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Abstract 

Introduction  Exposure to endocrine disrupting chemicals (EDCs) can result in alterations of natural hormones 
in the body. The aim of this review article is to highlight the knowledge about EDCs and obesity.

Methods  A scoping review of the electronic literature was performed using PubMed platform for studies on EDCs 
and obesity published between the years 2013–2023. A total of 10 systematic reviews and meta-analysis studies 
met our inclusion criteria on more prominent EDCs focusing mainly on bisphenols, including parabens, triclosan, 
and phthalates, and their association with obesity.

Design  Scoping review.

Results  EDCs, mostly bisphenols and phthalates, are related to health effects, while there is less information 
on the impact of parabens and triclosan. A series of negative physiological effects involving obesogenic, diabe-
togenic, carcinogenic, and inflammatory mechanisms as well as epigenetic and microbiota modulations was related 
to a prolonged EDCs exposure. A more profound research of particular pollutants is required to illuminate the acceler-
ating effects of particular EDCs, mixtures or their metabolites on the mechanism of the development of obesity.

Conclusion  Considering the characteristics of EDCs and the heterogeneity of studies, it is necessary to design spe-
cific studies of effect tracking and, in particular, education about daily preventive exposure to EDCs for the preserva-
tion of long-term public health.
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Introduction
Excess body weight as well as the environmental excesses 
of different contaminants are accompanied by different 
cardiovascular and/or reproductive health problems [2], 
[64, 65, 73]. The environmental pollutants interrupting 
the endocrine system known as endocrine disrupting 
chemicals (EDCs) are associated with reproductive com-
plications, hormone-sensitive cancers, problems with 
thyroid function, changes in neuroendocrine systems 

and microbiota, diabetes, and obesity [23, 47]. The gen-
eral objective to minimize EDC exposure and body bur-
den is one of the central goals of the European regulation 
[4, 17, 42]. Recent findings suggest that EDCs, especially 
bisphenol A (BPA), correlate during all life stages with 
increased body weight and/or body mass index, adipo-
genesis, adipose tissue inflammation, lipids, and glu-
cose dysregulation, thus contributing to weight gain and 
pathophysiology of obesity [13, 37, 42, 43, 47, 52, 55, 58].

Environmental stressors such as EDCs are classified 
as potential diabetogenic, obesogenic, carcinogenic 
substances related to obesity, but more profound con-
clusions based on experimental human studies are 
required to understand possible mechanisms of related 
disease development later in life [29, 47]. Studies have 
demonstrated that the EDCs can bind to different 
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hormone receptors, mostly those for estrogens, with 
specific agonistic or antagonistic effects and responses 
[14], [35]. The estrogens preserve the integrity of 
energy homeostasis at central and peripheral levels via 
nuclear and extranuclear pathways in both females and 
males [46]. Moreover, some studies have confirmed 
that BPA exerts its disrupting effects on the classi-
cal nuclear receptors such as estrogen receptors alpha 
and beta (ERa and ERb), the non-classical membrane 
estrogen receptor (ncmER), the estrogen-related recep-
tor gamma (ERRg), the G protein-coupled receptor 30 
(GPR30), and the aryl hydrocarbon receptor (AhR) [1], 
[52]. Through these interactions, EDCs are assumed to 
be involved in the onset of the metabolic dysfunction 
[4, 42] through different responses in the human body 
(Fig. 1).

Moreover, structural similarities of BPA with other 
bisphenols such as (BP)S have raised several concerns 
and emphasized the need for evaluation of potential 
toxicity at different doses [6]. This review identifies sev-
eral environmental EDCs presented in daily life (such 
as bisphenols—bisphenol A (BPA), bisphenol F (BPF), 
and bisphenol S (BPS), parabens, phthalates, and tri-
closan), which have already been included in the stud-
ies on obesity development, potentially also weight-loss 
regimen (Fig. 2).

This review article focuses on the following endocrine 
disrupting chemicals:

Bisphenols
Bisphenol A (BPA; 4,4′-(Propane-2,2-diyl) diphenol; 
C15H16O2) is a synthetic chemical compound which was 
developed in the 1890s and its effect on estrogen activ-
ity was recognized in the 1930s [60]. BPA has been used 
in many consumer products including plastic (as a poly-
mer), polycarbonate plastic (PVC), food packaging, den-
tal sealants, and thermal receipts. Humans are exposed to 
BPA through their diet, inhalation of household dust, and 
dermal exposure [10, 72]. Moreover, due to health con-
cerns BPA has largely been replaced by bisphenol F (BPF; 
4,4′-Methylenediphenol; C13H12O2) and bisphenol S (BPS; 
4,4′-Sulfonyldiphenol; C12H10O4S), which has resulted in 
the increased production of BPF and BPS over the last 
few decades [18]. However, it has been found that other 
bisphenols are toxic and have the potential to interrupt 
the metabolic action just as BPA, with some even exceed-
ing that of BPA  [68], [6], [42].

Parabens
Parabens (PBs), chemically a series of parahydroxyben-
zoates or esters of parahydroxybenzoic acid (also known 
as 4-hydroxybenzoic acid) include a group of chemicals 
which are used as preservatives in the food, cosmetic and 
pharmaceutical industries [11]. Their estrogenic effects 
were associated with the endocrine organs and other tis-
sues, including adipose tissue. Several of these chemicals 
are known to cause obesogenic effects. In some experi-
mental studies, it has been found that there are some 

Fig. 1  EDCs have an ability to bind to different hormone receptors
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important connections between methylparaben exposure 
and adipsin, affecting energy balance in the body and 
metabolic health, thus indicating its obesogenic potential 
[36]. In human biomonitoring, PB levels were associated 
with canned food and the use of personal care products 
such as makeup and skin products [62, 65].

Triclosan
Triclosan (TCS; 5-Chloro-2-(2,4-dichlorophenoxy) phe-
nol; C12H7Cl3O2) developed in 1966 (Boyce & Pittet, 
2002) is usually found in personal care products as an 
antibacterial agent. In animal studies, TCS exposure was 
associated with androgenic and thyroid disturbance, con-
tact dermatitis, and skin irritation [66]. Beside the estro-
genic and androgenic effects in mammals, some studies 
suggest the potential of TCS to trigger antibiotic resist-
ance [22, 61].

Phthalates
Phthalates, esters of phthalic acid (C6H4(CO2H)2), are 
chemicals used to improve the utility of plastic and 

personal care products in daily life [38]. High-molecular-
weight phthalates can enable flexibility of plastic and are 
used as components in toys, building materials, medical 
devices, and paints. Meanwhile, low-molecular-weight 
phthalates are usually used as components of personal 
care products and cosmetics such as shampoos, lotions, 
nail care products, and other personal hygiene products. 
In general, phthalates or even more a prominent sum 
of phthalate metabolites are the well-known EDCs with 
possible estrogenic and/or anti-androgenic reproductive 
effects  [27], [40],). Moreover, the influence of combined 
phthalates has been related to metabolic disturbances 
that may interfere with obesity development (Milošević 
et al., 2019; [51]).

Materials and methods
This scoping review was performed in accordance with 
the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses extension for Scoping Reviews 
(PRISMA, Fig.  3) guideline [67]. We conducted an 
electronic literature search utilizing the National 

Fig. 2  The purposed model of potential physiological associations of EDCs with the obesity in humans
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Library of Medicine (PubMed) database. The following 
medical subject heading (MESH) keywords were used 
to search for studies reporting on the role of environ-
mental endocrine disruptors in the occurrence of obe-
sity: “endocrine disrupting chemicals” AND “obesity”.

Selected literature
The focus of literature selection was to investigate the 
effects of EDCs such as BPA, parabens, phthalates and 
triclosan in studies. The database was searched for 
studies published in the decade from December 2013 
to December 2023. The studies included were meta-
analyses and systematic reviews. Due to numerous 
numbers of experimental studies on different EDCs 
which are methodologically heterogenic and need to 
be interpreted with caution, we focused only on sys-
tematic review studies and meta-analyses involving 
the selected EDCs (bisphenols, parabens, phthalates, 
triclosan) and obesity associations found through the 
inclusion criteria. The studies published in languages 
other than English were excluded from this review. We 
also performed a hand search of the reference lists of 
full-text articles that met our criteria in the primary 
literature search. All manuscripts and abstracts were 
independently reviewed by investigators for possi-
ble study inclusion regarding their subject and qual-
ity. Studies and manuscripts were confirmed by all 
researchers included.

Data extraction
After the primary search, we identified 249 potentially 
eligible citations (Full text, Clinical Trial, Meta-Analy-
sis, Randomized Controlled Trial, Review, Systematic 
Review, Humans, English, from 2013/12/31–2023/12/31). 
Among those, 238 were Review studies and the rest were 
meta-analyses and systematic review studies (n = 20) 
which we included in the detailed review. Based on our 
inclusion criteria, we selected 10 studies which were 
meta-analyses and systematic review studies for detailed 
screening. By reviewing the reference lists of selected 
studies, we detected no additional and/or potentially 
eligible citations. Studies that met our inclusion crite-
ria identified possibble association of exposure to main 
EDCs (bisphenols, parabens, triclosans and phthalates) 
with obesity and health related risks (Table  1). Figure  3 
presents a PRISMA flow diagram of the association of 
EDCs with obesity.

Results
The studies have identified possible association of obe-
sity with the exposure to endocrine disrupting chemicals 
(EDCs). The data on systematic review studies and meta 
-analyses are presented in Table 1.

Literature identification
The possible effects of endocrine disrupting chemicals on 
obesity in humans described in systematic reviews and 
meta-analysis are summarized in Table 1.

Fig. 3  PRISMA flow diagram of the study selection process. Association of endocrine disrupting chemicals with obesity
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EDCs Endocrine disrupting chemicals; T2DM-Type 2 
diabetes mellitus, BMI  Body mass index.

The main conclusions of the 10 reviewed stud-
ies indicate that obesity indications might be related 
to EDC exposure [20, 33, 59], [3, 25, 69, 75], [19], 
Maqbool et  al., 2016). In addition, researchers also 
suggested that mainly BPA and phthalates might be 
related to obesity and cardiometabolic risk factors and 
adverse health effects in children [19, 40], [3], [25]).

Discussion
Exposure to a wide range of EDCs, mainly bisphenols 
(BPA, BPs) and phthalates, is inevitable and inadvert-
ent. Those EDCs are environmental endocrine disrup-
tors which may interact in the development of obesity, 
specifically anthropometric alterations, metabolic dis-
orders, reproductive system damage, and hormone-
sensitive cancers [59], [3, 69, 75], [33]. EDC exposure 
observations proved the association of a vulnerable 
prenatal group with exposure to environmental pollut-
ants, which may have important health consequences 
later in life [19, 40], [25] [20]. Therefore, it is extremely 
important to pay attention even to environmental fac-
tors in the prevention of obesity, which, with long-
term exposure, can affect the development and course 
of the hormonal state and can inhibit body weight reg-
ulation through various mechanisms (Maqbool et  al., 
2016). Several meta-analyses and systematic reviews 
have analyzed and evaluated the relationship of mainly 
bisphenols and phthalates while less is yet discovered 
regarding other EDCs, such as triclosans and parabens.

Environmental stressors such as EDCs with broad 
health implications, including the potential develop-
ment of obesity related diseases and performance limi-
tations, should not be neglected. This review argues 
the importance of environmental exposure control as 
a tool to promote obesogenic as well as diabetogenic, 
and carcinogenic health prevention. Research findings 
emphasize close relation of the most prominent envi-
ronmental pollutants, their mixtures and metabolites 
as a potential additional obesogenic substance. Assess-
ing the full impact of human exposure to EDCs is chal-
lenging because the adverse effects develop latently 
and manifest at different ages, although preclinical and 
clinical evidence suggests that developing fetuses and 
neonates are most vulnerable to endocrine disruption 
(Modica et al., 2023). Therefore, the growing evidence 
supports the urgent need to reduce exposure to EDCs 
with healthy choices on a daily basis and at the same 
time to decrease the EDCs’ negative effects.

The importance of EDCs for vulnerable health groups
As obesity increases, the incidence of cardiovascular dis-
ease, type 2 diabetes, obesity-related cancers, osteoar-
thritis, and psychological disorders increases [16], [45]. 
Obesity clearly has a measurable impact on physical and 
mental health and the quality of life, and causes signifi-
cant direct and indirect costs. Obesity is also associated 
with environmental pollutants such as bisphenols, mainly 
BPA, which disturb the hormonal balance and can be 
passed on to future generations in the vulnerable health 
group in the reproductive period [34] through epigenetic 
programming, during the sensitive time for obesogenic 
action in the womb and early childhood [31]. Moreover, 
prenatal life exposure to EDCs was associated with low 
body mass index (BMI) in newborns [40] with increased 
susceptibility to diseases or disfunctions and susceptibil-
ity to gain more weight than babies with normal body 
weight across the life course [56], [28]; [30, 71]. Metabolic 
disturbances related to obesity development induced 
by a mixture of chemical compounds people are daily 
exposed to have the capacity to interfere with the endo-
crine axis at different levels and might even have carcino-
genic effects. While some EDCs have already been linked 
to the development of breast and thyroid cancer (like 
dioxin and cadmium), prostate cancer (arsenic, asbes-
tos, and dioxin), and testicular cancer (organochlorines/
organohalogens), new evidence supports the role of the 
remaining EDCs as possible carcinogens, thus it is rec-
ommended for pregnant women to avoid the risk area 
and exposure  [54]. Moreover, researchers showed that 
BPA exposure was significantly associated with higher 
thyroid stimulating hormone levels in overweight/obese 
subjects suggesting that BPA exposure is a risk factor for 
thyroid cancer in overweight/obese subjects [47]. The 
effect modification observed in the group with body mass 
index (BMI) ≥ 25  kg/m2 confirms the relation between 
body weight and the importance of normal BMI control. 
Furthermore, malignancy risk for breast cancer was asso-
ciated with parabens [26].

EDC evaluations and monitoring of effects
The European Union reports (ANSES, 2014; EFSA, 2015; 
ECHA, 2015) have already assessed the effect on BPA on 
metabolism, obesity and metabolic disorders, confirming 
diabetogenic and obesogenic effects [3]. The similarity of 
the bisphenol BPA with other bisphenols, such as BPS, 
also causes great concern in the European Union. Indeed, 
toxicokinetic data showed a 100-fold higher oral bioavail-
ability of BPS than BPA compared to BPA in a pig model 
[6]. The data observed with adverse effects for BPS at 
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much lower doses calls for the protection of humans by 
proposing reference values. In the determination of envi-
ronmental doses the need to link the exposure to human 
diseases and to include exposomics in the characteriza-
tion of environment-related pathologies together with 
genomics and other omics has already been expressed [5, 
31]. Additionally, evidence pointing to the fact that low-
level exposure to multiple chemicals can be associated 
with metabolic disturbances under conditions where no 
effect would be expected when considering the concen-
tration of each individual chemical in the mixture, means 
that assessment procedures must also consider the pos-
sibility of a mixture of pollutants, i.e. the so-called cock-
tail effect [42]. Furthermore, EDCs, especially phthalates, 
can exhibit synergistic and additive effects due to their 
similar molecular structure and mechanism of action, 
therefore mixtures of phthalates increase the disruptive 
effects, indicating that the sum of phthalate metabolites 
is more important than the individual ones and may be 
associated with oestrogenic and/or anti-androgenic 
reproductive effects in adolescent girls  [27]. Moreover, 
the evidence that combined phthalates may influence 
glucose and lipid metabolism which can also increase 
insulin resistance highlights the association of EDCs 
with obesity [53]. It has also been shown that increased 
concentrations of phthalate metabolites can influence 
obesity, glucose and lipid impairment in women with 
polycystic ovary syndrome. The authors demonstrated 
that urinary concentrations of total phthalate metabolites 
were positively associated with BMI, waist circumfer-
ence, waist-to-height ratio, serum leptin and lipid stor-
age product levels, and visceral fat index, which further 
emphasizes the importance of BMI awareness for obesity 
prevention [51].

EDCs during weight loss protocols
Obesity and overweight identification, treatment, and 
prevention present major public health challenges in 
multiple perspectives on a global scale [74]. The physi-
opathology and clinical impacts of excess body fat are 
understood insufficiently, and there are many difficulties 
in developing safe and effective long-term therapeutic 
strategies [32]. Specifically, in metabolically unhealthy 
obese persons higher blood levels of EDCs were observed 
compared to metabolically healthy obese persons,the 
levels were not changed after weight loss protocols [15], 
or they even increased as weight loss occurred [9]. The 
results of a higher level of EDCs associated with greater 
weight regain and greater decrease in resting metabolic 
rate [44] reflects the association of the importance to 
avoid EDCs to prevent obesity. The association of EDCs, 
specifically BPA, with obesity can also be explained by 
evidence of the presence of molecular changes which 

could cause metabolic disorders and affect the action of 
estrogen in metabolism [50]. For the purpose of control-
ling body weight, potential vitamin supplements have 
also been tested to reduce the toxic effects of EDCs, 
which needs further research [24]. The conclusions of 
review studies suggest the involvement of EDCs in the 
development of obesity [33], [15], [20], Riberiro et  al., 
2020, Wasseraar & Legler, 2018) observed by generalized 
and abdominal obesity (Ribeiro, 2020).

EDCs as a lipophilic environmental toxicant
EDCs may have short half-lives. Some are lipophilic and 
can as such bio-accumulate in adipose tissues, thus pre-
senting increasing health hazards in individuals with 
excess body weight [9]. Weight loss has been related to 
the release and redistribution of organic pollutants to 
other lipid-rich organs such as the brain, kidney, and 
liver, which needs further investigation [9]. It has been 
suggested that even weight control interventions should 
be considered to limit organ exposure to pollutants when 
planning weight loss protocols [9], [12]. Moreover, in 
diet induced weight-loss higher baseline plasma EDCs 
concentrations have significantly been associated with 
greater weight regain, especially in women, accompanied 
by a slower regression of resting metabolic rate [44]. It 
is necessary to understand the complexity of the mech-
anisms involved in differentiation of fat cells and the 
influence of EDCs in the adipogenesis and the etiology 
of obesity [21]. The findings indicate a significant asso-
ciation between exposure to BPA and obesity in adults, 
but are insufficient to support that EDCs cause obesity 
“per se” in humans due to the cross-sectional design of 
most included studies [59]. González-Casanova et  al. 
[21] reported that EDCs can alter lipid metabolism, pro-
mote fat accumulation, and interfere with processes such 
as adipogenesis through the immunomodulation effects 
and other mechanisms of action, such as microbiota 
and epigenetics. Findings on immune and inflammatory 
responses of animals support the idea that further inves-
tigations are needed in humans to better understand the 
health consequences of EDCs exposure.

BPA in obesity prevention
Humans may be exposed to more EDCs at the same 
time and exposure varies over time, which makes it 
impossible to evaluate their potential synergistic or 
antagonistic effects. Furthermore, it is important for 
EDCs to have sometimes a short urinary elimination 
half-life in the human body, and sometimes they don’t. 
Therefore, it may be necessary to consider whether a 
single urine or blood sample is representative of the 
overall exposure of an individual, including the sub-
jective level of daily environmental exposure. EDCs 
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act via various hormone receptors through a variety 
of known and unknown mechanisms including epige-
netic modifications. They differ from classic toxins in 
several ways such a slow-dose effect (time after expo-
sure), non-monotonic dose and trans-generational 
effects. Therefore, more studies are warranted to elu-
cidate the mechanisms functioning as the link between 
EDC exposure and metabolic health [44]. In addition, 
trans-generational inheritance and bioaccumulation of 
EDCs are among clear obstacles for new research evi-
dence [39]. Specifically, the results of reviewed studies 
have suggested that mainly BPA is associated with obe-
sity development which may negatively affect the meta-
bolic functions in various ways. Some epidemiological 
studies using data from the National Health and Nutri-
tion Examination Survey (NHANES) have reported 
that higher urine BPA concentrations tend to be corre-
lated with greater obesity risk and waist circumference 
[63], [7]. Researchers confirmed a significant relation-
ship between BPA and childhood obesity [35]. They 
also described the role of BPA in modulating canoni-
cal endocrine function, which regulates the metabolism 
during childhood. It was reported that BPA at environ-
mental doses acts in mature adipocytes by modulating 
gene expression which leads to molecular changes pro-
moting metabolic disorders in children. The persistence 
of BPA in the environment and in the human adipose 
tissue might be an important risk factor and a strong 
argument for further research of the development of 
obesity [50].

Phthalates and parabens in obesity prevention
Wassenaar & Legler [71] reported that early-life 
exposure of animals to phthalates is associated with 
increased fat weight, while non-significant negative 
association was related to body weight. On the other 
hand, studies on the connection between exposure to 
phthalates in childhood and obesity were inconsistent. 
Specifically, prenatal phthalate exposure may disturb 
the normal growth of children by decreased BMI rather 
than causing obesity, as hypothesized by previous stud-
ies [40]. Moreover, it has recently been discovered that 
BPA and phthalates are cardiovascular disruptors and 
BPA by itself could have a direct relationship with sys-
temic inflammation regardless of obesity or insulin 
resistance.

Parabens were related to obesogenic potential affect-
ing energy balance and metabolic health [36]. While con-
tradictory results were obtained regarding triclosan and 
obesity, one of the recent animal studies has emphasized 
the underlying toxic obesogenic mechanism of triclosan 
which is based on gut-brain axis [70]. However, due to 

inconclusive outcomes regarding phthalates and para-
bens further research is needed.

Future prospectives to prevent EDCs’ negative health 
effects
Increased exposure to EDCs could pose long-term health 
risk effects. EDCs are ubiquitous contaminants with a 
broad spectrum of effects. The chemicals such as BPA, 
parabens, triclosan and phthalates are common environ-
mental pollutants incriminated for metabolic as well as 
reproductive disorders. Therefore, most published litera-
ture concerning EDCs and obesity focuses mainly on BPA 
with diabetogenic, obesogenic and carcinogenic effects 
which need further investigation regarding their mecha-
nisms. Therefore, human research combining biomoni-
toring, analyses of biological samples, and a structured 
questionnaire on the quality of life, food and physical 
activity to evaluate the association between lifestyle vari-
ables potentially related to different EDCs, mixtures of 
EDCs and their metabolites could present one of the pos-
sible designs of a more profound strategy to understand 
the long-term association of EDCs and obesity.

Collectively, the data indicates that endocrine disrup-
tors may interfere with mechanisms regulating body 
weight through various physiological pathways, poten-
tially leading to obesity. The conclusions might thus serve 
as a precaution to avoid the exposure of EDCs in daily 
life. This is particularly important in the current world-
wide scenario of ongoing exposure of children and adults 
to EDCs, not only to chemicals which are still used for 
a wide range of purposes, but also to compounds which 
were banned in many countries but have a persistent and 
ubiquitous occurrence in the environment. To better 
illuminate the environmental triggers of obesity, further 
studies on larger populations are needed.

Summary
In this review, we summarized the knowledge on the 
association of EDCs such as BPA, parabens, triclosan and 
phthalates with obesity in the last 10 years. Revealed stud-
ies, methodologically heterogenic, have reported a poten-
tial association between prolonged exposure to EDCs and 
obesity. However, the main findings of this review need 
to be interpreted with caution due to the used methodol-
ogy investigating EDCs and obesity, the selected database, 
and heterogenous experimental studies that were not 
included. Recent research indicates that there is a specific 
need to combine human biomonitoring with other inves-
tigating methods to evaluate the quality of life including 
exposure to environmental triggers such as plastic and per-
sonal hygiene products of the observed population. More 
studies on molecular effects are needed to understand the 
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association of EDCs with metabolic diseases, particularly 
human obesity. The exposure of environmental triggers 
and possible associations with human performance and 
disease prevention should not be neglected.

Limitations
The literature search scoping review was limited to a sin-
gle database and to publications available entirely in the 
English language, potentially excluding valuable research 
conducted in other languages and from other databases. 
Lastly, our results are only up to date as of December 2023, 
and any subsequent studies beyond this timeframe are not 
incorporated into our review.

Conclusion
Regardless of some inconsistences in the findings across 
summarized studies, involuntary exposure to EDCs might 
be related with obesity development. Further studies 
including multicentric studies are needed to delineate exact 
mechanisms through which EDC exposure causes obesity, 
so that efficient preventative measures could be imple-
mented. The lack of public knowledge about the effects 
of EDCs on human health is concerning, which should 
encourage health care providers to inform especially a 
specific health population or ergonomically demanding 
populations to avoid the excess body weight and possible 
EDC exposure, thus empowering them to make healthier 
choices.
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