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It is an appropriate moment to be highlighting the im-
pact of climate change on our lives, with a particular 
focus on endocrinology in its broadest sense. Many who 
read this may have a skeptical view—likely not about 
the underlying premise of the harmful effects of climate 
change, but perhaps stemming from a sense of personal 
futility regarding our ability to have an impact on such 
an overwhelming issue, particularly one for which the re-
sponsibility can all too easily be ascribed to others. But 
the challenge is real, the evidence base is compelling, and 
we can all play our part, not least in fulfilling our pro-
fessional responsibility to shape and nurture tomorrow’s 
workforce; climate change is the single most important 
concern of our younger colleagues (Millennials and 
Generation Z) (1).

In recent months, we have witnessed the direct effects 
of climate change—from deadly floods in Western Europe 
and Zhengzhou, China, to Canada’s heat dome and raging 
wildfires on the US Pacific Coast. The contamination of our 
environment by air pollutants co-emitted with greenhouse 

gases and the long-term alteration of temperature and typ-
ical weather patterns are intricately linked. Atmospheric 
warming associated with climate change adversely affects 
local air quality, and conversely, air pollution increases the 
pace of climate change.

The Intergovernmental Panel on Climate Change has 
outlined the critical need to limit the rise in average global 
temperature to 1.5 °C above preindustrial levels (2). Our 
failure to do so will have catastrophic effects; a rise of 2 °C 
is predicted to result in a further 100 million premature 
deaths globally over the 21st century (3). A  reduction in 
greenhouse gas (GHG) emissions through implementa-
tion of greener energy and transport solutions—reducing 
our industrial and domestic requirement for fossil fuels—
must be a major part of any initiative to ensure we meet 
the 1.5  °C target. As we move toward what seems likely 
to be a defining United Nations climate change conference 
(COP26) in Glasgow, UK in November 2021, there ap-
pears to be a political willingness across the globe to effect 
real change.
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What does this mean for endocrinology and endocrin-
ologists? The impact of climate change on health falls 
broadly into 2 categories: first, the direct impact of heat 
and extreme events, as highlighted above; and second, in-
direct effects brought on by changes in our ecosystems—for 
example, changes to food or water supplies, infection trans-
mission, or poverty and migration. The endocrine system is 
not immune to impacts in either category.

Perhaps the most studied effects are those resulting from 
endocrine disrupting chemicals—as many as 1000 chem-
icals have been shown to interfere with aspects of hormone 
action (4, 5). Robust data now link exposure to widely used 
perfluoroalkyl substances (PFAS) with obesity, diabetes, re-
duced semen quality, and polycystic ovary syndrome. Similar 
associations exist for exposure to bisphenol A, widely used 
in plastics, and for organophosphate pesticides. Phthalates, 
present in hundreds of products, including vinyl flooring, 
soaps, and shampoos, have also been linked to reproductive 
disorders. Here, aligned advocacy by the Endocrine Society 
and the European Society for Endocrinology, together with 
the European Society for Paediatric Endocrinology and 
Pediatric Endocrine Society, has provided evidence for con-
certed action to reduce the use of such harmful substances 
(6-8). It remains a pressing issue.

Particulate matter (PM) of 2.5 microns or less in diam-
eter (PM

2.5) is emitted during the combustion of solid and 
liquid fuels, including that for power generation, domestic 
heating, and transport. Secondary particles of PM2.5 can 
also be formed from the chemical reactions of gases such 
as sulfur dioxide (SO2) and nitrogen oxides (NOx: nitric 
oxide, NO, and nitrogen dioxide, NO2). In what may be a 
prismatic, albeit tragic, case, a 9-year-old girl, Ella Adoo 
Kissi-Debrah, who lived on the North Circular Road in 
London, reportedly became the first ever person with air 
pollution certified as the cause of death. This prompted 
the responsible coroner’s office to write to all UK pro-
fessional organizations, seeking greater action to com-
municate and increase awareness of the hazards of air 
pollution (9). The main impacts of PM2.5 on human health 
are generally considered to be aggravated asthma, reduced 
lung function, and premature death from respiratory and 
cardiovascular causes (10). But the endocrine system is 
also affected; in reviewing almost 90 published articles 
on the topic, a recent meta-analysis showed that exposure 
to PM2.5, and to a lesser extent exposure to NO2, was sig-
nificantly associated with the incidence and prevalence of 
type 2 diabetes mellitus (11). In individuals with estab-
lished diabetes, exposure to PM2.5 may also worsen glu-
cose homeostasis markers. In normal subjects exposed to 
PM2.5, cortisol and catecholamine levels increase, which 
might be mechanistically important (12). Thyroid func-
tion also appears to be affected, with reports linking PM2.5 

exposure to lower free thyroxine levels in women in early 
pregnancy in Europe and the USA (13) and in adults in 
Korea (14). Vitamin D deficiency is a further consequence 
of climate change involving air pollution (15). A  com-
prehensive meta-regression and analysis of ambient and 
household PM2.5 exposure on perinatal outcomes indi-
cated that over 2.5 million cases of low birth weight and 
nearly 6 million cases of preterm delivery globally were 
be attributable to PM2.5 in 2019 (16). While the etiology is 
poorly understood, it is hard to believe that the endocrine 
regulation of the maternal-fetal interface is not involved. 
The World Health Organization (WHO) has acknow-
ledged that there is no safe level for PM2.5 but has set a 
guideline limit for the protection of health to an annual 
average of 10 μg/m3, which is much lower than guideline 
recommendations in place in many countries.

There is also evidence for a more direct effect of tem-
perature and climate on thyroid function, data that 
are largely based on studying subjects in the Antarctic. 
So-called “polar T3 syndrome,” which can follow extreme 
cold exposure, is most likely caused by a direct effect on 
5′-deiodinase, resulting in reduced conversion of thyroxine 
to tri-iodothyronine (17). More relevant is the decline in 
thyrotropin (thyroid-stimulating hormone) levels across 
summer compared with winter months, which results in 
seasonal differences in, for example, the prevalence of sub-
clinical hypothyroidism (18). Existing data are tantalizing, 
and we now call for a renewed push to further evaluate 
the diverse and deleterious effects of climate change on our 
endocrine systems.

One area in which endocrinology must take center 
stage is in the food consumption–energy expenditure de-
bate. This could in turn have the additional benefit of 
halting or even reversing some of our major health chal-
lenges, notably obesity and diabetes mellitus. Agriculture 
currently accounts for one-third of all GHG emissions (a 
staggering 18 billion tons of CO2 equivalent/year), with 
methane from cattle and NOx from fertilizers being major 
sources of air pollution (19). Our per capita meat con-
sumption has increased from 20 kg/year in 1961 to 43 kg/
year in 2014, over which time obesity rates have doubled 
in most Western societies, fueling a pandemic of diabetes 
mellitus and, with it, premature death from cardiovascular 
disease and some cancers (20). Herein lies a major cause 
of health inequality, as the prevalence of obesity is highest 
in the most-deprived groups. Food poverty drives cheaper, 
energy-dense, high-fat and high-sugar foods, which them-
selves contain numerous additives. Behavioral change can 
have a huge impact (21). Avoiding overconsumption and 
striking a better balance between animal- and plant-based 
food can have benefits for both health and the climate. 
Meeting WHO nutritional recommendations in our daily 
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diet would result in a 17% reduction in diet-related GHG 
emissions and a 50% reduction in agriculture emissions, 
leading to a further 19% reduction in air pollution mor-
tality caused by PM (22, 23).

On the other side of the “energy equation” regulating 
body mass index is our daily activity. Increasing exercise by 
replacing motorized transport with walking and cycling re-
duces GHG emissions and so can have a dramatic effect on 
both the environment and personal health. UK Biobank data 
show that active bicycle commuters have a ~50% reduc-
tion in all-cause mortality and cardiovascular disease (24). 
Clearly, this is a cursory overview of what are undoubtedly 
challenging issues, and we must be ever-mindful of the risk 
of unintended consequences, but endocrinologists must be 
part of the conversation to impact future changes.

Finally, we should be mindful of our personal carbon foot-
prints in all we do. The lockdowns imposed by the COVID-19 
pandemic had the unintended consequence of substantially 
reducing NO2 and PM2.5 levels across much of the world, 
highlighting the potential to reduce the effect of polluting 
daily activities on the environment (25). The necessity of the 
commute to work vs the possibility of hybrid working; the 
need for face-to-face consultations as opposed to practicing 
telemedicine (in which many of us advanced our skills during 
the COVID-19 pandemic); air travel to meetings vs virtual 
networking events—we can all make choices that will benefit 
our own lives while collectively, by reducing GHG emissions, 
benefiting the lives of others.
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