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Abstract 

The global rise in metabolic disorders, particularly those associated with visceral 
adiposity, represents one of the most significant public health challenges of the modern 
era. Conventional explanatory models, centred on caloric imbalance and individual 
behavioural choice, provide an incomplete account of this phenomenon. While energy 
intake and structured exercise remain important variables, they fail to adequately 
explain the consistency and scale of metabolic dysfunction observed across diverse 
populations and environments (Swinburn et al., 2011; Hall et al., 2012). 

This paper advances an alternative, systems-oriented framework, proposing that 
modern transport technologies constitute a primary environmental determinant of 
metabolic health. Specifically, it is argued that the progressive removal of habitual 
movement and mechanical load from daily life—driven by mechanised transport 
systems—has fundamentally altered the physiological operating conditions under 
which human metabolism functions. 

Drawing on interdisciplinary evidence from physiology, anthropology, epidemiology, 
transport studies, and space medicine, the paper develops a unified model linking 
reductions in movement frequency, mechanical load, and activity distribution to 
impaired metabolic regulation. Section 1 establishes the theoretical foundation, 
demonstrating that skeletal muscle activity, non-exercise activity thermogenesis 
(NEAT), and mechanical loading are critical regulators of glucose metabolism, lipid 
utilisation, and fat distribution (Levine, 2005; Hamilton et al., 2007; Després, 2012). 
Section 2 reconstructs pre-mechanised human activity patterns, showing that 
movement was historically continuous, load-bearing, and structurally embedded within 
daily life (Pontzer et al., 2012; Raichlen et al., 2017). 

Subsequent sections examine the transition to mechanised transport, highlighting how 
automotive systems, urban sprawl, and convenience technologies have introduced 
prolonged and repeated sedentary exposure (Frank et al., 2004; Ding et al., 2014). These 
changes are shown to suppress skeletal muscle activation, impair lipid metabolism, 
and reduce circulatory function, contributing both to chronic metabolic dysfunction 
and acute vascular risks such as deep vein thrombosis (Hamilton et al., 2007; 
Cannegieter et al., 2006). Epidemiological evidence demonstrates consistent 
associations between transport mode, sedentary time, and central adiposity, with 
active transport linked to reduced metabolic risk and passive transport associated with 
increased obesity prevalence (Flint et al., 2014; Sallis et al., 2016). 



The analysis is extended through examination of microgravity and bed rest studies, 
which provide a boundary condition illustrating the physiological consequences of 
extreme reductions in mechanical load. These findings reinforce the conclusion that 
mechanical load is an essential, non-optional input for maintaining metabolic stability 
(Hamburg et al., 2007; Fitts et al., 2000). Modern sedentary environments are thus 
conceptualised as partial analogues of reduced-load systems, operating chronically 
rather than acutely. 

From a systems architecture perspective, the paper argues that contemporary transport 
environments reflect a structural design failure: they optimise convenience and 
throughput while externalising biological cost. Movement, once integral to transport, 
has been systematically engineered out of daily function and replaced with passive 
mobility. This shift transforms the human body from an active participant in transport 
into a passive load, with downstream consequences including insulin resistance, 
visceral fat accumulation, and vascular dysfunction. 

The central conclusion is that visceral adiposity and metabolic disease are not solely 
the result of individual behaviour, but are emergent properties of environmental 
architecture. Transport systems, urban design, and micro-level convenience 
technologies collectively shape movement patterns, mechanical load exposure, and 
sedentary time. Effective intervention therefore requires a reorientation from individual-
level solutions toward structural redesign. 

The paper concludes by proposing an architectural framework for both policy and 
individual practice. At the societal level, this includes the development of compact, 
walkable environments, integration of active transport infrastructure, and preservation 
of movement within transport systems. At the individual level—particularly for those 
with pre-diabetes—it involves the deliberate reconfiguration of daily movement 
pathways to restore frequent muscular activation and mechanical load. 

In summary, this work reframes metabolic health as a systems problem. It argues that 
the widespread removal of movement and load through modern transport technologies 
has created a biologically incompatible environment, and that restoring these inputs 
through architectural redesign is essential for long-term metabolic stability. 

 

Section 1 — Theoretical Foundations: Movement, Mechanical Load, 
and Human Metabolic Function 

 

1.1 Introduction 



The global rise in metabolic disorders, particularly those associated with visceral 
adiposity, has prompted extensive investigation into causal mechanisms. Conventional 
explanatory models emphasise caloric imbalance, dietary composition, and individual 
behavioural choices. While these factors remain relevant, they are insufficient to 
account for the scale and consistency of observed trends across diverse populations 
(Swinburn et al., 2011). 

An alternative and increasingly supported perspective situates metabolic dysfunction 
within a broader environmental and systems-level framework, in which structural 
changes to daily life—rather than isolated behaviours—play a primary role (Booth et al., 
2012). Within this context, the progressive reduction of habitual physical movement and 
mechanical load emerges as a critical, yet underexplored, determinant. 

This section establishes the theoretical basis for the central hypothesis of this paper: 

That the reduction of baseline movement and mechanical loading in modern 
environments contributes materially to the accumulation of visceral adipose tissue 
and the development of metabolic dysfunction. 

To support this, we examine: 

• The biological significance of visceral adipose tissue 

• The role of skeletal muscle in metabolic regulation 

• The physiological consequences of sedentary behaviour 

• The importance of mechanical load as a regulatory factor 

• The distinction between structured exercise and baseline activity 

 

1.2 Visceral Adipose Tissue: Structure, Function, and Risk 

Visceral adipose tissue (VAT) is located within the abdominal cavity and surrounds key 
organs including the liver, pancreas, and intestines. Unlike subcutaneous fat, VAT is 
highly metabolically active and exerts systemic effects through endocrine and paracrine 
signalling (Després, 2012). 

VAT secretes a range of bioactive molecules, including: 

• Pro-inflammatory cytokines (e.g., TNF-α, IL-6) 

• Adipokines (e.g., leptin, adiponectin) 

• Free fatty acids released directly into portal circulation 

This anatomical positioning enables VAT to influence hepatic metabolism directly, 
contributing to: 



• Hepatic insulin resistance 

• Dyslipidaemia 

• Increased gluconeogenesis 

The clinical significance of VAT is well established. Numerous studies demonstrate that 
increased visceral fat is strongly associated with: 

• Type 2 diabetes 

• Cardiovascular disease 

• Metabolic syndrome 

• All-cause mortality (Fox et al., 2007; Després, 2012) 

Importantly, VAT accumulation is not solely a function of total body fat. Individuals with 
similar body mass indices (BMI) may exhibit markedly different distributions of adipose 
tissue, with visceral fat conferring substantially greater risk (Snijder et al., 2006). 

This distinction suggests that fat distribution is regulated, not random, and is 
influenced by environmental and physiological conditions. 

 

1.3 Energy Balance and Its Limitations 

The dominant explanatory model for obesity remains the energy balance paradigm, in 
which weight gain is attributed to caloric intake exceeding expenditure. While 
thermodynamically valid, this model is increasingly recognised as incomplete when 
applied to complex biological systems (Hall et al., 2012). 

Several limitations are notable: 

1. Adaptive metabolism 

The body adjusts energy expenditure in response to changes in intake and 
activity, complicating linear models (Pontzer et al., 2016). 

2. Heterogeneity of fat deposition 

Energy balance does not explain why fat accumulates preferentially in visceral 
rather than subcutaneous depots. 

3. Behavioural invariance across environments 

Populations with similar caloric intake may exhibit different metabolic outcomes 
depending on lifestyle context (Swinburn et al., 2011). 

These limitations have led to the development of more nuanced frameworks, including: 

• The constrained energy expenditure model (Pontzer et al., 2016) 



• The environmental mismatch hypothesis (Gluckman & Hanson, 2006) 

Within these frameworks, it becomes necessary to consider not only how much energy 
is consumed, but how the body is required to use it. 

 

1.4 Skeletal Muscle as a Primary Metabolic Regulator 

Skeletal muscle plays a central role in glucose and lipid metabolism. During 
contraction, muscle tissue increases glucose uptake through insulin-dependent and 
insulin-independent pathways, particularly via translocation of GLUT4 transporters 
(Richter & Hargreaves, 2013). 

Key functions include: 

• Glucose disposal 
Skeletal muscle accounts for approximately 70–80% of postprandial glucose 
uptake (DeFronzo & Tripathy, 2009). 

• Lipid oxidation 

Active muscle promotes utilisation of fatty acids, reducing circulating lipid 
levels. 

• Insulin sensitivity 

Regular muscle activation enhances insulin responsiveness, reducing the risk of 
insulin resistance. 

When muscle activity is reduced, these processes are impaired: 

• Decreased glucose uptake 

• Increased circulating glucose and insulin 

• Enhanced lipogenesis 

• Preferential fat storage, including in visceral depots 

Thus, skeletal muscle activity is not merely a contributor to energy expenditure—it is 
a primary regulator of metabolic homeostasis. 

 

1.5 Sedentary Behaviour as a Distinct Physiological State 

Sedentary behaviour is typically defined as waking activity characterised by low energy 
expenditure (≤1.5 METs) in a sitting or reclining posture (Tremblay et al., 2017). However, 
emerging evidence indicates that sedentary behaviour is not simply the absence of 
exercise, but a distinct physiological condition with independent effects. 



Hamilton et al. (2007) demonstrated that prolonged sitting leads to: 

• Suppression of lipoprotein lipase (LPL) activity 

• Reduced triglyceride uptake in muscle 

• Impaired HDL cholesterol production 

Subsequent studies have shown that: 

• Sedentary time is associated with increased risk of metabolic syndrome and 
type 2 diabetes, independent of moderate-to-vigorous physical activity (Owen et 
al., 2010; Biswas et al., 2015). 

• Interrupting sitting with light activity improves glucose and insulin responses 
(Dunstan et al., 2012). 

These findings suggest that: 

The frequency and distribution of movement throughout the day may be as 
important as total activity volume. 

 

1.6 Non-Exercise Activity Thermogenesis (NEAT) 

Non-Exercise Activity Thermogenesis (NEAT) refers to the energy expended for activities 
other than sleeping, eating, or structured exercise, including: 

• Walking 

• Standing 

• Fidgeting 

• Performing routine tasks 

Levine (2002; 2005) demonstrated that NEAT can vary by up to 2,000 kcal per day 
between individuals, largely due to differences in spontaneous activity. 

Crucially, NEAT is highly sensitive to environmental conditions: 

• Occupation 

• Transport systems 

• Built environment 

• Cultural norms 

In environments where movement is not required, NEAT declines substantially. 

This has two important implications: 



1. Small reductions in activity, when repeated frequently, accumulate into 
significant energy deficits. 

2. The removal of incidental movement may have a larger impact than the 
absence of structured exercise. 

 

1.7 Mechanical Load and Physiological Regulation 

Mechanical load—defined as the forces exerted on the body through gravity, movement, 
and resistance—is essential for maintaining multiple physiological systems. 

1.7.1 Musculoskeletal Integrity 

• Bone density is maintained through weight-bearing activity (Turner, 1998). 

• Muscle mass is preserved through resistance and load (Phillips et al., 2012). 

1.7.2 Metabolic Function 

Mechanical loading influences: 

• Muscle activation 

• Energy expenditure 

• Hormonal signalling 

Reduced load leads to: 

• Muscle atrophy 

• Reduced glucose disposal capacity 

• Increased metabolic dysfunction 

1.7.3 Evidence from Reduced-Load Environments 

Studies of bed rest and immobilisation demonstrate rapid metabolic decline: 

• Reduced insulin sensitivity within days (Hamburg et al., 2007) 

• Decreased muscle mass 

• Increased fat accumulation 

These findings indicate that: 

Mechanical load is not optional—it is a required input for normal physiological 
function. 

 



1.8 Integration: Movement, Load, and Metabolic Stability 

The preceding sections support a unified framework in which metabolic health depends 
on three interacting variables: 

1. Movement Frequency 

Regular activation of skeletal muscle throughout the day 

2. Mechanical Load 

Forces acting on the body through gravity and resistance 

3. Activity Distribution 

Temporal pattern of movement (continuous vs intermittent) 

Together, these determine: 

• Glucose regulation 

• Lipid metabolism 

• Fat distribution 

This can be conceptualised as: 

Metabolic Stability = f (Movement × Load × Frequency) 

When any of these variables are reduced: 

• Muscle activity declines 

• Circulation is reduced 

• Energy utilisation decreases 

• Fat storage increases 

With chronic exposure, this environment favours: 

The accumulation of visceral adipose tissue. 

 

1.9 Implications for Environmental Determinants of Health 

The framework developed here shifts emphasis from individual behaviour to 
environmental structure. 

If: 

• Movement is required → metabolic systems are engaged 

• Movement is optional → metabolic systems are underutilised 



Then environments that remove the necessity for movement will, over time, produce: 

• Reduced baseline activity 

• Increased sedentary behaviour 

• Greater prevalence of metabolic disease 

This aligns with broader public health perspectives that identify built environments 
and systems design as key determinants of health outcomes (Sallis et al., 2016). 

 

1.10 Conclusion 

This section has established the theoretical basis for linking movement, mechanical 
load, and metabolic regulation. 

Key conclusions include: 

1. Visceral adipose tissue is a critical marker of metabolic dysfunction, 
influenced by environmental factors. 

2. Skeletal muscle activity is central to glucose and lipid regulation. 

3. Sedentary behaviour represents a distinct physiological state with 
independent risks. 

4. Non-exercise activity (NEAT) plays a major role in daily energy expenditure. 

5. Mechanical load is essential for maintaining metabolic and musculoskeletal 
integrity. 

Taken together, these findings support the central premise that: 

Reductions in habitual movement and mechanical load create physiological 
conditions that favour visceral fat accumulation. 

This provides the foundation for the subsequent analysis, which will examine how 
transport technologies have systematically altered these variables at a population level. 

 

Section 2: Pre-Mechanised Transport, Baseline Human Activity, and 
the Embedded Nature of Movement 

 

2.1 Introduction 



Understanding the metabolic consequences of modern transport systems requires a 
clear baseline against which change can be measured. This section examines pre-
mechanised human activity patterns, focusing on transport as an embedded 
component of daily life rather than a discrete, optional behaviour. 

Prior to widespread mechanisation, human mobility was characterised by: 

• Predominantly self-propelled locomotion 

• Regular load-bearing activity 

• High frequency of low-to-moderate intensity movement 

These conditions resulted in a metabolic environment fundamentally different from that 
observed in contemporary societies. Movement was not structured or elective; it 
was integral to survival, subsistence, and social organisation. 

This section draws upon anthropological, physiological, and historical data to establish 
that: 

Baseline human activity levels were substantially higher, more frequent, and more 
evenly distributed throughout the day than in modern environments. 

 

2.2 Locomotion as the Primary Mode of Transport 

2.2.1 Walking as Default Mobility 

For the majority of human history, walking constituted the primary means of transport. 
This applied across: 

• Hunter-gatherer societies 

• Agrarian communities 

• Early urban settlements 
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Anthropological evidence suggests that daily walking distances commonly ranged 
between: 

• 5–15 km per day, depending on ecological context and subsistence strategy 
(Pontzer et al., 2012; Gurven & Kaplan, 2006). 

This level of activity was characterised by: 

• Sustained low-to-moderate intensity 

• Intermittent higher-intensity bursts (e.g., hunting, carrying) 

• Continuous engagement of large muscle groups 

Importantly, walking was not undertaken for fitness or leisure. It was: 

A structural requirement of daily life. 

 

2.2.2 Terrain and Energetic Demand 

Movement in pre-mechanised environments typically occurred across: 

• Uneven terrain 

• Variable gradients 

• Unpredictable environmental conditions 

These factors increased: 

• Energy expenditure 

• Musculoskeletal engagement 

https://substackcdn.com/image/fetch/$s_!_hTX!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Feead6a7d-6f42-42b2-b744-b378aa277d61_445x267.jpeg
https://substackcdn.com/image/fetch/$s_!_hTX!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Feead6a7d-6f42-42b2-b744-b378aa277d61_445x267.jpeg
https://substackcdn.com/image/fetch/$s_!_hTX!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Feead6a7d-6f42-42b2-b744-b378aa277d61_445x267.jpeg


• Neuromuscular coordination 

Compared to modern paved and optimised environments, such conditions 
imposed greater physiological demand per unit distance travelled (Raichlen et al., 
2017). 

 

2.3 Load-Bearing and Manual Transport 

2.3.1 Carrying as a Routine Activity 

In addition to locomotion, daily life required frequent transport of materials, including: 

• Water 

• Food 

• Tools 

• Building materials 

 

 

 

Load carriage often involved: 

• Head-loading (common in many traditional societies) 

• Back-loading using straps or frames 

• Manual lifting and carrying 
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This introduced: 

• Additional mechanical load 

• Increased muscular activation 

• Greater total energy expenditure 

 

2.3.2 Metabolic Implications of Load-Carrying 

Load-bearing activity has distinct physiological effects beyond locomotion alone: 

• Increased caloric expenditure 

• Enhanced muscle recruitment (particularly core and lower body) 

• Improved bone loading and density 

Studies indicate that load carriage significantly elevates metabolic cost compared to 
unloaded walking (Lloyd & Cooke, 2000). 

Thus, pre-mechanised transport involved not only movement, but: 

Movement under load, which amplifies metabolic demand. 

 

2.4 Occupational and Subsistence Activity 

2.4.1 Integration of Transport and Work 

In historical contexts, transport was inseparable from: 

• Food production 

• Resource acquisition 

• Trade and exchange 

Examples include: 

• Farming activities requiring repeated movement across land 

• Hunting involving tracking and pursuit 

• Gathering requiring extensive foraging 

These activities combined: 

• Locomotion 

• Load-bearing 



• Manual labour 

into a continuous pattern of physical engagement. 

 

2.4.2 Energy Expenditure in Traditional Populations 

Studies of contemporary populations maintaining traditional lifestyles provide insight 
into historical patterns. 

Research on the Hadza, a hunter-gatherer population in Tanzania, demonstrates: 

• High levels of daily physical activity 

• Substantially greater energy expenditure from movement compared to 
industrialised populations (Pontzer et al., 2012) 

However, Pontzer et al. (2016) also suggest that total energy expenditure may 
be constrained, with increased activity balanced by reductions elsewhere. 

This highlights an important distinction: 

While total energy expenditure may be regulated, the distribution and nature of 
activity differ markedly. 

Specifically: 

• Greater reliance on frequent, low-intensity movement 

• Reduced sedentary time 

 

2.5 Temporal Distribution of Activity 

2.5.1 Continuous vs Segmented Movement 

Modern physical activity is often: 

• Structured 

• Time-limited (e.g., gym sessions) 

• Separated from daily tasks 

In contrast, historical activity patterns were: 

• Continuous throughout the day 

• Integrated into routine tasks 

• Characterised by frequent transitions between activity states 



 

2.5.2 Implications for Metabolic Regulation 

Frequent movement interruptions are known to: 

• Enhance glucose uptake 

• Improve insulin sensitivity 

• Reduce postprandial glucose spikes (Dunstan et al., 2012) 

Thus, the temporal pattern of activity—not merely its total volume—is critical. 

Pre-mechanised lifestyles naturally incorporated: 

High-frequency, low-intensity activity distributed across waking hours. 

 

2.6 Early Transport Augmentation: Animal Assistance 

2.6.1 Role of Animals in Transport 

The domestication of animals introduced: 

• Assistance in carrying loads 

• Increased efficiency in long-distance travel 

Common animals included: 

• Horses 

• Donkeys 

• Oxen 
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2.6.2 Persistence of Physical Activity 

Despite this assistance, several factors limited the reduction in human activity: 

• Restricted access (animals were not universally available) 

• Continued need for: 

o Walking alongside animals 

o Loading and unloading goods 

o Animal care and management 

Thus, animal-assisted transport: 

Reduced peak effort but did not eliminate baseline movement. 

 

2.7 Early Urban Environments 

2.7.1 Walkable Settlements 

Early urban centres were characterised by: 

https://substackcdn.com/image/fetch/$s_!Rf65!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fb5cc7e3f-ce7a-414f-a42f-ff62876a1001_1280x852.jpeg
https://substackcdn.com/image/fetch/$s_!Rf65!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fb5cc7e3f-ce7a-414f-a42f-ff62876a1001_1280x852.jpeg
https://substackcdn.com/image/fetch/$s_!Rf65!,f_auto,q_auto:good,fl_progressive:steep/https%3A%2F%2Fsubstack-post-media.s3.amazonaws.com%2Fpublic%2Fimages%2Fb5cc7e3f-ce7a-414f-a42f-ff62876a1001_1280x852.jpeg


• High density 

• Mixed-use spaces 

• Limited mechanised infrastructure 

Movement within these environments remained predominantly: 

• Pedestrian-based 

Distances between: 

• Home 

• Work 

• Markets 

were typically within walking range. 

 

2.7.2 Transport and Social Structure 

Transport systems influenced: 

• Economic activity 

• Social interaction 

• Settlement patterns 

However, prior to mechanisation, these systems: 

Preserved the necessity of movement rather than replacing it. 

 

2.8 Absence of Prolonged Sedentary Transport 

A defining feature of pre-mechanised environments was the absence of extended 
passive transport. 

Key distinctions include: 

• No prolonged seated commuting 

• Limited opportunity for continuous immobility 

• Movement interruptions occurring naturally 

While rest periods existed, they were: 

• Intermittent 



• Typically followed by renewed activity 

This contrasts sharply with modern patterns of: 

• Hours of uninterrupted sitting 

• Repeated daily exposure 

 

2.9 Comparative Summary: Pre-Mechanised vs Modern Activity 

 

 

 

2.10 Key Conceptual Insight 

The evidence presented supports a critical distinction: 

In pre-mechanised environments, physical activity was structurally embedded in 
daily life; in modern environments, it is optional and often absent. 

This shift has profound implications: 

• Reduction in baseline muscle activation 

• Decreased mechanical load 

• Altered metabolic signalling 

 

2.11 Implications for Visceral Adiposity 

Given the framework established in Section 1: 

• Reduced movement frequency 

• Reduced mechanical load 
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• Increased sedentary time 

collectively create conditions that favour: 

• Reduced glucose utilisation 

• Increased lipid storage 

• Preferential accumulation of visceral fat 

Thus, the transition from active to passive transport represents: 

A fundamental environmental change with direct metabolic consequences. 

 

2.12 Conclusion 

This section has established that: 

1. Pre-mechanised human transport was dominated by walking and load-bearing 
activity 

2. Physical movement was continuous, necessary, and integrated into daily life 

3. Sedentary behaviour was limited in duration and frequency 

4. Early transport innovations (e.g., animal assistance) reduced effort but did not 
eliminate activity 

These findings provide a baseline against which modern transport systems can be 
evaluated. 

The next section will examine how mechanisation—particularly the rise of automotive 
and air transport—has fundamentally altered these conditions. 

 

Section 3 — Mechanisation, Sedentarisation, and Vascular–Metabolic 
Consequences of Modern Transport 

 

3.1 Introduction 

The transition from pre-mechanised to mechanised transport represents one of the 
most profound environmental shifts in human history. As established in Section 2, 
earlier transport systems required continuous physical engagement, embedding 
movement within daily life. In contrast, modern transport technologies have 
progressively eliminated this requirement, replacing active locomotion with passive 
mobility. 



This transformation has not occurred in isolation. Rather, it has been accompanied by 
parallel changes in urban design, occupational structure, and technological 
convenience, collectively producing what may be described as a sedentary transport 
paradigm. 

The implications of this shift extend beyond reductions in energy expenditure. 
Increasing evidence indicates that prolonged immobility exerts multi-system 
physiological effects, influencing: 

• Metabolic regulation 

• Vascular function 

• Inflammatory processes 

• Fat distribution 

This section advances the argument that: 

Mechanised transport systems have introduced prolonged and repeated 
immobility into daily life, producing parallel metabolic and vascular 
consequences, including increased visceral adiposity and elevated risk of deep 
vein thrombosis. 

 

3.2 Mechanisation and the Decline of Physical Movement 

3.2.1 The Automotive Transition 

The widespread adoption of the private automobile in the 20th century fundamentally 
altered patterns of human mobility. Unlike earlier transport systems, automobiles 
provide: 

• Door-to-door movement 

• Minimal physical effort 

• Extended seated duration 
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This has several measurable effects: 

• Reduction in daily step counts 

• Elimination of incidental walking (e.g., to shops, workplaces) 

• Increased time spent seated during commuting 

Epidemiological studies demonstrate that car dependence is associated with: 

• Higher body mass index (BMI) 

• Increased risk of obesity 

• Reduced physical activity levels (Frank et al., 2004; Ding et al., 2014) 

 

3.2.2 Urban Sprawl and Transport Dependence 

Automobile use has also reshaped the built environment: 

• Increased distances between residential and commercial zones 

• Reduced walkability 

• Greater reliance on private transport 
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This creates a reinforcing cycle: 

Increased distance → increased car use → reduced movement → further urban expansion 

Such environments systematically reduce opportunities for Non-Exercise Activity 
Thermogenesis (NEAT), contributing to chronic inactivity (Sallis et al., 2016). 

 

3.3 Sedentary Transport as a Metabolic Suppressor 

3.3.1 Reduced Skeletal Muscle Activation 

As outlined in Section 1, skeletal muscle is central to glucose regulation. Mechanised 
transport reduces: 

• Frequency of muscle contraction 

• Duration of muscular engagement 

This leads to: 

• Reduced glucose uptake 

• Increased circulating glucose 

• Elevated insulin demand 

Over time, this contributes to: 

• Insulin resistance 

• Enhanced fat storage 

 

3.3.2 Lipid Metabolism and Enzymatic Suppression 

Prolonged sitting suppresses key enzymes involved in lipid metabolism, 
particularly lipoprotein lipase (LPL) (Hamilton et al., 2007). 

Consequences include: 

• Reduced triglyceride clearance 

• Increased circulating lipids 

• Enhanced fat deposition 

This metabolic environment favours: 

Central (visceral) fat accumulation. 

 



3.3.3 Temporal Patterns of Inactivity 

Modern transport introduces: 

• Repeated daily periods of uninterrupted sitting 

• Reduced frequency of movement interruptions 

Even in individuals meeting exercise guidelines, prolonged sedentary time remains 
independently associated with metabolic risk (Ekelund et al., 2016). 

 

3.4 Prolonged Sitting and Circulatory Function 

3.4.1 Venous Return and the Muscle Pump 

Circulation in the lower limbs relies heavily on muscle contractions, which facilitate 
venous return via the “muscle pump” mechanism. 

During prolonged sitting: 

• Muscle activity is reduced 

• Venous return is impaired 

• Blood pools in lower extremities 

This creates conditions of: 

• Venous stasis 

• Reduced shear stress on vascular endothelium 

 

3.4.2 Endothelial Dysfunction 

Reduced blood flow leads to: 

• Impaired endothelial function 

• Reduced nitric oxide availability 

• Increased vascular inflammation 

These changes are associated with both: 

• Cardiovascular disease 

• Metabolic dysfunction (Thijssen et al., 2010) 

 

3.5 Deep Vein Thrombosis and Transport-Related Immobility 



 

3.5.1 Clinical Overview of Deep Vein Thrombosis 

Deep vein thrombosis (DVT) involves the formation of blood clots in deep veins, typically 
in the lower limbs. It is a major clinical concern due to the risk of: 

• Pulmonary embolism 

• Long-term vascular complications 

DVT is classically explained by Virchow’s triad: 

• Venous stasis 

• Endothelial injury 

• Hypercoagulability 

Transport-related immobility directly contributes to the first of these: venous stasis. 

 

3.5.2 Air Travel and “Economy Class Syndrome” 

Long-haul flights have been strongly associated with increased DVT risk, a phenomenon 
often referred to as “economy class syndrome”. 
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Risk factors include: 

• Sitting durations exceeding 4–6 hours 

• Limited leg movement 

• Dehydration 

• Reduced cabin pressure 

Studies indicate that long-distance travel approximately doubles the risk of venous 
thromboembolism (Cannegieter et al., 2006; Kuipers et al., 2007). 
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3.5.3 Extension to Everyday Transport 

While aviation represents an extreme case, similar conditions occur in: 

• Long car journeys 

• Daily commuting 

• Office-based work 

The key insight is: 

DVT represents the acute manifestation of a broader physiological condition 
created by prolonged immobility. 

 

3.5.4 Shared Pathways with Metabolic Dysfunction 

The conditions that promote DVT overlap significantly with those associated with 
metabolic disease: 

MechanismDVTVisceral AdiposityImmobility✓✓Reduced muscle activity✓✓Impaired 
circulation✓✓Inflammation✓✓Endothelial dysfunction✓✓ 

This suggests a shared underlying driver: 

Chronic reduction in movement and circulation. 

 

3.6 Micro-Sedentarisation: The Elimination of Incidental Movement 

While macro-level transport systems (cars, planes) are central to inactivity, a second 
layer of influence has emerged: 

Micro-sedentarisation — the removal of small, routine physical efforts through 
convenience technologies. 

 

3.6.1 E-Scooters and the Displacement of Active Transport 
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Electric scooters have been widely promoted as sustainable transport alternatives. 
However, emerging evidence suggests that they frequently: 

• Replace walking 

• Displace cycling 

• Substitute short-distance active journeys 

rather than reducing car use (Hollingsworth et al., 2019). 

 

3.6.2 Energy and Engagement Comparison 
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ModeEnergy ExpenditurePhysiological 
EngagementWalkingModerateContinuousCyclingModerate–HighHighE-
scooterMinimalVery low 

Thus: 

E-scooters reduce the energetic cost of already low-intensity activities. 

 

3.6.3 Behavioural Threshold Effects 

Convenience technologies lower the threshold at which individuals: 

• Choose not to walk 

• Avoid physical exertion 

This results in: 

• Reduced frequency of movement 

• Lower cumulative daily energy expenditure 

 

3.7 Built Environment and Effort Elimination 

 

3.7.1 Escalators vs Stairs 
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Escalators are widely preferred over stairs, even when both are available (Eves & Webb, 
2006). 

Consequences include: 

• Loss of short-duration, high-intensity effort 

• Reduced lower-body muscle activation 

• Decreased cumulative energy expenditure 

 

3.7.2 Moving Walkways in Transport Hubs 

 

 

 

Moving walkways (travelators), particularly in airports: 

• Replace long walking distances 

• Encourage standing rather than walking 

This further reduces: 

• Step count 

• Muscle activation 

• Circulatory stimulation 
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3.7.3 Cumulative Impact on NEAT 

Individually minor, these changes accumulate: 

• Avoided stairs 

• Short trips mechanised 

• Passive movement within transport hubs 

Leading to: 

Systematic erosion of non-exercise activity thermogenesis (NEAT). 

 

3.8 Integration: Macro- and Micro-Sedentarisation 

Sedentarisation operates across multiple levels: 

 

The combined effect is: 

• Reduced movement frequency 

• Increased sedentary duration 

• Lower mechanical load 

 

3.9 Unified Vascular–Metabolic Framework 

The evidence supports a unified model in which: 

• Reduced movement → reduced muscle activation 

• Reduced activation → impaired circulation 

• Impaired circulation → metabolic and vascular dysfunction 

This produces: 

• Increased risk of Deep Vein Thrombosis (acute outcome) 



• Increased visceral adiposity (chronic outcome) 

 

3.10 Public Health Implications 

Current public health strategies emphasise: 

• Exercise promotion 

However, this may be insufficient if: 

Environmental systems continuously remove movement opportunities. 

Effective intervention must therefore address: 

• Transport systems 

• Urban design 

• Micro-level behavioural environments 

 

3.11 Conclusion 

This section has demonstrated that: 

1. Mechanised transport has introduced prolonged immobility into daily life 

2. This immobility has both metabolic and vascular consequences 

3. DVT represents an acute manifestation of transport-related immobility 

4. Visceral fat accumulation represents a chronic manifestation 

5. Micro-level technologies further exacerbate inactivity 

The combined effect is a systemic shift toward: 

Reduced movement, reduced load, and increased physiological risk. 

 

Section 4 — Epidemiological Evidence Linking Transport Patterns to 
Visceral Adiposity and Metabolic Disease 

 

4.1 Introduction 

Sections 1–3 established a theoretical and mechanistic framework linking reductions in 
movement and mechanical load to metabolic dysfunction and vascular impairment. 



The present section evaluates the epidemiological evidence supporting these 
relationships, focusing specifically on how transport patterns influence: 

• Physical activity levels 

• Sedentary behaviour 

• Obesity prevalence 

• Visceral adiposity 

• Metabolic disease risk 

The central objective is to determine whether population-level data support the 
hypothesis that: 

Transport systems are a significant environmental determinant of visceral fat 
accumulation and associated metabolic disorders. 

To address this, we examine: 

1. Associations between transport mode and physical activity 

2. Car dependence and obesity prevalence 

3. Commuting time and metabolic risk 

4. Built environment characteristics and health outcomes 

5. Sedentary time and disease incidence 

 

4.2 Transport Mode and Physical Activity Levels 

4.2.1 Active vs Passive Transport 

A substantial body of research demonstrates that individuals who engage in active 
transport—defined as walking or cycling for commuting—exhibit higher overall physical 
activity levels than those relying on passive transport (Hamer & Chida, 2008). 

Large cohort studies have shown that: 

• Active commuters accumulate significantly more moderate-to-vigorous 
physical activity (MVPA) 

• They also demonstrate higher levels of non-exercise activity thermogenesis 
(NEAT) 

For example, Sahlqvist et al. (2013) reported that individuals using active transport 
modes had: 



• Lower BMI 

• Reduced waist circumference 

• Improved cardiovascular risk profiles 

 

4.2.2 Modal Shifts and Activity Decline 

Transitions from active to passive transport are associated with measurable declines in 
physical activity. 

Flint et al. (2014), analysing UK Biobank data, found that: 

• Individuals who switched from car use to active commuting experienced: 

o Significant reductions in BMI 

o Lower body fat percentage 

Conversely: 

• Switching from active to passive transport was associated with: 

o Increased adiposity 

These findings support a causal relationship between transport mode and metabolic 
outcomes. 

 

4.3 Car Dependence and Obesity Prevalence 

4.3.1 Cross-Sectional Evidence 

Studies examining urban form and transport behaviour consistently show that: 

Car-dependent environments are associated with higher rates of obesity. 

Frank et al. (2004) demonstrated that: 

• Each additional hour spent in a car per day was associated with a 6% increase 
in obesity risk 

• Conversely, each kilometre walked per day was associated with a 4.8% 
reduction in risk 

 

4.3.2 Built Environment and Transport Behaviour 

Urban environments influence transport choices through: 



• Density 

• Land-use mix 

• Connectivity 

• Availability of infrastructure 

Residents of walkable neighbourhoods: 

• Walk more frequently 

• Have lower BMI 

• Exhibit reduced prevalence of metabolic disease (Sallis et al., 2016) 

In contrast, low-density, car-oriented environments: 

• Require vehicle use for routine tasks 

• Reduce opportunities for incidental movement 

 

4.3.3 International Comparisons 

Cross-national analyses further support these findings. 

Ng & Popkin (2012) observed that: 

• Countries with higher levels of motorisation exhibit: 

o Lower physical activity levels 

o Higher obesity prevalence 

Similarly, Bassett et al. (2008) found that: 

• Populations in countries with greater reliance on walking and cycling had: 

o Lower rates of obesity and diabetes 

 

4.4 Commuting Time and Metabolic Risk 

4.4.1 Duration of Commute 

Longer commuting times are associated with: 

• Increased sedentary exposure 

• Reduced time available for physical activity 



Hoehner et al. (2012) reported that individuals with longer commutes were more likely 
to exhibit: 

• Higher BMI 

• Increased waist circumference 

• Lower cardiorespiratory fitness 

 

4.4.2 Dose–Response Relationship 

Several studies suggest a dose–response relationship between commuting time and 
health outcomes. 

For example: 

• Each additional 10 minutes of commuting time has been associated with: 

o Increased risk of obesity 

o Higher blood pressure 

o Reduced physical activity (Christian, 2012) 

This indicates that: 

Sedentary transport exposure accumulates over time, contributing to metabolic 
risk. 

 

4.4.3 Interaction with Occupational Sedentariness 

The impact of commuting is compounded when combined with: 

• Sedentary occupations 

• Screen-based leisure activities 

This produces extended periods of inactivity across the day, amplifying: 

• Metabolic dysfunction 

• Circulatory impairment 

 

4.5 Sedentary Behaviour and Disease Incidence 

4.5.1 Independent Risk Factor 

Sedentary behaviour has been identified as an independent risk factor for: 



• Type 2 diabetes 

• Cardiovascular disease 

• All-cause mortality 

Even after adjusting for physical activity levels (Biswas et al., 2015). 

 

4.5.2 Total Sedentary Time 

Meta-analyses indicate that: 

• Individuals with the highest levels of sedentary time have: 

o ~90% higher risk of type 2 diabetes 

o Increased cardiovascular mortality 

(Owen et al., 2010; Biswas et al., 2015) 

 

4.5.3 Transport as a Major Contributor 

Transport-related sitting constitutes a significant proportion of total sedentary time: 

• Daily commuting 

• Long-distance travel 

• Waiting and transit behaviours 

Thus: 

Transport systems are a primary contributor to population-level sedentary 
exposure. 

 

4.6 Visceral Adiposity and Central Obesity 

4.6.1 Waist Circumference as a Proxy 

Epidemiological studies frequently use waist circumference as a proxy for visceral fat. 

Findings consistently show that: 

• Passive transport is associated with increased central obesity 

• Active transport is associated with reduced abdominal fat 

(Wen et al., 2011; Flint et al., 2014) 



 

4.6.2 Mechanistic Alignment 

These findings align with mechanisms described in earlier sections: 

• Reduced muscle activity → impaired glucose uptake 

• Increased insulin → enhanced fat storage 

• Chronic inactivity → central fat accumulation 

 

4.7 Transport, Socioeconomic Factors, and Inequality 

4.7.1 Access and Constraints 

Transport behaviour is influenced by: 

• Income 

• Infrastructure availability 

• Occupational demands 

Lower socioeconomic groups may experience: 

• Reduced access to active transport infrastructure 

• Greater reliance on motorised transport 

 

4.7.2 Health Disparities 

These patterns contribute to: 

• Unequal distribution of metabolic disease 

• Higher prevalence of obesity in certain populations 

However, it is important to note that: 

Transport-related inactivity affects all socioeconomic groups in highly motorised 
societies. 

 

4.8 Integration with Vascular Outcomes 

As discussed in Section 3, prolonged immobility is associated with increased risk 
of Deep Vein Thrombosis. 

Epidemiological evidence indicates that: 



• Long-duration travel increases risk of venous thromboembolism (Cannegieter et 
al., 2006) 

• Risk is proportional to duration of immobility 

This provides an important parallel: 

• DVT represents an acute vascular consequence 

• Visceral adiposity represents a chronic metabolic consequence 

Both arise from: 

Prolonged and repeated periods of inactivity. 

 

4.9 Synthesis of Epidemiological Evidence 

The evidence presented supports several key conclusions: 

1. Transport mode strongly influences physical activity levels 

2. Car dependence is associated with higher obesity and metabolic risk 

3. Longer commuting times increase sedentary exposure and health risk 

4. Sedentary behaviour independently predicts disease outcomes 

5. Active transport is associated with reduced central adiposity 

Collectively, these findings support the central thesis that: 

Transport systems are a major environmental determinant of visceral adiposity and 
metabolic disease. 

 

4.10 Limitations of Current Evidence 

While the evidence is substantial, several limitations should be acknowledged: 

• Many studies are observational, limiting causal inference 

• Self-reported physical activity data may introduce bias 

• Visceral fat is often inferred rather than directly measured 

However, the consistency of findings across: 

• Study designs 

• Populations 

• Measurement approaches 



strengthens the overall conclusion. 

 

4.11 Conclusion 

This section has demonstrated that: 

• Epidemiological evidence strongly supports a relationship between transport 
patterns and metabolic health 

• Passive transport is associated with increased obesity and visceral adiposity 

• Active transport is associated with improved metabolic outcomes 

• Sedentary time, much of which is transport-related, is a significant risk factor 

These findings validate the mechanistic framework established in earlier sections and 
provide a robust empirical basis for the argument that: 

Modern transport systems contribute significantly to the development of visceral 
fat and associated metabolic disorders. 

 

Section 5 — Mechanical Load, Microgravity, and the Extreme Case of 
Movement Removal 

 

5.1 Introduction 

Previous sections have demonstrated that reductions in movement and mechanical 
load—driven largely by transport technologies—are associated with metabolic 
dysfunction, increased visceral adiposity, and vascular impairment. However, terrestrial 
environments still retain one constant: 

Gravitational loading. 

Even in highly sedentary conditions, the human body remains subject to: 

• Continuous gravitational force 

• Baseline postural demands 

• Residual musculoskeletal engagement 

To fully understand the role of mechanical load in metabolic regulation, it is instructive 
to examine environments in which this variable is significantly reduced or entirely 
removed. Human spaceflight provides such a context. 



This section explores the physiological effects of microgravity, drawing on evidence 
from spaceflight and ground-based analogues (e.g., bed rest studies), to evaluate: 

What happens when both movement and mechanical load are minimised. 

The central argument is that: 

Mechanical load is a critical, independent regulator of metabolic and physiological 
function, and its removal produces rapid and measurable systemic decline. 

 

5.2 Mechanical Load as a Physiological Variable 

5.2.1 Definition and Scope 

Mechanical load refers to the forces acting on the body through: 

• Gravity 

• Body weight 

• Movement 

• External resistance 

These forces influence multiple systems: 

• Musculoskeletal (muscle and bone) 

• Cardiovascular 

• Metabolic 

• Endocrine 

 

5.2.2 Load and Musculoskeletal Maintenance 

Bone and muscle tissues are highly responsive to mechanical stress: 

• Bone density is maintained through weight-bearing activity (Turner, 1998) 

• Muscle mass is preserved through resistance and contraction (Phillips et al., 
2012) 

In the absence of sufficient load: 

• Bone resorption increases 

• Muscle protein breakdown accelerates 

 



5.2.3 Load and Metabolic Regulation 

Mechanical load indirectly influences metabolism through: 

• Activation of skeletal muscle 

• Increased energy expenditure 

• Regulation of insulin sensitivity 

Reduced load leads to: 

• Lower muscle activation 

• Decreased glucose uptake 

• Increased metabolic dysfunction 

Thus: 

Mechanical load is not merely structural—it is metabolically regulatory. 

 

5.3 Microgravity as a Natural Experiment 

5.3.1 Characteristics of Microgravity Environments 

In microgravity (e.g., aboard the International Space Station): 

• Gravitational loading is effectively absent 

• Body weight is no longer supported by skeletal structures 

• Movement requires minimal effort 
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5.3.2 Immediate Physiological Changes 

Within days of exposure to microgravity, astronauts exhibit: 

• Muscle atrophy 
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• Reduced bone mineral density 

• Fluid redistribution toward the upper body 

(Fitts et al., 2000; Vico et al., 2000) 

 

5.3.3 Longer-Term Adaptations 

Over extended missions: 

• Significant loss of muscle mass (particularly in lower limbs) 

• Progressive bone demineralisation 

• Altered cardiovascular function 

Despite countermeasures (e.g., resistance exercise), these effects are only partially 
mitigated. 

 

5.4 Metabolic Consequences of Reduced Load 

5.4.1 Insulin Sensitivity and Glucose Metabolism 

Microgravity and simulated unloading (e.g., bed rest) are associated with: 

• Reduced insulin sensitivity 

• Impaired glucose tolerance 

• Increased risk of metabolic dysfunction 

(Hamburg et al., 2007; Stein & Wade, 2005) 

 

5.4.2 Muscle Loss and Glucose Disposal 

As skeletal muscle mass declines: 

• Capacity for glucose uptake decreases 

• Circulating glucose levels rise 

• Insulin demand increases 

This creates a metabolic environment conducive to: 

• Lipogenesis 

• Fat accumulation 



 

5.4.3 Fat Distribution 

While astronauts are not typically exposed to caloric excess, studies suggest that: 

• Reduced activity and load may influence fat distribution patterns 

• Centralisation of mass (including fluids and potentially adipose tissue) occurs 

This raises an important conceptual link: 

Reduced load may contribute to central (visceral) fat accumulation under 
conditions of energy surplus. 

 

5.5 Ground-Based Analogues: Bed Rest Studies 

5.5.1 Rationale and Design 

Bed rest studies simulate aspects of microgravity by: 

• Removing weight-bearing 

• Minimising movement 

Participants are confined to: 

• Prolonged horizontal positions 

• Minimal physical activity 

 

5.5.2 Observed Effects 

Even short-term bed rest (5–10 days) results in: 

• Reduced insulin sensitivity 

• Decreased muscle mass 

• Impaired vascular function 

(Hamburg et al., 2007) 

 

5.5.3 Relevance to Modern Lifestyles 

While less extreme, modern sedentary environments share key features: 

• Reduced movement 



• Reduced mechanical load 

• Prolonged inactivity 

Thus: 

Sedentary terrestrial life may represent a partial analogue of reduced-load 
conditions. 

 

5.6 Comparison with Modern Sedentary Environments 

 

 

 

5.6.2 Progressive Physiological Impact 

As movement and load decrease: 

• Muscle activation declines 

• Circulation is reduced 

• Metabolic function deteriorates 

This gradient suggests that: 

Even partial reductions in load (as seen in sedentary lifestyles) may produce 
measurable metabolic effects. 

 

5.7 Mechanical Load and Circulatory Function 

5.7.1 Role of Gravity in Circulation 

Gravity contributes to: 

• Hydrostatic pressure gradients 
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• Venous return dynamics 

• Distribution of blood flow 

In microgravity: 

• These gradients are disrupted 

• Fluid shifts toward the upper body 

 

5.7.2 Implications for Vascular Health 

Reduced load and movement impair: 

• Endothelial function 

• Shear stress regulation 

• Circulatory efficiency 

These effects parallel those observed in sedentary individuals and are relevant to 
conditions such as: 

• Deep Vein Thrombosis 

• Cardiovascular disease 

 

5.8 Integration: Load, Movement, and Metabolic Regulation 

The combined evidence supports a unified model: 

5.8.1 Core Relationships 

• Mechanical load → muscle activation 

• Muscle activation → glucose uptake 

• Glucose uptake → metabolic stability 

 

5.8.2 Effects of Load Removal 

When load is reduced: 

• Muscle activity declines 

• Insulin sensitivity decreases 

• Fat storage increases 



 

5.8.3 Conceptual Extension 

Microgravity demonstrates that: 

The human body requires continuous mechanical input to maintain physiological 
equilibrium. 

Sedentary modern environments, while less extreme, move in the same direction: 

• Reduced load 

• Reduced movement 

• Increased metabolic dysfunction 

 

5.9 Implications for Transport Systems 

Transport technologies contribute to reduced load by: 

• Minimising physical effort 

• Reducing weight-bearing activity 

• Encouraging seated postures 

Examples include: 

• Cars (seated, supported movement) 

• Planes (prolonged immobility) 

• Escalators and walkways (removal of vertical and horizontal effort) 

Thus: 

Modern transport systems reduce both movement and mechanical load 
simultaneously. 

 

5.10 Synthesis 

This section extends the argument beyond movement alone, demonstrating that: 

1. Mechanical load is a critical regulator of physiological function 

2. Removal of load leads to rapid musculoskeletal and metabolic decline 

3. Microgravity provides a clear model of extreme load reduction 

4. Sedentary environments represent a partial, chronic version of this condition 



 

5.11 Conclusion 

The evidence from spaceflight and bed rest studies supports the conclusion that: 

Mechanical load is an essential input for maintaining metabolic, musculoskeletal, 
and vascular health. 

When both movement and load are reduced: 

• Muscle mass declines 

• Insulin sensitivity deteriorates 

• Circulatory function is impaired 

In environments characterised by caloric abundance, these changes create conditions 
that favour: 

The accumulation of visceral adipose tissue. 

This reinforces the central thesis of the paper: 

Modern transport systems, by reducing both movement and mechanical load, 
contribute to metabolic dysfunction through mechanisms that are fundamentally 
physiological rather than behavioural alone. 

 

Section 6 — Urban Design, Transport Policy, and Structural 
Determinants of Metabolic Health 

 

6.1 Introduction 

From the standpoint of a chief technology officer, systems rarely fail because a single 
component is defective. More often, they fail because the architecture is wrong. 
Components may be individually sound, but if the interconnects are poorly designed, if 
latency is excessive, if abstraction layers accumulate without discipline, or if 
throughput is optimised locally at the expense of total system stability, the whole 
platform becomes inefficient and brittle. The same principle applies to human 
environments. 

Cities, towns, and transport networks are not neutral settings within which health either 
succeeds or fails by personal choice alone. They are architectures: arrangements of 
nodes, pathways, bottlenecks, and defaults that shape how often people move, how 
much effort movement requires, and how much of daily life remains mechanically and 



metabolically active. Built environments strongly influence physical activity patterns, 
and transport systems are among the most powerful structural determinants of those 
patterns (Sallis et al., 2016; Giles-Corti et al., 2016). 

This section therefore reframes urban design and transport policy as a systems 
problem. The argument is that modern transport systems often optimise for 
convenience, throughput, and short-term efficiency while externalising a large 
biological cost. That cost is paid in reduced baseline movement, reduced mechanical 
load, greater sedentary exposure, and, over time, higher risk of visceral adiposity and 
metabolic disease (Frank et al., 2004; Woodcock et al., 2009). 

From a CTO’s perspective, many modern transport environments are architectures 
that solve the wrong problem well. 

 

6.2 Cities as Systems: Nodes, Interconnects, and Throughput 

6.2.1 Functional nodes and layout 

In computing, systems are composed of functional nodes—processors, memory banks, 
storage arrays, interfaces—connected through buses and interconnects. The 
placement of these nodes matters. Components that interact frequently are typically 
positioned close together to reduce latency, lower power cost, and preserve efficiency. 

Human settlements exhibit an analogous structure. Their nodes include: 

• homes 

• workplaces 

• shops 

• schools 

• medical services 

• civic and social spaces 

Their interconnects include: 

• pavements 

• roads 

• cycle routes 

• bus corridors 

• railway lines 



• pedestrian crossings and stair systems 

Urban planning research has repeatedly shown that when these nodes are placed in 
compact, mixed-use, well-connected arrangements, physical activity is higher and 
health outcomes are more favourable; when they are dispersed and segregated, 
reliance on motorised transport rises and activity falls (Frank et al., 2004; Sallis et al., 
2016; Giles-Corti et al., 2016). 

6.2.2 The cost of excessive distance 

In chip design, excessive distance between components leads to increased latency, 
greater transmission cost, and reduced performance. In human environments, 
excessive distance between daily destinations creates a parallel problem. It increases 
time cost, encourages passive transport, suppresses incidental movement, and turns 
the human body from a participant in transport into cargo within it. 

This matters physiologically. Greater reliance on passive transport reduces muscular 
engagement and increases sedentary time, both of which are associated with worse 
metabolic outcomes (Owen et al., 2010; Biswas et al., 2015). From a systems viewpoint, 
sprawling urban form is not merely inconvenient or aesthetically questionable. It is 
metabolically expensive. 

Distance in the built environment behaves like latency in a technical system: once 
it expands beyond useful thresholds, compensatory mechanisms are required, and 
those mechanisms introduce new costs. 
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6.3 Transport Systems as Buses: Convenience, Throughput, and Hidden 
Externalities 

6.3.1 The bus analogy 

A transport network functions much like a bus architecture. It enables resources—
people, goods, services—to move between nodes. But good systems design does not 
rely on a bus to compensate indefinitely for poor layout. If all frequently interacting 
components are placed far apart, even a fast bus becomes a patch over weak 
architecture. 

Modern transport systems often work in precisely this way. Residential zones, 
employment zones, retail parks, schools, and services are frequently separated by 
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distances too large for routine walking or cycling. High-capacity transport layers—
private cars, arterial roads, lifts, escalators, travelators—are then added to restore 
usability. This may increase throughput in a narrow operational sense, but it 
simultaneously removes movement from daily function. 

Evidence from transport and public health research shows that car-oriented 
environments reduce routine physical activity and are associated with higher obesity 
risk, whereas environments supporting active transport are associated with improved 
health outcomes (Frank et al., 2004; Ding et al., 2014; Woodcock et al., 2009). 

6.3.2 Local optimisation, global degradation 

This is a familiar engineering failure mode: optimise a subsystem while degrading the 
total platform. Cars reduce the effort of an individual trip. Escalators reduce the effort of 
climbing. E-scooters reduce the effort of very short journeys. Moving walkways reduce 
the effort of crossing terminals. Each of these decisions can be justified locally. Yet 
globally they reduce movement frequency, reduce load exposure, and increase 
sedentary time. 

Sedentary behaviour is independently associated with cardiometabolic risk even after 
accounting for formal exercise, indicating that a system can appear to support health at 
one layer while undermining it at another (Owen et al., 2010; Ekelund et al., 2016). In 
technical terms, the user may be applying patches—gym sessions, planned exercise—
but the baseline runtime environment remains degraded. 

 

6.4 Micro-Sedentarisation as Architectural Drift 

6.4.1 Small removals of effort 

One of the most important themes in this paper is that sedentarisation does not occur 
only through large systems such as car commuting or aviation. It also occurs through 
repeated, small design choices that remove low-intensity activity from daily life. This 
includes: 

• escalators replacing stairs 

• lifts replacing short vertical climbs 

• moving walkways replacing horizontal walking 

• e-scooters replacing walking or cycling for short trips 

These changes are often dismissed as trivial, but their cumulative effect on baseline 
movement can be substantial because they erode NEAT—non-exercise activity 
thermogenesis—which plays a major role in daily energy expenditure (Levine, 2005). 



6.4.2 Behaviour follows defaults 

Users tend to take the default path of least resistance. This is as true in software and 
interface design as it is in cities. Where stairs are hidden and escalators are prominent, 
escalators are used. Where cycle routes are unsafe or fragmented, cycling declines. 
Where pavements are indirect, interrupted, or hostile, walking falls. Stair-climbing 
interventions have shown that even relatively small changes in visibility and prompting 
can alter behaviour, which demonstrates how strongly movement choices are shaped 
by environmental cues rather than pure intention (Eves and Webb, 2006). 

The same logic applies to emerging micro-mobility systems. E-scooters are often 
marketed as alternatives to car use, but evidence suggests they frequently displace 
walking and cycling instead, thereby reducing physical activity rather than increasing it 
(Hollingsworth et al., 2019). From a CTO’s perspective, these are not isolated gadgets. 
They are additional abstraction layers inserted between the body and the task. 

 

6.5 Built Environment as Behavioural Code 

6.5.1 The environment writes the default behaviour 

In software architecture, default settings matter because most users do not rewrite 
them. Urban environments operate similarly. If the fastest, safest, and most frictionless 
option is passive transport, most people will use passive transport. If routine 
destinations are too far apart to walk, most people will not walk. If public transport is 
integrated with reasonable walking access, more people will walk as part of their 
journeys (Rissel et al., 2012). 

The built environment therefore acts like behavioural code. It does not absolutely 
determine every action, but it strongly constrains the likely output. This is why high-
walkability urban form is consistently associated with greater physical activity and 
lower obesity prevalence (Frank et al., 2004; Sallis et al., 2016). 

6.5.2 Behaviour as system output 

This matters because public discourse often frames inactivity as a failure of motivation. 
From a systems perspective, that is incomplete. Behaviour is not produced in a 
vacuum; it is generated within an architecture of defaults, frictions, and incentives. 
When the code of the environment privileges low-effort movement, reduced activity is a 
predictable output. 

That output has biological consequences. Low movement frequency, low load 
exposure, and prolonged sitting impair metabolic regulation, increase insulin resistance 
risk, and contribute to accumulation of visceral adipose tissue (Hamilton et al., 2007; 
Owen et al., 2010). 



 

6.6 Failure Modes in Human Transport Architecture 

6.6.1 Car dependence as a brittle design choice 

Heavy dependence on private vehicles resembles a system over-reliant on a single 
transport bus. It may function under ideal conditions, but it becomes fragile under 
congestion, resource constraints, environmental stress, or health externalities. Car-
oriented environments also tend to generate traffic, longer trip distances, parking 
demand, and reduced opportunities for walking and cycling (Frank et al., 2004; Ding et 
al., 2014). 

In engineering terms, this is not resilience. It is dependence disguised as flexibility. 

6.6.2 Commuting as dead runtime 

Long commutes deserve special attention. In computational terms, they resemble 
periods in which the system is powered and occupied but performing low-value work. 
Epidemiologically, longer commuting times are associated with worse health indicators, 
including higher BMI, larger waist circumference, and lower fitness (Hoehner et al., 
2012; Christian, 2012). From a systems viewpoint, that is dead runtime with high cost. 

6.6.3 Sedentary stacking 

Many modern environments stack passive layers together: 

• lift from flat 

• car to work 

• seated office 

• lift to meeting room 

• car to retail park 

• escalator in store 

• seated evening leisure 

No single component appears decisive. But the stack as a whole produces extensive 
inactivity. This resembles a technical environment in which too many inefficient 
abstraction layers combine to degrade responsiveness and throughput. 

 

6.7 Principles for Re-Architecting Human Systems 

6.7.1 Reduce latency by reducing distance 



The most effective systems often solve performance problems through layout rather 
than brute-force throughput. Likewise, settlements should reduce the separation 
between daily destinations. Mixed-use development, neighbourhood services, and 
compact design reduce dependency on passive transport and make walking viable 
again (Giles-Corti et al., 2016; Sallis et al., 2016). 

6.7.2 Preserve movement in the interconnects 

Transport routes should not merely move people; they should preserve biologically 
useful engagement where possible. Good examples include: 

• direct and safe pavements 

• protected cycle lanes 

• public transport systems that involve walking access 

• visible, attractive stair routes 

• station and terminal designs that support walking rather than replacing it 
unnecessarily 

Public transport users often accumulate more daily activity than car users because the 
interconnects preserve some movement rather than eliminating it altogether (Rissel et 
al., 2012). 

6.7.3 Avoid unnecessary abstraction layers 

In technical systems, unnecessary abstraction adds overhead. In human systems, 
unnecessary layers often remove useful effort. Not every task should be mechanised. 
Some level of physical engagement is not inefficiency but functional load. Walking to a 
destination, climbing stairs, carrying shopping, or crossing a square are not bugs in the 
system. They are part of what keeps the biological platform stable. 

6.7.4 Design for distributed activity, not compensatory exercise alone 

A well-designed system distributes work appropriately rather than forcing everything 
into one recovery phase. Public health often relies on the equivalent of compensatory 
maintenance: telling people to go to the gym after living in movement-depleted 
environments. Exercise matters, but distributed activity across the day also matters 
profoundly (Dunstan et al., 2012; Ekelund et al., 2016). Systems should therefore be 
designed to create routine movement rather than requiring heroic compensation. 

 

6.8 Reframing Transport Policy 

Transport policy is often assessed through metrics such as speed, congestion flow, 
journey time, and network capacity. These are useful but incomplete. They do not 



capture whether the system generates movement or suppresses it. Nor do they capture 
the downstream metabolic burden created by excessive sedentarisation. 

A more complete set of performance indicators would include: 

• walking and cycling generated per trip 

• sedentary time imposed by commuting patterns 

• mechanical load retained or removed 

• health externalities, including obesity and diabetes burden 

• environmental co-benefits of active transport 

This broader framework is supported by public health modelling showing that transport 
policies promoting walking and cycling can yield major health gains in addition to 
environmental benefits (Woodcock et al., 2009). 

 

6.9 Conclusion 

From a CTO’s perspective, many modern urban transport systems reveal a familiar 
design failure: they optimise one dimension of performance while quietly undermining 
the overall platform. By prioritising convenience and throughput, they have removed 
movement and mechanical load from daily life and shifted biological cost downstream 
into the domains of obesity, insulin resistance, and chronic disease. 

The core lesson is straightforward: 

Health is not merely a property of individual will; it is an emergent property of 
architecture. 

When the system is designed so that movement is necessary, frequent, and integrated, 
healthier behaviour follows naturally. When the system is designed so that movement is 
optional, fragmented, or engineered away, dysfunction should be expected. 

In both computing and urban design, the same principle holds: 

A good system does not fight the requirements of its underlying platform. It is built 
around them. 

 

Section 7: Practical Implications for Pre-Diabetes and Human 
Transport Design 

 



7.1 Introduction 

The preceding sections have argued that modern transport systems contribute 
materially to visceral adiposity, insulin resistance, and broader metabolic dysfunction 
by removing movement and mechanical load from daily life. Up to this point, the 
argument has been developed through physiology, history, epidemiology, and urban 
design. This final section reframes the issue from a different but highly relevant 
perspective: systems architecture. 

From the viewpoint of a chief technology officer, transport networks are not merely 
roads, pavements, trains, or vehicles. They are information pathways, resource 
channels, and movement buses through which a system functions. In computing, 
when designing a motherboard, a processor, or an integrated circuit, one does not 
casually allow communication routes to become unnecessarily long, inefficient, or 
obstructed. One seeks to reduce latency, minimise waste, and ensure that signals move 
across the system in a way that preserves performance, stability, and resilience. 
Distances between functional elements on a chip are reduced because long routes 
introduce inefficiency, heat, delay, and failure risk. Buses are designed to carry traffic 
efficiently, but not in such a way that the core architecture itself is undermined. 

A useful parallel emerges. Human settlements are also systems. Homes, workplaces, 
shops, schools, services, and civic spaces are their functional components. Roads, 
footpaths, cycle routes, railways, and pavements are their buses and interconnects. If 
these are designed badly, the system incurs high cost. In digital systems, that cost is 
latency and thermal stress. In human systems, it is sedentariness, visceral fat 
accumulation, metabolic disease, vascular stress, and declining resilience. 

The central proposition of this section is therefore as follows: 

Modern transport environments frequently reflect poor systems design. By making 
distances too great and passive transport too easy, they optimise convenience at 
the cost of metabolic stability. 

For individuals with pre-diabetes, this systems perspective is especially valuable. It 
shifts the focus away from guilt and toward architecture. The question becomes not 
merely, “How can I exercise more?” but rather, “How can I redesign my own movement 
architecture so that health is built into the system?” 

 

7.2 Transport Networks and Bus Architecture 

7.2.1 The transport bus analogy 

In computing, a bus provides a communication channel between components. It is 
expected to move signals and data efficiently across the machine. But every engineer 



knows that the existence of a bus does not eliminate the need for sound layout. If 
components that communicate frequently are placed too far apart, the system 
becomes suboptimal. Longer pathways create more latency, more power cost, and 
more opportunity for failure. The answer is not merely to “send the signal faster.” The 
answer is often to redesign the architecture. 

Modern urban transport systems have made a similar mistake. Instead of building 
compact, movement-friendly settlements in which routine destinations are reasonably 
near each other, many modern systems have spread functions far apart and then 
attempted to compensate with cars, lifts, escalators, moving walkways, and powered 
micro-mobility. In effect, the architecture has been degraded and then patched with 
increasingly artificial buses. 

This is tolerated in computing only up to a point. Once the interconnect burden 
becomes too high, the design is reworked. Human environments deserve the same 
discipline. 

7.2.2 Latency, friction, and biological cost 

In a badly designed chip, signal delay may be measured in nanoseconds. In a badly 
designed city, delay is experienced as traffic congestion, long commutes, wasted hours, 
and physical inactivity. Yet for the body, the hidden cost is more severe. Every time the 
system inserts a passive shortcut where movement once occurred, muscle activity is 
reduced, glucose clearance falls, circulation stagnates, and the conditions that favour 
visceral fat are strengthened. 

Seen in this light, many urban environments are metabolically analogous to overheated, 
over-complex systems with bloated interconnects. They still function, but inefficiently 
and at cost. 

 

7.3 Convenience as a Misleading Optimisation 

7.3.1 Local optimisation, global failure 

One of the classic failures in technology strategy is to optimise a subsystem while 
damaging the whole. A process may be accelerated locally, but if it degrades 
throughput, resilience, or maintainability elsewhere, the overall design is worse. The 
same principle applies to transport. 

Cars optimise one local problem: they reduce the effort of moving from point A to point 
B. Escalators optimise another: they remove the exertion of stair climbing. E-scooters 
optimise another: they reduce the time and effort required for very short trips. Moving 
walkways optimise another: they reduce the effort of walking through transit hubs. Each 
looks efficient when evaluated in isolation. 



But the global system deteriorates. Daily muscle contraction falls. Mechanical load 
falls. Baseline energy expenditure falls. Exposure to prolonged sitting rises. The body 
becomes a less well-regulated metabolic platform. What has been “optimised” in 
transport convenience has been de-optimised in physiology. 

This is a familiar failure mode in digital infrastructure: chasing convenience metrics 
while ignoring system integrity. 

7.3.2 The false promise of effortless passage 

In chip design, one does not seek “effortless passage” at all costs. One seeks balanced 
passage: fast enough, reliable enough, robust enough. Human transport should be 
understood similarly. It is not always beneficial to remove all friction. Some friction is 
functional. In the human case, walking to a station, climbing stairs, carrying a bag, 
crossing a square, and cycling to a shop are not inefficiencies. They are health-
preserving load events built into the system. 

The great mistake of modern transport planning has been to misclassify these as waste. 
The result is a system that is transport-efficient in a narrow sense but biologically 
expensive. 

 

7.4 Architectural Principles for Metabolic Health 

7.4.1 Shorter distances between functional nodes 

On a chip, frequently communicating components are placed close together. In human 
settlements, frequently used destinations should likewise be near one another. This 
means: 

• homes near shops and services 

• schools within walking reach 

• workplaces accessible by foot, cycle, or public transport 

• public amenities integrated into neighbourhoods rather than isolated by road 
systems 

This is not merely urban aesthetics. It is metabolic architecture. When distances are 
short enough to be routinely walked, movement becomes embedded in the system 
instead of outsourced to a machine. 

7.4.2 Preserve healthy interconnects 

The equivalent of a well-designed bus in a city is not simply a road. It is a movement-
preserving interconnect. Good interconnects for human beings include: 



• pavements that are direct and safe 

• cycle routes that are continuous and protected 

• public transport that requires manageable walking segments 

• visible, attractive stairs 

• crossings that privilege pedestrians rather than merely tolerating them 

These preserve throughput while retaining biological engagement. 

7.4.3 Avoid pathological abstraction layers 

Technology stacks often become inefficient when too many abstraction layers are 
added. Something similar has happened in human transport. To move a person 500 
metres, the system may now involve a lift, a car, a car park, a shopping trolley, and an 
escalator. This is absurd from a metabolic perspective. Excessive abstraction has 
separated the human body from the movement that once regulated it. 

A healthier design principle is to reduce abstraction and keep activity close to the task. 

 

7.5 Lessons for the Individual with Pre-Diabetes 

7.5.1 Think like a systems engineer 

For a person with pre-diabetes, the key intervention is not simply “be more disciplined.” 
It is to re-architect daily pathways. In technical terms, the objective is to reduce reliance 
on passive buses and increase local processing. 

That means asking: 

• Which journeys in my day are short enough to walk? 

• Which habitual passive transport steps are actually unnecessary? 

• Where can I introduce frequent movement interrupts? 

• Which conveniences are saving time but costing health? 

This reframes health management as architecture review. 

7.5.2 Minimise harmful transport dependency 

Not every car journey can be removed. The aim is not ideological purity but systems 
improvement. A pre-diabetic individual should identify high-frequency, low-value 
vehicle usage and redesign those routes first. Examples include: 

• replacing very short car trips with walking 



• parking farther from entrances 

• walking a portion of the commute 

• choosing stairs by default where feasible 

• avoiding escalators and moving walkways when time permits 

• preferring conventional cycling or walking over e-scooters for short trips 

Each of these is a small re-routing of system traffic back through the body. 

7.5.3 Insert movement as a polling cycle 

In computing, a polling cycle checks system state at regular intervals. Human 
movement can be approached similarly. If desk work, driving, and screen use dominate 
the day, then movement should be inserted at frequent intervals as a form of metabolic 
polling. This may include: 

• standing or walking every 20–30 minutes 

• brief stair climbs 

• short walking loops after meals 

• carrying objects manually rather than always using wheeled aids 

These are modest actions, but they reintroduce signal traffic through skeletal muscle 
and circulation. 

 

7.6 Mechanical Load as Processing Demand 

7.6.1 The body is not designed for idle mode 

A computer system left permanently underloaded may waste capacity, drift thermally, 
or fail to utilise its architecture efficiently. The human body likewise appears to function 
poorly when it is persistently underloaded. Section 5 showed that reduced load, 
whether in bed rest or microgravity contexts, leads rapidly to deconditioning. Modern 
sedentary living does not remove gravity altogether, but it often reduces meaningful 
load to a chronically low level. 

For metabolic health, especially in pre-diabetes, this matters greatly. Muscle mass is a 
major site of glucose disposal. Remove the need to work against load, and the body’s 
capacity to handle energy is reduced. 

7.6.2 Practical load restoration 

A CTO-minded intervention therefore includes not only transport redesign but load 
restoration. Examples include: 



• carrying shopping rather than always using carts or delivery 

• resistance training several times per week 

• climbing stairs under one’s own power 

• walking with a backpack 

• integrating lifting and carrying into ordinary routines 

These are not arbitrary exercises. They are equivalent to keeping a system under 
appropriate operational demand so that its architecture remains functional. 

 

7.7 Debugging the Daily Environment 

7.7.1 Identify bottlenecks and bad defaults 

Technical leaders know that many failures arise not from spectacular breakdowns but 
from bad defaults. The same is true of health environments. A person may not notice 
that their day has become almost completely passive: 

• lift from flat 

• car to work 

• seated desk 

• lift to meeting 

• car to shop 

• escalator in supermarket 

• seated evening at home 

No single element appears catastrophic. Together, they form a deeply sedentary stack. 

The solution is to debug the environment. Where are the unnecessary passive 
pathways? Where has the system defaulted to zero effort? Which parts of the day could 
be made metabolically productive without major disruption? 

7.7.2 Engineer for graceful degradation 

No human system will be perfect. There will be illness, fatigue, weather, deadlines, and 
long journeys. Therefore, it is wise to design for graceful degradation. In practice, this 
means having fallback behaviours that preserve some movement even when ideal 
routines fail. Examples include: 

• taking brief walks even on heavy work days 



• standing during calls 

• walking during waits 

• using public transport partly, rather than door-to-door driving 

• preserving at least minimal daily step thresholds 

A resilient health architecture is not all-or-nothing. It maintains function under load and 
under stress. 

 

7.8 Recommendations for Society from an Architecture Perspective 

7.8.1 Design settlements like efficient systems 

At the societal level, the analogy becomes even more compelling. Cities and towns 
should be designed as efficient, low-latency human systems, not as sprawling boards in 
which all communication depends on powered buses. This implies: 

• reducing unnecessary separation between key land uses 

• prioritising walkable neighbourhoods 

• integrating cycling infrastructure 

• ensuring public transport supports rather than replaces movement 

• limiting the tendency to mechanise every short movement task 

The best-designed systems do not rely on brute force to compensate for poor layout. 
They are elegant because their architecture is sound. 

7.8.2 Avoid throughput metrics that ignore biological externalities 

Modern transport planning often celebrates speed, road capacity, and trip convenience. 
These are equivalent to IT metrics that track one subsystem while ignoring system-wide 
cost. A more intelligent framework would assess: 

• daily movement generated or suppressed by the transport system 

• sedentary time created by commuting patterns 

• mechanical load removed from everyday life 

• downstream metabolic and vascular cost 

Such metrics would expose the true price of convenience. 

 

7.9 Reframing the Human Problem 



The broader insight is that humans are often criticised for failing to remain healthy in 
systems that have been designed against their physiology. This is poor engineering logic. 
If a platform repeatedly fails under normal usage, one reviews the design. One does not 
endlessly blame the user. 

Modern transport environments frequently ask the human body to remain healthy while 
depriving it of the very inputs—movement, load, frequent muscular activation—that 
support metabolic stability. Seen in this light, the rise of visceral adiposity is less 
surprising. The system is operating under flawed assumptions. 

 

7.10 Final Conclusion 

From the perspective of systems architecture, transport and metabolic health are 
inseparable. Distances between functional nodes matter. The design of buses and 
interconnects matters. Latency, throughput, abstraction, and default pathways all 
matter. In digital systems, these truths are obvious. In human environments, they are 
too often ignored. 

The practical implication is clear: 

Health should not depend on heroic compensation for poor architecture. It should 
be designed into the system. 

For the individual with pre-diabetes, that means rethinking daily movement as an 
architectural problem: shorten routes, remove unnecessary abstraction, insert regular 
movement cycles, and restore mechanical load. For society, it means building 
settlements and transport systems that preserve rather than eliminate biological 
function. 

A chip designer does not place communicating components at opposite ends of the 
board and then congratulate himself for inventing a faster bus. Nor should a civilisation 
spread daily life across hostile distances and call the resulting convenience progress. In 
both cases, the wiser solution is better layout. 

 

Conclusion — Transport, Metabolism, and the Consequences of System Design 

Across this paper, we have examined the relationship between transport systems and 
visceral adiposity through multiple lenses: physiology, historical patterns of movement, 
mechanisation, epidemiology, extreme environments such as microgravity, and finally, 
structural design. When viewed collectively, these lines of evidence converge on a 
single, coherent conclusion: 



Modern transport systems have not merely changed how humans move—they have 
altered the fundamental operating conditions under which human physiology must 
function. 

From a systems perspective, this should not be surprising. In any engineered system, 
performance is determined not only by the components themselves, but by the 
architecture that connects them. The layout of a circuit board, the distance between 
interacting elements, the design of buses and interconnects—these are not secondary 
considerations. They define how efficiently, reliably, and sustainably the system 
operates. 

Human environments are no different. 

 

C.1 Movement as a System Requirement 

The evidence presented demonstrates that movement and mechanical load are not 
optional enhancements to human health. They are core inputs required for metabolic 
regulation. Skeletal muscle activity supports glucose uptake. Mechanical loading 
maintains musculoskeletal integrity. Frequent movement sustains circulation and 
vascular function. When these inputs are present, the system remains stable. When 
they are reduced, instability emerges. 

Modern transport systems have progressively removed these inputs. Cars eliminate 
walking. Escalators eliminate climbing. E-scooters eliminate short-distance effort. 
Moving walkways eliminate even the need to traverse space within buildings. Long 
commutes consolidate sedentary time into extended, uninterrupted blocks. Each of 
these changes appears rational in isolation. Collectively, they represent a systematic 
withdrawal of the signals that maintain metabolic equilibrium. 

In computing terms, the system is being run in a persistent low-activity state for which it 
was not designed. 

 

C.2 The Failure of Architectural Thinking 

A recurring theme throughout this paper is that modern transport environments reflect a 
failure of architectural thinking. Distances between functional elements—homes, 
workplaces, services—have been allowed to expand beyond what can reasonably be 
traversed by the human body. Rather than correcting this layout, increasingly powerful 
transport “buses” have been introduced to compensate. 

This is analogous to placing critical components at opposite ends of a circuit and then 
attempting to solve the resulting inefficiency by increasing signal throughput. While this 



may restore functionality, it does so at cost: increased complexity, higher energy 
expenditure, reduced resilience, and greater potential for failure. 

In human systems, that cost manifests biologically. Reduced movement leads to 
decreased insulin sensitivity, increased visceral fat accumulation, impaired circulation, 
and elevated risk of metabolic disease. The system still functions—but it does so 
inefficiently and with growing instability. 

 

C.3 Epidemiology as System Feedback 

The epidemiological evidence reviewed in Section 4 can be understood as system-level 
feedback. Rising rates of obesity, Type 2 diabetes, and cardiovascular disease are not 
random phenomena. They are signals indicating that the operating conditions of the 
system have shifted. 

Populations that rely heavily on passive transport exhibit higher levels of obesity and 
metabolic dysfunction. Those that incorporate active transport show more favourable 
outcomes. Longer commuting times correlate with increased risk. Sedentary behaviour 
independently predicts disease. These patterns are consistent, reproducible, and 
aligned with the underlying physiology. 

From a technical perspective, the system is reporting degradation. The appropriate 
response is not to blame individual components—the users—but to examine the 
architecture. 

 

C.4 Microgravity as a Boundary Condition 

The evidence from microgravity and bed rest studies provides a critical boundary 
condition. When mechanical load and movement are removed entirely, the body 
deteriorates rapidly. Muscle mass declines, bone density decreases, insulin sensitivity 
worsens, and vascular function is impaired. These effects occur even in controlled 
environments with careful monitoring. 

This demonstrates that the human system requires continuous mechanical input to 
maintain stability. Modern sedentary environments do not eliminate gravity, but they 
move in the same direction: reduced load, reduced movement, reduced physiological 
stimulation. The difference is one of degree, not kind. 

Thus, spaceflight research does not represent an unrelated domain. It reveals, in 
accelerated form, the consequences of removing the very inputs that modern transport 
systems are steadily eroding. 

 



C.5 Structural Determinants Over Individual Blame 

A critical implication of this analysis is that metabolic health cannot be understood 
solely as a matter of individual behaviour. Behaviour is strongly shaped by environment. 
When systems are designed such that movement is unnecessary, inconvenient, or even 
discouraged, it is unrealistic to expect that voluntary exercise alone will compensate. 

This is a familiar principle in systems engineering. If a platform consistently fails under 
normal operating conditions, the solution is to redesign the platform, not to demand 
exceptional performance from its users. Modern transport systems often require 
individuals to engage in deliberate, effortful exercise simply to offset the absence of 
movement in their daily routines. This is analogous to requiring manual intervention to 
maintain stability in a poorly designed system. 

A more robust approach is to embed the required behaviour into the architecture itself. 

 

C.6 Reintroducing Movement Through Design 

The practical solution is therefore architectural. At the societal level, this involves: 

• Reducing unnecessary distances between key destinations 

• Designing walkable, mixed-use environments 

• Integrating cycling infrastructure 

• Ensuring public transport incorporates meaningful movement 

• Limiting the mechanisation of short-distance tasks 

At the individual level, particularly for those with pre-diabetes, it involves: 

• Reconfiguring daily routes to include walking and load-bearing activity 

• Reducing reliance on passive transport where feasible 

• Interrupting prolonged sedentary periods 

• Restoring mechanical load through everyday tasks and structured activity 

These interventions are not arbitrary. They are targeted attempts to reintroduce the 
inputs—movement and load—that the system requires. 

 

C.7 The Central Insight 

The central insight of this paper can be stated succinctly: 



The rise in visceral adiposity and metabolic disease is not solely a consequence of 
excess intake or insufficient discipline. It is, in large part, the result of 
environments that have been engineered to minimise movement and mechanical 
load. 

This is a systems problem. 

 

C.8 Final Reflection 

In technology, it is well understood that elegant systems minimise unnecessary 
distance, preserve efficient pathways, and align architecture with function. Poorly 
designed systems rely on compensatory mechanisms and place undue burden on 
individual components. Over time, they degrade. 

Human environments should be held to the same standard. 

A civilisation that spreads its daily functions across distances that require machines to 
traverse, and then removes effort from every stage of that traversal, should not be 
surprised when the biological system begins to fail. The appropriate response is not 
simply to move faster or to work harder within the same framework. It is to reconsider 
the layout itself. 

Health, like performance in any complex system, emerges from good design. 
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