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Abstract
Aims  The intricate connections between health and the environment are often overlooked globally, yet they play a pivotal 
role in shaping our well-being.
Results  Astonishingly, environmental risk factors contribute to nearly 24% of the global disease burden, underscoring the 
critical impact of our surroundings on health. At the crossroads of this issue lies Diabetes, a rapidly growing non-commu-
nicable disease that highlights the delicate balance between human health and environmental sustainability. This epidemic 
offers a unique lens through which to explore how environmental factors contribute to the prevalence of Diabetes, revealing 
the complex interplay at work. Despite growing awareness, healthcare systems worldwide face challenges integrating envi-
ronmental threats into more effective diabetes care strategies
Conclusions  This perspective highlights the urgent need for collaborative efforts and innovative solutions that address the 
environmental dimensions of diabetes management. Doing so can build healthier communities and pave the way for a more 
sustainable future.
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Introduction

Health and the environment are closely intertwined. How-
ever, the significance of this bidirectional relationship could 
be better perceived globally. Notably, during the United 
Nations General Assembly 2018, only 13% of the countries 
participating in the debate made a joint reference to health 
and climate in their statements [1]. For this very reason, 
this document aims to emphasize the complex interactions 
linking human health and the environment by paying par-
ticular attention to the socio-economic impacts generated 
by environmental determinants in the pathogenesis of dia-
betes mellitus. We also wish to describe potential achievable 

interventions to mitigate environmental factors impact on the 
predisposition to pathological glucose tolerance.

Integrated view of health determinants 
and the role of environmental factors

Health determinants are the diverse factors that shape the 
health outcomes of individuals and communities alike. 
These determinants encompass various influences, including 
biological, behavioral, socio-economic, and environmental 
elements. While access to and quality healthcare services 
are crucial, they account for only 20% of an individual’s 
overall health status. The remaining influence comes from a 
complex interplay of other determinants, particularly envi-
ronmental factors. Contrary to what one might think, access 
to and quality of healthcare facilities impact only 20% of 
health. According to the World Health Organization (WHO) 
definition, environmental factors are all physical, chemical, 
biological, and social elements capable of positively or neg-
atively influencing individuals’ health status [2]. Notably, 
the diseases most impacted by these environmental risks are 
those with the highest mortality rates, such as cardiovascular 
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diseases, which claim around 2.6 million lives annually, fol-
lowed by enteric and respiratory infections. This highlights 
the critical need to address environmental health risks to 
improve global health outcomes.

The socioeconomic burden of diabetes

The prevalence of type 2 diabetes is drastically increasing 
globally [3]. It is estimated that approximately 67 million 
people in Europe will be affected by this condition by 2045 
[4]. In the Italian context, the prevalence of type 2 diabetes 
has doubled in the last decade (2002–2022), rising from 3.9 
to 6.6% [5]. This increase is due to the aging population 
and the adoption of unhealthy lifestyles. Diabetes is tightly 
linked to other non-communicable diseases, such as obe-
sity, cancer, and chronic obstructive pulmonary disease, all 
associated with a significantly increased risk of mortality. 
It is estimated that inadequate glycemic control reduces the 
patient’s life expectancy by approximately 7–8 years [6]. The 
escalating prevalence of Diabetes is placing an enormous 
financial strain on healthcare systems worldwide. The cost 
of managing this chronic condition in Italy exceeds €20 bil-
lion annually.

Of this staggering amount, €9 billion is allocated to direct 
medical expenses, equating to approximately €2800 per per-
son. The remaining €11 billion accounts for indirect costs, 
highlighting the far-reaching economic impact of this grow-
ing epidemic. As the burden of Diabetes continues to rise, 
so does the urgency to address this challenge with practical 
strategies to alleviate both the human and financial costs.

Introduced by Wild, the concept of exposome refers 
to the environmental factors and pathogens everyone is 
exposed to throughout their life, starting from concep-
tion [7]. Inspired by the concept of the genome, the term 
"exposome" has evolved over the years to capture a holistic 
view of our environment’s influence on health. The expo-
some encompasses all environmental exposures through-
out a person’s life and their cumulative impact on well-
being. By integrating these diverse factors, the exposome 
offers a robust framework for understanding how our sur-
roundings shape our health over time. Exposome can be 
classified into three different domains: the general exter-
nal exposome, which includes factors such as climate and 
urbanization, measurable at the population level; the spe-
cific external exposome, which contains information about 
individual exposures such as lifestyles, measurable, for 
example, through questionnaires; the internal exposome, 
which encompasses the multiple biological responses to 
external factors, such as hormonal and inflammatory pro-
cesses, detected through molecular and "omics" analyses. 
If we consider the general external exposome domain, 
approximately half of the avoidable deaths in Europe from 

non-communicable diseases (~ 700,000) are due to air pol-
lution, precisely the particulate matter with a diameter of 
10 microns (PM10) or smaller (PM2·5) [8].

Air pollution is a significant yet often overlooked fac-
tor in the intricate web of diabetes pathogenesis. Exposure 
to fine particulate matter disrupts glucose metabolism by 
triggering endothelial dysfunction, promoting inflamma-
tion within adipose tissue, and contributing to insulin resist-
ance. These harmful effects collectively pave the way for 
the onset of diabetes, highlighting the profound impact of 
our environment on metabolic health. The risk of develop-
ing Diabetes increases by 10–27% for each increment of 
exposure to 10 μg/m3 of PM2·5, while the risk of mortality 
increases by about 1% [9]. Urban design can also profoundly 
affect human health by inducing acoustic and light pollution. 
Increased exposure to residential noise and artificial light 
and an increased risk of type 2 diabetes [10, 11]. By dis-
rupting sleep quality and duration: circadian rhythm altera-
tions lead to altered insulin secretion and worsening insulin 
sensitivity. High temperatures are also linked to altered glu-
cose metabolism: a 1 °C rise in outdoor temperature may be 
associated with over 100,000 new diabetes cases per year. 
Therefore, there is convincing evidence of how Urbanization 
plays a fundamental role in the spread of Diabetes, influenc-
ing the built and natural environment [12].

Access to healthy food is another environmental factor 
closely tied to the risk of Diabetes. Food insecurity and lim-
ited availability of nutritious options significantly increase 
the likelihood of developing this chronic condition. Ensuring 
equitable access to healthy foods is essential in combating 
the rising tide of Diabetes and promoting overall well-being 
[13]. The availability of healthy dietary options can reduce 
the risk of obesity and Diabetes, while lack of access to such 
foods can increase this risk [14]. Socio-economic factors 
are powerful determinants in the risk of developing Diabe-
tes. Low income, occupational status, and education levels 
can limit access to essential resources and opportunities, 
profoundly impacting lifestyle choices and overall health. 
Addressing these disparities is crucial in reducing the preva-
lence of Diabetes and fostering healthier communities [15].

Stressful events, both physical and psychological, can 
enhance the risk not only of Diabetes but also of cardiovas-
cular disease [16]. Experiencing hardships during childhood 
and adolescence—such as poverty and loneliness—signifi-
cantly heightens the risk of developing Diabetes in adult-
hood. This underscores the importance of starting health 
promotion as early as pregnancy, with targeted interventions 
to reduce stress and improve socio-economic conditions.

These insights reinforce the understanding that Diabetes 
is a multifaceted disease shaped by environmental, socioeco-
nomic, and psychological factors. Addressing these diverse 
influences from the earliest stages of life is crucial to effec-
tively preventing and managing diabetes.
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Interactions between health, climate 
change, and the environment

As emphasized at the beginning of this document, recog-
nizing the complex interactions between the environment, 
climate change, and health is crucial for developing a com-
prehensive and integrated approach. Such an approach 
enables practical actions that can effectively address these 
interconnected issues. Although the level of attention to this 
relationship varies among countries, significant progress 
has been made on an international scale. Organizations like 
the World Health Organization (WHO) and the European 
Union (EU) have been at the forefront of these efforts. With 
its long-standing commitment to environmental issues, the 
EU has notably advanced this cause. A prime example of 
this dedication is the establishment of the EU Climate and 
Health Observatory. This initiative represents a joint effort 
to produce vital information and data, supporting policies 
safeguarding the environment and public health. In Italy, 
the Minister of Health has emphasized the commitment to 
promote a One Health vision integrated into the National 
Recovery and Resilience Plan. This project, called "Health, 
Environment, Biodiversity, and Climate," aims to improve 
the National Health Service’s prevention and response to 
diseases related to environmental and climatic risks, with an 
investment of 500 million euros. As Italy takes the helm of 
the G7, there is a solid commitment to ensuring that health 
issues remain a top priority within the broader strategy to 
combat climate change. By prioritizing health in its climate 
strategy, Italy aspires to lead a global response that tackles 
environmental challenges and protects public health. This 
integrated approach—aligning and coordinating health 
and environmental policies—has the potential to unlock 
significant co-benefits. By addressing climate change and 
health together, resources can be optimized, ecological qual-
ity enhanced, and the well-being of populations improved 
worldwide.

The proposed shift from a "Health in All Policies" strat-
egy to a more holistic "Health for All Policies" approach 
is designed to address every element of health organically. 
This multidisciplinary framework acts on the underlying 
determinants of health, effectively tackling the root causes 
and impacts of physical and mental illnesses.

The "Health for All Policies" approach creates oppor-
tunities for significant co-benefits by promoting strate-
gies like sustainable mobility and investment in renew-
able energy. Sustainable management of natural resources 
enhances the resilience of food and agricultural systems, 
bolstering food security—an essential pillar of human 
health. Engaging directly with sectors responsible for envi-
ronmental impacts is crucial to achieving lasting sustain-
ability, ensuring they are part of the solution.

The healthcare sector significantly contributes to air pol-
lution, accounting for 4.4% of global greenhouse gas emis-
sions [17]. Hospitals are among the most significant con-
tributors to emissions, operating around the clock to power 
heating, ventilation, lighting, and essential equipment. These 
facilities consume three times more energy than residential 
and civil sectors under similar climatic conditions. In the 
United Kingdom, the National Health Service (NHS) alone 
is responsible for approximately 4% of the nation’s total 
emissions, mainly driven by medicines, medical devices, 
and infrastructure [18].

The 2030 Agenda offers a valuable framework to assess 
the environmental impact of healthcare systems and set tar-
geted sustainability goals. For instance, 3.5% of UK road 
traffic—equating to 9.5 billion miles annually—is linked 
to the movement of NHS patients, visitors, staff, suppliers, 
and vehicles. This accounts for around 14% of the NHS’s 
total emissions, underscoring the urgent need for greener 
solutions in healthcare [18]. Hospitals are also significant 
water consumers, which has potential implications for Goal 
6 of the 2030 Agenda related to clean water and hygiene 
[19]. Waste management in healthcare systems is challeng-
ing, with 30% of global healthcare facilities not equipped to 
handle their waste correctly.

Healthcare systems that actively combat pollution and 
socio-environmental impacts can drive significant economic 
sustainability. A brilliant example is the English NHS, which 
reduced its environmental impact by 62% between 1990 and 
2020. This achievement contributed to a healthier planet 
and saved millions of pounds through energy efficiency and 
recycling initiatives, proving that green practices are both 
environmentally and economically beneficial. In Italy, the 
National Recovery and Resilience Plan allocates funds for 
sustainable hospital construction, but many hospital build-
ings still need to be updated and more efficient [18].

In conclusion, implementing policies to enhance energy 
efficiency, promote recycling, and improve waste manage-
ment can increase economic and environmental sustainabil-
ity in the healthcare sector.

Innovation and sustainability in diabetes

The Green Diabetes Summit of 2021 marked a signifi-
cant milestone in addressing sustainability and innovation 
challenges in diabetes healthcare management. Organized 
by the Diabetes Technology Society, this groundbreaking 
event united stakeholders from diverse sectors to explore 
environmentally sustainable practices in diabetes care. By 
adopting the five Rs—reduce, reuse, recycle, redesign, and 
re-educate—to the field of diabetology, the summit set the 
stage for a greener, more responsible approach to managing 
diabetes.
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Diabetes poses a significant challenge not only to pub-
lic health but also to the environment, driven by its global 
prevalence and rising incidence. The management of this 
chronic condition generates a substantial amount of health-
care waste, particularly from single-use devices. Unlike 
other medical waste, diabetes-related waste is largely com-
posed of packaging materials, with plastics being a major 
contributor. This dual impact underscores the need for inno-
vative solutions addressing health outcomes and environ-
mental sustainability [20] (Fig. 1). Challenges arise from 
the complex materials, hindering recycling and reuse efforts. 
Cultivating environmental awareness among healthcare pro-
fessionals and patients and implementing regulatory reforms 
to encourage product redesign for reduced environmental 
impact is essential.

Some pharmaceutical companies have implemented 
recycling and reuse programs, repurposing single-use pen 
needles into various products, and developing collection pro-
grams for used devices. Efforts to redesign products have 
resulted in the creation of smaller glucose test strips, sig-
nificantly reducing waste [21]. While some healthcare pro-
viders have started incorporating environmental objectives 
into their regulations, environmental impacts still need to 
be considered in economic assessments of healthcare tech-
nologies. Integrating environmental outcomes into health 
technology assessment models presents challenges but is 
essential for recognizing broader impacts on society and 

the environment. Tackling diabetes care’s environmental 
sustainability demands a united effort, combining collabora-
tive initiatives, regulatory reforms, and innovative solutions. 
We can enhance patient outcomes by prioritizing environ-
mental considerations, clinical efficacy, and economic sus-
tainability while safeguarding our planet. Together, these 
efforts will lead to a healthier future for individuals and the 
environment.

Conclusions

Challenges related to health and the environment have been 
central topics in scientific discourse and political agendas 
for some time. There is ample evidence of their interconnec-
tions. However, these two realms often proceed on separate 
tracks despite increased political and regulatory connections 
at national and international levels. For example, during dis-
cussions at the United Nations General Assembly, only one 
out of ten countries mentioned health and the environment 
together in recent years. Our bustling environment has a 
hidden cost—environmental factors silently contribute to a 
global health crisis. These factors, responsible for a stagger-
ing 24% of the global disease burden and over 13 million 
deaths annually, are not merely bystanders in our well-being 
but active players in shaping our health.
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Fig. 1   Urban and climate determinants of diabetes and the consequent effects of hospitalization on urban and climate
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While we often focus on the well-known culprits like 
air pollution, the spotlight must shift to lesser-known but 
equally powerful threats. Noise and light pollution, often 
overlooked, contribute to stress, disrupted sleep, and a cas-
cade of health problems. These environmental factors are 
intertwined with our choices and the social, economic, and 
environmental conditions we navigate.

Diabetes, a stark example of this intricate relationship, 
presents a major challenge for our healthcare systems. It 
thrives in environments shaped by social inequalities, inad-
equate housing, limited mobility, and unhealthy work con-
ditions. By prioritizing policies that promote sustainable 
housing, accessible mobility, social inclusion, and healthy 
workplaces, we can forge a path toward healthier urban land-
scapes. This shift will not only reduce the burden of diabe-
tes but empower individuals and communities to thrive in a 
healthier environment. It’s time to recognize that our health 
is intricately woven with the environment we inhabit.

The fight against diabetes extends beyond medication 
and doctor’s visits. It reaches into the very fabric of our 
planet, demanding a mindful approach to sustainability. We 
must rethink the entire patient pathway, from producing 
medications and devices to their distribution and disposal. 
Implementing shared environmental and health policies 
and integrating environmental impact into HTA evalua-
tions is crucial. Models like the HTA Core Model, which 
indirectly considers ecological impacts, provide a starting 
point. However, we must move beyond indirect measures 
and explicitly incorporate the environmental dimension into 
our decision-making processes. This requires a collaborative 
effort between healthcare providers, policymakers, and the 
medical technology industry.
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