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Abstract

The incidence and prevalence of obesity are fast increasing worldwide. Various indices have been used to measure and 
assess obesity. The body mass index (BMI) is the most common and practical of these indices. Overweight and obesity exert 
considerable adverse effects on the cardiovascular system. These effects are mediated through various neurohormonal and 
cytokine pathways, most of which are inflammatory mediators. Systolic and / or diastolic heart failure is more prevalent among 
obese and overweight individuals than among normal weight people.  The concept of the “obesity paradox” has been proposed 
by some previously published studies, in which the prognosis of obese patients with established cardiovascular diseases, 
especially heart failure, is better than that of their leaner counterparts. In this review, we discuss the obesity paradox and its 
possible pathophysiologic mechanisms. 
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Introduction

Obesity and overweight are global health concerns, with 
about half a billion adults and nearly 40 million children 
considered obese or overweight around the globe.1, 2 Current 
statistics suggest that the incidence and prevalence of obesity 
is rapidly rising, with a twofold increase in overweight and 
a threefold increase in obese individuals over the past 50 
years.3, 4 It has also been reported that morbid obesity has 
increased at a faster rate than overweight and mild obesity.5, 6

Obesity is measured by means of various indices such as 
body mass index (BMI), body surface area (BSA), waist 
circumference (WC), waist-to-hip ratio (WHR), and waist-
to-height ratio. The traditional criterion is BMI because it is 
an affordable and easy way of assessing body fat; however, 
factors such as muscle mass and ethnicity may change its 

relationship with body fatness. Although methods other than 
BMI have been shown to be more informative about body 
fat distribution, they are less pragmatic, more expensive, and 
mainly used for research purposes.7, 8

According to the BMI anthropometric tool, individuals 
with BMI < 18.5 kg/m2 are defined as underweight, BMI 
ranging from 18.5 to 24.9 kg/m2 normal, BMI between 25 
and 29.9 kg/m2 overweight, and BMI > 30 kg/m2 obese. The 
American Heart Association has classified individuals with 
BMI between 30 and 34.9 kg/m2 as class I obesity, BMI 
between 35 and 39.9 kg/m2 as class II, BMI > 40 kg/m2  as 
severe or extreme obesity (class III), BMI = 50 kg/m2 as 
grade IV obesity, and BMI = 60 kg/m2 as grade V obesity.9

BMI, as a common measure of metabolic mass, is usually 
used to assess physiological parameters. WC mainly 
measures adipose tissue distribution in the body and is a 
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marker of metabolic changes that are induced by obesity, 
but the association between WC and cardiovascular events 
is controversial.10, 11 It seems reasonable to combine BMI as 
a general obesity parameter with WC as an adipose tissue 
distribution discriminator to evaluate cardiovascular risk 
more precisely.12 Nevertheless, regardless of the index 
used to define obesity, studies suggest a greater risk of 
cardiovascular disease (CVD) in obese individuals.

Obesity has major adverse effects and is associated 
with major comorbidities such as CVD, hypertension, and 
metabolic abnormalities. It has also been suggested that 
obesity may cause greater harm than cigarette smoking, 
alcoholism, and poverty. Studies have also shown that 
obesity may replace cigarette smoking as the leading cause 
of preventable death in North America.13, 14 

In the present review, we try to discuss obesity, obesity 
paradox, and its impact on the prognosis of obese patients 
with CVD.

Molecular and Cellular Basis of Obesity 

Adipocytes are the main constituents of adipose tissue and 
are probably the most important element in the metabolic 
homeostasis of the body.15 They act as an endocrine as well 
as an immune organ by secreting the hormone “leptin”, a 
protein called “adiponectin”, C-reactive protein (CRP), and 
many different pro-inflammatory and anti-inflammatory 
cytokines.

Leptin affects energy metabolism and adipogenesis.16 
Leptin levels increase in obesity and decline after weight 
loss. It has been suggested that leptin actions may control 
obesity by modulating food intake, inhibiting adipogenesis, 
and triggering lipolysis.7, 17

Although CRP is mainly produced by the liver in response 
to inflammation, adipose tissue can also secrete CRP.  
Inflammation itself and the subsequent release of cytokines 
such as CRP are considered to have a role in altering the 
cardiovascular risk state.18 Studies have shown that levels 
of CRP and other inflammatory cytokines may affect leptin 
resistance and hyperleptinemia.19 

Adiponectin, mostly produced by adipocytes, decreases 
with increasing obesity and is significantly low in patients 
with metabolic syndrome and CVD compared to healthy 
individuals matched by BMI. It has been suggested that 
chronic inflammation and the subsequent increased levels 
of cytokines, correlated with obesity and CVD, inhibits 
the production of adiponectin and leads to the perpetuation 
of inflammation. However, adiponectin levels are not 
necessarily elevated in inflammatory status not related to the 
diseases associated with obesity.20

Adipocytes play a crucial role and as such can be efficiently 
considered as a fuel source or inefficiently as an energy 
storage site but effective in inflammatory processes.7

Impact of Obesity on Heart Failure
The scientific community appears to have reached a 

consensus on the issue of obesity: it is certainly a major 
risk factor for CVD. Obesity is associated with structural 
and functional changes in the heart and has adverse effects 
on hemodynamics and left ventricular (LV) structure and 
function. It is logically assumed that obesity leads to an 
increase in the incidence and prevalence of heart failure 
(HF).21

Obesity leads to an increase in total blood volume, stroke 
volume, and cardiac output; nonetheless, it is correlated 
with a reduction in systemic vascular resistance. These 
are considered as an adaptation mechanisms to maintain 
homeostasis.  Augmentation in stroke volume and the 
resulting increase in the cardiac output is mostly due to 
the increase in circulating blood volume. Although less 
commonly the increase in the sympathetic activation may 
slightly increase the heart rate, the heart rate usually does not 
change significantly.22, 23

A left shift in the Frank-Starling curve in obese persons 
occurs due to an elevation in blood volume and preload, 
resulting in consequent LV remodeling-including LV dilation 
and LV hypertrophy. Furthermore, left atrial enlargement is 
frequently seen in consequence of not only an increase in 
blood volume but also changes in LV diastolic filling. These 
all contribute to diastolic and systolic dysfunctions and 
eventually HF.22-25

The Framingham heart study suggested that there was 
a 5% increase in men and 7% increase in women for the 
risk of developing HF per unit of BMI.26 The duration of 
morbid obesity had an impact on the prevalence of HF, 
with a prevalence of 70% and 90% after 20 and 30 years, 
respectively.27 

Metabolic alternations as well as hemodynamic changes 
caused by obesity may affect the incidence of HF in obese 
patients.28

Obesity Paradox

As noted previously, obesity is deemed an independent 
risk factor for developing chronic heart disease, which 
may eventually lead to HF. Even though increased BMI 
and obesity put patients at risk of CVD, recent studies have 
suggested that there may be an inverse relationship between 
obesity and the prognosis of established CVD-a phenomena 
known as “the obesity paradox”. There are many studies 
suggesting that HF patients who are obese have a better 
outcome than their leaner counterparts. 

Horwich and colleagues29 first showed that the best 
prognosis in HF was in overweight followed by obese 
patients and the prognosis was worst in underweight 
followed by normal BMI patients. In a cohort study of 7767 
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outpatients with HF , categorized by using the BMI scale, 
those with higher BMI (overweight and obese patients) had 
low crude and adjusted risks of all-cause mortality and death 
due to  HF when compared with those with lower BMI.30 

A retrospective review of 2707 patients with HF revealed 
a paradoxically improved 3-year survival rates for patients 
with higher BMI.31 Another study on more than 100000 
patients with decompensated HF showed that every 5 unit 
increase in BMI was associated with 10% lower mortality.32 
A randomized controlled trial of 7599 symptomatic patients 
with HF alongside preserved or reduced systolic function 
demonstrated that underweight and normal BMI patients 
had high mortality compared with overweight and obese 
participants.33A meta-analysis of 9 observational studies 
with 28209 patients with HF showed that overweight and 
obese patients had reductions in cardiovascular and all-cause 
mortality compared with normal BMI patients.34 

A systematic review of 6 studies demonstrated that the 
risk for hospitalization and total and CVD mortality was 
high in underweight patients with chronic HF compared to 
the risk for CVD mortality and hospitalization in overweight 
subjects.35

Recently, the impact of cardiorespiratory fitness (CRF) 
levels on the prognosis in HF has been demonstrated by 
several studies. These findings have suggested that higher 
CRF levels significantly modifies the relationship between 
obesity and better outcomes in HF, attenuating the obesity 
paradox. It is important to note that assessing higher levels 
of CRF for obese patients can be challenging. Nevertheless, 
patients with higher CRF levels are expected to have better 
outcomes from the same BMI category.23, 36-41

Mechanisms of the Obesity Paradox   

The exact mechanism for findings in favor of the obesity 
paradox is unclear. There are hypotheses trying to explain 
some issues in this field, most of which dealing with HF 
as the final common pathway in most CVD. Malnutrition/
inflammation complex syndrome (MICS) and endotoxin/
lipopolysaccharide hypothesis may explain the obesity 
paradox and the inverse relationship. 

In the MICS explanation, it is believed that cardiac 
cachexia is an independent risk factor of mortality in 
patients with HF.42 Hypoalbuminemia and an increase in 
tumor necrosis factor are also seen in cardiac cachexia.43 
The consequent inflammation is considered to be the link 
between cachexia and congestive HF. Cytokine activation 
either contributes to protein/energy malnutrition (PEM) in 
the settings of hypoalbuminemia or may independently lead 
to cachexia and PEM and, therefore, increase the mortality 
rate of patients with congestive HF.44

Endotoxin/lipid hypothesis suggests that lipids in 
circulatory blood bind to endotoxins and inhibit their 

harmful effects. Increased levels of cholesterol and lipids 
or hyperlipidemia provide more molecules for binding to 
endotoxins and remove them from circulation and prevent 
the subsequent inflammatory response.44 This theory may 
explain the role of lipids in neutralizing the harmful effects 
of endotoxins in obese patients with high lipid levels. 

Another theory explains that knowing HF is a catabolic 
state, obese patients have more metabolic reserve and, 
therefore, a more favorable prognosis, but muscle wasting in 
leaner patients leads to poorer outcomes.45, 46 

Studies on neurohormonal activities are on progression 
and may partially explain the inverse relationship between 
obesity and mortality in patients with HF. The expression 
of circulating natriuretic peptides is reduced in overweight 
and obese patients.47, 48 It leads the obese patients to become 
symptomatic and present at earlier stages of HF.21

Although there is an augmented activation of sympathetic 
and renin–angiotensin–aldosterone system (RAAS) in 
chronic HF,49, 50 response to RAAS system may be attenuated 
in obese patients, leading to a better prognosis.21 Because of 
higher levels of blood pressure in obese patients with HF, 
these patients have better tolerance for drugs such as beta-
blockers, RAAS inhibitors, and aldosterone antagonists at 
higher doses, which theoretically will cause an improved 
outcome in this group of patients.50 

A recent study has shown lower sympathetic activation 
and lower norepinephrine levels in obese patients with 
chronic HF than in non-obese patients with HF. Considering 
that increased sympathetic activity is correlated with poorer 
clinical outcomes in patients with HF, these data may 
partially explain the mechanism of the obesity paradox in 
HF. The rational use of beta-adrenergic blockers in patients 
with HF for improving the prognosis and progression of the 
disease is also supported by this finding.51 More research 
about the role of norepinephrine and sympathetic activation 
in obese patients with HF will shed more light on this issue. 

The concept of the obesity paradox in HF has been 
debated by several studies. It has been postulated that studies 
showing the obesity paradox ignore the appreciable varieties 
in demographic and clinical characteristics of obese and non-
obese patients with HF. Not surprisingly, obese patients with 
HF are younger, making age the most important confounder 
in some studies. Other confounders such as comorbidities 
should also be taken into account. Using BMI as a common 
measure of obesity and neglecting more accurate tools is 
another defect in studies suggested by some authorities.10, 52-55

Impact of Weight Reduction 

Although intentional weight loss is considered to have 
a great impact on cardiac structural and physiological 
changes caused by obesity, there have been different 
recommendations regarding weight loss for patients with 
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HF.21 Studies on weight loss in different grades of obesity in 
patients with HF have yielded variable results. Considering 
these results and the obesity paradox, major HF societies 
have different recommendations for weight loss in this group 
of patients. Some of these societies recommend weight loss 
for HF patients with BMI > 40 kg/m2, some with BMI > 35 
kg/m2, and some with BMI > 30 kg/m2. None of these major 
societies recommends weight reduction for overweight 
patients with HF.56 

However, it remains unclear whether weight loss has a 
positive or negative effect on the prognosis of obese patients 
with HF. Studies have suggested that long-term weight loss 
may have an adverse effect on the prognosis of patients with 
HF, while subjects with CVD who lose body fat rather than 
lean body mass may have a better prognosis.29, 57, 58

Conclusion

The prevalence of overweight and obesity is on the rise 
worldwide. There is compelling evidence supporting the 
adverse impact of obesity on cardiac performance and 
morphology leading to HF. Nonetheless, there is also 
evidence supporting the existence of the obesity paradox, 
according to which obese patients with HF have a better 
prognosis than their leaner counterparts. Consensus has 
yet to emerge as to whether the obesity paradox is a true 
phenomenon. Many theories try to explain the mechanism of 
the obesity paradox, but they have been partially successful. 
The role of weight reduction in prognosis has not been fully 
explained, and there is no clear guideline recommendation. 
Further research is mandated in this field, especially as 
regards the role of the autonomic nervous system, to explain 
the possible mechanisms of the obesity paradox in HF.  

References
1. WHO. Obesity and Overweight (Factsheet no 311). http://www.

who.int/mediacentre/factsheets/fs311/en/index.html (11 August 
2015).

2. WHO. Population-Based Prevention Strategies for Childhood 
Obesity. Report of the World Health Organization Forum and 
Technical Meeting 2009. http://www.who.int/dietphysicalactivity/
childhood/child-obesity-eng.pdf (16 June 2015).

3. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, 
Paciorek CJ, Singh GM, Gutierrez HR, Lu Y, Bahalim AN, 
Farzadfar F, Riley LM, Ezzati M; Global Burden of Metabolic Risk 
Factors of Chronic Diseases Collaborating Group (Body Mass 
Index). National, regional, and global trends in body-mass index 
since 1980: systematic analysis of health examination surveys and 
epidemiological studies with 960 country-years and 9·1 million 
participants. Lancet 2011;377:557-567.

4. Parikh NI, Pencina MJ, Wang TJ, Lanier KJ, Fox CS, D’Agostino 
RB, Vasan RS. Increasing trends in incidence of overweight and 
obesity over 5 decades. Am J Med 2007;120:242-250.

5. Klein S, Burke LE, Bray GA, Blair S, Allison DB, Pi-Sunyer 
X, Hong Y, Eckel RH; American Heart Association Council on 

Nutrition, Physical Activity, and Metabolism. Clinical implications 
of obesity with specific focus on cardiovascular disease: a 
statement for professionals from the American Heart Association 
Council on Nutrition, Physical Activity, and Metabolism: endorsed 
by the American College of Cardiology Foundation. Circulation 
2004;110:2952-2967.

6. Lavie CJ, Milani RV, Ventura HO. Obesity and cardiovascular 
disease: risk factor, paradox, and impact of weight loss. J Am Coll 
Cardiol 2009;53:1925-1932.

7. Goyal A, Nimmakayala KR, Zonszein J. Is there a paradox in 
obesity? Cardiol Rev 2014;22:163-170.

8. Cepeda-Valery B, Pressman GS, Figueredo VM, Romero-Corral 
A. Impact of obesity on total and cardiovascular mortality--fat or 
fiction? Nat Rev Cardiol 2011;8:233-237.

9. Poirier P, Alpert MA, Fleisher LA, Thompson PD, Sugerman HJ, 
Burke LE, Marceau P, Franklin BA; American Heart Association 
Obesity Committee of Council on Nutrition, Physical Activity 
and Metabolism, Council on Cardiopulmonary Perioperative and 
Critical Care, Council on Cardiovascular Surgery and Anesthesia, 
Council on Cardiovas. Cardiovascular evaluation and management 
of severely obese patients undergoing surgery: a science advisory 
from the American Heart Association. Circulation 2009;120:86-95.

10. Zafrir B, Goren Y, Salman N, Amir O. Comparison of body mass 
index and body surface area as outcome predictors in patients with 
systolic heart failure. Cardiol J 2015;22:375-381.

11. Dallongeville J, Bhatt DL, Steg PH, Ravaud P, Wilson PW, 
Eagle KA, Goto S, Mas JL, Montalescot G; REACH Registry 
Investigators. Relation between body mass index, waist 
circumference, and cardiovascular outcomes in 19,579 diabetic 
patients with established vascular disease: the REACH Registry. 
Eur J Prev Cardiol 2012;19:241-249.

12. Sobiczewski W, Wirtwein M, Jarosz D, Gruchala M. Superiority 
of waist circumference and body mass index in cardiovascular risk 
assessment in hypertensive patients with coronary heart disease. 
Blood Press 2015;24:90-95.

13. Manson JE, Bassuk SS. Obesity in the United States: a fresh look 
at its high toll. JAMA 2003;289:229-230.

14. Sturm R, Wells KB. Does obesity contribute as much to morbidity 
as poverty or smoking? Public Health 2001;115:229-235.

15. Ali AT, Hochfeld WE, Myburgh R, Pepper MS. Adipocyte and 
adipogenesis. Eur J Cell Biol 2013;92:229-236.

16. Lavie CJ, Milani RV, Ventura HO. Untangling the heavy 
cardiovascular burden of obesity. Nat Clin Pract Cardiovasc Med 
2008;5:428-429.

17. Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao 
CL, Chen CL, Tai TY, Chuang LM. Weight reduction increases 
plasma levels of an adipose-derived anti-inflammatory protein, 
adiponectin. J Clin Endocrinol Metab 2001;86:3815-3819.

18. Tzotzas T, Evangelou P, Kiortsis DN. Obesity, weight loss and 
conditional cardiovascular risk factors. Obes Rev 2011;12:e282-
289.

19. Enriori PJ, Evans AE, Sinnayah P, Cowley MA. Leptin resistance 
and obesity. Obesity (Silver Spring) 2006;14 Suppl 5:254S-258S.

20. Fantuzzi G. Adiponectin and inflammation: consensus and 
controversy. J Allergy Clin Immunol 2008;121:326-330.

21. Lavie CJ, Sharma A, Alpert MA, De Schutter A, Lopez-Jimenez F, 
Milani RV, Ventura HO. Update on obesity and obesity paradox in 
heart failure. Prog Cardiovasc Dis 2016;58:393-400.

22. Alpert MA, Lavie CJ, Agrawal H, Kumar A, Kumar SA. Cardiac 
effects of obesity: pathophysiologic, clinical, and prognostic 
consequences - a review. J Cardiopulm Rehabil Prev 2016;36:1-11.

23. Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. Obesity 
and cardiovascular diseases: implications regarding fitness, 
fatness, and severity in the obesity paradox. J Am Coll Cardiol 
2014;63:1345-1354.

24. Alpert MA, Omran J, Bostick BP. Effects of obesity on 
cardiovascular hemodynamics, cardiac morphology, and 
ventricular function. Curr Obes Rep 2016;5:424-434.

25. Bastien M, Poirier P, Lemieux I, Després JP. Overview of 



TEHRAN HEART CENTER

The Journal of Tehran University Heart Center 5

J Teh Univ Heart Ctr 12 (1) http://jthc.tums.ac.irJanuary, 2017

Obesity, Heart Failure, and Obesity Paradox

epidemiology and contribution of obesity to cardiovascular 
disease. Prog Cardiovasc Dis 2014;56:369-381.

26. Horwich TB, Fonarow GC. Glucose, obesity, metabolic syndrome, 
and diabetes relevance to incidence of heart failure. J Am Coll 
Cardiol 2010;55:283-293.

27. Alpert MA, Terry BE, Mulekar M, Cohen MV, Massey CV, Fan 
TM, Panayiotou H, Mukerji V. Cardiac morphology and left 
ventricular function in normotensive morbidly obese patients with 
and without congestive heart failure, and effect of weight loss. Am 
J Cardiol 1997;80:736-740.

28. Morricone L, Malavazos AE, Coman C, Donati C, Hassan T, 
Caviezel F. Echocardiographic abnormalities in normotensive obese 
patients: relationship with visceral fat. Obes Res 2002;10:489-498.

29. Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Woo 
MA, Tillisch JH. The relationship between obesity and mortality 
in patients with heart failure. J Am Coll Cardiol 2001;38:789-795.

30. Curtis JP, Selter JG, Wang Y, Rathore SS, Jovin IS, Jadbabaie F, 
Kosiborod M, Portnay EL, Sokol SI, Bader F, Krumholz HM. The 
obesity paradox: body mass index and outcomes in patients with 
heart failure. Arch Intern Med 2005;165:55-61.

31. Hall JA, French TK, Rasmusson KD, Vesty JC, Roberts CA, 
Rimmasch HL, Kfoury AG, Renlund DG. The paradox of obesity 
in patients with heart failure. J Am Acad Nurse Pract 2005;17:542-
546.

32. Fonarow GC, Srikanthan P, Costanzo MR, Cintron GB, Lopatin 
M; ADHERE Scientific Advisory Committee and Investigators. 
An obesity paradox in acute heart failure: analysis of body mass 
index and inhospital mortality for 108,927 patients in the Acute 
Decompensated Heart Failure National Registry. Am Heart J 
2007;153:74-81.

33. Kenchaiah S, Pocock SJ, Wang D, Finn PV, Zornoff LA, Skali H, 
Pfeffer MA, Yusuf S, Swedberg K, Michelson EL, Granger CB, 
McMurray JJ, Solomon SD; CHARM Investigators. Body mass 
index and prognosis in patients with chronic heart failure: insights 
from the Candesartan in Heart failure: Assessment of Reduction 
in Mortality and morbidity (CHARM) program. Circulation 
2007;116:627-636.

34. Oreopoulos A, Padwal R, Kalantar-Zadeh K, Fonarow GC, Norris 
CM, McAlister FA. Body mass index and mortality in heart failure: 
a meta-analysis. Am Heart J 2008;156:13-22.

35. Sharma A, Lavie CJ, Borer JS, Vallakati A, Goel S, Lopez-Jimenez 
F, Arbab-Zadeh A, Mukherjee D, Lazar JM. Meta-analysis of 
the relation of body mass index to all-cause and cardiovascular 
mortality and hospitalization in patients with chronic heart failure. 
Am J Cardiol 2015;115:1428-1434.

36. Clark AL, Fonarow GC, Horwich TB. Impact of cardiorespiratory 
fitness on the obesity paradox in patients with systolic heart failure. 
Am J Cardiol 2015;115:209-213.

37. De Schutter A, Lavie CJ, Patel DA, Milani RV. Obesity paradox and 
the heart: which indicator of obesity best describes this complex 
relationship? Curr Opin Clin Nutr Metab Care 2013;16:517-524.

38. Lavie CJ, Cahalin LP, Chase P, Myers J, Bensimhon D, Peberdy 
MA, Ashley E, West E, Forman DE, Guazzi M, Arena R. Impact 
of cardiorespiratory fitness on the obesity paradox in patients with 
heart failure. Mayo Clin Proc 2013;88:251-258.

39. Lavie CJ, De Schutter A, Milani RV. Healthy obese versus unhealthy 
lean: the obesity paradox. Nat Rev Endocrinol 2015;11:55-62.

40. McAuley PA, Artero EG, Sui X, Lee DC, Church TS, Lavie CJ, 
Myers JN, España-Romero V, Blair SN. The obesity paradox, 
cardiorespiratory fitness, and coronary heart disease. Mayo Clin 
Proc 2012;87:443-451.

41. Pandey A, Berry JD, Lavie CJ. Cardiometabolic disease leading to 
heart failure: better fat and fit than lean and lazy. Curr Heart Fail 
Rep 2015;12:302-308.

42. Ajayi AA, Adigun AQ, Ojofeitimi EO, Yusuph H, Ajayi OE. 
Anthropometric evaluation of cachexia in chronic congestive heart 
failure: the role of tricuspid regurgitation. Int J Cardiol 1999;71:79-
84.

43. Pasini E, Aquilani R, Gheorghiade M, Dioguardi FS. Malnutrition, 

muscle wasting and cachexia in chronic heart failure: the nutritional 
approach. Ital Heart J 2003;4:232-235.

44. Kalantar-Zadeh K, Block G, Horwich T, Fonarow GC. Reverse 
epidemiology of conventional cardiovascular risk factors in patients 
with chronic heart failure. J Am Coll Cardiol 2004;43:1439-1444.

45. Sugerman HJ, Sugerman EL, Wolfe L, Kellum JM, Jr, Schweitzer 
MA, DeMaria EJ. Risks and benefits of gastric bypass in morbidly 
obese patients with severe venous stasis disease. Ann Surg 
2001;234:41-46.

46. Anker SD, Negassa A, Coats AJ, Afzal R, Poole-Wilson PA, Cohn 
JN, Yusuf S. Prognostic importance of weight loss in chronic heart 
failure and the effect of treatment with angiotensin-converting-
enzyme inhibitors: an observational study. Lancet 2003;361:1077-
1083.

47. Mehra MR, Uber PA, Park MH, Scott RL, Ventura HO, Harris BC, 
Frohlich ED. Obesity and suppressed B-type natriuretic peptide 
levels in heart failure. J Am Coll Cardiol 2004;43:1590-1595.

48. Clerico A, Giannoni A, Vittorini S, Emdin M. The paradox of low 
BNP levels in obesity. Heart Fail Rev 2012;17:81-96.

49. Triposkiadis F, Karayannis G, Giamouzis G, Skoularigis J, 
Louridas G, Butler J. The sympathetic nervous system in heart 
failure physiology, pathophysiology, and clinical implications. J 
Am Coll Cardiol 2009;54:1747-1762.

50. Litwin SE. Which measures of obesity best predict cardiovascular 
risk? J Am Coll Cardiol 2008;52:616-619.

51. Farré N, Aranyó J, Enjuanes C, Verdú-Rotellar JM, Ruiz S, 
Gonzalez-Robledo G, Meroño O, de Ramon M, Moliner P, 
Bruguera J, Comin-Colet J. Differences in neurohormonal activity 
partially explain the obesity paradox in patients with heart failure: 
the role of sympathetic activation. Int J Cardiol 2015;181:120-126.

52. Gielen S, Sandri M. The obesity paradox--a scientific artifact? Int J 
Cardiol 2013;162:140-142.

53. Banack HR, Kaufman JS. Does selection bias explain the obesity 
paradox among individuals with cardiovascular disease? Ann 
Epidemiol 2015;25:342-349.

54. Martín-Ponce E, Santolaria F, Alemán-Valls MR, González-
Reimers E, Martínez-Riera A, Rodríguez-Gaspar M, Rodríguez-
Rodríguez E. Factors involved in the paradox of reverse 
epidemiology. Clin Nutr 2010;29:501-506.

55. Guglin M, Baxi K, Schabath M. Anatomy of the obesity paradox in 
heart failure. Heart Fail Rev 2014;19:621-635.

56. Lavie CJ, Alpert MA, Arena R, Mehra MR, Milani RV, Ventura 
HO. Impact of obesity and the obesity paradox on prevalence and 
prognosis in heart failure. JACC Heart Fail 2013;1:93-102.

57. Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A, VanItallie 
TB, Pi-Sunyer FX, Heymsfield SB. Weight loss increases and fat 
loss decreases all-cause mortality rate: results from two independent 
cohort studies. Int J Obes Relat Metab Disord 1999;23:603-611.

58. Sierra-Johnson J, Romero-Corral A, Somers VK, Lopez-Jimenez 
F, Thomas RJ, Squires RW, Allison TG. Prognostic importance 
of weight loss in patients with coronary heart disease regardless 
of initial body mass index. Eur J Cardiovasc Prev Rehabil 
2008;15:336-340.


