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Abstract

Background: Endocrine disrupting chemicals have harmful effects on reproductive,
perinatal, and obstetric outcomes.

Objective: To analyze the evidence on nutritional interventions to reduce the negative
effects of endocrine disruptors on reproductive, perinatal, and obstetric outcomes.
Search strategy: A search of MEDLINE (PubMed), Allied Health Literature (CINAHL),
EMBASE, Web of Science, and the Cochrane Database was conducted from inception
to May 2021.

Selection criteria: Experimental studies on human populations.

Data collection and analysis: Data were collected from eligible studies. Risk of bias as-
sessment was completed using the Cochrane risk of bias tool and the ROBINS-I Tool.
Results: Database searches yielded 15362 articles. Removing 11 181 duplicates, 4181
articles underwent abstract screening, 26 articles were eligible for full manuscript
review, and 16 met full inclusion criteria. Several interventions were found to be ef-
fective in reducing exposure to endocrine disruptors: avoidance of plastic containers,
bottles, and packaging; avoidance of canned food/beverages; consumption of fresh
and organic food; avoidance of fast/processed foods; and supplementation with vita-
min C, iodine, and folic acid. There were some interventional studies examining thera-
pies to improve clinical outcomes related to endocrine disruptors.

Conclusion: Dietary alterations can reduce exposure to endocrine disruptors, with
limited data on interventions to improve endocrine-disruptor-related clinical out-
comes. This review provides useful instruction to women, their families, healthcare

providers, and regulatory bodies.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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1 | INTRODUCTION

Endocrine disruptors are exogenous agents that interfere with
synthesis, secretion, transport, metabolism, binding action, or
elimination of natural blood-borne hormones that are present in
the body and are responsible for homeostasis, reproduction, and
the developmental process.1 An important source of exposure to
endocrine-disrupting chemicals (EDCs) is diet, with ingestion being
the dominant source? of exposure globally. Dermal absorption and
inhalation exposure to EDCs has also been reported. Building ma-
terials and industrial products also contain EDCs, including flame
retardants and PVC.>* Cosmetics, personal care products, anti-
microbial products and cleaning products, and household or indus-
trial pesticides all contain EDCs.>

Endocrine disruptors affect a broad range of hormonal axes and
physiological systems. Their effects have previously been divided
into six types of toxicity including reproductive, developmental,
and metabolic toxicity, neurotoxicity, immunotoxicity, respira-
tory toxicity, and carcinogenic effects.® For a woman or couple
considering a pregnancy, EDCs can affect conception, in-utero
development, neonatal life as well as long-term child and mater-
nal health. There are several windows of vulnerability through-
out this process, where the woman and the fetus are particularly
vulnerable to the adverse effects of endocrine disruptors. Oocyte
integrity is compromised by EDCs, through oxidative stress and
apoptosis’ and by reducing counts of antral follicles.® This, too,
has transgenerational effects. Pathological hormonal changes can
affect gonadal development both in utero and after birth, causing
estrogen-mimetic effects on male gametogenesis with testicular
failure, and testosterone-related effects on female development,
altering the onset of puberty and menarche and increasing the risk
of precocious puberty.9 During the first weeks of fetal life, critical
fetal neurogenesis requires adequate quantities of thyroid hor-
mone. Where maternal exposure to EDCs interferes with thyroid
function,'© dysfunctional neurogenesis can result.? Some studies
have linked prenatal endocrine exposure to cognitive and behav-
ioral impairment, autistic spectrum disorders, and lower intelligent
quotient (1Q) scores for the child in later life.}113

The burden of morbidity with EDCs is complicated for many
reasons: heterogeneity of exposure; multiple exposures at the same
time; and difficulty in measuring the specific type of EDC expo-
sure. EDCs can be either lipophilic or hydrophilic. Some lipophilic
EDCs can accumulate in adipose tissue, giving these EDCs a rela-
tively long half-life in the human body. Other EDCs are hydrophilic
and have shorter half-lives though are often ubiquitously measured

endocrine disruptors, lifestyle interventions, nutritional interventions, perinatal morbidity,

due to repeated and consistent exposure.14 Diabetogenic effects of
EDCs are exerted through two main pathways. Alterations in fetal
development of the pancreatic beta-cells and the immune system
cause type 1 diabetes mellitus later in life.'> Separately, endocrine
disruptor interference with glucose and lipid metabolism contrib-

1617 as well

ute to insulin resistance and type 2 diabetes mellitus,
as metabolic toxicity and obesity.ig'20 There is a synergistic effect
here as some EDCs are themselves obesogenic, promoting weight
gain, slowing weight loss, and increasing the volume of adipose and
subsequent bioaccumulation of EDC.%2! Endocrine disruptors have
also been detected in the placenta and amniotic fluid, where they
are proposed to be linked to adverse obstetric outcomes including
preterm birth, gestational diabetes, pre-eclampsia, and fetal growth
restriction.?22

While there are strong bodies of evidence on the harmful ef-
fects of EDCs on female and male reproductive health and fetal
development,**?¢ there is less clear guidance on how to minimize
these effects. The pervasiveness of endocrine disruptors in every
aspect of food cultivation, transport, storage, and preparation leads
to exposure to women and their families. EDCs have the potential
to have a life-altering impact on families and societies in general
and urgent global action is needed to reduce systematic exposure
in every aspect of modern living. In the interim, the aim of the pres-
ent systematic review was to summarize the evidence of nutritional
interventions to minimize exposure to EDCs and to ameliorate the
adverse effects of EDCs when exposure does occur. It is hoped that
the present study will be a useful tool to women and their families,
to healthcare providers, and to governmental bodies, empowering
them in making evidence-based decisions to reduce the effect of

EDCs on the lives of their populations.

2 | MATERIALS AND METHODOLOGY

In order to specify the study question, a Population-Intervention-
Control-Outcome (PICO) tool for the study was created through col-
laboration between the authors:

e Population: Human populations (both adults and children, male
and female, and pregnant and non-pregnant cohorts) with expo-
sure to endocrine disrupting chemicals

e Intervention: Any nutritional intervention undertaken with
the aim of reducing the exposure or effect of EDCs upon the
population

e Altering diet content: fruit/vegetables, organic foods, variety,
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avoidance of processed foods, Dietary Approaches to Stop
Hypertension (DASH) diet, Mediterranean diet, high fiber diet,
high protein diet, anti-oxidant diet
e Minimizing exposure to EDCs: avoidance of pesticides, limit-
ing exposure to phthalates, breastfeeding, avoidance of pro-
cessed baby food/canned foods, altering methods of food
preparation
e |odine replacement
e Folic acid replacement
e Nutraceuticals: dietary supplementations including anti-
oxidant supplements (vitamin C, vitamin E, selenium,
melatonin)
e Microbiome: probiotic therapy or correction of dysbiosis
e Control: Placebo or non-exposure to the intervention
e Outcomes: Centered around reproductive, maternal, and fetal
health
o Fertility: pregnancy rate, both male and female. Fertility pa-
rameters and assisted reproduction
e Pregnancy outcomes: placental bioaccumulation, miscarriage,
pregnancy loss, adverse obstetric outcomes including preterm
birth (PTB), pre-eclampsia, gestational diabetes (GDM), and
fetal growth restriction
e Fetal development: neurocognitive morbidity linked to thyroid
dysfunction, HPA axis alteration and steroidogenesis, congen-
ital fetal anomaly
e Maternal health: thyroid metabolism, insulin resistance, diabe-
tes, obesity
e Exposure to endocrine disruptors: typically measured as
serum or urine levels of endocrine disruptor metabolites
The search was created using the PICO structure to create a con-
cept map of Medical Subject Headings (MeSH) search terms. The
search methodology is reported here using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.?’

2.1 | Eligibility criteria
For the search, inclusion and exclusion criteria were based on the
study question and characteristics as described in the PICO above.

Inclusion criteria were as follows: original research articles; ob-
servational cohort studies - both retrospective and prospective; ex-
perimental studies - both prospective and non-randomized control/
crossover studies; human studies; and English or non-English report-
ing. Exclusion criteria were as follows: non-human subjects; reviews
or other non-original research articles; exposure or intervention not
reported; and results not reported.

Studies that met the selection criteria were screened by title
and abstract, filtering the results for articles aligned with the PICO.
Articles with titles and abstracts in keeping with the aim of the re-
view were then moved forward for full article review. Where it was
unclear from title and abstract review if the article met the inclusion
criteria, it too was included for full review.

2.2 | Information sources

The Cochrane Handbook for Systematic Reviews of Interventions and
the Preferred Reporting Items for Systematic Reviews were used to
guide the systematic review. The following databases were searched:
MEDLINE (PubMed) 1966-2021; Allied Health Literature (CINAHL)
1990-2021; EMBASE 2000-2021; Web of Science 2000-2021; and
the Cochrane Database 1996-2021. The search was performed on
February 27, 2021, and was repeated on May 15, 2021. Reference
lists for included articles were hand-searched for additional articles
meeting the inclusion criteria.

2.3 | Search strategy
All relevant studies were included regardless of language or pub-
lication status (published, unpublished, in press, or in progress).
Reference lists for all articles yielded through the database search
were examined for additional articles for inclusion, including pub-
lished reviews on this topic or similar topic content. The PICO struc-
ture was used to create a concept map of MeSH search terms of
the PICO. Each concept of the PICO was used as a concept title,
and a comprehensive search of each concept was then created using
the advanced search function on each database. The concepts were
then combined using Boolean search terms (AND/OR) as below:
e Patient: “Endocrine Disruptor Exposure”
AND
e “Pregnancy”
OR
e Intervention: “Diet Content Intervention” OR “Minimising EDC
Exposure” OR “lodine Replacement” OR “Folic Acid Replacement”
OR “Neutraceuticals” OR “Microbiome”
OR
e Outcomes: “Fertility” OR “Pregnancy Outcomes” OR “Fetal
Development” or “Maternal Health”

Search filters were also used, based around the inclusion and exclu-
sion criteria. Filters included randomized controlled trials, clinical tri-
als and human-only studies. All search results were then collated into
one master search results folder on reference management software,
EndNote. 2

2.4 | Selection process

Results of all database searches were collected on reference man-
agement software.?® Duplicates were removed and article title and
abstracts were then screened for inclusion. Articles were screened
by author GAC using titles and abstracts against the selection crite-
ria. A second author (SL) screened 25% of search results indepen-
dently, with no discrepancies between the two. During screening, if
an abstract was deemed eligible or inconclusive, the full study article
was then examined in close detail. Articles were then deemed suit-
able for inclusion thereafter.



CORBETT ET AL.

2.5 | Process of data collection

After an article was deemed eligible for inclusion by the two review-
ers, the data were examined and manually collected by two review-
ers (GAC, SL). Data were collected on a data collection sheet created
for the present study. Where data appeared incomplete or addi-
tional information was required, the corresponding author of the
study was contacted. The review was reported using the PRISMA

guidelines.27

2.6 | Dataitems

Target data included study author name, year and location of pub-
lication, study design, study population and size, and specific inter-
vention and control group regimens. The outcome domains centered
around the outcomes identified in the PICO: fertility; pregnancy out-
comes; fetal development; maternal health; and changes in exposure
to EDCs.

2.7 | Study risk of bias assessment

For randomized controlled trials and crossover trials, the Risk of
Bias and methodological quality was assessed using the Cochrane
risk-of-bias tool version 6.2.2%%% Methodological domains in this
assessment include random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of out-
come assessment, incomplete outcome data, selective reporting,
and other biases. The ROBINS-I tool was used to assess each do-
main of bias for non-randomized trials. Domains of bias included
confounding bias, selection bias, bias in classification of interven-
tions, bias due to deviations from intended interventions, bias due
to missing data, bias in measurement of outcomes and bias in se-
lection of the reported results. Bias was judged by two reviewers
(GAC, SL). We evaluated each of the domains separately as this
is consistent with previous empirical analyses.®**3 If discrepan-

cies occurred, the senior author (FMcA) was consulted to resolve

assessments.
3 | RESULTS
3.1 | Study selection

The database searches yielded 15362 articles. A total of 11181
duplicates were removed, leaving 4181 articles for title and ab-
stract screening. After title and abstract scanning, 26 articles were
considered relevant, and their full manuscripts were reviewed for
inclusion. Of these studies, 16 met the inclusion criteria (Figure 1).
Ten articles were excluded, with reasons for exclusion also in-

cluded in Figure 1.

3.2 | Study characteristics

Key characteristics of each study are presented in Table 1. The
studies were published between 2009 and 2021. Population size
per study was in the range of 15-355 participants. Three studies
included pregnant participants, six included young healthy partici-
pants, two included families including parents and children, and two
studies examined interventions in solely school-going children. Four
studies included mixed-gender populations, including one on type 2
diabetic patients, one on cardiac atheromatous disease, and one on
men and women aged over 60 years.

3.3 | Risk of bias in studies

Of the 16 included studies, eight were randomized controlled trials.
In addition, there were three crossover trials and six non-randomized
experimental trials. The risk of bias assessment is presented in
Table 2.

4 | DISCUSSION

The present systematic review found high-quality evidence to support
the consumption of organic food, avoidance of plastics, and avoid-
ance of canned food and beverages in reducing dietary exposure to
endocrine disruptors. Interventions including avoidance of fast food,
iodine supplementation, vegetarian diet, fatty fish diet, alteration of
personal care products, removal of dust, and altering fish feed are all
supported by high-quality evidence. Avoidance of plastics in the diet
was incorporated into interventions by using glass or stainless-steel
bottles and containers, and cardboard rather than plastic packaging
(or no packaging at all), and avoidance of plastic utensils and non-stick
pans in the kitchen. These interventions yielded significant reductions
in exposure to EDCs, measured as urinary BPAs or other EDC me-
tabolites. Minimizing consumption of canned food and beverages also
significantly reduces dietary exposure to EDCs. For women and fami-
lies, this is particularly useful in the preparation of food and choices
of baby food. There is observational evidence to support avoidance
of bottle feeding and processed baby food to effectively reduce ex-
posure to EDCs.*3> Avoiding canned food and processed food is an
effective way to minimize dietary exposure to EDCs.

4.1 | Replacement of folic acid and iodine

EDC-related thyroid dysfunction has been linked to neurodevelop-
mental and cognitive dysfunction.3%=38 |odine deficiency itself has
been shown to increase the risk of attention-deficit/hyperactivity dis-
order (ADHD) and low 1Q.%%%° Although there is ample observational
evidence that iodine supplementation reduces this risk, this has not yet

been demonstrated in prospected experimental trials. While there is
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FIGURE 1 PRISMA flow diagram for article processing during review. EDC, endocrine disruptor; N, number of studies

observational evidence that the replacement of folic acid is protective

t* includ-

against the adverse effects of EDCs on prenatal developmen
ing autistic spectrum disorder,***® the present review highlights that
folic acid as a potential therapy for EDC-related adverse effects has not
yet been investigated in experimental studies. With the prevalence of
autistic spectrum disorder rising, particularly in the past 20 years,**4
this protective potential of folic acid supplementation is an exciting po-
tential protective therapy. The abundance of observational data with
the absence of interventional evidence on both folic acid and iodine
therapy poses a challenge for academic and clinical communities. The
question centers on whether prospective interventional evidence is
required before the recommendation of these therapies or, given their
low side effect profile and other benefits on prenatal development,
whether they can be recommended based on existing observational

evidence alone.

4.2 | Strengths and weaknesses

The strengths of the present study are the comprehensive lit-
erature searches including all relevant publications, including

non-English articles with bibliographies also searched for relevant
articles, a broad inclusion criteria, and search strategy that allowed
all published nutritional interventions to be captured in the review.
Heterogeneity of study populations, interventions, and reported
outcomes of included studies limit the results analysis. Where a
meta-analysis could be performed on studies that reported urinary
BPAs, this would exclude almost half of the studies (n = 7/16) that
did not report urinary BPA and would significantly narrow the range
of interventions included in the present review. Most included stud-
ies did not examine clinical outcomes; rather they reported levels of
exposure to EDCs. This represents an additional caveat for prospec-
tive trial protocols. Investigation may require a two-step approach,
with the first simply being a reduction in body burden, and the sec-
ond being a change in clinical outcomes. Observational and epidemi-
ological evidence was excluded from the present review. However,
epidemiological data are important contributory resources in this
discussion. A broader review of epidemiological evidence on inter-
ventions to ameliorate the impact of endocrine disruptors is needed
as the next step from the present review, with techniques such as the
Navigation Guide highly suitable for this purpose. While non-human
studies have informed the pathophysiology of endocrine disruptors,



CORBETT ET AL.

8€'T-C'T 1D %S6 ‘TC'T |o1uo)
T2'C-6'01D %56 ‘TT'T :UoljUSAIRU|
Jw/3u ydg Adeuln :awod3no ainsodx3

GG'0- 03 9°T- 1D %56 L€ :|043U0)
9'T-9'0 10 %56 ‘T'T :UOUSAIS]

poliad swi3 J9A0 Ydq ueaw

21432W 038 Ul 9dUBYD JO 3)ewi}ss ado|s 4o) |D
%G6 YHM ‘w/3U ydq Adeulun :awod3no ainsodx3

TC-L01D %S6 ‘v'T :|0,3u0)
€T-6'012 %56 ‘9'T :uoljuaAILU|
1/81 vdg Adeuun

:3Wo23N0 aunsodx3

GT'C-65°0 1D %S6 LE'T :|013u0D
7€ T-2'0 1D %56 ‘88°0 UOIRUSAISIU|
Jw/8u ydg Adeulun :dwod3no ainsodx3

¥'2-LT 12 %56 “1/81 0°Z :]o;3u0D
7'T-0'T 1D %56 “1/31 2'T :uouanau|
1/81 vdg
AJeupin ueaw 21439WOIK) :BDWOIIN0 34nsodx]

s3ulpuly

UOIJUSAJRLUI D13se|d-UoU YIM Ydg AJeurin Jo S|9A3] Ul uoildnpad juediyiudig :s3ulpul) Jo Alewwns
sAep g :uoljuaAJaul JO uoleing
*0319 ‘saje|d ‘s9[330q 93eJ4aAq d13se|d |edldA] :joJauo)
"A|UO S|eliajew 3|qe3sodwod palyilia) (UoIJUSAIIU|
‘vdd
AJeulin JO SUOIIeJIUSIUOD UO S}ICeY SWI}[eswW [BWIOU SNSISA POOJ Us3jued 934)-d13se|d Jo 10edw|

191p [e21dA} Jo uonndwnsad
UM ulede pasealdul pue uoijuaAIalul YIM pasealdap D@3 AJeuln Jo s|aAsT :s3ulpull Jo Alewwng
sAep ¢ :juswieaJ] Jo uoneinQg
131p [ed1dA] :joJ3u0D)

SJ3U1BIUOD pUB $3]310( J91BM 93]S

-ssajule)s ‘soyse|d 9a4)-yYdg YIIM SI2UIBIUOD SSB|S) “9IBM00D >D13S-Uou pue ‘s|isuain d13se|d
‘Spo0J pauued SUIPIOAY "S}eaw pue ‘sulels ‘8aA Iy d1uesio ysauy Jo Su13sIsuod 331 :UOIFUSAISIU|
sajAjeue D3 Aldeurun uo 3a1p |ealdA) sNSIaA 131p 3udnpal-)3 Jo 3oedw|

Aiw pue

Japueliod punoJ3 ul dH3d Jo suoljesjusaduod y3iy - dH3d YHM uoljeuiweluod pooy Aq pasned)
Vdg Ateunin Jo S[aA9| ul

aseaJou] Juediyiudis Ajjedi3sizels Ajpajdadxaun pasned uojjuaAtajul Aseyaiq :sSulpulj Jo Atewwing

SAep G :UO[jUdAIdIUI JO UoljeINg

S3nopuey eIA pa32Npuod ‘duo|e uoijednpy :|oJu0)
sol3se|d Jnoypm

paJedaud spooy patajed ‘pooy d1uesdio/ysaly JO JudlSIsuod Juswade|dal Alelalq :uoijuaAIdlu|
vd4

pue sajejeyiyd Aseurin uo uoeanpa o} patedwod Juswade|dal Alelalp 939|dwod Aep-g Jo joedw|

UO[}BJIUSIUO0D BULIN \Ydg pPadnpadJ Ajjuediiusis uoljuaAlaju| 9jA3sa4] :s8ulpuly Jo Alewwng
S)29M € :UOIJUDAIIU| JO uoljeINg
AJ1A110€ |BDISAYd pue ‘3ulles Ayjjeay ‘uoljewojul \ydg Uo J93319|SMaU ANI9AN (|0J13U0D
MO|9(q SE 19}33|SM3U A|}29M JO UOIFUDAIDIUL [0JJUOD BY3 PAPN|IUl OS]y "SIDUIBIUOD pieogp.ied
/sse|8 99.)-ydg ul padexded spooy 21uesio ‘s3onpoJd aujuiwa) pue auaiSAy ‘dnaxew ‘sa[330q
J91em/asemiaddny 994)-ydg ‘SUOISSDS UOIIBINPS SPN|DUl SUOIFUDAIDIUI D]A}SDIT UOIJUSAIDIU|
*UOI3BJJUIIUOD /g AJeulin uo |043u0d 03 paJtedwod SUoIjUaAIIUI 9]A3Sa41| JO 10edw|

vda
0} ainsodxa paseatdul Ajpuediiudis sadesanaq pajeuoqued-Ajod wouy sadesanaq Jo uondwnsuo)
:s3uipuly Jo Azewwng
3939M T :UOIJUSAISIUI JO UOIjeIN
$9[170( S98eI9AS(Q Pa1eU0q.ed-A|0d :|0JIU0D
s98e19A9q SupjulIp [9915-559|UIBIS (UOIIUSAISIU|
vdg Adeunin uo sadelaAsaq Supjulip 404 $31330q pajeuoqJied-Ajod SNSISA [993s-Ssajule)s Jo 1oedw|

dnous aApde uonUaAILlU|

(0€T = u) Ajey
ul uaJpjiyd 3uio3-jooyds
|euolIusAIRIU|

(0T = u) s3131p gJed-mo|

‘SHIYS 331U Suipn|dxa

‘sSpooyJ pauued

pawnsuod Ajjuanbauy
oYM saljlwey aAlH

|BLI} JSAOSSO0ID papul|q
-UoU pazIWopuel-UON

(Ot = u) uaJpjiyd

Se pjoyasnoy awes

ul %00T 3ulAl| Jua.ed

T ‘sieaA g-, pasde

uaJp|iyd aiow 10 Z Yyim
spjoyasnoy QT - saljiwe

123 papulig-uoN

(ve=u)

IINgG [ewlou YIm

usawom pade-a89||0d
|esnedouswaud AyjjesH

1Je3s ge| ‘suaydJeasal
- 10 papuliq-3iqnog

(££ = u) s3uspnys a39||0D
pullq-uoN
1DY-UoN

azis Apn3s pue

‘uonje|ndod ‘usisap Apnis

,c1T0T ‘essas

5 TTOT ‘|2pNY

gyC10C
‘eueAeseueAyieg

«cZTOT ‘ueiqosey

56002 ‘3[IMIeD

ek
pue Joyine Apnis

(9T = u) salpn}s papnaul Jo sSuipul} pue ‘SUOIJUIAILIUI ‘So13sIIdIdeIeyD T 37dVL



190}

OLOGY

OBSTETRI(

GYNE(

CORBETT ET AL.

(senuijuo))

6T 03 8T- 1D %56 ‘T6 :|013u0)
G- 03 GE- 1D %56 ‘€L :UOlJUBAIRIU|
Jw/3u dH3Q AJeulin uesiy :Bwo23nNo aunsodxy

€¥C ¥ 869T 0Y/04 ‘LTE F ¥¥1T O4 |o43uo)
€61 F /PQT :UOIIUSAIRIU|
?m 8d s3Qgd Supbppial awp|
€2€ ¥ 99/ O¥/04
9TC ¥ ZEVT O4 :|043u0D
€0'68 F §8°GEY ‘UOlJUBAIRI|
1.8 8d sg0d7@ pup suixoig
79°0 ¥ 68’ O¥/04 ‘vE€'T F GZ'L O4 :|043u0D
T8°0 F 00’€ :uoljuUaAIalU|
1-8/81 s90d
(as ¥ ueaw) sgdd1a
s3Q49d ‘S9Dd ewse|d :2wo023no ainsodx3

1/8nG6°0 :|043u0)
q/81 £Z°0 :uoijuanialu|
913uad
4306 e 7/81 vdg-¢ Aseunin :awod3no ainsodxy

10°9 F £6'£ :|043u0D
9/'T F £T°T :uouanIay|
as¥ “1/31 vdg
AJeupn ueajn :aw023N0 aInsodxd :|0Ju0D)
UOIIUBAIRIUI g :2W02IN0 [ediul]D

T¥C-6'LT 1D %56 ‘8°0C :|043u0D
7'1-6010 %56 ‘T'T

:UOIJUSAIRIU|

7/81 wdg AJeunn :awod3no ainsodx3

s3ulpuly

d3N-n30uing dNDIN/dODIN/HH3IA
AJeulin Jamo| YIm pa3eldosse Sem [BAOWSU 3SNP 9 pazZIWopuel-uou juled :sduipulj Jo Alewwns
91| JoSuedA €
0} Y3noJy3 uoI3eIsas JO SH9IM ZE WOoJ) uoljeusws|dwl 91NSeaw JULINIY JUSWIeal] Jo uoljeing
:|oJ3u0)
$103233}9p HOWS ‘SHI0|
19uIged ‘sa31ed Jlels ‘sadIAap uoljuaAaad Aunful papnjoul spaezey Aunful 3udNPayY UOIFUSAISIU|
sajejeyjyd
AJeunn uo spaezey Aunful Suidonpau 01 pasedwod [eEAOWSJ ISNP pue uollezijige)s juled jo 3oedw|

sjuanjed Jo4 S|aA9| ewseld
13431y 1IN S|9AS| UOIJEUIWEIUOD JSMO| PeY SPa3) SuUlIeW-UoU UM Ysi4 :s8ulpuly Jo Alewwnsg
S399M 9 :JuUsWeal] Jo uoneinQg
uoljeuiquiod Oy/04 410 O4 YiIm paj uowies :joljuo)
|10 paasaded Y1IM paj UOW|ES :UOIJUSAIS]U|
(s3agd) syuepJeial sweyy ‘Sgdd ‘'sgdd1d/suixolp ewseld
uo auo|e |10 paasadel SNSIaA |10 paasadel/|l0 YsI) SNSISA |10 YsSi) YHM paj uowles o uoindwnsuo)

AdDL 10 dg9d Ul 92UaJalIp ON "Ydg s9anpaJd Ajpuesijiudis 1a1p aluediQ :s8ulpull Jo Alewwns
Adueudaud Jo Ja3sawi} p41y3 03 YSnoayl puodas Wouy ‘S)a9M {,Z :Juswieal) Jo uolesng
S9A pue 1INy [BUOIIUSAUOD) :|0J3U0D)
39A pue 3Inuy 21uediQ :UOIJUBAIDIU|
(AdDL pue ‘dNd ‘vad)
sajejeyiyd Aseurin uo uodwNSuO0d 3|qe}a39A pue }INJj |BUOIJUSAUOD SNSISA d1Ue310 JO Joedw|

aunssaud poojq
ul syuswanosdwl 03 3e|sue.y 30U PIp SIY} INg Vdg AJeulin paonpaJ adueploAe 28elaAaq pauue)
:s3uipuly Jo Atewwng
udaM}aq poLiad Jnoysem SUO|}29M UM ‘UOIFUDAIDIUI YIBD UO }39M T :UOIJUDAIS]UI JO Uoljeing
$19UlelU0d pauue) :|0Jju0)
598eJ9A9( 404 SID2UIRIUOD SSB|D) :UOIJUDAIU|
Vdg Ateunin uo sa8eaAaq SuBjulIp 10) SI9UIBIUOD SSB|S SNSIDA SISUIBIUOD pauued Jo 1oedw|

dnos ysaly 03 pasedwod ydg Adeurun uaysiy %1221 pey dnos pauue) :s3uipuly Jo Alewwng
J9A0SS04D U99MIS(

pouiad 3noysem Aep-z Yiim ‘|0J13U0d/UO0IJUSAISIUI YIBS JO SABP G :UOIJUSAISIUI JO UOIIeINQ

dnos pauue) :jos3uo)

dnos ysa.4 :uoljusAIlu|

Vdg AJeurin uo dnos ysauy snsisA dnos pauued Jo 129))3

dnous aApde uoUaAILlU|

(Sse=u)

SJIUI[D |BJEUSIUE WOU)
pa3}nJdaJ uswom ucmcww._&

JJe3s ge| ‘susydieasal

- 1Y papulig-a|qnoq 250202 ‘s1eas

(05 = u) syuaned Qyd

sdnoJ3 ¢ - 1Dy 1o2Uny1ag

(g =u)
J31sawiliy 3s41y ul
p3a3}nidaJ uswom u:m:mm._n_

123y papul|g-sj3uls 096702 ‘HND

(0T =U)

s1eah 09< pasde sjdoad
papuiqg jou
si19zAjeue ejep - |eLy
J9A0SS04D paziwopuel

pspulig-signog «c710C ‘2ed

(52 =u)

SJ93JUN|OA JJels
pue Jusapnjs A}ISIDAIUN

|14} 19A0SS0UD

papul|q-a|8uls paziwopuey 4c1TOZ ‘3limied

azis Apnys pue Jeah
‘uonje|ndod ‘uSisap Apnis pue aoyine Apnis
(penupuod) T 374dVL



CORBETT ET AL.

$D(3J SNOLIEA GT :2W03N0 a4nsodx3

(66°€-TC°0) 66°0 }]043u0)
(27" T-90°0) T+7°0 :uoUSAISU|
1D8/81 sjans| ydg Ateunin
:9WO02IN0 a4nsodx3
(0T-9) 8 :jo1qu0)
(8-T) 9 :uonuaAIU|
sdnougd
9ouaJaype y3iy pue mo| usamiaq salods
uled |ENJ3SUSW Ul 92UBJ94J1Q :dWOIIN0 [ed]

LEV-V6€ 1D %S6 ‘9T []0oqu0)
1'5-85% 1D %56 ‘€8’ :UOIJUIAISU|

8/8u sgDd wns

SdOd 4O S|9A3] WINJSS :2W02IN0 a4nsodx]

$82d &!|-ulxolp-uou xg

(lw/2d) sg0d &31|-uixold X
(Jw/3d) spunodwod

pajeulio|yoouediQ Xg :2wo2Ino aunsodx3

8€'0F 80T

:|0Ju0)

YE0F¥0OT

HUCINVEVSEMT|

qw/8u s3Qggd wns Jo ueadjn

0T'0+2s0

:|0J3u0)

60°0 ¥ 8%°0

:UOIJUSAIRIU|

35 F JW/BuU ‘6 X SgDd Wns Jo ubajy

$3ddd pue sgdd ewse|d

:9W02IN0 a4nsodx3

s3ulpuly

uolnejusawa|ddns suipol ym pasoaduwl jou -
jJuswdo|anap a3ensue| Ajuea [euo1}dunysAp yum payull 8T19Dd 03 24nsodx3 :s8uipuly Jo Adewwng
Adueudaud y3noJayy Jo3sawii} 3S414 WOJ4 :Judwieal) Jo uoneing
SUIPO! Y3IM PaydLIud Jou suiweA Adueudald :|oJjuod)
‘sujwelA Aoueugaid payoriua-aulpol ui Aep/8r 0GT Jo uolzejuawa|ddns auipo| :UOIFUSAIDIU|
'$Oa3Aw
|eUIS]eW pue SSWO0IINO0 [eJUSWAO[SASPOINSU UO [0J3U0D SNSISA Uoljejusws|ddns aulpol jo 1oedw|
S9PPAd Z
10} S\/dg AJeulin paonpad pue s394 ¢ 10j uled padnpad UolIuaAIRIU| :s3ulpul) JO Alewwng
uonUaAIaIUL 33Ul :JUBWIeal] JO uoeinQg
UOI1U3AIIUI 910J3( poliad auljaseg :|oJ1uo)
uonesIuNWwWod
3d0M]au [e120s eIA Jioddns-i9ad ‘Suriojiuow dn-moj|oJ ‘sjiqey Aueaip ul ainsodxa yydg aanpal
0] s91393e4)s ‘siaulejuod pue uo0d ‘pooy ul sDJT JO $924N0s ‘(swajqoad yijeay aAldnposdal
S,USWOM uO 3oedwl pue uoljew.ojul H@3 UO UOISSSS UlW-04) Uo13edNpa dnous [|ewsS UoIJUSAIIU|
uled |enJjsuaw pue sydg AJeurin uo pooy passasoid/ises Jo uoipdwnsuod 3udnpad Jo 3oedw|

INg Jo Judapuadapul - 2T\YgH Ul Uo1}aNpal Yim sdOd
|9A3] WNJSS U] UOI}DNPaY “13IP |BUOIIUSAUOD SNSISA UBLIEIDSIA M S|9AS| WNJSS JO UOI}INPAI ON
:s3uipuly Jo Asewwng
poliad UoIJUSAIDIUI YOIM-Z T :JUdWieal] JO uoljeing
191p 2119¢eIpPIJUE [BUOIJUSAUOD D1I0[BI0S| :|0JJU0D)
(329W 1O YS1J OU) 33Ip UBLIEIDSSA UOIIUDAIIU|

uondwnsuod ysij A33es ysm sqOd Ul uoi3donpas oN

:s3uipuly Jo Azewwng

SyjuowW 9 :3uswjealy Jo uoneing

s3nu/ysty A33e) Jo 9dUBPIOAR Y3IM 131P [BNS :|0J3U0D)

sjnu pue ysij A33e4 Jo uoindwnsuoy) :uoljusAISIU|

SdOd WNJ3s Uo SINU SNSISA uolrdwnsuod (uowes) ysiy A3rey Jo 10edw|

$3Q9d 30U Inq SdDO PUe sgdd Padnpas D HA :sBulpuly Jo Alewwng
UOIJUBAISIUI J3}4E PUE 21049q WO} paiedwod 919M SBW0dIN0
SyjuoW g :3uswiealy Jo uonelng
uojejuawsa|ddns D ulWEA 210jag :sajdwes |0Jju0D
Aep/3w Q00T D UIWEHA :UOIJUDAIDIU|
s3add G pue
‘sdD0 £ ‘sgDd 8T) saMjoqelaw DT 4O S|9A3] ewse|d U0 D UIWE}IA OU SNSIDA ) UlWe}iA Jo Joedw)

dnous aApoe uoUaAILlU|

Py =u)
9]euoau jo dn-moj|oy
JuelydsAsdoanau wia)
-3uo| ul ¥ - (pajj0ua
98) uswom jueusald
|eL} paziwopuel
-uou aApdadsoud

(og =u)

sjuapn]s 989|102 ojewa4
s3nsaJ 01

si1azAjeue ejep jo ulpullg
|el} [eyuswiadxa
p3||0J3u0d

-uou aAdadsoud

(r£ =U) NAZL
UM USWOM pue UdN

12y papuljq-uoN

(€€T = u) sieak oL
-Gg 98e UBWOM pue UBA|

123 papul|g-uoN

(ST=u)
slenplAlpul sjewsy AyyjeaH
|14} J9A0SS04D)
papul|g-uoN
paziwopuel-uoN
Apnisjo|d
|ejuswiiadxa aAI329dsoud

azis Apn3s pue
‘uonje|ndod ‘usisap Apnis

,6ST0C
‘sine@-4a3onug

45120T “Hed

«9T0T ‘erod|ye]

»96T0T ‘Aouesng

£5910T ‘OND

Jeak
pue aoyine Apnis

(penuRUOD) T 374VL



90}

YNECOLOGY
OBSTETRIC(

a

C

CORBETT ET AL.

‘JoulpliAdz-010|yoli1-9's'e

‘AdDL ‘snyijjaw sa3aqelp g 9dAl ‘INQZL ‘|10 paasaded ‘Oy {|eld} pa||043uod paziwopued ‘| Dy ‘sjueinjjod ojuedio jualsisiad ‘dOd 4ayla |AIng-u [00A|8 ausjAdoud ‘gNd ‘JAuaydiq pajeuriojydAjod ‘gDd
J10xXuUsgAxouayd-¢ ‘vdd -a1ejeyiyd jAyza-ouow ‘I ‘21ejeyiyd |A1o0Axoqled-ouow ‘dOIIN 91eleyiyd JAuouAxogued-ouow ‘gNIIN |10 ysts ‘O ‘sjAuaydiq pajeursojydAjod axij-uixolp ‘gdd1d
‘a3ejeyiyd [AyuadAxoqued-g-|Ayla-z-ouow pue aiejeyiyd [AXayoxo-G-|Ayla-g-ouow ‘|AXayAxoipAy-G-|Ayla-Z-ouow JO Ssew Jejow Jo wns ‘Hd3iq v |ouaydsig ‘Vdg :Xxapul ssew Apoq ‘|| g :Suollelnaiqqy

€00 F ¢°0> ‘|o43uo)
€0°0 F Z°'0> :uoljuaAiau|
JOHWD

2'C ¥ /£°0:1043u0D

T°0 F Z°'0> :UOIjUaAIdU|
AdWV3IA

2°0F £'0> :|o1u0)

1°0 F £'0> :UOIjUaAIDIU|
AdIWI

3G F ¢’L |013u0)

/T F L'T :uonuaiau|

AdOL sajl|ogelaw apii3sad snioydsoydouedio jo
0S F 6°Z :[043U0D SUOI3BIIUIUOD AJRULIN UBIPSW Ul UOI}ONPaJ d1elpawilll pasned 3aip d1uesiQ :s8uipuly Jo Alewwng
6'0 F £°0 :UolIUBAIRI] sAep G :juawjeaJ; Jo uojenqg uaJp|iyd [aA3]-Alejuawa|3
vaw 131p |BUOIIUBAUOY) |0JIUO0D) Apnis |ejuswiiadxa
(1/3n) (@S F ueaw) sayijoqelaw Aleuin 131p P00y J1UBSIQ UOIJUSAIIU] paziwopuel
:3W023N0 aJnsodx3 $73 03 24nsodxa UO $33N}13SNS JIUESIO YHM Juswade|dal pooy o 1oeduw)| -uou aAl3dadsold £5900T ‘N1

6'LT~ 03 £'€9- 1D %56 ‘%P’ Gy~ :98UeYD Juadiad
(€°T) 9°TT :l013u0D

(¢°T) €'CT :uonuaAlau|

uaqp.pd [Adoid

8'81- 01 €19~ D %56 ‘%6 E~ :23Ueyd Juadiad
(C'T) ¥'£L lo3u0D

(¢°T) T ;uonuaAIRY|

uaqgpJbd |Ayran

€'€T 03 9°ZT- 1D %S6 ‘%G 0~ 98UBYI JUadI3d
(T'T) Z'ST :joluo0)

(£°2) Z'ST :uonuaAIRU|

(dg!n) 210[pY3Yd |AInqOSI-ouoj

T'T 03222~ 1D %56 ‘%E TT- :28Ueyd Juadiad

(T°T) €8T :|043u0D sajeleyiyd |A3nqosi-ouow uo a3efeyiyd |Alng-u-ouow ul sa8ueyd oN
(T°T) T°GC :uoijuaAIaju| ‘suaqeJed |Adoud ul uoi3dnpau %G G pue ‘suageded [Ayjaw ul uo1dNPaI
(dgu) 210|byayd |AIng-u-ouojy %61 ‘S[9A3] 93ejeyiyd |Ay3a-ouow AJeurin ul Uoi3dNPaJ %t/ Z YIM PO1BIDOSSE SEM UOIJUDAIDIU|
T'E€T- 01 €6E- 1D %56 ‘%h'LT- :98uUeyd Juadiad :s3ulpuly jo Aewwing
(T°T) 8Z :]043u0d polsad uoijuaAialul Aep-g :juawiealy Jo uoljeing
(T°T) ¥°96 :uonuaAISju| JUBWAINSEAW UOIJUBAIDIUI-DId :[0J3U0D) s|418 euljeq
(dI) 230]PY3YdjAYIFOUOIN [2qe| 3onpoud Apnis [ejuswiiadxs
a8ueyd juadtad |D %56 YIm ‘jw/Su uo payy1ads se s3onpoud aJed [euosiad 9344-D@3 214129dS JO 9D10YD-I2WNSUOD) :UOIFUBAIDIU| paziwopuel
‘(3S) 2U0d Pa3123.1102-AJIABID SBWO0IIN0 34nsodx] Jouayd pue ‘suaqeJed ‘sajejeyiyd Jo 9a4) s}onpoud sued jeuostad Suisooyd Jo 3oedu| -uou aAI323dsoud 99910C ‘As|ieH
sSuipui4 dnou8 aAoe uoiuaAIRU| 9z1s Apnys pue Jeak

‘uonje|ndod ‘uSisap Apnis pue aoyine Apnis

(penunuod) 1T 374VL



CORBETT ET AL.

> 0 =2 =2 a2

s3|nsaJ pajiodad
JO uod9|as ul selg

1
1

o4 2 4 a4 4 a4

s3|nsaJ pajiodal
JO uo}o9|es ul selg

2 0 2 4 =2 4

sawod)no
JO juswainseaw uj selgq

1
1

_Iz_l_l_l_l_l

awo23no
9y3 JO juswainseaw
ui seiq Jo sty

— dJ a4

ejeq

Suissiw

0} anp seig
N
1

O a0 =2 4 2 4 4

ejep awod3no
Suissin

'S|ell] [EUOIIUDAIDIUI POZIWOPUEI-UOU J0) [-SNIFOY,
"S|BLI} JOAOSSOUD 40J [00] Z90¥q
'S12Y 404|001 290,

"Selq JO XSII SNOLISS ‘S ‘[el] PS||0JJUOD PAZIWOPUEL ‘] Y ‘SBI] JO UIDUOD SWOS ‘| ‘SeIq JO 3SI4 MO| “] :SUOIIBIADIGQY

— aJ aJ ad g

SUOIJUBAIDIUI PIPUIUL
Wwo.) SUOIIBIASP 0} dNp selg

1
N

—

O a0 =2 a2 =2 2

SUOIJUAIDIUI PIPUIIUL
Wwo.j SUOIIBIASP 0} dNp selq

L e I e |

SUOIJUAAIDIU|
Jo uolzedlyIsse|d uj seig

W
1

.

$s9204d uoljeziwopue.
wo.y selg

W L 9002 ‘M
W 910¢ ‘AsjieH
1 600C ‘amied
N 910z ‘on9
1 120C ‘essas
W 120 “ed
,S|bl1} [bUOIUaAI2]Ul pazZIWopubl-UoN

1
1
S
1
1

Apnis ayjy ojul Suipunojuod
sjuedidiyled Jo uo13I3|as Ul selg 0} anp seig
T10C ‘[°Pny
170 ‘@)imied
10T ‘oeg

SL0¥ 421055012
900¢ ‘@unyieg

2T0C ‘eueAeseueAyies
GTOT ‘sine@-iaxonig
810¢ ‘uelqodeH

6T0C ‘AouesnQg

6102 ‘MnD

020z ‘siess

eSLOY

(9T = U) S9IPNIS PAPN|DUI JO JUBWSSISSE SEIq JO NSy Z VL



CORBETT ET AL.

LOGY s 499
OBSTETRICS WI LEYJ—

animal studies were not included in this review. Human-only studies
were examined to highlight proven interventions and interpret these

for patients, clinicians, and governmental bodies alike.

4.3 | Interpretation/implications

The present review provides summarized evidence for patients, phy-
sicians, and regulatory bodies on strategies to reduce dietary expo-
sure to EDCs. Parents play a pivotal role in influencing what they and
their children are exposed to and can take simple yet effective steps
to minimize exposure to EDCs. Avoiding plastic-contained or canned
foods and beverages is effective at reducing exposure to EDCs. This
can be achieved through choosing non-packaged foods or cardboard
packaging when unavoidable and using glass or stainless-steel food
containers or drinks bottles, rather than plastic alternatives. For in-
fants and young children, avoiding processed foods such as bottle
milk and purees is a simple way to reduce EDCs. Breastfeeding and
later using pureed fresh foods for children are effective at reduc-
ing exposure to endocrine disruptors. The consumption of organic
food and avoiding fast or processed foods are recommended. Care
should be taken to minimize contamination by plastic and pesticides
by choosing foods that are not wrapped in packaging and washing
them thoroughly before consumption. However, it should be noted
that intervening on EDCs at the individual level puts the burden on
parents and their families to identify and reduce exposure, which
has been shown to be difficult in many cases to both identify all rel-
evant sources of exposure, in part due to the lack of requirements
to disclose the use of chemicals in products.*®* Additionally, many
sources of exposure to EDCs are beyond the control of the individ-
ual.*®% In high-income countries, individual interventions are more
achievable where consumers are in a position to make informed food
choices. This is often not a luxury shared by populations in low- and
middle-income countries, where education, access, and resources
will limit food choices. Given all these considerations, public and
regulatory government policies appropriately put responsibility and
ownership on food and production industries across the world to
ensure a healthy and safe supply of food.*’

Healthcare providers should be aware that endocrine disrup-
tors propose significant risk to reproductive health and prenatal
development.* Recommendations from professional bodies may
include those such as from the American College of Obstetricians
and Gynecologists,® centered around the environmental health his-
tory with counseling for a reduction in exposure. Education among
medical communities on this issue is essential, incorporating the in-
terventions highlighted here as effective strategies for a reduction
in exposure, with integration of environmental health into medical
training.>® There is also an urgent need for further research into ef-
fective interventions to reduce exposure to EDCs or ameliorate its
adverse effects. While the present review did find 14 studies, just
three of them were of high quality, underling the need for further
investigation. This is a novel and exciting area, and one that promises
investigators a huge opportunity to improve human health globally.

Finally, this review is a call to action for government and reg-
ulatory bodies. It is known endocrine disruptors have a significant
cost to the health of women, families, and children at every stage of
development and early life, as well as placing significant demand on
gynecological and women'’s health services.*® In addition, the neuro-
behavioral morbidity of EDCs contributes significant challenges to
individual and family well-being and to healthcare costs.’?>3 Policy
and regulatory strategies should require and incentivize minimizing
food packaging, avoiding plastic packaging where possible, and en-
couraging consumption of fresh and organic food. All of these are
proven to effectively reduce exposure to endocrine disruptors, with
all the health and economic benefits this entails. Further, these in-
terventions have huge benefits in terms of environmental health and
waste reduction. Government interest in the minimization of endo-
crine disruptors is an extremely worthwhile endeavor, with great
benefits to be gleaned from simple yet effective strategies outlined
in the present review.

5 | CONCLUSION

Addressing the effects of EDCs and minimizing exposure to chemi-
cals is an issue requiring urgent attention. While government and
regulatory bodies are working on policy solutions, individual-level
interventions can help reduce exposure. While intervention in
human studies is still in its early stages, there are effective nutri-
tional interventions that may reduce the adverse effects of EDCs.
The avoidance of plastic containers, bottles, and packaging, and
canned food is shown to significantly reduce exposure to endocrine
disruptors. Consumption of fresh and organic food is also effective
at reducing exposure, as is prevention of dust accumulation around
the home. While regulatory and further high-quality experimental
research is required into therapies such as anti-oxidant therapy and
iodine and folic acid replacement, the present review presents ef-
fective and helpful strategies to reduce nutritional exposure to en-
docrine disruptors.
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