Global Warming, Human Adaptation, and Visceral
Adiposity

Section 1 — Introduction and Systemic Human Adaptation to Thermal
Change

1. Introduction

Over recent decades, the global prevalence of obesity and metabolic disease has
increased to levels that constitute a major public health concern. Central to this
phenomenon is the accumulation of visceral adipose tissue, which is strongly
associated with insulin resistance, type 2 diabetes, cardiovascular disease, and
increased mortality risk (Després, 2012; Neeland et al., 2019). While the fundamental
drivers of fat accumulation are well understood in terms of energy balance—namely,
sustained excess of caloric intake relative to energy expenditure—the broader
environmental context in which this balance is maintained has received comparatively
less attention.
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Among the environmental variables that may influence metabolic outcomes, ambient
temperature occupies a distinctive position. Unlike diet or physical activity, temperature
is not a direct behavioural choice but an external constraint that shapes human
behaviour and physiology. However, it would be a conceptual error to treat temperature
as a simple input into metabolic systems. Humans are not passive organisms; rather,
they are highly adaptive, modifying their behaviour, environment, and social practices in
response to thermal conditions. These adaptations, in turn, influence energy balance.

Global climate change introduces a large-scale and persistent shift in environmental
temperature. Mean global temperatures have risen significantly since the pre-industrial
period, and further increases are projected across a range of scenarios (IPCC, 2021).
These changes are accompanied by increased frequency and intensity of heat
extremes, altered seasonal patterns, and regional variability in climate conditions.
While the ecological and economic implications of these changes have been widely
studied, their potential influence on human metabolism—particularly fat distribution—
remains underexplored.

This paper addresses the following central question:



Can global warming, through its influence on human adaptive behaviour and
physiology, be linked to changes in visceral adiposity and associated health
outcomes?

To answer this, it is necessary to move beyond reductionist models and adopt
a systems-based approach, in which temperature is understood as a driver of adaptive
responses that collectively shape the metabolic environment.

1.1 Rethinking Temperature as a Driver of Adaptation

Traditional physiological models of thermoregulation consider the relationship between
ambient temperature and metabolic rate, typically framed in terms of the thermoneutral
zone (TNZ). Within this zone, metabolic expenditure is minimised; outside it, energy
expenditure increases to maintain core body temperature (Bligh and Johnson, 1973).
Cold exposure induces thermogenesis, while heat exposure primarily triggers
evaporative cooling mechanisms with relatively low energetic cost (Kenny and Jay,
2013).

However, such models assume a direct relationship between ambient temperature and
physiological response. In reality, this relationship is mediated by human behaviour.
Modern humans rarely experience ambient temperature directly; instead, they inhabit
environments that are actively modified through technology, architecture, and social
practice. Heating, air conditioning, clothing, and behavioural adjustments all serve to
buffer the body from environmental extremes.

Thus, the relevant variable is not ambient temperature per se, but the effective thermal
environment, which reflects the combined influence of external conditions and
adaptive responses. This concept is critical for understanding how climate change may
influence metabolism.

1.2 Domains of Human Adaptation to Thermal Change

Human adaptation to temperature can be conceptualised across five interacting
domains:

1.2.1 Physiological Adaptation

Physiological responses to temperature include:
o Vasoconstriction and vasodilation
e Sweating

e Shivering and non-shivering thermogenesis



These mechanisms operate automatically and are essential for maintaining
homeostasis. However, their contribution to total energy expenditure is limited under
modern conditions, where behavioural and technological adaptations dominate.

1.2.2 Behavioural Adaptation

Behavioural responses represent a primary means by which humans regulate thermal
exposure. These include:

e Adjustment of activity levels
e Alteration of daily schedules
e Selection of environments (indoor vs outdoor)

For example, individuals may reduce physical activity during periods of high heat,
leading to decreased energy expenditure (Kenny and Jay, 2013). Conversely, in colder
environments, activity may increase or decrease depending on context.

1.2.3 Technological Adaptation

Technological interventions have fundamentally altered the relationship between
humans and temperature. Key examples include:

¢ Heating systems
e Airconditioning
¢ Insulated buildings

These systems maintain indoor environments close to thermoneutral conditions,
effectively decoupling physiological thermoregulation from ambient temperature. While
this enhances comfort and productivity, it also reduces the need for thermogenic
energy expenditure.

1.2.4 Spatial Adaptation

Humans respond to climate at a geographical scale through migration and relocation.
Historically, populations have shifted in response to environmental pressures, including
temperature (Black et al., 2011). In the context of global warming, there is increasing
interest in the potential for migration toward cooler regions, including higher latitudes
and elevations.



However, the metabolic implications of such movement are complex. While relocation
may alter baseline temperature exposure, it is typically accompanied by technological
adaptation (e.g., heating systems), which mitigates direct physiological effects.

1.2.5 Cultural and Social Adaptation
Cultural practices play a significant role in mediating thermal exposure. These include:
e Clothing choices
¢ Dietary habits
¢ Work patterns
e Social norms

For example, clothing can modify insulation and airflow, influencing heat exchange
between the body and the environment (Havenith, 2002). Dietary practices may also
shiftin response to temperature, with increased consumption of cold or convenience
foods in warmer climates.

1.3 Catalogue of Climate-Driven Adaptive Behaviours

To understand the metabolic implications of global warming, itis necessary to examine
specific adaptive behaviours in detail.

1.3.1 Temporal Reorganisation of Activity

One of the most common responses to heat is the restructuring of daily activity
patterns. In many regions, this takes the form of:

¢ Night-time work
¢ Midday rest (siesta)
e« Early morning or late evening activity

While these adaptations reduce exposure to peak temperatures, they often disrupt
circadian rhythms. Circadian misalighment has been shown to impair glucose
metabolism and increase the risk of metabolic disease (Scheer et al., 2009; Morris et
al., 2016).



1.3.2 Reduction in Physical Activity

Heat reduces both the capacity and motivation for physical activity. Elevated
temperatures increase perceived exertion and fatigue, leading to:
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This reduction in physical activity energy expenditure represents one of the most
significant pathways through which climate may influence energy balance.

1.3.3 Increased Sedentary Behaviour

In warmer environments, individuals may spend more time indoors, particularly in
climate-controlled settings. This shift is associated with increased sedentary behaviour,
which is independently linked to metabolic risk (Levine, 2004).

1.3.4 Occupational Adaptation

Changes in climate interact with broader trends in work patterns, including:
¢ Increased remote working
¢ Reduced commuting
e Greaterreliance on digital technologies

These changes reduce incidental physical activity and contribute to lower overall energy
expenditure.

1.3.5 Dietary Adaptation
Temperature influences food-related behaviour in several ways:
¢ Reduced cooking in hot environments
¢ Increased consumption of cold meals
e Greaterreliance on processed and convenience foods
¢ Increased intake of sugar-sweetened beverages
(Malik et al., 2010)

These changes may increase caloric intake:
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1.3.6 Hydration Behaviour

Warmer temperatures increase fluid intake. While increased water consumption is
beneficial, increased intake of caloric beverages can contribute to energy surplus.

1.3.7 Sleep Disruption

Heat negatively affects sleep quality and duration. Sleep restriction alters hormonal
regulation, increasing appetite and caloric intake (Spiegel et al., 2004).

1.3.8 Environmental Navigation

Individuals may seek cooler microenvironments, such as shaded areas or proximity to
water. These behaviours can either increase or decrease physical activity depending on
context.

1.3.9 Clothing and Cultural Adjustment

Clothing represents a flexible form of adaptation. Changes in garment structure and
insulation influence thermal comfort and exposure but operate within a broader system
of adaptation.

1.4 Integrating Adaptation into Energy Balance

The classical energy balance equation is:

dF

gl - E'n - Enu
dt : e

However, both Ej; and E,.: are functions of adaptation:

dF

i E;,(adaptation) — E,;(adaptation)

Where adaptation includes behavioural, technological, and cultural factors.
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1.5 Can Global Warming Be Linked to Visceral Adiposity?
At this stage, it is possible to address the central question more directly.
Direct linkage

Global warming does not directly influence fat distribution. The physiological effects of
temperature on energy expenditure are modest and insufficient to account for changes
in visceral adiposity.

Indirect linkage

Global warming influences behaviour and environment, which in turn affect energy
balance and metabolic regulation. These changes may increase the likelihood of
positive energy balance and fat accumulation.

Threshold-dependent effect

As will be shown in later sections, visceral adiposity emerges when fat storage capacity
is exceeded. Small changes in energy balance may therefore have disproportionate
effects in individuals near this threshold.

1.6 Strength and Limitations of the Hypothesis

The proposed linkage between climate and visceral adiposity is:
¢ Indirect
¢ Modest at the individual level
« Potentially significant at the population level

Itis also contingent on multiple interacting factors, including socioeconomic
conditions, cultural practices, and technological access.

1.7 Conclusion of Section 1
This section establishes that:
1. Globalwarming influences human metabolism primarily through adaptation

2. Human adaptive responses span multiple domains, including behaviour,
technology, and culture

3. These adaptations influence both energy intake and expenditure



4. The relationship between climate and visceral adiposity is indirect and mediated
by energy balance

5. Asystems-based approach is required to understand this relationship

Section 2 — Physiological Mechanisms Linking Climate-Driven
Adaptation to Metabolic Change

2. Introduction

Section 1 established that global warming influences human metabolism primarily
through adaptive responses rather than direct thermodynamic effects. These
adaptations—spanning behaviour, environment, diet, and circadian structure—modify
the determinants of energy balance. However, to evaluate whether such changes can
plausibly contribute to visceral adiposity, it is necessary to examine the biological
pathways through which these adaptive responses are translated into metabolic
outcomes.

The present section addresses the following question:

Through what physiological mechanisms do climate-driven adaptations influence
energy balance, and can these mechanisms plausibly contribute to conditions that
favour visceral fat accumulation?

To answer this, five interconnected domains are examined:
1. Thermogenesis and brown adipose tissue
2. Endocrine regulation of energy balance
3. Circadian biology and sleep disruption
4. Skeletal muscle, glucose handling, and substrate partitioning
5. Behavioural-physiological compensation mechanisms

These domains interact dynamically and must be considered collectively.

2.1 Thermogenesis and Energy Expenditure
2.1.1 Components of Energy Expenditure

Total energy expenditure comprises several components:
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Where:

e FEprp: basal metabolic rate
e FE'p4: physical activity energy expenditure
e FErpr: thermic effect of food

o FEj.rmai: thermoregulatory expenditure

Thermal energy expenditure is the component most directly influenced by
environmental temperature.

2.1.2 Brown Adipose Tissue and Non-Shivering Thermogenesis

Non-shivering thermogenesis is primarily mediated by brown adipose tissue (BAT). BAT
contains mitochondria rich in uncoupling protein 1 (UCP1), which allows the dissipation
of the proton gradient as heat rather than ATP (Cannon and Nedergaard, 2004).

In response to cold exposure:
e Sympathetic nervous system activation increases
e BAT is stimulated
e Energy expenditure rises

Imaging studies have confirmed the presence of metabolically active BAT in adults
(Cypess et al., 2009; van Marken Lichtenbelt et al., 2009).

2.1.3 Magnitude and Limitations of BAT Activity
Although BAT is metabolically active, its quantitative contribution is limited:
e Estimated BAT mass: ~0.05-0.15 kg
e Estimated energy expenditure under strong stimulation: ~100-300 kcal/day
e Typicalreal-world contribution: substantially lower
(Lee etal., 2010)
Moreover, BAT activity declines with:
o Age

e Obesity
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e Reduced cold exposure

Thus, while BAT is mechanistically important, its role in long-term energy balance is
modest.

2.1.4 Effect of Climate-Driven Adaptation on Thermogenesis
Climate-driven adaptation reduces cold exposure through:

e Warmer ambient conditions

e Indoor heating

e Clothing and behavioural buffering

This leads to:

Eiherm.al l
However, the magnitude of reduction is typically in the range of:

~ 50-150 kcal /day

This leads to:

Elhz?rmal l

However, the magnitude of reduction is typically in the range of:

~ 50150 kcal /day

This represents a small proportion of total daily energy expenditure.

2.1.5 Implications for Fat Accumulation

Reduced thermogenesis contributes to positive energy balance but does not directly
influence fat distribution. Its effect is:

o Diffuse (total fat mass)
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¢ Incremental (small daily surplus)

Thus, thermogenesis alone is insufficient to explain visceral adiposity.

2.2 Endocrine Regulation of Energy Balance
2.2.1 Overview of Hormonal Control
Energy balance is regulated by a network of hormones, including:

e Thyroid hormones

e Leptin
e Ghrelin
e [nsulin

These hormones integrate signals related to energy intake, expenditure, and storage.

2.2.2 Thyroid Function and Temperature

The hypothalamic—pituitary-thyroid (HPT) axis plays a central role in regulating
metabolic rate.

Cold exposure increases:
e Thyroid-stimulating hormone (TSH)
e Triiodothyronine (T3)
This enhances mitochondrial activity and increases basal metabolic rate (Silva, 2006).

Reduced cold exposure, as occurs with climate warming and environmental buffering,
may reduce stimulation of this axis, leading to a slight decrease in metabolic rate.

2.2.3 Leptin and Energy Homeostasis

Leptin, produced by adipose tissue, signals energy sufficiency and suppresses appetite
(Friedman, 2014).

Chronic energy surplus leads to:
e Increased leptin levels
e Reduced leptin sensitivity (leptin resistance)

This results in:



e Increased food intake
e Reduced energy expenditure

Climate-driven behavioural changes—particularly sleep disruption and sedentary
behaviour—may exacerbate leptin resistance.

2.2.4 Ghrelin and Appetite Stimulation

Ghrelin is a hormone that stimulates appetite and increases food intake (Mdller et al.,
2015).

Itis influenced by:
e Sleep duration
e Circadian timing
¢ Energybalance

Climate-related sleep disruption may increase ghrelin levels, promoting:

Ein T

2.2.5 Insulin and Fat Storage

Insulin regulates glucose uptake and promotes fat storage. Chronic hyperinsulinaemia,
associated with frequent energy intake and reduced activity, contributes to:

¢ Increased fat deposition
¢ Reduced lipolysis

These effects may favour visceral fat accumulation under certain conditions.

2.3 Circadian Biology and Metabolic Regulation

2.3.1 Circadian Control of Metabolism

Human metabolism is regulated by circadian rhythms that influence:
e Glucose tolerance

¢ Insulin sensitivity
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e Hormonal secretion

(Scheer et al., 2009)

2.3.2 Disruption Through Climate Adaptation
Adaptations such as:

e Night-time work

e Altered sleep schedules

e Heat-related sleep disturbance

lead to circadian misalignment.

2.3.3 Metabolic Consequences
Circadian disruption is associated with:
¢ Reduced insulin sensitivity
¢ Increased postprandial glucose
o Greaterfataccumulation
(Morris et al., 2016)

Evidence suggests that circadian disruption may preferentially promote visceral fat
deposition, likely due to altered hepatic metabolism.

2.4 Skeletal Muscle and Glucose Partitioning
2.4.1 Role of Muscle in Energy Metabolism

Skeletal muscle is the primary site of glucose disposal, accounting for the majority of
insulin-mediated glucose uptake (DeFronzo and Tripathy, 2009).

2.4.2 Effects of Reduced Physical Activity
Climate-driven reductions in activity lead to:
e Decreased muscle mass

e Reduced insulin sensitivity



2.4.3 Consequences for Fat Storage

Reduced muscle capacity results in:
(;stomgc’ l
Excess glucose is more likely to be converted to fat:

Bl \
(J E€rXCESS J E.‘Oﬂ version

This promotes:
e« Ectopic fat deposition

e Visceral adiposity

2.4.4 Integration with Energy Balance

This process modifies the standard energy balance equation:

dF

E — Em — Eout = '\."((;t?rr.rzs.s‘)

Where y represents the efficiency of glucose-to-fat conversion.

2.5 Behavioural-Physiological Compensation

2.5.1 Nature of Compensation

Changes in energy expenditure often trigger compensatory responses:
¢ Increased appetite
e Reduced activity
e Behavioural adjustments

(Speakman and Westerterp, 2010)
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2.5.2 Net Effect

The effective change in energy balance can be expressed as:

AEne?t — AEHM?:‘maI = AEctompc?nsatmn

In many cases:

AEm?t — 0

This limits the impact of individual mechanisms.

2.6 Heat Versus Cold: Asymmetry in Metabolic Response

Cold exposure increases metabolic rate through thermogenesis, whereas heat
exposure primarily induces sweating, which has minimal energetic cost (Kenny and Jay,
2013).

Thus:
AElu?at < AEmld

This asymmetry implies that warming reduces opportunities for increased energy
expenditure without providing an equivalent compensatory mechanism.

2.7 Integration of Mechanisms
The combined effect of climate-driven adaptation can be summarised as:
AE,. — (small decrease in thermogenesis) + (larger decrease in activity) + (increase in intake)
With additional contributions from:
¢ Hormonal changes
e Circadian disruption

e Muscle loss
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2.8 Linking Physiology to Visceral Adiposity

The mechanisms described influence visceral adiposity indirectly through:
o Increased total fat mass
e Altered glucose partitioning
e Hormonal dysregulation

No single mechanism targets visceral fat directly. Instead, visceral adiposity emerges as
a downstream consequence of systemic metabolic imbalance.

2.9 Strength of Evidence
The evidence base can be summarised as follows:

e Strong evidence for individual mechanisms (e.g. circadian disruption, muscle
loss)

e Moderate evidence for combined behavioural effects
e Limited direct evidence linking climate to these outcomes

Thus, the proposed linkage is biologically plausible but not definitively established.

2.10 Conclusion of Section 2
This section demonstrates that:
1. Climate-driven adaptations influence multiple physiological systems
2. These systems collectively affect energy balance and metabolism
3. Several pathways plausibly favour visceral fat accumulation
4. The effectis indirect and mediated through behaviour and physiology

5. Climate acts as a modulating factor, not a primary cause



Section 3 — Fat Distribution, Storage Capacity, and Threshold
Dynamics

3. Introduction

Sections 1 and 2 established that global warming influences human metabolism
indirectly through a network of adaptive responses that affect energy intake, energy
expenditure, circadian regulation, and substrate partitioning. These changes can
produce modest but persistent shifts in energy balance. However, a critical question
remains:

Why do such modest changes sometimes result in disproportionately large
increases in visceral adiposity?

The answer lies not in total fat accumulation alone, but in how fat is distributed within
the body. Individuals with similar total fat mass may exhibit markedly different
metabolic risk profiles depending on whether excess energy is stored in subcutaneous,
visceral, or ectopic depots (Després, 2012; Tchernof and Després, 2013).

This section develops a capacity-based model of fat storage, in which visceral
adiposity emerges when subcutaneous storage capacity is exceeded. This framework
provides a mechanism through which small, climate-driven changes in energy balance
may translate into meaningful metabolic outcomes.

3.1 Adipose Tissue Compartments

Adipose tissue is functionally heterogeneous and can be divided into three primary
compartments:

1. Subcutaneous adipose tissue (SAT)
2. Visceral adipose tissue (VAT)
3. Ectopic fat depots (e.g. liver, pancreas, skeletal muscle)

Subcutaneous fat serves as the primary storage depot for excess energy and is relatively
metabolically benign. In contrast, visceral and ectopic fat are associated with:

e Increased inflammatory signalling
e Impaired insulin sensitivity

o Elevated cardiometabolic risk



(Neeland et al., 2019)

3.2 The Storage Capacity Concept

The central premise of this section is that subcutaneous adipose tissue has a finite
storage capacity, which varies between individuals. This capacity is determined by:

¢ Adipocyte number and expandability
o Genetic factors
¢ Hormonal environment
e Developmental influences
(Taylor and Holman, 2015)

We define total fat mass as:

Eota( - Feubvutum?ous ¥ -Fi.'lsm?rul T E?(rw ne
]
Subcutaneous storage is bounded by a capacity limit:
Fsubcufum’ous < E‘apm.‘ity

3.3 Overflow and Redistribution
When subcutaneous capacity is exceeded:
Feubcutam?ous > -Fmpm?ity
excess energy must be stored elsewhere:

FD!'(?TfIOU' — Lyisceral + E?ctopia‘

This “overflow” mechanism provides a direct explanation for the emergence of visceral
adiposity.

3.4 Mathematical Representation of Threshold Behaviour

To formalise this process, we define:
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Fn‘ubr.‘umm?ous (t) . min(_F(t), Erapar.‘z’ty)
Foz'erﬂow(t) = max((), F(t) — E‘apm:i!y)

Thus:
e When F(t) < Etupacity:

Fwsoerul ~0
e When F(t) > Flpacity:

Fisceral o E)rrﬁrﬂou‘

3.5 Non-Linear Growth of Visceral Fat

Empirical evidence suggests that visceral fat increases non-linearly once overflow
begins (Després, 2012). This can be expressed as:

E_'ism?ral(t) =Qa- (VE)z'(:rfl(m’(t))lj

Where:
e D<a<l

e [ > 1, reflecting accelerating risk

This non-linearity implies that small increases in total fat near the threshold can
produce disproportionately large increases in visceral fat.

3.6 Individual Variability in Thresholds

Storage capacity varies significantly between individuals, leading to different metabolic
phenotypes:

e High capacity individuals:
o Can store large amounts of subcutaneous fat
o Lower metabolic risk

¢ Low capacity individuals:
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o Reachthreshold earlier
o Develop visceral fat at lower total fat levels
This explains:
e “Metabolically healthy obesity”
¢ “Normal-weight metabolic disease”

(Neeland et al., 2019)

3.7 Energy Balance and Threshold Crossing

Total fat mass evolves according to:

dF

N Ein — Eou
dt :

Even small sustained energy surpluses can lead to significant fat accumulation over time:

AEdmly ~ 50-150 kcal

Over one year:

AFE . nua =~ 18,000-55,000 kcal
Equivalent to:

~ 2-T kg fat /year

(Hall et al., 2012)

3.8 Climate-Driven Adaptation and Threshold Dynamics

Sections 1 and 2 identified multiple adaptive responses to warming that influence
energy balance:

¢ Reduced physical activity
¢ Increased sedentary behaviour
e Increased caloric intake

e Sleep disruption
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e Reduced thermogenesis

These collectively produce:

AEnet >0

Although modest, this surplus is persistent and cumulative.

3.9 Amplification Near the Threshold

The criticalinsight is that the impact of this surplus depends on proximity to storage
capacity.

Case A: Below capacity
e Energy surplus stored subcutaneously
¢ Minimal metabolic consequence
Case B: Near capacity
e Small surplus - overflow
e Rapidincrease invisceral fat
Case C: Above capacity
¢ Continued visceral and ectopic accumulation

e Progressive metabolic dysfunction

3.10 Role of Muscle and Substrate Partitioning

Muscle mass plays a key role in determining how energy is stored.


https://substackcdn.com/image/fetch/$s_!9wJs!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F07b7ef07-fdf5-4fbd-b238-7df383eecfa5_115x70.png
https://substackcdn.com/image/fetch/$s_!9wJs!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F07b7ef07-fdf5-4fbd-b238-7df383eecfa5_115x70.png
https://substackcdn.com/image/fetch/$s_!ZJBX!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fd247c8b5-0fcd-4a52-bfad-29951bed1230_483x331.png
https://substackcdn.com/image/fetch/$s_!9wJs!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F07b7ef07-fdf5-4fbd-b238-7df383eecfa5_115x70.png

We define:
¥ 7
G storage X j"-[mu.s*dcz

Where:

®  Giorage: glucose storage capacity

o M.,,...sc1c: muscle mass

Reduced physical activity leads to:

A‘Inmscle l«
Resulting in:

G(:IC(?SS ETON. version

This promotes:
e« Ectopic fat deposition

e Visceral adiposity

3.11 Integrated Model of Fat Distribution

The full system can be expressed as:

Rdscr:—ral — f(Eiru Eouta Fcapam’tya AI}7IUS(?I¢3 3 Circadian& hormonal

Where:

e Climate-driven adaptation influences E;,, E, .+, and M, scie

e Threshold dynamics determine distribution

3.12 Linking Climate to Visceral Fat
At this stage, the relationship can be defined precisely:
Direct effect

« Negligible
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Indirect effect
e Smallenergy surplus
¢ Reduced muscle mass
e Hormonaldisruption
Amplification mechanism

e Threshold crossing

3.13 Population-Level Implications

Although individual effects are modest, population-level effects may be significant:
¢ Manyindividuals exist near their threshold
e Small systematic shifts can move large numbers across it

Thus, climate-driven adaptation may increase the prevalence of visceral adiposity
without dramatically affecting any single individual.

3.14 Key Theoretical Insight

The importance of climate-driven metabolic change lies not in the magnitude of
energy imbalance, but in its interaction with biological thresholds that govern fat
distribution.

3.15 Conclusion of Section 3
This section demonstrates that:
1. Fatdistribution is governed by storage capacity and overflow
2. Visceral adiposity emerges when capacity is exceeded
3. This process is non-linear and threshold-dependent
4. Climate-driven adaptations produce small but persistent energy surpluses

5. These surpluses may disproportionately affect individuals near their storage
threshold



Section 4 — Real-World Modelling, Population Impact, and Public
Health Implications

4.1 Introduction

The preceding sections have established a coherent framework linking global warming
to metabolic outcomes through indirect pathways. Section 1 demonstrated that
temperature operates primarily as a driver of adaptive human behaviour rather than as a
direct physiological determinant. Section 2 identified the biological mechanisms
through which such adaptations influence energy balance and metabolic regulation.
Section 3 introduced a threshold-based model of fat storage, showing that visceral
adiposity emerges when subcutaneous storage capacity is exceeded, often in a non-
linear manner.

The present section extends this analysis into the real world. It addresses a central
applied question:

What is the likely magnitude of climate-driven metabolic effects at individual and
population levels, and how should these be interpreted in the context of public
health?

To answer this, we construct a quantitative model of climate-driven energy shifts,
evaluate their cumulative effects over time, and explore how these effects scale across
populations. We also consider heterogeneity across regions and socioeconomic
groups, and examine how climate interacts with existing lifestyle trends.

4.2 Modelling Framework
4.2.1 Energy Balance as a Dynamic System

The evolution of fat mass is governed by:
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O = B o
However, both energy intake and expenditure are functions of adaptive behaviour:
Ein = Bpasetine + AFBdict + AEpormonal
Eout = Epasetine — (AEithermat + AEqctivity)

Thus, the net effect becomes:

AEnet = (AEdiet 5 & AEh.ormonal) + (AEthermal =+ AEactivity)

This formulation emphasises that climate does not act directly on metabolism but
modifies the variables that determine energy balance.

4.2.2 Diagram — Climate to Energy Balance Pathway

Figure 4.1 — Climate Adaptation and Energy Balance

Climate Change
+
Human Adaptation

{(behaviour, environment, culture)

1
I I |
4 1 1
E activity { E thermal { E intake t
1 1 1
Net Energy Balance 1
!
Fat Mass t
!

Visceral Fat (threshold dependent)
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4.3 Estimating Component Effects
4.3.1 Reduction in Thermogenic Demand

As environmental temperatures rise and indoor environments remain thermally
regulated, exposure to cold decreases. This leads to reduced activation of thermogenic
pathways, including brown adipose tissue.

Empirical estimates suggest:
AEiherma =~ 50-100 keal /day

This represents a modest but persistent reduction in energy expenditure (Johnson et al.,
2011).

4.3.2 Reduction in Physical Activity

Heat exposure has a well-documented effect on physical activity:
¢ Reduced exercise duration and intensity
¢ Increased fatigue
+ Avoidance of outdoor movement

(Kenny and Jay, 2013)

A reasonable estimate is:

AE,ctivity =~ 50-150 kcal /day

This component is likely to exceed thermogenic effects in magnitude.

4.3.3 Increase in Energy Intake

Dietary and behavioural adaptations contribute to increased intake:
¢ Greater consumption of sugar-sweetened beverages
e Increased reliance on convenience foods

o Appetite dysregulation due to poor sleep
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(Malik et al., 2010; Spiegel et al., 2004)

Estimated effect:

AFE;niare =~ 50-150 kcal /day

4.4 Net Energy Effect

Combining these components:

AE, ¢ ~ 100-300 kcal/day

This represents a realistic range for cumulative effects of climate-driven adaptation.

4.4.1 Diagram — Energy Component Contributions

Figure 4.2 — Relative Contributions to Energy Imbalance

Component Direction Magnitude (kcal/day)
Thermogenesis 1 58-16e
Physical Actiwvity 1 58-158
Dietary Intake ] 58-158
Net Effect T lge-308

4.5 Annualised Impact

Over one year:
Over one year:

AFE nua = 100 x 365 = 36,500 kcal

Converted to fat:

36,500

AF = oy 4.7 kg /year
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This represents a theoretical upper bound.

4.5.1 Adjustment for Compensation

In reality, compensatory mechanisms reduce this effect:
e Increased metabolic rate with weight gain
e Behavioural adjustments
e Hormonal feedback

(Hallet al., 2012)

Thus:

AF, ., ~ 1-3 kg/year

4.6 Threshold Amplification

The key insight from Section 3 is that the impact of fat gain depends on proximity to
storage capacity.

Figure 4.3 — Threshold Model

Fat Mass -

e o |
Below Capacity Threshold Above Capacity
Small fat gain -+ subcutaneous storage (low risk)

Mear threshold -+ overflow begins (high sensitivity)

Above threshold = visceral fat accumulation (high risk)

4.7 Geographic Variation
4.7.1 Hot Regions
e Greaterreductions in activity

e Increased reliance on cooling


https://substackcdn.com/image/fetch/$s_!pZU3!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fa04e445d-bda7-4116-965c-5b71232a4a4c_227x66.png
https://substackcdn.com/image/fetch/$s_!pZU3!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fa04e445d-bda7-4116-965c-5b71232a4a4c_227x66.png
https://substackcdn.com/image/fetch/$s_!pZU3!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fa04e445d-bda7-4116-965c-5b71232a4a4c_227x66.png

e Greater sleep disruption

> Stronger metabolic effects

4.7.2 Temperate Regions
e Reduced cold exposure
¢ Moderate behavioural change

- Moderate effects

4.7.3 Cold Regions
¢ Limitedincrease in thermogenesis due to adaptation
¢ Increased habitability

> Smaller effects

4.8 Socioeconomic Variation
Climate-driven effects are not uniform:
¢ High-income populations:
o Greater access to climate control
o More sedentaryindoor lifestyles
¢ Low-income populations:
o Greater exposure to heat
o Limited cooling
o Different dietary patterns

Thus, climate acts through social gradients of exposure and adaptation.

4.9 Interaction with Existing Trends
Climate effects amplify existing drivers:
e Sedentary lifestyles

e Urbanisation



e Digitalisation
e Processed food consumption

(Popkin and Hawkes, 2016)

4.10 Population-Level Scaling
Even small individual changes scale dramatically.
Example
If:
¢ 10 million individuals

e Average gain =1 kg/year

Total = 10,000,000 kg /year

Figure 4.4 — Scaling Effect

Individual effect: small

Population size: large

Total impact: substantial

4.11 Public Health Interpretation
4.11.1 Climate as a Secondary Risk Factor
Climate should be understood as:

e A modifier, not a primary cause

e Acting through behaviour and environment

4.11.2 Intervention Opportunities
e Promote physical activity in heat-adapted environments

e Improve sleep conditions
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e Encourage dietary awareness

e Preserve muscle mass

4.11.3 Urban Design
Effective strategies include:
e Greenspaces
e Shaded infrastructure
o Walkable environments

(Sallis et al., 2012)

4.12 Limitations
¢ Indirect modelling
e« Behavioural variability
e Future uncertainty

¢ Interaction complexity

4.13 Key Insight

Small, persistent energy shifts—when applied across large populations—may produce
significant public health consequences.

4.14 Conclusion

This section demonstrates that:
¢ Climate-driven adaptation produces modest daily energy changes
e These accumulate over time
e Threshold dynamics amplify effects

e« Population-level impact may be substantial



Section 5 — Long-Term Climate Scenarios, Visceral Adiposity, and
Mortality: A 100-Year Systems Projection

5.1 Introduction

Sections 1-4 have established a coherent systems-based framework linking global
warming, human adaptation, and metabolic outcomes. Climate does not directly
determine fat accumulation or distribution; rather, it operates indirectly through
behavioural, environmental, and physiological pathways that influence energy balance.
Section 3 demonstrated that visceral adiposity emerges when fat storage exceeds
subcutaneous capacity, while Section 4 quantified how small, persistent shifts in
energy balance may accumulate over time and scale across populations.

The present section extends this framework temporally and conceptually. It addresses
the question:

How might different climate trajectories over the next century influence the
prevalence of visceral adiposity and associated mortality, when mediated through
adaptive human behaviour?

This section therefore completes the analytical component of the paper by integrating:
e Climate projections
¢ Behavioural adaptation
¢ Metabolic modelling
e Threshold dynamics
e Population scaling

The following sections (Sections 6 and 7) will then translate these insights into
individual-level application.

5.2 Conceptual Model of Climate-Metabolic-Mortality Interaction

The relationship between climate and mortality is not direct but mediated through a
chain of adaptive processes. This can be expressed as:

Climate change~>
Adaptation~>

Behavioural and environmental modification~>



Energy balance shift>
Fat accumulation~>
Threshold crossing~>
Visceral adiposity~>
Metabolic disease~>
Mortality

Each stage introduces variability, attenuation, and interaction with other systems.

Figure 5.1 — Climate to Mortality Pathway

Global Warming

1

Human Adaptation
1

Behavioural + Environmental Change
1

Energy Balance 5Shift
1

Total Fat Mass T
1

Threshold Crossing
1

Visceral Fat t
!

Metabeolic Disease T
1

Mortality t

5.3 Baseline Trends in Visceral Adiposity and Mortality
Any projection of climate-related effects must be situated within existing global trends.
5.3.1 Rising Obesity and Central Adiposity

Global obesity prevalence has increased substantially over recent decades (Ng et al.,
2014). Importantly:

e Increases are not limited to total fat mass



e Central (visceral) adiposity has increased disproportionately in many
populations

(Després, 2012)

5.3.2 Mortality Associations
Visceral adiposity is associated with:

o Cardiovascular disease

e Type 2 diabetes

e Liverdisease

¢ Increased all-cause mortality
(Tchernof and Després, 2013)
These associations are:

o Continuous

e Non-linear

e Modified by age and comorbidities

5.3.3 Implication

Climate effects must be understood as acting on top of an already rising baseline,
rather than initiating the trend.

5.4 Climate Scenarios Over the Next Century
Climate projections (IPCC, 2021) provide a range of plausible futures.
5.4.1 Low Warming Scenario (~1.5-2°C)

e Strong mitigation

e Limited increase in extreme heat

e Moderate behavioural adaptation

5.4.2 Moderate Warming Scenario (~2-3°C)

o Partial mitigation



¢ Increased frequency of heat extremes

e Greater behavioural and environmental adaptation

5.4.3 High Warming Scenario (~3-5°C)
e Limited mitigation
e Significant environmental restructuring

e Strong behavioural and societal adaptation

5.4.4 Temporal Considerations

While projections are strongest to 2100, behavioural and metabolic trajectories are
likely to continue directionally beyond this point.

5.5 Mechanisms of Climate Influence on Mortality Risk

Climate influences mortality indirectly through its effects on metabolic determinants.

5.5.1 Physical Activity Suppression

Heat reduces activity levels:

Epal

This leads to:
e Reduced energy expenditure

o Reduced cardiovascular fitness

5.5.2 Increased Energy Intake

Dietary and hormonal changes:

EJ n T
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Driven by:

¢ Increased consumption of calorie-dense foods

e Appetite dysregulation

5.5.3 Circadian and Sleep Disruption
Heat-related sleep disruption leads to:
e Increased ghrelin
e Reduced leptin

e Increased caloric intake

5.5.4 Muscle Loss and Substrate Partitioning

Reduced activity:

Miisie 4= G

Resulting in:

|
storage «

Y X
(70.1‘(,‘(-5.9 4 Etom't:‘rsion

5.5.5 Socioeconomic Amplification
Climate effects are mediated by:

e Accessto cooling

¢ Occupational exposure

e Healthcare access
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5.6 Quantitative Mortality Model

We define:
D(t) == P(t) ¥ R(szsm:ral)

Where:
e D(t) = deaths
e P(t) = population

e R = risk function

Climate modifies:

Fiisceral(t) = R(t) T

5.7 Scenario-Based Outcomes
5.7.1 Low Warming Scenario
e Small behavioural shifts

¢ Minimal change in energy balance

AF,;cceral = minimal

- Mortality trends largely unchanged

5.7.2 Moderate Warming Scenario
¢ Increased sedentary behaviour
e Greater dietary shifts

e Sleep disruption

APF,isceral = moderate

> Measurable increase in metabolic disease
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5.7.3 High Warming Scenario
e Significant behavioural restructuring
e Persistent reductions in activity

e Strong environmental pressures

AF,isceral =~ substantial

> Amplification of mortality risk

Figure 5.2 — Scenario Comparison

Warming Level Behavioural Change Metabolic Impact Mortality Effect
Low Minor Small Minimal

Moderate Moderate Moderate Noticeable

High Significant Large Substantial

5.8 Threshold Amplification at Population Scale
The key insight from Section 3 applies here:

Small shifts in energy balance can produce large effects when populations are near
storage thresholds.

Thus:
e Manyindividuals may be close to threshold

e Small systematic shifts may move large populations across it
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5.9 Interaction with Global Trends
Climate interacts with:
o Urbanisation
e Sedentary lifestyles
o Processed food environments
e Ageing populations

These interactions amplify:

AEntwl‘ > 0
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5.10 Uncertainty and Limits
Key uncertainties include:
e Behavioural adaptation pathways
e Technological mitigation
o Healthcare advances
e Policyinterventions
Thus, projections are:

Scenario-based rather than predictive

5.11 Key Theoretical Insight

Climate change does not introduce new metabolic mechanisms; it amplifies existing
ones through systemic adaptation.

5.12 Transition to Practical Application

The analysis presented thus far has been primarily theoretical and population-based.
However, the same mechanisms operate at the level of the individual.

The framework suggests that:
e Metabolic outcomes are highly sensitive to small changes
e Threshold dynamics create opportunities for reversal
e Behavioural and environmental factors are modifiable

These insights provide a foundation for practical intervention.

5.13 Conclusion of Section 5

This section demonstrates that:
1. Climate change influences mortality indirectly through metabolic pathways
2. Effects are mediated by human adaptation
3. Magnitude depends on climate scenario

4. Threshold dynamics amplify impact



5. Population-level effects may be significant

5.14 Final Conclusion of the Analytical Series

Global warming is not a primary cause of visceral adiposity or metabolic disease.
However, through its influence on human adaptation, it may contribute to small but
persistent shifts in energy balance. These shifts, when interacting with biological
thresholds governing fat storage, may increase the prevalence of visceral adiposity and
associated mortality at a population level. The significance of this effect lies not in its
magnitude at the individual level, but in its cumulative impact across large populations
over extended timeframes.

Section 6 — Individual-Level Application I: A Systems Framework for
the Management of Pre-Diabetes

6.1 Introduction

The preceding sections have established that global warming influences metabolic
outcomes indirectly through adaptive human behaviour, and that visceral adiposity
emerges through threshold-dependent mechanisms when subcutaneous storage
capacity is exceeded. Section 5 further demonstrated that these processes, while
modest at the individual level, may scale to significant population-level effects.

The present section marks a transition from population-level modelling to individual-
level application. The central premise is that the same mechanisms identified at
macro scale—energy balance, behavioural adaptation, circadian regulation, and
substrate partitioning—operate within the individual and may therefore be deliberately
influenced.

This section addresses the question:

How can the systems framework developed in this paper be applied at the
individual level to prevent or reverse pre-diabetes, particularly through modulation
of behaviour and environment?

The analysis proceeds by reframing pre-diabetes as a threshold condition and
identifying the principal levers through which individuals may alter their metabolic
trajectory.



6.2 Pre-Diabetes as a Threshold State
6.2.1 Beyond Diagnostic Categories

Pre-diabetes is commonly defined by biochemical thresholds (e.g., fasting glucose or
HbA1c). However, such definitions obscure the underlying dynamic nature of the
condition. From a systems perspective, pre-diabetes represents a state in which:

¢ Insulinresistance is increasing
e Glucose disposal capacity is declining

e« Fatstorage is approaching or exceeding safe capacity

This can be expressed as:
E‘u'frﬂotr et IIl'dX(O, = -Fcapacity)

Where Em,,.ﬂou. represents fat diverted into visceral and ectopic depots.

6.2.2 Implications for Intervention
The practical implication is critical:

The objective is not necessarily maximal weight loss, but movement away from the
threshold at which overflow begins.

This reframes intervention from an absolute to a relative and dynamic target.

6.3 Core Intervention Principle: Small Persistent Shifts
From Section 4:
AE,.; ~ 100-300 kcal /day
For intervention, the aim is:
AE,.; <0
Even modest deficits:
=~ 100 kcal /day
may yield:

~ 1-3 kg/year (realistic)

(Hall et al., 2012)
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6.3.1 Why Modest Changes Are Sufficient

Due to threshold dynamics:
e Smallreductions in fat mass may reduce visceral fat disproportionately
¢ Insulin sensitivity may improve rapidly once overflow is reduced

Thus:

Consistency is more important than magnitude.

6.4 Energy Balance as a Multi-Component System

Energy balance is not a single variable but a system:

Eo: = Epyr + Epa + E1er + Eithermal

Intervention must therefore target multiple components simultaneously.

6.5 Physical Activity: The Primary Lever
6.5.1 Role of Skeletal Muscle

Skeletal muscle is central to glucose metabolism:

v ]
G storage X M, muscle

Where:
. G_,.,C,,.,lg,?: glucose storage capacity

o M,,..sc10: muscle mass
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6.5.2 Practical Activity Framework

Rather than focusing exclusively on structured exercise, activity should be distributed
across the day.

Components

1. Postprandial movement
o 10-20 minutes walking after meals
o Reduces glucose excursions

2. Baseline movement
o Regular low-intensity activity
o Avoid prolonged sitting

3. Structured activity

o Moderate exercise sessions

6.5.3 Resistance Training

Resistance training provides a critical stimulus:
e Maintains orincreases muscle mass
e Improves insulin sensitivity

Minimum effective dose
e 2-3sessions per week

¢ Whole-body focus

6.5.4 Micro-Activity Accumulation

Small activities accumulate:
Z(Imcm-mommema) — |bY |

Examples:
e Standing while working
e Walking during calls

e Short activity breaks
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6.6 Sedentary Behaviour as a Distinct Risk

Sedentary behaviour is not merely the absence of exercise; it has independent
metabolic effects.

6.6.1 Mechanism
Prolonged inactivity leads to:
e Reduced muscle glucose uptake
e Reduced lipoprotein lipase activity

e Increased insulin resistance

6.6.2 Intervention Strategy
e Interrupt sitting every 30-60 minutes
e Incorporate light movement

e Use environmental prompts

6.7 Dietary Regulation
6.7.1 Primary Role of Diet

Diet determines:

EH?

and influences:
¢ Insulin dynamics
e« Fatstorage

e Appetite

6.7.2 Macronutrient Considerations

Carbohydrates
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e Reduce refined carbohydrates
e Stabilise glucose levels
Protein
e Supports muscle
¢ Enhances satiety
Fat

e Moderation and quality important

6.7.3 Meal Structure
Key principles:
¢ Avoid continuous grazing
¢ Allow periods of low insulin

¢ Maintain consistent meal timing

6.7.4 Liquid Calories

Liquid intake often contributes hidden calories:

E;, T (without satiety)

Strategy:

¢« Eliminate orreduce sugar-sweetened beverages

6.8 Circadian Regulation and Sleep
6.8.1 Metabolic Role of Sleep
Sleep influences:

e Hormonal balance

e Appetite regulation


https://substackcdn.com/image/fetch/$s_!msCF!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F6b7f43ab-86eb-45dc-a358-c59accb12d6d_218x48.png
https://substackcdn.com/image/fetch/$s_!msCF!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F6b7f43ab-86eb-45dc-a358-c59accb12d6d_218x48.png
https://substackcdn.com/image/fetch/$s_!msCF!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2F6b7f43ab-86eb-45dc-a358-c59accb12d6d_218x48.png

e Glucose metabolism

6.8.2 Effects of Disruption
e Increased ghrelin
e Reduced leptin
e Increased caloric intake

(Spiegel et al., 2004)

6.8.3 Practical Strategies
e Fixed sleep schedule
e Coolsleeping environment

¢ Reduced evening light exposure

6.9 Thermal Environment as a Secondary Lever
6.9.1 Role in Energy Balance

Thermal exposure influences:
Eth:.’rnml

However, its magnitude is modest relative to other components.
6.9.2 Practical Application

¢ Avoid excessive heating

¢ Allow mild temperature variation

e Increase outdoor exposure

6.9.3 Realistic Expectation

AE{h(gy-ynal =~ 5() 15() kCiilv,""da)-"
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This should be viewed as:

Supplementary rather than primary

6.10 Environmental Design
6.10.1 Behavioural Architecture

Environment shapes behaviour.

6.10.2 Practical Adjustments
e Arrange spaces to encourage movement
¢ Reduce friction to activity

¢ Increase accessibility of walking routes

6.11 Integrated Intervention Model

The combined effect can be expressed as:
AEm';? = (AEmrtivify) o (AEdu?t) 3 P (AEsIctr:p) + (AE{htzrma()
Each component is modest, but together:

AEmtt <0

6.12 Behavioural Consistency and Time Horizon
6.12.1 Temporal Dynamics

Metabolic change occurs over months and years.

6.12.2 Importance of Consistency

Small daily changes - large cumulative effects
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6.13 Monitoring and Feedback
6.13.1 Key Metrics

e Bodyweight (trend)

e Waist circumference

e Fasting glucose

o« HbA1cC

6.13.2 Interpretation

Focus on trends rather than short-term fluctuations.

6.14 Failure Modes

Common issues include:
e Over-reliance on intensity
¢ Inconsistency
e Ignoring sleep

¢ Excessive dietary restriction

6.15 Key Insight of Section 6

Pre-diabetes is best understood as a threshold condition that can be managed through
consistent, multi-component adjustments to behaviour and environment, rather than
through extreme or singular interventions.

6.16 Conclusion of Section 6

This section demonstrates that:
1. Pre-diabetes reflects proximity to metabolic thresholds
2. Small energy shifts can reverse trajectory
3. Muscle preservation is central

4. Diet remains the dominant factor



5. Sleep and environment are critical modifiers

6. Integrated approaches are most effective

Section 7 — Individual-Level Application Il: Environmental Design,
Daily Protocols, and Long-Term Implementation

7.1 Introduction

Sections 1-5 established a systems-based understanding of how global warming
influences metabolic health through adaptive behaviour, and Section 6 translated these
insights into an individual-level framework for managing pre-diabetes. The present
section completes this progression by focusing explicitly on environment as the
primary lever of behavioural regulation.

The central premise is:

Human behaviour is not primarily a function of willpower, but of environment.
Therefore, metabolic outcomes are best influenced through deliberate
environmental design.

This section develops a structured approach to:
o Designing environments that promote favourable metabolic behaviour
o Embedding activity, diet, and sleep into physical and social contexts
o Establishing daily and weekly routines grounded in environmental cues

e Maintaining long-term metabolic stability

7.2 Environment as the Dominant Behavioural Driver
7.2.1 Behavioural Determinism

While individuals often attribute behaviour to conscious choice, empirical evidence
suggests that behaviour is largely determined by:

e Physical surroundings
e Accessibility of options
e Social context

e Friction and convenience



Thus:

Behaviour — f(Environment)

7.2.2 Implication for Metabolism

Because:
Eine Eout = f(Behaviour)
It follows that:

Metabolism — f{Environment)

Figure 7.1 — Environment-Behaviour-Metabolism Chain
Environment
N
Behaviour
N
Energy Balance
N
Fat Distribution
N

Metabolic Health

7.3 Designing the Physical Environment
7.3.1 Movement-Facilitating Spaces

The goalis to reduce friction to movement.
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Strategies
e Clearwalking paths within the home
e Place frequently used items at distance

e Use stairs rather than lifts where possible

7.3.2 Distributed Activity Zones
Rather than centralising activity:
e Create multiple locations for movement

¢ Encourage transitions between spaces

7.3.3 Standing and Active Workspaces
e Adjustable desks
e Standing workstations
¢ Movement-friendly layouts

These reduce sedentary time:

l

t.#(:dt’ ntary v

7.4 Environmental Control of Sedentary Behaviour
7.4.1 The Default State Problem

Modern environments default to inactivity.

7.4.2 Environmental Interruptions
Introduce automatic triggers:
e Timers for movement

¢ Environmental cues (e.g. alarms, layout changes)
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7.4.3 Micro-Movement Integration
Movement should be embedded, not scheduled.
Examples:

e Walking during calls

e Standing meetings

e Movement between tasks

7.5 Thermal Environment Design
7.5.1 Avoiding Constant Thermoneutrality

Modern environments maintain:

T TT_\’ A

This minimises energy expenditure.

7.5.2 Introducing Mild Thermal Variation
Strategies
o Slightly cooler indoor temperatures
¢ Increased outdoor exposure

¢ Avoid over-conditioning

7.5.3 Behavioural Effects
Thermal variation may:

e Encourage movement

¢ Reduce sedentary comfort

e Increase energy expenditure
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7.6 Food Environment Structuring

7.6.1 Availability Determines Intake

E;, — f(Food Environment)

7.6.2 Practical Design
¢ Keep high-calorie foods out of immediate reach
¢ Increase availability of low-calorie, high-protein foods

e Simplify meal choices

7.6.3 Meal Context
¢ Eatindesignated areas

¢ Avoid eating while sedentary (e.g. screens)

7.7 Hydration Environment
7.7.1 Liquid Calories

¢ Major hidden source of energy intake

7.7.2 Environmental Control
o Keep water easily accessible

e Remove sugary drinks from immediate environment

7.8 Sleep Environment Design
7.8.1 Environmental Determinants of Sleep
Sleep quality is strongly influenced by:

e Temperature

e Light

o Noise
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7.8.2 Practical Adjustments
e Coolsleeping environment
e Darkroom

e Reduced artificial light

7.8.3 Circadian Alighment

Environmental cues regulate circadian rhythm:

Light exposure — Circadian phase

7.9 Outdoor and Spatial Behaviour

7.9.1 Microclimate Selection

Individuals can select environments that promote movement:
e Parks
e Water-adjacent areas

e Shaded routes

7.9.2 Walking Infrastructure

Environment determines walking frequency.

7.10 Daily Environmental Protocol
7.10.1 Morning Phase

e Lightexposure

e Early movement

e Controlled temperature
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7.10.2 Daytime Phase
e Distributed activity
¢ Standing and movement

e Controlled food access

7.10.3 Evening Phase
e Reduced light
e Reduced food intake

e Preparation for sleep

Figure 7.2 — Daily Environmental Cycle
Morning > Light + Movement

Day - Distributed Activity

Evening > Reduced Intake + Low Light

Night - Cool, Dark Sleep Environment

7.11 Weekly Environmental Structuring
7.11.1 Variation
Introduce variation:

e Qutdoor activity

o Different environments

e Social movement

7.11.2 Recovery

Allow recovery while maintaining baseline activity.



7.12 Long-Term Environmental Stability
7.12.1 Habit Formation

Stable environments produce stable behaviour.

7.12.2 Adaptation Over Time

Environment should evolve gradually:
e Increase activity opportunities
e Improve food environment

¢« Refine sleep conditions

7.13 Monitoring Environmental Effectiveness
7.13.1 Metrics

¢ Weighttrend

e Waist circumference

e Glucose measures

7.13.2 Environmental Feedback Loop

Outcome — Environment adjustment

7.14 Failure Modes

Common issues include:
¢ Over-reliance on willpower
e Inconsistent environments
e Ignoring sleep

o High-friction activity environments
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7.15 Key Insight of Section 7

Sustainable metabolic health is best achieved not through effort alone, but through the
design of environments that make favourable behaviour the default.

7.16 Final Conclusion of the Entire Paper
Across all sections, the following integrated conclusion emerges:
1. Globalwarming influences metabolism indirectly through adaptation
2. Human behaviour is the central mediator
3. Energy balance shifts are modest but persistent
4. Threshold dynamics amplify these effects
5. Population-level consequences may be significant
6. Attheindividual level, outcomes are highly modifiable

7. Environmental design is the most effective intervention strategy

The interaction between environment, behaviour, and biology defines metabolic
health. While global climate change may influence this system at scale, individuals
retain the capacity to shape their own metabolic environment. Through deliberate
environmental design, it is possible to counteract adverse trends, reduce visceral
adiposity, and prevent progression to metabolic disease.
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