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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 15 362 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.
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1  |  INTRODUC TION

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 source2 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.3,4 Cosmetics, personal care products, anti-
microbial products and cleaning products, and household or indus-
trial pesticides all contain EDCs.5

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.6 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 
apoptosis7 and by reducing counts of antral follicles.8 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,10 dysfunctional neurogenesis can result.2 Some studies 
have linked prenatal endocrine exposure to cognitive and behav-
ioral impairment, autistic spectrum disorders, and lower intelligent 
quotient (IQ) scores for the child in later life.11–13

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 

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.15 Separately, endocrine 
disruptor interference with glucose and lipid metabolism contrib-
ute to insulin resistance and type 2 diabetes mellitus,16,17 as well 
as metabolic toxicity and obesity.18–20 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.21 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.22–25

While there are strong bodies of evidence on the harmful ef-
fects of EDCs on female and male reproductive health and fetal 
development,14,26 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  |  MATERIAL S 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:

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

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

•	 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

•	 Iodine replacement
•	 Folic acid replacement
•	 Nutraceuticals: dietary supplementations including anti-

oxidant supplements (vitamin C, vitamin E, selenium, 
melatonin)

•	 Microbiome: probiotic therapy or correction of dysbiosis
•	 Control: Placebo or non-exposure to the intervention
•	 Outcomes: Centered around reproductive, maternal, and fetal 

health
•	 Fertility: pregnancy rate, both male and female. Fertility pa-

rameters and assisted reproduction
•	 Pregnancy outcomes: placental bioaccumulation, miscarriage, 

pregnancy loss, adverse obstetric outcomes including preterm 
birth (PTB), pre-eclampsia, gestational diabetes (GDM), and 
fetal growth restriction

•	 Fetal development: neurocognitive morbidity linked to thyroid 
dysfunction, HPA axis alteration and steroidogenesis, congen-
ital fetal anomaly

•	 Maternal health: thyroid metabolism, insulin resistance, diabe-
tes, obesity

•	 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.27

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:
•	 Patient: “Endocrine Disruptor Exposure”

AND
•	 “Pregnancy”

OR
•	 Intervention: “Diet Content Intervention” OR “Minimising EDC 

Exposure” OR “Iodine Replacement” OR “Folic Acid Replacement” 
OR “Neutraceuticals” OR “Microbiome”
OR

•	 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.28

2.4  |  Selection process

Results of all database searches were collected on reference man-
agement software.28 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.
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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  |  Data items

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 6.2.29,30 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.31–33 If discrepan-
cies occurred, the senior author (FMcA) was consulted to resolve 
assessments.

3  |  RESULTS

3.1  |  Study selection

The database searches yielded 15 362 articles. A total of 11 181 
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.34,35 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.36–38 Iodine deficiency itself has 
been shown to increase the risk of attention-deficit/hyperactivity dis-
order (ADHD) and low IQ.39,40 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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observational evidence that the replacement of folic acid is protective 
against the adverse effects of EDCs on prenatal development41 includ-
ing autistic spectrum disorder,42,43 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,44–47 
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, 

F I G U R E  1  PRISMA flow diagram for article processing during review. EDC, endocrine disruptor; N, number of studies
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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.48,49 Additionally, many 
sources of exposure to EDCs are beyond the control of the individ-
ual.48,49 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.49

Healthcare providers should be aware that endocrine disrup-
tors propose significant risk to reproductive health and prenatal 
development.49 Recommendations from professional bodies may 
include those such as from the American College of Obstetricians 
and Gynecologists,50 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.50 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.51 In addition, the neuro-
behavioral morbidity of EDCs contributes significant challenges to 
individual and family well-being and to healthcare costs.52,53 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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