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ABSTRACT

Objective: There is a potentially protective effect of obesity when it coexists with cardiovascular disease. This is known as the “obe-
sity paradox”, which might be explained by anthropometric measurements as an unreliable marker of body fat. 
Objective: The aim of this study was to estimate body fat with a non-invasive method and study its relationship with morbidity and 
mortality in cardiac surgery.
Methods: We conducted a prospective and observational study in adult patients undergoing cardiac surgery. Demographic, anthro-
pometric and clinical variables together with the estimation of body composition using bioelectrical impedance analysis were used to 
analyze their association with length of hospital stay and adverse events after cardiac surgery.
Results: The analysis of 98 patients revealed a direct relationship between the percentage of body fat and length of hospital stay, 
independently of age, sex, body mass index and preoperative risk (coefficient of 0.27, p = 0.021). In addition, patients who had medi-
astinitis showed significantly higher body fat (31.55 ± 0.64% vs. 27.13 ± 7.9%, p <0.001), and patients who died had a tendency to 
have larger fat mass (36.05 ± 3.19% vs. 27.20 ± 7.82%, p = 0.08). 
Conclusion: Increased body fat assessed with bioelectric impedance analysis was related to higher morbidity in cardiac surgery. 
Although this result is biologically plausible, larger studies are necessary in order to definitively establish the “body mass index 
paradox”.
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RESUMEN

Introducción: Existe un efecto potencialmente protector de la obesidad cuando coexiste con la enfermedad cardiovascular, conocido 
como “paradoja de la obesidad”. Es posible que se deba a que las medidas antropométricas no sean un marcador fidedigno de la grasa 
corporal. En este estudio, proponemos estimar la grasa corporal con métodos no invasivos y estudiar su relación con la morbimor-
talidad en cirugía cardíaca.
Métodos: Llevamos a cabo un estudio prospectivo y observacional en pacientes adultos sometidos a cirugía cardíaca. Analizamos 
variables demográficas, antropométricas y clínicas junto con la estimación de la composición corporal a través de la impedancia bio-
eléctrica, para relacionarlas con los días de internación y eventos adversos luego de la cirugía cardíaca.
Resultados: En el análisis de 98 pacientes, encontramos una relación directa entre el porcentaje de grasa corporal y los días de inter-
nación, independiente de la edad, el sexo, el índice de masa corporal y el riesgo prequirúrgico (coeficiente de 0,27, p: 0,021). Además, 
los pacientes que presentaron mediastinitis tuvieron una grasa corporal significativamente mayor (31,55 ± 0,64% contra 27,13 ± 
7,9%, p < 0,001), y los pacientes que fallecieron presentaron una tendencia a presentar más masa grasa (36,05 ± 3,19% contra 27,20 
± 7,82%, p: 0,08). 
Conclusiones: La mayor cantidad de grasa corporal estimada por análisis de impedancia bioeléctrica se relacionó con una mayor 
morbilidad en la cirugía cardíaca. A pesar de que esto es biológicamente plausible, sería necesario llevar a cabo estudios de mayor 
tamaño para poder esclarecer definitivamente la “paradoja del índice de masa corporal”.
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INTRODUCTION
Overweight and obesity are directly associated with 
the incidence of cardiovascular disease. (1) Usually, 
body mass index (BMI) is used for their identifica-
tion in epidemiological studies, defining overweight 
as BMI ≥25 and obesity as BMI ≥30. Although this 
measurement is easy to perform, it presents many 
limitations since it does not accurately reflect the 
body composition of an individual. In a study relat-
ing anthropometric measurements with mortality in 
49,476 women and 4,944 men, only a very low BMI or 
high percentage of body fat correlated with mortality, 
but not a high BMI. (2)

The relationship between BMI and mortality be-
comes even more complex in patients with established 
cardiovascular disease. A potentially protective effect 
of obesity when it coexists with cardiovascular disease 
has been demonstrated by several retrospective and 
prospective epidemiological studies, (3, 4) a phenom-
enon known as the “obesity paradox”. (5) There are 
many possible explanations, but one of the most ac-
cepted sustains that in reality BMI, when used as a 
surrogate of body fat, acts as a confounder in the re-
lationship between excessive adiposity and increased 
mortality. (6) Since it does not directly measure body 
fat, BMI would only be an imperfect marker of adipos-
ity, and more accurate measurements of body fat could 
be more useful. (7) Thus, the “obesity paradox” would 
be reduced to the “BMI paradox”.

There is special interested in studying what hap-
pens in patients undergoing cardiac surgery. For ex-
ample, lower morbidity and mortality after coronary 
revascularization surgery has been reported in obese 
patients compared with those presenting normal 
weight. (8, 9) However, BMI is not taken into account 
in cardiac surgery risk scores developed in Europe and 
Argentina (EuroSCORE and ArgenSCORE). (10, 11) 

The aim of this study was to evaluate the relation-
ship between body fat and morbidity of patients under-
going cardiac surgery, and to determine whether there 
is an independent relationship with BMI, age and sex.

METHODS
A prospective, observational study was carried out in the 
coronary care unit of a high-complexity private hospital of 
the Autonomous City of Buenos Aires. All patients over 18 
years of age undergoing cardiac surgery between August 1, 
2018 and July 31, 2019 were invited to participate. Dialysis 
patients, with limb amputations or pacemakers, and those 
not granting their consent to participate, were excluded 
from the study.

Age, sex, height and weight were obtained from the 
clinical history. Body mass index was calculated as the ra-
tio between weight in kilograms and the square of height in 
meters. In addition, relevant patient history (diabetes, renal 
failure, previous cardiac surgery, pulmonary disease, func-
tional class, pulmonary hypertension, peripheral vascular 
disease, number of vessels with coronary artery disease and 
left ventricular ejection fraction), surgery characteristics 
(type of surgery, priority, use of cardiopulmonary bypass) 
and presurgical risk calculated using the EuroSCORE and 
the ArgenSCORE were recorded.

Fat mass was estimated through bioelectrical impedance 
analysis (BIA), a simple, low-cost and non-invasive method 
to estimate body composition through the analysis of body 
resistance to a low-level alternate electric current. (12) 

Bioimpedance measurements were obtained with a stand-
ard tetrapolar bioimpedance meter (BIA 310, Biodynamics 
Corp., Seattle, USA, series number 409903), at a frequency 
of 50 kHz, with the patient lying in supine position, without 
contact with metallic objects and with the arms and legs at 
30° from the midline. Measurements were performed placing 
two electrodes in the right arm with a 5 cm separation and 
two in the right leg also with a 5 cm separation, 24 hours 
prior to surgery and in fasting conditions. 

The primary endpoint was length of hospital stay after 
surgery. Secondary endpoints were postoperative complica-
tions (heart failure, cardiogenic shock, vasoplegia, atrial fi-
brillation, mediastinitis, type V infarction and death).

Statistical analysis
Continuous variables were expressed as mean and stand-
ard deviation (SD) or median and interquartile range (IQR) 
according to their distribution, and categorical variables 
as absolute and relative frequencies. Continuous variables 
were compared using Student’s t test for normal unpaired 
samples or the Wilcoxon test for non-parametric samples, 
and categorical samples were compared using the chi-square 
test. Normality of distributions was assessed by histogram 
observation, skewness and kurtosis and finally, using the 
Shapiro-Wilk test. Correlations were evaluated with Pear-
son’s coefficient, with prior exclusion of outliers using the 
bagplot method. Finally, a linear regression model was built 
to establish the relationship between body fat and days of 
hospital stay, independently of sex, age, BMI and the Ar-
genSCORE (the latter was incorporated to the model after 
its logarithmic transformation due to its distribution). A p 
value <0.05 was considered significant. All calculations were 
performed using R 3.6.1 statistical software. 

Ethical considerations
This project complies with the ethical regulations estab-
lished by the Declaration of Helsinki for research in human 
subjects. (13) An informed consent was written, notifying 
the patients that data from their clinical history would be 
used and that they would undergo bioimpedance assess-
ments. The protocol was reviewed and approved by the insti-
tutional authorities.

RESULTS
A total of 133 patients underwent cardiac surgery 
during the study period. Eight patients fulfilled the 
exclusion criteria and one patient was excluded due 
to pregnancy, though this criterion had not been con-
templated a priori. Complete anthropometric and 
body composition data were obtained from the 124 re-
maining patients and among these, 98 were valid and 
finally included in the analysis. These patients pre-
sented no significant differences in demographic and 
clinical variables or events compared with those with 
incomplete data.

Patient characteristics are shown in Table 1. Most 
patients were men <60 years of age, undergoing elec-
tive coronary artery bypass graft surgery with car-
diopulmonary bypass. Anthropometric data and body 
composition stratified by sex are depicted in Table 2. 
Men were higher and heavier than women, but with 
similar BMI. Women presented lower lean mass and 
higher body fat, with the same total body water. Me-
dian hospital stay was 8 days (IQR 6,6 to 11.5 days).

Patients presenting with mediastinitis had greater 
percentage of body fat compared with the remaining 
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patients (31.55±0.64% vs. 27.13±7.9 %, p<0.001). 
No significant differences in body fat were found with 
respect to heart failure, cardiogenic shock, vasople-
gia, atrial fibrillation, type V infarction and bleeding. 
Body fat was higher, albeit not statistically significant, 
in patients who died at 30 days (36.05±3.19% vs. 
27.20±7.82%, p=0.08).

Figure 1 illustrates a positive correlation of 0.27 
(p=0.016) between the percentage of body fat and 
length of hospital stay, without apparent association 
with age. It also shows that no patient with body fat 
<25% was hospitalized for more than 14 days. When 

pWomen

Mean ± SD, median (IQR) o n (%)

Men

Table 1. Population charac-
teristics

Table 2. Anthropometric and 
body composition data ac-
cording to sex

Age (years)

Men

Functional class.

 I

 II

 II

 IV

LV ejection fraction

Chronic renal failure

COPD

Insulin-dependent diabetes

Hematocrit (%)

Creatinine (mg/dL)

Type of surgery

CABG

Valve replacement

Combined

Bentall

Others

Cardiopulmonary bypass time (minutes)

Priority

Elective

Urgent

Emergent

Salvage 

Use of cardiopulmonary bypass

EuroSCORE

ArgenSCORE

Mortality 

n

Age (years)

Height (cm)

Weight (kg)

BMI (m/kg2)

Lean mass (%)

Fat mass (%)

Total body water (%)

19

62.58 ± 14.01

157.89 ± 5.78

71.19 ± 14.75

28.54 ± 5.51

66.46 ± 7.67

33.46 ± 7.69

73.67 ± 1.99

58.87 ± 11.85

79 (80.6%)

29 (37.2%)

32 (41.0%)

14 (17.9%)

3 (3.8%)

52.49 ± 12.36

8 (8.2%)

9 (9.2%)

6 (6.1%)

38.29 ± 4.28

0.98 (0.85-1.18)

56 (57.1%)

24 (24.5%)

9 (9.2%)

2 (2.0%)

7 (7.1%)

74.16 ± 27.13

61 (62.2%)

35 (35.7%)

2 (2.0%)

0 (0.0%)

73 (75.3%)

1.04 (0.68-1.81)

2.13 (1.18-4.95)

2 (2.0%)

79

57.97 ± 11.18

170.29 ± 6.37

82.58 ± 14.99

28.46 ± 4.88

74.28 ± 7.15

25.72 ± 7.15

73.30 ± 1.74

0.129

<0.001

0.004

0.950

<0.001

<0.001

0.423

body fat was incorporated to a linear regression model 
(Figure 2) together with age, sex, BMI and the Argen-
SCORE to predict the length of hospital stay, the cor-
responding correlation coefficient was 0.27 (p=0.021). 
No significant relationship was found between BMI 
and length of hospital stay. Among all the variables 
considered, the risk score presented the highest mag-
nitude of association with days of hospitalization (co-
efficient 1.72, p <0.001). In general, per each 4% in-
crease in fat mass length of hospital stay increased by 
approximately one day, independently of age, sex, BMI 
and the ArgenSCORE.

Characteristic

Characteristic (n = 98)

LV: Left ventricular. COPD: Chronic obstructive pulmonary disease. CABG: Coronary artery bypass graft surgery.
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DISCUSSION
According to our data, there is a direct relationship 
between body fat and morbidity in patients undergo-
ing cardiac surgery, and it is also possibly associated 
with greater 30-day mortality.

Several studies relate body composition lean mass 
with events after cardiac surgery. In the BICS study, 
the phase angle (calculated from the relationship 
between resistance and reactance as an indicator of 
general nutritional status) was independently related 
with higher 30-day mortality. (14) This is due to the 
correlation between lower phase angle and lower mus-
cle mass, also associated to greater patient frailty. In 
addition, other studies have shown that a lower lean 
mass is related with a more prolonged hospital stay 
and more infections, (15) need for transfusions, (16) 
higher costs, (17) and in general, more postoperative 

Fig. 1. Relationship between 
percent fat mass and length 
of hospital stay, with patient 
identification according to 
age.

Fig. 2. Coefficients of the 
linear regression model, con-
sidering length of hospital 
stay (days) with respect to fat 
mass, age, sex, BMI and the 
ArgenSCORE (*: p < 0,., **: 
p <0.01, ***: p <0.001). BMI: 
Body mass index.

complications. (18, 19)
This shows that, especially in elderly patients, lean 

mass as an indicator or frailty and lower resistance 
to stress is a valuable prognostic marker. However, in 
younger populations, fat mass may play a more rel-
evant function. There is less evidence on the role of 
body fat on the outcome after cardiac surgery. A sub-
study of the BICS trial showed that a combination 
of elevated fat mass and reduced lean mass (a condi-
tion known as “sarcopenic obesity” (20) was related 
to greater manifestation of adverse events. (21) The 
investigators suggested that this is due to greater in-
sulin resistance, lower capacity to heal wounds and 
increased risk of infections in patients with higher 
fat mass. In another study, visceral adiposity, though 
not BMI, was associated with reduced heart rate vari-
ability in patients with type 2 diabetes undergoing 
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coronary artery bypass graft surgery. (22) This result 
indicates that the autonomic function impairment 
characteristic of diabetic patients is related to their 
fat mass, and that this could have prognostic impact.

From a molecular viewpoint, adiponectin and lep-
tin play a central role in metabolic homeostasis, and 
have been associated with the pathophysiology of car-
diovascular disease. Adiponectin has insulin-sensitiz-
ing, anti-inflammatory and anti-atherogenic effects, 
(23, 24) while leptin is the cause of various processes 
associated with cardiovascular disease. (25) In obesity, 
decreased levels of adiponectin coexist with a rise in 
leptin, (26) which might explain increased adverse 
events in patients with greater fat mass. In a study of 
patients undergoing cardiac surgery, leptin was posi-
tively correlated with BMI and fat mass, and nega-
tively with the size of the left atrium and cardiac mass 
index, while adiponectin was positively correlated 
with the size of the left atrium and E/e’. (27) Accord-
ing to the authors, it suggests that both markers can 
participate in cardiac remodeling after cardiovascular 
surgery and thus impact on the prognosis.

Based on these results from previous studies and 
our data analysis, we can postulate that body composi-
tion estimated with more accurate methods than BMI 
could be an important risk marker when deciding a 
surgical procedure.

However, the following limitations of the study 
should be considered. Sample size was small and did 
not allow an independent relationship between body 
composition and mortality. Also, the nature of the BIA 
method, despite being useful in population samples, 
is less accurate at an individual level. Absence of data 
on body fat distribution (waist-hip index) was another 
limitation as well as the lack of biomarker assess-
ments, as adiponectin and leptin.

CONCLUSIONS
According to the evidence available, body composi-
tion is related with complications and mortality after 
cardiac surgery. We have found an independent rela-
tionship between a higher percentage of body fat and 
length of hospital stay, as well as greater morbidity 
in patients with increased fat mass. This finding is 
biologically plausible, but it is necessary to perform 
larger sample studies in order to incorporate the esti-
mation of body composition to usual surgical risk as-
sessment.

Conflicts of interest
None declared. 

(See authors’ conflicts of interest forms on the website/
Supplementary material)

1. Prospective Studies Collaboration, Whitlock G, Lewington S, 
Sherliker P, Clarke R, Emberson J, Halsey J, et al. Body-mass index 
and cause-specific mortality in 900 000 adults: collaborative analy-
ses of 57 prospective studies. Lancet. 2009;373:1083-96. https://doi.
org/10.1016/S0140-6736(09)60318-4
2. Padwal R, Leslie WD, Lix LM, Majumdar SR. Relationship 
among body fat percentage, body mass index, and all-cause mortal-
ity: A Cohort Study. Ann Intern Med 2016;164:532-41. https://doi.
org/10.7326/M15-1181
3. Elagizi A, Kachur S, Lavie CJ, Carbone S, Pandey A, Ortega FB, 

REFERENCES

et al. An overview and update on obesity and the obesity paradox 
in cardiovascular diseases. Prog Cardiovasc Dis 2018;61:142-50. 
https://doi.org/10.1016/j.pcad.2018.07.003
4. Borracci RA, Ingino CA, Miranda JM. Association of body mass 
index with short-term outcomes after cardiac surgery: retrospective 
study and meta-analysis. Medicina (Buenos Aires) 2018;78:171-9. 
5. Carbone S, Canada JM, Billingsley HE, Siddiqui MS, Elagizi 
A, Lavie CJ. Obesity paradox in cardiovascular disease: Where do 
we stand? Vasc Health Risk Manag. 2019;15:89-100. https://doi.
org/10.2147/VHRM.S168946
6. Lavie CJ, De Schutter A, Patel DA, Milani RV. Body composition 
and fitness in the obesity paradox—body mass index alone does not 
tell the whole story. Prev Med 2013;57:1-2. https://doi.org/10.1016/j.
ypmed.2013.03.010
7. Oreopoulos A, Fonarow GC, Ezekowitz JA, McAlister FA, Sharma 
AM, Kalantar-Zadeh K, et al. Do anthropometric indices ac- curately 
reflect directly measured body composition in men and women with 
chronic heart failure? Congest Heart Fail 2011;17:90-2. https://doi.
org/10.1111/j.1751-7133.2010.00204.x
8. Gurm HS, Brennan DM, Booth J, Tcheng JE, Lincoff AM, Topol 
EJ. Impact of body mass index on outcome after percutaneous coro-
nary intervention (the obesity paradox). Am J Cardiol 2002;90:42-5. 
https://doi.org/10.1016/S0002-9149(02)02384-6
9. Gurm HS, Whitlow PL, Kip KE; BARI Investigators. The impact 
of body mass index on short and long term outcomes in patients un-
dergoing coronary revascularization: insights from the bypass an-
gioplasty revascularization investigation (BARI). J Am Coll Cardiol 
2002;39:834-40. https://doi.org/10.1016/S0735-1097(02)01687-X
10. Nashef SA, Roques F, Michel P, Gauducheau E, Lemeshow S, 
Salamon R, European system for cardiac operative risk evaluation 
(EuroSCORE). Eur J Cardiothorac Surg 1999;16:9-13. https://doi.
org/10.1016/S1010-7940(99)00134-7
11. Carosella VC, Navia JL, Al-Ruzzeh S, Grancelli H, Rodriguez W, 
Cardenas C et al. The first Latin-American risk stratification system 
for cardiac surgery: can be used as a graphic pocket-card score. In-
teract Cardiovasc Thorac Surg 2009;9:203-8. https://doi.org/10.1510/
icvts.2008.199083
12. Lee SY, Gallagher D. Assessment methods in human body compo-
sition. Curr Opin Clin Nutr Metab Care 2008;11:566-72. https://doi.
org/10.1097/MCO.0b013e32830b5f23
13. World Medical Association Declaration of Helsinki: Ethical Prin-
ciples for Medical Research Involving Human Subjects. JAMA 2013; 
310:2191-4. https://doi.org/10.1001/jama.2013.281053
14. Mullie L, Obrand A, Bendayan M, Trnkus A, Ouimet MC, Moss 
E, et al. Phase angle as a biomarker for frailty and postoperative 
mortality: The BICS study. J Am Heart Assoc 2018;7:e008721. 
https://doi.org/10.1161/JAHA.118.008721
15. Van Venrooij LMW, De Vos R, Zijlstra E, Borgmeijer-Hoelen 
MMMJ, Van Leeuwen PAM, De Mol BAJM. The impact of low preop-
erative fat-free body mass on infections and length of stay after car-
diac surgery: A prospective cohort study. J Thorac Cardiovasc Surg 
2011;142:1263-9. https://doi.org/10.1016/j.jtcvs.2011.07.033
16. Ringaitiene D, Puodziukaite L, Vicka V, Gineityte D, Serpytis 
M, Sipylaite J. Bioelectrical Impedance Phase Angle—Predictor of 
Blood Transfusion in Cardiac Surgery. J Cardiothorac Vasc Anesth 
2019;33:969-75. https://doi.org/10.1053/j.jvca.2018.07.007
17. Koter S, Cohnert TU, Hindermayr KB, Lindenmann J, Brückner 
M, Oswald WK, et al. Increased hospital costs are associated with 
low skeletal muscle mass in patients undergoing elective open aor-
tic surgery. J Vasc Surg 2019;69:1227-32. https://doi.org/10.1016/j.
jvs.2018.06.224
18. Cook JW, Pierson LM, Herbert WG, Norton HJ, Fedor JM, 
Kiebzak GM, et al. The influence of patient strength, aerobic ca-
pacity and body composition upon outcomes after coronary artery 
bypass grafting. Thorac Cardiovasc Surg 2001;49:89-93. https://doi.
org/10.1055/s-2001-11703
19. Ringaitiene D, Gineityte D, Vicka V, Zvirblis T, Norkiene I, Sipy-
laite J, et al. Malnutrition assessed by phase angle determines out-
comes in low-risk cardiac surgery patients. Clin Nutr 2016;35:1328-
32. https://doi.org/10.1016/j.clnu.2016.02.010
20. Zamboni M, Mazzali G, Fantin F, Rossi A, Di Francesco V. Sarco-
penic obesity: a new category of obesity in the elderly. Nutr Metab 
Cardiovasc Dis 2008;18:388e95. https://doi.org/10.1016/j.num-
ecd.2007.10.002 
21. Visser M, van Venrooij LMW, Vulperhorst L, de Vos R, Wisselink 

BODY FAT AND MORBIDITY ANF MORTALITY IN CARDIAC SURGERY / Diego costa et al.



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 88 Nº 2 / APRIL 2020136

W, van Leeuwen PA, et al. Sarcopenic obesity is associated with ad-
verse clinical outcome after cardiac surgery. Nutr Metab Cardiovasc 
Dis 2013;23:511-8. https://doi.org/10.1016/j.numecd.2011.12.001
22. Salamin G, Pelletier C, Poirier P, Després JP, Bertrand O, Al-
méras N,et al. Impact of visceral obesity on cardiac parasympathetic 
activity in type 2 diabetics after coronary artery bypass graft sur-
gery. Obesity 2013;21:1578-85. https://doi.org/10.1002/oby.20089
23. Hopkins TA, Ouchi N, Shibata R, Walsh K. Adiponectin actions 
in the cardiovascular system. Cardiovasc Res 2007;74:11-8. 
24. Marinou K, Tousoulis D, Antonopoulos AS, Stefanadi E, Stefana-
dis C. Obesity and cardiovascular disease: from pathophysiology to 
risk stratification. Int J Cardiol 2010; 138:3-8.
25. Maresca F, Di Palma V, Bevilacqua M, Uccello G, Taglialatela V, 

Giaquinto A, et al. Esposito G, Tri- marco B, Cirillo P. Adipokines, 
vascular wall, and cardiovascular disease: a focused overview of the 
role of adipokines in the pathophysiology of cardiovascular disease. 
Angiology 2015; 66:8-24. https://doi.org/10.1177/0003319713520463
26. Friedman JM, Halaas JL. Leptin and the regulation of 
body weight in mammals. Nature 1998; 395:763-70. https://doi.
org/10.1038/27376
27. Sawaguchi T, Nakajima T, Haruyama A, Hasegawa T, Shibasaki 
I, Nakajima T, et al. Association of serum leptin and adiponectin 
concentrations with echocardiographic parameters and pathophysi-
ological states in patients with cardiovascular disease receiving car-
diovascular surgery. PLoS One 2019;14:1-18. https://doi.org/10.1371/
journal.pone.0225008




