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Abstract

Metabolic health defined by optimal glucose regulation, lipid metabolism, and blood pressure control is a major determinant of longevity and
quality of life. The worldwide escalation of Metabolic Syndrome (MetS) underscores a multifactorial etiology that extends beyond genetics and be-
havior to include environmental exposures and social contexts. This literature review synthesizes global and regional evidence on environmental
and behavioral determinants of metabolic health, with a special focus on emerging data from Georgia and the South Caucasus. Global studies identify
key behavioral risk factors such as sedentary lifestyles, energy-dense diets, poor sleep, and chronic stress, while environmental factors including air
pollution, urban design, socioeconomic disparities, and climate variability increasingly appear as independent and interacting influences on meta-
bolic outcomes. Regional evidence from Georgia reveals alarmingly high levels of overweight and obesity (over 60% of adults), widespread physical
inactivity, and persistent exposure to environmental stressors such as air pollution and inadequate green space. National data further indicate that
Metabolic Dysfunction-Associated Fatty Liver Disease (MAFLD) affects more than half of Georgian adults, while children show rising obesity trends
comparable to industrialized nations. Integrating global and regional findings, this review highlights the urgent need for interdisciplinary, longi-
tudinal research that merges environmental monitoring, behavioral science, and health informatics to design effective, equitable interventions for
metabolic health promotion.
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Introduction

This paper examines how environmental and behavioral de-
terminants jointly influence metabolic health, integrating evidence
from epidemiology, toxicology, behavioral science, and environ-
mental health. Metabolic Syndrome (MetS) represents a constella-
tion of metabolic abnormalities central obesity, insulin resistance,

hypertension, and dyslipidemia that predispose individuals to Type
2 Diabetes Mellitus (T2DM) and Cardiovascular Diseases (CVDs).

Traditional biomedical models attribute metabolic diseases
primarily to individual-level behaviors, such as poor diet and in-
activity. However, emerging interdisciplinary evidence reveals that
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environmental exposures ranging from ambient air pollution and
chemical contaminants to urban design interact with behaviors
and social conditions to shape metabolic outcomes [28-31]. This
ecological perspective aligns with the exposome framework, which
considers the cumulative effects of environmental exposures over
the life course [23].

The global burden of MetS has risen dramatically over recent
decades, driven by rapid urbanization, sedentary lifestyles, and nu-
tritional transitions [11]. Beyond its biomedical complexity, MetS
reflects deep interconnections between biological, behavioral, and
environmental systems [20]. While genetic predisposition plays a
role, evidence increasingly demonstrates that modifiable behav-
ioral and environmental exposures are dominant contributors to
metabolic health outcomes. This paradigm shift from individual
lifestyle responsibility to systemic and environmental determi-
nants aligns with the social-ecological model of health, which views
behavior as nested within environmental and policy contexts [6].

Behavioral Determinants of Metabolic Health

Regular physical activity remains a cornerstone of metabol-
ic health. It enhances insulin sensitivity, reduces visceral fat, and
improves lipid and glucose homeostasis [2]. Conversely, sedentary
behavior, defined as low energy expenditure in seated or reclining
postures, independently predicts insulin resistance and metabol-
ic dysfunction [17]. Mechanistic studies demonstrate that muscle
contractions during physical activity stimulate GLUT-4 transloca-
tion and mitochondrial biogenesis, directly improving metabolic
efficiency.

Diet composition profoundly influences metabolic risk. Diets
high in refined carbohydrates, trans fats, and sodium promote insu-
lin resistance and endothelial dysfunction, whereas Mediterranean
and DASH patterns rich in fruits, vegetables, and unsaturated fats
reduce MetS prevalence [7]. Globalization of food markets and ag-
gressive marketing of processed foods have intensified caloric ex-
cess, especially in middle-income countries undergoing nutrition
transition [19]. Evidence also shows that meal timing and circadian
rhythm alignment affect metabolic efficiency, linking irregular eat-
ing patterns to obesity and diabetes [21].

Sleep duration and quality are now recognized as metabolic
determinants. Chronic sleep deprivation alters glucose tolerance,
elevates cortisol, and disrupts leptin-ghrelin balance, increasing
appetite and adiposity [4]. Chronic psychosocial stress activates
the hypothalamic-pituitary-adrenal axis and sympathetic nervous
system, promoting inflammatory and metabolic dysregulation [13].

Environmental Determinants of Metabolic
Health
Air pollution is one of the most studied environmental contrib-

utors to metabolic disease. Fine Particulate Matter (PM2.5) and
Nitrogen Dioxide (NO2) induce systemic inflammation and oxida-
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tive stress that impair insulin signaling [3]. Endocrine-disrupting
chemicals such as Bisphenol A (BPA) and phthalates interfere with
adipocyte differentiation and hormonal balance, acting as environ-
mental obesogens [12].

Animal and human studies also indicate that prenatal and ear-
ly-life exposure to air pollution alters metabolic programming. [30]
demonstrated that maternal PM2.5 exposure leads to epigenetic
modifications in genes involved in lipid metabolism and glucose
homeostasis.

The physical layout of cities shapes opportunities for physi-
cal activity and access to healthy food. Walkable neighbourhoods,
cycling infrastructure, and green spaces are associated with low-
er BMI and improved cardiometabolic profiles [14,1]. Conversely,
urban sprawl, poor public transportation, and food deserts foster
sedentary lifestyles and unhealthy diets [8].

Access to healthy food also plays a crucial role. “Food deserts,”
or areas with limited access to affordable nutritious food, corre-
late with poor diet quality and higher rates of obesity and diabetes
[31]. Conversely, proximity to supermarkets and farmers’ markets
is linked to better dietary habits and metabolic profiles [27]. These
findings illustrate how structural and policy-level factors shape
health behaviors and outcomes.

Climate variability and exposure to nature influence metabolic
health through stress modulation and circadian rhythm synchroni-
zation. Residents with higher green-space exposure exhibit lower
levels of cortisol and inflammatory markers [9]. Seasonal tempera-
ture extremes can disrupt metabolic regulation and physical activ-
ity patterns [21].

Socioeconomic Position (SEP) modulates exposure to envi-
ronmental risks and access to health-promoting resources. Low-
SEP individuals often face limited access to nutritious foods, safe
neighbourhoods, and healthcare, resulting in a higher prevalence
of metabolic disorders [22]. Cultural norms including gender roles,
traditional diets, and social expectations further influence behav-
iors related to eating and exercise [19].

Regional Evidence: Georgia and the South Cau-
casus

In Georgia, the WHO STEPS 2016 survey of 5,554 adults aged
18-69 years revealed a high cardiometabolic risk profile: 64.6%
overweight, 33.2% obese, 37.7% hypertensive, and 63% consum-
ing fewer than five portions of fruits and vegetables daily. Approx-
imately 17% of adults reported insufficient physical activity, and
mean salt intake was 8.5 g/day exceeding WHO guidelines [25].

Thilisi’s air quality frequently violates WHO limits for PM2.5
and PM10, largely due to vehicle emissions and industrial activity
[24]. Urban green-space coverage has declined, reducing opportu-
nities for physical activity and thermal comfort [10].
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A clinic-based study involving 1,522 Georgian adults without
diabetes demonstrated that the Apolipoprotein B/A-I ratio strongly
correlates with insulin resistance and metabolic syndrome com-
ponents [5]. More recent population data indicate that Metabolic
Dysfunction-Associated Fatty Liver Disease (MAFLD) affects over
50% of Georgian adults, with prevalence higher in men and older
age groups [15]. WHO’s Childhood Obesity Surveillance Initiative
(COSI) shows that approximately one in four Georgian children
aged 7-9 years are overweight or obese [26].

Despite progress in surveillance, Georgia lacks longitudinal
studies linking specific environmental exposures (PM2.5, green-
space metrics, heat) with biomarkers of metabolic health. Regional
disparities urban versus rural, lowland versus mountain areas are

Table 1: Regional Evidence from Georgia (Epidemiological Summary).
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underexplored. Establishing interdisciplinary platforms that inte-
grate environmental science, epidemiology, and behavioral medi-
cine is essential for developing context-specific interventions (Ta-
ble 1).

Integrative Frameworks and Future Directions

Environmental and behavioral determinants interact dynam-
ically across the life course. Poor air quality, food insecurity, and
urban design constraints jointly influence behavior and physiolo-
gy [1,29]. Emerging technologies such as wearable sensors, mobile
health (mHealth) applications, and machine-learning models ena-
ble real-time monitoring of behavior and environment, improving
risk prediction and intervention targeting [18,27].

Indicator Finding Source
Overweight prevalence 64.6% adults [25]
Obesity prevalence 33.2% adults [25]
Hypertension 37.7% adults [25]
Insufficient physical activity 17.4% adults [25]
Low fruit/vegetable intake 63% adults [25]
Mean salt intake 8.5 g/day [25]
Air pollution in Tbilisi PM,. s > WHO limits [24]
Green-space inequality Uneven access in dense areas [10]
MAFLD prevalence >50% adults [15]
Childhood obesity (7-9 yrs) ~25% [26]

Table 2: Summary of Key Environmental and Behavioral Determinants of Metabolic Health.

Determinant Type Factors Mechanisms Representative Evidence
Physical inactivity ! Insulin sensitivity, T visceral fat Owen, et al,, 2]
Unhealthy diet (high sugar/fat) Insulin resistance, dyslipidemia [7]
Behavioral
Sleep deprivation T Cortisol, appetite dysregulation [4]
Stress T Sympathetic tone, inflammation [13]
Air pollution (PM,.5, NO3) Inflammation, oxidative stress [3,16]
Urban design (walkability, Physical activity opportunities [14]
Environmental transport)
Green space Stress reduction, physical activity [9,1]
Socioeconomic position Resource access, chronic stress [22]

Conceptual model illustrates the multidimensional interactions
between environmental and behavioral determinants of metabolic
health. Environmental factors including air pollution, urban design,
climate, and socioeconomic conditions shape behavioral patterns
such as diet, physical activity, sleep, and stress. These behaviors in-
fluence intermediate biological mechanisms (inflammation, oxida-
tive stress, hormonal dysregulation), which collectively determine
metabolic outcomes such as obesity, insulin resistance, and cardi-

ovascular disease. Arrows indicate bidirectional feedback loops
moderated by public policy, education, and healthcare systems (Ta-
ble 2).

Conclusion

Metabolic health emerges from the intersection of biological,
behavioral, and environmental systems. Global evidence under-
scores the dual role of personal behavior and external environment
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in shaping metabolic outcomes. In Georgia and the broader Cauca-
sus, rapid urbanization, high pollution levels, and lifestyle changes
have produced a critical public health challenge Table 1. Addressing
this requires interdisciplinary, multisectoral action linking urban
planning, environmental governance, and public-health promotion
to foster healthier environments conducive to metabolic wellbeing.
Future research should prioritize longitudinal cohort designs, en-
vironment-behavior interaction models, and policy translation to
ensure interventions are effective and equitable.
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