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Abstract

The obesity paradox is a term coined for human conditions in which obesity is associated with a 

lower mortality than being underweight (i.e., body below normal or healthy body weight). 

Smoking is often cited as a key cofounder of obesity paradox but how smoking causes obesity 

paradox is unknown. Here we highlight that the obesity paradox can be attributed to insulin 

resistance and aberrant lipolysis in cardiovascular diseases.
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Obesity Paradox in Cardiovascular Diseases

Obesity is an independent risk factor for the development of diseases associated with 

increased mortality in the general population such as cardiovascular diseases, for which 

obesity increases the risk by approximately two-fold. However, for the elderly population or 
patients with specific conditions, such as cancer cachexia,1 chronic obstructive lung disease, 

end-stage renal disease, or advanced chronic kidney disease (who are receiving hemodialysis 

therapy), a higher body mass index (BMI) is often found to be associated with reduced 

mortality whereas lower body mass index is related to higher mortality in these patients. To 

describe these human conditions, a new term called “obesity paradox” is coined. The obesity 

paradox has also been reported in many patients with cardiovascular events; For example, 

Class I obesity (BMI: 30–35 kg/m2) patients that experience heart failure, have lower short- 

and intermediate-term mortality than their leaner counterparts. Similarly, overall in-hospital 

mortality after acute myocardial infarction (AMI) is dramatically lower in elderly obese 

patients (70 years and older) of all classes compared to AMI patients without obesity. The 

obesity paradox has also been reported in cardiovascular therapy; for example, elderly 

patients that are obese or overweight have lower mortality with implantable cardioverter 

defibrillators than normal BMI patients.2 Since the data to support obesity paradox are 
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exclusively obtained from clinical observations, there are intense debates on whether or not 
obesity paradox is real or a bias/an artifact derived from observational studies.

Cigarette Smoking May Underlie the Obesity Paradox in Cardiovascular 

Diseases

Smoking is a critical independent risk factor for cardiovascular mortality and cardiovascular 

diseases, including peripheral arterial disease, stroke, coronary heart disease, and heart 

failure.3 In addition, smoking cessation dramatically decreases the relative risk of 

cardiovascular mortality and coronary heart disease when compared with active smokers, 

although the risk of stroke is not lowered.3 As smokers, who tend to be leaner, are subjected 
to higher mortality rates whereas smoking cessation is often linked to improved CVD 
conditions with body weight gain, several studies have unveiled that obesity paradox is the 

potential bias resulting from the confounding effects of illness-induced weight loss and 

smoking.4–5 Obesity paradox is absent in cardiovascular events among never-smokers. This 

outcome is not that surprising, as failure to properly control for smoking cigarettes when in 

studies of the relationship between obesity and cardiovascular mortality is a classic example 

of confounding. Generally, smokers have lower body weights and smoking is inversely 

correlated with BMI. In addition, patients who quit smoking (i.e. former smokers) will 

frequently and substantially gain body weight. Hence, failure to adequately control for on-

going smoking is likely to result in artificially elevated mortality among the lean subjects, 

and failure to entirely control for smoking cessation or former smokers may lead to 

decreased measurements of mortality among the obese or overweight subjects. Overall, these 
epidemiological studies support that smoking is a mystery of statistical confounder for 
obesity paradox in cardiovascular diseases.

Lipolysis, Insulin Resistance and Obesity Paradox in Smokers

Fat is a metabolically active and dynamic organ. Fat accumulation is determined by the 
balance between fat synthesis (lipogenesis) and fat breakdown (lipolysis/fatty acid 
oxidation). Lipogenesis is very responsive to changes in the diet and is partly regulated by 
hormones (insulin, leptins, etc.,). Similarly, lipolysis is directly activated by sympathetic 
nervous system activation, glucagon, or growth hormone, etc.

Insulin is a key regulator for both lipogenesis and lipolysis. Insulin inhibits lipolysis and 
slows the breakdown of adipose tissue caused by lipolytic signals such as sympathetic 
nervous system activation, glucagon, or growth hormone, etc. The impact of insulin on 
lipolysis is largely determined by the intensities of lipolytic signals. In insulin resistance 
(IR) state, insulin’s inhibition on lipolysis is diminished. As a result, IR in hypertrophic 

adipocytes leads to increased lipolysis and the release of free fatty acid (FFA) into 
circulation. In return, FFA elevation has been postulated to play a critical role in the 

development of IR. Recent studies in both humans and mice indicate that high levels of FFA, 

which is associated with low body weight, impairs insulin sensitivity, whereas genetic 

inhibition of adipose tissue lipolysis by deletion of adipose triglyceride lipase, results in 

improved insulin sensitivity but with gain in body weights and fat levels (paradox).6
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Cigarette smokers often have IR and compensatory hyperinsulinemia. In addition, long-term 

nicotine replacement therapy (nicotine gum or e-cigarettes), when used as a method of 

weight control, was reported to induce IR and other metabolic disorders.7 Several 
mechanisms by which cigarette smoke or e-cigarettes cause whole-body IR have been 
reported. First, nicotine is the major bioactive component of cigarette smoke and e-cigarettes 

and activates sympathetic nervous system leading to increased lipolysis in white adipose 
tissue8 and resultantly elevated FFA, which contributes to IR and weight loss (Figure). 

Second, nicotine acts through the nicotinic acetylcholine receptor subunit α7 (α7nAchR) 

and causes increased levels of reactive oxygen and nitrogen species and selectively activates 

5′ adenosine monophosphate-activated protein kinase alpha2 (AMPKα2) in white 

adipocytes. Consequently, AMPKα2 phosphorylates mitogen-activated protein kinase 

phosphatase-1 (MKP1) at serine 334,9 initiating its proteasome-dependent degradation. The 

nicotine-mediated reduction of MKP1 induces aberrant activation of both p38 mitogen-

activated protein kinase and c-Jun N-terminal kinase, leading to increased phosphorylation 

of insulin receptor substrate 1 (IRS1) at serine 307, its degradation, and resultant IR 
(Figure). Third, nicotine induces IR through activation of mammalian target of rapamycin 
(mTOR) in skeletal muscle (Figure). Cigarette exposure-induced IR is highly associated 
with an increased risk of cardiovascular diseases, such as ischemic heart disease and 
coronary heart disease. Moreover, elevated FFA caused by IR contributes to myocardial 
dysfunction, which is associated with heart failure and acute coronary syndromes.

Nicotine acts through numerous mechanisms to promote weight loss. For example, recent 

evidence has demonstrated that nicotine functions in the central nervous system by binding 

to the α3β4 nicotinic acetylcholine receptor and activating proopiomelanocortin (POMC) 

neurons in the arcuate nucleus of the hypothalamus to decrease food intake, thereby 

contributing to weight loss. Moreover, nicotine inhibits AMPK in the ventromedial nucleus 

of the hypothalamus to increase brown adipose tissue thermogenesis through the 

sympathetic nervous system, which also causes weight loss. Finally, nicotine-triggered IR 

exacerbates lipolysis in white adipose tissue, further enhancing weight loss. Taken together, 
nicotine replicates a condition in which low body weight is linked to high CVD.

On the other hand, smoking cessation causes obesity paradox as when people quit smoking, 

they undergo substantial weight gain10, improved insulin sensitivity, and decreased CVD. 

The fact that smoking cessation improves IR with body weight gains suggests that 
smoking’s impacts on both cardiovascular health and insulin sensitivity are likely greater 
than body weight alone. Thus, obese smokers or former smokers, after smoking cessation, 
might have better insulin sensitivity and lower CVD risks than obese nonsmokers. That is to 
say, a former smoker that gain weights might have weaker IR than the obese general publics 
do. Thus, it is highly likely that removing CVD-reduced obese smokers or former smokers 
would epidemiologically increase CVD risk in the remaining nonsmoking obesity 
population, a typical phenomenon described as obesity paradox.
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Insulin Resistance, Aberrant Lipolysis, and Obesity Paradox in Non-

smokers

The obesity paradox also has been reported in non-smokers with cancer cachexia or cardiac 
cachexia,11 a wasting syndrome primarily characterized by weight loss, including adipose 
tissues or/and skeletal muscle wasting. Although central nervous system- and inflammation-

related anorexia regulates cancer cachexia, emerging data indicate that IR-accelerated 

lipolysis is a contributor.12 For example, tumor-derived inflammatory cytokines such as 

tumor necrosis factor and interleukin-6 induce IR, decrease lipogenesis, and increase 

lipolysis. Moreover, the sympathetic nervous system is also responsible for part of the 
visceral fat lipolysis in the fasting stage or anorexia. In addition, AMPKα1 reduction in 
cancer or stromal fibroblast cells13 contributes to enhanced lipolysis in adipocytes and 
subsequent cancer cachexia.14 Interestingly, the insulin sensitizer rosiglitazone attenuates 

adipose depletion, the consequent weight loss, and cancer cachexia.15 Taken together, these 

findings indicate that IR is a key contributor to cachexia and suggest that IR is a potential 

therapeutic target.

Conclusions

Aberrant lipolysis accounts for the obesity paradox in smoking and non-smoking-related 

conditions. IR is a critical pathological factor for aberrant lipolysis. Therefore, insulin 

sensitizing drugs that attenuate IR might be a promising strategy to reduce CVD and related 
mortality in the patients with low- and moderate body weights.
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Figure. 
Schematic representation of the role of cigarette smoking-induced IR in the obesity paradox. 

First, nicotine-enhanced lipolysis by sympathetic nervous system activation contributes to IR 
and body weight loss. Second, nicotine acts via adipocyte α7nAchR to induce ROS and 

activate AMPKα2. This subsequently enhances MKP1 degradation, resulting in IRS1 
reduction and IR. Third, nicotine induces IR via mTOR activation in the skeletal muscle. 

Hence, nicotine promotes both body weight loss and IR-induced cardiovascular diseases, 

which may underlie the so-called obesity paradox. →, induce or act on; ↑, increase; ↓, 

decrease. Other abbreviations are defined in the main text.
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