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Abstract

Obesity contributes to reduced life expectancy because of its link with type 2 diabetes and 

cardiovascular disease. Yet targeting this poorly diagnosed, ill-defined and under-addressed 

modifiable risk factor remains a challenge. In this review, we emphasize that the tendency 

among healthcare professionals to amalgam all forms of obesity altogether as a single entity 

may contribute to such difficulties and discrepancies. Obesity is a heterogeneous condition both 

in terms of causes and health consequences. Attention should be given to two prevalent subgroups 
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of individuals: 1- patients who are overweight or moderately obese with excess visceral adipose 

tissue; and 2- patients with severe obesity, the latter group having distinct additional health issues 

related to their large body fat mass. The challenge of tackling high cardiovascular risk forms of 

obesity through a combination of personalized clinical approaches and population-based solutions 

is compounded by the current obesogenic environment and economy.

CONDENSED ABSTRACT

The tendency among healthcare professionals to amalgam all forms of obesity altogether as a 

single entity contributes to the challenges in addressing this modifiable risk factor. Obesity is a 

heterogeneous condition pointing to the use of the term “obesities”. Attention should be given to 

two prevalent subgroups of individuals: 1- patients who are overweight or moderately obese with 

excess visceral adipose tissue; and 2- patients with severe obesity, who often have health issues 

related to excess total body fat accumulation. The challenge of tackling high cardiovascular risk 

forms of obesity is compounded by the current obesogenic environment and economy.
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Introduction - Clinical Vignettes

CASE #1 (Figure 1):

A 49-year-old sedentary man with acute chest pain is sent to the coronary catheterization lab 

for progressive debilitating angina. The angiogram reveals the culprit lesion responsible for 

his symptoms: significant stenosis of the mid-portion of the left anterior descending artery. 

A drug-eluting stent is placed and the patient recovers completely. The patient’s medical 

record does not reveal major alterations in traditional cardiovascular disease (CVD) risk 

factors. Apart from being sedentary and stressed out by a demanding executive job, the 

patient weighs 185 pounds (83.9 kg) at 5’8”(1.73 m) is not obese (body mass index [BMI] 

of 28 kg/m2) with a waist circumference of 125 cm. He does not smoke (tobacco, cannabis), 

has a blood pressure of 135/85 mmHg, has a low-density lipoprotein cholesterol (LDL-C) of 

125 mg/dl (3.2 mmol/l) and does not have diabetes. Because radial access was used and the 

procedure was performed without complications, the patient is discharged from the hospital 

within 24 hours with statin, beta-blockers, ACE inhibitors and antithrombotic treatments in 

line with clinical guidelines. The patient leaves with recommendations on how to improve 

his diet and to exercise, but no specific counselling or follow-up of his lifestyle habits is 

provided.

CASE #2 (Figure 2):

A 41-year-old female computer programmer presents to her primary care physician with 

symptoms of exertional dyspnea, nighttime cough and pedal edema for the last 4 months. 

Being 5’2” (1.57 m) tall and weighing 285 pounds (129.3 kg), she has a BMI of 52 kg/m2. 

She also has shortness of breath when she bends over to tie her shoes. Blood pressure is 

147/91 mmHg. Physical exam is significant for severe obesity, faint crackles in both lung 
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fields, presence of S4 and mild pitting edema of her lower extremities. The echocardiogram 

shows concentric severe left ventricular hypertrophy and left ventricular ejection fraction of 

56%. Diastolic parameters are suggestive of grade 2 diastolic dysfunction with enlarged left 

atrium, elevated filling pressure and mild pulmonary hypertension. There is no significant 

valvular disease. She shows dysglycemia as well as low high-density lipoprotein cholesterol 

(HDL-C) (39 mg/dl; 1.00 mmol/l) and high triglyceride (204 mg/dl; 2.3 mmol/l) levels with 

LDL-C at 148 mg/dl (3.8 mmol/l). She is placed on antihypertensive therapy and a low 

dose loop diuretic, with recommendations on how to improve her diet and to exercise, but 

without follow-up of her lifestyle habits, evaluation for bariatric surgery or pharmacological 

treatment.

2. Why cardiologists should pay attention to obesity

The present paper is based on the observation that the number of cases such as those 

in the vignettes is increasing in tertiary cardiology centers. This is an alarming situation 

because these patients are often young and may not always have major abnormalities in 

their traditional CVD risk factors. Regarding Case #1, the apparently harmless variation in 

traditional CVD risk factors observed hides a poorly recognized and undiagnosed condition 

that puts him at higher risk for premature coronary artery disease (CAD): excess visceral 

adipose tissue (VAT) and ectopic fat. As discussed later, due to his apparently harmless 

and common BMI, he was not diagnosed with the presence of excessive “inner” body 

fat. This issue has been well documented more than 10 years ago (1). Because this 

largely unrecognized form of overweight/obesity is associated with metabolic abnormalities 

increasing the risk of premature CAD and of other adverse cardiovascular outcomes, we will 

review the evidence supporting the notion that cardiologists should pay more attention to 

this high-risk form of overweight/obesity.

For Case #2, severe obesity (WHO class III, BMI ≥40 kg/m2) and a sedentary lifestyle 

contribute to early onset of stage B and subsequently stage C heart failure (2), often with 

preserved rather than reduced left ventricular ejection fraction but with diastolic dysfunction 

along with evidence for end-organ damage and marked hemodynamic stress. We address 

issues relevant to this rapidly expanding group of patients who are at high risk for heart 

failure and other obesity-related comorbidities that should now be a major focus area for 

cardiologists.

3. From obesity to obesities: heterogeneous causes and consequences

The prevalence of obesity, defined by excess body fat causing prejudice to health (3) has 

increased globally over the last few decades (4). Data from the Behavioral Risk Factor 

Surveillance System (Figure 3) have confirmed over the last decade the continuing growth 

in the prevalence of obesity (defined by a BMI of ≥30 kg/m2) in the U.S., with 12 

states showing a prevalence ≥35% (5). Using direct measurements of height and weight, 

the National Health and Nutrition Examination Survey documented that the age-adjusted 

prevalence of obesity was even higher reaching 42.4% of the adult U.S. population in 

2017-18 (6). Despite these staggering figures, obesity remains a puzzling and challenging 

CVD modifiable risk factor for clinicians regarding its causes, health consequences and 
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management (3). There is a long list of environmental and biological factors leading to 

excess body fat accumulation causing prejudice to health, although a discussion on this 

complex topic is beyond the scope of this article.

Despite the well-documented J-shaped relationship between BMI and mortality (3), patients 

with obesity are quite heterogeneous in terms of CVD risk factors and abnormal cardiac 

features (7). This phenomenon has even led some investigators to propose the term 

“metabolically healthy” obesity (8) to describe a group of patients at much lower health 

risk than expected from their body fat excess. Whether there is a subgroup of truly 

“metabolically healthy obese” individuals remains a debated issue, and they are likely less 

prevalent than initially proposed (9, 10). Most importantly, it may be simply a matter of time 

for these presumably low-risk individuals to eventually develop cardiovascular comorbidities 

(11-13). Nevertheless, these findings highlight the remarkable individual variation in the 

CVD risk profile observed even within the same BMI category or at the same amount of 

total body fat. Such heterogeneity makes it difficult to position obesity as a whole among the 

modifiable CVD risk factors.

4. Visceral obesity: a high-risk form of overweight/obesity

The use of imaging techniques to study body composition and assess adiposity has been 

a remarkable advance in obesity research (14-16). First with computed tomography (CT) 

and then with magnetic resonance imaging (MRI), it has become possible to visualize and 

assess with great accuracy the size of various body fat depots. Reviewing the extensive body 

of work conducted using these imaging techniques is beyond the scope of this paper and 

many comprehensive review articles have already addressed this topic (10, 14, 17-23). These 

studies have consistently shown that: 1- at any BMI value, there is substantial individual 

variation in abdominal adiposity; and 2- such variation in body fat topography is predictive 

of marked differences in the cardiometabolic risk profile. Irrespective of BMI, excess 

VAT has been associated with insulin resistance and type 2 diabetes (T2D). The overall 

dysmetabolic state observed among individuals with visceral obesity is not limited to insulin 

resistance, T2D and atherogenic dyslipidemia. It also includes alterations in the profile of 

inflammatory cytokines, including those secreted by adipose tissue itself (adipokines) (24, 

25), generating a chronic state of low-grade inflammation (26).

Although visceral obesity is clearly associated with many metabolic abnormalities (17), 

causality of the relationship between expanded VAT and clinical outcomes remains 

unclear (27). Three nonexclusive scenarios have been proposed to explain the increased 

cardiometabolic risk of visceral obesity (17-19, 22):

1- The enlarged VAT mass exposes the liver, through the portal circulation, to high levels 

of free fatty acids which impair hepatic lipid and carbohydrate metabolism particularly 

in the postprandial state (28-30). This increased fatty acid flux may contribute to tissue 

insulin resistance, increased hepatic glucose production and beta cell dysfunction (31, 32). 

Such high plasma fatty acid flux in the face of hyperinsulinemia is associated with liver 

steatosis (33), higher risk of developing T2D (34) and increased cardiovascular risk score 
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(35). However, VAT does not contribute as much to the hepatic or systemic fatty acid fluxes 

as do subcutaneous adipose tissues (27).

2- The expanded visceral fat depot becomes infiltrated by pro-inflammatory macrophages 

and this process is accompanied by altered secretion of adipocytokines (such as increased 

interleukin-6 and tumor necrosis factor-alpha and reduced adiponectin), leading to chronic, 

low-grade inflammation, with adverse local and systemic metabolic consequences, as 

reviewed (36, 37).

3- Excess visceral adiposity is a marker of dysfunctional subcutaneous adipose tissue, which 

could be either absent or, more often, unable to fully play its role as a protective lipid 

storage organ. Excess visceral fat accumulation may, therefore, be a consequence of the 

saturation of the capacity of subcutaneous adipose tissue to act as a protective storage site 

when facing caloric surplus (38). Such capacity of subcutaneous adipose tissue to handle 

and store an energy excess varies widely and may explain the low cardiometabolic risk of 

some individuals (39, 40). Genetic and acquired lipodystrophies lead to excessive ectopic 

lipid deposition in lean tissues, with a high risk of developing T2D and CVD (41, 42). 

Similarly, large-scale genomic studies have demonstrated that a genetic score linked to high 

circulating insulin, triglyceride and low HDL-C levels is associated with T2D and CVD 

events, underpinned by reduced peripheral adipose tissue mass (43).

Tracer and imaging studies have shown reduced storage of dietary fat per volume of 

abdominal fat tissue in individuals with obesity (44-46). This is associated with increased 

partitioning of fat in the myocardium and reduced left ventricular ejection fraction 

in patients with prediabetes (47). Both reduced intra-abdominal uptake and increased 

myocardial partitioning of dietary fat are corrected after modest weight loss from lifestyle 

changes in prediabetes (48) or within 12 days after bariatric surgery in patients with T2D 

and severe obesity (49). In contrast, 7-day overfeeding in healthy individuals leads to rapid 

increases in subcutaneous adipose tissue storage of dietary fat, reducing the exposure of 

the heart and skeletal muscles to potentially toxic dietary fats during weight gain and the 

development of insulin resistance (50). These studies suggest that metabolic flexibility 

of adipose tissues helps dealing with periods of caloric excesses. Dynamic metabolic 

adaptation to store dietary fats in different adipose tissue depots may vary depending on 

the dysmetabolic state: it is preferentially retained in subcutaneous adipose tissues in the 

healthy state, while intra-abdominal adipose tissues play a greater role in the dysmetabolic 

state. Although harmful over the long term, visceral fat expansion may represent a defense 

response against ectopic fat deposition.

An increasing number of studies support the notion that accumulation of lipids in 

ectopic sites is a consequence of dysfunctional adipose tissues (17-20, 22) and that such 

dysfunction clearly relates to adverse clinical outcomes. In other words, body fat quality 

and location matter. Ectopic fat depots have been postulated to contribute to cardiovascular 

complications, both indirectly through altered downstream CVD risk factors, as well as 

directly through lipotoxicity of circulating fatty acids, inflammatory, biologically active 

adipocytokines and a host of other molecular mechanisms (7, 10, 17, 19, 20, 51, 52). 

Because these notions are derived from observational and epidemiological studies, it is 
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important to emphasize the relevance of performing randomized CVD outcome trials testing 

the impact of interventions targeting visceral fat loss. In the meantime, the heterogeneity 

of obesity represents a challenge for clinicians who obviously need more than weight and 

height to identify adiposity phenotypes contributing to increase CVD risk. One practical 

approach may be to utilize the incidental fat distribution information that cardiologists 

obtain through imaging, for example, as a motivational tool to educate and counsel patients. 

Much like coronary artery calcium scoring leads to downstream preventive therapies and 

improved health behaviors, simply by virtue of providing concrete “visual” evidence of 

atherosclerosis, body fat imaging demonstrating a visceral/ectopic fat phenotype may be a 

powerful motivational tool for behavioral change and more aggressive preventive practices.

5. Severe obesity: a newly emerging condition in cardiology

In addition to individuals affected by visceral obesity, those with severe obesity (BMI values 

≥40 kg/m2 or BMI ≥35 kg/m2 with at least one comorbidity) (53, 54) now represent 9.2% of 

the U.S. population and this category has been growing rapidly (6). Estimates show that by 

2030, 25% of the U.S. population will live with severe obesity (55). The NCD Risk Factor 

Collaboration has provided the most extensive data on obesity prevalence worldwide in the 

past 40 years (56). These figures are a source of major concern both for clinical practice and 

public health.

Bariatric surgery is indicated in adult patients with a BMI ≥35 kg/m2 and at least one major 

obesity-related complication such as diabetes, hypertension, hyperlipidemia, CAD, severe 

reflux or obstructive sleep apnea among others; or in patients with BMI ≥40 kg/m2 without 

obesity-related diseases (54). To the cardiologist, this simple recommendation means that all 

patients in secondary prevention — patients with heart failure or with CVD risk factors and 

a BMI ≥35 kg/m2 — are potential candidates for bariatric surgery. Because this condition 

is termed “massive”, “morbid”, or “severe” obesity, cardiologists may think that most of 

their patients do not meet this diagnostic criterion. Patients with a BMI ≥35 kg/m2 are 

common in daily cardiology practice. Using BMI ≥40 kg/m2 as a threshold, severe obesity 

may represent as much as 19.7% of heart failure patients (57); using BMI ≥35 kg/m2 as 

the cut-off, it may represent up to 7.5% of patients who underwent coronary artery bypass 

grafting surgery (58). Patients with severe obesity are among those with the highest risk for 

morbidity and cardiovascular mortality. This group also tends to be younger with a high 

proportion of females and individuals from minorities (59, 60). Severe obesity is associated 

with additional major health issues that require specific attention compared to less severe 

and more common forms of obesity (21, 55, 59, 61, 62).

Thus, on the basis of the remarkable differences in phenotypic expression between the 

visceral vs. severe forms of obesity, cardiologists must be aware that the health risk of 

overweight/obesity cannot be solely and properly diagnosed on the basis of excess weight 

or elevated BMI alone. Among overweight and moderately obese patients, excess VAT 

accumulation and deposition of fat in undesired sites are key drivers of unfavorable health 

outcomes, irrespective of the patient’s body weight (7, 10, 17-20) (Figure 4). Severe obesity 

must also be recognized as it is associated with important health issues, and dealing with this 
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high-risk obesity phenotype is required in terms of health risk and clinical management (21) 

(Figure 4).

6. Obesities: a challenge for clinical assessment and CVD risk 

management

Although the foundation of CVD risk assessment for primary prevention remains the 

estimation of 10-year absolute risk using a risk calculator, the BMI has not emerged as 

a component of the Framingham or Pooled Cohort Equations (PCE) risk estimator functions 

(63), in contrast to the NICE risk calculator in the UK (https://qrisk.org/three/). While 

obesity is associated with worsening cardiovascular risk factors and increased risk for 

cardiovascular events, some of the events may not be fully explained by CVD risk factors 

incorporated in the PCE (7). Furthermore, the rate of observed events among some subsets 

of individuals who are obese may be lower than among those with a normal weight, a 

finding frequently referred to as the “obesity paradox” (64). A recent investigation including 

>37,000 participants found that the PCE overestimates the risk of CVD across the spectrum 

of BMI with less optimal prediction in the highest risk groups (e.g. those with BMI >40 

kg/m2). Moreover, approaches that have considered clinical measurements of obesity (e.g. 

BMI, waist circumference, and high-sensitivity C-reactive protein) as biomarkers into the 

PCE have failed to improve risk estimation compared with the standard PCE (65). It is 

important to keep in mind that: 1- PCE risk estimates could possibly be improved with 

measurements of visceral adiposity and ectopic fat; 2- high-risk adiposity phenotypes are 

key upstream drivers of altered CVD risk factors considered in the PCE.

Clinical tools other than BMI to estimate body fat and quantify the associated health risks 

include waist circumference (23), waist-to-hip ratio, waist-to-height ratio, bio-impedance, 

and dual-energy x-ray absorptiometry as well as many other indices (66). All of these 

methods do not directly measure visceral adiposity, so caution should be used when 

these anthropometric tools suggest only a mild increase in abdominal obesity and when 

laboratory and other markers (such as hypertriglyceridemia and excess liver fat by imaging) 

are indicative of a major expansion of the VAT depot. In the absence of direct, imaging

based tools such as CT and MRI for clinical use, a combination of anthropometry and 

laboratory markers may aid in the differentiation of high-risk adiposity phenotypes. Visceral 

obesity is often accompanied by more liver fat content driving an increased production of 

triglyceride-rich very-low-density lipoproteins. The combined presence of an elevated waist 

circumference and increased triglyceride levels has been associated with a high probability 

(~80%) for large VAT mass (67). Several studies have since confirmed the notion that 

the “hypertriglyceridemic-waist” phenotype is a simple and quick clinical tool to screen 

for the presence of excess VAT and ectopic fat. Within every BMI category, the presence 

of increased waist circumference (≥90 cm in men and ≥85 cm in women) accompanied 

by elevated triglyceride concentrations (≥177 mg/dl [2 mmol/l] in men and ≥133 mg/dl 

[1.5 mmol/l] in women) is predictive of visceral obesity. The joint ESC/EAS guidelines 

categorized high BMI, high waist circumference, or non-alcoholic steatohepatitis (NASH) as 

CVD risk modifiers (68). Other tools to estimate visceral adiposity have been proposed and 
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also include waist girth and triglyceride levels such as the lipid accumulation product (69) 

and the Visceral Adiposity Index (70).

7. Clinical management of high-risk obesity phenotypes

Lifestyle and prevention/remission of T2D in visceral obesity

It is well-documented that a daily regimen of moderate intensity endurance exercise (e.g. 

walking 30 min) acutely increases insulin sensitivity (71). Regular moderate intensity 

exercise leads to improvements in glucose tolerance and insulin levels even in the absence of 

weight loss (72, 73). A daily walk of 30-45 min is the simplest recommendation for patients 

with visceral obesity. Even with stable weight, data from the EPIC-Norfolk Study have 

shown that physically active abdominally obese individuals with features of the metabolic 

syndrome were at 50% lower risk for CAD compared to sedentary abdominally obese 

individuals, this was true in men and women (74). Beyond weight loss, physical activity 

should be considered as an important therapeutic objective in the management of the high

risk visceral obesity. Imaging studies have suggested that the improvements in glucose 

tolerance and insulin levels associated with regular endurance exercise were more closely 

related to the concomitant loss of VAT than to weight loss per se (75, 76). Discordant 

changes in body weight vs. visceral adiposity with regular exercise are expected, some 

high responders for VAT loss showing no or trivial weight loss. This phenomenon may be 

explained by skeletal muscle mass accretion with exercise in some sedentary patients (76, 

77).

Lifestyle modification should be the cornerstone of any prevention strategy for CVD in 

all obesities and stages of chronic disease (Figure 5). The most recent ACC/AHA and 

ESC/EAS guidelines on the primary prevention of CVD specifically recognize that plant

based and Mediterranean diets, along with increased fruit, nut, vegetable, legumes, and 

lean vegetable or animal protein (preferably fish) consumption, with the inherent soluble 

and insoluble vegetable fibers, have consistently been associated with lower risk of all

cause mortality than standard diets (68, 78). These diets, along with potential benefits on 

atherosclerosis and endothelial function (79), may also improve visceral adiposity, especially 

when combined with caloric restriction (80). Recent guidelines also recommend minimizing 

sugar-sweetened beverage intake as their increased consumption is correlated with higher 

risk for insulin resistance, VAT gain and mortality (81, 82).

Physical activity is an essential component of a lifestyle strategy to prevent adverse 

cardiovascular events (83). Considerable evidence supports recommendations for aerobic 

physical activity to lower CVD risk (84-86). One useful marker of sedentary behavior is a 

low level of cardiorespiratory fitness, which has been shown to be a powerful predictor of 

CVD risk (86). Meeting physical activity guidelines allows poorly fit individuals to increase 

cardiorespiratory fitness so that they are no longer in a high-risk category (86). This is why 

cardiorespiratory fitness, which does not have to be assessed by a maximal exercise test, 

should be considered as another important vital sign (86). VAT may be reduced by exercise 

without significant weight loss (20, 87). A recent meta-analysis of 3602 participants from 

17 randomized controlled trials demonstrated that exercise interventions resulted in greater 

reduction in VAT relative to weight loss than did pharmacological interventions, suggesting 
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that tracking weight loss alone underestimates its cardiovascular benefits (87). High-risk 

patients with visceral obesity should be advised to participate in comprehensive lifestyle 

programs supporting participants in adhering to quantitative and qualitative re-calibration of 

their diet and physical activity.

Clinical approaches for severe obesity

Guidelines suggest that clinical teams should provide counseling and promote lifestyle 

modifications before considering weight-loss surgery (53, 54, 88, 89). However, for most 

patients with severe obesity, such modifications alone are frequently ineffective for long

term weight loss maintenance and durable metabolic recovery. In the Look AHEAD trial, 

74% of individuals living with severe obesity undergoing intensive behavioral intervention 

did not maintain a weight loss ≥10% of initial body weight after 4 years. Accordingly, few 

benefits were observed in this subgroup for CVD risk factors (90).

A few different options are available including restrictive or restrictive/malabsorptive 

surgeries (61). Bariatric surgery in combination with lifestyle modification including 

exercise (91) can result in significant long-term weight loss (20 to 40% of initial body 

weight) and improvement or, in some cases, remission of obesity-related diseases, including 

T2D, sleep apnea, fatty liver disease and hypertension (92). .Advanced patient age alone is 

not a contraindication to bariatric surgery. The outcomes and complication rates for patients 

>60 years of age appear to be comparable to those of a younger population regardless of 

the surgical procedure performed (93). Contraindications for bariatric surgery include recent 

substance abuse, non-stable psychiatric conditions, diagnosis of cancer or life expectancy <5 

years (54).

8. Pharmacological management of diabetes and CVD: the adiposity 

connection

Despite its neutral effect on body weight and composition, metformin is still the first line 

of pharmacological therapy in most patients with T2D given its possible cardiovascular 

benefits, low cost and safety (94). Metformin exerts its glucose lowering effect through 

reduction in hepatic gluconeogenesis, but the underlying cellular mechanisms are still much 

debated (95). Metformin, however, does not alter the caloric balance of the body and its 

added cardiovascular value, if it exists, is limited. In contrast, glucagon-like peptide 1 

receptor agonists (GLP1-RA) and sodium-glucose cotransporter 2 (SGLT2) inhibitors have 

proven cardiovascular benefits at least in some populations and are now recommended as 

first-line therapy in patients with T2D and overt CVD (94) (Figure 5). GLP1-RA exert 

their glucose lowering effect by a combination of mechanisms (96). They increase the 

glucose-dependent stimulation of insulin secretion (i.e. incretin effect), that, in contrast 

to insulin treatment, does not cause hypoglycemia. They also slow gastric emptying and 

inhibit glucagon secretion. Finally, GLP1-RA increase satiety and reduce food intake, 

which leads to weight loss and improved insulin sensitivity over time. The GLP1-RA 

liraglutide (97), semaglutide (98), dulaglutide (99) and albiglutide (100), but not lixisenatide 

(101) and exenatide (102), have shown significant reduction of MACE vs. placebo in 

randomized, controlled clinical trials (Figure 6). SLGT2 inhibitors induce blood glucose
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dependent urinary glucose and sodium losses, leading to rapid reduction in blood glucose 

and blood pressure, with a caloric loss leading to modest weight loss (103). These drugs 

also increase ketone body and glucagon levels and stimulate hepatic glucose production, but 

these mechanisms are still of unclear significance regarding their cardiovascular benefits. 

The SGLT2 inhibitors empagliflozin (104), canagliflozin (105), but not ertugliflozin (106), 

significantly reduced MACE vs. placebo in T2D populations mostly in the setting of 

secondary cardiovascular prevention (Figure 6). Dapagliflozin did not show significant 

reduction in MACE in patients with T2D who were mostly in a primary prevention setting 

(107) (Figure 6). All SGLT2 inhibitors tested thus far in large randomized clinical trials have 

reported reduced hospitalisation for heart failure (104-108). Dapagliflozin and empagliflozin 

have proven efficacy for the reduction of heart failure-related clinical events in patients 

with or without diabetes and left ventricular systolic dysfunction, with a 17% reduction 

of all-cause mortality with dapagliflozin, whereas empagliflozin did not show a significant 

decrease in mortality (109, 110). SGLT2 inhibitors have been shown to be effective to delay 

the progression of kidney failure in patients with chronic kidney disease (108, 111). Thus, 

they are the treatment of choice in T2D with cardiac and/or renal failure (Figure 5).

Multiple mechanisms have been proposed to explain the benefits of GLP1-RA and SGLT2 

inhibitors on cardiometabolic health (96, 103, 112, 113). A common denominator between 

these two classes is their capacity to induce significant weight loss (Figure 6), notably VAT 

loss. Several studies have documented a reduction in VAT and ectopic fat with SGLT2 

inhibitors. Dapagliflozin treatment leads to reduction in VAT in patients with T2D (114) 

and intra-hepatic fat loss in patients with T2D and NASH (115-117). Dapagliflozin and 

canagliflozin were also shown to reduce epicardial fat mass in patients with T2D (118, 

119). Empagliflozin was shown to reduce VAT-derived glycerol flux from intracellular 

lipolysis contributing to hepatic gluconeogenesis (120), suggesting a direct mechanistic link 

between reduced VAT and improvement of glucose control. VAT and ectopic fat losses 

have also been documented with GLP1-RA treatment. Liraglutide treatment led to more fat 

loss than lifestyle treatment in patients with prediabetes or T2D, despite similar total body 

weight loss (121). Reduction of VAT with liraglutide was associated with improvement 

in intra-hepatic fat, albuminuria and glucose control (122, 123). Liraglutide was also 

seen to reduce VAT and ectopic fat in participants without prediabetes or diabetes who 

were nevertheless at high cardiovascular risk due to obesity and metabolic syndrome. In 

this study, VAT and liver fat losses were correlated with improvements in inflammation 

and fasting blood glucose, even among those with normal baseline glucose tolerance. 

Treatment with liraglutide, semaglutide, dulaglutide or exenatide was also found to induce 

a rapid reduction in epicardial or intra-hepatic fat (124-128). Other studies failed to detect 

significant reduction of VAT and other ectopic fat depots with liraglutide vs. placebo despite 

weight and subcutaneous adipose tissue loss (129). Semaglutide and canagliflozin led to 

similar weight and VAT loss in a rare controlled trial comparing a GLP1-RA and an SGLT2 

inhibitor (130).

All cardiovascular outcome trials performed with SGLT2 inhibitors or GLP1-RA in patients 

with T2D have shown a significant reduction in body weight vs. placebo (Figure 6). 

However, direct evidence that their cardiovascular benefits stem from VAT loss is still 

lacking. Any weight loss is associated with reduction in major cardiovascular risk factors 
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(131), but large randomized trials investigating the effect of weight loss achieved by lifestyle 

changes [Look AHEAD (132)], sibutramine [SCOUT (133)], or lorcaserin [CAMELLIA 

TIMI 61 (134)] failed to demonstrate superiority in cardiovascular event reduction in their 

primary intention-to-treat analysis. Yet, post-hoc analyses of the Look AHEAD and SCOUT 

trials showed significant reduction in cardiovascular events in patients who lost significant 

amounts of weight (135, 136). The results of ongoing and future cardiovascular outcome 

trials using GLP1-RA and/or SGLT2 inhibitors for the treatment of non-diabetic subjects 

with high-risk visceral obesity may provide such evidence.

9. Revisiting the clinical vignettes

CASE #1:

This patient eventually enrolled in a cardiometabolic imaging study. Investigation of his 

regional adiposity by MRI and magnetic resonance spectroscopy revealed that despite being 

overweight and not obese, he had a massive accumulation of VAT (visceral adiposity 

in the 95th percentile for his age and BMI), which was accompanied by a high liver 

fat content (25% fat/water fraction) and by a large accumulation of epicardial/pericardial 

adipose tissue (90th percentile for his age and BMI). His waist circumference of 115 cm 

and elevated fasting triglyceride concentration (248 mg/dl; 2.8 mmol/l) confirmed that he 

had the “hypertriglyceridemic-waist” phenotype predictive of visceral obesity, dyslipidemia 

and insulin resistance (67, 137). Apolipoprotein B and high-sensitivity C-reactive protein 

levels were high suggesting increased concentrations of atherogenic lipoproteins and a 

state of chronic, subclinical inflammation. Overall nutritional quality was investigated by a 

simple food-based nutritional questionnaire (138) and was found to be poor. The patient was 

managed with a simple lifestyle intervention program (Figure 7), in which he was followed 

initially on a bi-monthly basis by a certified nutritionist and a kinesiologist for 6 months, 

then by monthly interactions. Simple food-based recommendations were provided (cutting 

by 50% the frequency of poor-quality fast food intake with a corresponding increase in fruits 

and vegetables and less processed foods). The patient was instructed to gradually increase 

his daily walking time to attain moderate-intensity activity for at least 150 min/week and at 

least 10,000 steps per day. After proper adaptation, the patient became able to walk 30-60 

minutes per day at a pace of 100 steps per minute, 5 days per week, and his walking sessions 

were confirmed by recording on a portable device. A year later, he had lost 11 pounds 

(5 kg) of body weight and his waist circumference was reduced by 8 cm. Imaging of his 

abdomen and liver revealed that visceral adiposity had been reduced by 30%, with a 60% 

reduction in liver fat. Features of the atherogenic dyslipidemic profile had all improved 

(reduction in triglyceride concentrations and increase in HDL-C levels) in addition to the 

expected reduction in LDL-C achieved by his concomitant statin therapy. The substantial 

improvements in the patient’s cardiometabolic risk profile were well beyond those expected 

from the rather small weight loss.

CASE #2:

Unfortunately, despite her young age, this patient had already developed stage C, NYHA 

class III heart failure with preserved left ventricular ejection fraction (HFpEF), likely 

related to her severe obesity. Her echocardiogram suggested significant diastolic dysfunction 
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with evidence for secondary WHO group 2 pulmonary hypertension (due to left sided 

heart disease). She also had severe left ventricular hypertrophy despite only mild, stage 2 

hypertension. All these cardiac abnormalities are expected complications from her severe 

obesity, resulting from the associated significant hemodynamic and metabolic stresses. A 

NT-proBNP level should be obtained, but interpreted with caution given the known inverse 

relationship between BMI and natriuretic peptide levels: a relatively low value does not 

indicate absence of heart failure. Nevertheless, NT-proBNP when elevated is a helpful 

prognostic indicator in the presence of severe obesity (139) but will increase after weight 

loss due to bariatric surgery (140). Before initiating obesity-specific heart failure treatment, 

additional evaluations should be conducted to rule out secondary causes of obesity (severe 

hypothyroidism, Cushing’s syndrome, etc.) and other complications that may play a role 

in the development of cardiac dysfunction (obstructive sleep apnea, obesity hypoventilation 

syndrome, pulmonary hypertension, T2D, chronic kidney disease). Although loop diuretics 

and antihypertensive therapies are the mainstay of treatment for HFpEF, other treatments 

could be used to target the underlying defect of obesity and its consequences. Spironolactone 

should be considered since it was associated with a significant improvement in the risk 

for cardiovascular death, heart failure hospitalization, or aborted cardiac arrest among 

patients with obesity-related HFpEF (141). A targeted weight-loss program including caloric 

restriction, increased symptom-limited physical activity, pharmacological therapy (142), and 

evaluation for bariatric surgery should be initiated (Figure 7). Bariatric surgery is associated 

with significantly lower risk of incident MACE among patients with T2D and obesity (143) 

and is linked with improvement in multiple parameters related to heart failure in patients 

with HFpEF (62, 144). SGLT2 inhibitors should be used in patients with T2D and heart 

failure. As mentioned, dapagliflozin reduces total mortality (110) whereas empagliflozin 

reduces hospitalizations (109) in individuals with left ventricular systolic dysfunction. 

SGLT2 inhibitors are now recommended in these populations (145). In addition to ongoing 

trials with these drugs in patients with diabetes and heart failure, other studies currently test 

their effect in those with HFpEF (146, 147).

10. The obesogenic environment as a barrier to clinical management

In spite of the considerable progress made over the past 50 years in our understanding of 

human body composition, regulation of energy balance, lipid and carbohydrate metabolism 

and the overall biology of human adiposity, the prevalence of obesity is still increasing 

worldwide (56). Clinical approaches targeting weight loss as a primary outcome have 

had little impact at the population level. Because of the absence of mechanism-targeted 

treatment, the “statin-like” approach to manage high CVD risk forms of obesity does 

not exist yet, despite some promising results obtained with some classes of anti-diabetic 

drugs. As emphasized in the recently published Canadian obesity guidelines (54), managing 

obesity is much more than a simple recommendation to eat less and move more (Figure 

8). Proper global evaluation of the patient’s history is necessary to identify potential 

psycho-social causes (e.g.: low socio-economic status, food insecurity, built environment/

neighborhood, crime rates, local food establishments, access to healthy nutrition and 

walkable neighborhood, depressive episodes, personal crisis, social support, etc.) that 

represent some of the barriers in adopting and maintaining a healthy lifestyle over the 
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long term. It is also obvious that our current living and work environments are not always 

promoting health: proliferation of sedentary jobs, access to highly processed and energy

dense foods that are heavily marketed and affordable, lack of environments promoting 

physical activity and healthy eating, urban environments lacking infrastructures such as 

sidewalks, proximity stores that can be reached by safe walking, parks, bicycle paths, 

proliferation of suburbs and long commutes, etc. (148, 149). The European guidelines 

(ESC/EAS) recommend that social deprivation or psychosocial stress should be taken into 

consideration in assessing CVD risk (68) whereas the 2019 ACC/AHA guideline on primary 

prevention of CVD also recommends that social determinants of health be considered (150). 

Not addressing the basic, unmet social needs considerably reduces the probability of being 

successful in the attempt of the multidisciplinary team in recalibrating lifestyle in high-risk 

obesities for the optimal management of cardiometabolic risk as well as physical and mental 

well-being. Because obtaining such information requires time, resources and additional 

expertise, cardiologists must play an important leadership role in recommending the 

development of multidisciplinary clinical teams (nutritionists, kinesiologists, psychologists, 

etc.) as well as the implementation of the public health policies required to have a long-term 

impact on the socio-economic causes of obesity.
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LIST OF ABBREVIATIONS

BMI body mass index

GLP1-RA glucagon-like peptide 1 receptor agonists

HDL-C high-density lipoprotein cholesterol

LDL-C low-density lipoprotein cholesterol

MACE major adverse cardiovascular events

NASH non-alcoholic steatohepatitis

NDPP National Diabetes Prevention Program

PCE Pooled Cohort Equations

T2D type 2 diabetes

VAT visceral adipose tissue
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HIGHLIGHTS

• Individual differences in regional body fat distribution are a key factor in 

determining associated health risks.

• Excess visceral fat storage is often accompanied by accumulation of fat in 

normally lean tissues such as the heart, liver, kidneys, pancreas, and skeletal 

muscle.

• Elevated waist circumference is associated with hazard to health at any level 

of body mass index and should be monitored routinely in clinical practice.

• Patients at cardiovascular risk benefit from lifestyle interventions that reduce 

waist circumference even without weight loss.

Després et al. Page 22

J Am Coll Cardiol. Author manuscript; available in PMC 2022 August 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1: Sedentary 49-year-old Man with Visceral Obesity.
Despite being nonobese, this individual developed coronary heart disease. BMI: body mass 

index
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Figure 2: Sedentary 41-year-old Woman with Severe Obesity.
This patient has symptoms of heart failure. BMI: body mass index
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Figure 3: Prevalence of Obesity in the U.S. in 2011 and 2019.
Data are derived from the Behavioral Risk Factor Surveillance System which used reported 

weight and height. Obesity is defined by a body mass index of ≥30 kg/m2. From reference 5.
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Figure 4: Cardiovascular and Systemic Effects of Obesities.
In addition to cardiovascular outcomes, high-risk forms of obesities are associated with 

various combinations of abnormalities causing prejudice to patients’ health and quality of 

life. ***Commonly seen with severe obesity COVID-19: coronavirus disease 2019, HDL: 

high-density lipoprotein, HFpEF: heart failure with preserved ejection fraction, HFrEF: heart 

failure with reduced ejection fraction, LDL: low-density lipoprotein
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Figure 5: Management of Obesities throughout the Spectrum of Disease Progression.
Lifestyle changes are recommended in all obesities. Medical treatment of cardiovascular 

disease (CVD) risk factors is also indicated, except perhaps in very advanced renal and/or 

heart failure where statin therapy is not recommended. Sodium-glucose cotransporter 2 

(SGLT2) inhibitors are indicated in patients with type 2 diabetes (T2D) in the presence of 

CVD in all obesities. SGLT2 inhibitors are also indicated in patients with heart and/or 

kidney failure. Glucagon-like protein-1 receptor agonists (GLP1-RA) are indicated in 

patients with T2D with CVD. Liraglutide is indicated for treatment of obesity. Weight loss 

drugs/bariatric surgery should be considered in high-risk patients with severe obesity.
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Figure 6: Weight Loss Induced by SGLT2 Inhibitors and GLP1-RA and MACE/Mortality.
Relationship between reported difference in average body weight loss (BWL, in kg) 

between the active treatment vs. placebo and relative risk reduction (RRR) of 3-point major 

adverse cardiovascular events (MACE) (left panel) or total mortality (right panel) from 

major adverse cardiovascular outcome trials with sodium-glucose cotransporter 2 (SGLT2) 

inhibitors or glucagon-like peptide-1 receptor agonists (GLP1-RA) in patients with type 

2 diabetes (T2D). CKD: chronic kidney disease; CVD: cardiovascular disease; HF: heart 

failure. * Difference in average weight loss estimated from data reported in a graph. † P 

<0.05 between the active vs. placebo treatment groups.
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Figure 7: Steps in the Clinical Management of Obesities.
Initial assessment of the form of obesity (visceral vs. severe) is key in the determination 

of the therapeutic approach. Whereas lifestyle changes inducing limited weight loss could 

nevertheless positively impact ectopic fat and related cardiometabolic risk in patients with 

visceral obesity, more severe forms of obesity may require additional diagnostic tools 

and management approaches as a function of disease progression. LVH: left ventricular 

hypertrophy; MRI: magnetic resonance imaging.
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Figure 8: Clinical Approaches and Public Health Solutions to tackle Obesities.
As high-risk forms of obesity result from the complex interactions of biological, behavioral, 

psycho-social and environmental factors, the current obesity epidemic will not be curbed 

until an integrated set of population-based solutions and clinical approaches are put in place, 

going beyond body weight/weight loss as the single assessment/management outcome. AT: 

adipose tissue, CVD: cardiovascular disease; PA: physical activity.
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Central Illustration: Key Factors Involved in Visceral Obesity and Related Cardiometabolic 
Risk.
Subcutaneous adipose tissue plays an important role in the storage of excess calories 

resulting from a positive energy imbalance. When facing caloric surplus, functional 

subcutaneous adipose tissue expands to allow the storage of excess energy, a process that 

also limits accumulation of fat in intra-abdominal adipose depots (visceral adipose tissue). 

In the presence of dysfunctional subcutaneous adipose tissue, the resulting lipid spillover 

must then be stored in visceral adipose tissue as well as in normally lean tissues (heart, liver, 

skeletal muscle, kidney, pancreas), a process referred to as ectopic fat deposition.
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Table 1:

Simple Clinical Tools to Assess/Manage Abdominal Obesity

i. Within subgroups of patients who are normal weight, overweight or living with obesity, there is a linear increase in CVD risk as a 
function of increased waist circumference, with no obvious cut-off value.

ii. Measuring only BMI or waist circumference alone is however not sufficient to optimally assess visceral fat which is associated 
with CVD risk.

iii. Hypertriglyceridemic waist, a simple clinical phenotype defined by an elevated waistline (≥90 cm in men and ≥85 cm in women) 
combined with increased triglyceride levels (≥177 mg/dl [2.0 mmol/l] in men and ≥133 mg/dl [1.5 mmol/l] in women), is 
predictive of the presence of visceral obesity.

iv. A waistline reduction ≥4 cm in patients with visceral obesity is associated with considerable improvements in their CVD risk 
profile.
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