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Abstract 

Background Higher body mass index (BMI) is associated with incident heart failure 

(HF), but paradoxically associated with better prognosis, recognized as the obesity 

paradox in HF. However, the impact of BMI on detailed prognosis on HF and the 

mechanism of obesity paradox remain still unclear. 

Methods We researched consecutive 648 patients admitted for HF: Underweight (BMI 

< 18.5 kg/m2, n=86), Normal (18.5 ≤ BMI < 25, n=380), Overweight (25 ≤ BMI <30, 

n=147), and Obese (30 ≤ BMI, n=35), and compared the results from their laboratory 

tests and echocardiography. We also followed cardiac and all-cause mortality.  

Results Obese group had a higher prevalence of obesity-related co-morbidity 

(hypertension, diabetes, dyslipidemia), however, tumor necrosis factor-α, adiponectin, 

troponin T, and systolic pulmonary arterial pressure were higher in the Underweight 

group than in the other groups (P<0.05, respectively). Left and right ventricular systolic 

function did not differ among the groups. In the Kaplan-Meier analysis, cardiac and 

all-cause mortality were significantly higher in the Underweight group than in the other 

groups. Importantly, in the Cox proportional hazard analyses after adjusting for known 

risk factors, BMI was an independent predictor of cardiac and all-cause mortality 

(P<0.01, respectively) in HF patients. 
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Conclusions BMI was an independent predictor of cardiac death and all-cause mortality 

in HF patients. Furthermore, lower BMI was associated with higher circulating levels of 

tumor necrosis factor-α, adiponectin and troponin T, and higher systolic pulmonary 

arterial pressure. 

 

Keywords heart failure, body mass index, tumor necrosis factor-α, adiponectin, 

troponin T, right heart function, prognosis  
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Introduction 

Body mass index (BMI) is a surrogate measure of body fat and may also reflect lean 

body mass and the validity of obesity and cachexia, and is associated with the prognosis 

of heart failure (HF).[1-3] Although obesity is associated with the onset of 

cardiovascular disease including HF, [4, 5] it is paradoxically associated with better 

prognosis, recognized as “obesity paradox” in HF.[1, 3, 6, 7] Clark et al. presented that 

higher BMI was associated with better prognosis in both male and female HF patients, 

although fat distribution varies by gender.[7] Both higher BMI and circumference were 

associated with better prognosis in HF.[7] In a meta-analysis, Oreopoulous et al. 

reported that overweight and obese HF patients had a reduction in all-cause mortality 

(-16% and -33%, respectively) compared with HF patients with normal BMI.[8] 

However, the mechanism of the obesity paradox remains still unclear.[6] On the other 

hand, malnutrition,[9] wasting,[10] weight loss[11] and cachexia[12] are associated with 

poor prognosis in HF patients. Malnutrition is common in patients with HF and is 

associated with increased right atrial pressure and tricuspid regurgitation.[9] HF patients 

with right ventricular (RV) dysfunction had lower fat mass and body weight loss.[12] 

On another note, several factors such as RV systolic function,[13] pulmonary arterial 

pressure,[13] renin-angiotensin-aldosterone system (RAS), sympathetic nervous system, 
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cytokines ((tumor necrosis-factor) TNF-α,[14] adiponectin[15-17]), and cardiac 

troponin T[18] are the reported predictors of HF patients, and are considered to be 

related with body composition (obesity and cachexia). 

The features of HF related with BMI from the viewpoint of comprehensive status 

and the impact of BMI on detailed all-cause mortality in HF remain unclear. Therefore, 

the aim of the present study was to investigate the association of body mass index with 

1) cardiac function (especially right heart function), 2) neurohumoral factors (TNF-α, 

adiponectin, noradrenarin, plasma renin activity, renin concentration, and aldosterone), 

3) the presence of co-morbidities (hypertension, diabetes, dyslipidemia, chronic kidney 

disease, atrial fibrillation, and anemia), and 4) the prognosis (cardiac, non-cardiac, and 

all-cause mortality). 
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Methods 

Subjects and study protocol 

This was a prospective observational study which enrolled consecutive symptomatic HF 

patients who were hospitalized because of decompensated HF, and discharged from 

Fukushima Medical University between 2009 and 2012. The diagnosis of 

decompensated HF was defined based on the Framingham criteria.[19] Patients with 

acute coronary syndrome, pulmonary thromboembolism, primary pulmonary 

hypertension, dialysis, and documented cancer were excluded. Finally, we analyzed 648 

patients. These patients were divided into four groups based on BMI stratified by World 

Health Organization criteria for obesity (Underweight < 18.5 kg/m2, Normal 18.5 to 25 

kg/m2, Overweight 25 to 30 kg/m2, and Obese ≥ 30 kg/m2).[8] We compared the clinical 

features and results from several examinations of each group, such as laboratory tests 

and echocardiography, performed before discharge. Length of HF was defined as of 

time from first diagnosis of HF to present hospital admission. Hypertension was defined 

as the recent use of antihypertensive drugs, a systolic blood pressure >140 mmHg, 

and/or a diastolic pressure >90 mmHg. Diabetes was defined as the recent use of insulin 

or antidiabetic drugs, a fasting blood glucose value of >126 mg/dL, and/or a 

hemoglobin A1c value of >6.5%. Dyslipidemia was defined as the recent use of 
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cholesterol-lowering drugs, a triglyceride value of > 150 mg/dL, a low-density 

lipoprotein cholesterol value of >140 mg/dL, and/or a high-density lipoprotein 

cholesterol value of <40 mg/dL. Estimated glomerular filtration rate (eGFR) was 

measured by the Modification of Diet in Renal Disease formula.[20] Anemia was 

defined as hemoglobin of <12.0 g/dl in females and <13.0 g/dl in males.[21] Reduced 

left ventricular ejection fraction (LVEF) was defined as less than 50%. Smoker was 

defined as past or current smoker. The primary outcome of our study was all-cause 

mortality. Patients were followed up for cardiac death, non-cardiac death, and all-cause 

mortality. Non-cardiac death included death due to stroke, respiratory failure, infection, 

sepsis, cancer, digestive haemorrhage, and etc. Survival time was calculated from the 

date of discharge until the date of death or last follow-up. Status and dates of deaths 

were obtained from the patients’ medical records. If these data were unavailable, status 

was ascertained by a telephone call to the patient’s referring hospital physician. Written 

informed consent was obtained from all study subjects. The study protocol was 

approved by the ethical committee of Fukushima Medical University. The investigation 

conforms with the principles outlined in the Declaration of Helsinki. Reporting of the 

study conforms to STROBE along with references to STROBE and the broader 

EQUATOR guidelines.[22] 
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Echocardiography 

Echocardiography was performed blindly by an experienced echocardiographer using 

the standard techniques. Echocardiographic parameters investigated included left 

ventricular (LV) volume, LVEF, left atrial volume, the ratio of early transmitral flow 

velocity to mitral annular velocity (mitral valve E/e’), inferior vena cava diameter, 

systolic pulmonary artery pressure (SPAP),[23] right atrial end systolic area, right 

ventricular (RV) area, right ventricular fractional area change (RV-FAC), tissue 

Doppler-derived tricuspid lateral annular systolic velocity (tricuspid valve S’), and the 

ratio of the peak transtricuspid velocity during early diastole to the peak tricuspid valve 

annular velocity during early diastole (tricuspid valve E/e’).[23] LVEF was calculated 

using a modification of Simpson’s method. Mitral valve E/e’ was calculated by 

transmitral Doppler flow and tissue Doppler imaging. SPAP was calculated by adding 

the right atrial pressure (estimated by the diameter and collapsibility of the inferior vena 

cava) to the systolic trans tricuspid pressure gradient.[13, 23] The RV-FAC, defined as 

(end diastolic area-end systolic area)/end diastolic area x 100, is a measure of right 

ventricular systolic function.[23] Tricuspid valve E/e’ was calculated by transtricuspid 

Doppler flow and tissue Doppler imaging. All recordings were performed on ultrasound 
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systems (ACUSON Sequoia, Siemens Medical Solutions USA, Inc., Mountain View, 

CA, USA). 

 

Measurement of levels of TNF-α, adiponectin, and troponin T 

A blood sample was obtained from each patient at Fukushima Medical University 

before discharge under fasting state. The high-sensitive troponin T level was measured 

using electrochemiluminescence immunoassay (Elecsys Troponin T hs, Roche 

Diagnostics Ltd., Rotkreuz, Switerland).[18] TNF-α was measured, based on the 

method of solid phase chemiluminescent ELISA using immuno assay kit (Quanti Glo 

ELISA Human TNF-α Immunoassay, R&D Systems, Minneapolis, USA). Total serum 

adiponectin was based on the method of latex agglutination turbidimetric immunoassay, 

using immuno assay kit (Human Adiponectin Latex Immunoassay, LSI Medience, 

Tokyo, Japan). 

 

Statistical analysis 

Normally distributed data are presented as mean ± SD, and non-normally distributed 

data are presented as median (inter-quartile range). Categorical variables are expressed 

as numbers and percentages. Univariate comparisons among groups were performed 
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using chi-square analysis, analysis of variance, and the Kruskal-Wallis test, as 

appropriate. Kaplan-Meier method was used for presenting the event-free rate and the 

log-rank test was used for initial comparisons. Univariable and multivariable Cox 

proportional hazard analyses were used to analyze predictors of events and to adjust for 

confounding factors. To prepare for potential confounding, we introduced the following 

factors, known to affect the risk of cardiac or all-cause mortality in HF patients: age, 

gender, over two past hospitalizations, length of HF over two years, systolic blood 

pressure, New York Heart Association (NYHA) functional class III or IV, presence of 

ischemic etiology, smoking, hypertension, diabetes, dyslipidemia, atrial fibrillation, 

chronic kidney disease, anemia, hyposodium (<135 mEq/l), reduced LVEF (<50%), and 

use of RAS inhibitor, β-blocker, statin, anti-diabetic drug, or inotropics. A value of P < 

0.05 was considered significant for all comparisons. These analyses were performed 

using a statistical software package (SPSS ver. 21.0, IBM, Armonk, NY). 
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Results 

Clinical features are compared among 4 groups (Table 1). As expected, the Obese 

group had a higher prevalence of obesity-related co-morbidity (hypertension, diabetes, 

dyslipidemia), smokers and ischemic etiology, higher levels of blood pressure. On the 

other hand, the Underweight group had higher age, a greater likelihood of having a 

history of over two past hospitalizations, higher presence of NYHA class III or IV, less 

use of RAS inhibitor, statin, or antidiabetic drugs, higher presence of anemia and 

inotropic use. Table 2 shows comparisons of laboratory data among 4 groups. Levels 

of hemoglobin, sodium, glucose, insulin, hemoglobin A1c, and triglycerides in Obese 

group were higher than Underweight group. On the other hand, levels of B-type 

natriuretic peptide, high density lipoprotein, troponin T, TNF-α, and adiponectin in 

Underweight group were higher than Obese group. In contrast, plasma noradrenalin, 

plasma renin activity, rennin concentration and aldosterone did not differ among the 

four groups. Echocardiographic parameters are summarized in Table 3. Left 

ventricular wall thickness and right atrial and ventricular diameter in Obese group were 

higher than Underweight group. On the other hand, SPAP was higher in Underweight 

group than Obese group. In contrast, LVEF and RV-FAC did not differ among the four 

groups. 
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During the follow-up period (mean 737 days), there were 68 cardiac deaths and 68 

non-cardiac deaths. Details of cardiac and non-cardiac deaths were as follows: heart 

failure deaths (n=49), ventricular fibrillation (n=19), cancer (n=21), respiratory failure 

and/or pneumonia (n=16), infection/sepsis (n=10), stroke (n=7), digestive hemorrhage 

(n=4), aneurysm (n=4), renal failure (n=3), and others (n=3). As shown in Figure 1, 

the event free rates from cardiac death and all-cause mortality were significantly lower 

in the Underweight group than in the other groups. Furthermore, non-cardiac death 

tended to be higher in the Underweight group than in the Obese group. 

The Cox proportional hazard model was used to examine prognostic value of BMI 

in HF patients (Table 4). In the multivariable analysis, BMI was an independent 

predictor of cardiac and all-cause mortality (P<0.01, respectively) after adjusting for 

potential confounding factors (models 1-4) including age, gender, history of over two 

past hospitalizations, length of HF over two years, systolic blood pressure, NYHA 

class III or IV, presence of ischemic etiology, smoking, hypertension, diabetes, 

dyslipidemia, atrial fibrillation, chronic kidney disease, anemia, hyposodium, reduced 

LVEF, use of RAS inhibitor, β-blocker, statin, anti-diabetes drug, or inotropic. 

In addition, BMI was an independent predictor of all-cause mortality when we 

excluded the Underweight group (hazard ratio 0.937, 95% CI 0.881-0.995). We 
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analyzed separately HF patients with coronary artery disease (CAD; n=158) and 

non-CAD (n=490). The rates of all-cause mortality were significantly higher in the 

Underweight group than in the other groups in both CAD and non-CAD group 

(P<0.001 and P=0.008, respectively). 
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Discussion 

To the best of our knowledge, the present study is the first to show the impact BMI has, 

not only for predicting cardiac mortality, but also for predicting all-cause mortality in 

hospitalized HF patients with regard to comprehensive status, including co-morbidity, 

cardiac function, RAS, sympathetic nervous system, TNF-α, adiponectin, and troponin 

T. It was found that BMI was an independent predictor of cardiac and all-cause 

mortality in HF patients. Underweight patients’ conditions were associated with higher 

TNF-α, adiponectin, troponin T, and pulmonary arterial systolic pressure. These data 

suggest the mechanism by which BMI impacts the mortality of HF patients. 

 Obesity (higher BMI) is a global epidemic strongly associated with the 

development of a broad array of cardiovascular diseases. Obesity has several adverse 

effects on 1) hemodynamics (increased arterial pressure, LV wall stress, and pulmonary 

hypetension), 2) cardiac structure (LV hypertrophy, left atrial enlargement, and RV 

hypertrophy), 3) inflammation (increased C-reactive protein and TNF-α), 4) 

neurohumoral abnormalities (insulin resistance and hyperinsullinemia, leptin 

insensitivity, reduced adiponection, activation of RAS and sympathetic nervous system), 

and 5) cellular disintegrity (hypertrophy, apoptosis, and fibrosis).[6] Concordant with 

these mechanisms as expected, our obese group had: 1) higher prevalence of 
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obesity-related illness (hypertension, diabetes, dyslipidemia), insulin resistance, and 

ischemic etiology, and 2) higher left ventricular wall thickness and right atrial and 

ventricular diameters. However, a higher BMI has been reported as “protective” against 

cardiovascular events. The “obesity paradox” is recognized in HF.[1] Excess adiposity 

may reflect a metabolic sink capable of resisting catabolic demands in HF.[24-26] On 

the other hand, cardiac cachexia (lower BMI) is related to hemodynamic alterations of 

HF,[9, 27] and the following neurohumoral and cytokine responses,[28] have in turn 

been implicated in gastrointestinal function,[29] liver function,[30] anorexia,[27] 

hypermetabolis, and changed substrate utilization in tissues.[31] Lower BMI is 

associated with negative energy balance, systemic inflammation/catabolism (e.g., 

TNF-α and catecholamine), decreased lean and fat mass, and poorer prognosis in 

HF.[32] Body weight loss in patients with advanced HF is associated with an increased 

risk of death.[14] HF-related cachexia is related to RV impairment[9, 33] rather than LV 

impairment.[34, 35] Increased right heart filling pressure has been linked to body fat 

depletion[9] and low BMI.[33] However, the mechanisms of the “obesity paradox” in 

HF remain still unclear and are somewhat difficult to understand. Several potential 

mechanisms are as follows: 1) nonpurposeful weight loss, greater metabolic reserves, 

less cachexia, protective cytokines, earlier symptom presentation, attenuated response to 
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RAS, high blood pressure leading to more HF medications, different etiology of HF, 

increased muscle mass and muscular strength, and implications related to cardiac 

rehabilitation.[6]  

 Higher TNF-α and excess catecholamine are linked to cachexia in HF with 

reduced LV function.[14, 28] Moreover, increased adiposity may protect mitochondrial 

function during pressure overload HF, suggesting that BMI not only reflects cachexia 

and inflammation, but also may be a marker of improved mitochondrial function in HF. 

Adiponectin is an abundant protein that is secreted primarily from adipose tissue, with 

concentrations that are inversely associated with obesity.[36] Although adiponectin is 

considered to be protective against cardiovascular disease,[37-39] its higher levels have 

paradoxically been associated with worse outcomes among patients with acute coronary 

syndrome[40] and HF.[15, 16] Higher adiponectin was also reportedly associated with 

severity of HF,[16, 17] RV dysfunction, and cachexia in HF patients.[12] It has been 

reported that SPAP is an independent predictor of adverse prognosis in HF patients.[13, 

41] Elevated circulating levels of troponins are associated with inflammation[42], 

presence of non-cardiac co-morbidities,[43] and adverse all-cause mortality.[18] Our 

present data that the Underweight group had poorer prognoses accompanied by higher 
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levels of troponin T, TNF-α, adiponectin and SPAP were concordant with previous 

studies.[12, 13, 15, 18, 28] 

  

Study strengths and limitations 

Our study differs from previous studies[1-3] in many ways. For instance, we presented 

detailed all-cause mortality in HF patients. Importantly, we also showed the association 

of underweight HF with TNF-α, adiponectin, troponin T, and heart function. Several 

limitations remain in the present study. First, it was a prospective analysis of a single 

institution. The number of subjects was relatively small. Hence, prospective studies 

with a larger population are needed. However, diagnosis of HF was accurately made by 

our experienced cardiologists using the Framingham criteria. Second, we evaluated RV 

function and SPAP using echocardiography unless we used right heart catheterization. 

However, this procedure is not routinely performed. Third, levels of plasma renin 

activity, concentrations of renin and aldosterone might be affected by taking RAS 

inhibitors. 

 

Conclusions 
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BMI was an independent predictor of not only cardiac death but also all-cause mortality 

in HF patients. HF patients who were underweight 1) had advanced HF and poorer 

nutrition, 2) had higher levels of TNF-α, adiponectin, troponin T, and pulmonary 

arterial pressure, and 3) had less RAS inhibitor and statin use, but more inotropic use. 

These statuses may in part affect the adverse prognosis of underweight HF patients. 

 

Acknowledgements 

The authors acknowledge the outstanding technical assistance of Ms. Kumiko Watanabe 

and Yuko Niimura. 

 

Funding 

This study was supported in part by a grant-in-aid for Scientific Research (No. 

25461061) from the Japan Society for the Promotion of Science, and grants-in-aid from 

the Japanese Ministry of Health, Labor, and Welfare, Tokyo, Japan.  

 

Conflict of interest  

None.  



19 

 

References  

1 Shah R, Gayat E, Januzzi JL, Jr., Sato N, Cohen-Solal A, Disomma S et al. Body 
mass index and mortality in acutely decompensated heart failure across the 
world: a global obesity paradox. J Am Coll Cardiol 2014;63:778-85. 

2 Kenchaiah S, Pocock SJ, Wang D, Finn PV, Zornoff LA, Skali H et al. 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;116:627-36. 

3 Fonarow GC, Srikanthan P, Costanzo MR, Cintron GB, Lopatin M, Committee 
ASA et al. 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. 

4 Lavie CJ, Milani RV and Ventura HO. Obesity and cardiovascular disease: risk 
factor, paradox, and impact of weight loss. J Am Coll Cardiol 2009;53:1925-32. 

5 Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ, Larson MG et al. 
Obesity and the risk of heart failure. N Engl J Med 2002;347:305-13. 

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

7 Clark AL, Chyu J and Horwich TB. The obesity paradox in men versus women 
with systolic heart failure. Am J Cardiol 2012;110:77-82. 

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

9 Carr JG, Stevenson LW, Walden JA and Heber D. Prevalence and hemodynamic 
correlates of malnutrition in severe congestive heart failure secondary to 
ischemic or idiopathic dilated cardiomyopathy. Am J Cardiol 1989;63:709-13. 

10 Anker SD, Ponikowski P, Varney S, Chua TP, Clark AL, Webb-Peploe KM et al. 
Wasting as independent risk factor for mortality in chronic heart failure. Lancet 
1997;349:1050-3. 

11 Anker SD, Negassa A, Coats AJ, Afzal R, Poole-Wilson PA, Cohn JN et al. 
Prognostic importance of weight loss in chronic heart failure and the effect of 
treatment with angiotensin-converting-enzyme inhibitors: an observational study. 
Lancet 2003;361:1077-83. 

12 Melenovsky V, Kotrc M, Borlaug BA, Marek T, Kovar J, Malek I et al. 



20 

 

Relationships between right ventricular function, body composition, and 
prognosis in advanced heart failure. J Am Coll Cardiol 2013;62:1660-70. 

13 Ghio S, Temporelli PL, Klersy C, Simioniuc A, Girardi B, Scelsi L et al. 
Prognostic relevance of a non-invasive evaluation of right ventricular function 
and pulmonary artery pressure in patients with chronic heart failure. European 
journal of heart failure 2013;15:408-14. 

14 Anker SD, Chua TP, Ponikowski P, Harrington D, Swan JW, Kox WJ et al. 
Hormonal changes and catabolic/anabolic imbalance in chronic heart failure and 
their importance for cardiac cachexia. Circulation 1997;96:526-34. 

15 Wannamethee SG, Whincup PH, Lennon L and Sattar N. Circulating 
adiponectin levels and mortality in elderly men with and without cardiovascular 
disease and heart failure. Arch Intern Med 2007;167:1510-7. 

16 Kistorp C, Faber J, Galatius S, Gustafsson F, Frystyk J, Flyvbjerg A et al. 
Plasma adiponectin, body mass index, and mortality in patients with chronic 
heart failure. Circulation 2005;112:1756-62. 

17 Tsutamoto T, Tanaka T, Sakai H, Ishikawa C, Fujii M, Yamamoto T et al. Total 
and high molecular weight adiponectin, haemodynamics, and mortality in 
patients with chronic heart failure. Eur Heart J 2007;28:1723-30. 

18 Nakamura Y, Yoshihisa A, Takiguchi M, Shimizu T, Yamauchi H, Iwaya S et al. 
High-sensitivity cardiac troponin T predicts non-cardiac mortality in heart 
failure. Circ J 2014;78:890-5. 

19 McKee PA, Castelli WP, McNamara PM and Kannel WB. The natural history of 
congestive heart failure: the Framingham study. N Engl J Med 1971;285:1441-6. 

20 Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S et al. 
Using standardized serum creatinine values in the modification of diet in renal 
disease study equation for estimating glomerular filtration rate. Ann Intern Med 
2006;145:247-54. 

21 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Bohm M, Dickstein K 
et al. ESC guidelines for the diagnosis and treatment of acute and chronic heart 
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure 2012 of the European Society of Cardiology. Developed 
in collaboration with the Heart Failure Association (HFA) of the ESC. Eur J 
Heart Fail 2012;14:803-69. 

22 Simera I, Moher D, Hoey J, Schulz KF and Altman DG. A catalogue of 
reporting guidelines for health research. Eur J Clin Invest 2010;40:35-53. 

23 Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, Chandrasekaran 



21 

 

K et al. Guidelines for the echocardiographic assessment of the right heart in 
adults: a report from the American Society of Echocardiography endorsed by the 
European Association of Echocardiography, a registered branch of the European 
Society of Cardiology, and the Canadian Society of Echocardiography. Journal 
of the American Society of Echocardiography : official publication of the 
American Society of Echocardiography 2010;23:685-713; quiz 86-8. 

24 Libera LD and Vescovo G. Muscle wastage in chronic heart failure, between 
apoptosis, catabolism and altered anabolism: a chimaeric view of inflammation? 
Current opinion in clinical nutrition and metabolic care 2004;7:435-41. 

25 Schulze PC, Gielen S, Schuler G and Hambrecht R. Chronic heart failure and 
skeletal muscle catabolism: effects of exercise training. Int J Cardiol 
2002;85:141-9. 

26 Berry C and Clark AL. Catabolism in chronic heart failure. Eur Heart J 
2000;21:521-32. 

27 Pittman JG and Cohen P. The Pathogenesis of Cardiac Cachexia. N Engl J Med 
1964;271:403-9 CONTD. 

28 Anker SD, Ponikowski PP, Clark AL, Leyva F, Rauchhaus M, Kemp M et al. 
Cytokines and neurohormones relating to body composition alterations in the 
wasting syndrome of chronic heart failure. Eur Heart J 1999;20:683-93. 

29 Sandek A, Bauditz J, Swidsinski A, Buhner S, Weber-Eibel J, von Haehling S et 
al. Altered intestinal function in patients with chronic heart failure. J Am Coll 
Cardiol 2007;50:1561-9. 

30 Abe S, Yoshihisa A, Takiguchi M, Shimizu T, Nakamura Y, Yamauchi H et al. 
Liver Dysfunction Assessed by Model for End-Stage Liver Disease Excluding 
INR (MELD-XI) Scoring System Predicts Adverse Prognosis in Heart Failure. 
PLoS One 2014;9:e100618. 

31 Poehlman ET, Scheffers J, Gottlieb SS, Fisher ML and Vaitekevicius P. 
Increased resting metabolic rate in patients with congestive heart failure. Ann 
Intern Med 1994;121:860-2. 

32 Anker SD and Coats AJ. Cardiac cachexia: a syndrome with impaired survival 
and immune and neuroendocrine activation. Chest 1999;115:836-47. 

33 Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Woo MA and 
Tillisch JH. The relationship between obesity and mortality in patients with 
heart failure. J Am Coll Cardiol 2001;38:789-95. 

34 McEntegart MB, Awede B, Petrie MC, Sattar N, Dunn FG, MacFarlane NG et al. 
Increase in serum adiponectin concentration in patients with heart failure and 



22 

 

cachexia: relationship with leptin, other cytokines, and B-type natriuretic peptide. 
Eur Heart J 2007;28:829-35. 

35 Florea VG, Henein MY, Rauchhaus M, Koloczek V, Sharma R, Doehner W et al. 
The cardiac component of cardiac cachexia. Am Heart J 2002;144:45-50. 

36 Weyer C, Funahashi T, Tanaka S, Hotta K, Matsuzawa Y, Pratley RE et al. 
Hypoadiponectinemia in obesity and type 2 diabetes: close association with 
insulin resistance and hyperinsulinemia. J Clin Endocrinol Metab 
2001;86:1930-5. 

37 Ai M, Otokozawa S, Asztalos BF, White CC, Cupples LA, Nakajima K et al. 
Adiponectin: an independent risk factor for coronary heart disease in men in the 
Framingham offspring Study. Atherosclerosis 2011;217:543-8. 

38 Frystyk J, Berne C, Berglund L, Jensevik K, Flyvbjerg A and Zethelius B. 
Serum adiponectin is a predictor of coronary heart disease: a population-based 
10-year follow-up study in elderly men. J Clin Endocrinol Metab 
2007;92:571-6. 

39 Efstathiou SP, Tsioulos DI, Tsiakou AG, Gratsias YE, Pefanis AV and 
Mountokalakis TD. Plasma adiponectin levels and five-year survival after 
first-ever ischemic stroke. Stroke 2005;36:1915-9. 

40 Wilson SR, Sabatine MS, Wiviott SD, Ray KK, De Lemos JA, Zhou S et al. 
Assessment of adiponectin and the risk of recurrent cardiovascular events in 
patients presenting with an acute coronary syndrome: observations from the 
Pravastatin Or atorVastatin Evaluation and Infection Trial-Thrombolysis in 
Myocardial Infarction 22 (PROVE IT-TIMI 22). Am Heart J 2011;161:1147-55 
e1. 

41 Szwejkowski BR, Elder DH, Shearer F, Jack D, Choy AM, Pringle SD et al. 
Pulmonary hypertension predicts all-cause mortality in patients with heart 
failure: a retrospective cohort study. European journal of heart failure 
2012;14:162-7. 

42 White HD. Pathobiology of troponin elevations: do elevations occur with 
myocardial ischemia as well as necrosis? J Am Coll Cardiol 2011;57:2406-8. 

43 Kelley WE, Januzzi JL and Christenson RH. Increases of cardiac troponin in 
conditions other than acute coronary syndrome and heart failure. Clin Chem 
2009;55:2098-112. 

 

 



23 

 

FIGURE LEGENDS 

Figure 1 Kaplan-Meier analysis for A) cardiac mortality, B) non-cardiac mortality, and 

C) all-cause mortality among the four groups (Underweight, Normal, Overweight, and 

Obese group). 
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