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Abstract: The epidemic of obesity or adiposity-based chronic diseases presents a significant challenge with the rising prevalence of
morbidities and mortality due to atherosclerotic cardiovascular diseases (ASCVD), especially in low- and middle-income countries (LMIC).
The underlying pathophysiology of metabolic inflexibility is a common thread linking insulin resistance to cardiometabolic-based chronic
disease (CMBCD), including dysglycemia, hypertension, and dyslipidemia progressing to downstreamASCVD events. The complex CMBCD
paradigm in the LMIC population within the socio-economic and cultural context highlights considerable heterogeneity of disease predisposi-
tion, clinical patterns, and socio-medical needs. This review intends to summarize the current knowledge of CMBCD. We describe recently
established or emerging trends for managing risk factors, assessment tools for evaluating ASCVD risk, and various pharmacological and non-
pharmacological measures particularly relevant for LMICs. A CMBCDmodel positions insulin resistance and β-cell dysfunction at the summit
of the disease spectrum may improve outcomes at a lower cost in LMICs. Despite identifying multiple pathophysiologic disturbances
constituting CMBCD, a large percentage of the patient at risk for ASCVD remains undefined. Targeting dysglycemia, dyslipidemia, and
hypertension using antihypertensive, statins, anti-glycemic, and antiplatelet agents has reduced the incidence of ASCVD. Thus, primordial
prevention targeting pathophysiological changes that cause abnormalities in adiposity and primary prevention by detecting and managing risk
factors remains the foundation for CMBCD management. Therefore, targeting pathways that address mitochondrial dysfunction would exert
a beneficial effect on metabolic inflexibility that may potentially correct insulin resistance, β cell dysfunction and, consequently, would be
therapeutically effective across the entire continuum of CMBCD.
Keywords: mitochondrial modulator, insulin resistance, diabetes mellitus, dyslipidemia hypertension, non-high-density lipoprotein-
cholesterol, triglycerides, apolipoprotein B

Introduction
The Global Burden of Disease reports a dramatic increase in the prevalence of type 2 diabetes mellitus (T2DM) in low- and
middle-income countries (LMIC). The prevalence is rapidly increasing due to the ageing of societies and the global obesity
epidemic.1 Of the estimated 425 million people with diabetes worldwide, three out of four people currently live in LMICs, and
increasing numbers of children and young adults have been diagnosed with the disease.2 Adiposity-based chronic disease
(derangements in adipose tissue function actively contributing to metabolic diseases) has emerged as a health issue of epidemic
proportions. It has become the leading cause of morbidity and mortality due to cardiovascular disease (CVD).3 The global age-
standardized prevalence of diabetes in adults has increased from 4.3% to 9.0% in men and 5.0% to 7.9% in women since 1990.4
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Given the growing size of the problem, systematic approaches are urgently needed for detecting individuals early and for treating
multiple cardiometabolic risk factors to reduce risk of expensive and difficult to treat complications.

Adopting an integrated approach by targeting multiple risk factors such as weight, glycated hemoglobin (HbA1c),
systolic blood pressure (SBP), non-high-density cholesterol (nHDL-C) and low-density lipoprotein cholesterol (LDL-C)
allows the detection of a high proportion of the population at risk and helps formulate actionable preventive care plans to
improve outcomes at lower costs. Recently, the American Association of Clinical Endocrinologists has developed a new
model, “dysglycemia-based chronic disease” (DBCD), which positions insulin resistance, prediabetes, T2DM, and CVD
along a continuous spectrum.5 Further, the cardiometabolic-based chronic disease (CMBCD) model describes the
genetics, environment, and behavior as an upstream event to DBCD that are the early primary drivers of adiposity and
dysglycemia leading to cardio-metabolic complications.6 There is evidence to suggest that the phenomenon of derange-
ment of metabolic flexibility or metabolic inflexibility is a common thread linking insulin resistance to CMBCD
including, dysglycemia, hypertension, and/or dyslipidemia progressing to downstream CVD events.7

In the light of this concept, it becomes essential to find practical tools that measure long-term CV risk and effectiveness of
interventions considering multiple concurrent risk factors pertinent to the LMIC. Despite identifying numerous pathophysiologic
disturbances constituting CMBCD, a large percentage of the individuals at the risk of atherosclerotic cardiovascular disease
(ASCVD) remains unidentified.An analysis of six sizeable prospectiveCVepidemiologic studies assessing the classic risk factors
for ASCVD only explained 69% of observed CVevents, leaving 31% unexplained.8 The unaccounted-at risk for CVD could be
due to contributions coming from factors not considered in the risk engine, which underscores the importance of measurement
tools. The third iteration of the JointBritish Society guideline (JBS3), amore recent CVrisk predictionmodel, demonstrated that it
wasmore likely to identify both short- and long-term risks in the large proportion of SouthAsian patients when compared to other
risk assessment tools such as Framingham Risk Scores, ASCVD, and World Health Organization risk prediction charts.9

From pragmatic point of view, current medical therapy does not specifically target the underlying pathophysiological
defect responsible for the generation of the cardio-metabolic abnormality. The CMBCD concept unifies separate
components of an evolving disease pathology into a common thread with multiple targets for simultaneous prevention
and treatment to mitigate the rising cardio-metabolic risk. By focusing our efforts on understanding the CMBCD disease
spectrum, a comprehensive plan can be strategized for diagnosis, prevention, and treatment in LMICs. This review
intends to summarize the current knowledge of the CMBCD and highlight recently established or emerging risk factors
for CVD, especially relevant for LMICs. We will also discuss assessment tools for gauging CVD risk, followed by
various pharmacological and non-pharmacological measures and how they relate to the cellular/molecular abnormality
responsible for the CMBCD condition and their effectiveness in reducing the CVD risk.

Cardiometabolic-Based Chronic Disease and Its Pathogenesis
Insulin and other glucoregulatory hormones provide an integrated set of signals to maintain metabolic flexibility, ie, the
capacity of an organism to efficiently switch fuel utilization between fatty acids and glucose based on nutrient availability
and requirements.10 Metabolic flexibility is maintained by the mitochondria in close coordination with neuroendocrine
hormones by metabolizing nutrients and producing energy in the form of adenosine triphosphate, sustaining both energy
and metabolic homeostasis.11 The equilibrium translates into insulin’s metabolic and non-metabolic actions that pro-
foundly influence CV physiology, including glucose uptake in skeletal muscle and adipose tissue, glycogen synthesis in
skeletal muscles, suppression of gluconeogenesis, lipolysis inhibition, and modulation of vascular effects.12

Insulin resistance, typically characterized by decreased sensitivity and/or blunted insulin response, results from dysregulation
of nutrient fluxes.13 An erratic selection of fuels in mitochondria interrupts both fatty acid and glucose oxidation, triggering
a cascade of events that translates into impaired glucose tolerance/impaired fasting glucose and early T2DM.14Due to impairment
in insulin signalling, multiple intracellular steps of glucose metabolism and insulin-stimulated glucose disposal are affected in
different organs and tissues, encompassing the liver, skeletal muscle, adipose tissue, pancreas, and the brain.15 The pathophysiol-
ogy is further compounded by impaired β-cell function, increased oxidative stress and inflammation, endothelial dysfunction,
ectopic fat accumulation, and accumulation of advanced glycation end products.7 Thus, metabolic inflexibility comprises
impaired fat oxidation during fasting with impairment in switching from fat to glucose oxidation after a meal and impairment
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in β oxidation of fatty acids after exercise, which contributes to the development of insulin resistance and eventually sets up the
cascade leading up to CMBCD (Figure 1).7

CMBCD Continuum and Challenges in Low- and Middle-Income Countries
As described earlier, insulin plays a central driving force in glucose and lipid metabolism in multiple organs, including
skeletal muscle, adipose tissue, the liver, pancreas, and the heart—these organs and tissue affected by its dysregulation
manifesting as a continuum of the disease spectrum of CMBCD. Although the pathophysiology has not been fully
elucidated, insulin resistance along with β-cell dysfunction has been implicated as a primary risk factor for developing
a continuum of DBCD and consequently CMBCD.7 The DBCD/CMBCD care model acknowledges that diabetes is not
just a distinct disease characterized by hyperglycemia, but it exists as a continuum.5 The model describes four separate
stages, stage-I, representing “insulin resistance,” stage-II “prediabetes,” stage-III “type 2 diabetes,” and stage-IV
“vascular complications” that includes retinopathy, nephropathy, neuropathy, and related microvascular events. These
stages coincide with the CMBCD model, ie, stage-I “risk”, stage-II “Pre-disease”, stage-III “Disease”, stage-IV
“complications” (Figure 1).6 The complication-centric model emphasizes primary preventive care in the first stage of
insulin resistance. Moreover, it possibly improves patients’ quality of life, welfare, and overall health at a lower cost. The
outcomes are especially important in LMICs, lacking resources and practical solutions to combat the rising burden.

Further, proven therapies and strategies for controlling CMBCD may not be necessarily effective for LMICs.
A complex interaction of demographics, socio-economics, and epidemiological factors associated with dietary and
physical activity patterns has led to the alarming rise in these countries.16 Globalization and acculturation (changes in
original cultural pattern assimilating to a different culture) have changed the preference for certain foods and forms of
leisure/physical activity. With the ever-increasing migration of population from rural to an urban location, production and
distribution of high-fat, energy-dense food, increased processing of food, promotional food marketing has led to

Figure 1 Mitochondrial dysfunction plays a central role leading to metabolic perturbations in different organ systems, including skeletal muscle, heart, the liver, brain,
adipose tissue, pancreas, and blood vessels. Metabolic disturbances, including insulin resistance, dysglycemia, dyslipidemia, and hypertension, act as a metabolic driver
concurrently and independently to produce different stages of DBCD/ CMBCD. The four stages of DBCD and CMBCD are depicted at the bottom.
Notes: Adapted from: Kalra S, Unnikrishnan AG, Baruah MP, Sahay R, Bantwal G. Metabolic and Energy Imbalance in Dysglycemia Based Chronic Disease. Diabetes Metab
Syndr Obes. 2021;14:165–184. doi: 10.2147/DMSO.S286888. © 2021 Kalra et al. Creative Commons Attribution – Non-Commercial (unported, v3.0) License (http://
creativecommons.org/licenses/by-nc/3.0/).7

Abbreviations: ATP, adenosine triphosphate, CMBCD, cardiometabolic-based chronic disease; DBCD, dysglycemia-based chronic disease ROS, reactive oxygen species;
ETC, electron transport chain; VCAM, vascular cell adhesion molecule; ICAM, intracellular adhesion molecule.
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epidemiology transition in global disease burden.17 These evolutions have also encouraged the abandonment of tradi-
tional beliefs/behaviors that minimize the risk of overweight and the adoption of beliefs/behaviors that increase the risk
of overweight. For example, rural migrants in urban areas tend to abandon traditional diets rich in vegetables and cereal
in favor of high caloric food. These migrants have easy access to readily available fast foods, become less reliant on
home-cooked food, and have increased snacking between meals. Further, there have also been changes in patterns of
physical activity with increased use of motorized transport, increased sedentary recreation, and fewer opportunities for
recreational physical activity. These changes have led to a shift in demographic patterns with the rising burden of
metabolic disease among the succeeding generations.18,19

Furthermore, ever-increasing CVD and deaths in LMICs might also reflect differences in resources, capacity, access,
and healthcare systems. In addition, other factors such as poor access to trained healthcare providers, inadequate
provision of medications, low health literacy, political instability, limited health budgets, inadequate clinical expertise,
environmental pollution, food insecurity, and social disparity may limit the application of standard interventions.20 Thus,
the consequences are escalating and unsustainable healthcare costs due to CMBCD, which are often preventable.

The complex CMBCD paradigm in the LMIC population within the socio-economic and cultural context highlights
considerable heterogeneity of disease predisposition, clinical patterns, and socio-medical needs. As a result, there is an
increasing need for more advanced competency and multimodal strategies to control the rising tide of these non-
communicable disease burdens in LMICs. The evidence from randomized controlled trials and pragmatic trials has
shown that appropriate preventive care by controlling multiple risk factors and empowering individuals will reduce the
socio-economic burden in the long run.21 Since secondary and tertiary interventions are costlier, both economically and
in terms of disease burden, it becomes logical to intervene and prevent the development of multiple risk factors
responsible for CMBCD.

Multi-Factorial Risk Targeting Strategy for Overcoming CMBCD
Over the last two decades, remarkable progress has been made in some aspects of diabetes care. Advances in preventive
care have effectively reduced the burden of hypertension, hyperlipidemia, and hyperglycemia in HICs. However, their
incidence in LMIC continues to rise, driving CVD rates. This is especially true in South Asia and Latin America, where
barriers at the patient, provider, and system-level result in small proportions of patients achieving treatment goals. In
a multicenter survey in South and Central American (SACA) countries, poor glycemic control (fasting blood glucose ≥110
mg/dL) was observed in 78% of the patients, and the number of patients with HbA1c <7.0% was 43.2%.22 In the landmark
study, the center for cardiometabolic risk reduction in South Asia (CARRS) surveillance study, ~30% of known individuals
achieved target glycemic control of <7% but no improvements in BP control or reductions in smoking.23 In the CARRS
trial, 70.9% of the participants predominantly had HbA1c level ≥8% and systolic blood pressure (SBP) ≥140 mm Hg,
47.1% had HbA1c ≥8% and LDL-C ≥130 mg/dL, and 18.1% had all three abnormalities. Additionally, 6.8% of the
participants had pre-existing CVD, and most importantly, 39.4% had previous microvascular complications.24 The multi-
component strategy was associated with the achievement of combined diabetes care goals and larger reductions for each
risk factor compared with usual care suggesting that such strategy can be replicable in LMIC.

Several practice guidelines recommend blood pressure targets <130/80 mm Hg along with tight glycemic control. The
glycemic legacy effect of early intervention in newly diagnosed patients in the UKPDS and individuals with impaired glucose
tolerance in a diabetes prevention program has led to long-term reduction of cardiovascular–renal events and all-cause death.25

The use of a system-wide strategy to diagnose and treat patients with T2DM early and intensively, along with the use of other
medications for organ protection, might induce remission or maintain glycaemic durability with long-term benefits. Steno-2
(Denmark), J.DOIT3 (Japan) studies have demonstrated that multiple interventions, including lifestyle modification (LSM)
and pharmacological management for dysglycemia, dyslipidemia, and hypertension using renin–angiotensin system inhibi-
tors, anti-lipids (statins), antihypertensive, reduces micro-and macro-vascular complications.26,27 These further translated into
a long-term reduction in end-organ damage and supported the cost-effectiveness of the multifactorial treatment in primary
healthcare settings. These observations have also led to changes in practice guidelines, which recommend regular assessment
of risk factors and complications after accounting for demographic, biomedical, cognitive, psychosocial, and behavioral
profiles for individualizing treatment targets and strategies.
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When considering a multifactorial approach, it is important to recognize that diabetic dyslipidemia (a cluster of
plasma lipid and lipoprotein abnormalities), is metabolically closely linked to insulin resistance.28 Together, triglyceride-
rich lipoprotein cholesterol (TRL-C) {chylomicron, very-low-density lipoprotein (VLDL), intermediate-density lipopro-
tein (IDL-C)} and small dense LDL, principally all containing apolipoprotein B (apoB) comprise the atherogenic lipid
profile or nHDL-C (Figure 2). Thus, the malignant nature of diabetic dyslipidemia is not always revealed by the lipid
measures used in clinical practice, as LDL-C levels may remain within the normal range. Large-scale statin trials have
shown that despite marked ASCVD risk reduction, the residual risk of ASCVD in statin-treated patients remains as high
as 55–70%.29 Similarly, a meta-analysis of 62,154 statin-treated patients in 8 trials (4S, AFCAPS, LIPID, CARDS, TNT,
IDEAL, SPARCL, JUPITER) revealed that an increase in one standard deviation resulted in an increase in LDL-C, apoB,
and nHDL-C, which further increased the risk of CV events by 13%, 14%, and 16%, respectively.30 These findings
suggest an increased nHDL-C is associated with an increased risk of future CV events, even after controlling LDL-C
levels in the normal range with statins. There is ample evidence supporting nHDL-C in predicting residual and long-term
ASCVD risk in patients, especially those with diabetes. Subsequently, nHDL-C has already been included as a co-
primary target in the previous Expert Consensus of the Lipid Association of India.31 The European Society of Cardiology
also defines the targets for those at the high-risk and very high risk (Figure 3).32

Furthermore, evidence from studies evaluating risk factors demonstrated variation in disease pattern/phenotypic
differences from socio-cultural differences in diet and/or lifestyle. Four distinct clusters of T2DM were identified in
the Indian and Chinese population based on clinical presentation, presence/absence of insulin resistance, and β cell
dysfunction.33 In the Indian population, clusters were termed as severe insulin-deficient diabetes (SIDD), insulin-resistant
obese diabetes (IROD), combined insulin-resistant, and deficient diabetes (CIRDD) and mild age-related diabetes
(MARD).33 On the other hand, the Chinese population had SIDD, severe insulin-resistant diabetes (SIRD), mild-
obesity-related diabetes (MOD), and MARD.34 China National Diabetes and Metabolic Disorders survey could identify
clusters similar to the European study with MARD comprised nearly half the participants of the total population studied.

Figure 2 The atherogenic lipoprotein consists of chylomicrons, VLDL-C, IDL-C, and LDL-C.
Abbreviations: HDL-C, high-density lipoprotein cholesterol; IDL-C, intermediate-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; VLDL-C,
very low-density lipoprotein-cholesterol; nHDL-C, non-high-density lipoprotein-cholesterol.
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In contrast to the European studies, the INSPIRED study could identify two distinct phenotypes, CIRDD (7.6%) and
IROD (30.3%), with a higher risk for nephropathy. These clusters were associated with higher adiposity (increased waist
circumference) and insulin resistance that is difficult to control with conventional oral anti-diabetics.33

Recognizing the growing burden of hypertension and diabetes and their co-existence as a continuum leading up to CV
complications across all segments of the population, as seen in the Indian Council of Medical Research–India Diabetes
(ICMR-INDIAB) study,35 the Ministry of Health & Family Welfare, Government of India has initiated an integrated
program for screening and managing these conditions under its umbrella scheme National Health Mission and the
National Programme for Prevention and Control of Cancer, Diabetes, Cardiovascular Disease, and Stroke.36 The adults
aged ≥30 years in the community will be encouraged to undergo universal screening for hypertension and diabetes, and
subsequently, potential cases will be referred to the higher-level facilities. Under the Integrated Tracking, Referral,
Electronic decision support and Care coordination (I-TREC) program, an effort will be made to systematically integrate
the management of hypertension and diabetes at all levels of the public healthcare system.37

Risk Assessment Strategies and Tools
The multifactorial nature of ASCVD has led to the development of several multivariable risk assessment tools to evaluate
CVD risk, including Framingham risk score, SCORE algorithm, the German PROCAM model, the UK QRISK and
QRISK2 equations, World Health Organization risk chart, the 2013 Pooled Cohort risk equations, the Globorisk
cardiovascular risk equation, and the JBS3 risk score. However, due to lack of systemic validation in prospective studies
and generalizability of results in a specific ethnicity, including LMICs have limited its use in certain populations. The
South Asian population (India, Pakistan, Bangladesh, Nepal, Sri Lanka) representing approximately one-quarter of the
world’s population are particularly at an increased risk of premature CVD due to a combination of environmental and
genetic factors; their enhanced susceptibility to CVD is associated with developing CV risk factors at an earlier age.38

While the data from North American and European observational studies have informed these cardiovascular risk scores,
there is a paucity of data in South Asian populations. Also, earlier comparative studies evaluating some cardiovascular
risk calculators have highlighted their poor performance when analyzing ethnic groups.39

Figure 3 Targets for nHDL modification to reduce cardiovascular risk. The nHDL targets should be 2.6 mmol/L (less than 100 mg/dL) and 3.3 mmol/L (less than 130 mg/dL)
in those at very high and high total CV risk, respectively, as per the 2019 ESC/EAS Guidelines for the management of dyslipidemia.
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Most recently, the JBS3 risk score was developed using data from the QRISK2 cohort of United Kingdom-based
patients, including 320,018 in the derivation and 95,983 South Asian patients in the validation cohorts. The JBS3 risk
score predicts both a short-term risk (10-year) and the lifetime risk of CVD using conventional and non-conventional risk
factors. It recognizes and encompasses a large patient population at a lower or intermediate 10-year risk but has a high
lifetime risk, and in whom long-term exposure to CVD risk drives atherogenesis. These individuals would not likely
receive pharmacological therapy but are more likely to adopt risk-preventing strategies such as lifestyle changes, diet,
and behavioral therapy.

JBS risk score has been able to identify 65%, the highest proportion of patients with high cardiovascular risk, while
ACC/AHA and WHO risk scores using the same patient population identified only 28.7% and 21.3%, respectively, as the
high risk among migrant South Asian population40 (Figure 4). Importantly, this large variability between risk prediction
models is supported by Bansal and co-workers who reported similar findings through their analysis of a native South
Asian population.41 Therefore, the JBS3 risk score can help identify and consequentially manage the sizable number of
individuals at lower short-term risk through early LSM and by use of approved pharmacotherapy in the high-risk
populations.

CMBCD Management
Extensive research has shown that individuals with a lower risk profile in the middle age have substantially lowered the
CV and non-CV mortality, improved survival, and also lowered lifetime risk of CVD events compared to those without

Figure 4 JBS3 risk score (65%) identified the highest proportion of patients as “high risk,” ie, >20% 10-year cardiovascular risk vs ACC/AHA risk score (28.9%), FRS (46.3%),
WHO risk score (21.3%).
Notes: Reprinted with permission from: Findlay SG, Kasliwal RR, Bansal M, Tarique A, Zaman A. A comparison of cardiovascular risk scores in native and migrant South
Asian populations. SSM Popul Health. 2020;11:100594. doi:10.1016/j.ssmph.2020.100594. © 2020 The Author(s). Published by Elsevier Ltd. CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).40

Abbreviations: FRS, Framingham Risk Score; JBS, Joint British Society; ACC/AHA, American College of Cardiology/American Heart Association; WHO, World Health
Organisation.
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the risk profile.42 Moreover, those with a low CVD risk profile are also associated with a higher quality of life and lower
medical expenses, which is crucial in LMICs.43 The clinical trial experiences, observational studies, and real-world
programs in HICs have provided evidence that multiple lifestyle-related factors need to be targeted simultaneously to
achieve a low CVD risk profile.44 However, socio-cultural and healthcare systems in the LMICs may play differential
effects for pharmacological therapies on CVD. For instance, in the Anti-hypertensive and Lipid-Lowering Treatment to
Prevent Heart Attack Trial (ALLHAT), the African Americans in the renin–angiotensin blocker’s arm experienced
a higher risk for strokes and other CVD events.45 Among LMICs, particularly in rural regions in a country like India,
where 70% of the population resides, poor infrastructure in low resource settings continues to be a challenge. Besides,
there is minimal interaction with the primary care physician who could screen and deliver preventive care. Therefore,
there is necessity for improving cultural sensitivity among the healthcare provider for delivery of comprehensive care.

Furthermore, the guidelines in LMICs are inadequate in terms of applicability, clarity, and dissemination plan.46 The
reduction in CVD seen in HICs has been primarily attributed to the healthcare policies introduced to reduce risk factors
and strengthen the primary healthcare system. In contrast, LMICs with steadily rising CVD have not benefitted because
the policies for reducing risk factors have not been widely adopted. Also, the therapies are not affordable for most people,
and there is a lack of social protection such as insurance for a large fraction of the population. Therefore, concerted
efforts are needed in LMICs for ensuring reliable access to healthcare, delivery of localized guidelines, and strengthen
the primary preventive strategies.

Nonetheless, metabolic drivers, underlying CMBCD are influenced by modifiable risk factors that serve as interven-
tional targets to prevent downstream cardiovascular disease (CVD). Thus, targeting the upstream drivers, namely,
dysglycemia, dyslipidemia, and hypertension that interact at the level of insulin resistance, could potentially prevent
micro- as well as macro-vascular complications. Interventions can be applied at each CMBCD stage, depending on
pathophysiological targets and clinical goals. If implemented successfully, this approach would facilitate earlier and more
effective intervention, in contrast with practice standards that focus on downstream CVD presentations and
complications.

Non-Pharmacological Intervention
Overcoming Cultural Barriers
Primary care physician often overlooks the crucial sociocultural factors that represent significant barriers that can
challenge attainment of target goals of treatment.47 A key element to overcome these barriers is to communicate during
clinician-patient interaction effectively. The treating physician should rapidly assess social and cultural factors that might
influence comprehensive care including, the patient’s educational status, health literacy, family support, employment
status, availability of health insurance, financial health, dietary patterns, and access to medication. By acknowledging the
cultural perceptions of health unique to each individual, the physician should further specifically tailor effective programs
and treating strategies using information and support in suitable language and culturally appropriate settings. Therefore,
documentation of key insights and risk factors from these initial evaluations will help maintain continuity of care and
may prevent adverse health outcomes arising due to sociocultural barriers.

Lifestyle Management (Caloric Restriction and Exercise)
Primordial prevention targeting pathophysiological changes that cause abnormalities in adiposity and primary prevention
by detecting risk factors is the foundation for building the measures to prevent or delay the development of the
underlying defect of insulin resistance. LSM has been the cornerstone for managing chronic debilitating diseases
associated with insulin resistance.48 Elimination of modifiable risk factors, including an unhealthy lifestyle, allows for
the prevention of 80% of CVD.49 The data on prevention trials in high-risk populations for T2DM in LMICs are limited.
In China, 30-year follow-up data from the Da Qing Diabetes Prevention Outcome Study showed that LSM in individuals
with prediabetes reduces long-term risks of T2DM, microvascular complications, CVD, CV mortality, and all-cause
mortality.50 Similarly, in the Indian Diabetes Prevention Programme, lifestyle intervention among participants with
impaired glucose tolerance resulted in substantial reductions in T2DM incidence among participants.51
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Research evidence show that a diet containing an abundance of fruits and vegetables, fish, whole grains offers
significant protection and lowers CVD risk.52 The National Dietary Guidelines Consensus Group recommends reducing
carbohydrates and high glycemic foods, preferential intake of complex carbohydrates, higher intake of fiber and
unsaturated fats, reduction in transfatty acids, and salt intake, etc.53 Traditional diets in LMIC, once rich in whole grains
and dietary fibers, now include highly refined carbohydrates, such as polished white rice and refined flours. Global
Nutrition and Epidemiologic Transition Initiative recommended increasing whole grain and cereal fiber consumption and
reducing total and high-glycemic index carbohydrate strategies to prevent T2DM and CVD in the general population.54

Moreover, the WHO recommended taxation of sugar-sweetened beverages based on the association between consump-
tion of them and increased rates of overweight and obese people.55 Thus, effective policy implementation strategies for
improving healthy consumption of food may mitigate the rise of the epidemic of CMBCD in LMICs.

Further, physical activity and exercise have also been extensively studied for their effect on metabolic flexibility.11

Evidence shows that exercise reduces glucose intolerance and cardiometabolic risk factors by increasing insulin
sensitivity. For example, a daily threshold for a relatively small volume of physical activity is protective in reducing
the transition of those with impaired glucose tolerance to frank T2DM.56 The AHA/ACC recommends 150 min/week of
moderate to vigorous physical activity or 75 minutes per week of vigorous-intensity physical activity.57 Likewise, the
World Health Organization launched the process to develop a new Global Action Plan to promote physical activity and
requested to develop global monitoring and reporting systems to reduce the NCD burden.58

Lifestyle interventions also reduce hypertension in the individual without impaired glucose tolerance, which has led
to establishing a systematic, individual-level prevention program for patients with T2DM in HICs.59 A comprehensive
LSM, including group therapy, behavioral strategies, frequent monitoring of food intake, and high regular physical
activity levels, is recommended to reduce the morbidity and mortality related to the CMBCD disease spectrum,
especially in LMIC.60 In the resource constraint setting, a team-based care approach is an effective strategy for
preventing CVD, and where appropriate, the use of an approved pharmacotherapy is recommended.

Pharmacological Interventions
Most LSM interventions have been shown to induce only modest changes in targeted behaviors but have been proven
difficult to achieve in the real world. Approximately 25% of LSM programs reduce treatment success due to non-
compliance leading to a general perception that almost no one succeeds in the long-term maintenance.61 Therefore,
secondary prevention patient-strategies come into play at this stage to prevent disease progression or a secondary
complication by addressing underlying pathophysiology. These are targeted at the fundamental metabolic drivers that
are deranged, ie, dysglycemia, dyslipidemia, and the secondary pro-inflammatory, pro-thrombotic vascular changes
leading to hypertension, secondary to persistent insulin resistance.

In the last decade, the availability of multiple treatment choices for managing T2DM and complications has made the
therapeutic decision more complicated. As supported by multiple RCTs, blood glucose reduction, blood pressure, and
lipid levels using a polypill approach have improved multiple risk factors in both LMICs and HICs.24,26,27,62

A subsequent meta-analysis of these randomized controlled trials substantiated that reduction of HbA1c by 0.9%, SBP
by 10 mmHg, and LDL-C concentration by 39 mg/dl individually reduced the risk of CVD, all-cause of death, or both by
10–20%, independent of other risk factors.63 Although the population values of HbA1c, blood pressure, and LDL
cholesterol concentration are not known in many cases, we assume that most diagnosed individuals can benefit from
a further reduction in risk factors.

An increasing body of evidence has accumulated, indicating a link between mitochondrial dysfunction and insulin
resistance.14 This has opened a window for new therapeutic strategies aimed to preserve/ameliorate mitochondrial
function. Insulin-sensitizing agent thiazolidinediones (TZD), a peroxisome proliferator-activated receptor-gamma
(PPAR-γ), exerts an anti-diabetic effect by altering transcription of several genes involved in glucose and lipid
metabolism and energy balance.64 However, TZDs are commonly associated with weight gain features and a possible
risk of bladder cancer. Studies have attempted to elucidate the mechanisms behind the apparent paradox found
a favorable shift in fat distribution from visceral to subcutaneous adipose depots that are associated with improvements
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in hepatic and peripheral tissue insulin sensitivity.65 These observations may have clinical relevance to TZDs’ mechan-
ism of action, as in humans, visceral adiposity is associated with insulin resistance.

Newer agents, such as sodium-glucose cotransporter 2 inhibitors (SGLT2i) and glucagon-like peptide 1 receptor
agonists (GLP-1RA), in particular, have gained traction in the last few years; however, they are relatively expensive and
have limited availability. These drugs are indicated for patients deemed as “very high risk” or “high risk,” including those
with T2DM and CVD, diabetes without ASCVD but with other target organ damage (proteinuria, renal impairment
defined as eGFR <30mL/min/1.73 m2, left ventricular hypertrophy, or retinopathy), or those with diabetes with three or
more major risk factors (aged 50 years or older, hypertension, dyslipidemia, smoking, and obesity), T1DM duration of
>20 years, or diabetes duration ≥10 years without target organ damage, plus any other additional risk factor as per the
ESC guideline.63 Table 1 summarizes medication used for the treatment of T2DM.

Unfortunately, the benefits of SGLT2i are not without risk. These are prescribed with caution in those with T2DM and
are also not approved for T1DM, mainly due to the risk of ketoacidosis.66 Besides, they have been shown to induce
hyperglucagonemia and stimulate hepatic gluconeogenesis. The glucosuria produced by SGLT2i stimulates endogenous
glucose production (EGP), and that the increase in EGP offsets by 50% the amount of glucose lost in the urine.67 The
increase in EGP in individuals with T2DM is paradoxical in that it occurs while the plasma glucose concentration is
within the hyperglycemic range. Finally, there is an increased susceptibility to genital and urinary tract infections.

Table 1 Summary of Medication Used for Treatment of Type 2 Diabetes Mellitus

Drug Mechanism of Action Clinical Effects Side Effects

Metformin70 i. Exerts a weak and reversible selective

inhibition of Complex-1 of mitochondrial
respiratory chain leading to secondary

activation of AMPK, regulating glucose and

lipid metabolism.71

ii. Enhances peripheral muscle glucose

uptake and utilization by increasing insulin

sensitivity
iii. Reduces hepatic gluconeogenesis and

intestinal glucose absorption

iv. Alters endocrine function in the
pancreas

i. Reduces blood glucose (HbA1c) without

causing hypoglycemia and weight gain.
ii. Reduces CVD risk

iii. Reduces LDL and increases HDL

iv. Decreases food intake and body weight
v. Modulates inflammatory markers

Lactic acidosis (rare), abdominal

distention, diarrhea, nausea,
vitamin B12 deficiency

SGLT-2
inhibitors72,73

i. Inhibit glucose reabsorption in the
proximal tubule of the kidney leading to

diuresis and natriuresis

Other potential mechanisms
ii. Improve cardiac mitochondrial

bioenergetics

iii. Reduce inflammation

i.Reduce incidence of CV deaths and heart
failure hospitalization in people with and

without T2DM and those with and

without prevalent heart failure.
ii. Reduce blood glucose/HbA1c

ii. Reduce in blood pressure

iv. Increase HDL-C and TGs
v. Reduce weight

Urinary tract infection, genital
mycotic infection, Increased

urination

Dyslipidemia (increase in LDL-C)

Sulfonylureas74 i. Increase release of insulin through the
stimulation of pancreatic beta cells by

binding to a subunit of potassium ATP-

dependent channels (sulphonylurea
receptor).

ii. Increase growth and sensitivity of insulin

receptors on other tissues like adipocytes
and triggering hepatic gluconeogenesis

i. Reduce blood glucose (HbA1c) Hypoglycemia,
weight gain

(Continued)
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Likewise, semaglutide once-weekly SC and oral once-daily have been extensively studied in the SUSTAIN and
PIONEER trials, respectively, for CVD risk reduction. There was a reduced relative and absolute risk of MACE with
semaglutide vs comparators across the spectrum of baseline CV risk scores; however, the risk reduction was small, and
there was a trend (p = 0.06) towards the largest relative risk reduction occurring in those with lowest CV risk.68 Besides
inconvenience in SC dosing, patients and the treating physicians have reported non-adherence to the treatment with GLP-
1RA in large part due to gastrointestinal side effects. Also, most of these trials on SGLT2i and GLP-1RA have reported
unprecedented CV benefits in secondary prevention of CVD and outcomes.69

The early onset of metabolic derangement with a high lifetime risk of developing complications in the young
population might benefit most from drugs with a low risk of hypoglycemia and weight gain. These elements provide
a strong business case for investing in intervention controlling multiple risk factors. Newer agents certainly have a role to
play in managing risk factors for CVD while balancing side-effects and affordability issues. Due to the critical standpoint
of mitochondria upstream of CMBCD in the multiple target organs, it seems to be an attractive strategy to prevent insulin
resistance.7 Targeting the metabolic inflexibility and correcting the mitochondrial defect could offer ways of correcting
the fundamental underlying defect and improve the entire spectrum of CMBCD.

Table 1 (Continued).

Drug Mechanism of Action Clinical Effects Side Effects

Thiazolidinediones75 Regulate gene expression through binding

to peroxisome proliferator-activated

receptor-gamma (PPAR-gamma) in skeletal
muscle, adipose tissue, and hepatocytes,

causing

i. Decrease hepatic gluconeogenesis,
ii. Increase insulin-dependent glucose

uptake in skeletal muscle and adipose

tissue.
iii. Increase adiponectin levels

i. Reduce blood glucose (HbA1c) without

causing hypoglycemia.

ii. Improve insulin sensitivity in insulin-
resistant individuals

iii. Increase HDL-C

iv. Reduce sdLDL and TGs
v. Increases adiponectin

vi. Reduces blood pressure

vii. Reduces inflammation
viii. Reduces procoagulant state

ix. Preserves β-cell function

Edema, congestive heart failure

(rosiglitazone), weight gain,

fractures, risk of bladder cancer
(pioglitazone, rare)

DPP-4 inhibitor76 i. Prevents the degradation of glucagon-like

peptide-1 and enhances its insulinotropic

effects

i. Reduces fasting and postprandial blood

glucose (HbA1c) without causing

hypoglycemia
ii. Weight neutral

Increase the risk of acute

pancreatitis (rare).

Isolated cases of arthralgia and
bullous pemphigoid

GLP-1 receptor
agonist77,78

i. Regulates the expression of beta-cell
genes by inhibiting beta-cell apoptosis,

preventing beta-cell glucolipotoxicity, and

improving beta-cell function, causing
ii. Improves insulin sensitivity

iii. Decreases glucagon

iv. Slows gastric emptying
v. Increases satiety

vi. Reduces free fatty acid

i. Reduces fasting and postprandial blood
glucose (HbA1c) without causing

hypoglycemia

ii. Reduces bodyweight
iii. Reduces systolic blood pressure

iv. Reduction in LDL-C and total

cholesterol.
v. Reduces cardiovascular and

microvascular complications

Common: Gastrointestinal
symptoms, including nausea,

vomiting, diarrhea.

Others: Headache and
nasopharyngitis

Alpha glycosidase

inhibitor79
i. Inhibits the absorption of carbohydrates

from the small intestine, competitively

inhibit an enzyme that converts complex
carbohydrates to simple

i. Reduces postprandial blood glucose

(HbA1c)

Gastrointestinal: Flatulence,

diarrhea, abdominal pain

Abbreviations: ATP, adenosine triphosphate; CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; HbA1c, glycated hemoglobin;
HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; sdLDL-C, small density low-density lipoprotein-cholesterol; SGLT-2, sodium-
glucose cotransporter 2 inhibitor; TG, triglyceride.
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Conclusion
Clinicians need to recognize cardiometabolic-based chronic disease that encompasses insulin resistance, dysglycemia,
dyslipidemia, hypertension, and associated micro- and macro-vascular complications. A comprehensive improvised
assessment of risk is necessary for low- and middle-income countries with high young-onset diabetes rates with multiple
phenotypes. In the diverse population, intensive focus is needed for educating patients to overcome sociocultural barriers,
ensure reliable access to healthcare, develop and deliver guidelines that can be applied locally, and strengthen the primary
preventive strategies to mitigate the increasing burden of CMBCD.

Structured lifestyle change involving healthy eating patterns and physical activity, judicious use of cardioprotective
pharmacotherapy based on data points for patients with established ASCVD or risk factors is warranted in resource
constraint settings. Sustained reduction of common cardiometabolic risk factors using drugs that reduce lipids, blood
glucose, and systolic blood pressure is currently recommended. Future research should focus on pharmacological therapy
targeting mitochondrial dysfunction upstream of CMBCD, which can restore metabolic flexibility and manage multiple
interlinked conditions associated with insulin resistance, including dysglycemia, hypertension, and dyslipidemia.
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