1} FUILIAOUOI SAIPNIS JO STUIPUL UTeW Y], *Z d[qeL,

“proe o1jAxoqIed auedoidopAd[Ay)owIp-z Z-[AUIA0IO[YIIP-Z<Z-¢-suel) — ) -suel) {oyyydeu-1 — N ‘Jourpikd-z-010[yotn-9igic — 4D L 0U019)$0I$9) — I ‘U1nqojs
Surpurg-ouowIoy xas — HEHS ‘unoejoid — T4 proe oreyiyd — v ‘udqered [Ayyow — g orereyiyd (£100-u-ouow — JON ‘o3ereyiyd (jAuouost-oxo)ouow — JNIOJA ‘o3ereyiyd [£100-u-ouow
- JOUI ‘erereypyd [King-u-ouow — Jqupy ‘erereyiyd [Ayiewouow — JNA ‘rereyiyd (JAuouosI-|AxoIpAy)ouow — NI ‘die[eyiyd [Kuouosiouow — INTIN ‘erereyiyd jfinqostouow — JqIA
‘arereyiyd (jAuou-osi-AxoIpAy)-ouow — INTHIA ‘orereyiyd jAyjeouow — JN ‘rereyyd (jAxayoxo-¢-1£y3e-z)ouow — JHOFA ‘rereyiyd (jAxayidyie-z)ouow — JHAN ‘erereyiyd (jAxayl4
-X0IpAy-G-1Ay3e-7)ouow — JHHAN ‘ereyyd (juadAxoqred-g-1Ayie-g)-ouow — gD ‘erereyiyd (jAdoidAxoqrea-¢)ouow — JJOIN Arereyyd [K1o00sixoqresouows — JOOIN ‘ereyiyd
[&uouosiAxoqresouow — INDA e[eyiyd [Axayojpfoouow — JHON ‘orereyiyd [Axay (jAyrowsxoqIed-g)-ouow — JHNDI ‘ereyiyd (j£1000s1-£xoqres)ouowr — JOWIA ‘arereyiyd [Azuaq
-ouowr — Jzg N ‘orereyyd (jAing-w)ouow — JEN ‘uowIoy Surziuroin] — [T ‘g wIqIyuI — gNT ‘Uoqered [£)nq-0st — JngT ‘oU0IIS03$9) 991} — T ‘UOUIIOY SUNR[NWTS-O[OI[0] — HS] ‘Xopur
uaforpue 951y - [y ‘uaqered [Adoid - g4 ‘uaqered [Ky19 - g ‘Jorpenss - g ‘areydsoydorgifyiewp — J LN Lreydsoydifiawp — JN( ‘areydoydorgipAyiawip — J LA reydsoyd
-ONIAYaIp - 1A -veydsoydifyiorp — HAH( -overeqiyd (Kparp - g ‘arereyyd ([Axoydpo-g)ip — JHAA oveydsoydonyupiAporp — LA 2veeqyd (Kinqip - g proe 1fxoqres
suedoidojoAdlAyowp-z<z-1AuIA0I0[YIIP-Z<Z-€-S10 — YOI (-SI ' [oudydsiq — yaq ‘ueqered [Anq - g ‘proe d1jAxoqres-1-ouedoidookojfyyownp-ziz-[furaowoiqip-z<z-s — yOag orereyiyd
1£1000X0-/ -[Ay3ow-p-ouout — JOIWA-0X0/, ‘areeyyd [£100-Ax01pAY-/ -[Aow-p-ouow — JOIWN-HOL orereyiyd [K1doyfxoqred-; -[Aygyow-p-ouow — JOOWA-X/, ‘areeyyd [AxayAxo-¢
-1Ay30-7 — JHAN-0x06 ‘arereyiyd(jAxayAxorpAy-¢-1£y1e-g)-ouow — JHAN-HOS ‘orereyiyd Kuadjfye-z-ouow-£x0qies-g — JJHIN-XIG proe dlozuagixouayd-¢ — ygd-¢ ‘oyndeu-z - Ng

951

31(5)

[JOMEH 2018



S[OA9] SQUOULIOY 2A1)ONPOIdal WNIAS pue sajijoqeiaw Aefeyiyd uawas

U99M12q UOIJBIDOSSE OU SISA[RUR QJBLIBAN[NW UI (') = puan 103 d £9,(9°0~) 17— 1D %S6 “A[1119) ISIMO] oY} YA
paredwod A1) JHOHA 1S2YSIY oY) ur [, 1omo] 9501) JHOTIA UM pajerdosse Ajaanesau sem J (g0 = puan
10§ d 29557-6'0 1D %S6 ‘2113101 1m0 Y1 3im paredwod ofnra) JHIN 1S2YSIY ot} ut HT 12481y %7T) JHN YHM
parenosse Aansod sem {1 {(€0'0 = puen 103 d qw/Sd 94770 11D %S6 QU113 3SamO] Y m pareduod )11}
JNA 189yS1y oy ur [orpensa 1aySiy w/3d ¢°¢) JININ [is pareroosse A[anisod sem’e SISA[Rue ojeLIpAIuN Ul

sajjoqeia djereyyd Aue pue DEHS UM]Aq SUOTIRIOOSSE JUBIGIUSIS OU Parrasqo sem (650 = d)

JHAN % s digsuone)ax 2ansa3sns pue (4070 = d) JHAN s digsuonedr aanesou juedyrusis e < 10§
{(100°0 > d) HTPUe (2100 = d) Ivd (1000 = d) 1d (20°0 = d) L yim pareroosse £aane5ou osfe sem Jg1N
{(100°0 = d) v pue (2000 = d) HT “(100°0 > d) LA “(L00°0 = d) I wim poreroosse A[aanesou sem JgN
saoqelow djereyiyd Areutin paurwexa jo Aue Jo

o[mIenb 1s9M0[ Y} UI 950y} pue a[iIenb 1SYSIY 9Y) UI UBW U9IM)A] SSUOULIOY SATIINPOII UI SAOUISFIP OU
210M 9197} 21nsodxd Areurin pazriogayes ur ‘sisAreue paysnlpe ur (9547 = 2200 = d %L1 = M gzo0 = d)
9U0I19)S0J$9) 99I] PUL SUOIAIS0)SI) YIIM PIIRIOSSE A[OATIETAU sem JHHIN % AIRULIN Pajeal) A[SNONUU0d

JHAN-HOS [IM parerdosse A[oAnieSau sem onel [T/L o) Pue JHOWN-X0/, M PIJRIOOSSL
Ajoanedou sem DGHS OTHS dNIA-Ax01d 10} pue T, yiim paje1dosse Ajoanesou a1om NI — pue JHIN-Axo1d

QATESOU SEA JUSIOYJO0I UOISSAITAI JO puaI) ) Inq T Pue HS UM Pajeoosse A[juedgrudis jou sem Jgq/dHAA
(200> d ‘960~ = ¢ dHAA $0°'0 > d ‘190~ = ¢ dAQ) AU0I0IS0JS) YJIM UOIEI0SSE AAETIU Pamoys JHAA/dAA
$10308} YSUI [eryuajod 10§ paisnlpe Ia)e SUOTIBIOOSSE OU AIoM QIAY) ‘SISA[RUR PI[[0IFUOIUN UT

(S0°0 > d°51°0 = ¥) Vd [&103 puv S u2am)aq pue (500 > d “y1°0 = ¥) dFIN PU H'T U29M12q UONL[21100
aAnisod JuedyIuGIs & 019 219Y) ‘sis[eue pajsnlpe ur jou nq (Ajeanoadsar ‘G0 > d 910 = ¥ ‘50°0 > d ‘€10~
=¥ 600 > d 710~ = ¥) sish[eue Areurwaid oy ur g (2103 pue JHAIN dEIN YA PAIR[D1I00 Sem g

(8€0°0 = d) [9A9] L pue JHHIN U2am1aq diysuorje|al aAne3aU  Sea 213y} SISA[eue pajsnlpe ur

(%(1-)-91- 1D %56 ‘%6~) TV PUB (%(€0-)-TI- 1D %56 ‘%L-) FU0I1801$3) 331

(9%(1-)-€1- 1D %56 “amrenb JHAW % (8€'S-€6°0) 19MO] *SA (L6°§7-87'11) 1S9YSIY 3y} 10J 9/ ~) SUOIIS0ISA)
[©10) (im paje1o0sse Ajaane3au sem JHAW % “(%81-T ‘1D %S6) Anrenb 1say8iy ays ur 10y31y 9,01 sem OGHS
‘a[nenb gNI 9 189m0 ay) i paredwod 183YBIY Ay Ul (%(8-)-0€— 1D %S6) 19M0] %61 pue (%(4°0-)-81~
1D %56) 1OMO[ %6 1M O1RX HT/IV] PuB onel H/L {dNIN % JO a[nienb (£1°¢-87°(0) 159m0] "sA (§€7/Z-1€'8)
18981y ay3 10§ TV ((8-)-€7 11D %S6) 1S9MO] %G1 B YIM TV I PIRI0SSE A[2ANRSU SeM NN % ‘d[qeLIBA
m:o:EEoQ B Se ﬁoEﬁOE Sem JUIN ﬁo:g Uo:.i@ﬁOo Sem coﬁam_oomwm m_ﬁ @EN Amo.o =d mc&wﬁlﬁ B&LO m@ JmoBE
o3 s paredwod omaenb JuiA 1saYSIy oY) ur T JoyS1y 956) JAUN YA pajeioosse Ajoanisod sem HT

dAN
JHOAW dHHAW dHAN
dZIN d9N ‘Do JAIN

dOPYIN NI dOIW

dHWOW ddOAIN dHOAIN
dHHAN dHANW dzdN d9N
ddN ddOW ddIN dJNIN

dNIYN dN'O JOPIN
dHHAW dHOAW ddOdIN
dHAN dZdIN d9N ddIN
JdOWIN-X9/, JOWIN-0X0/,
dOPWN-HOL dOPWN-XG
JHAN-0X0 JHAN-HOS

ddd d9d dHda

Vd dZdN dHAW daIN ddN

dNIN dzdIN ddIN
ddN dHAWJIHAW-HOS

dOPIN dNIOW NN
AN ddOW dOW ddDaIN
dHOAW dHHAW dHAN
dZdIN ddIN d9UN ddIN

(22 (9100)
Te 19 Suepy

[9z] (S102)
.E Jo ued

[szl (s102)
‘8 12 UOSS[XY

[vz] (¥102)
‘e 39 1yoadg

[cz] (102)
.Tm 19 Em&

[zz] (€102)
.ﬁw 19 ENI

(12l (¢102)
.E 19 N&BOH: H

[0zl (z102)
._m 19 U3SUA0f

s3uIpuy urejy

arnsodxg

901n0g

“JU0D — 9T()Z 03 9(()7 WOIJ MAIAAI JIRWIAISAS oY) UI
PapN[oUI S[2A9] SAUOWLIOY 9ANONPOIdaAI d[ewW pue S[eorwayd SuldnisIp-ouLIOpUa Jus)sis1od-uou Jo UOHBIDOSSE A1} SUILIAIUOI SAIPNS JO STUIPUL UTeW Y[, 7 d[qBL

31(5)

[JOMEH 2018

958



‘T 9IqeY, Ul S suoneIAdIqqe Jayl0
‘soyIjoqelaw JHA Y} JO SUONLIIUIIU0D WNIdS [830} — JHHIN-Ax01d ‘oFuer aqirenbiour — YOI ‘K1aeI3 oy1oads — DG {[eAIdIUI OUIPYUOI — [

(500 > d*(50-)-L'81- 10 %56 96~ = ) onex HT/L pue d LA o
U99M)3q UOITRIO0SSE dAIJESOU B Sem 21913 ¢(K[0an0adsa1 ‘G0 > d 2'9-80°0 :1D %56 ‘7€ = ¢ ‘s0°0 > d ‘1°72-18°0
1D %S6 ‘P'TT = ¢) S[oae] HS pue H'T PUe UOTRIIUU0I JT(H(T U9MIAq UOTIRI0SSE dA1IS0d © Sem 2197}

(% 1-)-S€— 1D %56 ‘S'7-) L pue JA( U99M)2q UOIIBIDOSSE UB SEA 913} S[opowr pajsnlpe ur
UONRIUAIUOD ‘g uI
(22 07)-16'T- 1D %S6) urpap [wy/Sd 9¢'T B YIIM PajeIdosse sem A JD) ], Ul asealour afuel anrenbiojur ue

(175~ €9 1D %56 C'¥7— = ¢) S[oA9] [ PASBAIIAP PUB SUOIIBIIUAIUOD N| UIIM)AQ UOTJBIOOSSE ASIQAUI PUB
(860680 11D %56 *€6°0 = ) IV Pue XD 1. Usom1aq uoterosse aanisod :apumb g0 1sam0[ oy yiim
paxedwod ((6g-)-871-) [P/SU €8 JO AUIPAP T, B YA PIAJBIDOSSE Se AuInb X JD I 159451y 9y ‘UOrjejuaduod J ut
((01-)-07 1D 9S6) IP/3u GZ JO AUI[IIP © YA UOIBIIOSSE SeM X JO I Ul 9seaIdur aguel ofiirenbiojur ue

S[OAS] QUOWLIOY WINIAS PUB Y g-¢ ATBULIN UIM]IQ UONRIIOSSE OU

($0°0 = d) I 70 1249 21} 03 pae[aI A[PATIESAU SeM IS URY) 191813 YD (L JO [9A] o)

(A10an0adsa1 700 = d pue ¢ = puan 10J d) GNT YIM PIIRIOOSSE A[OSISAUT dIoM

VOOd-suen pue v -8 A[euonippe (7000 = d sauoSaed (s, <) ydiy pue (ygL-yi0s) wnipaur (yigg >)
mof Suoure puaxy 10§ d (7000 = d) sjea9] S 1oySiy Apueoyrusis pey (Yig, <) 41030180 VI 1S9YSIY o1y UT udw

SQUOWLIOY Paj0a}ap IYJO A} UI PUNOJ Sem SUOTBIIOSSL OU Inq
“(Koanoadsar ‘77070 = d “c10°0 = d) “g ‘{1 pUB Vdg-€ UaaMm1aq UOIBIOSSE JURIYIUTIS SBA 2191}

(1€0°0 = d) [oA9] I, pue 4g jo
UOIBIJUU0D ATRULIN USIM)AQ PIAIISCO SBM UOIIRIDOSSE 9AIJESIU AU} S[OPOW UOISSAIFAI JBQUI[ JBLIBA[NU UI

S[OA9] SOUOWLIOY PuB suaqeled ATRULIN UQIAM]Q UONBIIOSSE OU IaM I3y}

(951 Aq) paseardap [ pue (K[oanoadsal ‘91 pue
9, 7€ £Q) paseaour [T pue ‘g ow dwres ay) 18 ‘(A[anoadsar 10070 > d) udw Jo SUOIRIO[AI I9)JE SAUIIIP
(dHAN 1de0x0) soyjoqeIau [[e 9)[oqelot AJe[eyiyd auo JSea] J8 YIIM PIIRIDOSSE AIOM SIWOIIN0 JUOWLIOY [[&

d1Lada d1ad
ddd dLANd dLNd dNd

dLANA dINd dNd
dLadd d14d d4d ‘AdOL

NZ ‘NI ‘AdOL

NI ‘AdOL

Vdd-¢

vodad
‘VOOdL VOO ‘Vdd-¢

vo0od-suen
VOOQ-s ‘vdd-¢

Vdd-¢

dng! dd dd d9 dN

vdd d9 dd dN

AN dZdIN dHAW
dHOAW ddOFN dHHAW
dOUN ddOIN dHOW
dGUN 9N dHN JNIN

€] (s107)

Ie 30 ofa1e3[oN

[ov] (ST02)
‘e 32 o1

[6¢1 (2002)
e 30 IO

(8¢ (9002)
‘Te 19 IOYIN

[9¢] (v102)

Te 39 BSRUIYSOR

[s¢l (¥102)
‘e 12 uBMpeRY

[¥€] (6002)
e 12 IO

[¢€1 (8002)
.:w 19 UBH

(1€l (2102)
.ﬂm 19 N&B@us H

lo] (TT02)
‘Te 39 IO

(8] (L100)
‘e 30 U1

959

31(5)

[JOMEH 2018



360

REVIEW PAPER E. DZIEWIRSKA ET AL

phthalate (MEHHP), mono(2-ethyl-5-oxohexyl) phthal-
ate (MEOHP) and mono (2-ethyl-5-carboxypentyl) phthal-
ate (MECPP) and free testosterone. The study conducted
by Axelsson et al. (2015) [25] indicated that % MEHP was
negatively associated with testosterone (T) (p = 0.022,
n* = 1.7%) and free testosterone (FT) (p = 0.027,
n? = 1.7%) in the adjusted model. In the prospective on-
going study conducted by Qing [28] all hormone outcomes
were associated with at least one phthalate metabolite.
A comparison of phthalate metabolites between baseline
and the follow-up showed that all but MEHP substantially
declined after the relocation (p < 0.001 respectively). At
the same time E, and LH increased (by 34.2%, 10%, re-
spectively), and T decreased (by 7%). In all the remain-
ing studies exposure to phthalate was negatively associ-
ated with testosterone levels [18-21,23-26], too. Whereas
Wang et al. (2016) [27] and Han et al. (2013) [22] didn’t
find any significant association between phthalate ex-
posure and serum reproductive hormones levels. Jan-
jua et al. [17] conducted the clinical study on 26 healthy
young male volunteers which were assigned to daily whole
body topical application of 2 mg/cm? basic cream formula-
tion each without and with the 2% compounds. Authors
did not reveal any short-term influence on the reproduc-
tive hormones levels in the case of the examined men.

Parabens and male reproductive hormones

Parabens are extensively used as antimicrobial preser-
vatives in food, cosmetics, toiletries and pharmaceuti-
cals [29]. According to our knowledge only 3 studies ex-
amine the association between exposure to parabens and
reproductive hormones in the case of men [17,30,31]. The
studies were conducted in Poland, Denmark and USA.
Jurewicz et al. (2017) [31] and Meeker et al. (2011) [30]
assessed urinary concentrations of parabens whereas Jan-
jua et al. (2007) [17] assessed serum level of butyl para-
ben (BP). In all the remaining studies reproductive hor-
mones levels were measured in serum. Jurewicz et al. [31]

[JOMEH 2018;31(5)

showed that BP was negatively associated with the level
of testosterone (p = 0.031). While Janjua et al. [17] and
Meeker et al. [30] did not reveal any association between
exposure to parabens and serum hormone levels. Further
studies are necessary to clarify the association between en-
vironmental exposure to parabens and reproductive hor-
mones levels in the case of adult men.

Synthetic pyrethroids and male reproductive hormones
Synthetic pyrethroids constitute the class of insecticides
and are found in many formulations used in agriculture for
controlling insect pests in crops, forestry and in gardens.
They are also widely used as insecticides in household
and public buildings [32]. Synthetic pyrethroids are most
common insecticides used nowadays [32]. These chemi-
cals possess hormonal activities and have also been clas-
sified as endocrine disruptors [33]. In the review 4 origi-
nal papers concerning the relationship between synthetic
pyrethroids and male reproductive hormones were in-
cluded [33-36]. The studies were conducted in China [33],
USA [34], Poland [35] and Japan [36]. All the participants
were recruited from medical centers except for Yoshina-
ga et al. (2014) [36] where the participants were students
from Kawasaki.

Exposure to synthetic pyrethroids was assessed by mea-
suring pyrethroids metabolites in urine: 3-phenoxyben-
zoic acid (3-PBA) [33-36], cis-3-(2,2-dichlorovinyl)-2,2-
dimethylocyclopropane carboxylic acid (CDCCA), trans-
3-(2,2-dichlorovinyl)-2,2-dimethylocyclopropane ~ carbox-
ylic acid (TDCCA) [34,35] and cis-2,2-dibromovinyl-2,2-
dimethylcyclopropane-1-carboxylic acid (DBCA) [35].
Radwan et al. (2014) [35] showed that the level of TDC-
CA greater than 50th was negatively related to the level
of T (p = 0.04) but there was no association between
reproductive hormones and other pyrethroids metabo-
lites (CDCCA, 3PBA, DBCA). In the study performed
by Han et al. [33] significant association was found be-
tween 3-PBA and LH, E, (p = 0.013, p = 0.022, respec-
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tively). These results are similar to those of Meeker et al.’s
study (2009b) [34], where suggestive positive association
with LH was also found (p = 0.054). Additionally, men in
the highest 3-PBA category (= 75th percentile) had sig-
nificantly higher FSH levels (p = 0.001) and had a sugges-
tive decline in free androgen index (FAI) (p = 0.08), too.
Furthermore, cis-DCCA and trans-DCCA were negatively
associated with inhibin B (p for trend = 0.03 and p for
trend = (.02, respectively). On the other hand Yoshina-
ga et al. (2014) [36] revealed that there was no associations
between urinary 3-BPA and reproductive hormones levels.

Organophosphate pesticides

and male reproductive hormones

Organophosphate pesticides are used in agricultural and
household for pest control [37]. These chemicals are wide-
ly used in agriculture and commerce [38]. Due to extensive
use of such pesticides, a large proportion of the population
is exposed to these chemicals or their environmental deg-
radation products. Four original papers referring to expo-
sure to organophosphate pesticides and levels of reproduc-
tive hormones were included in the review [37-40]. Three
of the studies were conducted in the USA [38-40] and one
in Spain [37]. All of the studies were cross-sectional. Par-
ticipants were male partners in couples presenting to an
infertility clinics, except for Omoike et al. (2015) [40] who
derived data (subset of men (N = 356)) from the cross-
sectional US National Health and Nutrition Examination
Survey (NHANES).

In all reviewed studies serum hormones levels and urinary
concentrations of metabolites of pesticides were mea-
sured. Meeker et al. (2006, 2007) [38,39] assessed the me-
tabolites of chlorpyrifos, carbaryl, naphthalene: 3,5,6-tri-
chloro-2-pyridinol (TCPY), 1-naphthol (IN), 2-naph-
thol (2N) whereas Omoike et al. (2015) [40] and Mel-
garejo et al. (2015) [37] measured 6 non-specific urinary
metabolites of chlorpyrifos and chlorpyrifos-methyl: di-
ethylphosphate (DEPH), diethylthiophosphate (DETP),

diethyldithiophosphate (DEDTP), dimethylphosphate
(DMP), dimethylthiophosphate (DMTP), dimethyldi-
thiophosphate (DMDTP). Both studies performed by
Meeker et al. (2006, 2007) [38,39] indicated that there
was an inverse association between urinary metabolites
of non-persistent insecticides and reproductive hormones
levels. Negative association between TCPY and testoster-
one concentration was found [38]. Interquartile range in-
crease in TCPY was associated with a decline of 25 ng/dl
(95% CI: -40~(-10)) in testosterone level and the high-
est TCPY quintile was associated with a testosterone
decline of 83 ng/dl (95% CI: -128-(-39)) as compared
with the lowest TCPY quintile [38]. The next study per-
formed by Meeker et al. (2007) [39] revealed that an in-
terquartile range increase in TCPY was associated with
a 1.36 pg/ml decline (95% CI: -2.91-(-0.22)) in E, concen-
tration. Whereas Omoike et al. (2015) [40] observed a sta-
tistically significant inverse association between DEPH
and testosterone (-2.5; 95% CI: -3.5-(-1.4)) when ex-
posure was modeled as both a continuous or a categori-
cal variable. The results are not consistent with Melgar-
ejo et al. (2015) [37], where only DEDTP concentration
was positively associated with serum LH and FSH con-
centrations levels (f = 11.4; 95% CI: 0.81-22.1; p < 0.05;
P =3.2;95% CI: 0.08-6.2; p < 0.05, respectively).

DISCUSSION

Main findings

The results of the reviewed original papers suggest that
environmental exposure to non-persistent endocrine-dis-
rupting chemicals may affect reproductive hormones lev-
els. The summary of the results is presented in the Table 3.
The results of studies analyzing the association between
exposure to bisphenol A and male reproductive hormones
levels (T, LH, FSH, SHBG, E,, INB, prolactin (PRL)) are
not consistent. When some results suggest that BPA was
positively associated with some reproductive hormones
levels, other studies didn’t find such associations. Mendio-
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la et al. (2010) [12] and Meeker et al. (2010) [13] revealed
that BPA was positively associated with SHBG but in Gal-
loway et al.’s (2010) [14] and Lassen et al.’s (2014) [15]
studies there were no similar associations. Likewise, the
results of studies referring to phthalates and male repro-
ductive hormones are not consistent. Three [27,22] of
the 10 studies did not find any association between the
exposure to phthalates and the level of reproductive hor-
mones in the case of men in adjusted models. The rest
of the studies [18-21,23-26] revealed that at least one of
the phthalate metabolites was associated with decline in
the level of testosterone. Some authors [18,20,26] also re-
vealed that exposure to phthalate was inversely associated
with E, and free androgen index. Three studies [17,30,31]
assess the relationship between exposure to parabens and
male reproductive hormones levels and only in the study
performed by Jurewicz et al. [31] the level of urine BP was
negatively associated with testosterone. Two of the stud-
ies [17,30] found no evidence for this association. Howev-
er, it is possible that intraindividual variability in exposure
and small sample size could have limited ability to reveal
subtle associations.

The results of studies analyzing the associations between
exposure to synthetic pyrethroids and male reproduc-
tive hormones have some differences in results as well.
While Yoshinaga et al. (2014) [36] revealed no evidence
for those associations, other authors suggested that en-
vironmental pyrethroids exposure may have affected the
level of reproductive hormones. Han et al. (2008) [33]
and Meeker et al. (2009b) [34] noticed positive associa-
tions between 3-PBA and LH concentration, additionally
Meeker et al. (2009b) [34] revealed positive associations
with FSH and negative association with inhibin B and
free androgen index. Radwan et al. (2014) [35] indicated
that TDCCA was negatively related to the level of testos-
terone. Finally, the studies concerning the association be-
tween organophosphate pesticides and male reproductive
hormones levels suggest that environmental exposure to

pesticides may interfere with the male endocrine system.
Meeker et al. (2006, 2007) [38,39] revealed the negative
association between urinary metabolites of insecticides
and testosterone, estradiol and free androgen index.
Omoike et al. (2015) [40] showed such associations only
with testosterone. In contrast Melgarejo et al. (2015) [37]
revealed the positive association between urinary con-
centrations of organophosphate pesticide metabolites
and LH and FSH.

There are possibly numerous factors contributing to the di-
vergent results between studies. The various reproductive
hormones levels used may be a possible explanation for the
varied results. The use of different biomarkers to ascertain
exposure may have some bearing on the statistical associa-
tion, too. Other factors that may affect the differences may
be the study population (general or from the infertility clin-
ics) and number of participants in each of the study. Ad-
ditionally, the choice of confounding factors included in the
statistical analysis may also impact the results.

The results of the epidemiological studies concerning the
exposure to EDCs are similar to those of animal stud-
ies [33], however, it must be noted that most animal studies
to date have used dose levels that are much higher than what
is encountered by environmentally exposed humans [17].

Exposure assessment

The exposure assessment in almost all reviews was based on
the biomarkers of exposure. In the case of exposure to BPA,
total urinary concentration (free + conjugated) was mea-
sured [12-15]. Phthalates were measured in urine [18-
22,25,26], semen [23,27] and serum [24]. Parabens, synthetic
pyrethroids and organophosphate pesticides were mea-
sured in urine samples [30,33-40]. In most of the studies
only one urine or various biological fluid samples were used
for the exposure assessment purposes. One urine sample
as a biomarker of exposure to EDCs may have resulted in
substantial measurement error and attenuation of associa-
tions [41]. Janjua et al. (2007) [17] and Qing et al. (2017) [28]

[JOMEH 2018;31(5)
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assessed 2 samples to evaluate the levels of phthalate.
Meeker et al. (2010, 2011) [13,30] used 3 samples of urine
to measure the concentration of BPA and parabens but the
group of subjects with 2 or more urine samples was small.
Whereas Galloway et al.’s (2010) [14] analyses were based
on the 24-h urine specimens which is likely to be more ac-
curate (participants were asked to collect the urine for 24 h
in a vessel with a preservative) [14]. Non-persistent endo-
crine-disrupting chemicals are rapidly metabolized and ex-
creted, and urinary metabolite concentrations only reflect
exposure in the preceding 1 or 2 days [18]. However, de-
spite within-person variability in urinary concentrations of
endocrine-disrupting chemicals, a single spot is predictive
of long-term exposure and provides good sensitivity to clas-
sify individuals [42].

Confounders and potential risk factor

The results of these studies were adjusted to many well-
known factors. Details of potential risk factors are shown
in the Table 4. In the studies the age and body mass in-
dex (BMI) was usually controlled. Smoking status was in-
cluded as a potential risk factor in all the studies. Only
in 3 studies [21,31,40] the smoking status was controlled
by measuring the level of nicotine. The time of the day of
blood/urine sample collection was adjusted in nearly a half
of the studies [12,13,15,18,19,25,26,30,33,37,39], too. Sev-
eral studies during which participants provided urine
samples, urinary creatinine concentration was also consid-
ered to be a potential confounder [12,14,19,21,22,37,40].
Other factors such as ethnicity, medicine intake and
chronic diseases were used as confounders in some stud-
ies [12,19,21,22,35,39,40]. Only Han et al. [22] and Mel-
garejo et al. [37] adjusted their study models by psycho-
logical tension and the number of stressful life events.

Mechanism
Endocrine-disrupting chemicals may interfere with the
production, secretion, transportation, metabolism, re-

[JOMEH 2018;31(5)

ceptor binding, mediation of effects, and excretion of
endogenous hormones which support endocrine homeo-
stasis in the organism [5,43]. These chemicals may have
anti-oestrogenic, oestrogenic, antigestagenic and antian-
drogenic properties and are thought to mimic endogenous
estrogens by entering the cell, binding to the receptor and
activating transcription and may also antagonize normal
androgen action [44]. In general, there is the number of
information on the effect of exposure to EDCs on male re-
productive hormones levels, indeed a considerable num-
ber of in vitro (sub-cellular or cellular) and in vivo (animal)
screening tests for hormonal-activities of these substances
have been developed [45]. Nonetheless, it is known that
hormonal disruption alters the hypothalamic-pituitary en-
docrine function [37].

It was proven that BPA behaved similarly to natural
estrogen-17-p estradiol by inducing estrogen receptors
but in the concentrations about one thousand higher (10
to 10*M) in comparison to estradiol [46]. Estrogenic activ-
ity of BPA has been well documented in the investigations
on animals [47,48]. Additionally, BPA was proven to affect
functions of androgens and prolactin [49]. On the other
hand, phthalate esters act as agonists and/or antagonists
of estrogen and androgen receptors via one or more hor-
monal receptors, although interaction of phthalate esters
with the estrogen and androgen receptors requires certain
size and bulkiness with alkyl groups [50]. Likewise, these
endocrine disruptors may exhibit their activities by altering
pregnane X receptor-regulated (PXR) steroid hormone
metabolism [8]. Activation of PXR may increase the lev-
els of endocrine-disrupting metabolites while at the same
time altering the local bioavailability of endogenous andro-
gens and estrogens [8]. Animals models documented that
parabens possessed very weak estrogenic properties which
may have resulted in alternations to male reproductive
functions including testosterone secretion [51] but it had
been hypothesized that the combination of several weakly
acting substances may be additive or even synergistic and
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thereby yet produce adverse effects on the organism [45].
Whereas synthetic pyrethroids may affect estrogen recep-
tors in Sertoli cells and have antiandrogenic properties by
antagonizing the androgen receptor [52]. Some pyrethroids
demonstrated deleterious effect on testosterone synthesis
by the activity of enzyme for testosterone biosynthesis [36].
Finally, potential mechanisms for the association between
organophosphate pesticides and reproductive hormones
levels remain unclear [39]. The observed associations could
be due to: impaired Leydig cell function [53], inhibited se-
cretion of FSH or LH [54], reduced expression of steroido-
genic enzymes or proteins [55].

The effect of endocrine-disrupting chemicals mediated
through the activation or the inhibition of androgen and
estrogen receptors are of primary concern for male re-
productive health. Nevertheless, action through the aryl
hydrocarbon receptor, which is cytosolic transcription fac-
tor with roles in developmental processes, xenobiotic me-
tabolism and immunological responsiveness may also be
important [4]. Estrogenic endocrine-disrupting chemicals
may also exert more general effects through the induction
of oxidative stress [56,57].

Strengths and limitations of the studies

The presented studies had several methodological
strengths. The advantage of the studies includes the use
of a detailed questionnaire information on demographic,
medical, and life style risk factors performed among study
participants. The filled-in questionnaires allowed to con-
trol the potential confounders in the statistical models.
Furthermore, stringent criteria were used for excluding
the subjects with drug treatment, occupational chemical
exposures and medical history, which are related to repro-
ductive hormones levels. In reviewed studies the sensitive
immunoassay methods were used for measuring the levels
of reproductive hormones. Additionally, exposure assess-
ment based on biomarkers of exposure was the method-
ological strengths of the studies.

The limitations of the studies included the use of a single
urine/semen sample to assess EDs exposure and a single
serum sample to describe reproductive hormones levels.
Endocrine disruptors are rapidly metabolized and excret-
ed, therefore metabolite concentrations in urine/semen
only reflect exposure status shortly before sampling. In
most of the reviewed studies the reproductive hormones
were measured in one serum sample. However, requiring
multiple blood samples from participants may results in
a reduced participation rate and lower statistical power.
Another limitation is that subjects were selected mainly
from an infertility clinics and the ability to generalize the
results to the general population may be limited. The
cross-sectional design of the presented studies restricted
the ability to make conclusions regarding the relationship
between EDs and reproductive hormones and didn’t allow
to rule out reverse causation, either. Finally, the temporal
variability in metabolites of EDs from environmental ex-
posure might have led to a bias during the studies.

CONCLUSIONS

The available epidemiology-related literature on the asso-
ciation of non-persistent endocrine-disrupting chemicals
exposure with male reproductive hormones was reviewed.
The results of 26 original papers are not consistent and
demonstrate variability in study findings. Nonetheless,
the results suggest that environmental exposure to non-
persistent endocrine-disrupting chemicals may affect male
reproductive hormones levels.

The widespread distribution of environmental chemicals
and the detection of these substances within human body
indicate that humans are continually exposed to a vari-
ety of endocrine-disrupting chemicals through multiple
sources. Data is alarming and although the association
between EDs exposure and human disorders is difficult to
establish, there is growing evidence to suggest a potential
interference. In future more related studies should be con-
ducted to confirm the associations.

[JOMEH 2018;31(5)
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