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The review by Xia, Lloyd-Jones, and Khan in this issue of Trends

in Cardiovascular Medicine provides insight regarding the obesity

paradox. The obesity paradox refers to the paradoxical yet con-

sistently replicated observation that individuals with cardiovascu-

lar disease (CVD) classified as overweight/obese according to body

mass index (BMI) tend to live longer than normal-weight individ-

uals [1] . 

As noted by Xia et al. [1] , using BMI to classify individuals as

overweight or obese has major limitations. First, BMI fails to dis-

tinguish between fat versus lean mass. The distinction is important

because the presence of more muscle mass may indicate less un-

intentional weight loss prior to study enrollment, or (like excess

fat stores), provide additional metabolic reserve after CVD diagno-

sis. Simply determining whether total or regional amounts of lean

mass modify the obesity paradox will be an important initial step.

However, there is heterogeneity in muscle biochemical and func-

tional properties, termed “muscle quality”. Molecular markers of

muscle quality, such as markers of mitochondrial biogenesis and

fat transport and oxidation, can be measured using invasive mus-

cle biopsy techniques [2] . But standard physical performance tests

provide a non-invasive, real-life index of muscle quality and func-

tion that have been associated with CV outcomes [3] . In a study of

1506 men with existing hypertension, muscular strength, an index

of muscle quality, was inversely associated with all-cause mortal-

ity [4] . Quantification of muscle mass and the inclusion of mus-

cle biopsies or physical performance tests in cohorts of individuals

with CVD are needed to determine whether muscle mass and/or

quality modify the obesity paradox. 

Second, BMI offers no information about regional fat distribu-

tion or fat characteristics. Like the differences in muscle tissue,

several recent studies have suggested that all adipose tissue is not

the same. Dysfunctional adiposity, defined as visceral fat and evi-

dence of insulin resistance, was associated with new-onset predi-

abetes and diabetes in a study of 732 adults with obesity [5] , but

total body fat and BMI were not linked to incident diabetes in the

same study. Centrally-distributed adipose tissue, measured with a

CT scan, was also associated with excess CV mortality and CV risk

factor abundance in the Framingham cohort [6,7] . Waist circumfer-

ence was an independent predictor of mortality across BMI cate-

gories in patients with end-stage renal disease, providing further
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upport for the idea that patterns of fat distribution matter in

hronic disease states [8] . Adipose tissue functions as an endocrine

rgan, and inflammatory and hypoxic proteins and adipokines se-

reted in varying concentrations from different fat depots have

obust and largely negative systemic effects. The differential asso-

iations between central/visceral versus subcutaneous fat and mor-

ality may be attributable to pro-inflammatory or otherwise un-

esirable endocrine properties of visceral versus subcutaneous fat

epots [9] . 

Xia et al. [1] also discuss the poorly understood relationship be-

ween obesity, cardiorespiratory fitness, physical activity, and mor-

ality in individuals with CVD. For example, a recent study of 774

lack and white men and women detected an obesity paradox in

eart failure patients with low exercise capacity ( ≤4 METS) but

ound that the obesity paradox did not exist in heart failure pa-

ients with an exercise capacity ≥4 METS [10] . The investigations

ncluded in the review in this issue also detected the obesity para-

ox in low-fit or sedentary individuals. Patients with both lower

MI and low fitness might be fundamentally different, sicker pa-

ients, who have a more aggressive disease course or have endured

 longer duration of disease. Low BMI-low fit patients might have

ess favourable body composition or poorer muscle and fat quality.

eeper phenotyping of muscle and fat tissue and exercise capac-

ty is needed to better understand the obesity paradox in CVD and

nform treatment. 

Whether increasing physical activity and/or improving fitness,

ndependent of changes in body weight, improves outcomes in in-

ividuals with CVD is not known, though Vanhees, et al., found

hat every 1% improvement in fitness achieved during a 3-month

ardiac rehabilitation program was associated with a 2% lower haz-

rd ratio of cardiovascular mortality in men with coronary dis-

ase [11] . Regular exercise participation has measurable effects on

ody composition, muscle quality, and non-traditional CVD risk

actors, such as autonomic and endothelial function [12,13] , that

re also associated with mortality. Thus, performing physical activ-

ty or improving fitness might increase survival in individuals with

VD even without changing BMI [14] . Along these lines, there have

een few randomized, controlled studies of intentional weight loss

n patients with CVD. A study of patients with atrial fibrillation

ound that sustained weight loss, induced by diet and exercise, was

ssociated with better survival [15] . When bigger doses of exer-

ise were used to induce significantly greater weight loss in pa-

ients participating in a cardiac rehabilitation program, the group
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hat performed the biggest exercise dose and experienced the most

eight loss achieved parallel, graded improvements in endothelial

unction, measured in-vivo with flow-mediated dilation [16] . These

esults suggest that increasing physical activity, improving fitness,

r intentional weight loss might improve outcomes in individuals

ith CVD via multiple potential pathways, but larger trials in di-

erse populations and women are needed. 

Finally, however perplexing the obesity paradox may be, there

s no paradox in prevention. While the current review offers ex-

lanations for the obesity paradox in individuals with CVD, the au-

hors also emphasize that there is no doubt that obesity increases

he risk of CVD in the first place. Public health effort s should

ocus on life-long achievement and maintenance of a favourable

MI and adoption of favourable lifestyle factors, especially regular

xercise. 
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