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Epidemiology of cardiometabolic multiple long-term

conditions

Kamlesh Khunti, Francesco Zaccardi, Roopa Mehta, Edward W Gregg, Shivani Misra

Cardiometabolic multiple long-term conditions (MLTC), defined as the coexistence of two or more cardiometabolic
diseases such as diabetes, cardiovascular disease, and chronic kidney disease, are increasingly prevalent and represent
a growing challenge for health systems worldwide. Despite rising interest, progress in understanding cardiometabolic
MLIC has been limited by substantial heterogeneity in definitions, measurements, and analytical approaches,
restricting comparability across studies and limiting translation into clinical and public health practice. Reported
prevalence estimates vary across populations, largely reflecting differences in study design and conditions included.
The prevalence of cardiometabolic MLTC increases with age but is not confined to older populations, with these
conditions often emerging in early adulthood, particularly among socioeconomically disadvantaged and minority
ethnic populations, for whom these conditions also progress more rapidly. Longitudinal studies demonstrate disease
accumulation and accelerating transitions following development of a cardiometabolic condition leading to premature
mortality. These trajectories are shaped by interacting genetic, metabolic, behavioural, and psychosocial factors, while
deprivation and structural inequities substantially amplify risk and earlier onset. Advancing research and improving
care will require harmonised definitions, greater use of longitudinal data, and scalable analytical approaches that
explicitly capture disease sequencing and transitions. To improve consistency and comparability, the definition of

cardiometabolic MITC should be standardised.

Introduction

The persistently high global prevalence of multiple
long-term  conditions (MLIC; also known as
multimorbidity), defined as the coexistence of two or
more long-term conditions in the same individual, has
emerged as one of the defining current global health
threats.”” The terminology of MLTC has evolved from
multimorbidity (panel)*” and health systems worldwide
are challenged by the rising prevalence, complexity, and
economic burden of MLTC.** Studying MLTC has been
challenging, due to inconsistencies in the operational
definitions and measurement approaches. A systematic
review of 566 studies found that one-third did not report
definitions for MLTC, with the number of conditions
ranging from two to 285 (median 17)." To improve
comparability, an international Delphi consensus
recommended that included conditions should be
currently active; be permanent in their effects; require
on-going treatment, care, or therapy; require surveillance;
or be relapsing-remitting conditions requiring ongoing
care. The consensus outlined 24 core conditions and
35 optional conditions to include in the definition."”

The definition of cardiometabolic MLTC emerged
around 2015 due to the increased risk of mortality in
people with coexisting diabetes, stroke, and myocardial
infarction.” With emerging evidence from cardiovascular
outcome trials,* the terminology has evolved further to
include other chronic conditions such as chronic kidney
disease, heart failure, and more recently metabolic
dysfunction-associated steatotic liver disease (MASLD),”
hypertension, and atrial fibrillation have been included
within the cardiometabolic spectrum.”” However, there

are no standard definitions and the literature on
definitions of cardiometabolic MLTC is highly variable.
Although MLTIC are defined as the coexistence of two or
more chronic conditions irrespective of organ system, in
this Lancet Series, we define cardiometabolic MLTC as the
co-occurrence of two or more cardiometabolic end-organ
conditions, representing a distinct subset characterised by
shared pathophysiology (eg, insulin resistance, vascular
dysfunction, and adiposity-related inflammation).*” We
reserve the term MLTC for general multimorbidity and
use cardiometabolic MLTC when referring specifically to
cardiometabolic constellations.

In the first paper in this three-part Series, we review the
epidemiology of cardiometabolic MLTC; the second paper
focuses on pathophysiological mechanisms,* while the

Search strategy and selection criteria

We conducted a literature search on PubMed from database
inception to Jan 15, 2026. We searched for systematic reviews
and other major narrative reviews and filtered for
observational studies related to the epidemiology of
cardiometabolic multiple long-term conditions. We used the
search term “cardiometabolic” with combinations of
“diabetes/kidney disease/cardiovascular”, “multimorbidity”,
“multiple long-term conditions”, and “prevalence”. We
restricted the search to English language articles only. We
prioritised systematic reviews published in the past 5 years,
population-based epidemiological studies, and original
cohort studies relating to cardiometabolic multiple long-
term conditions.
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Key messages

Cardiometabolic MLTC represent a shift in global disease
burden

The coexistence of multiple long-term conditions (MLTC) is a
clinical reality across health systems. They are responsible for
premature mortality, disability, and increasing health-care
costs. Their development reflects the interaction of biological,
behavioural, social, and environmental exposures operating
through interconnected pathways.

Prognosis of cardiometabolic MLTC is driven by clustering
Disease progression occurs through shared
pathophysiological pathways; each condition both increases
the risk of other cardiometabolic conditions and is
exacerbated by their presence.

Cardiometabolic MLTC emerge across the life course
Cardiometabolic MLTC are biologically and socially engrained
early in life. MLTC can be thought of as the aggregate
consequence of early-life biological programming, sustained
cardiometabolic stress, and structural inequities.

Key determinants of poor outcomes include
socioeconomic factors, ethnicity, and fragmented health-
care systems

Socioeconomic factors and minority ethnic status are
associated with earlier onset, faster progression, and earlier
mortality. Fragmented, specialty-based care pathways and
inappropriate polypharmacy prevent adequate management.

Health systems must transition from single-disease
management to a life-course approach

Without standardised definitions and harmonised metrics,
comparisons across nations are not possible and global
actions cannot be implemented. Prevention must begin early
with the development of person-centred models of care
capable of addressing the complexity and mitigating the
long-term progression of cardiometabolic MLTC.

third paper discusses the management of cardiometabolic
MLTC.* We excluded obesity as a chronic disease in the
definition of MLTC because obesity has not been adopted
as a chronic condition universally. It is also not listed in
the conditions identified as MLTC by the international
Delphi consensus.” Obesity is also a systemic risk state
and pathophysiological driver underpinning multiple
downstream cardiometabolic MLTC; we therefore explore
its association with the development and progression of
cardiometabolic MLTC.

Cardiometabolic MLTC

Cardiometabolic MLTC are increasingly prevalent and
pose a major challenge to patients and health-care
systems globally. However, important gaps remain in the
epidemiology of cardiometabolic MLTC as studies have
included heterogeneous definitions, varying cardio-
metabolic conditions, and, in many studies, have also

Panel: Evolution of terminology of multimorbidity

+ The term multimorbidity was first described by
BrandImeier in an urban German general practice
in1976.

 Inview of the confusion in terminologies between
comorbidity and multimorbidity, a distinction was
proposed in 1996 with the term comorbidity implying
combined effects in reference to an index chronic
condition (eg, stroke in a person with diabetes) and
multimorbidity meaning co-occurrence of conditions
without a single condition holding a priority over other
co-occuring conditions.**

+  The concept of multimorbidity as two or more chronic
conditions was adopted by WHO in 2008 in recognition
of its growing burden in an ageing society.®

» In 2018, the Academy of Medical Sciences published a
landmark international policy report titled Multimorbidity:
a priority for global health research. The report highlighted
the rising burden of multiple long-term conditions and
the lack of coherent evidence on its causes, prevention,
and management.’

 Patients do not find multimorbidity an acceptable term to
describe their condition and associate it with a negative
image, giving the impression to patients that they are in
poor health, their body is failing them, they may be dying
soon, and there is nothing they can do about their
condition. The UK National Institute for Health and Care
Research Strategic Framework therefore emphasised their
preferred term as multiple long-term conditions.

included a broader set of general chronic conditions. A
systematic review of ten longitudinal studies from
Europe and the USA reported prevalences ranging from
7% to 63% across all age groups and in both sexes and
also identified inconsistencies in the number of
conditions included (from three to 153 conditions, and
from two to 20 cardiometabolic conditions).” In the US
National Health and Nutrition Examination Survey, the
prevalence of cardiometabolic MLIC (eg, coronary heart
disease, diabetes, stroke, and hypertension) increased
from 9-4% to 14-4% from 1999 to 2018, being higher in
men, older individuals, people from socioeconomically
disadvantaged backgrounds, and minority ethnic
populations.” Another systematic review of 566 studies
showed that the number of conditions measured varied
from two to 285 (median 17), but the most common
conditions included were cardiovascular conditions
(441[97-6%)] of 452 studies) and metabolic and endocrine
conditions (440 [97-3%])." Another systematic review
identified 918 different clusters of MLITC, but
cardiometabolic and diabetes—hypertension were the
most dominant cardiometabolic clusters reported.”
Across published studies, several cardiometabolic MLTC
clusters have been observed, although their compositions
have varied depending on the cardiometabolic conditions
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included (table 1). Longitudinal studies also show a
strong bidirectional relationship between cardiometabolic
conditions, with the presence of one condition markedly
increasing the risk of developing another related
disease.”* The likelihood of people developing new
cardiometabolic conditions increases as a proportion of
the number of conditions already present.” A systematic
review of 61 studies identified five comorbidities (atrial
fibrillation, hypertension, diabetes, obesity, and
myocardial infarction) associated with a significant
increase in incident heart failure.”® A recent UK Biobank
study also reported that people living with metabolic
dysfunction-associated steatotic liver disease
demonstrated MLTC trajectories that included metabolic
diseases and cardiovascular disease.”

Some studies have shown that the prevalence of MLTC
is higher in women than in men,**¥ in contrast with
other studies,® with women generally having an
accelerated accrual of chronic conditions compared with
men, but men have accelerated time to death.” However,
cardiometabolic MLTC seem to be more prevalent in
men than in women and increase in prevalence with
age.”

Across population studies, common contributors to
MLIC include type 2 diabetes, hypertension, coronary
heart disease, and cerebrovascular  disease.*”
International data on cardiometabolic MLTC, particularly
those arising from index cardiovascular disease
conditions, remain scarce and are most commonly from
high-income countries. Using UK Clinical Practice
Research Datalink data, Tran and colleagues showed that
among adults with incident cardiovascular disease
between 2000 and 2014, MLTC increased sharply. In 2000,
most adults had one or no additional conditions, whereas
by 2014 most adults had three conditions, and the
prevalence of four or more conditions rose from 15% to
more than 35%.° Another UK study reported that the
median age of MLTC onset fell from 56 years to 46 years
from 2004 to 2019, occurring 7 years earlier in populations
from the most socioeconomically disadvantaged areas.”

The global burden of cardiometabolic MLTC is complex
and reflects interacting trends in mortality, disease
incidence, co-occurring morbidity, and variable progress
in risk factor control. Substantial reductions in
cardiovascular disease mortality have occurred, with
some success in reducing cardiovascular disease
incidence and key risk factors such as hyperlipidaemia,
smoking, and hypertension.” In a global study from
1999 to 2023, the age-standardised disability-adjusted
life-year rate from cardiovascular disease showed a steady
decline of 36-3% (95% uncertainty interval 24-7-52-8).#
The reduction in cardiovascular disease mortality has led
to substantial gains in life expectancy; as age is the
strongest single predictor of MLTC risk, it follows that
these mortality reductions have fuelled an increased
cumulative exposure to vascular and non-vascular
conditions alike. This might also lead to changes in the

Constituent conditions

Key characteristics

Cardiometabolic
cluster*®

Hypertension, type 2 diabetes, and
coronary artery disease

Diabetes-hypertension
cluster”®

Type 2 diabetes and hypertension
(with or without chronic kidney
disease)

Atherosclerotic vascular  Myocardial infarction, stroke,
cluster® peripheral arterial disease, and
carotid disease

Metabolic-endocrine Type 2 diabetes, hypertension, and

cluster® liver disease

Heart failure- Atrial fibrillation, hypertension,
cardiometabolic type 2 diabetes, and myocardial
cluster”® infarction

Most consistently identified cluster across
populations; reflects strong metabolic-
vascular interplay and shared risk factors

Most dominant two-condition dyad; often
early onset; associated with faster
progression to complications

High prognostic burden; driven by
inflammatory and vascular mechanisms;
strongly associated with mortality

Highly prevalent; often precedes
cardiovascular clustering; contributes to
downstream disease transitions

Recognised upstream drivers of incident
heart failure; reflects cumulative
cardiometabolic burden

Table 1: Cardiometabolic conditions most strongly contributing to observed cardiometabolic multiple

long-term condition clusters

composition of MLTC, which is evident in the increases
in cancer, Alzheimer’s disease and dementia, and kidney
disease as causes of death relative to cardiovascular
disease.”* However, these gains have been offset by
worsening obesity and type 2 diabetes prevalence in
nearly all regions. Between 1990 and 2022, for example,
the NCD Risk Factor Collaboration estimated an increase
of 630 million prevalent diabetes cases globally
(95% credible interval 554-713).%

Studies observing increases in MLTC have seen such
changes in all age strata, suggesting that factors beyond
ageing are important. The steady increases in obesity and
type 2 diabetes, alongside persistently high prevalence of
hypertension in young and middle-aged adults observed in
most regions of the world, appear to be important drivers
of MLTC in young and middle-aged adults in particular.**
Population-based estimates from the UK have shown that
obesity significantly increases the risk of additional
conditions among those with pre-existing MLTC, while
diabetes and hypertension are consistently among the
most common index conditions or nodes of MLIC
clusters.®® However, cardiometabolic MITC are not
simply confined to older age and emerge across the life
course, often beginning in childhood or early adulthood.

Cardiometabolic MLTC across the life course

Cardiometabolic MLTC share upstream determinants and
evolve interdependently.* Conceptual models from life-
course epidemiology formalise this perspective:® the
critical-period or sensitive-period model suggests that
exposures at specific developmental windows (eg, in utero,
early childhood, or puberty) have disproportionate effects
on later risk (figure 1). Maternal undernutrition, antenatal
exposure to hyperglycaemia, and excess adiposity during
puberty are examples of early exposures® that might
predispose to later clustering of hypertension, type 2
diabetes, and coronary artery disease; the accumulation
model views sustained adverse exposures (eg, long-
standing hypertension, hyperglycaemia, smoking, and
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Cardiometabolic MLTC across the life course
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determinants
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Figure 1: MLTC across the life course
MLTC=multiple long-term conditions. CKD=chronic kidney disease. MASLD=metabolic dysfunction-associated
steatotic liver disease. MASH=metabolic dysfunction-associated steatohepatitis.

psychosocial stress) as generating cumulative damage; and
the chain-of-risk model emphasises sequences of linked
social and biological exposures across life. The importance
of a life-course perspective is exemplified by a UK Biobank
study” of 16415 adults with incident cardiovascular disease,
which reported 11% higher cardiovascular disease risk in
those with childhood adversity alone, 4% higher risk with
adulthood adversity alone, and 21% higher risk when
childhood and adulthood adversity co-occurred compared
with participants with no adversity. Childhood adversity
was independently associated with peripheral arterial
disease, heart failure, theumatic heart disease, ischaemic
heart disease, and dysrhythmias, even when adjusted for
smoking, activity, diet, and other health-related behaviours.
These models emphasise that cardiometabolic MLTC
cannot be understood from cross-sectional patterns alone
and point to different windows at which prevention and
risk factor control might be most effective. However,
further longitudinal studies are required to determine
whether these associations are causal and to more

comprehensively  capture lifetime  environmental
exposures, thereby reducing the risk of residual
confounding.

Early life

Growth in utero and weight in early life have firmly been
established as risk factors associated with laterlife
cardiovascular disease.™® Low fetal birthweight is
associated with higher risks of hypertension,™ type 2
diabetes,” and coronary heart disease®* in adulthood. At
the other end of the spectrum, offspring of pregnancies

complicated by diabetes or obesity display increased
adiposity, insulin resistance, and adverse lipid profiles
from childhood onwards, with elevated risks of obesity and
diabetes in later life.*** From a MLTC perspective, these
early exposures do not simply increase the probability of a
single diagnosis. They also predispose to clustering of
hypertension, diabetes, and other metabolic traits, earlier
onset of these diseases, and steeper trajectories of risk
factor progression. Although most of the morbidity
emanating from early-life exposures manifests in middle
or older age, hypertension and diabetes are responsible for
a concerning level of risk even in young adulthood;
estimates from the UK show the prevalence of MLTC
is 6% in people aged 2049 years, increasing to 17% by age
50-59 years; when MLIC occur in young adulthood,
obesity, mental health conditions, asthma, and intellectual
disabilities are commonly paired with cardiometabolic
conditions.®

Whether the association between birthweight and later
cardiometabolic diseases is causal or mediated by other
factors is uncertain. In a longitudinal cohort with
recorded birthweights, systolic blood pressure at ages
64-71years fell by around 5 mm Hg for each 1kg increase
in birthweight after adjustment for BMI.® A mendelian
randomisation study evaluated the causal relationship
between genetically predicted birthweight and 16
cardiovascular diseases:® higher genetically predicted
birthweight was associated with a lower risk of coronary
heart disease (odds ratio [OR] 0-72; 95% CI 0:65—0-81),
myocardial infarction (0-71; 0-63—0-80), and angina (0-81;
0-72-0-90). Mediation analyses indicated that
11-8-33-3% of these associations were explained by
type 2 diabetes, systolic blood pressure, and lipid levels,
suggesting that distinct causal pathways are established
early in life and persist through lifelong metabolic risk.

Childhood, adolescence, and young adulthood:
emergence of adverse trajectories

Childhood and early-adult obesity is a key driver of
cardiometabolic MLTC and is projected to affect more
than 206 million people aged 5-19 years by 2030.%* The
main consequences are development of hypertension
and type 2 diabetes.

Early-onset type 2 diabetes, often defined as diagnosis
before age 40 years, is associated with up to 15 years lower
life expectancy, with cardiovascular disease being the main
cause of death.® A systematic review of 17 studies reported
youth-onset type 2 diabetes incidence rates of chronic
kidney disease up to 114-8 cases per 1000 person-years and
mortality up to 18- 6 deaths per 1000 person-years, with the
greatest burden in indigenous populations.”* A pooled
analysis of 42 studies (230000-3-5 million participants)
showed that younger age at type 2 diabetes diagnosis was
associated with higher risks of macrovascular disease,
heart failure, and chronic kidney disease, but lower
retinopathy risk.” Overall, early-onset type 2 diabetes
should be viewed as a sentinel condition for future MLTC,
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extending lifetime exposure to hyperglycaemia and
accelerating progression to MLTC.*

The TODAY study illustrates the speed of this
progression. Among 572 participants diagnosed before
age 20 years, baseline prevalence was 19-2% for
hypertension, 20-8% for dyslipidaemia, and 9-0% for at
least one microvascular complication. After 10 years,
hypertension affected 46 - 8% of participants, dyslipidaemia
affected 44-4% of participants, and 80-1% of participants
had one or more microvascular complications. These data
show that, in young people, type 2 diabetes rapidly evolves
into complex cardiometabolic MLT'C.¥

Determinants of cardiometabolic MLTC
Cardiometabolic MLTC arise from a complex interplay of
biological, behavioural, social, and environmental
determinants; genetic susceptibility; metabolic pathways;
ageing; adiposity; insulin resistance; and chronic
inflammation, with some determinants being modifiable
(figure 2)."* One genome-wide association study showed
that there are 11 independent genetic variants associated
with psycho-cardiometabolic MLTC, with a polygenic risk
score being predictive of co-occurrence of depression,
coronary artery disease, and type 2 diabetes, and
suggested eight causal factors (BMI, body fat percentage,
LDL cholesterol, total cholesterol, fasting insulin,
income, insomnia, and childhood maltreatment).®

Obesity

Obesity is a key driver for the development of
cardiometabolic MLTC.”¥% In a study of 16 prospective
cohorts without cardiometabolic conditions (mean age
51-4 years; 10-7-year follow-up), the OR for a continuous
measure of BMI was 1-9 per 5 kg/m? increase.” In an
adjusted analysis, the OR of developing cardiometabolic
MLTC was 2-0 (95% CI 1.7-2-4) in overweight
individuals (BMI 25-0-29-9 kg/m2), 4-5 (3-5-5-8) for
those with a BMI of 30-0-34-9 kg/m2, and
14-5 (10-1-21-0) for those with a BMI of 35-0 kg/m’ or
greater, compared with those with healthy weight
(20-0-24-9 kg/m?2).” Different associations for different
conditions have also been reported, with the highest
association for the development of diabetes followed by
vascular disease (29-8; 21-7-40-8) for those with a BMI
of 35-0 kg/m?2 or greater.® A systematic review of
11 studies with over 1.7 million patients showed that
overweight (pooled OR 3-52; 1-23-10-05), obesity
(pooled OR 3-68; 2-60-5-20), and BMI (hazard
ratio [HR] 3-27; 2-44-3-39) were significantly associated
with cardiometabolic MLTC compared with individuals
who were normal weight.”

Socioeconomic factors and ethnicity

Social determinants of health (ie, deprivation,
unemployment, low educational attainment, housing,
food instability and insecurity, and barriers to health-care
access) are key determinants of cardiometabolic MLTC.

%

Socioeconomic
factors

Socioeconomic factors

« Socioeconomically
disadvantaged

« Poor housing

« Low educational attainment

« Food insecurity

« Poor access to health care

« Social connection

« Ethnicity

0
Lifestyle and q—P
behavioural @
+ Smoking Determinants of
+ Alcohol

cardiometabolic

« Physical inactivity MLTC

« Poor nutrition

« Sleep disorders

« Obesity

« In-utero exposure

—

Lifestyle and
behaviour

Environment

Environment

«Housing

« Air pollution

« Neighbourhood
walkability

Figure 2: Modifiable determinants of cardiometabolic MLTC
MLTC=multiple long-term conditions.
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Figure 3: Trajectories of cardiometabolic MLTC and effect on outcomes

The sequencing of conditions and effect on outcomes is for illustration purposes only. MLTC=multiple long-term

conditions. MASLD=metabolic dysfunction-associated steatotic liver disease.

Studies have consistently reported a higher burden of
MLIC in populations in socioeconomically disadvantaged
areas, with onset 10-15 years earlier compared with the
populations in the least socioeconomically disadvantaged
areas.**®*772 Transition to additional accumulation of
MLTC is also increased and occurs in a shorter time
period in populations in socioeconomically disadvantaged
areas, leading to a reduced healthspan (figure 3).”*”
Although few studies have explored the epidemiology
of cardiometabolic MLIC among minority ethnic
populations, current evidence from studies that have
included several chronic conditions have indicated a
higher burden of MITC and at an earlier age in these
groups along with more rapid progression to additional
chronic conditions.*””” This finding is not surprising as
cardiometabolic diseases occur at an earlier age in minority
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ethnic populations”” In one UK study, a greater
proportion of early-onset MLTC (age 16-39 years) was
observed in south Asian (33915 [59%)] of 57483) and Black
(26048 [56%] of 46514) individuals compared with White
(777906 [42%)] of 1852157) individuals, and was strongly
associated with socioeconomic deprivation in minority
ethnic populations (median ages 48-52 years), with early
mortality compared with White individuals (61 years).”
Similarly, US data show that non-Hispanic Black adults
accumulate a higher chronic disease burden at an earlier
age compared with non-Hispanic White adults, while
Hispanic adults accumulate chronic diseases more rapidly
and show faster disease progression compared with non-
Hispanic White adults.”

Lifestyle and behavioural factors

Lifestyle and behavioural factors are central determinants
of cardiometabolic MLTC and influence both onset and
progression. Behavioural factors (including physical
inactivity, poor diet and sleep, higher alcohol consumption,
and smoking) are strong predictors for the development
of cardiometabolic MLTC and mortality risk.””* Among
individuals with one cardiometabolic condition, adverse
socioeconomic (OR 1-54; 95% CI 1-10-2-15) and
behavioural (2-00; 1-40-2-85) factors have been associated
with progression to cardiometabolic MLTC.” In the China
Kadoorie Biobank study, a one-factor increase from
five lifestyle risk factors (smoking, high alcohol intake,
physical inactivity, healthy dietary intake, and obesity) was
associated with an increased risk of development of
cardiometabolic MLTC from a one-disease state (HR 1-14;
1-11-1-16) and an increased risk of mortality in those who
developed cardiometabolic MLTC (1-10; 1-06-1-15).*
Mendelian randomisation studies suggest that sedentary
lifestyle is associated with the development of
cardiometabolic MLTC.*” The weekend warrior pattern of
exercise (ie, 2150 mins of moderate-to-vigorous physical
activity per week in 1-2 days), regular physical activity, and
faster walking speed have all been shown to be associated
with a lower risk of cardiometabolic conditions.**

Sleep duration and quality are increasingly recognised
as key factors in the development of cardiometabolic
conditions.® A U-shaped relationship has been observed
with short sleep (<6 hrs per day), increasing
cardiometabolic MLTC risk (OR 1-39; 95% CI 1-03-1-90)
compared with 7-8 h per day, but no significant
relationship was found with longer (>9 h) sleep
duration.® One systematic review of 23 cohort studies
reported that night-shift work is significantly associated
with increased incidence of cardiovascular disease and
mortality.” These associations are observational and
might be partly confounded by adiposity, socioeconomic
position, occupational characteristics, comorbidity
burden, and co-occurring health behaviours. However,
their consistency across large prospective cohorts,
evidence of dose-response relationships, and biological
plausibility—via mechanisms including circadian

misalignment, sympathetic activation, intermittent
hypoxia, systemic inflammation, and impaired glucose
metabolism®*—suggest that they are unlikely to be
entirely explained by residual confounding. Rather than
implying definitive causality, these findings indicate that
sleep and circadian disruption might contribute to
cardiometabolic risk accumulation and might function
both as markers of vulnerability and as potentially
modifiable components of MLTC trajectories.

Studies also show associations between dietary
patterns, cardiometabolic MLTC, and mortality. Higher
fruit and vegetable intake is associated with reduced
cardiovascular mortality in type 2 diabetes, while
increased ultra-processed food intake (~260 g per day
increase) is associated with greater risk of cardiometabolic
and cancer MLTC (HR 1-09; 95% CI 1-05-1-12).** Diet
quality is important: a healthy plant-based diet is
associated with a significantly lower risk of
cardiometabolic MLTC, whereas adherence to an
unhealthy plant-based diet increases risk (HR per
ten-point increment of Unhealthful Plant-Based Diet
Index 1-22;1-16-1-29).”* As with sleep-related exposures,
dietary associations might also reflect residual
confounding or reverse causation. Taken together, the
data indicate that a comprehensive lifestyle approach is
necessary to stop the development and progression of
cardiometabolic MLTC, including regular exercise, good
quality nutrition, adequate sleep, and avoidance of
tobacco and excess alcohol.

Environment

Air pollution exposure might play an important role in the
development of cardiometabolic MLTC.*** A systematic
review of 20 studies reported a positive association between
increasing air pollution and MLTC, but no conclusive
associations were found with neighbourhood walkability,
food environment, housing quality, or major road
proximity, and no studies evaluated public transport
networks.”” Another meta-analysis showed that each
10 pg/m3 increase in particulate matter (PM) significantly
raised risks of hypertension, coronary heart disease,
diabetes, and stroke. PM, ; and PM,, exposure were most
strongly linked to cardiometabolic MLTC, particularly
among older and overweight individuals.”

Other factors

Other factors that have been associated with
cardiometabolic MLTC include premature and early
menopause (age <40 years),” gestational diabetes,” and
frailty.” Natural disasters are associated with weight gain
post-disaster (due to increased sedentary behaviour,
stress, alcohol, unhealthy eating, and housing),”
cardiovascular ~ disease, and mortality™  Social
connections also matter, with married people having
fewer MLTC,* whereas those who are separated or
widowed” face a substantially higher burden of
cardiometabolic MLTC.
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The existing literature is mainly anchored in type 2
diabetes cohorts, and less evidence is available for
cardiometabolic MLTC trajectories initiated by type 1
diabetes. Type 1 diabetes arises from immune-mediated
B-cell destruction and, unlike type 2 diabetes, is not
primarily driven by insulin resistance or excess adiposity.
However, future cardiovascular morbidity and mortality
is high.” Prolonged exposure to hyperglycaemia,
cardiovascular disease risks from severe hypoglycaemia,
and concurrent cardiometabolic risk factors (including
increasing prevalence of obesity) all contribute to future
cardiometabolic disease. Additionally, individuals with
type 1 diabetes have an increased likelihood of other
immune-mediated conditions, reflecting shared genetic
susceptibility, some of which carry independent
cardiovascular risk, such as Addison’s disease."®

The burden of cardiovascular disease is considerable in
type 1 diabetes and under-appreciated.™ In particular,
duration of disease appears to be a key determinant: in
Swedish registry data, diagnosis before age 10 years was
associated with an approximately 30-fold higher risk of
cardiovascular disease, and women with long-duration
diabetes had an approximately 90-fold higher risk of
myocardial infarction compared with matched controls."
In a subanalysis of the FOURIER trial, cardiovascular
outcomes were examined according to diabetes status
among participants receiving evolocumab or placebo. The
event rates over 2-5 years of follow-up for the primary
cardiovascular disease outcome (a composite of
cardiovascular disease death, myocardial infarction,
stroke, or hospitalisation for percutaneous coronary
interventions) increased progressively from 11-0% in
those without diabetes to 15-2% in individuals with type 2
diabetes and 20-4% in those with type 1 diabetes
(p<0-0001). Given that type 1 diabetes often begins in
childhood, many individuals enter early-to-middle
adulthood with long-duration disease, creating the
conditions for MLTC to develop by age 30—40 years. In a
German outpatient study of 6967 adults with type 1
diabetes, 63-7% had MILIC, including hypertension
(31:2%)."” Type 1 diabetes is also associated with increased
risk of heart failure with (relative risk [RR] 1-59; 95% CI
1-42-1.78) and without (2-94; 2-61-3-32) prevalent
cardiovascular disease."™

Cardiometabolic MLTC in LMICs

Research on MLTC in low-income and middle-income
countries (LMICs) is scarce. A meta-analysis of 39 studies
found a pooled MLTC prevalence of 36-4% (range
0-7-81-3) in LMICs, increasing with age, female sex,
higher socioeconomic status, and urban residence, with
cardiometabolic and cardiorespiratory conditions being
the most common combinations."” Increasing age,
socioeconomic inequalities, childhood adversity, female
sex, lifestyle behaviours, food insecurity, obesity,
dyslipidaemia, and disability are key determinants of
cardiometabolic MLTC in LMICs.™ " Cardiometabolic

MLTC seem to co-occur with infectious diseases in
LMICs, with poverty and low educational attainment
significantly increasing this risk (ORs 1-44-7.44)."2 A
systematic review of 19 studies in India reported a pooled
MIIC prevalence of 20% and was associated with
increased health-care use and reduced quality of life,
physical function, and mental function.™

Impact on outcomes
The increasing prevalence of MLTC has put a strain on
health-care delivery services worldwide.” Barriers to
effective health-care delivery for people with MLTC
include fragmented care pathways, treatment complexity
characterised by multiple medications, recurrent
hospitalisations, higher morbidity and premature
mortality, higher resource use, reduced quality of life,
and poor provider and patient preparation (figure 3).

Fragmented health-care pathways are characterised by a
lack of coordination and communication among
disciplines and siloed areas of care,™ with patients with
MLIC consulting several specialties, which can result in
inefficient continuity of care.? Indices of care fragmentation
are associated with higher rates of potentially inappropriate
medication and all-cause mortality.” In adults with
diabetes and chronic kidney disease, averaging
19 outpatient visits over a 2-year period, only 14-3% had a
fragmentation of care index of 0," with a median value
of 0-48 (0 reflecting all care in one outpatient clinic and
1 reflecting each visit at a different clinic site), and a
0-l-unit increase in this index was associated with a
15% increase in the number of emergency room visits.

Treatment complexity characterised by the presence of
polypharmacy (frequently defined as five or more
medications) is common in people with MLTC."**
Polypharmacy is associated with adverse outcomes,
including  disability, falls, hospitalisations, and
mortality,” " and adverse events such as acute kidney
injury.” Prevalence of polypharmacy varies with different
cardiometabolic conditions with reported prevalence being
over 50% in people with diabetes," 17-99% in people with
heart failure, and 78 - 8% in people with atrial fibrillation.™
Evidence for the management of these conditions is often
obtained from single-agent clinical trials of short duration
in non-representative populations (generally in younger
adults with few concomitant diseases).”>* Furthermore,
clinical guidelines, which often focus on single-disease
management, do not promote deprescribing as a
management option.” Adverse drug reactions due to
polypharmacy are common in people with MLTC, with
40% of these being potentially avoidable.” A US study of
older adults with cardiovascular disease estimated that
polypharmacy was associated with 198% of total annual
health-care expenditure and 287% of pharmacy
expenditure.”

Appropriate polypharmacy, defined as the use of multiple
medications to achieve guideline-directed targets and
extend life, should be considered the norm for MLTC.=**!
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Considering polypharmacy based purely on the number of
therapies could be imprecise. Instead, redefining this term
from a clinical appropriateness or guideline-based
perspective might be more appropriate. As health care
shifts towards prevention, we can identify those at highest
risk and act early, using multiple proven treatments,
allowing for a more integrated approach, preventing
underprescribing and destigmatising the management of
MITC.

Several studies have reported a positive association
between MLTC and health-care service use and costs,
with both personal (disease combinations and
socioeconomic status) and health-system characteristics
and region influencing this relationship. In a review of
98242 consecutive admissions in three hospitals in
Scotland, 86% of the population aged 50 years or older
had MLTC, and half had four or more long-term
conditions and were more likely to be living in
socioeconomically disadvantaged areas.”” MLIC were
associated with a greater risk of in-hospital death, longer
hospital stay, a greater need for rehabilitation, and a
higher risk for emergency reattendance or readmission. ™
Data from the Danish Health Register showed that the
greatest increase in use of bed days was present with
five or six chronic conditions and was associated with an
inverse socioeconomic gradient.” People with MLTC use
between two and five times more physician appointments
and have 6-6 times greater medication usage than those
without chronic conditions.”**

Cardiometabolic MLTC are associated with worse
baseline levels and faster progression and deterioration
in physical disability, depressive symptoms, and cognitive
function, with the worst trajectories among those who
were socially inactive.” In the Scottish Health Survey, as
the number of chronic conditions increased there was a
corresponding reduction in preference-weighted health-
related quality of life, which was 33% greater in the most
disadvantaged quintile compared with the least
disadvantaged quintile, with the greatest impact in
younger patients (20—44-year age groups).” Another
meta-analysis reported that the mean decrease in health-
related quality of life per each added disease, ranged
from —1-55% (95% CI —-2-97 to —0-13) for the mental
component summary score of pooled Short Form Health
Survey questionnaires (SF-36, SF-12, and SF-8) scales
to —4-37% (-7-13 to —1-61) for WHOQoL-BREF physical
health domain."”® Similar results were reported in a US
cohort in which three or more conditions were
significantly associated with poorer quality of life,
functional health status, and physical functioning."

Both patients and physicians face challenges when
managing MLTC. From a patient perspective, there is an
important treatment burden in terms of frequent
appointments, multiple medicines, and the necessity to
understand and self-manage their chronic diseases.” For
physicians, guidelines and research have focused on
single disease states and guidance for the management of

MLIC is lacking.” Due to the increased complexity in
managing people with MLTC, newly qualified doctors feel
ill-prepared to care for patients with MLTC,*** and
training for health-care professionals should adapt to the
needs of this population, with an emphasis on preventing
MLTC and continuity of care with more simplified care
pathways."

In Di Angelantonio and colleagues’ study,
cardiometabolic MLTC (diabetes, stroke, and myocardial
infarction) were associated with a multiplicative risk of
mortality (HRs >3 for two conditions and 6-9 with all
three conditions).” The study also estimated years of life
lost, with an average reduction in life expectancy of 15 years
at age 60 years with two conditions and over 20 years in
those aged 40 years with these three conditions.” In
contrast, another study from the UK concluded that
cardiometabolic MLTC (myocardial infarction, stroke, and
diabetes) were associated with increased mortality with no
evidence for amplification of risk with all three conditions,
but increased risk due to other comorbidities."® A meta-
analysis of 14 studies reported that the risk of cardiovascular
events was higher in people with type 2 diabetes and
MASLD versus those without MASLD (OR 1-28; 95% CI
1-04-1-56), and is likely due to shared risk factors." Type 2
diabetes and the number of MLIC are associated with an
increased risk of subsequent cardiovascular disease events
and mortality,” as well as increased risk of heart failure in
people with (RR 1-61; 1-35-1-92) and without
cardiovascular disease (1-78; 1-60-1-99)." In a study of
middle-aged and older men with over a 28-year follow-up,
MLTC (hypertension, cardiovascular disease, type 2
diabetes, chronic kidney disease, chronic bronchitis, and
other chronic lung conditions) were associated with
increased risk of sudden cardiac death (HR 1-97; 95% CI
1-54-2-51) independent of cardiovascular risk factors."

There are now emerging data showing that
cardiometabolic MLTC are associated with cognitive
decline," with the association being partly due to genetic
factors,™ and some studies suggesting a higher risk in
men and women.*!

Methodological challenges and future research
gaps
The methodological challenges and future research
priorities in cardiometabolic MLTC are summarised in
table 2, which provides a comprehensive overview across
key domains, including conceptualisation and measure-
ment, life-course epidemiology and disease trajectories,
social and structural determinants, and data integration
and methodological innovation. These domains
collectively highlight the breadth of outstanding
questions, ranging from how cardiometabolic MLTC
should be defined and measured to how trajectories
evolve across the life course and are shaped by social and
global inequalities.

Cardiometabolic MLTC have been investigated
predominantly using non-randomised cross-sectional or
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longitudinal data. Levels of variations in MLTC prevalence
probably reflect variation in measurement, methodology,
and definitions as much as true variation in disease.*"*> A
crucial methodological step is the definition of the
included cardiometabolic conditions and the operationali-
sation of definitions of cardiometabolic MLTC," as
variations in these choices substantially affect prevalence
estimations and observed associations.****  The
definitional challenges surrounding cardiometabolic
MLTC parallel those encountered in defining major
adverse  cardiovascular events in cardiovascular
randomised controlled trials. Such trials frequently adopt
composite endpoints to increase event rates and,
consequently, statistical power.”> Although this approach
has practical advantages, important limitations have been
highlighted (ie, the overall treatment effect can be diluted
if outcomes showing little or no effect are combined with
more clinically meaningful components that individually
show benefit).” In response to these concerns, guidance

definitions of cardiovascular and cerebrovascular events."
Drawing on the evolution of major adverse cardiovascular
event definitions in cardiovascular randomised controlled
trials, efforts to define cardiometabolic MLTC should
similarly emphasise transparency, clear justification for
component selection, and harmonised reporting
standards to enhance comparability across studies and
facilitate robust meta-analyses.

Although the simple definition of MLIC as the
coexistence of two or more conditions enables analysis
using established methods (ie, generalised linear models,
survival analysis, and competing risk models), this
approach does not fully take advantage of the richness of
contemporary epidemiological data. Multimodal-linked
datasets provide detailed longitudinal information on the
occurrence of multiple diseases alongside changes in risk
factors.” Advanced analytical strategies (eg, factor
analysis, cluster analysis, principal component analysis,
latent class growth analysis, and growth mixture models)

has been developed to promote more standardised

enable identification of clusters or patterns

Specific research gaps

Rationale

Definition and operationalisation

Measurement validity and bias

Age of onset and early-life
determinants

Trajectories in younger populations

Sequence and order of
accumulation

High-risk combinations

Social and structural determinants

Structural drivers of inequality

Global and contextual variation

Data linkage and multimodal
integration

Advanced analytical approaches

Conceptualisation and measurement

How can cardiometabolic MLTC (including constituent
conditions) be defined and operationalised in ways that are
clinically meaningful, comparable across settings, and
sensitive to disease severity, activity, and duration?

To what extent do observed ethnic and socioeconomic
differences reflect differential exposure to risk factors,
differential disease detection, or survival differences?

Life-course epidemiology and disease trajectories

At what ages do cardiometabolic MLTC trajectories most
commonly begin, and which early-life exposures most
strongly predict accelerated disease accumulation?

What are the patterns, trajectories, and determinants of
cardiometabolic MLTC in children, adolescents, and young
adults?

What are the most common sequences of cardiometabolic
MLTC accumulation, and how do these vary by age, sex,
ethnicity, and socioeconomic position?

Which combinations and temporal ordering of
cardiometabolic conditions confer the greatest risk of
adverse outcomes (eg, mortality, disability, and
hospitalisation)?

How do structural determinants (eg, housing, employment,
education, and health-care access) interact with biological
risk to shape unequal MLTC trajectories?

What is the burden and pattern of cardiometabolic MLTC in

LMICs, and how do these trajectories interact with
infectious diseases?

Data integration and methodological innovation

How can linked electronic health records, longitudinal
cohort data, and multiomics platforms be integrated to
better characterise MLTC trajectories?

How can emerging machine learning and data-driven
clustering methods improve identification of
heterogeneous MLTC trajectories and risk phenotypes?

MLTC=multiple long-term conditions. LMICs=low-income and middle-income countries.

Standardised yet clinically nuanced definitions are
essential for cross-study comparability, accurate burden
estimation, and translation into practice

Distinguishing true from biased aetiological variation is
crucial for valid inference and equitable policy design

Identifying sensitive periods and early-life drivers supports
primordial and primary prevention strategies

Early-onset MLTC might follow distinct biological and
social pathways with long-term implications for health
systems

Understanding temporal ordering informs mechanistic
hypotheses and targeted intervention timing

Risk stratification depends not only on condition count
but also on synergistic or high-risk clustering patterns

Integrating structural and biological perspectives is
necessary to explain and reduce health inequalities

Evidence from LMICs remains scarce, and cardiometabolic-
infectious multimorbidity might follow distinct
epidemiological patterns

Multimodal data integration can improve phenotyping,
causal inference, and trajectory modelling

Advanced analytics might uncover latent subgroups and
non-linear patterns not detectable using conventional
approaches

Table 2: Research gaps
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cardiometabolic conditions."”"** Albeit cluster analyses are
commonly used, cluster solutions are highly sensitive to
input condition lists, coding granularity, population
structure, and choice of algorithm; consequently, clusters
might differ substantially in their internal composition
across datasets, despite sharing similar names, and small
differences in modelling assumptions or sample
composition can produce alternative but statistically
plausible solutions (ie, cluster instability).” Interpretation
is further complicated by the fact that clustering identifies
statistical ~ co-occurrence rather than mechanistic
interaction; the clinical or biological meaning of a given
cluster is therefore not always transparent, and
translational implications can be unclear. MITC
trajectories can also be dynamically modelled using
multistate models. " A key limitation, however, is the
substantial computational demand when analysing very
large datasets or complex transition structures. Several
other statistical approaches can also be applied to
longitudinal MLTC research—ie, graph-based methods™
and machine-learning techniques,® including complex
deep neural network architectures.'*'*

Beyond these methodological considerations, there are
also crucial gaps related to life-course epidemiology,
including the timing of disease onset, the sequencing of
condition accumulation, and the identification of
high-risk combinations of cardiometabolic diseases.
Future research must also move beyond descriptive
epidemiology, with research on when disease trajectories
begin, how conditions accumulate, and which sequences
confer the greatest risk across the life course. In particular,
there is a mneed to better understand early-life
determinants, trajectories in younger populations, and
heterogeneity in disease progression across demographic
and socioeconomic groups. Addressing the pronounced
social, ethnic, and global inequalities in cardiometabolic
MITC will require longitudinal life-course data,
particularly from LMICs, alongside integrated analytical
and implementation approaches that link biology, social
structure, and health systems. Collectively, these priorities
emphasise the need for coordinated advances in data
infrastructure,  methodological  approaches, and
conceptual frameworks to enable more comparable,
mechanistically informed, and policy-relevant research.

Conclusion

Cardiometabolic MLTC are not an inevitable feature of
ageing. They emerge across the life course, often begin
with adverse trajectories established in early life and
adolescence, and can progress quickly once conditions
cluster. Their burden falls disproportionately on minority
ethnic populations and those from socioeconomically
disadvantaged areas, reflecting the combined effects of
biological susceptibility and structural inequities that
shape exposures, health-care access, and quality of care. As
populations live longer and obesity remains highly
prevalent, health systems will face increasing numbers of

people living for decades with complex, treatment-
intensive MILTC. The response must shift from
single-disease paradigms to integrated, person-centred
prevention and early risk factor control that also addresses
behavioural, psychological, cognitive, and social
determinants. To strengthen consistency, comparability,
and action across studies and settings, cardiometabolic
MLTC should be operationalised using a core set of
conditions with transparent reporting of definitions and
coding.
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