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ABSTRACT

Several international organizations have recently highlighted endocrine-disrupting chemicals (EDCs) as
factors of concern in human reproduction. Since successful reproduction is dependent on timely and
appropriate action of hormones, disruption of the endocrine system could lead to difficulties in con-
ceiving or carrying a pregnancy to term. EDCs are chemicals that disrupt the endocrine system by acti-
vating or inhibiting receptors of the endocrine system, and/or altering hormone receptor expression;
signal transduction; epigenetic marks; hormone synthesis, transport, distribution, and metabolism; and
the fate of hormone-producing cells. Due to the increasing production of industrial chemicals over the
past century and their lenient control, EDCs are now common contaminants in the environment.
Consequently, everyone faces a life-long exposure to mixtures of chemicals, some of which have been
identified as EDCs. As birth rates in humans are declining and the use of assisted reproductive tech-
nologies increasing, it is timely to consider possible effects of EDCs on human reproduction and fertil-
ity. In this review, we focus on persistent EDCs, their occurrence in ovarian follicular fluid, and
associations to treatment outcomes in assisted reproduction. Our summary shows that despite being
banned decades ago, mixtures of persistent EDCs are still detected in the ovarian follicular fluid, dem-
onstrating direct exposure of oocytes to these chemicals. In addition, there are several reported associ-
ations between exposure and worse outcome in in vitro fertilization. Further research is therefore
warranted to prove causality, which will lead towards better regulation and exposure reduction.
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1. Introduction chemicals produced or imported over 10,000 kg/year (TSCA)
or 1000 kg/year (REACH), so it is safe to assume the actual
number of different chemicals that are or have been in the
market is higher'. The chemical industry is one of the most
profitable businesses in the world with a revenue of USS$5.7
trillion in 2019. The biggest chemical producers being China,
Europe, and the United States (4,5).

Unfortunately, the speed of production of new chemicals
has far exceeded the speed of development of chemical
health risk assessment. The side effects of uncontrolled
chemical use were first discovered in 1950s when wildlife
populations of birds, reptiles and mammals started drastically

The phenomenon of endocrine disruption started gaining
attention in the 1990s after a group of experts concluded
that many compounds introduced into the environment by
human activity are capable of disrupting the endocrine sys-
tem of animals and humans with possibly profound conse-
quences (1). The concept of endocrine disruption was
popularized by Theo Colborn’s book, Our Stolen Future, that
proposed that chemical pollution is threatening the intelli-
gence, fertility, and survival of the human race (2). Today,
25years after the term endocrine-disrupting chemical (EDC)

was coined, endocrine disruption remains a highly relevant
area of research and debate in society, and the methods to
identify and regulate these chemicals are still under
development.

There are no international registries of numbers of chemi-
cals in the market. The US Toxic Substance Control Act
(TSCA) inventory contains over 86,000 existing chemicals. In
the European Union, over 22,000 unique substances are reg-
istered under the Registration, Evaluation, Authorisation and

declining due to uncontrolled use of organochlorine pesti-
cides like DDT (dichlorodiphenyltrichloroethane), lindane
(gamma-hexachlorocyclohexane), and chlordane (octachloro-
4,7-methanohydroindane). In the Baltic Sea region, organo-
chlorine chemicals nearly caused the extinction of the Baltic
grey seal and the white-tailed sea eagle (6,7). In the United
States, populations of bald eagles and alligators declined in
polluted areas (8,9). These alarming occurrences among
others led little by little to the establishment of international

Control (REACH) regulation. These databases only have agreements for the restriction of chemicals, such as
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A new estimate of chemicals in global commerce was published after this review was accepted, suggesting that there are 330,000 chemicals that are or have
been in the market (3).
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the Stockholm Convention (ratified in 2004) as well as to the
development of tests for chemical risk assessment. By the
time the first validated OECD guidelines for the testing of
chemicals were in place in the 1980s, thousands of chemicals
were already in the market.

Although organochlorine chemicals were regulated start-
ing from the 1970s, and later internationally restricted by the
Stockholm Convention, they still persist in the environment
due to their extremely long half-lives. Sadly, they also still
threaten the reproductive success and survival of long-lived
species like killer whales (10). In addition, they are now
accompanied by a plethora of newer chemicals. Current
requirements for chemical safety testing in the European
Union (and elsewhere) are imperfect, in particular for endo-
crine-disruptive activity (11). The required regulatory struc-
ture having a clear definition of EDCs, guidance documents,
suitable tests, test requirements, and risk management is not
in place for any sector of chemical legislation (11). In prac-
tice, this means that no regulatory risk assessment concern-
ing endocrine-disruptive activity has been carried out for the
chemicals currently in the market. According to estimates by
the United Nations Environment Programme and World
Health Organization (UNEP/WHO), there are at least 800
chemicals with known endocrine-disruptive activity (12). The
European Union has formally recognised 13 chemicals as
EDCs (11).

Several international organisations in the field of public
and reproductive health have recently expressed their con-
cerns about EDCs and human reproduction. UNEP/WHO pre-
pared an extensive summary of EDCs in 2012 and concluded
that there are many gaps in our knowledge of endocrine dis-
ruption of the female reproductive system and that test
methods for screening of chemicals for endocrine disruption
on female reproduction are missing (12). A few years later,
the Endocrine Society released their second scientific sum-
mary on EDCs stating that several classes of chemicals rang-
ing from pesticides to plasticisers can impair ovarian
development and function, suggesting that exposure to
EDCs may be associated, for example, with reduced fertility,
infertility, polycystic ovarian syndrome, endometriosis, and
fibroids (13). Following this, Trasande and colleagues esti-
mated that the uncontrolled use of EDCs in Europe is associ-
ated with increased incidence of uterine fibroids and
endometriosis, with an estimated annual cost of 1.4 billion
euros to the taxpayers (14). In 2013, the American College of
Obstetricians and Gynaecologists (ACOG) published a com-
mittee opinion on exposure to toxic environmental agents
stating that ‘the evidence that links exposure to toxic envir-
onmental agents and adverse reproductive and developmen-
tal health outcomes is sufficiently robust’ to call for timely
action to identify and reduce exposure while addressing the
consequences (15). The International Federation of
Gynaecology and Obstetrics (FIGO) joined this view in their
2015 opinion (16). Both ACOG and FIGO also acknowledge
that while the exposure to chemicals is ubiquitous, it dispro-
portionally affects people with low income. Hence, actions
taken to prevent harm of EDC exposure in women is not

only a question of gender equality, but also a matter of
equality in society at large.

With this review, we wish to bring the attention of the
clinicians working with reproductive-age patients to environ-
mental chemicals as factors affecting fertility and reproduct-
ive health in women. We will first briefly outline some
central concepts of endocrine disruption, and then focus on
three topics: the extensive mixture exposure of all popula-
tions to industrial chemicals; the occurrence of persistent
environmental chemicals with endocrine-disruptive activities
in patients seeking assisted reproduction; and the potential
implications of this exposure.

2. Central concepts of endocrine disruption
2.1. Definitions and mechanism of action

An EDC is defined as an ‘exogenous substance or mixture
that alters function(s) of the endocrine system and conse-
quently causes adverse health effects in an intact organism,
or its progeny, or (sub)populations’ (17). This definition is
complex as it needs both an endocrine activity and a dem-
onstration of adverse effects as its consequence in living
organisms. Adversity in the context of endocrine disruption
is defined as ‘a change in morphology, physiology, growth,
reproduction, development or lifespan of an organism which
results in impairment of functional capacity or impairment of
capacity to compensate for additional stress or increased sus-
ceptibility to the harmful effects of other environmental
influences’ (18).

There is a wide range of mechanisms by which EDCs can
interfere with the endocrine system and cause adverse
effects. Classically, EDCs are thought to act via receptor-
mediated disruption where they mimic actions of endogen-
ous hormones such as oestrogen and androgen (agonists) or
blocking interaction of the ligand with the receptor (antago-
nists) (19). Recently, ten key characteristics for the identifica-
tion of EDCs have been proposed (19). In addition to
activation or inhibition of receptors of the endocrine
system, alteration of hormone receptor expression, signal
transduction, epigenetic marks, hormone synthesis, transport,
distribution and metabolism, and/or the fate of hormone-
producing cells are listed as mechanisms of action of
EDCs (19).

In the classical mechanism of action, EDCs bind to nuclear
hormone receptors, which then bind to specific response ele-
ments and influence transcription of their target genes (18).
By contrast, they can also act as antagonists by binding to
the receptor but not triggering the normal response (18). For
example, oestrogen-disruptive activity could result from the
EDC binding to the oestrogen receptor and subsequently
activating (agonist) or repressing (antagonist) its downstream
activity in the cell. In addition, many EDCs also bind to the
aryl hydrocarbon receptor (AhR), which like the hormone
receptors is a ligand-activated transcription factor. AhR is
evolutionary conserved, widely expressed, and activated by a
variety of xenobiotics. In response, it triggers the expression
of genes involved in xenobiotic and hormone metabolism,
such as CYP enzymes (e.g. CYP1AT) and UDPGTI1A, by binding



to specific response elements on DNA in the promoters of
these genes (18). Moreover, AhR can also cross-talk with
other nuclear receptors, implying that it can indirectly inter-
fere with hormonal signalling pathways at large (18).

2.2. Features of endocrine disrupting chemicals

EDCs have diversified the field of toxicology by challenging
traditional toxicological dogmas. It was originally thought
that substances cause toxicity in a monotonic dose-response
with consequences seen at high doses, that is, dose makes
the poison. However, this is not the case with EDCs. Similar
to natural hormones, EDCs can produce non-monotonic dos-
e-response curves, where the slope of the curve changes
from positive to negative or vice versa, thereby having a U-
or inverted U-shape. Some of the mechanisms behind this
response are receptor selectivity, receptor competition, feed-
back loops, and receptor number (20). This can lead to sig-
nificant effects even at low doses, implying that biological
effects can be observed at exposure levels typical to human
exposure or lower. The endocrine system responds to very
low concentrations of endogenous hormones due to high
affinity of hormones to their receptors, among others.
Similarly, as EDCs mimic natural hormones, they can also
trigger a response at low levels (21). For example, the plastic
additive bisphenol A leaching from plastic mouse cages
caused disruption of meiotic spindles in mouse oocytes at
exposure levels corresponding to 1pg/day per mouse (22).
For comparison, the estimated human intake of bisphenol A
varies between 10-60ng/kg per day, suggesting exposure of
0.6-3.6 g/day for a person weighing 60 kg (23).

It has also been shown that there can be a long lag time
from exposure until the adverse effect is seen. For example,
exposure to EDCs during organogenesis is associated with
increased risk of development of diseases later in life (24).
Moreover, this also suggests that chemicals can cause more
damage when exposure takes place during certain windows
of susceptibility such as the prenatal and early postnatal
period because they disrupt essential organ development
(25,26). An example of this is diethylstilbestrol (DES), a syn-
thetic non-steroidal oestrogen prescribed from 1930s to
1970s to prevent miscarriages as well as decrease risk of
pregnancy complications and premature delivery. As DES
interfered with the reproductive tract development in utero,
DES-exposed daughters had higher primary infertility, were
less likely to have full-term births, and had higher likelihood
of premature births, spontaneous miscarriages, and ectopic
pregnancies compared with unexposed women (27-29). The
DES incidence has also illustrated the multigenerational
effects of EDCs as the grandchildren of DES-exposed women
have increased risk of irregular menstrual cycles, amenor-
rhoea, ectopic pregnancy, and preterm delivery (30).

Since EDCs are ubiquitous and can be found in various
consumer products, we are not exposed to a single chemical
but to multiple chemicals at the same time. Common routes
of exposure to EDCs are oral, respiratory, and dermal. They
can also enter the body through intravenous, intramuscular,
or subcutaneous routes for example during medical
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treatments such as IVF procedures. Developing foetuses can
be exposed through placental transfer of chemicals from the
mother, and neonates via breastmilk (12,31). The extensive
exposure to EDCs can be seen in various biomonitoring pro-
grammes in different countries where pesticides, phthalates,
bisphenols, aromatic hydrocarbons, benzophenones, perfluor-
oalkyl substances (PFAS), chlorinated chemicals, and metals
are commonly detected in the general population (32,33).
This mixture exposure can lead to combinatory effects of
chemicals called cocktail effects. As chemicals are usually
assessed individually, the hazards and risks could be under-
estimated because possible additive (1+1=2), synergistic
(1+1>2), or antagonistic (1+1<2) properties are not
accounted for. There is continuous effort on designing and
optimising statistical approaches to quantifying the effect of
mixtures. Various statistical approaches have been proposed
from machine learning to classical linear regression, but
there is no single best approach that outperforms the
others (34).

3. Exposures and outcomes in IVF patients
3.1. Persistent organic pollutants

There are various different groups of EDCs, but for the pur-
pose of this review we focus on persistent organic pollutants
(POPs). POPs are halogenated organic chemical substances
that are toxic to both human and wildlife, bioaccumulative,
and resistant to environmental degradation because of their
stability. While most POPs are lipophilic in nature and accu-
mulate to fatty tissues, PFAS are amphiphilic and bind to
proteins. In general, POPs are also volatile at certain temper-
atures and may travel long distances in the atmosphere.
Hence, they can be found even in areas where they were
never used (12,35). For humans, the largest source of POP
exposure is diet. Contaminated Baltic Sea fish remains a sig-
nificant source of POPs in Scandinavian countries. A list of
the POPs in focus of this review, their uses, and regulations
are given in Table 1.

We choose to focus on POPs since organochlorine chemi-
cals, which form a large part of the group, are historically
the chemicals that are associated with disruption of repro-
ductive activities in wildlife. They accumulate in humans with
increasing age due to their long half-lives, and the levels
therefore reflect the life-history of exposure. Currently,
women postpone childbearing. The average age of first-time
mothers in Sweden is 27.3years for the whole country, and
30.3years for its capital Stockholm (51). Delaying starting of
a family means longer cumulative exposure to environmental
factors, including POPs. Particularly for older women, whose
oocyte quality is already declining (52), the increasing cumu-
lative exposure to chemicals could further worsen the chan-
ces of pregnancy. In contrast to other EDCs that are easily
metabolised such as phthalates, it is difficult to reduce the
body burden of POPs only through lifestyle modification. For
women, the body burden of lipophilic POPs is reduced when
bearing a child because these chemicals cross the placenta
and deposit to the foetus (53). In addition, they are also
transferred to the neonate via breast milk (54).
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Table 1. Use, source, and regulation of POPs and their suggested reproductive health effects in women.

Chemical

Use/sources

Regulation®

Associated health
effects in women

References

PeCB and HCB

Fungicide; unintentional production
during industrial processes

Annex A and C

Failed implantation, increased
spontaneous abortion

Increased spontaneous abortion,
premature delivery,
endometriosis

Altered cycle length

Impaired fertilization, impaired
lactation, infertility, reduced
parity, longer time-to-pregnancy,
uterine fibroids

Impaired response to ovulation
induction, impaired lactation,
reduced parity and fecundability,
longer time to pregnancy,
uterine fibroids

Failed implantation, decreased

Mahalingaiah et al. (36);
Younglai et al. (37)

Upson et al. (38); US
Department of Health and
Human Services (39)

Chen et al. (40)

Gesink Law et al. (41);
Trabert et al. (42);
Younglai et al. (37) (43)

Gennings et al. (44); Gesink
Law et al. (41); Trabert
et al. (42); Younglai
et al. 37)

Johnson et al. (45); Harley

HCH (lindane) Agricultural insecticide and Annex A
treatment for lice and scabies

Chlordane Termite treatment in food crops Annex A
(e.g. corn and citrus)

DDT and DDE Disease vector control (e.g. malaria) Annex B

PCBs Electrical insulation, heat transfers, Annex A and C
hydraulic systems and capacitors,
paints, plasticizers, dyes for
carbonless duplicating paper

PBDEs Flame retardants added to fabrics, Annex A
textiles, plastics, carpets, and
electronical appliances

PFASs Consumer products that are water-, Annex B

oil-, and stain-resistant (e.g.
Scotchgard, Teflon)

et al. (46); Ploteau
et al. (47)

Buck Louis et al. (48);
Campbell et al. (49); Fei
et al. (50)

fecundability, endometriosis

Longer time-to-pregnancy,
infertility, endometriosis

“Regulation under the Stockholm Convention: Annex A, elimination of production and use; Annex B, restrict production and use; Annex C, reduce uninten-

tional releases.
DDE: dichlorodiphenyldichloroethylene; DDT: dichlorodiphenyltrichloroethane;

HCB:hexachlorobenzene; HCH: hexachlorocyclohexane; PBDE: polybrominated

diphenyl ether; PCB: polychlorinated biphenyl; PeCB: pentachlorobenzene; PFAS: perfluoroalkyl substance.

3.2. POPs in follicular fluid and associations
to outcomes

With the advent of assisted reproductive technologies, fol-
licular fluid has become accessible for evaluating the direct
exposure of oocytes to EDCs. Several studies have measured
concentrations of POPs in follicular fluid, and some also ana-
lysed the associations to treatment outcomes. We summarise
the literature on POPs in follicular fluid in Table 2. The lipo-
philic POPs have been adjusted for sample lipid content in
some studies. Although the exposure levels were reported in
different units (e.g. ng/mL or ng/g wet weight or ng/g lipids),
which made direct comparisons between studies challenging,
the summary shows direct exposure of oocytes to mixtures
of POPs, which could lead to cocktail effects. Only three
studies (57,61,65) gave account of this mixture exposure with
the use of principal component analysis.

As these cohorts were composed of women undergoing
IVF treatment, information on ovarian reserve, endometrial
thickness, oocyte quality, fertilization rate, embryo quality,
and live birth were readily available to further investigate the
impact of POPs on human reproduction, specifically on IVF
endpoints. Approximately half of the studies analysed associ-
ation between exposure and outcome. Common outcomes
evaluated were oocyte quality, implantation rate, and live
birth as well as endometrial thickness. While some studies
did not find any association between chemicals and IVF out-
comes, others found that in particular the lipophilic POPs
were associated with lower fertilisation rates and poorer
embryo quality after adjusting for covariates such as age,
body mass index, and oestradiol. For example, dichlorodiphe-
nyldichloroethylene (DDE), a metabolite of DDT, was found
to be associated with lower oocyte quality in three studies
(43,57,60), while two failed to find associations (56,59). The

indicator PCBs (PCBs 28, 52, 101, 138, 153, and 180) were
associated with lower oestradiol, thinner endometrium, and
lower fertilization rates in most studies (57,60,62). The PFAS
compounds were evaluated in two studies and found to be
associated with higher androgen levels and higher embryo
quality (65,66). It is clear that more studies are warranted,
both experimental and epidemiological, to interpret these
associations. It should also be noted that the reported cohort
studies are relatively small, most having fewer than 100 par-
ticipants, which clearly limits the statistical power.

3.3. A way forward

Studying the effects of POPs on fertility in women is chal-
lenging, as fertility and fecundability depend on multiple fac-
tors. In addition, women (and couples) are exposed to
multiple POPs, which makes statistical analyses challenging.
Ideally, similar chemicals are grouped together, allowing
comparison of toxic equivalency values which is currently
done for dioxin and dioxin-like compounds. Alternatively,
statistical methods that can handle highly correlated expo-
sures and non-linear relationships that are typical for these
chemicals should be further developed. Effects seen only in
some quantiles of exposure should not be disregarded but
rather explored further. Lastly, human folliculogenesis lasts
for months, and during this time cytoplasmic and nuclear
maturation take place including epigenetic changes and
germline imprinting. Exposure assessment during preconcep-
tion could help identify chemicals with adverse effects on
oocyte quality.

Population studies give a good starting point for gauging
associations between exposures and reproductive outcomes.
However, for proving causality, experimental models will be
needed. Better understanding of mechanisms underlying



UPSALA JOURNAL OF MEDICAL SCIENCES 89

(panunuod)
(09) '|e 32 woog YHIq 31| 104 poOYI[NI| JSMOT Jw/bu (40°0) LL°O vSn -8t 14 8007-£00
(65) '|e 32 eAoSIf SWO2IN0 JA| YHM uoneOsse ON spidif 6/6u (1'6) L'8 dlignday yraz) L-ST 66 ¥007-£00C
(99) "o 12 dijp4 2@ - spidy] 6/6u ot Aley 76-8¢ 4! 0002 Lol 9>d
(09) '|e 32 woo|g WNUIBWOPUS Jauuy] Jw/bu (20°0) ¥0°0 vsn 8¢ 14 8007-£00C
(99) "le 33 dijp4 3@ - spidy) 6/6u 0z Aley 76-8¢ 4! 0002 66 92d
(09) '|e 139 woo|g Aujenb okiquia Jamo ‘winpawopua Jauuly Jw/bu (20°0) $0°0 ¥sn -8t zs 8007-£00 /8 92d
(09) '|e 32 woo|g Uuiq dAl| Joj pooyl|ayl| JamoT Jw/bu (20°0) 90°0 vSn -8t 43 8007-£00C ¥4 92d
(09) '|e 32 woo|g Uuiq dAl| pue uonejue|dwl 10§ POOY[3Yl| JSMOT] Jw/bu (+0°0) 60°0 ¥sn 8¢ 4 8007-£00C 99 92d
(€9) "le 33 Bueny - spidy) 6/6u (L) €F eulyd S€-0¢ [TL £10¢
(29) °[e 1° lutessNy-|y €S JO I3quinu J3YybIY ‘winLIdWOPUS J3uUIy] /61 (1'vS) 9°0L€ 1dAb3 8¢-0¢ 6 £10Z-0L0¢
(09) '|e 32 woo|g SWOJIN0 JA| YHM UONRIDOSSe ON Jw/Bu (£0°0) 9L°0 vsn 8¢ 143 8007-£00C 7S 9d
(€b) "2 13 1ejBUNOA UMOYs 10U }|nsal SW0dINQ Jw/6d (89) +'79 epeue) 8€-8C Lz 4N
(09) '|e 32 woo|g SWOJIN0 JA| YHM UONRIDOSSe ON Jw/bu (£0°0) £0°0 vSn T4 4 4 8007-£00 6v 92d
(65) "Ie 33 eAosir S3WODINO JA| YUM UolIRDOSSe ON spdi] B/6u (0'%€) L€l dlgnday Yz Ly—-ST 66 ¥00Z-£002 LY 92d
(09) '|e 32 woo|g SWOJIN0 JA| YHM UONRIDOSSe ON Jw/Bu (£0°0) 60°0 vsn -8t 143 8007-£00C
(65) '|e 12 eAosIf SWO2IN0 JA| YHM UoneIOsse ON | B/6u (57) 8'L dlgnday yrez) -5 66 ¥002-£00C ¥ 92d
(€9) "le 33 Bueny - spidy) 6/6u (6€) ST eulyd G€-0¢ V4! £10¢
(29) "[e 33 1ulesSNH-|y panaulas sb63 Jo Jaquinu Jaybiy ‘wnizWOopUS JXIIYL /61 (16) 'St 1d463 8€-07 6 £107-010¢
(09) '|e 32 woo|g uonejue|dwi 1oy pooyI[aNI| 1Mo Jw/bu (£0°0) €10 vSn w8t 143 8007-£00C 87 92d
(£9) "|e 19 0i33d SWOJIN0 JA| YHM UoneIdOsse ON an wniblag T4 0T 6002800
(S5) '|e 13 13 - Wbram 3am 6/6u [020°0] vSn vv-5T u £00Z-¥661 Jojyoeuousuel|
(£9) "|e 19 013d SDWOJIN0 JA| YHM UoneIOSse ON an wniblag T4 0z 6007-800C
(GS) "|e 18 133N - Wbem 1om 6/6u [710°0] vsn T 14 €007-1661 auepio|ydAxQ
(19) 'l 18 nyz - spidi| 6/6u (£'6v) L'TL eulyd SE-07 [Tl €10 HOH-P
(19) '|e 18 nyz - spidy) 6/6u (¥£9) 5'8L eulyd S€-0¢ LTl €107
(£9) "|e 19 013d S9WOJIN0 JA| YHM UoneIOsse ON Jwy/bd (1) ¥€ wniblag T4 oy 6007-800C HOH-6
(19) '|e 12 nyz - spidi 6/6u (1'97) €°£T eulyd S€-0C [Tl €10C
(£5) "e 13 0113 sokiqui Ayjenb-ybiy Jamay ‘23l UONEZI|ILSY JOMOT Jw/bd (S¢€) ve wnibjog €762 ot 6007-800C HOH-9
(19) '|e 18 nyz - spidy) 6/6u (1°S1) €67 eulyd S€-0¢ LTl €10C HOH-e
(19) e 18 nyz - spidi| b/6u (91'%) 6€8 eulyd Se-0¢ [TL €107
(£9) |e 13 1ueSSNH-|Y $28S JO JaqUINU JIMO| ‘WNLIIBWOPUS Jauuly] /61 (8°€) 11T 1dA63 8¢-07 6 €107-010T
(£9) "|e 19 0i33d SWOJIN0 JA| YHM UoneIOSse ON Jwy/bd (5) s¢ wniblag T4 or 6002800
(09) '|e 32 woo|g SWOJIN0 JA| YHM UONeIDOSSe ON Jw/bu (£0°0) 100 vSn -8t 4 8007-£00¢
(65) '|e 12 eAoSIIf SWOJIN0 JA| YHM UoneOSse ON spidi b/6u (6'52) 1'86 dlignday yraz) L-ST 66 ¥007-£00C
(89) "le 19 ysjes-|y S9WO02IN0 JA| YHM UOHEIOSSe ON /61 ¥%00°0 eiqely Ipnes 0S-61 619 £007-700T
(9 REPEYEETN - WyBem 3om 6/6u [10°0] vsn a4 u £007-1661 laa
(19) '|e 18 nyz - spidi 6/6u (g91) 8'S eulyd S€-0¢C LTl €10C
(65) '|e 12 eAoSIf SWO2IN0 JA| YHM uoneIOSse ON spidi] B/6u (9°G1) L€l dlignday yraz) L-ST 66 ¥007-£00C
(85) "[e 19 ysjes-|y S9WO02IN0 JA| YHM UOREIOSSe ON 1/67%000°0 eIqely Ipnes 0S-61 619 £007-200T aaa
(€b) "2 13 1ejBuUnoA uonezI|id) Yum pajefa.iod ApAnehaN Jw/bd (¥8S1) ££9T epeue) 8€-8C Lz 4N
(19) '|e 18 nyz - spidy) 6/6u (7v€) €98 eulyd S€-0¢ LTl €10C
(£9) "|e 19 013d sofiquia Ayjenb-ybiy Jamay ‘23l UONEZI|ILY JSMOT Jw/bd (8¥€) Z6€ wniblag T4 oy 6007-800C
914200 ainjew
(09) '|e 12 woo|g 4O [eA3LI}31 10} POOY|3Yl| JIMO] ‘[9A3)] [OIpeIIS30 ead JaybIH Jw/bu (26°0) 89°0 ¥sn 8¢ 14 8007-£00C
(65) '|e 13 erosf S9WO02IN0 JA| YHM UONHEIOSSe ON spidi 6/6u (z's0zy) £°€0g€ dlqnday yosz) Ly-ST 66 ¥007-£00C
(89) "[e 19 y3es-|y SWO2IN0 JA| YHM UoneIOSse ON /61 £0¥°0 eiqely Ipnes 0S-61 619 £00Z-200T
(95) " 10 dij24 2@ - spidi| 6/6u 0g9 Aey 7e-8¢ 4! 000
(SS) "[e 32 12x2dW - Wyb1am 1am B6/6u [€9€°0] vsn a4 u £007-1661 jaa
(£S) "|e 12 odd sofiquia Ajenb-ybiy Jamay ‘a1es uonezI|iLG) JaMoT Jw/bd (61) z€ wnibjag €v-SC oy 600Z-800C
(99) "le 12 dijp4 2@ - spidi| b/6u g/ Aley 7€-8¢ 4! 000
(SS) "e 19 Iy - b1am 19m 6/6u [S€0°0] vsn Va4 4 €00C-1661 4OH
S9JUal9)aY nmwrco&bo 4A| 01 uoneossy mAmmcE 10 Dmv —:m__uwS: uonedoT Amhmwb u _uo_‘_wQ mc__QEmm |esrwsyd
{uesaw >11BWO9D} ues|y aby

:pIN}4 Je[NdI||0} Ul [9AT]

"3WO0DIN0 JA| 0} SUONRIDOSSE 3Y} pue pInjj Je[ndljjo) Ul SdOd O S|9AST *T 3|qel



920 R. D. BJORVANG AND P. DAMDIMOPOULOU

(panunuod)

(£9) "|e 19 oi33d SSWOJIN0 JA| YHM UoneIOsse ON Jw/6d (1) 8L wniblag £v-5¢C or 6002800
(09) '|e 32 woo|g S9WO02IN0 JA| YHM UoReOSSe ON Jw/bu (20°0) 200 vsn 14 14 43 8007-£00¢
(99) "le 33 dijp4 3@ - spidif 6/6u €9 Aley 76-8¢ 4! 0002 /81 92d
(£5) "|e 19 033d S9WO02IN0 JA| YHM UopeOsse ON Jw/bd (g) €1 wniblag £v-ST oy 6007-800C
(09) '|e 32 woo|g SSWOJIN0 JA| YHM uonelosse ON Jw/bu (10°0) 0 ¥sn 8¢ 14 8007-£00
(99) " 12 dijp4 2@ - spidi| 6/6u 0g Aley 7€-8¢ 4! 0007 €81 92d
(#9) "I 12 s|pmneq - wbam 1om b/6d (z£€—19) L9L wnibjag vv-6C 8 4N
AmS ‘le 1o _m_mc30> UMOUYS 10U }jnsal sawodinQ ._E\mn_ AN.mv 79 epeue) sieak 8¢—8C 4 N
(€9) '|e 10 Bueny - spidi| 6/6u (L€0) €00 eulyd SE-0C Y4} €10
mo\CnEw paAes|d Jo Jsquinu
(29) "[e 19 Iuessny-|y 13Mo] ‘5314200 Pas|1343) JO 1IGUINU IIMO] ‘WINLIIBWOPUS JBUUIY | /61 (T6l) $°LOL 1dA63 8¢-0¢ 6 £102-010T
(£5) "|e 19 ondg sofiqua Aujenb-ybiy Jamaj ‘o3l UONEZI|IL JSMOT Jw/bd (g€) LS wniblag €76 o 6007-800C
(09) '|e 32 woo|g S3D1]|04 |eJ3ue Buljdseq Jama Jw/bu (20°0) ¥0°0 ¥sn 8¢ 14 8007-£00
(SS) " 19 19 - 1y61am 19m 6/6u [S¥0°0] sn rv-5T u £00Z-7661
(99) "le 33 dijp4 3@ - spidij 6/6u oot Aley 76-8¢ 4! 0002 081 92d
(£5) "|e 19 ondd sofiquia Aujenb-ybiy Jamay ‘o1l UONEZI|ILY JSMOT Jw/bd (1) 1T wniblag £7-6C o 6007-800C
(09) '|e 32 woo|g S3DI||04 |eJiue duljdseq Jama Jw/bu (L0°0) LO0 ¥sn 8¢ 4 8007-£00
(99) "e 12 dijp4 2@ - spidij 6/6u 0oL Aley 7€-8¢ 4! 0007 0/1 9d
(99) "le 32 dijp4 3@ - spidij 6/6u gz Aley 76-8¢ 4! 0002 £91 92d
(65) "|e 32 eAoSIf SWOJIN0 JA| YHM UoneIOSse ON spidi 6/6u (6°01) Z0L dlignday y2az) Lv-ST 66 ¥007-£00C 851 92d
(99) "le 32 dijp4 3@ - spidi| 6/6u £'9 Aley 76-8¢ 4! 000 £S1 9d
(99) "|e 12 dijp4 2@ - spidi| 6/6u og Aley 7€-8¢ 4! 000 951 9dd
(€¥) |2 19 1e|bUNOA UMOYS 10U }NSal dW02INQ qw/bd (0°2) €€ epeue) sleak g —8t 1z UN
(#9) "Ie 13 sjamneq - Wbem 19m 6/6d (LLy—¢6) LLL wniblag 61 8 4N
(€9) '|e 1o bueny - spidi| 6/6u (8Z°0) ¥0°0 eulyd SE-0C [Tl €107
(£5) "B 19 odg sofiqui Ayjenb-ybiy Jamaj ‘o1l UONEZI|IL) JSMOT Jw/bd (v¥) T/ wniblag £7-6C o 6007800
(09) '|e 32 woo|g [2A3] |01pe1IS30 Yead JamoT Jw/bu (¥0°0) £0°0 vsn -8t 14 8007-£00C
(SS) " 19 13 - 1y61am 19m 6/6u [7£0°0] sn rv-ST u £00Z-7661
(99) "le 32 dijp4 3@ - spidi| 6/6u 005 Aley 7€-8¢ 4! 000¢ €51 92d
wnujswopus Jsuulyl
(09) ‘|e 1@ woo|g pue ‘paAdLIIRl $91AD00 JaMB) ‘S3PD1)[0) |eJIUR dUl|ISeq JIMI4 qw/bu (L00) L0°0 vsn w-8T 43 8007-200C 151 9Xd
(09) '|e 33 woo|g Aujenb ofiquis J1amo| ‘wintIBWOPUS JBuUIY | Jw/bu (£0°0) S0°0 vsn 8T 43 8007-£00C 6¥L 91d
(09) '|e 15 woo|g uoneyueidwt Joj pooytjai| JaYbIH Jw/bu (10°0) 0 ¥Sn 8¢ 4 8007-£00C 9L 9dd
(79) "Ie 19 sjpmneq - wbiem 39m 6/6d (96£—€9) 191 wnibjeg vr—6 8 4N
(€9) '|e 12 Bueny - an eulyd S€-0¢ LTl €107
(29) "Ie 39 Iutessny-|y wiNLIdWOPUS J3IYL /61 (£°12) TovL 1dA63 8€-07 6 €102-0107
(£9) "|e 10 o33 sofiquia Aujenb-ybly Jamay ‘a1es UOHEZI|ILIS) J9MOT Jw/bd (c€) 6 wniblag T4 o 6007800
(09) '|e 32 woo|g [2A3] [01pe1ISI0 Head JamoT Jw/bu (£0°0) S0°0 vsn -8t 143 8007-£00
(99) "le 12 dijp4 2@ - spidij b/6u oge Aley 76-8¢ 4! 000¢
(SS) " 19 JxydRW - wbam 19m 6/6u [£40°0] vsn a4 4 €002-1661 8¢l 9d
(#9) "e 1 s|amned - ybram 1om 6/6d (£8—87) 09 wniblag rh-6C 8 4N
(€9) "Ie 19 bueny - spidi| 6/6u (61) 6 BuIYD se-0z LTl €107
(£S) |2 3° o1¥d sofiquia Ayijenb-ybiy Jamay ‘o1es uoiiezi|iniay Jamo Jwy/bd (8) L wnibjag £-ST or 6002-800C
(09) '|e 32 woo|g SWOJIN0 JA| YHM UoneIOSse ON Jw/bu (£0°0) 90°0 vsn 14 14 143 8007-£00C
(99) "le 12 dijp4 2@ - spidif 6/6u z/ Aley 76-8¢ 4! 000
(SS) "e 19 JydW - b1am 19m 6/6u [2£0°0] vsn a4 4 €002-1661 8Ll 92d
(09) '|e 32 woo|g SWO2IN0 JA| YHM UoneIOSse ON Jw/Bu (£0°0) 60°0 vSn -8t 14 8007-£00C 0Ll 8d
(£5) "|e 19 033d SWOJIN0 JA| YHM UoneIOSse ON an wniblag T4 or 6007-800C
(09) '|e 32 woo|g Jw/bu (20°0) 200 vsn 8T 143 8007-£00C S0l 92d
(€9) '|e 12 Bueny - an eulyd Se-0¢ yid} £10C
S9OUDIJRY SOWO2IN0 JA| 0} UOIIRIDOSSY J(bues 1o Qgs) [ueipap] uoned0q (s123K) u pouad bujjdwes |es1way)
{ueaw >11WO03D} uesly by

pInyy Jegndijjo4 Ul (247

‘panunuo) -z |qe]



UPSALA JOURNAL OF MEDICAL SCIENCES e 91

‘syuelnjjod diuebio judisisiad :sdOd ‘JAusydiq
paieuojydAjod :gdd 4syrd |Ausydip psreujwoighjod :3qdd ‘psodas 1ou YN ‘duexayojpAdolojydexay :HOH ‘auszusqoiojydexay :gdH -sueyisoiojydjAusydipolojydip :1aqg ‘susjhyisolojydipjfusydipoiojydlp :3aq

"~ Aq pajediput s

Apnis ainsodxa uy,,

*Apnis 8y} ur pawiodal se pasn suun,

(99) "|e 19 ueusdyaH S|9AS] SU0J31S0153) JAYBIH Jw/bu (1) {88°0} N Sv—-0¢ 6S S10T
sofiqwa Ayjenb
(59) "|e 12 0433d -ybiy yo uonodoud saybly ‘d1es uoneZI|ILIBY JYBIH qw/bu (£71) [£°0] wniblag T4 8¢ 6002800 SXH4d
(99) "|e 19 ueusdyaH S|9A9| 3UOIP3U]SOIPUER U 3U0I3IS0)s3} J3YBIH Jwy/bu (zv'1) {10} N Sv-0¢ 6S SL0T
ofiqua Ayjenb
(59) "le 19 oi1dd -yb1y yo uoodoud Jaybly ‘a1es uonezi|Idy JaYLIH qw/bu (6°1) [#°0] wnibjag T4 8¢ 6007800 YN4d
(99) ‘le 12 ueWIAYSH S|9AS] SU0J31S0153) JAYBIH Jwy/bu (Lz'9) {z8'1L} N S0 6S S10T
ofiqua Ayjenb
(99) "e 32 oi1xd -y61y jo uonodoid 1aybry ‘3184 uonezi|Izy 13Y6IH Jw/Bu (g) [8'1] wniblag €v-5C 8¢ 600Z-800C Y04d
(99) “|e 12 ueusaysH X3pUl SUOIPIUIISOIPUR 33U JOMO| ‘S3PAD [eniisusw Jejnbau Jw/bu (69°€) {T} N S—0¢ 65 5102
ofiqua Ayjenb
(59) |e 32 o11dd -yb1y jo uoiiodoid saybiy ‘a1e1 uonezi|iudy JYbIH Jw/bu (£0¢€) [5/] wnibjag €76 8¢ 6007-800 S04d
(€9) '|e 33 Bueny - spidi 6/6u (1°1) ¥2°0 eulyd S€-0C V4 €10C
(Sb) "|e 32 uosuyor uonejue|dwi pajiej UM uoneIdOSSe ON ybram 19m 6/6u000°0 sn =11 59 £007-1661 €81 304d
(€9) '|e 32 Bueny - spidif 6/6u (1°7) €70 eulyd S€-0C V4! €10C
(Sb) "le 39 uosuyor uoejue|dwi pajie) Yyum uoleposse o ybram 1om 6/6u £00°0 sn =11 59 £007-1661 ¥SL 3a4d
(€9) '|e 33 Bueny - spidi 6/6u (g€) L'L eulyd S€-0C V4 €107
(Sb) "|e 39 uosuyor uonejue|dw pajie) 10y SPpO paseainu ybram 1om 6/6u £00°0 sn Yh-1T 59 £007-1661 €51 3d4d
(€9) '|e 12 Bueny - spidi B/6u (17) s¢ eulyd S€-0C Vi d} €10C
(Sb) "|e 39 uosuyor uonejuejdwi pajiey Yim uopeidosse oy yBram 1om 6/6u900°0 sn =11 59 £007-1661 00l 3add
(€9) '|e 32 Bueny - spidi B/6u (€1) €L eulyd S€-0C [Tl €107
(£9) "|e 19 oix3g SIWODINO JA| YHM UOIIRIDOSSe ON Jw/bd ¥ | wniblag T4 or 6007800
(S¥) "|e 32 uosuyor uonejue|dwi pajiej yum uonerosse oN Wyb1am 19m 6/6u 100 sn Yh-LT S9 £007-1661 66 3a9d
(€9) '|e 10 Bueny - spidi| 6/6u (16'0) €0 eulyd SE-07 Y4} €107
(£5) "|e 19 oi33d S9WO02IN0 JA| YHM UoRneOSSe ON Juw/bdz1 wniblag €76 or 6007800
(Sb) "|e 39 uosuyor uonejue|dwi pajiej UM uoneIdOSSe ON ybram 1om 6/6u920°0 sn =11 59 £007-1661 /¥ 304d
(€9) '|e 32 Bueny - an eulyd S€-0C yid} €10C
(Sb) "le 39 uosuyor uonejuejdwi pajiey Yim uopeosse oy ybram 1om 6/6u 1000 sn rh-1T 59 £007-1661 87 304d
(99) "l 12 dijp4 2@ - spidi| 6/6u €g Aley 7€-8¢ 4! 000 ¥6L 92d
(99) "le 32 dijp4 3@ - spidij 6/6u 06 Ajey 76-8¢ 4! 0002 681 9Xd
S9OUDIJRY SOWO2IN0 JA| 0} UOIIRIDOSSY J(bues 1o Qgs) [ueipap] uoned0q (s123K) u pouad bujjdwes |es1way)

{ueaw >11BWO9D} ued
pINjy fe[ndfjjoy Ul (9437

by

‘panunuo) -z |qe]



92 e R. D. BJORVANG AND P. DAMDIMOPOULOU

folliculogenesis, oocyte quality, ovarian aging, and endomet-
rial receptivity will be needed in order to tailor better assays
for chemical safety testing.

4, Conclusions

Multiple studies have identified cocktails of POPs in ovarian
follicular fluid of reproductive-aged women across the world,
although the use of most of the chemicals in focus in this
review was restricted decades ago (Tables 1 and 2).
Specifically, lipophilic organochlorine chemicals such as DDE
and PCBs were associated with worse outcomes in IVF treat-
ments (Table 2). In addition, these compounds have also
been linked to other adverse reproductive outcomes in
women (Table 1). Originally, organochlorine chemicals were
found to be toxic for reproduction in wildlife animal popula-
tions. Our review suggests that they may also worsen the
chances of successful fertility treatments in humans.
Although cohort studies give information about significant
associations between exposures and outcomes, they cannot
demonstrate causality or inform about associated mecha-
nisms. Therefore, experimental models will be needed for
proving endocrine mechanisms of action as well as causality.

Because EDCs affect not only reproductive function of
women but also the health of the offspring, it is of utmost
importance that all action should be taken to reduce expos-
ure. Advising women and families on the use of consumer
products, healthy diets, and home supplies represents a
good start and raises awareness. However, populations can
only truly be protected with better chemical regulations that
prevent harmful chemicals from entering the market.
Therefore, research proving causal effects between EDC
exposures and adverse effects in humans is urgently needed.
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