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Abstract

Purpose: Climate change poses a significant threat to human health, particularly affecting the endocrine system. This study aims to explore the impact 
of climate change on various endocrine pathways and its implications for morbidity and mortality rates.

Methods: A review of literature was conducted to investigate the relationship between climate change and the endocrine system. Relevant databases 
were searched for studies on the effects of temperature changes, air pollution, and vector-borne diseases on hormone levels and endocrine health. 
Factors influencing the degree of impact, such as climate-related stressors and individual susceptibility, were also examined.

Findings: Climate change exerts a notable influence on the endocrine system, leading to hormone imbalances and increased mortality rates. Direct 
and indirect effects of climate change events, including temperature changes, air pollution, and vector-borne diseases, contribute to these disruptions. 
Certain components of the endocrine system, such as the adrenal gland, thyroid gland, HPA axis, and reproductive organs, are particularly vulnerable 
to environmental changes.

Implications: Understanding the mechanisms by which climate change affects endocrine disorders is crucial for addressing this global health issue. 
Efforts to mitigate the impact of climate change on human health should consider the specific vulnerabilities of the endocrine system and prioritize 
interventions to minimize morbidity and mortality associated with endocrine-related conditions.
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Introduction

Climate change, primarily caused by human activities like 
greenhouse gas emissions from power generation, manufacturing, 
and deforestation, results in significant alterations in weather patterns 
and temperatures. This has profound implications for public health, 
increasing morbidity and mortality due to extreme temperature 
conditions [1,2]. Recent research spanning from 2000 to 2019 indicates 
that approximately 5 million deaths worldwide can be attributed to 

non-optimal temperatures, with a substantial portion occurring 
in East and South Asia, highlighting regional disparities in climate 
change impacts [3]. Furthermore, environmental factors influenced 
by climate change can impact the endocrine system, potentially 
leading to disruptions in hormonal balance and the development of 
disorders. This paper will explore the multifaceted impact of climate 
change on human health, shedding light on both direct consequences, 
such as mortality, and indirect consequences related to endocrine 
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disorders. By examining these connections, the goal is to deepen our 
understanding of the challenges posed by climate change in the global 
public health landscape and contribute to discussions on mitigating its 
adverse effects to safeguard public health.

This literature review provides a comprehensive analysis of the 
effects of climate change on the endocrine system, an area that remains 
relatively unexplored in current knowledge. By mixing the results of 
different published studies, we explore new insights into how climate-
related stressors such as temperature fluctuations, air pollution, and 
vector-borne diseases disrupt hormonal balance and contribute to 
increased morbidity and mortality. Our approach shows the direct and 
indirect pathways through which climate change produces its impacts 
and provides a detailed understanding of the mechanisms involved in 
such processes. This research not only fills a major gap in the literature 
but also highlights the urgent need to address endocrine health in the 
context of climate change.

Climate Change

Climate Change Mechanisms and Human Health

Climate change encompasses significant alterations in regional 
and global climate over time. These changes affect various climate 
parameters; average and peak temperatures, humidity, precipitation, 
atmospheric pressure, water salinity, and the shrinking of mountain 
and polar glaciers [4]. In 2020, the global average surface temperature 
rose by 0.94 degrees Celsius compared to the average between 1951 
and 1980. Projections suggest that by 2100, this average could increase 
by 4 degrees Celsius above the average recorded between 1986 and 
2005, significantly surpassing previous projections [5]. The primary 
driver of Earth’s warming is the emission of greenhouse gases resulting 
from human activities, particularly methane and nitrous oxide. 
These gases retain warmth within the lower atmosphere, leading to 
temperature increases which leads to both short-term and long-term 
threats to human health and well-being.

Extreme Events

Sub-Optimal Temperatures

Extremes in temperatures, both low and high, increase mortality 
rates. Deaths from suboptimal temperatures were estimated to 
be 9.43% of total deaths worldwide from 2000 to 2019 [6]. Being 
exposed to high temperatures is linked with an increased likelihood 
of emergency department visits and hospital admissions because of 
cardiovascular, respiratory, and endocrine disorders [7-9], the exact 
temperature thresholds for these health impacts may not be explicitly 
stated in the cited literature (Figure 1).

Blauw and colleagues’ research, investigating the relationship 
between fluctuations in outdoor temperature and the prevalence of 
diabetes mellitus in the USA from 1990 to 2009, demonstrated that for 
every 1-degree Celsius increase in outdoor temperature, there could 
be an association with more than 100,000 new cases of diabetes in 
the country, Blauw also proposes that brown adipose tissue (BAT) 
metabolism correlates with temperature, where lower temperatures 
lead to increased fatty acid metabolism by BAT and increased insulin 
sensitivity, the opposite is hypothesized to be true. More data is needed 
to understand the direct link between the two [10]. This aligns with 
the interconnected nature of climate change and diabetes, knowing 
that individuals with diabetes are at a higher risk of dehydration 
and cardiovascular events during extreme heat. Evidence has also 
shown that high temperatures can trigger behavioural and mental 
disorders, leading to an increase in cases of anxiety, depression, 
and suicidal attempts [11,12]. Schwartz’s analysis of 160,062 deaths 
in Wayne County, Michigan, among individuals aged 65 or older 
found that patients with diabetes faced a higher risk of mortality on 
hot days, highlighting the vulnerability of this demographic to heat 
stress [13]. Associations were also observed between daily maximum 
temperatures and visits to the Emergency Department in Atlanta, 
Georgia, for cases of internal diseases including diabetes, emphasizing 
broader health implications related to rising temperatures[14]. An 
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analysis of 4,474,943 general practitioner consultations in Great Britain 
spanning from 2012 to 2014 indicated increased odds of seeking 
medical consultation linked to high temperatures [15]. Furthermore, 
the African continent faces a heightened risk of rising temperatures, 
as projections suggest increasingly severe heat extremes occurring 
over shorter durations. Kapwata et al.’s findings suggest potential 
temperature increases of 4-6 degrees Celsius for the African region 
during the period 2071-2100, posing heightened vulnerability to heat-
related illnesses, especially among young children and the elderly 
[16]. Overall, these findings underscore the urgent need to tackle 
the intricate interplay among climate change, rising temperatures, 
and the heightened susceptibility to diabetes and associated health 
complications.

Wildfires

High temperatures and low precipitation increase the risk of 
wildfires, which can directly lead to burns, injuries, and premature 
deaths [17]. Compounds released during wildfires, such as benzene 
and free radicals, can have far-reaching consequences on human 
health. In fact, the exposure to environmental pollutants from wildfires 
can disrupt the endocrine system, leading to imbalances in hormonal 
regulation. Specifically, the released compounds may impact the 
functioning of the digestive, hematopoietic, and reproductive systems, 
creating a cascade effect that elevates the susceptibility to endocrine 
disorders [18]. 

Floods and Storms

Floods, instigated by heavy rainfall and elevating sea levels, are 
one of the most prevalent and devastating natural disasters. They lead 

to injuries and drownings and exacerbate the risk of water and vector-
borne diseases like dengue, malaria, yellow fever, and West Nile virus 
[19,20]. Diabetic patients have altered immune responses to different 
pathogens and are at risk of developing severe infections leading to 
increased morbidity and mortality.

Air Pollution

Air pollution results in decreased lung function in both children 
and adults, exacerbating the symptoms of asthma and chronic 
obstructive pulmonary disease (COPD). In addition, several studies 
have shown an association between air pollution and insulin 
resistance, leading to a heightened risk of developing diabetes (Figure 
2) particulate matter smaller than 2.5 um increases the probability 
of developing diabetes and exacerbates the risk of diabetes-related 
complications [21,22]. 

Food Insecurities

Extreme weather events may lead to decreased crop production, 
which can in turn lead to famines and malnutrition of populations 
leading to increased risk of infectious diseases [23]. 

Vulnerable Populations in Healthcare

Climate change may impact a particular section of a community 
more due to risk factors in those individuals. The vulnerable 
population in a community i.e. poor, elderly, disabled, children, 
prisoners, and substance abusers encounter heightened levels of 
mental and physical stress as a result of exposure to natural disasters. 
Reviews have shown that social factors affecting vulnerable individuals 
have been correlated with more or less capacity to adjust to changing 

Figure 2: Pathophysiology of air pollution and insulin resistance.
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environmental conditions and natural disasters [24]. In the upcoming 
decades, disparities may intensify, not solely due to regional variations 
in environmental changes such as water scarcity and soil erosion, but 
also due to disparities in economic status, society, human capital, and 
political influence [25]. 

Impact of Climate Change on Endocrine Disorders

Climate change exerts multifaceted effects on environmental 
factors, including temperature, pollution, and exposure to chemicals, 
which contribute to endocrine disruption. The interplay between these 
elements underscores the intricacy of the correlation between climate 
change and endocrine health. Temperature fluctuations, altered 
seasons, and extreme weather events induced by climate change can 
have significant repercussions on endocrine health [26]. Furthermore, 
altered seasonal patterns can disrupt circadian rhythms, affecting 
the production and regulation of hormones critical for various 
physiological processes. Extreme weather events, such as heatwaves 
or hurricanes, may cause stress responses in the body, potentially 
influencing the endocrine system and contributing to hormonal 
imbalances [27]. Climate-induced changes in food availability, quality, 
and contaminants also play a pivotal role in influencing endocrine 
disorders. Shifts in temperature and precipitation patterns can affect 
crop yields and nutritional content, impacting the availability of key 
nutrients essential for hormonal balance. Additionally, climate change 
may lead to the introduction of new contaminants into the food chain, 
potentially disrupting endocrine function. Pesticides, pollutants, and 
other environmental chemicals can mimic or interfere with hormones, 
contributing to the development of endocrine disorders [28]. 

Endocrine Disorders

Specific Endocrine Disorders and Climate Change

Thyroid Dysfunction: Research by Brent et al. (2010) reported 
that environmental agents influencing the thyroid may also trigger 
autoimmune thyroid disease, which is often the cause of functional 
thyroid disorders. Detecting abnormal thyroid function associated 
with environmental exposure is commonly attributed to direct effects 
of agents and toxicants triggering autoimmune thyroid problems 
with consideration to factors like thyroid autoantibody status, iodine 
intake, smoking history, family history of autoimmune thyroid disease, 
pregnancy, and medication use. Recognition of thyroid autoimmunity 
as a contributing factor to changes induced by environmental agents is 
crucial in these studies, illuminating the pathogenesis of autoimmune 
thyroid disease and exploring the possible influence of environmental 
factors in its development, a broad range of environmental pollutants can 
interfere with thyroid function; many of which have direct inhibition of 
thyroid hormone or induce detectable high levels of TSH consequently. 
Other substances such as polychlorinated biphenyls (PCBs) have a 
thyroid hormone agonist effect [29]. Additionally, air pollutants with 
levels as low as PM2.5 have been associated with hypothyroidism. There 
is robust evidence of increased cardiovascular morbidity and mortality 
associated with subclinical hypothyroidism (Figure 3) [30]. 

Diabetes: Ratter-Rieck et al. (2023) reported that individuals with 
diabetes face heightened susceptibility to the dangers posed by elevated 
ambient temperatures and heatwaves due to impaired responses to 

heat stress. This is of particular concern as the frequency of extreme 
heat exposure has risen in recent decades, coinciding with the growing 
number of people living with diabetes, which reached 536 million in 
2021 and is expected to rise to 783 million by 2045 [31]. Furthermore, 
evidence has linked PM concentrations to increased oxidative stress, 
impaired endothelial function, and it is also suggested that PM alters 
coagulation and inflammation cascades via epigenetic disruption [32].

A Chinese study concluded that higher PM10 levels are associated 
with an increase in mortality short term with a 5% overall mortality 
rate from diabetes with high levels of PM10 [32]. 

Reproductive Disorders: The “Lancet Countdown on health 
and climate change: code red for a healthy future report for 2021” 
emphasizes on the critical health risks posed by climate change [33], 
affecting human health through food shortages, water quality reduction, 
displacement, and increased disease vectors. The effects can manifest 
directly, such as heat stress and exposure to wildfire smoke impacting 
cellular processes, or indirectly, resulting in vector-borne diseases, 
population displacement, depression, and violence. It underscores 
the discrepancies in exposures among various sociodemographic 
groups and pregnant individuals. Vulnerable populations, including 
women, lower-income individuals, pregnant women, and children are 
disproportionately affected. The mechanisms underlying these effects 
involve endocrine disruption, reactive oxygen species induction, DNA 
damage, and disruption of normal cellular functions [33]. 

Regulatory Mechanisms

The endocrine system is regulated by feedback mechanisms 
involving the hypothalamus, pituitary gland, and target organs [34-
36]. The feedback mechanism can be either positive or negative, 
depending on the effect of the hormone on the target organ [36]:

- A negative feedback mechanism occurs when the original effect 
of the stimulus is reduced by the output [36]. 

- A positive feedback mechanism occurs when the original effect 
of the stimulus is amplified by the output [35]. 

The hypothalamic-pituitary axis involves the production of 
hormones by the hypothalamus, which either stimulate or suppress 
the release of hormones from the pituitary gland [34]. Consequently, 
the pituitary gland produces hormones that stimulate or inhibit the 
release of hormones from other endocrine glands [34]. The target 
organs produce hormones that provide feedback, either positive or 
negative, to the hypothalamus and pituitary gland to regulate hormone 
production (Table 1) [34]. 

EDC Name Target Organ Hormones Effects

Phthalates Thyroid Reduced free and serum T4
Increased TSH

Perchlorate Thyroid
Inhibited Iodine uptake
Inhibited thyroid synthesis
Reduced neonate cognitive function

Etomidate, 
Ketoconazole, Cardiac 
Glycosides

Adrenal Gland Inhibited 11β-hydroxylase

General EDCs Adrenal Gland Inhibited StAR, aromatase, hydroxysteroid 
dehydrogenases, Disrupted aldosterone synthesis

Table 1: EDC Drugs: Site of Action and Organ Impact.
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Figure 3: Overview of endocrine system.
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Common Endocrine Disorders

Diabetes Mellitus

Diabetes mellitus is a condition defined by high blood 
glucose levels. Type 1 diabetes mellitus results from autoimmune 
destruction of pancreatic β-cells whereas, type 2 diabetes mellitus 
is due insulin resistance. Severe hyperglycemia symptoms include 
excessive urination, thirst, weight loss, and blurred vision. Chronic 
hyperglycemia can impair growth, increase infection susceptibility, and 
lead to life-threatening conditions like ketoacidosis or hyperosmolar 
syndrome. Long-term complications of diabetes include retinopathy, 
nephropathy, peripheral and autonomic neuropathy, cardiovascular 
diseases, hypertension, and lipid metabolism abnormalities [37]. 

Diabetes can be diagnosed using plasma glucose criteria, which 
include either the fasting plasma glucose (FPG) value, the 2-hour 
plasma glucose (2-h PG) value during a 75-gram oral glucose tolerance 
test (OGTT), or A1C criteria.

Thyroid Disorders

Hyperthyroidism

Hyperthyroidism is characterized by excess thyroid hormone 
production. Causes include thyroid autonomy and Graves’ disease, 
which affects younger women and the elderly [38]. Symptoms of 
hyperthyroidism include heart palpitations, tiredness, hand tremors, 
anxiety, poor sleep, weight loss, heat sensitivity, and excessive sweating. 
Common physical observations include tachycardia and tremor 
[39]. Diagnostic measures involve assessing thyroid hormone levels: 
elevated free thyroxine (T4) and triiodothyronine (T3), alongside 
suppressed thyroid-stimulating hormone (TSH) [40]. Treatment often 
starts with thionamide and radioiodine therapy, the latter is preferred, 
especially in the US, considering pregnancy risks for women [38]. 

Hypothyroidism

Hypothyroidism is a thyroid hormone deficiency. It occurs 
more frequently in women, older individuals (>65 years), and 
white populations, with a higher risk in those with autoimmune 
diseases [41,42]. Symptoms of hypothyroidism include fatigue, cold 
intolerance, weight gain, constipation, voice changes, and dry skin. 
However, the clinical presentation varies with age, gender, and time to 
diagnosis. Diagnosis relies on thyroid hormone level criteria. Primary 
hypothyroidism is defined by elevated TSH levels and decreased free 
thyroxine levels, while mild or subclinical hypothyroidism, often 
indicating early thyroid dysfunction, is characterized by high TSH 
levels and normal free thyroxine levels [43]. Early thyroid hormone 
therapy and supportive measures can prevent progression to 
myxedema coma [43-45]. 

Polycystic Ovary Syndrome (PCOS)

PCOS is a prevalent endocrine disorder among females, affecting 
5% to 15% of the population. Diagnosis requires chronic anovulation, 
hyperandrogenism, and polycystic ovaries with Rotterdam’s criteria 
incorporating two of these three features [46]. PCOS is often 
underdiagnosed, leading to complications like infertility, metabolic 

syndrome, obesity, diabetes, cardiovascular risks, depression, sleep 
apnea, endometrial cancer, and liver diseases. Management involves 
lifestyle changes, hormonal therapies, and insulin-sensitizing agents 
[47]. 

Adrenal Disorders

Cushing’s Syndrome

Cushing syndrome, also known as hypercortisolism, is a 
condition resulting from high cortisol levels, often due to iatrogenic 
corticosteroid use or herbal therapies [48]. It causes weight gain, 
fatigue, mood swings, hirsutism, and immune system impairment. 
Treatment options include tapering exogenous steroids, surgical 
resection, radiotherapy, medications and bilateral adrenalectomy for 
unresectable ACTH tumors [49]. 

Addison’s Disease (Primary Adrenal Insufficiency)

Addison’s disease is a rare but life-threatening adrenal insufficiency. 
It primarily impacts glucocorticoid and mineralocorticoid production 
and can manifest acutely during illnesses. It is more common in 
women aged 30-50 and is often linked to autoimmune conditions. 
There are two main types of Addison’s disease: primary adrenal 
insufficiency, where the adrenal glands themselves are damaged, and 
secondary adrenal insufficiency, where the dysfunction is due to a 
lack of stimulation from the pituitary gland or hypothalamus [50]. 
Diagnosis is challenging due to its variable presentation, and it can 
lead to an acute adrenal crisis with severe dehydration and shock [51]. 

Pheochromocytoma

Pheochromocytomas are rare, benign tumors in the adrenal 
medulla or paraganglia, often causing symptoms like high blood 
pressure, headaches, heart palpitations, and excessive sweating 
[52]. These tumors are often linked to genetic mutations, and it is 
recommended that all patients undergo genetic testing. Symptoms are 
caused by overproduction of catecholamines. Radiological imaging 
helps locate the tumor and determine its spread and elevated levels 
of metanephrines or normetanephrines confirm the diagnosis. 
Surgery is the only effective therapy while drugs are used to address 
hypertension, arrhythmias, and fluid retention before surgery [53]. 

Adrenal Hemorrhage

Adrenal hemorrhage is a rare condition involving bleeding in the 
adrenal glands, causing a range of symptoms from mild abdominal 
pain to serious cardiovascular collapse. It is caused by various factors 
like traumatic abdominal trauma, sepsis, blood clotting issues, blood 
thinner use, pregnancy, stress, antiphospholipid syndrome, and 
essential thrombocytosis, it can occur unilaterally or bilaterally. Rapid 
diagnosis requires high clinical suspicion, and diagnostic techniques 
involve imaging and biochemical evaluations [54]. 

 Primary Hyperaldosteronism

Also known as Conn syndrome, is a condition causing 
hypertension and low potassium levels due to excessive aldosterone 
release from the adrenal glands. It’s a common secondary cause of 
hypertension, especially in resistant cases and women. Diagnosis 
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involves aldosterone-renin ratio assessment, confirmatory tests such 
as saline infusion tests or captopril challenge, and imaging studies like 
adrenal CT or MRI scans [55]. Treatment options include aldosterone 
antagonists, potassium-saving diuretics, surgery, and corticosteroids 
[56]. 

Medical Impact of Endocrine Disorders

Health Consequences

Cardiovascular Complications

Uncontrolled diabetes is associated with vessel damage due 
to atherosclerosis, which increases the risk of heart attacks and 
strokes [57-59]. Hyperglycemia also contributes to inflammation, 
oxidative stress, and endothelial dysfunction, further promoting the 
development of cardiovascular complications [52-54]. 

Metabolic Disturbances

Conditions with hormonal imbalances, like PCOS and 
hypothyroidism, cause weight gain and obesity. Obesity is a major 
risk factor for numerous health issues, including type 2 diabetes, heart 
disease, and joint problems [57-59]. 

Autoimmune Disorders

Autoimmune disorders are common in endocrine disorders 
such as Hashimoto’s thyroiditis and Graves’ disease [57-61]. These 
conditions can increase the risk of developing other autoimmune 
disorders, such as rheumatoid arthritis or lupus [57-59]. 

Quality of Life Implications

Physical Well-being

Many endocrine disorders, such as diabetes, are associated with 
physical symptoms such as fatigue, pain, weakness, and discomfort 
[62-64]. 

Emotional and Psychological Well-being

Hormonal imbalances affect neurotransmitters in the brain, 
leading to mood disorders such as depression, anxiety, and irritability 
[62-65]. 

Social and Relationship Impact

Individuals with endocrine disorders may experience social 
isolation due to their symptoms or the demands of managing their 
condition, limiting their social interactions [62-64]. 

Financial Burden

Treating and managing endocrine disorders often involves ongoing 
medical costs, medications, doctor visits, and surgical procedures. 
These expenses can create a financial burden on individuals and their 
families, impacting their overall financial well-being [62-64]. 

Self-esteem and Body Image

PCOS or hypothyroidism result in weight gain and changes 
in appearance, which may impact self-esteem and body image. 

Individuals with obesity-related endocrine conditions may experience 
societal stigmatization and discrimination, which can lead to 
emotional distress and lower self-esteem [62-64]. 

The Intersection: Climate Change and Endocrine 
Disorders

Endocrine Disruption Mechanisms

Endocrine Disrupting Chemicals (EDCs)

Endocrine disruptors, are foreign substances interfering with 
the endocrine system’s physiologic function, leading to detrimental 
effects. EDCs exposure may occur through food, water, and skin 
exposure in adults. Fatal exposure happens through placental 
transmission and breastfeeding. Direct effects are seen in the exposed 
population and subsequent generations. EDCs are the most well-
known with more than 4000 agents polluting the environment [66]. 
EDCs mimic endocrine action by binding to a variety of hormone 
receptors and may act as either agonists or antagonists. Nuclear and 
membrane-bound receptors are typically the two messenger systems 
utilized by EDCs [67]. The most commonly recognized EDCs may 
be agricultural, and industrial chemicals, heavy metals, drugs, and 
phytoestrogens [66,67]. Human exposure mostly occurs through the 
act of consuming these substances that accumulate in fatty tissue due 
to their affinity for fat. Furthermore, endocrine-disrupting chemicals 
interfere with the production, function, and breakdown of sex 
hormones affecting the growth of the fetus and reproductive abilities. 
These factors are associated with developmental problems, infertility, 
hormone-sensitive malignancies, and disruptions in energy balance. 
Moreover, EDCs disrupt the functioning of the hypothalamic-
pituitary-thyroid and adrenal axis. However, evaluating the complete 
extent of ECDs influence on physical health is difficult, because of the 
delayed consequences, diverse onset ages, and the susceptibility of 
certain demographics [67] (Table 2).

Hormonal Imbalances

EDCs can interfere with hormonal homeostasis in different 
mechanisms such as affecting hormone synthesis, release, transport, 
metabolism, and action, mainly utilizing the structural similarity 
with thyroid hormones [68]. The impact of EDCs on the endocrine 

Organ Environmental disruptor Impact on endocrine pathways

Pituitary Pesticides, PVC.
Precocious puberty.
Delayed puberty.
Disruption of circadian rhythm.

Thyroid Xenoestrogens, Heat.

Decreased iodine uptake.
Thyroid hormone antagonism.
Increased degradation of Thyroid 
hormone.

Pancreas Heat, Particulate matter Insulin resistance.

Adrenal Xenoestrogens, Hexachlorobenzene Adrenal biosynthetic defect.

Gonads

Phthalates, Bisphenol A, 
Polybrominated diphenyl ethers, 
diethylstilbestrol, free radicals, and 
benzene from wildfires.

Male infertility.
Female infertility.
Endometriosis.
Reproductive tract malignancy.
Polycystic ovary syndrome.

Table 2: Impact of Environmental Disruptors on Endocrine Pathways by Organ.



Endocrinol Diabetes Metab J, Volume 8(2): 8–16, 2024	

Aayushi Sood (2024) Effect of Climate Change on Endocrine Disorders

system is not fully understood. However, existing literature and 
medical research suggest an association between EDCs and endocrine 
disorders, with EDCs being implicated as potential causes of obesity, 
diabetes mellitus, and other diseases [28,69-72].

Phthalates, as a chemical commonly used in pharmaceuticals [73], 
have been described to have a negative association with free and total 
serum T4 and increased TSH levels [74] . Perchlorate, a significant 
EDC, mainly inhibits iodine uptake with doses as small as 5 mg/
kg/day via reducing iodine uptake in the thyroid, with higher doses 
inhibiting thyroid synthesis [75]; its exposure risks reduced cognitive 
function in neonates [76] . In the adrenals, EDCs work by inhibiting or 
inducing enzymes, including steroid acute regulatory protein (StAR), 
aromatase, and hydroxysteroid dehydrogenases [77,78], involved in 
steroidogenesis with a minor role in aldosterone synthesis disruption 
[66] . Drugs like etomidate, ketoconazole, and cardiac glycosides 
may inhibit steroidogenesis by interfering with 11β-hydroxylase. The 
interference obstructs the process of converting 11-deoxycortisol 
into cortisol, which affects the production of glucocorticoids and 
mineralocorticoids (Figure 4).

Decreased cortisol levels impact the body’s reaction to stress and 
its metabolism, which may result in symptoms of adrenal insufficiency. 
Moreover, the interruption of aldosterone production might potentially 
lead to disturbances in electrolyte levels and the regulation of blood 
pressure. The many intricacies of this route emphasize the need of 
maintaining a precise hormonal equilibrium for optimal physiological 
functioning [66]. Furthermore, environmental toxins play a critical 
role in influencing reproductive health outcomes. Heavy metals and 
other environmental toxins can impair reproductive health in females 
by altering hormone function, leading to adverse reproductive health 
events. In males, these toxins could affect semen quality, altering sperm 
concentration, movement, and morphology [90,91] (Table 3).

Climate Change Factors Affecting Endocrine Health

Temperature Extremes and Hormonal Responses

Humans can survive in extreme environmental conditions and 

adapt to varying temperatures ranging from humid tropical forests 
to polar deserts [79,80]. Stress hormones and other stress-initiated 
systems have a major role in adaptive responses to environmental 
changes [81]. Mazzeo et al.’s study and Woods et al.’s investigation 
found that catecholamine and cortisol responses to physical 

Figure 4: Feedback regulation of hormone production: positive and negative.

Phase Impact Factors Description

Preconception

Temperature Extremes Affects fertility and sperm quality; heat 
stress can reduce conception rates.

Air Quality
Exposure to pollutants can reduce 
reproductive health and increase the risk 
of infertility.

Nutrition and Food 
Security

Poor nutrition can lead to decreased 
fertility; food insecurity affects overall 
health.

Water Quality and 
Availability

Contaminated water can lead to 
reproductive health issues; water scarcity 
impacts general health.

Pregnancy

Temperature Extremes Higher risk of heat stress, preterm birth, 
and other complications.

Air Quality
Poor air quality can lead to pregnancy 
complications such as preeclampsia and 
low birth weight.

Nutrition and Food 
Security

Malnutrition can affect fetal 
development; food insecurity can lead to 
nutrient deficiencies.

Water Quality and 
Availability

Risk of waterborne diseases affecting 
maternal health.

Childbirth

Temperature Extremes Increased risk during labor and delivery, 
particularly in hot climates.

Air Quality Respiratory issues during childbirth due 
to poor air quality.

Water Quality and 
Availability

Clean water is essential for safe delivery; 
water scarcity and contamination can 
lead to complications.

Postpartum

Nutrition and Food 
Security

Impact on breastfeeding and recovery; 
malnutrition can affect milk production 
and maternal health.

Temperature Extremes Heat stress can affect the health of both 
mother and infant.

Air Quality Poor air quality can affect respiratory 
health of both mother and newborn.

Table 3: Climate change impact on different phases of reproductive life.
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exercise differ under conditions of hypoxia versus normoxia; with 
higher concentrations noted under hypoxic conditions [82,83]. 
The secretion of catecholamine (particularly adrenaline and 
noradrenaline) and cortisol during physical stress is influenced by 
the presence of either low oxygen levels (hypoxic) or normal oxygen 
levels (normoxic) in the body. When there is a lack of oxygen 
(hypoxia), the body responds by releasing more catecholamines, 
which increases the heart rate and respiratory rate. Moreover, the 
levels of cortisol are elevated, which promotes the mobilization 
of energy stores. Under typical oxygen conditions, exercise still 
stimulates the synthesis of catecholamines and cortisol, although 
the quantities may not reach the same levels as observed in low 
oxygen environments (hypoxia). The body’s physiological responses 
during physical activity are facilitated by these endocrine reactions, 
which are crucial for adapting to varying amounts of oxygen in 
the surroundings [84]. The endocannabinoids lipid mediators 
and N-acyl ethanolamines are closely linked to acclimation at 
various physiological levels, including central nervous, peripheral 
metabolic, and psychologic systems in response to environmental 
factors to achieve physiological homeostasis [85].

Environmental Toxins and Endocrine Dysfunction

Numerous epidemiological studies have indicated a link between 
exposure to environmental toxins and the risk of developing type 2 
diabetes mellitus. Inflammation triggered by exposure to particulate 
matter (PM2.5) in air pollution is a prevalent mechanism that might 
interact with other proinflammatory factors related to diet and lifestyle, 
influencing susceptibility to cardiometabolic diseases [86]. Exposure 
to PM2.5 has been demonstrated to disrupt insulin receptor substrate 
(IRS) phosphorylation, leading to impaired PI3K-Akt signaling and 
inhibition of insulin-induced glucose transporter translocation [86] 
(Figure 5).

Foodborne toxins such as cereulide produced by Bacillus cereus 
might contribute to the increase in the prevalence of both type 1 and 

2 diabetes through its uncoupling of oxidative phosphorylation by 
permeabilizing the mitochondrial membrane [87]. The production 
of mitochondrial ATP is crucial for generating insulin in response 
to glucose stimulation. Therefore, cereulide’s toxic effects on 
mitochondria could particularly harm beta-cell function and viability.

Altered Nutritional Patterns and Metabolic Health

Prudent diets including fruits, vegetables, whole grains, fish, 
and legumes have been associated with favorable effects on bone 
metabolism including lower serum bone resorption marker 
C-terminal telopeptide (CTX) in women; higher 25-hydroxyvitamin 
D (25OHD) and lower parathyroid hormone in men [9]. Also linked 
to favorable effects on glucose metabolism such as lower insulin and 
homeostatic model assessment insulin resistance (HOMA-IR) [9]. 
Consuming Western diets, characterized by the intake of soft drinks, 
potato chips, french fries, meats, and desserts, has been linked to 
adverse impacts on bone metabolism which include elevated levels of 
bone-specific alkaline phosphatase and reduced levels of 25OHD in 
women, as well as higher CTX levels in men [9]. They were also linked 
to higher glucose, insulin, and HOMA-IR [88].

Stress, Mental Health, and Endocrine Function

Climate-induced Stress and Hormone Levels

The primary responses to heat stress involve the activation of the 
hypothalamic-pituitary-adrenal axis, leading to a subsequent rise in 
plasma glucocorticoid levels. Epinephrine and norepinephrine are 
the main hormones elevated in prolonged exposure to environmental 
heat stress. Plasma thyroid hormones have been observed to 
decrease under heat stress as compared to thermoneutral conditions. 
Decreasing levels of thyroid hormones and plasma growth hormones 
have a synergistic effect in the reduction of heat production. Decreased 
growth hormone is necessary for survival during heat stress and 
Insulin-like growth factor-1 (IGF-1) has been found to be decreased 
during summer months [88].

Figure 5: PM2.5 exposure impact.
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Mental Health Implications for Endocrine Patients

Cortisol is a well-researched hormone in psycho-
neuroendocrinology, crucial for stress-related and mental health 
disorders [92]. It’s assessed through serum, saliva, or urine for 
short-term levels, while hair cortisol can indicate long-term levels 
[93]. Stress triggers acute and chronic responses in cortisol release, 
affecting the HPA (hypothalamus-pituitary-adrenal) axis [88]. The 
HPT (hypothalamus-pituitary-thyroid) axis is also impacted by 
stress, showing transient activation and suppression with acute and 
chronic stressors [94]. Stress persistence is crucial in understanding 
stress reactions and their connection to cortisol levels and HPA axis 
dysfunction, which is linked to various mental disorders like major 
depressive disorder [95,96].

Empirical Evidence and Research Findings

Epidemiological Studies on Climate and Endocrine 
Disorders

Diabetes and Climate-Related Factors

Diabetes and climate change are interconnected global health 
challenges. Rising temperatures, heat waves, heavy rainfall, and 
extreme weather events are impacting diabetic patients [31,97]. These 
individuals exhibit heightened vulnerability to heat and climate-
related stress due to impaired vasodilation and sweating responses, 
also diabetic patients’ susceptibility to complications will be increased 
[10]. Additionally, Mora et al., in their systematic review, showed that 
58% of infectious agents were aggravated by climate change, posing 
a high risk of infections and their complications on diabetic patients 
with compromised immune systems [98].

Thyroid Function and Environmental Exposures

Recent research highlights the impact of environmental factors 
on thyroid function, assessed through TSH, FT4, and FT3 levels. 
Exposure to high levels of particulate matter (PM2.5) is associated 
with lower FT4 levels and a higher risk of hypothyroxinemia [99-
101]. PM2.5, composed of fine particles carrying contaminants 
including heavy metals, is breathed and enters the circulation, causing 
disruption to thyroid function. Hypothyroxinaemia, caused by 
decreased levels of FT4, has a negative impact on fetal development 
throughout pregnancy. Exposure to PM2.5 also induces inflammation 
and oxidative stress, which further disrupts the control of the thyroid 
[102]. In adults, elevated TSH and decreased FT4 levels were associated 
with long-term exposure to nitric oxide and carbon monoxide [103]. 
Additionally, outdoor temperature was negatively linked to TSH and 
FT3 but positively correlated with free thyroxine and the FT4/FT3 
ratio. A 10 μg/m3 increase in fine particulate matter (PM2.5) was 
linked to a 0.12 pmol/L decrease in FT4 and a 0.07 pmol/L increase 
in FT3, with a significantly negative association between PM2.5 levels 
and the FT4/FT3 ratio [104].

PCOS and Dietary Changes

Diet and lifestyle choices are pivotal in the development and 
management of PCOS. Key factors include addressing insulin 
resistance, considering weight and body composition, adopting a 

balanced diet, and the potential benefits of a low-glycemic Index 
(GI) diet. Tailored dietary plans aim to reduce chronic inflammation 
through increased antioxidant intake [105]. Additionally, research 
indicates a link between air pollutants, such as Q4, PM2.5, NOx, NO2, 
NO, and SO2, and a higher risk of PCOS, as shown by Lin et al in 2019 
[106].

Case Studies in Climate-Impacted Regions

Vulnerable Populations and Healthcare Access

Climate change debates must consider demographic groups’ 
disproportionate healthcare access and vulnerability. Low-income 
communities, elderlies, children, disabled people and those with 
pre-existing endocrine disorders face unique climate change 
challenges. Climate gentrification harms vulnerable residents’ health. 
Environmental pollutants and endocrine disorders are more common 
in marginalized climate-vulnerable communities. Addressing 
vulnerable populations’ healthcare access disparities to reduce 
climate change’s endocrine and health effects is essential. Vulnerable 
populations in climate and health research should not be seen as 
homogenous due to age, health issues, geography, or time. Climate 
assessments should address health and inequality.

A systematic overview highlights the unique challenges faced by 
women in low- and middle-income countries (LMICs) due to climate 
change and natural disasters. The review suggests a wide range of 
harmful effects on female reproductive health, noting that the mean 
age of menarche has decreased due to climate change. Additionally, 
some research found a statistically significant relationship between 
rising global temperatures and adverse pregnancy outcomes. All of 
these effects are more pronounced in LMICs, which are more severely 
impacted by climate change [107].

Environmental Justice Considerations

Climate and endocrine diseases research must consider 
environmental justice which involves all socioeconomic groups 
in lawmaking, implementation, and enforcement. Climate-related 
harm is unequally distributed by population exposure, sensitivity, 
and adaptation [1]. Climate risks and environmental degradation 
disproportionately affect low-income and minority groups, who 
often face greater exposure to environmental hazards and have fewer 
resources to adapt or recover. This exacerbates health disparities 
and highlights the need for inclusive environmental justice policies. 
Additionally, there should be more consideration of vulnerable groups 
within these communities, who are at higher risk from climate-related 
events [107].

Mitigation and Adaptation Strategies

Climate Change Mitigation Efforts

There are two categories of mitigation efforts; reduction of further 
greenhouse gas emissions and creation of carbon sinks to decrease 
atmospheric greenhouse gas. The Intergovernmental Panel on 
Climate Change, held in March 2023, called for global action to limit 
worldwide temperature increase to less than 1.5 C when compared 
to the preindustrial period [108]. Per the World Health Organization, 
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a global effort requires political collaborations with medical 
professionals, which has prompted medical representation at United 
Nations Framework Convention on Climate Change (UNFCCC) 
meetings and Conference of the Parties (COP) [109]. Local and 
national endocrinology groups have been promoting climate change-
based policies including suggesting a climate change agenda in the 
2022-2026 Environmental Protection Agency strategic guidelines in 
the United States of America [110].

In addition, practitioners can contribute to the fight against climate 
change by adopting environmentally friendly practices and promoting 
treatments that lead to decrease greenhouse emissions and improve 
health [111]. One method physicians can use is carbon accounting, 
where physicians measure the amount of disposable goods that have 
been discarded by their practice and take measures to decrease usage 
[112]. When ordering supplies for medical centers, physicians can 
consider environmentally preferable purchasing, such as focusing on 
reusables, which supports companies committed to mitigating the 
impacts of product production on climate change [113].

Personal and Community Health Measures

By recognizing the importance of lifestyle modifications for 
both endocrine disorders and climate change, individuals can take 
control of their health while actively contributing to environmental 
preservation. By choosing to use their muscles rather than motors, 
people can both lessen their release of greenhouse gases and increase 
their calorie expenditure. Engaging in regular physical activity stands 
as one of the pillars of maintaining good health; it can enhance brain 
health, facilitates weight management, lower the risk of various 
diseases, strengthens bones and muscles, and enhances the capacity to 
perform daily tasks [114]. Food consumption has a direct relationship 
with the global epidemics of Obesity and Diabetes Mellitus [115,116]. 
Improved dietary decisions can lead to enhanced health outcomes for 
both individuals and the environment. Diets rich in plant-based foods 
and lower in meat consumption (flexitarian diets) not only contribute 
to health advantages but also diminish greenhouse gas emissions 
originating from agriculture [117].

EDCs disrupt hormone biosynthesis, metabolism, or function, 
leading to deviations from normal homeostatic control or reproductive 
processes. There is growing evidence that these hazardous chemicals 
contribute to the increased prevalence of cancers, cardiovascular and 
respiratory diseases, allergies, neurodevelopmental and congenital 
defects, and endocrine disruption. The Ostrava Declaration, adopted 
by the Sixth Ministerial Conference on Environment and Health in 
2017, encourages the substitution of such hazardous chemicals and 
improving information availability [118].

Policy and Advocacy in Medical Research

Government Initiatives and Regulations

Integrating Climate and Health Policies

Governmental and nongovernmental bodies around the world 
such as CDC, WMO, WHO, and BAMS are increasingly recognizing 
the link between climate change and public health. Integrating climate 
and health policies is essential to mitigate the adverse effects of climate 

change by implementing regulations to reduce air pollution, vector-
borne disease control, and supporting research into climate-related 
health impacts [119].

Surveillance and Reporting

A study on adaptation efforts by 117 UNFCCC parties established 
a global baseline for adaptation trends. National Communications 
data unveiled 4,104 distinct initiatives. Despite advanced impact 
assessments and research, translating knowledge into actions remains 
limited. Infrastructure, technology, and innovation dominate reported 
adaptations. Common vulnerabilities include floods, droughts, food 
and water safety, rainfall, diseases, and ecosystem health. However, 
vulnerable sub-populations receive infrequent consideration in these 
initiatives [120]. Also, Greenhouse gases are one of the important 
factors for climate change so (MERV) guidelines which stand for 
minimum efficiency reporting value and consist of four guidelines 
which are needed for the greenhouses to accurately determine their 
net GHG, and other, benefits: [121].

1.	 Improve data reliability for estimating GHG benefits.

2.	 Enable real-time data to allow adjustments during the project.

3.	 Establish consistency and transparency in reporting across 
various project types and contributors.

4.	 Boost project credibility with stakeholders.

NGO Efforts in Medical Research

Advocacy for Environmental Health

NGOs act as catalysts in advocating for environmental health 
policies and practices, with a significant presence in international 
environmental governance. While they are recognized as essential 
contributors to environmental protection, there’s a lack of systematic 
evaluations of their roles, especially in relation to other governing 
bodies [122].

Promoting Evidence-Based Practices

NGOs contribute significantly to medical research by promoting 
evidence-based practices instead of data analysis only within 
healthcare systems. They work to ensure that medical interventions 
and treatments are based on rigorous scientific research, which 
ultimately leads to better patient outcomes. In addition, NGOs 
play a vital role in connecting scientific breakthroughs with clinical 
application, guaranteeing that the most recent research insights 
translate into tangible advantages for patients in everyday practice.

Challenges and Public Health Implications

Climate change can have a significant impact on the incidence, 
diagnosis, and management of endocrine disorders. For instance, 
exposure to extreme temperatures, air pollution, and other 
environmental factors can disrupt the endocrine system and lead to 
hormonal imbalances [123].

The public health implications of endocrine disorders are 
significant. These conditions can cause long-term disability, reduce 
the quality of life of affected individuals, and increase the risk of 
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mortality. The burden of endocrine disorders is expected to increase 
in the coming years due to climate change and other factors [123].

To mitigate the effects of endocrine disorders in the context of 
climate change, several strategies can be employed. These include 
reducing exposure to environmental toxins, promoting healthy 
lifestyles, and investing in research to better understand the link 
between climate change and endocrine disorders [124]. Additionally, 
public health campaigns can be launched to raise awareness about the 
risks of endocrine disorders and the importance of early diagnosis and 
treatment [125].

Technology can play a crucial role in mitigating the effects of 
endocrine disorders in the context of climate change. For instance, 
digital technologies can monitor and address the increase of climate-
sensitive infectious diseases, thereby safeguarding the well-being of 
communities worldwide [125,126]. Additionally, telemedicine can 
be used to provide remote care to patients with endocrine disorders, 
reducing the need for in-person visits and improving access to care 
[127]. However, the use of technology in healthcare also poses several 
challenges. For example, the use of electronic health records (EHRs) 
can lead to privacy concerns and data breaches. Additionally, the use 
of artificial intelligence (AI) in healthcare raises ethical concerns, such 
as the potential for bias and discrimination.

Future Research Directions in Medical Climate Science

Knowledge Gaps and Areas of Uncertainty

While extensive research, primarily derived from animal studies, 
has shed light on the potential hazards, there are critical gaps in 
our knowledge regarding EDCs exposure routes and threshold 
concentrations. Comprehensive assessments of drinking water 
supplies are essential to bridge these gaps. Additionally, questions 
persist about the long-term impacts of EDC exposure, especially 
during crucial developmental stages, highlighting the need for further 
studies to unravel these uncertainties [69].

Long-Term Health Projections

The sudden surge in metabolic disorders, reproductive 
abnormalities, endocrine dysfunction, and cancers raises concerns 
about long-term health projections. With the escalation of these 
diseases linked to global industrialization and the pervasive presence 
of EDCs in our environment, understanding the future health 
landscape is crucial [28]. Long-term health projections must consider 
the complex interplay of EDCs with human biology, emphasizing the 
importance of ongoing research to anticipate and mitigate potential 
health crises in the coming years.

Artificial Intelligence (AI) and Technological Advancements 
and Innovative Solutions

Machine learning models, such as the optimized Random Forest 
(RF) models, have emerged as powerful tools to address knowledge 
gaps. These models, utilizing simple descriptors and data from 
extensive projects, provide accurate predictions of EDC effects, 
enabling a better understanding of the risks associated with various 
substances [128]. Incorporating AI in prioritization and tiered testing 

workflows not only fills existing knowledge gaps but also propels 
us toward more efficient and precise screening processes. These 
advancements also facilitate the development of targeted interventions 
and policies, ensuring a healthier future for generations to come.

Future Perspective and Conclusion

Further research should focus on finding relationships between 
various endocrine disorders and different environmental factors such 
as climate change and environmental toxins. Extensive understanding 
of the causative factors will facilitate the development of medical 
treatments and public health policies. Embracing diverse perspectives 
can enhance our understanding and foster breakthroughs. To 
conclude, urgent action should be taken to challenge the effects of 
climate change on endocrine disorders; public health policies should 
be implemented to decrease overall exposure to endocrine disrupting 
chemicals by utilizing testing of various substances to reduce 
potential exposure in different environmental settings. Additionally, 
technology could be integrated into public health and preventive 
medicine for purposes of disease tracking and increasing accessibility 
to telemedicine regardless of the patient’s physical location. Although 
promising, other factors should be taken in consideration when 
technology is used such to maintain patient’s confidentiality, 
including privacy concerns and ethical dilemmas regarding patient 
data. Effective strategies demand community education, NGOs 
involvement, and continuous monitoring. Addressing challenges, 
including financial inconsistencies, requires implementing measures 
that promote resilience.
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