Journal Pre-proof

Atherosclerosis as an evolutionary mismatch disease: from ancestral
biology to cardiometabolic vulnerability

Fernando Botto MDMSc, Sebastian Garcia-Zamora MDMSc ,
Federico Bottaro MDMSc

ASojoipae)

Currgnt’ __Problems in .

PII: S0146-2806(26)00136-2
DOI: https://doi.org/10.1016/j.cpcardiol.2026.103394
Reference: YMCD 103394
o
To appear in: Current Problems in Cardiology

Please cite this article as: Fernando Botto MDMSc, Sebastian Garcia-Zamora MDMSc ,
Federico Bottaro MDMSc , Atherosclerosis as an evolutionary mismatch disease: from an-
cestral biology to cardiometabolic vulnerability, Current Problems in Cardiology (2026), doi:
https://doi.org/10.1016/j.cpcardiol.2026.103394

This is a PDF of an article that has undergone enhancements after acceptance, such as the ad-
dition of a cover page and metadata, and formatting for readability. This version will undergo addi-
tional copyediting, typesetting and review before it is published in its final form. As such, this ver-
sion is no longer the Accepted Manuscript, but it is not yet the definitive Version of Record; we are
providing this early version to give early visibility of the article. Please note that Elsevier’s sharing
policy for the Published Journal Article applies to this version, see: https://www.elsevier.com/about/
policies-and-standards/sharing#4-published-journal-article. Please also note that, during the produc-
tion process, errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

(©) 2026 Elsevier Inc. All rights are reserved, including those for text and data mining, Al training, and
similar technologies.



https://doi.org/10.1016/j.cpcardiol.2026.103394
https://doi.org/10.1016/j.cpcardiol.2026.103394
https://doi.org/10.1016/j.cpcardiol.2026.103394
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article
https://www.elsevier.com/about/policies-and-standards/sharing#4-published-journal-article

Journal Pre-proof

Atherosclerosis as an evolutionary mismatch disease: from ancestral biology to

cardiometabolic vulnerability

Authors
1- Fernando Botto, MD, MSc. Department of Cardiology and Research Unit, Instituto
Cardiovascular de Buenos Aires (ICBA), Buenos Aires, Argentina.
ORCID 0000-0002-0572-8493

2- Sebastian Garcia-Zamora, MD, MSc. Department of Cardiology, Sanatorio Delta,
Rosario, Argentina.
ORCID 0000-0001-6846-0247

3- Federico Bottaro, MD, MSc. Department of Internal Medicine, Hospital Britanico,
Buenos Aires, Argentina.
ORCID 0009-0006-9739-8845

Running head: Atherosclerosis as an evolutionary disease

The authors received no grants, equipment, drugs, or other support for this work.

Disclaimers: none.

Corresponding author:

Fernando Botto, MD, MSc. Department of Cardiology and Research Unit,
Instituto Cardiovascular de Buenos Aires (ICBA),

Av del Libertador 6302, C1428, Buenos Aires, Argentina

Word count (excluding references): 6363



Journal Pre-proof

Abstract

A middle-aged patient with no cardiovascular history, modest cholesterol levels, and a
normal stress test may already have extensive subclinical atherosclerosis across multiple vascular
territories. Large imaging cohorts have shown that this scenario is far more common than
conventional risk stratification would predict. Understanding why requires looking further back
than conventional risk scores allow.

Atherosclerosis is routinely framed as a disease acquired in adulthood through modifiable
risk factors. That framing is clinically useful but biologically incomplete. Arterial lesions are
detectable in children; vascular calcifications consistent with atherosclerosis appear in
mummified remains from populations thousands of years old; and subsistence communities
living closer to ancestral ecologies show extracrdinarily low coronary burden despite high
infectious loads. The conclusion is consistent: susceptibility to atherosclerosis is intrinsic to
human biology. Modern environments activate and sustain it.

This narrative review argues that atherosclerosis is best understood as the long-term
vascular consequence of a mismatch between biological systems shaped under intermittent
metabolic stress and environments that now impose chronic, unrelenting activation of those same
pathways. That mismatch deepened across two major historical transitions (agricultural and
industrial) and was amplified further by developmental programming established before birth.
Insulin resistance, dyslipidaemia, endothelial dysfunction, sustained sympathetic activation,
circadian disruption, and exposure to tobacco and air pollutants are not isolated modern risk
factors; they are converging expressions of biology operating outside the context in which it

evolved.
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Framed this way, prevention should shift from late event prediction toward earlier
trajectory modification, addressing the conditions that accelerate atherogenesis long before

conventional risk thresholds are crossed.

Keywords: atherosclerosis; evolutionary medicine; mismatch; insulin resistance; endothelial

dysfunction; apolipoprotein B; developmental origins; life-course; cardiometabolic risk

1. Introduction

Atherosclerosis remains the leading cause of death worldwide, yet several observations
suggest that it cannot be understood solely as the downstream consequence of adult lifestyle and
conventional risk factors. Arterial lesions are detectable early in life,(1) subclinical
multiterritorial disease is common by midlife, and vascular calcification is a frequent marker of
advanced arterial disease in contemporary adults. Importantly, calcifications compatible with
atherosclerosis have also been identified in mummified remains from geographically and
historically distinct populations.(2) Subsistence populations living under conditions
approximating ancestral ecologies show extraordinarily low coronary atherosclerotic burden,
despite substantial infectious and inflammatory loads.(3) These findings suggest that
atherosclerosis reflects not only modern risk factor exposure, but also a broader biological
vulnerability whose clinical expression depends on cumulative exposures across the life course.

This review examines atherosclerosis through an evolutionary and life-course lens. Its
central premise is that atherosclerosis should not be viewed as a condition that suddenly emerges

in contemporary adulthood, but as the variable expression of a lifelong human vascular



Journal Pre-proof

susceptibility. Rather than revisiting the established mechanisms of atherogenesis in detail, we
focus on a different question: why human biology appears consistently susceptible to these
processes across populations, historical periods, and environmental contexts. From this
perspective, atherosclerosis can be interpreted as the long-term vascular consequence of
regulatory systems that evolved under conditions very different from those that predominate
today.

The biological mechanisms involved are well established. Insulin resistance, endothelial
dysfunction, and retention of apolipoprotein B-containing lipoproteins within the arterial wall are
central to atherosclerosis development and progression. What evolutionary medicine contributes
is not an alternative mechanistic model, but a framework for understanding why these systems
may become maladaptive when activation is sustained rather than intermittent. Pathways
involved in energy allocation, inflammatory signalling, vascular repair, and host defence likely
evolved under conditions of episodic scarcity, physical exertion, infection, and recovery. Modern
environments, by contrast, expose these systems to chronic metabolic, haemodynamic,
inflammatory, and behavioural stress over decades.

A second layer of vulnerability operates through development. The developmental
origins of health and disease (DOHaD) paradigm (4) suggests that fetal and early postnatal
environments shape metabolic and vascular phenotypes in ways that influence later
cardiometabolic risk. When early biological programming is followed by markedly different
postnatal conditions, particularly a transition from anticipated scarcity to sustained caloric
abundance, susceptibility to later metabolic and vascular disease may be amplified. This
developmental perspective helps explain why individuals with similar adult risk factor profiles

can follow markedly different atherosclerotic trajectories.
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Within contemporary clinical medicine, these long-term interactions are increasingly
recognised through constructs such as the cardio-renal-metabolic continuum,(5) in which
adiposity, insulin resistance, hypertension, and kidney dysfunction interact through self-
reinforcing pathways and accelerate vascular injury. In this review, we do not treat that
continuum as the starting point of the story, but rather as its modern clinical expression: the
downstream manifestation of biological susceptibilities shaped over evolutionary time and
modified across the life course.

This narrative review integrates evidence from paleopathology, evolutionary biology,
developmental programming, and vascular imaging to argue that susceptibility to atherosclerosis
is intrinsic to human biology, while its rate of progression and clinical expression are strongly
exposure- and lifespan-dependent. Framed this way, prevention should move beyond late event
prediction and toward earlier modification of the biological and environmental trajectories that

allow atherosclerotic burden to accumulate long before clinical disease becomes apparent.

2. Evolutionary constraints of human metabolism and vascular biology

Human physiology is the product of natural selection acting over hundreds of thousands
of years under environmental conditions profoundly different from those of modern
industrialised societies. For most of evolutionary history, Homo sapiens and earlier hominins
lived under conditions of intermittent food availability, substantial physical activity, frequent
acute infections, high childhood mortality, and comparatively limited survival into later post-

reproductive life.(6-8)
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A necessary caveat applies before proceeding. References to "hunter-gatherers” should be
understood as a heuristic rather than a homogeneous biological category. Human populations
across evolutionary history inhabited markedly diverse ecologies, including arctic, tropical,
desert, and coastal environments, and any inference about ancestral selection pressures must
remain probabilistic rather than deterministic. In this review, evolutionary framing is used to
describe constraints and vulnerabilities, not to imply certainty about any single ancestral
condition.

Under these conditions, biological systems were shaped to prioritise short-term survival
and reproductive success rather than the long-term preservation of vascular integrity across many
post-reproductive decades. Energy storage, inflammatory signalling, and immune activation were
selected to function efficiently during periods of scarcity, trauma, and acute infectious illness.(9)
Traits exerting deleterious effects late in life were therefore subject to relatively weak negative
selection. This concept, formalised by George Williams as antagonistic pleiotropy, offers one
plausible explanation for why biological mechanisms that are beneficial early in life may
contribute to vascular pathology in later decades.(10)

From this perspective, several mechanisms central to atherosclerosis can be interpreted
not simply as pathological aberrations, but as physiological systems operating outside the context
in which they evolved. Apolipoprotein B-containing lipoproteins, for example, participate in
innate host defence by binding and neutralising microbial products such as
lipopolysaccharide.(11,12) Transient insulin resistance during acute stress or infection may also
have adaptive value by redistributing glucose toward tissues with high immediate demand,
including the brain and activated immune cells. Inflammatory activation of the vascular

endothelium similarly facilitates leukocyte recruitment, host defence, and tissue repair.
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What appears most relevant from an evolutionary standpoint is that these systems likely
evolved to operate episodically, with recovery intervals between challenges. In ancestral settings,
caloric abundance alternated with scarcity, intense exertion was followed by rest, and acute
infections either resolved or proved fatal within short periods. This cyclical pattern differs
substantially from the persistent metabolic, haemodynamic, inflammatory, and behavioural stress
that characterises modern environments.

Competing interpretations exist regarding adaptive explanations for contemporary
cardiometabolic vulnerability. Some classical hypotheses such as Neel's "thrifty genotype"
proposed that recurrent scarcity may have favoured selection for energy-conserving traits.(13)
However, evidence that famine-driven positive selection generated a broadly "thrifty"” genetic
architecture remains limited, and non-adaptive explanations, including genetic drift, have also
been proposed.(14,15) Accordingly, adaptive language in this review is used as hypothesis rather
than established fact.

Recent advances in cardiovascular genetics add important precision to this framework.
Large-scale genome-wide association and sequencing studies indicate that susceptibility to
coronary atherosclerosis is highly polygenic, involving numerous common variants with small
individual effects across pathways related to lipid metabolism, inflammation, endothelial
function, blood pressure regulation, adiposity, and renal physiology.(16) This distributed
architecture supports the concept of an intrinsic and multifactorial biological vulnerability rather
than a discrete pathological trait arising only in modern environments. Polygenic risk scores may
eventually help quantify one component of this inherited background beyond conventional
clinical risk factors, although their current limitations, particularly across non-European ancestry

populations, remain substantial.(17,18) They should therefore be viewed as complementary
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rather than substitutive: potentially useful for capturing inherited susceptibility, but insufficient
to explain disease trajectory without considering developmental and environmental exposures.
Whether and how this susceptibility was clinically expressed across human history is a question

that paleopathological evidence has only recently begun to address.

3. Atherosclerosis before modernity: paleopathological evidence and the susceptibility-

trajectory distinction

Atherosclerosis is often described as a disease of modernity and affluence. While its
clinical manifestations are undeniably more prevalent in contemporary populations, convergent
evidence from paleopathology and studies of contemporary subsistence and transitional
populations suggests that the atherosclerotic process itself predates industrialisation by millennia.
It reflects a vulnerability embedded in human vascular biology rather than one created de novo
by modern environments.(2,3,19-21)

Computed tomography imaging of mummified remains from ancient Egypt, Peru, the
American Southwest, and the Aleutian Islands has identified arterial calcifications consistent
with atherosclerotic lesions in individuals living 3,000 to 5,000 years ago. The Horus study
examined 137 mummies from four geographically and historically distinct premodern
populations and reported probable or definite atherosclerosis in 34% of individuals, with
prevalence increasing with age at death across all populations.(2,19) The fact that these findings
span populations with markedly different diets, activity levels, and environmental exposures
makes any single lifestyle explanation implausible, and points instead toward a shared biological

substrate.
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Critical interpretation of these data is nonetheless essential. Mummified individuals likely
over-represent specific social strata, particularly in cultures where mummification was
concentrated among higher-status groups with distinct nutritional and occupational exposures. In
the absence of histological confirmation, computed tomography cannot completely exclude
medial arterial calcification, such as Monckeberg sclerosis; however, the distribution and overall
pattern of the findings are more consistent with intimal atherosclerotic disease. The extent to
which observed calcifications corresponded to haemodynamically significant stenosis or
meaningful thrombotic risk therefore remains uncertain. The Horus findings are best understood
as evidence of widespread biological susceptibility rather than as a precise estimate of
atherosclerotic prevalence or clinical severity in premodern populations.(2,19)

More informative in certain respects are studies of contemporary populations living
traditional subsistence lifestyles. The Tsimane people of lowland Bolivia practice a subsistence
lifestyle based on hunting, gathering, fishing, and small-scale farming. Despite a high
inflammatory burden from chronic parasitic and respiratory infections, they exhibit an
extraordinarily low prevalerce of coronary artery calcification and among the lowest reported
levels of coronary atherosclerosis of any population studied.(3) At age 75, Tsimane individuals
have coronary calcium scores comparable to those of North Americans roughly two decades
younger.

The Tsimane are not an isolated example. Evidence from geographically and genetically
diverse populations living traditional or subsistence lifestyles points toward the same pattern:
low atherosclerotic burden, favourable cardiometabolic profiles, and absence of the age-related
increase in blood pressure and metabolic deterioration characteristic of industrialised

populations. The Hadza of northern Tanzania engage in substantially higher levels of moderate-
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to-vigorous physical activity than participants in large US epidemiological studies, and show
little evidence of the cardiometabolic deterioration typically observed with ageing in
industrialised populations.(22) The Kitavans of the Trobriand Islands, Papua New Guinea,
showed an apparent absence of stroke and ischaemic heart disease, with substantially lower
blood pressure, body mass index, LDL cholesterol, and apolipoprotein B compared with Swedish
reference populations, despite high rates of tobacco smoking.(23,24) Traditional pygmy
populations in Cameroon exhibit lower arterial stiffness compared with both urbanised pygmies
and neighbouring Bantu farmers, with the difference attributable in part to lower body weight
and attenuation of the age-related rise in blood pressure.(25) Across these diverse populations,
spanning sub-Saharan Africa, Oceania, and South America, the pattern is consistent: subsistence
lifestyles characterised by high physical activity, low glycaemic dietary load, and absence of
sustained caloric surplus are associated with markedly attenuated expression of atherosclerotic
susceptibility, regardless of genetic background.

Perhaps the most compelling natural experiment is provided by what happens when
traditional populations transition to urban environments. In Papua New Guinea, ischaemic heart
disease was essentially unknown until 1964, when the first case was reported; since then, its
frequency has risen rapidly, largely confined to the capital, Port Moresby, while more traditional
highland populations have been comparatively spared.(26) Studies comparing rural villagers
with urban migrants from the same genetic background document significant increases in total
cholesterol, LDL cholesterol, fasting glucose, and HbA1c in those who adopted urban diets and
lifestyles, with the duration of urban residence correlating with the magnitude of metabolic
deterioration.(27) Similar patterns have been documented across Africa, where urbanisation is

associated with rising rates of hypertension, abdominal obesity, dyslipidaemia, and type 2
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diabetes in populations whose rural counterparts maintain substantially more favourable
cardiometabolic profiles.(28,29) Migration studies of Ghanaian populations across rural Ghana,
urban Ghana, and European cities document a stepwise increase in LDL cholesterol, blood
pressure, and metabolic syndrome prevalence that tracks with degree of Westernisation rather
than genetic ancestry.(30) These observations demonstrate that the transition from low- to high-
mismatch environments can unfold within a single generation, producing cardiometabolic
deterioration on timescales that preclude any genetic explanation.

Taken together, these data clarify the distinction between susceptibility and trajectory.
The low coronary atherosclerotic burden observed in the Tsimane and other traditional
populations should not be interpreted as evidence against an inherited basis for atherosclerosis.
These populations do not lack the polygenic architecture of atherosclerotic susceptibility; rather,
they appear to lack the environmental conditions required to activate and sustain it over decades.
Their data do not refute the inherited basis of atherosclerosis; they illuminate it, by showing that
even a broadly distributed biological vulnerability may produce minimal clinical disease when
the metabolic, haemodynaniic, and behavioural conditions necessary for its expression are
largely absent. This distiriction is fundamental: susceptibility is human and broadly shared;
trajectory is exposure-dependent and therefore modifiable (Figure 1).

The Tsimane data also clarify an important mechanistic point. Their high infectious
inflammatory burden does not accelerate atherosclerosis at rates comparable to those observed in
modern cardiometabolic disease. Chronic infectious inflammation and the low-grade systemic
inflammation tightly coupled to insulin resistance, visceral adiposity, apoB dyslipidaemia, and
endothelial dysfunction, sometimes termed metaflammation, appear to differ substantially in

their atherogenic potency.(20) This distinction matters for understanding why industrialisation,
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rather than the infectious burden of earlier historical periods, drove the modern epidemic of
atherosclerotic cardiovascular disease.

These comparisons also require caution. For subsistence populations, survivorship and
competing mortality are important limitations. Average life expectancy is generally lower than in
industrialised societies, fewer individuals survive to the ages at which advanced coronary
atherosclerosis most commonly becomes clinically manifest, and chronic infectious or parasitic
disease may remove vulnerable individuals before cardiovascular disease can develop. Cross-
sectional comparisons between traditional and industrialised populations therefore do not fully
isolate the effect of metabolic lifestyle from competing mortality and should be interpreted as
informative rather than definitive natural experiments.(21)

Taken together, the paleopathological record and the evidence from traditional and
transitional populations resolve rather than contradict each other. Ancient mummies establish
that the biological capacity for atherosclerosis is widespread and predates modernity.
Subsistence populations and migration studies establish that clinical expression requires
sustained metabolic and environmental activation that ancestral ecologies largely did not
provide, and that this activation can emerge within a single generation upon environmental
transition. The question is therefore not whether atherosclerosis existed in our ancestors, but
under what ecological and metabolic conditions it could progress from a subclinical biological
process to a leading cause of human mortality. For most of evolutionary history, those conditions

were largely absent. The agricultural transition began to create them.

4. The agricultural transition: the first metabolic inflection point
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The adoption of agriculture, beginning approximately 10,000 years ago in the Fertile
Crescent and emerging independently in multiple world regions, marked one of the earliest large-
scale ecological transitions likely to have altered human metabolic exposures in a sustained way.
Although agriculture enabled population growth, permanent settlement, and the eventual
development of complex civilisations, its early consequences for individual health were often
adverse, and its longer-term consequences may have shifted human vascular biology toward
conditions more permissive for atherosclerotic progression.(31-33)

Archaeological and osteological evidence suggests a pattern of health deterioration in
many early agricultural populations relative to preceding hunter-gatherer groups. Skeletal
analyses have described declines in average stature, increased enamel hypoplasias and porotic
hyperostosis consistent with chronic nutritional stress, greater frequency of dental caries
reflecting increased reliance on starchy staples, and higher infectious burden associated with
population density and closer contact with domesticated animals.(31-33) These findings suggest
that the initial health effects of the agricultural transition were often negative at the individual
level, even as agriculture was demographically advantageous at the population level.

From a metabolic perspective, agriculture likely introduced new physiological pressures.
Diets appear to have shifted, in many settings, from the broader and often more variable
nutritional patterns of foraging toward greater reliance on cultivated cereal grains and other
starchy staples. Cultivation itself did not uniformly imply high glycaemic load; progressive
changes in milling, grinding, cooking, and storage likely increased grain digestibility and
postprandial glycaemic exposure over time.(34) At the same time, narrowing of dietary diversity
may have altered micronutrient intake, fatty acid composition, and fibre content in ways relevant

to long-term metabolic regulation.
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These changes may have increased the frequency of recurrent demands on insulin
secretion and peripheral insulin sensitivity, creating exposure patterns less typical of earlier
nutritional ecologies. Over generations, repeated postprandial glycaemic stress may have
contributed to shifts in adipose distribution, inflammatory profile, and metabolic regulation,
establishing an early background of vulnerability that later environments would amplify.
Endothelial biology, which is sensitive to both glycaemic excursions and inflammatory signals,
may also have been exposed to a more persistent pattern of activation than that associated with
more intermittent ancestral feeding conditions.

Agricultural settlements likely intensified infectious burden in ways also relevant to
vascular biology. Permanent villages with higher population density, greater proximity to
domesticated animals, more frequent contamination of water sources, and accumulation of
human waste facilitated the emergence and transmission of infectious diseases.(35) Recurrent or
sustained immune activation under these conditions may have contributed to a chronic
inflammatory background that, although distinct from the metaflammation of modern metabolic
disease, could still influence endothelial function and vascular injury.

Patterns of physical activity also changed. Agricultural labour could be strenuous, but it
generally involved more repetitive and locally bounded tasks, with less long-distance mobility
and less variation in movement intensity than many foraging lifestyles. Skeletal evidence from
early agricultural populations is consistent with changes in mechanical loading and activity
patterns.(31,32) Such shifts may have reduced some of the insulin-sensitising effects of frequent
whole-body movement, including skeletal muscle glucose uptake and contraction-mediated

GLUT4 translocation, mechanisms that operate partly independently of insulin signalling.(36)
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A further pathway through which the agricultural transition may have influenced
atherogenesis involves chronic infection and the oral microbiome. Agricultural diets, with their
increased starch and sugar content, drove a marked shift in oral microbial ecology, favouring
cariogenic and periodontopathic species over the more diverse microbiome typical of pre-
agricultural hunter-gatherers.(35) Periodontal disease, which became substantially more
prevalent with agriculture, is now a recognised independent risk factor for atherosclerotic
cardiovascular disease, through mechanisms including bacteraemia with endovascular seeding,
systemic inflammatory activation, and endothelial injury from circulating lipopolysaccharide and
inflammatory mediators.(37) The association between chronic infections more broadly, including
Chlamydia pneumoniae, cytomegalovirus, and Helicobacter pylori, and atherosclerotic disease
has been debated for decades; while direct causality remains unestablished for most, the
plausibility of chronic low-grade infectious inflammation as an atherogenic cofactor fits
coherently within the framework of agricultural-era biological change.(38)

Agriculture did not create atherosclerosis de novo. The underlying biological substrate,
including polygenic susceptibility and the vascular pathways through which lipoprotein retention
and inflammatory responses occur, was already present. What agriculture may have done was to
begin changing the tempo of exposure: increasing dependence on starchy staples, reducing
dietary diversity in many contexts, amplifying infectious burden, and altering physical activity
patterns in ways that made chronic activation of atherogenic pathways more likely over time.
The progression from early vascular lesions to advanced plaque requires both time and sustained
exposure. Agriculture began to provide more of both.

In that sense, the agricultural transition may be understood as the first major inflection

point toward ecological conditions capable of supporting the later clinical expression of
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atherosclerotic susceptibility. The full expression of that potential, however, required a second
and far more abrupt transition, one that would compress into decades what agriculture had

introduced over millennia.

5. Industrialisation and the acceleration of evolutionary mismatch

If agriculture marked the beginning of a chronic cardiometabolic trajectory,
industrialisation transformed it into something qualitatively different. Beginning in the late
eighteenth century and accelerating through the twentieth, industrialisation introduced
combinations of environmental and behavioural exposures with no clear precedent in earlier
human history. Its importance lies not in any single new stressor, but in the sustained
convergence of multiple ones: caloric surplus, reduced physical activity, psychosocial stress,
circadian disruption, tobacco exposure, and air pollution, all interacting through overlapping
metabolic, inflammatory, haemodyniamic, and neurohormonal pathways.

Whereas the agricultural transition unfolded over many generations, industrialisation
compressed major environmental change into a far shorter timescale, one unlikely to permit
meaningful genetic adaptation. In that sense, it sharply intensified the evolutionary mismatch
between relatively stable human biology and rapidly changing conditions of daily life.

From a metabolic perspective, industrialisation dismantled many of the recurrent cycles
of feeding, fasting, and obligatory movement that characterised earlier human ecologies.
Sustained caloric surplus, continuous access to energy-dense processed foods, and marked
reductions in daily physical activity increased the frequency of postprandial hyperglycaemia,

persistent insulin stimulation, and visceral fat accumulation. These changes are closely linked to



Journal Pre-proof

endothelial dysfunction, insulin resistance, and atherogenic dyslipidaemia. Chronic
hyperglycaemia promotes non-enzymatic glycation and formation of advanced glycation end-
products within the arterial wall, while insulin resistance shifts hepatic lipoprotein metabolism
toward triglyceride-rich particles and small, dense LDL species that more readily penetrate and
are retained in the subendothelial space.(39-41) Reduced habitual movement further worsens
insulin sensitivity and diminishes contraction-mediated skeletal muscle glucose uptake, including
pathways partly independent of insulin signalling.(42,43)

A distinct but equally relevant component of industrial mismatch involves the sustained
activation of the autonomic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis.
For most of human evolutionary history, stressors were acute, physically demanding, and time-
limited. The sympathoadrenal and HPA responses evolved to mobilise energy, suppress non-
urgent functions, and facilitate rapid recovery. Industrial modernity substituted these episodic
threats with chronic psychosocial ones: occupational insecurity, social subordination, time
pressure, financial stress, and urban crowding. These activate the same neuroendocrine
pathways, but without the resclution interval that ancestral conditions provided.(44,45) Sustained
sympathetic activation elevates catecholamines, promotes platelet aggregability, increases
vascular tone, and drives proinflammatory cytokine release. Prolonged cortisol exposure
promotes visceral adiposity, insulin resistance, and dyslipidaemia through direct effects on
adipose tissue and hepatic metabolism.(46) Autonomic imbalance, reflected in reduced heart rate
variability, has been independently associated with endothelial dysfunction, arterial stiffness, and
cardiovascular events, suggesting that neurohormonal dysregulation is not merely a confounder
of metabolic risk, but a direct contributor to atherogenesis.(47) From an evolutionary standpoint,

this represents a mismatch not of nutrition or movement, but of threat perception: a stress-
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response architecture designed for acute danger operating in a state of chronic, unresolvable
activation.

Circadian disruption represents another form of mismatch with deep evolutionary roots.
The circadian system, regulated by molecular clock genes expressed in virtually every cell type,
evolved to coordinate metabolism, immune function, vascular tone, and endocrine rhythms with
predictable light-dark cycles. For the vast majority of human evolutionary history, the only
meaningful source of light after dusk was fire, whose spectrum and intensity differ substantially
from that of modern artificial lighting. Electric light, shift work, and nocturnal screen exposure
disrupt the entrainment of peripheral clocks in vascular, hepatic, adipose, and pancreatic tissue,
dissociating their rhythms from the central suprachiasmatic oscillator.(47) Circadian
misalignment impairs glucose tolerance, promotes dyslipidaemia, elevates blood pressure during
periods that would normally be characterised by nocturnal dipping, and amplifies inflammatory
signalling through clock-regulated pathways including NF-kB.(48) Epidemiological data from
shift workers and individuals with experimentally induced sleep restriction show consistent
adverse effects on cardiometabolic risk markers, and prospective cohort studies have linked both
short sleep duration and shift work to increased cardiovascular event rates.(48,49) Given that
exposure to artificial light after sunset is a phenomenon of the last century and a half, circadian
disruption may be one of the most recently introduced, and least appreciated, components of
industrial mismatch.

Environmental exposures also became more persistent, more widespread, and in many
cases more harmful. Fine particulate matter (PM2.5) from combustion sources promotes
pulmonary and systemic inflammation, oxidative stress, and autonomic imbalance through

multiple pathways: translocated ultrafine particles may enter the circulation and reach vascular
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tissues, while pulmonary oxidative stress triggers systemic inflammatory responses that
accelerate endothelial dysfunction and plaque progression.(50) Epidemiological evidence now
positions outdoor air pollution among the leading modifiable contributors to global
cardiovascular mortality, with estimated population-attributable risks comparable to, or
exceeding, those of individual classical risk factors in some settings.(50) More recently, micro-
and nanoplastics have been detected in human atherosclerotic plaques, including carotid
atheromas, raising the possibility that plastic-derived particles may represent an additional, still
incompletely understood, component of industrial environmental exposure.(51) Tobacco
smoking operates through multiple overlapping mechanisms that converge on the arterial wall.
Nicotine activates the sympathoadrenal axis, raising heart rate, blood pressure, and
catecholamine levels. Carbon monoxide reduces oxygen-carrying capacity and promotes
endothelial injury. Cigarette smoke constituents increase oxidative stress, promote LDL
oxidation, impair endothelial nitric oxide availability, and activate inflammatory and thrombotic
pathways across all phases of atherosclerosis.(52) Tobacco exposure is therefore not a single
atherogenic stimulus but a convergent one, simultaneously impairing endothelial integrity,
accelerating lipoprotein modification, promoting platelet aggregability, and sustaining a
proinflammatory vascular state.

What makes these non-metabolic stressors particularly important from an evolutionary
perspective is that they share the same fundamental mismatch logic as the metabolic factors
discussed above. Stress-response systems, circadian clocks, and mucosal defences against
inhaled particles all evolved under conditions very different from those of industrial modernity.
Their chronic activation does not merely add to metabolic risk; it interacts with it. Sympathetic

activation worsens insulin resistance and dyslipidaemia; circadian disruption amplifies
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postprandial glycaemic excursions and inflammatory signalling; air pollutants accelerate the
oxidative modification of an already atherogenic lipoprotein milieu. These are not parallel
pathways to atherogenesis but converging ones, and any account of atherosclerosis as an
evolutionary mismatch disease must include them. A prevention framework that addresses only
diet and physical activity is necessarily incomplete.

What distinguishes industrialisation from earlier transitions is not so much the emergence
of any single exposure, but rather the simultaneity and chronicity of multiple exposures. These
pathways do not act in parallel isolation. Metabolic dysregulation, autonomic imbalance,
circadian disruption, and environmental inflammation converge on shared biological processes,
particularly endothelial dysfunction, lipoprotein retention, oxidative stress, and inflammatory
activation within the arterial wall. Modern industrial life may be understood as producing a
compounded state of vascular vulnerability that likely exceeds the range of exposures under
which human regulatory systems evolved.

Industrialisation also altered patterns of survival in ways that made the clinical
consequences of atherosclerosis far more visible. Improvements in sanitation, nutrition,
vaccination, and medical care reduced early-life mortality and extended life expectancy,
allowing cumulative vascular injury more time to progress from subclinical lesions to clinically
manifest stenosis, plaque rupture, and thrombotic events. Atherosclerosis had long existed as a
biological process; industrialisation created the metabolic, environmental, and demographic
conditions under which it could become a dominant cause of death.

Importantly, these exposures have never been distributed evenly. Income inequality,
residential segregation, differential access to nutritious food, safe environments for physical

activity, and preventive healthcare all shape who is most heavily exposed to the clustered
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stressors of industrial life and who is relatively protected from them.(53-55) Social determinants
of health are therefore not external modifiers of an otherwise biological story, but central
mechanisms through which industrial environments become biologically embedded in vascular
trajectories.

By the late twentieth century, these converging exposures had become persistent for large
segments of the global population. Contemporary imaging cohorts document the result:
subclinical, often multiterritorial atherosclerosis is common by midlife, reinforcing the view that
prevention should focus not only on late clinical events, but on earlier modification of long-term

disease trajectories.(56-58) (see Table 1)

6. Developmental origins, epigenetic programmirg, and the ontogenetic amplification of

susceptibility

The preceding sections have described a biological vulnerability shaped over
evolutionary time and progressively activated by changing human environments. But not
everyone exposed to the same industrial ecology develops atherosclerosis at the same pace, or to
the same extent. Some of that individual variability is genetic. A substantial part, however, may
be established before birth.

The developmental origins of health and disease (DOHaD) paradigm grew out of David
Barker’s observation that low birth weight predicted coronary heart disease and type 2 diabetes
in adulthood, findings that seemed paradoxical at the time but have since been replicated
widely.(4,59,60) The underlying mechanism is developmental plasticity: during fetal and early

postnatal life, when organs are still forming and metabolic regulation is being calibrated, the
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biological system can make durable adjustments in response to prevailing nutritional and
hormonal signals. In evolutionary terms, this makes sense. An organism developing under
conditions of nutrient scarcity may benefit from programming itself toward conservation and
efficient energy use, in anticipation of a future environment marked by similar
constraints.(60,61)

In contexts such as maternal undernutrition or placental insufficiency, these adjustments
may promote short-term survival. Reported consequences include preferential nutrient
partitioning toward the brain, reduced nephron endowment, altered pancreatic beta-cell
development, shifts in adipose tissue distribution, and persistent changes in hypothalamic-
pituitary-adrenal axis regulation.(61,62) Such responses are coherent when early developmental
cues accurately anticipate later environmental conditions. The problem arises when that
prediction is wrong.

When prenatal signals of nutritional constraint are followed by postnatal and adult caloric
abundance, an increasingly common pattern during rapid economic and nutritional transition,
early adaptations may become maladaptive. In such settings, tissues biologically prepared for
conservation may encounter chronic excess, favouring insulin resistance, visceral adiposity, and
altered vascular-metabolic regulation. In this way, ontogenetic mismatch may amplify the
broader phylogenetic vulnerability described in earlier sections, helping to explain why
individuals with superficially similar adult risk profiles can follow markedly different
cardiometabolic and atherosclerotic trajectories.

Epidemiological evidence broadly supports this framework. Independent of gestational
age, low birth weight has been associated with increased adult risk of insulin resistance, type 2

diabetes, hypertension, dyslipidaemia, and coronary heart disease.(62,63) The Helsinki Birth
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Cohort, which followed approximately 13,000 individuals born between 1924 and 1944, showed
that small body size at birth followed by rapid childhood growth was associated with the highest
cardiovascular risk, consistent with a transition from early constraint to later abundance.(64,65)
Similar observations have emerged from cohorts exposed to famine in utero, including the Dutch
Hunger Winter of 1944-45 and the Chinese famine of 1959-61, in whom later obesity, glucose
intolerance, and cardiovascular risk appear to be increased decades after exposure.(66,67)

How do early-life exposures leave lasting biological marks? Epigenetic mechanisms are
among the most extensively studied explanations.(68,69) DNA methylation, histone
modification, and non-coding RNA expression can alter gene transcription without changing the
underlying DNA sequence. In animal models, nutritional and hormonal exposures during fetal
life modify epigenetic regulation of pathways involved in glucose metabolism, lipid handling,
endothelial biology, and vascular remodelling. Human studies have identified methylation
differences associated with low birth weight, maternal obesity, and prenatal famine exposure,
with some persisting into adulthood and correlating with cardiometabolic risk markers.(68,69)
Interpreting these human findings causally remains difficult, the field is methodologically
demanding, and the functional significance of many observed marks is still being worked out.
But the mechanistic plausibility is solid enough that epigenetic programming is now a standard
part of how the DOHaD framework is explained biologically.

A related life-course principle is that atherosclerotic burden depends not only on
susceptibility, but also on cumulative exposure. Long-term exposure to apolipoprotein B-
containing lipoproteins is a major determinant of plaque development.(70,71) Mendelian
randomisation studies exploiting genetic variants associated with lower LDL cholesterol from

birth show that lifelong lower exposure confers substantially greater cardiovascular benefit than
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a similar degree of LDL reduction initiated later in life.(72,73) These observations reinforce a
central point of this review: atherosclerosis reflects time-integrated biological exposure
accumulated across decades, not merely the risk factor profile observed at one moment in
adulthood.

This life-course perspective reframes atherosclerosis as a process shaped by exposures
operating from preconception and gestation through childhood, adolescence, and adult life. Early
developmental programming may establish a baseline range of vulnerability; subsequent
exposures such as diet quality, physical activity, adiposity, inflammatory burden, and lipoprotein
exposure then modify the trajectory over time. Adult risk factors therefore do not act on a
biologically blank slate, but on a vascular-metabolic background partly shaped long before
clinical risk assessment begins. The clinical implication is that interventions directed only at
middle age are necessarily acting downstream of decades of accumulated exposure and, in many

individuals, of already established subclinical disease.

7. Atherosclerosis as the vascular integrator of cardiometabolic dysfunction

There is a useful contemporary clinical construct for describing what happens when
biological systems adapted for intermittent stress are exposed to decades of sustained activation:
the cardio-renal-metabolic (CKM) continuum. The AHA framework that formalised this concept
in 2023 describes a progression from excess adiposity and early metabolic dysfunction through
insulin resistance, hypertension, and kidney disease, toward subclinical and eventually clinical

cardiovascular events.(5) From the perspective developed in this review, that continuum is not a
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new disease category. It is the modern clinical expression of the accumulated mismatch
described in the preceding sections.

What makes the CKM framework valuable is that it makes the interconnections visible.
Adiposity, insulin resistance, hypertension, and chronic kidney disease are not independent risk
factors that happen to cluster; they share mechanisms and amplify each other.(5,74) Visceral fat
drives insulin resistance and systemic inflammation; insulin resistance worsens dyslipidaemia
and raises blood pressure; hypertension accelerates renal deterioration; impaired renal function
promotes further volume and pressure dysregulation. Each element reinforces the others, and all
of them converge on the endothelial surface and the subendothelial space where atherosclerosis
develops.

Within this network, atherosclerosis occupies a central vascular position. It is not simply
a late consequence of cardiometabolic dysfunction, but one of its principal integrators. Adipose
dysfunction, insulin resistance, hyperglycaemia, elevated blood pressure, renal impairment, and
systemic inflammation converge on shared arterial processes, particularly endothelial
dysfunction, oxidative stress, and the subendothelial retention of apolipoprotein B-containing
lipoproteins. In turn, progressive atherosclerotic disease contributes to organ-level dysfunction
by impairing vascular reserve, increasing arterial stiffness, and amplifying the haemodynamic
and inflammatory burden imposed on the heart, kidneys, and peripheral circulation.

The evidence that lifetime LDL exposure drives atherosclerotic plaque development is
among the most robust in cardiovascular medicine.(70,71) However, the pathological
consequences of cumulative apoB exposure depend on the arterial and systemic milieu in which
lipoprotein retention occurs. Hyperglycaemia, hypertension, kidney dysfunction, sympathetic

activation, and chronic inflammation all modify the arterial environment in which lipoprotein
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retention, oxidative modification, and inflammatory amplification occur. They do not replace
apoB as the driver; they determine how efficiently a given cumulative apoB exposure is
translated into plaque. Atherosclerosis is therefore neither a pure lipid disorder nor a generic
metabolic disease, it is what happens when multiple systems shaped for intermittent stress
converge chronically on the same arterial wall.

The CKM staging framework is also a useful reminder of how late conventional
prevention often intervenes. By the time a patient reaches CKM stage 3 or 4 (subclinical or
clinical cardiovascular disease) the biological trajectory has been running for decades.(5) That is
not a criticism of the framework; it is an honest description of wiiere most clinical encounters
currently occur. The value of thinking about atherosclerosis through an evolutionary and life-
course lens is precisely that it makes that lateness visible, and points toward the need to intervene

earlier in the trajectory.

8. Preventive implications: from risk prediction to trajectory modification

This framework carries preventive implications that differ less in therapeutic content than
in timing and logic. If atherosclerotic burden reflects cumulative exposure operating from early
life onward, then prevention focused only on short-term event prediction in middle age is
necessarily acting late in the course of disease.

One implication is that prevention should begin earlier than traditional risk models imply.
Preconception and maternal health, prevention of gestational diabetes, avoidance of excessive
gestational weight gain, and support for healthy childhood growth trajectories all matter because

they influence the developmental conditions under which later cardiometabolic vulnerability is



Journal Pre-proof

established.(4,59-67) These interventions do not replace adult prevention, but they help shift it
upstream.

A second implication is that subclinical atherosclerosis imaging can translate trajectory-
based thinking into practice more directly than conventional risk estimation alone. Coronary
artery calcium scoring and carotid or femoral plaque imaging quantify accumulated vascular
injury rather than inferring future risk only from contemporaneous risk factor levels.(56-58) In
appropriately selected middle-aged adults, such tools may identify individuals whose disease
trajectory is already more advanced than standard scores suggest and who are therefore more
likely to benefit from earlier or more intensive preventive therapy.

Polygenic risk scores may eventually complement this approach by identifying
individuals with heightened inherited susceptibility despite low or intermediate conventional risk
factor burden.(17,18) Their present limitations, particularly across non-European ancestry
populations, remain substantial, and their role is best viewed as adjunctive rather than definitive.
The same principle applies more broadly: future prevention will likely depend on combining
inherited susceptibility, developmental history, cumulative exposure, and direct measures of
subclinical disease rather than privileging any single domain in isolation.

Finally, a trajectory-based framework also has implications beyond individual clinical
care. The environmental conditions that intensify atherosclerotic progression, including poor
food environments, physical inactivity, air pollution, and social disadvantage, are not peripheral
to prevention but central to it.(53-55) Atherosclerosis may accumulate within arteries, but the
conditions that accelerate it are often structured socially long before they are encountered

biologically.
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9. Conclusions

Atherosclerosis is often described as a disease of modern lifestyle. This review argues for
a broader and more biologically grounded interpretation. Susceptibility to atherosclerosis appears
to be intrinsic to human biology, rooted in regulatory systems shaped under conditions very
different from those that now dominate human life. What modernity changed was not the
existence of that susceptibility, but the conditions under which it is expressed.

The evidence considered here supports a distinction between susceptibility and trajectory.
Paleopathological findings indicate that the biological capacity for atherosclerosis long predates
industrial modernity. At the same time, evidence from subsistence and transitional populations,
developmental epidemiology, and cumulative exposure studies indicates that the rate and clinical
expression of disease depend strongly on environmental conditions and life-course exposures. In
that sense, atherosclerosis is neither an exclusively modern invention nor an inevitable genetic
destiny. It is the long-term vascular consequence of an ancient biology exposed to conditions of
chronic metabolic, haemodynamic, inflammatory, and behavioural stress for which it is only
imperfectly suited.

This perspective has practical consequences. It shifts attention from late event prediction
toward earlier modification of disease trajectories; from isolated adult risk factors toward
cumulative exposure across the lifespan; and from viewing atherosclerosis as a local arterial
problem toward recognising it as the vascular expression of broader cardiometabolic
dysregulation. Frameworks such as the cardio-renal-metabolic continuum are clinically useful

because they describe that convergence; they are best understood as part of the modern clinical
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vocabulary for a process whose biological roots this review has traced across evolutionary and
developmental time.

Ultimately, the prevention challenge is not only to treat events more effectively, but to
identify and modify the conditions under which atherosclerotic burden accumulates long before
those events occur. Framed this way, atherosclerosis is best understood as a life-course disease
with deep evolutionary roots and a modifiable trajectory. That combination, ancient
susceptibility and preventable expression, is precisely what makes it both biologically

compelling and clinically actionable (Graphical abstract).
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Graphical abstract
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Atherosclerotic susceptibility (left) is universal, inherited, and ancient, comprising polygenic
architecture, antagonistic pleiotropy, and fetal/developmental programming, components that
cannot be eliminated. Disease trajectory (right) is exposure-driven and modifiable, shaped by
metabolic dysregulation, neurohormonal activation, circadian disruption, environmental
exposures, and social determinants. Both converge on atherogenesis and the cardio-renal-
metabolic continuum, defining a prevention window for earlier trajectory modification.

apoB = apolipoprotein B; DOHaD = developmental origins of health and disease; HPA = hypothalamic-pituitary-
adrenal; PM2.5 = fine particulate matter (particulate matter with an aerodynamic diameter <2.5 um).
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Figure 1. Evolutionary and life-course framework of atherosclerosis susceptibility
and trajectory
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Conceptual model illustrating atherosclerosis as an intrinsic human vascular vulnerability
shaped by evolutionary constraints, whose clinical trajectory is modulated across the life course
by cumulative metabolic, haemodynamic, inflammatory, and environmental exposures. The
model integrates paleopathological evidence from the Horus study, contemporary imaging data
from the Tsimane and PESA cohorts, and literature on the agricultural transition,
industrialisation, Western diet, physical activity, metabolic inflammation, and CKM risk
clustering. References 2, 3, 5, 20, 31-36, 39-43, 56-58, 70, 71, 74

CKM: cardio-renal-metabolic; CAC: coronary artery calcium; BP: before present; CE: common era
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Table 1. Evidence across human history and contemporary populations supporting the
susceptibility-trajectory distinction in atherosclerosis
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autopsies (Vietnam) 9y Y standard diet - y
atherosclerosis disease
accumulation
under modern
exposures
SUBSISTENCE AND TRADITIONAL POPULATIONS ‘
Susceptibility
High infectious | does not require
- 850,
. Lowland Bolivig; Coronary CT Verylow. e burden; no expression;
Tsimane . : . 5 X CAC=0 at 45— ¥ . .
3 (Bolivia) hunting/gathering/farmin | 705 adults | angiography; 84 v: lowest of caloric surplus; | metabolic
g CAC scoring Y, - high physical environment
any population A .
activity determines
trajectory
Favourable
. Clinical exam; . . metgbollc
Kitava blood sampling: Very low: High tobacco environment
23.24 (Papua Trobriand Islands; ~2300 com arisog g apparent use; low BMI, dominates even
' New traditional diet/lifestyle adults withpSwe dish absence of IHD | BP, LDL-C, in presence of
Guinea) onulation and stroke apoB single risk
pop factors
(tobacco)
Age-related
Metabolic Very low: no 14x more daily | cardiometabolic
22 Hadza Northern Tanzania; ~200 pLOl:illcr;?; hypertension or Zcélvgylﬂz?on_ ?\f)ttelzlnoi:z:geﬂ .|s
(Tanzania) | hunter-gatherer adults physt dyslipidaemia popu’: ’ ’
activity ey — low caloric reflects
monitoring P density diet mismatch, not
biology
POPULATION TRANSITION AND MIGRATION STUDIES ‘
Registry/cohort | Rapidly rising: . Trajectory
. Transition from s
26,28,2 E:\tfn—rural Papua New Guinea; Populatio inlg:clience' \I/:I-:chi(re]n;enreged subsistence to Czsgrg;i\g:hm a
9 P 1960s—present n data Y - urban 9 -
migration metabolic generation of diet/lifestyle excludes genetic
profiling urbanisation y explanation;
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confirms
mismatch model

RODAM
study

Dutch
Hunger
Winter /
Chinese
famine
cohorts

66,67

Ghana, Netherlands, UK;

Ghanaian migrants

DEVELOPMENTAL PROGRAMMING AND FAMI

Netherlands (1944-45);

China (1959-61);

followed into adulthood

CONTEMPORARY IMAGING COHORTS

Cross-sectional;

S metabolic and

across ; .
- cardiometabolic

sites -

profiling
NE EXPOSURE COHORTS

~2,400

(Dutch);

large Longitudinal

national epidemiology;

samples registry linkage

(Chinese

famine)

Stepwise
increase: LDL-
C, BP and
metabolic
syndrome rise
from rural —
urban Ghana —
Europe

Indirect,
elevated:
increased
obesity, glucose
intolerance and
CV risk decades
after in utero
famine exposure

Gradient of
Westernisation:
rural Ghana
(low) to
European cities
(high)

Prenatal
scarcity
followed by
postnatal/adult
caloric
abundance

Cardiometaboli
¢ deterioration
tracks
environmental
exposure, not
genetic
background;
supports
mismatch
hypothesis

Developmental
programming
amplifies
susceptibility:
ontogenetic
mismatch
layered on
phylogenetic
vulnerability

CVD patients

Risk—disease
Carotided High: 63% Industrialised; g:zz?r:g\?v?tr:isk
56,57 PESA Spain; asymptomatic 4184 femoral US: overall; 58% of | moderate adults already
AL 2 CAC; ABI E&ﬁ:zgham girig;(on:g‘?ﬁe o have detectable
P subclinical
disease
Replicates
- Z)iznAs:ive
Spain: working adults.40— (cohort); Carotid + High: 67.7% had | Industrialised; subclinical
78 AWHS pain, 9 587 femoral US; carotid or occupational - :
59y S disease in an
imaging CAC femoral plaque cohort indenendent
subsample penc
occupational
cohort
Confirms
. PESA/AWHS
High: 42.1% any AT ;
Sweden; general CCTA-detected ";?:éi;'ahsed’ :)naéger:nlge?;
79 SCAPIS | population 50-64y, 25,182 CCTA+CAC | atherosclerosis; g e | P i
randomly sampled 5.2% >50% WeCHst arge, randomty
0= population sampled
stenosis
European
population
Confirms
oo ;
Hospital Argentina; outpatient Carotid + CH;rgorlidegrA) - IJ?;LT]Armigigan g:ttttgg; Igu:;;g:'g
58 P J a, outpat 5,775 femoral plaque L .| feasibility of
Austral community hospital femoral US . cardiometaboli
in no-known ¢ profile ultrasound-

based staging in
South America

BP = blood pressure (or years before present, where used for era); BMI = body mass index; CAC = coronary artery calcium; CCTA =
coronary CT angiography; CV = cardiovascular; CVD = cardiovascular disease; IHD = ischaemic heart disease; LDL-C = low-
density lipoprotein cholesterol; LMIC = low- and middle-income country; US = ultrasound; ABI = ankle-brachial index. PESA =
Progression of Early Subclinical Atherosclerosis; AWHS = Aragon Workers’ Health Study; PDAY = Pathobiological Determinants of
Atherosclerosis in Youth; RODAM = Research on Obesity and Diabetes among African Migrants; SCAPIS = Swedish
CardioPulmonary biolmage Study.
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