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 Abstract
 Increase in obesity pandemic all over the world 
consequently leads to the investigation of possible causes. 
In addition to the traditional explanation using the so-called 
caloric model, the field of endocrine disruptors (EDs), 
especially subgroup called obesogens, offered more light 
on the pathogenetic mechanisms involved. After the Second 
World War a correlation between an increased production 
of exogenous pollutants and actual obesity epidemic was 
suggested. “Obesogen hypothesis” implies that molecules 
called obesogens inadequately stimulate the development 
of adipose cells and lipid accumulation in existing adipose 
cells, as well as change metabolic balance or hormonal 
control of appetite and satiety, leading to an increase in body 
fat mass. The list of obesogens includes some industrial 
chemicals, biocides, pharmaceuticals, pollutants, and smoke. 
EDs from the group of obesogens may exert their effects 
by the impairment in the programming development of 
adipocytes, by an increase in energetic depot in the adipose 
tissue, and by influencing neuroendocrine control of appetite 
and satiety. Increased scientific evidence on obesogens and 
their mechanisms of action may help to prevent obesity and 
mitigate deleterious effects of the environment on human 
life and development. New translational studies are needed 
to explain the possible mechanism proposed.

 Keywords: obesity, adipocyte, endocrine disrupting 
chemicals, obesogens, microbiota.

INTRODUCTION

 In the last few decades, obesity pandemic 
has arisen all over the world. Prevalence of obesity 
defined as body mass index (BMI) ≥ 30 kg/m2 differs 
between countries and varies in the range between 3.7 

% in Japan and 38.2 % in the USA (1). According to 
the World Health Organization (WHO) data, there 
were over 650 million obese subjects in 2016 and over 
1.9 billion overweight individuals (BMI between 25 
and 30 kg/m2) in global adult population (2), with an 
estimate that the number of obese adult subjects will 
reach 800 million in 2022, according to the World 
Obesity Federation (3). Therefore, WOF predicts that 
1 in 5 women and 1 in 7 men will be obese by 2030, 
which equals to over 1 billion people globally (3). By 
definition, obesity is recognized as an actual disease and 
as a state that increases probability for the development 
of a larger number of non-communicable diseases, 
such as diabetes mellitus, insulin resistance, metabolic 
syndrome, cardiovascular diseases, hypertension, 
non-alcoholic fatty liver disease, stroke, dementia, 
osteoarthritis, obstructive sleep apnoea syndrome, 
kidney disease, reproductive disorders, and several 
forms of carcinoma. Recently, an association between 
obesity and increased death from COVID-19 has also 
been established (4).
 Currently, it is proposed that the main 
pathogenetic mechanism in the development of obesity 
is imbalance between energy input and energy output, 
in which energy input is higher than energy output. As 
a consequence, accumulation of lipids starts, leading 
to an increase in BMI. The described mechanism is 
associated with the theory of thrifty genotype (also 
known under the name “thrifty phenotype hypothesis”) 
(5). According to this mechanism, during evolution 
humans conserved energy for the periods in which 
food was limited. Such genotype in the conditions of 
modern life is ineffective, and together with reduced 
physical activity and a surplus of food, has resulted in a 
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P<0.05 is considered as significant

pandemic of obesity. 
 Moreover, recent research on the origins of 
obesity has demonstrated the fact that the caloric 
model of obesity and increase in body weight alone 
is not sufficient to explain the recent abrupt rise in 
obesity spreading all over the world. Consequently, 
the existence of additional contributing mechanisms 
interfering with current increase in obesity in population 
has been suggested (6). 
 
 Obesogen hypothesis and the definition of 
obesogens 
 Among various explanations for different 
factors that have a role in the occurrence of obesity, 
a particular place belongs to the so-called “Obesogen 
hypothesis”. This hypothesis assumes the participation 
of endocrine disruptors (EDs) in the development of 
obesity. EDs are environmental pollutants that may 
interfere with the hormonal system function (7) in 
different ways, by mimicking or blocking the actions of 
hormones due to their ability to bind to or interfere with 
hormone receptors. Many of those chemicals could 
be found in different products to which humans are  
exposed in everyday life including different plastics 
and plasticizers, chemicals applied to furniture and 
electronics, personal care products, baby bottles, waste 
bottles etc. Consequently, the most severe outcomes on 
individual’s health are linked to EDs exposure during 
vulnerable periods including fetal development, early 
life and puberty (8). Endocrine Society has defined 
an endocrine disruptor as “an exogenous chemical, 
or mixture of chemicals, that can interfere with any 
aspect of hormone action” (9). A previous definition 
that was proposed by American FDA was wider, and it 
stated that an endocrine disruptor was an “exogenous 
agent that interferes with the production, release, 
transport, metabolism, binding, action, or elimination 
of natural hormones in the body responsible for the 
maintenance of homeostasis and the regulation of 
developmental processes” (10). In their definition of 
an endocrine disruptor, WHO and Organization for 
Economical Cooperation and Development (OECD) 
claim that it is “an exogenous substance or mixture 
that alters function(s) of the endocrine system and 
consequently causes adverse health effects in an intact 
organism, or its progeny, or (sub)populations” (11). 
In 2015, “obesogens” were defined as “xenobiotic 
chemicals that can disrupt the normal development and 
homeostatic controls over adipogenesis and/or energy 
balance” (12).

 History of obesogens
 Hypothesis on endocrine disruptors as a cause 
of obesity was postulated after the Second World War, 
when it was suggested that there was a correlation 
between an increased production of exogenous 
pollutants and the actual obesity epidemic (13). Studies 
by Paula Baillie–Hamilton were initially focused on 
the relationship between toxicity and body weight loss, 
while its effects on body weight gain were initially 
unnoticed. 
 In 2006, Felix Grun and Bruce Blumberg 
suggested a possible involvement of disruptors from 
the external milieu as xenobiotic chemicals that may 
disrupt normal development and homeostatic control of 
adipogenesis and energy homeostasis, introducing the 
term “obesogens” to denote them (14). They published 
a manuscript in 2009, titled “Endocrine disruptors 
as obesogens”, describing their observations about 
the existence of chemicals that may impair energy 
homeostasis regulation in favour of body weight gain 
and the development of obesity. They proposed that 
obesogens cause impairment in homeostasis and are 
a mechanism that participates in the control of body 
weight by inducing in the subjects who are exposed 
a susceptibility to body weight gain despite normal 
food intake and physical activity (6). There are three 
key characteristics that obesogens possess that enable 
them to act as xenohormones: partition constant, half-
life, and molecular weight. Partition constant refers 
to obesogen lipophilicity: the higher it is, the higher 
is the adipose tissue accumulation resulting from its 
lipophilicity. Half-life is related to the time necessary 
for an obesogen to be broken or eliminated from the 
body. Molecular weight indicates the size of the 
respective obesogen. Low molecular weight of the 
obesogen means that it can enter the adipocytes easily 
(15).
 Based on the existence of obesogen model 
from the environment, it is assumed that chemical 
exposure during critical developmental phases 
may influence adipogenesis, lipid balance, and the 
development of obesity (16). “Obesogen hypothesis” 
implies that molecules named obesogens inadequately 
stimulate the development of adipose cells and lipid 
accumulation in the existing adipose cells, as well 
as change metabolic balance or hormonal control of 
appetite and satiety, leading to an increase in body fat 
mass (16). Interestingly, women’s reproductive life is 
associated with unfavourable health outcomes related 
to obesity and hormonal imbalance, which may be a 
possible EDs effect in this susceptible population. 



Endocrine disruptors and obesity

505

Even early menarche in girls has been associated with 
an increased risk of obesity, arterial hypertension, 
and type 2 diabetes, as well with an increased risk of 
all-cause mortality (17). Moreover, hyperandrogenic 
state of polycystic ovary syndrome associated with 
obesity often leads to an increased cardiovascular 
risk, including insulin resistance, dyslipidaemia, and 
hypertension (18).
 Obesogens can be found in pesticides, cleaning 
products, and beverage packaging (15).
 The following compounds are included 
among obesogens: Industrial Chemicals (Bisphenol 
A; Bisphenol A diglycidyl ether; Bisphenol S; 
Firemaster; 2,2’,4,4’-Tetrabromodiphenyl ether; 
3,3’,4,4’-Tetrachloropbiphenyl; Mono-(2-ethylhexyl) 
phthalate; bis(2-ethylhexyl) phthalate); Biocides 
(Dichlorodiphenyltrichloroethane; Tributyltin; Triphe-
nyltin); Pharmaceuticals (Diethylstilbestrol; Estradiol); 
Pollutant (Dioxin) and Smoking (Nicotine) (15).

 Obesogen mechanism of action
 A connection between chemical exposure – 
intake and inhalation of industrial compounds from 
the environment – and the development of obesity 
and metabolic and endocrine diseases was observed 
while investigating etiopathogenesis of obesity. These 
industrial pollutants may be detected in food, water, air, 
and ground, indicating that exposure to them is almost 
impossible to avoid. Among these chemicals originating 
from the environment, the existence of a particular 
subclass of endocrine disruptors has been confirmed – 
disruptors that may affect sensitive metabolic processes 
when an individual is exposed to them in the early 
development, leading to consequences such as obesity, 
type 2 diabetes, and metabolic syndrome (19). There 
are several mechanisms by means of which obesogens 
may lead to the development of obesity, and these 
mechanisms are not necessarily mutually independent. 
EDs may imitate or inhibit receptor hormone binding; 
impair synthesis or metabolism of hormones or signal 
systems; and impair transport of hormones to and 
inside of target tissue (20). EDs from the obesogens 
group may exert their effects by impairment in 
adipocyte programming development, by energetic 
depot increase in adipose tissue, and by influencing 
the neuroendocrine control of appetite and satiety (21). 
One important mechanism through which obesogens 
influence the development of obesity is their ability to 
alter the “set point”, or sensitivity for the development 
of obesity later in the life (22). 
 Several hypotheses and explanations have 

been developed to analyse the possible obesogen 
effects, since definitive mechanisms are still in the 
early phases of investigation. At the moment, three of 
them seem to be important: a peroxisome proliferator 
activated receptor γ (PPARγ), hormone interference, 
and inflammation (15). 
 It is postulated that obesogens exert their 
effects on the adipocyte development through key 
regulators of adipogenesis – peroxisome proliferator-
activated receptor gamma (PPARγ) and 9-cis receptor 
retinoic acid (RXR) – that promote adipogenesis and 
change lipid homeostasis (23). Peroxisome proliferator-
activated receptor γ belongs to the family of non-
steroid nuclear hormone receptors with the following 
three isoforms: PPARα, PPARβ/δ and PPARγ. Binding 
of PPARγ to the nuclear receptor RXR results in 
heterodimer formation that modulates target genes 
expression. PPARs target genes are responsible for lipid 
storage, transport, and metabolism (24). It is thought 
that advances in understanding these mechanisms may 
help to find solutions to counteracting their obesogenic 
effects (15). 
 Hormone interference involves various 
mechanisms that exist between hormones and 
obesogens. The influence of particular obesogens is still 
not fully known and will probably be described in more 
detail in the future. Currently, in this field, there are 
descriptions of obesogens working as anti-androgens 
or anti-oestrogens, as well as of their interference with 
leptin and adiponectin, thyroid hormones etc.
 Chronic inflammation is a common finding 
in obesity. It has been demonstrated that obesogens 
increase the number of immune cells in adipose tissue. A 
correlation between the PPAR genes and inflammation 
has been established: PPAR genes are upregulated in 
inflammation, and it appears that they play a role in 
regulating inflammatory responses (25).
 In particular, the influence mechanism of 
obesogens relies on their effect on preadipocytes 
or mesenchymal stem cells in which they promote 
adipogenesis. Most published research demonstrates 
that adipocytes developed under the obesogens influence 
appear to have normal functional characteristics; 
however, there are some studies that indicate that 
formation of a dysfunctional white adipose tissue is 
also possible (26), so the question whether obesogens 
induce the formation of normal or dysfunctional white 
adipose tissue still remains to be answered (22). 
 On the other hand, healthy adipocytes show 
preserved insulin sensitivity and capacity to uptake 
glucose from circulation. At the same time, they 
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Figure 1.  A: Before treatment; B: After treatment.

produce adiponectin, a hormone that is associated 
with gluconeogenesis suppression and stimulation of 
β-oxidation of fatty acids. It has been demonstrated that 
adipocytes developed under the influence of obesogens 
are unhealthy, because they produce smaller quantities 
of adiponectin and Glut-4 (27). 
 One possible mechanism of how obesogens 
influence adipocytes is by affecting thermogenesis 
impairment (by impairing the differentiation of 
thermogenic fat tissue that is manifested as a decrease 
in production of beige fat tissue). Thermogenic fat 
tissue that transforms glucose and fat in the circulation 
into heat is very important as a possible therapeutic 
mechanism for treating obesity and diabetes, and hence 
its proper functioning is of vital importance (28). 

 Mechanisms of action of particular obesogens 
 It is suggested that bisphenols, common 
obesogens, may work as oestrogen receptor agonists 
and androgen receptor antagonists in vivo and in 
vitro. Experiments conducted on mice indicated that 
bisphenol induces adipogenic differentiation and 
proliferation of fat cells. Consequent increase in the 
number of adipocytes leads to an increase in body mass. 
The effects of bisphenols were associated with the 
downregulation of the gene for microRNA 26, which 
has an important role in genetic regulations of adipocyte 
browning. These regulations influence adipogenesis, 
mitochondrial formation, and upregulations of 
uncoupling protein-1 (UCP-1) (2).
 Dichlorodiphenyltrichloroethane (DDT) and 
dichlorodiphenyldichloroethylene (DDE) concentrate 
in adipose tissue due to their lipophility. DDT with its 
metabolites acts like an agonist of oestrogen receptors, 
while DDE acts like an androgen receptor antagonist. 
In experiments on mice, it was demonstrated that DDT 
affects sympathetic nervous system, which is important 
for thermogenesis in the brown adipose tissue and its 
“whitening” (29). 
 Dechlorane plus (DP) is a flame retardant that 
acts like a PPARγ agonist, and exposure to DP may 
induce hypertrophy of white adipose tissue and its 
dysfunction. Exposure to DP induces “whitening” of 
brown adipose tissue (30).
 Dibutyl phthalate (DBP) is an important 
phthalate ester that may be found in various plastics, 
adhesives, inks, and pharmaceuticals. Phthalates may 
impair proliferator-activated receptors (PPARs) that 
participate in adipogenesis, lipid metabolism, and 
metabolic homeostasis (31). 
 Tetrabromobisphenols induce adipogenesis 

through activation of PPARγ and glucorticoid 
receptors. It is suggested that its effects are related to 
early programming of adipogenic pathways (32).
	 β-Cypermethrin (β-CYP) is an insecticide that 
promotes adipogenesis by oxidative stress-mediated 
autophagy disturbance. β-CYP binds itself to the 
mitochondrial respiration chain complex 1. Changes 
in mitochondrial properties lead to a decrease in the 
“browning” of white adipose tissue (33).
 Some metals, such as cadmium, silver and 
arsenic, have a potential to impair metabolic processes 
in white, beige, and brown adipose tissues (34-36). 
 There is a so-called “set point” mechanism 
responsible for maintaining body weight, a point of 
a certain metabolic homeostasis that an organism 
attempts to achieve, regardless of whether energy 
intake, or in the case of reducing body weight, energy 
expenditure is involved. Body weight homeostasis, on 
which the “set point” mechanism is operative, may be 
modified by environment, which allows for a possibility 
that smaller external obesogenic influences may 
induce a weight loss (37). At present, it is considered 
that obesogens may also affect body weight gain by 
increasing metabolic homeostasis to a higher level.
 Another mechanism of obesogen action is 
transgeneration effect. Exposure of experimental 
mice to TBT leads to the manifestation of a “thrifty 
phenotype” in male offspring. These animals do not 
lose their fat mass during starvation: they gain weight 
very quickly when they are exposed to food rich in fat 
and do not lose the acquired fat in conditions when 
the fat content in the food is reduced. It has been 
shown that the thrifty phenotype is associated with 
changes in chromatin structure, DNA methylation, and 
overexpression of leptin and important metabolic genes 
in the white adipose tissue (26).

 Endocrine disrupting chemicals and 
microbiota
 The human gut microbiota, consisting of 100 
trillion microbes, is recognized as an autonomous 
endocrine organ that participates in maintaining 
energy homeostasis and host immunity (38). 
Alterations of gut microbiota composition have 
been found in obesity, with an increased number 
of microbes that obtain more energy from the diet, 
resulting from a greater absorption and deposition of 
nutrients (39), thus increasing the metabolic capacity 
of adipocytes. Recently, a new scientific approach 
on the relation between endocrine disrupting 
chemicals and obesity resulted in the hypothesis that 
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endocrine disrupting chemicals may have effects on 
human health through the modifications of human 
microbiota. Moreover, there are confirmed results 
that microbes in the gut could biodegrade certain 
obesogens or contaminants. The authors suggested the 
term microbiota disrupting chemicals (MDC) for the 
group of dietary xenobiotics that alter gut microbes 
and which are associated with chronic intestinal and 
systemic diseases. In this direction, various agents are 
recognized as hazardous. For example, food additive 
polysorbate 80 exacerbate irradiation-induced 
gastrointestinal tract toxicity, microbiota dysbiosis 
and tract injury; obesogenic probiotics Lactobacillus 
kefirnofaciens M1 and Lactobacillus mali APS1 
in high-fat diet-induced mice are influencing fat 
accumulation through regulation of adipogenesis 
and inflammation-related marker expression; heavy 
metals arsenic, cadmium, and lead modify the risk of 
disease by mediating gut microbiota dysbiosis (40). 
The presence of endocrine disruptors in food could 
initiate alterations in microbial dysbiosis, xenobiotic 
pathways, genes, enzymes, and metabolites that 
participate in their metabolism. Products of microbial 
metabolism can trigger the development of diseases 
in the host organism (41). Recent publications related 
to the role of gut microbiota in obesity, diabetes, and 
metabolic syndrome focus on the alterations of gut 
microbiota that are associated with the reduction in 
the number of commensal bacteria and dysbiosis (42). 
Pharmacological interventions directed against the 
changes in the gut induced by endocrine disruptors 
may be an alternative approach for the therapy and 
prevention of metabolic diseases (41).
 In conclusion, expanded knowledge about 
obesogens from their early description at the beginning 
of the century to the present has led to more rapid 
discoveries regarding a variety of their mechanisms of 
action. The different mechanisms of their action that 
ultimately result in the development of obesity shed a 
new light on understanding possible roots of the current 
obesity pandemic. Simultaneously, understanding 
their mechanisms of action facilitates the potential 
development of new drugs that may be used for the 
management of obesity in the future. Additionally, 
recognizing deleterious effects of obesogens will help 
humankind to develop analytical methods for detecting 
and monitoring some chemicals present or produced 
in the environment that may be used as preventive or 
protective tools (43). An extensive list of obesogens 
with known adverse effects, as well as a list of possible 
obesogens that still have not been recognized as such, 

requires urgent attention, so that human beings would 
be able to avoid being harmed by means of reducing 
the presence of obesogens in the environment. In order 
to do so, it is very important to develop screening 
systems and to distribute them worldwide so that the 
presence of obesogens would be promptly detected and 
addressed. 
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