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Abstract

Background

Obesity is clearly associated with increasedmorbidity andmortality rates. However, in patients

with acute heart failure (AHF), an increased BMI could represent a protective marker. Studies

evaluating the “obesity paradox” on a large cohort with long-term follow-up are lacking.

Methods

Using the AHEAD database (a Czech multi-centre database of patients hospitalised due to

AHF), 5057 patients were evaluated; patients with a BMI<18.5 kg/m2 were excluded. All-

cause mortality was compared between groups with a BMI of 18.5–25 kg/m2 and with BMI

>25 kg/m2. Data were adjusted by a propensity score for 11 parameters.

Results

In the balanced groups, the difference in 30-day mortality was not significant. The long-term

mortality of patients with normal weight was higher than for those who were overweight/obese
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(HR, 1.36; 95% CI, 1.26–1.48; p<0.001)). In the balanced dataset, the pattern was similar

(1.22; 1.09–1.39; p<0.001). A similar result was found in the balanced dataset of a subgroup

of patients with de novo AHF (1.30; 1.11–1.52; p = 0.001), but only a trend in a balanced data-

set of patients with acute decompensated heart failure.

Conclusion

These data suggest significantly lower long-term mortality in overweight/obese patients

with AHF. The results suggest that at present there is no evidence for weight reduction in

overweight/obese patients with heart failure, and emphasize the importance of prevention

of cardiac cachexia.

Introduction
The overall mortality based on data from 19 prospective studies for a non-heart failure popula-
tion of 1.46 million Caucasians was lowest in the group with a body mass index (BMI; in kg/m2)
of 20.0–24.9 [1]; for the Asian population (1.1 million persons recruited in 19 cohorts) the lowest
risk of death was seen for a BMI range of 22.6–27.5 [2]. Recent analyses in 57 prospective studies
(89,4576 participants) demonstrated that each increase in the BMI of 5 kg/m2 was, on average,
associated with a higher overall mortality of�30% [3].

Recently, several studies have shown obesity to be one of the factors contributing to the de-
velopment of heart failure in general population [4–6]. According to the data of patients hospi-
talised with acute heart failure (AHF), development of congestive heart failure occurs earlier in
patients who are overweight (BMI 25–30 kg/m2) and obese (BMI>30 kg/m2) in comparison
with patients with normal body weight [7]. Factors that may contribute to the development of
heart failure in obese patients include an increased incidence of hypertension (especially dia-
stolic), higher insulin resistance (and the related glucose intolerance and type-2 diabetes melli-
tus (T2DM)), increased systemic inflammation, and prothrombotic state [8].

Conversely, several studies based on large groups of patients with cardiovascular disease
found—contrary to expectations—that overweight and obese patients had a better prognosis
compared with patients with normal weight. This phenomenon is called the “obesity paradox”.
These studies included patients with AHF [7], with chronic heart failure [9] and after acute
myocardial infarction (AMI) [10,11]. The key question is whether the better prognosis is
caused by the higher BMI or by other factors that are non-causally associated with the BMI. It
is known that overweight/obese patients are younger, receive more aggressive pharmacological
intervention, and differ in other characteristics [7,11]. To ascertain if the better prognosis
could be related to the higher BMI or to other confounding factors, elimination of the influence
of these confounding factors is necessary. Most studies focussing on the obesity paradox have
used multivariable logistic regression-based risk adjustment. This approach to elimination of
the influence of confounding factors may not be the most appropriate choice in all situations.
Another widely used method of adjustment that does not present a problem with different
non-overlapping groups is a propensity score [12]. Interestingly, none of the available studies
confirmed the hypothesis that overweight/obese patients would have a worse prognosis than
patients with normal weight.

Current recommendations set by the European Society of Cardiology (ESC) for the treat-
ment of acute heart failure (AHF) and chronic heart failure (CHF) deal with the risk and thera-
peutic possibilities of cachexia but, for obesity itself, the ESC recommendations refer to the
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European guidelines on prevention of cardiovascular disease only. They mention a possible
obesity paradox in patients with chronic heart diseases (CHDs), but recommend weight reduc-
tion (1A level of recommendation) [13]. Due to a lack of evidence-based medicine about the
benefit of this recommendation, we consider the obesity paradox in AHF patients to be a very
important and unsolved topic. Therefore, we used a propensity score to assess short-term/
long-term mortality rates in patients hospitalised for AHF in the Czech Republic from 2006 to
2012 with respect to the BMI. Subsequently, we focused on patients with acute decompensated
heart failure (ADHF) and de novo AHF.

Methods
The study protocol complied with the Declaration of Helsinki, and was approved by the Multi-
centre Ethics Committee of University Hospital Brno (Brno, Czech Republic). Written in-
formed consent was obtained from all subjects to participate in the study.

Study population
The Acute Heart Failure Database (AHEAD) Network registry comprises consecutive patients
from ten centres with 24-h Catheter Laboratory services and centralised care for patients with
acute coronary syndromes (described previously as “AHEADMain” [14,15]) and from five re-
gional centres without a Catheter Laboratory. The inclusion criteria for the database adhere to
the European guidelines for AHF set in 2005: signs and symptoms of AHF; confirmed left-ven-
tricular dysfunction (systolic or diastolic); and/or positive response to therapy [16]. The final
diagnosis of acute heart failure was the responsibility of the attending cardiologists, and all con-
secutive patients who were diagnosed with AHF were enrolled in the registry. Exclusion criteria
were: known or newly diagnosed advanced stage of malignancy, disagreement with the partici-
pation in the registry.

The AHEAD Network registry includes 8818 hospitalisations due to AHF. Data were col-
lected prospectively and evaluated continuously from September 2006 to October 2012 via a
secured online database accessible from the project website (http://ahead.registry.cz). Stratifica-
tion of AHF was based on ESC guidelines published in 2005 [16]. The database contains infor-
mation about concomitant diseases; medication at the time of hospital admission, during
hospitalisation, and at hospital discharge; haemodynamic parameters; electrocardiography;
biochemistry; echocardiography; invasive procedures. Weight and height were assessed at the
time of hospital admission. Only first-hospitalisations (FHs) during the study period were eval-
uated in the analysis. From the overall number of 6242 FHs, only 5057 records of FHs with in-
formation about the BMI were used; 69 patients with a BMI<18.5 kg/m2 and probable
cachexia were removed from the analysis, as in other studies. Out of 5057 AHF patients, 2228
were analysed using propensity matching. These 2228 patients were subsequently divided into
2 groups: patients with a previous diagnosis of HF (ADHF, N = 978), and those admitted for
the first time HF, “de novoHF” (N = 1250) (Fig. 1). Assessed patients were divided into two
groups according to the BMI: patients with normal weight (BMI = 18.5–25 kg/m2) and over-
weight/obese patients (BMI>25 kg/m2). Long-term mortality was followed using the central-
ised database of death records of the Ministry of Health of the Czech Republic.

Study outcome
The primary outcome of the analysis was all-cause mortality during follow-up. We focussed on
both short-term mortality (30 days after the diagnosis) and long-term mortality, which was
monitored via the follow up of surviving patients for at least 2 years (the median follow-up was
32.1 months, ranging from 0 to 77.5 months).
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Statistical analyses
Standard descriptive statistics were applied in the analysis: absolute and relative frequencies for
categorical variables and mean supplemented by standard deviation for continuous variables.

Differences in patient characteristics according to the BMI (normal weight, 18–25 kg/m2;
overweight/obesity>25 kg/m2) were tested using the maximum likelihood chi-square test for
categorical variables and the independent t-test for continuous variables. The propensity score
based on logistic regression was used to obtain the balanced dataset. The logistic regression
model was constructed based on the Wald test with backward selection. Of the 22 input vari-
ables considered prognostically significant according to previous results [14,15], ten non-re-
dundant variables were selected by backward selection (age, hypertension, T2DM, atrial
fibrillation, diastolic blood pressure, width of QRS interval, heart rate, haemoglobin, coronary
artery disease, acute coronary syndrome upon hospital admission, creatinine).

Thirty-day mortality was expressed as a proportion in patient groups. The influence of nor-
mal weight on 30-day mortality was evaluated by an odds ratio (OR) generated by logistic re-
gression; the corresponding statistical significance was evaluated using the Wald test. The
Kaplan–Meier estimator was used for the assessment of long-term mortality using censored
data. Differences in mortality between patient groups were tested by the log-rank test. The Cox
proportional hazards model and hazard ratio (HR) were adopted for analyses of the effect of
the BMI on long-term mortality.

The level of significance was set at α = 0.05 for all analyses. IBM SPSS v21 (SPSS, Chicago,
IL, USA) and R v2.12.2 (R Foundation for Statistical Computing, Vienna, Austria) with non-
random stratification and matching by the propensity score were used for data analyses.

Fig 1. Definition of datasets.

doi:10.1371/journal.pone.0117142.g001
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Results
A total of 5057 patients were assessed. The distribution of patients according to their BMI and
30-day mortality is shown in Fig. 2. Mean 30-day mortality in the entire cohort was 14.6%; the
highest mortality (27.5%) was observed in the subgroup of patients with a BMI<18.5 kg/m2,
these patients were excluded from subsequent analyses (Fig. 2).

In 4988 patients with a BMI�18.5 kg/m2 that were evaluated, 43.6% of these patients were
admitted for ADHF and 56.4% of patients for de novo heart failure (HF). The patients with
normal weight (BMI, 18.5–25 kg/m2) were significantly different in comparison with over-
weight/obese patients (BMI>25 kg/m2). Patients with normal weight were older (>70 years,
68.4% vs 55.7%, p<0.001); were more often women (45.0% vs 40.3%, p = 0.003). Upon hospital
admission, patients with normal weight had lower systolic blood pressure (<100 mmHg,
15.5% vs 12.2%, p = 0.003), lower haemoglobin level (<120 g/l, 67.8% vs 74.9%, p<0.001), and
were less likely to have T2DM (31.8% vs 50.0%, p<0.001) and hypertension (67.6% vs 77.5%,
p<0.001) (Table 1). Baseline values of brain natriuretic peptide (BNP) were comparable in
both groups. However, baseline values of N-terminal of the prohormone brain natriuretic pep-
tide (NT-proBNP) as well as maximal values of BNP and NT-proBNP during hospitalisation
were higher in patients with normal weight. Due to the high proportion of missing data, natri-
uretic peptides were not included in the propensity score. Upon hospital admission, more over-
weight/obese patients had previous treatment by ACEI or ARB (70.1% vs 64.5%; p<0.001) and
beta-blockers (54.1% vs 47.6%; p<0.001). More overweight/obese patients had coronary angi-
ography examination in comparison with patients with normal weight.

Using a propensity score based on ten parameters that probably affect the prognosis, a bal-
anced dataset according to a BMI of 25 kg/m2 was created (Fig. 3). The balanced dataset con-
tained 2228 patients (1114 patients for each group). Baseline characteristics are detailed in
Table 1. Balanced datasets in subgroups of patients with ADHF and de novoHF patients were
prepared using the same approach (Table 2). After balancing, the standardised differences in
groups according to the BMI were<10% for most of the parameters.

In the unbalanced dataset, 30-day mortality was significantly higher in patients with normal
weight in comparison with overweight/obese patients (18.1% vs 13.0%; OR, 1.48; 95% CI, 1.26–
1.75; p<0.001) (Fig. 4). Similar trends were observed in the subgroups of patients with ADHF
and de novo AHF but the difference was significant only for de novo AHF. In balanced groups,
significant differences in 30-day mortality were not observed (Fig. 4).

Kaplan–Meier curves for the unbalanced dataset (Fig. 5) revealed the long-term mortality of
patients with normal weight to be higher than for those who were overweight/obese (HR, 1.36;
95% CI, 1.26–1.48; p<0.001). An identical pattern was observed in the balanced dataset (HR,
1.22; 95% CI, 1.09–1.39; p<0.001)) (Fig. 5). Similarly, long-term mortality in the subgroup of
patients with de novo AHF was higher for patients with normal weight in the unbalanced data-
set (HR, 1.44; 95% CI, 1.28–1.62; p<0.001)) (Fig. 5) as well as in the balanced dataset (1.30;
1.11–1.52; 0.001) (Fig. 5). In the unbalanced dataset of patients with ADHF, long-term mortali-
ty of patients with normal weight was higher in comparison with overweight/obese patients
(HR, 1.27; 95% CI, 1.13–1.41; p<0.001) (Fig. 5), whereas the difference in long-term mortality
was not significant in the balanced dataset (1.14; 0.98–1.33; 0.083) (Fig. 5).

Discussion
We demonstrated the obesity paradox in a large cohort of patients hospitalised for AHF with a
median follow-up of 32.1 (range, 0–77.5) months. Until now, studies have followed only hospi-
tal, 30-day, or one-year mortality in AHF patients [17]. The obesity paradox was clearly present
for long-term mortality in balanced groups of all patients with AHF, as well as in balanced
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groups of patients with de novo AHF. Only a statistically non-significant trend was found in
balanced groups of patients with ADHF. At 30 days, the mortality was similar when comparing
the balanced groups of all patients with AHF and patients with ADHF. In patients with de novo
AHF, a trend of lower mortality in balanced groups of overweight/obese patients was observed.
We suggest three reasons for the obesity paradox, as discussed below.

The first potential reason is cardiac cachexia. Cachexia has been demonstrated to be an in-
dependent negative prognostic factor in patients with advanced HF [18,19]. Patients with a
BMI<18.5 kg/m2 were excluded from our analyses because of the supposed presence of

Fig 2. Thirty-day mortality according to BMI category.

doi:10.1371/journal.pone.0117142.g002
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Table 1. Baseline characteristics of patients before and after matching.

Before matching After matching

Valid
N

Total BMI 18.5–25 BMI >25 Valid
N

BMI 18.5–25 BMI >25

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N 4988 1357 3631 1114 1114

Sex (females) 4988 41.6% 45.0% 40.3%* 2228 44.9% 44.3%

Age (at admission)a 4988 72 ± 12 74 ± 14 71 ± 11** 2228 73 ± 14 73 ± 11

BMI (kg/m2) 4985 28.9 ± 9.1 23.0 ± 1.8 31.0 ± 9.8** 2225 23.1 ± 1.8 30.5 ± 8.8**

Systolic BP (mmHg) 4966 138 ± 34 135 ± 34 140 ± 34** 2228 137 ± 34 136 ± 33**

Diastolic BP (mmHg) a 4966 81 ± 18 78 ± 18 81 ± 18** 2228 80 ± 18 79 ± 18**

Heart rate (min-1) a 4965 93 ± 27 94 ± 27 92 ± 27 2228 93 ± 26 93 ± 27*

Width of QRS (ms) a 4208 106 ± 28 108 ± 29 105 ± 28* 1885 107 ± 29 107 ± 29

LVEF (%) 2012 38.1 ± 14.2 37.1 ± 14.5 38.5 ± 14.1 843 37.2 ± 14.6 38.0 ± 14.6*

Chronic NYHA III/IV 4845 44.4% 44.5% 44.4% 2218 44.7% 45.7%

Medical history

Atrial fibrillation+ 4952 28.3% 27.8% 28.5% 2228 29.0% 28.0%

Hypertension+ 4988 74.8% 67.6% 77.5%** 2228 71.4% 70.2%

Diabetes mellitus+ 4883 45.1% 31.8% 50.0%** 2228 35.6% 35.1%

History of MI 4867 31.7% 29.9% 32.3% 2227 30.7% 29.8%

History of stroke/TIA 4869 17.2% 19.4% 16.3%* 2226 19.8% 18.3%

History of PCI or CABG 4869 18.7% 15.9% 19.8%* 2228 16.8% 16.9%

History of PM/ICD/CRT 4981 13.1% 13.7% 12.9% 2228 13.8% 13.2%

Coronary artery disease a 4988 55.5% 53.7% 56.1% 2228 54.2% 53.8%

COPD 4867 19.1% 18.8% 19.2% 2227 18.2% 21.5%

Coronary angiography 4986 44.2% 38.3% 46.4%** 2228 39.9% 43.4%

Current AHF

Pulmonary oedema 4987 19.3% 19.7% 19.1% 2227 19.7% 18.0%

Cardiogenic shock 4987 12.2% 14.5% 11.3%* 2227 12.7% 10.8%

Acute coronary syndrome 4988 35.0% 33.8% 35.5% 2228 33.8% 35.0%

Laboratory values at
admission

Creatinine (μmol/l) a 4988 125 ± 73 126 ± 85 125 ± 68 2228 128 ± 88 122 ± 66

Sodium (mmol/l) 4925 138 ± 4 138 ± 4 138 ± 4 2225 138 ± 4 138 ± 4

Potassium (mmol/l) 4922 4.21 ± 0.66 4.20 ± 0.66 4.22 ± 0.67 2222 4.20 ± 0.64 4.21 ± 0.68

Glucose (mmol/l) 4804 9.69 ± 6.89 9.43 ± 8.03 9.78 ± 6.43 2173 9.51 ± 7.90 9.37 ± 7.07

Cholesterol (mmol/l) 4988 4.42 ± 1.28 4.38 ± 1.18 4.44 ± 1.31 2228 4.40 ± 1.20 4.49 ± 1.29*

Triacylglycerides (mmol/l) 1538 1.45 ± 1.04 1.23 ± 0.89 1.53 ± 1.07** 699 1.22 ± 0.85 1.39 ± 0.98**

Haemoglobin (g/l) a 4855 131 ± 20 128 ± 20 132 ± 20** 2228 130 ± 19 130 ± 20**

BNP (pg/ml)b 635 1519 ± 1891 1675 ± 1712 1467 ± 1946 280 1673 ± 1660 1560 ± 2021

BNP max. (pg/ml) b 312 1885 ± 2128 2343 ± 2170 1708 ± 2090* 152 2304 ± 2107 1700 ± 2079*

NTproBNP (pg/ml) b 1021 8357 ± 8 194 10600 ± 9571 7476 ± 7409** 473 10309 ± 9 14 7848 ± 7463**

NTproBNP max (pg/ml)b 502 9844 ± 10 021 12704 ± 11140 8813 ± 9391** 237 12871 ± 11119 9154 ± 9426**

Medication at dischargec

ACE inhibitor/ARB 4497 80.1% 75.3% 81.8%** 2129 76.3% 78.1%

Betablockers 4688 77.1% 73.5% 78.4%** 2129 74.1% 70.7%

(Continued)
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cardiac cachexia. A similar methodological approach for the evaluation of patients with AMI
complicated by HF was applied in a recent study [20]. Conversely, according to the latest defi-
nition, cachexia might be assumed even in patients with a BMI<20 kg/m2 [21]. This cachexia
could be one of the factors that contribute to obesity paradox.

Cachexia is defined as weight loss of 5% in the previous 12 months accompanied by de-
creased muscle strength, fatigue loss of appetite, low fat-free mass index or abnormal biochem-
istry (including increased inflammatory markers, anaemia (<120 g/l) or low serum albumin
(<32 g/l)). We can assume that cardiac cachexia could have occurred in patients who were ini-
tially overweight or obese and who, due to cachexia, moved into the category of patients with
normal weight. This assumption is supported by the findings of Melenovsky et al., who diag-
nosed cachexia by the criteria stated above in 19% of cases with chronic HF, whereas only 2%
of them had a BMI<20 kg/m2 [18] Of the parameters appropriate for the auxiliary laboratory
diagnosis of cachexia, we observed only haemoglobin in our dataset. In the group of patients
with normal weight, 32.2% had a haemoglobin level<120 g/l in comparison with 25.1% in the
group of overweight/obese patients (p<0.001). This result supports the possible participation
of cachexia in the obesity paradox in patients hospitalised for AHF.

The second potential reason is the metabolic activity of adipose tissue. Adipose tissue (par-
ticularly visceral fat) is metabolically active and produces/influences the production of cyto-
kines associated with inflammation and oxidative stress [22]. Some adipocytokines (e.g.,
resistin, adiponectin, visfatin) may have cardioprotective effects. These adipocytokines have
been demonstrated to be involved in reduction of infarct size and apoptosis in a cardiac model
of ischaemia–reperfusion injury [23–25].

The final reason is metabolic and energy reserves. ADHF is often accompanied by loss of
appetite. HF patients are often also re-hospitalised for reasons other than ADHF, and it has
been demonstrated that hospitalisation in the intensive care unit is habitually associated with
malnutrition [26]. Obese patients can better tolerate such temporary malnutrition and use
their energy reserves. It can be assumed that obese patients can better utilise energy and nutri-
ents from ingested food, which could be a protective factor in the case of impaired intake of
food and increased metabolic demands.

Table 1. (Continued)

Before matching After matching

Valid
N

Total BMI 18.5–25 BMI >25 Valid
N

BMI 18.5–25 BMI >25

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

N (%)/ mean ±
SD

Diuretics 4687 83.6% 84.0% 83.4% 2129 83.6% 86.2%

*/**Statistical significance of differences between groups was tested by the ML chi-square test for categorical variables and by the independent Student’s

t-test for continuous variables

*/**p<0.05/p<0.001
aParameter used in a logistic regression model of a propensity score
bParameter was not known for all patients, and statistics were computed on a reduced basis
cMedication at discharge was computed on patients who were alive after discharge

LVEF—left ventricular ejection fraction, BP—blood pressure, MI—myocardial infarction, TIA—transient ischemic attack, PCI—percutaneous coronary

intervention, CABG—coronary artery bypass graft, PM—pacemaker, ICD—implantable cardioverter–defibrillator, CRT—cardiac resynchronization therapy,

COPD—chronic obstructive pulmonary disease, ARB—angiotensin-2 receptor blockers.

doi:10.1371/journal.pone.0117142.t001
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Our results are consistent with a comprehensive analysis of the Acute Decompensated
Heart Failure National Registry (ADHERE) database, which evaluated 108,927 patients hospi-
talised due to ADHF, and which clearly demonstrated higher mortality to be associated with
the lowest quartile of the BMI. In that study, patients with the lowest quartile of the BMI had
the lowest left-ventricular ejection fraction (LVEF) and higher level of NT-proBNP compared
with patients with a higher BMI even after adjustment for age and other parameters [7]. We
included LVEF as one of the prognostic parameters used to create the balanced group using a
propensity score and, therefore, LVEF values were balanced between groups (LVEF 38.0±14.6%
vs 37.2±14.6%). Values of natriuretic peptides (with the exception of BNP upon hospital admis-
sion) were significantly higher in the group with a BMI 18.5–25 kg/m2 compared with over-
weight/obese patients (Table 1). Due to the limited number of patients for whom values of BNP/
NT-proBNP were available, natriuretic peptides were not included in our model for the balancing
process. However, one study clearly demonstrated levels of natriuretic peptides to be inversely
correlated with the BMI [27], and that BNP/NT-proBNP levels were lower in obese patients [28].

Fig 3. Absolute standardized differences (%) in observed covariates between patients with normal weight and those who were overweight/obese
before and after matching of propensity score (age, diastolic blood pressure, heart rate, width of QRS interval, atrial fibrillation, hypertension,
type-2 diabetes mellitus, coronary artery disease, creatinine level and haemoglobin level). Covariates with a post-match absolute standardized
difference<10%were considered successfully balanced.

doi:10.1371/journal.pone.0117142.g003
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Table 2. Baseline characteristics of patients after matching according to type of heart failure.

Decompensated heart failure De novo heart failure

BMI 18.5–25 BMI >25 BMI 18.5–25 BMI >25

N (%) mean ± SD N (%) mean ± SD N (%) mean ± SD N (%) mean ± SD

N 489 489 625 625

Sex (females) 40.9% 41.1% 48.0% 46.9%

Age at admissiona 75 ± 13 74 ± 10 72 ± 14 71 ± 11

BMI (kg/m2) 23.1 ± 2.1 30.4 ± 9.0** 23.1 ± 1.6 30.7 ± 8.5**

Systolic BP (mmHg) 135 ± 32 136 ± 31 138 ± 35 137 ± 34

Diastolic BP (mmHg) a 79 ± 16 79 ± 17 80 ± 20 79 ± 19

Heart rate (min-1) a 92 ± 24 92 ± 25 95 ± 27 95 ± 29

Width of QRS (ms) a 115 ± 31 114 ± 32 102 ± 27 101 ± 26

LVEF (%) 35.6 ± 15.6 33.3 ± 14.8 38.0 ± 14.1 40.3 ± 14.0

Chronic NYHA III/IV 67.8% 64.6% 26.6% 31.0%

Medical history

Atrial fibrillationa 35.2% 32.5% 24.2% 24.5%

Hypertensiona 76.5% 77.1% 67.4% 64.8%

Diabetes mellitusa 40.5% 39.5% 31.8% 31.7%

History of MI 44.6% 46.0% 19.8% 17.1%

History of stroke/TIA 22.1% 21.6% 18.1% 15.7%

History of PCI or CABG 27.6% 29.4% 8.3% 7.0%

History of PM/ICD/CRT 22.9% 24.9% 6.7% 4.0%*

Coronary artery disease a 51.9% 51.7% 56.0% 55.4%

COPD 24.9% 27.8% 13.0% 16.5%

Coronary angiography 20.0% 24.9% 55.4% 57.9%

Syndrome of AHF

Pulmonary oedema 19.2% 18.4% 20.2% 17.6%

Cardiogenic shock 7.8% 6.3% 16.6% 14.3%

Acute coronary syndrome 15.3% 16.0% 48.3% 49.9%

Laboratory values at admission

Creatinine (umol/l) a 134 ± 72 132 ± 70 123 ± 99 114 ± 61

Sodium (mmol/l) 138 ± 4 138 ± 5 138 ± 5 138 ± 4

Potassium (mmol/l) 4.28 ± 0.64 4.28 ± 0.69 4.15 ± 0.64 4.16 ± 0.66

Glucose (mmol/l) 8.84 ± 7.25 8.66 ± 5.76 10.0 ± 8.3 9.92 ± 7.89

Cholesterol (mmol/l) 3.97 ± 1.11 4.12 ± 1.25 4.68 ± 1.17 4.75 ± 1.25

Triacylglycerides (mmol/l) 1.06 ± 0.51 1.24 ± 0.77* 1.29 ± 0.95 1.47 ± 1.06

Haemoglobin (g/l) a 127 ± 19 128 ± 20 131 ± 19 132 ± 20

Medication at dischargeb

ACE inhibitor/ARB 77.3% 78.6% 75.6% 77.7%

Beta blockers 73.8% 76.0% 74.3% 73.3%

Diuretics 92.6% 93.0% 76.1% 75.4%

*/**Statistical significance of differences between groups tested by the ML chi-square test for categorical variables and by the independent Student’s t-

test for continuous variables

*/**p<0.05/p<0.001
aParameters used in a logistic regression model of a propensity score
bMedication at discharge was computed on patients who were alive after discharge

LVEF—left ventricular ejection fraction, BP—blood pressure, MI—myocardial infarction, TIA—transient ischemic attack, PCI—percutaneous coronary

intervention, CABG—coronary artery bypass graft, PM—pacemaker, ICD—implantable cardioverter–defibrillator, CRT—cardiac resynchronization therapy,

COPD—chronic obstructive pulmonary disease, ARB—angiotensin-2 receptor blockers.

doi:10.1371/journal.pone.0117142.t002
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Cachectic patients had twofold higher levels of natriuretic peptides in comparison with haemody-
namically comparable patients who did not have cachexia [18]. Therefore, we believe that, despite
the lower levels of natriuretic peptides in overweight/obese patients, both groups were compara-
ble with regard to severity of HF, and that the level of natriuretic peptides is not a suitable param-
eter for comparison of HF severity among groups with different BMI values.

The obesity paradox in patients with AHF was confirmed in a recent study that used logistic
regression analyses to adjust for differences in risk factors between BMI groups. A higher BMI
continued to be associated with decreased 30-day and 1-year mortality (11% decrease at 30
days; 9% decrease at 1 year per 5 kg/m2 [17].

Our work demonstrated that patients with a higher BMI in the unbalanced primary dataset
were younger and had differences similar to those reported previously [9,17]. An important as-
pect that could affect the results is selection of appropriate statistical analyses: two approaches
are possible. Adjustment by propensity-score matching and by conventional regression meth-
ods differ fundamentally in their approach to investigation of treatment/exposure effects.
Matching can eliminate a greater proportion of bias and then estimate the effect of the analysed
group more precisely as compared with other approaches; the result of matching is a balanced
dataset that allows a simple and direct comparison of baseline covariates between groups of pa-
tients. Conversely, a balanced dataset obtained by matching does not contain all patients, so
some information about the structure of the original dataset is lost. Adjustment by logistic re-
gression analyses eliminates the influence of bias by using a logistic regression equation, and
does not lose such information as propensity-score matching does. However, several assump-
tions must be met for valid results, and adjustment by logistic regression modifies the values of
cases in non-overlapping areas of the dataset. A propensity score excludes these areas from the
analysis, and thus elicits less bias than regression adjustment [29].

The present study had several limitations. Firstly, some patients had an overestimated BMI
value due to fluid retention upon hospital admission (when the weight was established). Swell-
ing of the extremities was observed in 35.2% of patients with a BMI 18.5–25 kg/m2 and in
42.0% of patients with a BMI>25 kg/m2. Five-year all-cause mortality in our patients with

Fig 4. Thirty-day mortality according to the BMI category and type of heart failure.

doi:10.1371/journal.pone.0117142.g004
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swelling was significantly higher in comparison with those without swelling (44.9% vs 33.4%;
p<0.001). This supports the concept of the obesity paradox because patients with a higher BMI
due to swelling (and the higher prevalence of mortality of such patients) could move into the
group with normal weight after weight correction. Secondly, only all-cause mortality was mon-
itored instead of cardiovascular mortality, which could have revealed more information about
the relationship between obesity and HF. Thirdly, patients with advanced cancer were not in-
cluded in the database, but it can be assumed that a very small proportion of patients could be

Fig 5. Long-termmortality for all patients according to a BMI of 25 kg/m2 in a non-balanced and
balanced dataset and for ADHF and de novo AHF patients.

doi:10.1371/journal.pone.0117142.g005
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in cancer remission or that cancer was not diagnosed by the time of hospitalisation. Fourthly,
the methodology applied for balancing datasets can lead to removal of non-overlapping ex-
treme cases (i.e., the balanced dataset is not fully representative of primary unbalanced data).
Lastly, we evaluated only the BMI and no other parameters that might be more closely associat-
ed with visceral fat and its metabolic activity. For example, besides the BMI, the Visceral Adi-
posity Index (VAI) also includes waist circumference as well as levels of high-density
lipoprotein-cholesterol (HDL-C) and triglycerides. Waist circumference provides information
about the amount of visceral fat, but levels of HDL-C and triglycerides provide information
about its activity. Recently, it was demonstrated that VAI (unlike BMI or waist circumference)
is an independent prognostic predictor of increased cerebrovascular and cardiovascular mor-
bidity [30].

Conclusion
We clearly demonstrated that, although overweight/obese patients hospitalised due to AHF
were younger in comparison with patients with a normal BMI, their long-term prognosis was
significantly better. This effect could be observed even after creation of a balanced dataset
using a propensity score. In particular, these results are valid for patients with de novo AHF.
This work could form the basis of an investigation of the pathophysiological mechanisms of
the obesity paradox and prospective intervention studies to confirm the improved prognosis in
overweight/obese patients with HF.
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