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Abstract
Several investigations have demonstrated that higher body weight, as assessed by body mass index
(BMI), is associated with improved prognosis in patients with heart failure (HF). The purpose of the
present investigation was to assess the influence of HF etiology on the prognostic ability of BMI in
a cohort undergoing cardiopulmonary exercise testing (CPX). One thousand one hundred and sixty
subjects were included in the analysis. All subjects underwent CPX where the minute ventilation/
carbon dioxide production (VE/VCO2) slope and peak oxygen consumption (VO2) were determined.
There were 193 cardiac deaths in the overall group during a mean follow-up of 30.7 ±25.6 months
(annual event rate: 6.0%). Subjects classified as obese consistently had improved survival compared
to normal weight subjects (overall survival 88.0% vs. ≤81.1%, p<0.001). Differences in survival
according to HF etiology were observed for subjects classified as overweight. In the ischemic
subgroup, survival characteristics for overweight subjects (75.5%) were similar to individuals
classified as normal weight (81.1%). The converse was true for the non-ischemic subgroup where
survival trends for obese (86.4%) and overweight subjects (88.4%) were similar. The VE/VCO2 slope
was the strongest prognostic marker (Chi-square: ≥43.4, p<0.001) for both etiologies while BMI
added prognostic value (Residual Chi-square: ≥4.7, p<0.05). In conclusion, these results further
support the notion that obesity confers improved prognosis in patients with HF, irrespective of HF
etiology. Moreover, BMI appears to add predictive value during CPX assessment. However, survival
appears to differ according to HF etiology in subjects classified as overweight.
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Introduction
Several recent investigations have demonstrated that higher body weight, as assessed by body
mass index (BMI), is associated with improved prognosis in patients with HF. This
phenomenon has aptly been named the “obesity paradox”.1 In a recent meta-analysis, Oreopolis
et al.2 reported on nine studies, collectively including over 25,000 patients, that found subjects
who were overweight (BMI = 25.0-29.9 kg/m2) and obese (BMI ≥ 30 kg/m2) had a more
favorable prognosis compared to subjects who were both underweight and normal weight.
Given the differences in clinical characteristics and prognosis between patients with non-
ischemic and ischemic heart failure (HF)3-5, it is plausible to hypothesize the prognostic
interaction this cardiac condition has with body weight may likewise differ according to
etiology. We are unaware of any previous investigation that has examined: 1) the
cardiopulmonary exercise testing (CPX) response according to both body weight and HF
etiology; 2) the prognostic value of bodyweight according to HF etiology; and 3) the prognostic
value of including body weight to a multivariate regression analysis according to HF etiology.
The purpose of the present investigation was to address these issues in a large multicenter HF
cohort referred for CPX.

Methods
This study was a multi-center analysis including HF patients from the exercise testing
laboratories at San Paolo Hospital, Milan, Italy, Wake Forrest University Baptist Medical
Center, Winston-Salem, North Carolina, USA, LeBauer Cardiovascular Research Foundation,
Greensboro, North Carolina, USA, VA Palo Alto Health Care System, Palo Alto, California,
USA and Virginia Commonwealth University, Richmond, Virginia, USA. A total of 1,160
patients diagnosed with chronic HF were included. Inclusion criteria consisted of a diagnosis
of HF6 and evidence of left ventricular dysfunction by two-dimensional echocardiography
obtained within one month of data collection. All subjects completed a written informed
consent and institutional review board approval was obtained at each institution.

Ventilatory expired gas analysis was performed using a metabolic cart at all five centers
(Medgraphics CPX-D and Ultima, Minneapolis, MN, Sensormedics Vmax29, Yorba Linda,
CA or Parvomedics TrueOne 2400, Sandy, UT). Before each test, the equipment was calibrated
in standard fashion using reference gases and a 3-liter syringe. All subjects then underwent a
symptom-limited exercise test using a conservative ramping protocol. The height and weight
used to determine BMI were measured the day of CPX. Peak oxygen consumption (peak
VO2), peak respiratory exchange ratio (RER) and the minute ventilation (VE)/carbon dioxide
production (VCO2) slope were determined for this analysis. Peak VO2 and RER were expressed
as 10-second averaged samples obtained during the exercise test. VE and VCO2 values,
acquired from the initiation of exercise to peak, were input into spreadsheet software (Microsoft
Excel, Microsoft Corp., Bellevue, WA) to calculate the VE/VCO2 slope via least squares linear
regression (y = mx + b, m=slope).

Subjects were followed for cardiac mortality via hospital and outpatient medical chart review.
Subjects were followed by the HF programs at their respective institution providing a high
likelihood that all events were captured. Any death with a cardiac-related discharge diagnosis
was considered an event. Subjects suffering a non-cardiac death or undergoing a heart
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transplant or left ventricular assist device implantation were treated as censored cases at the
time of the event.

All continuous data are reported as mean values ± standard deviation (SD). Dichotomous
categorical data are reported as percentages. Differences in continuous variables between
ischemic and non-ischemic HF subjects within BMI subgroups (Normal weight: 18.5-24.9 kg/
m2/ Overweight: 25.0-29.9 kg/m2/ Obese: ≥30.0 kg/m2) were tested by two-way analysis of
variance (ANOVA). Both main (ischemic vs. non-ischemic and BMI subgroup) and interaction
(HF etiology*BMI subgroup) effects were assessed. The chi-square test was used to determine
differences in categorical variables between the HF etiology/BMI subgroups. Kaplan-Meier
analysis assessed differences in survival between subjects according to BMI categories in the
overall cohort as well as ischemic and non-ischemic HF subgroups. The log-rank test
determined statistical significance between BMI categories for all Kaplan-Meier analyses. A
contingency table was used to determine relative risk ratios for cardiac mortality according to
BMI categories in the overall cohort as well as ischemic and non-ischemic HF subgroups.
Univariate and multivariate (forward stepwise method, entry and removal values 0.05 and 0.10,
respectively) Cox regression analysis was used to assess the prognostic ability of baseline
(including BMI) and CPX variables in the overall cohort as well as ischemic and non-ischemic
HF subgroups. A statistical software package was used for all calculations (SPSS 16.0,
Chicago, IL). Statistical differences with a p-value <0.05 were considered significant.

Results
Baseline and CPX characteristics for the study group subdivided according to HF etiology and
BMI are listed in Table 1. The ischemic HF subgroup was significantly older and was
comprised of more male subjects compared to subjects with non-ischemic HF, irrespective of
BMI classification. Within both HF etiology subgroups, subjects classified as obese were
significantly younger. A significantly lower percentage of normal weight subjects were
prescribed a beta-blocking agent at the time of testing, irrespective of HF etiology. Relative
peak VO2 was similar in each subgroup although, as expected, absolute peak VO2 increased
significantly with BMI. Absolute peak VO2 was also significantly higher in the non-ischemic
subgroup. While peak RER surpassed 1.0 in all subgroups, it was significantly higher among
the overweight vs. the normal weight and obese subjects. Lastly, the VE/VCO2 slope was
significantly higher in normal weight subjects compared to the other BMI subgroups.

There were 193 cardiac deaths in the overall group during a mean follow-up of 30.7 ±25.6
months (annual event rate: 6.0%). There were 94 (annual event rate: 6.4%) and 99 (annual
event rate: 5.8%) cardiac deaths in the ischemic and non-ischemic subgroups, respectively.
Kaplan-Meier analyses according to BMI for the overall cohort as well as HF etiology-based
subgroups are illustrated in Figures 1-3. All three Kaplan-Meier analyses were prognostically
significant. Subjects classified as obese consistently had improved survival compared to
normal weight subjects. Differences in survival according to HF-etiology became apparent for
subjects classified as overweight. In the ischemic subgroup, survival characteristics for
overweight subjects were similar to individuals classified as normal weight. The converse was
true for the non-ischemic subgroup where survival trends for obese and overweight subjects
were similar.

Kaplan-Meier analysis results for HF-etiology subgroups when the definition for normal
weight was changed to 22.0-24.9 kg/m2 is listed in Table 2. Survival trends for the normal
weight BMI class remained consistent in both ischemic and non-ischemic HF subgroups when
the lower threshold used to defined normal weight was increased from 18.5 to 22 kg/m2.
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Relative risk ratios according to BMI for the overall cohort as well as HF etiology-based
subgroups are illustrated in Figures 4 and 5. Obese subjects (referent group) had the lowest
mortality risk. The relative risk of cardiac mortality was significantly higher in both overweight
and normal weight subjects in the ischemic subgroup. In subjects with non-ischemic HF, only
normal weight subjects were at a significantly higher risk compared to obese subjects.
Moreover, the relative risk of death was also significantly higher in normal weight subjects
with a non-ischemic etiology when compared to subjects who were classified as overweight.

Univariate and multivariate Cox regression analyses are listed in Table 3. For the Cox
regression analysis, BMI level was dichotomously classified according to the results of the
Kaplan-Meier and relative risk analysis (Ischemic etiology: Obese vs. Overweight/normal
weight, Non-ischemic etiology: Obese/Overweight vs. normal weight). The VE/VCO2 slope
was the strongest predictor of cardiac mortality in both the ischemic and non-ischemic
subgroups. Body mass index and left ventricular ejection fraction were both significant
univariate predictors in each subgroup and retained in both multivariate regression analyses.
BMI however, added stronger prognostic value to the multivariate analysis in the ischemic
subgroup. While peak VO2 was a significant univariate predictor of cardiac death in both
subgroups, it was only retained in the multivariate regression for subjects with ischemic HF.
Age was not a significant univariate predictor in either subgroup but did add prognostic value
to the multivariate regression performed in the non-ischemic subgroup.

Discussion
The results of the present investigation are consistent with previous trials2,7 demonstrating that
a higher BMI, although it increases the risk for the development of HF8, improves survival
once a patient is diagnosed with this condition. Previous investigations have used various low-
end thresholds to define normal weight including ≥18.5 kg/m2 9 and ≥22.0 kg/m2 10. Our
findings are consistent with previous investigations by demonstrating prognosis was poor in
normal weight individuals using both of these low-end thresholds to define this BMI class.
Recognizing the limitations of BMI in accurately reflecting true body composition in all
instances, using a threshold of ≥22.0 kg/m2 to define the beginning of the normal weight
classification may indicate the protective effect of a higher BMI in HF is not entirely explained
by malnourishment and cardiac cachexia.11 Our findings indicate that, despite differences in
age, gender distribution, BMI, and pharmacologic management, both ischemic and non-
ischemic HF patients classified as obese have the most favorable survival trends.

Several physiologic mechanisms for the protective effect of a higher BMI in HF have been
proposed, including the ability of adipose tissue to counteract higher levels of circulating
inflammatory markers such as tumor necrosis factor.2 Previous research has also demonstrated
inflammatory cytokines are significantly lower in patients with non-ischemic HF compared to
those with an ischemic etiology.12 Perhaps the lower adipose tissue levels in overweight
patients with ischemic HF are not sufficient to provide a favorable prognostic effect.
Conversely, although higher than that in apparently healthy individuals, the generally lower
levels of inflammatory cytokines in patients with non-ischemic HF may be better counteracted
with the adipose tissue levels associated with a BMI between 25.0 and 29.0 kg/m2. B-type
natriuretic peptide has also been found to decrease as BMI increases in patients with HF.13 As
with inflammatory cytokines, this important neurohormone has also been found to be lower in
patients with non-ischemic HF compared to those with an ischemic etiology.14 These findings
may lend further support to the hypothesis that BMI levels in the obese range are needed for
improved outcomes in patients with ischemic HF while overweight BMI levels may be
sufficient for the non-ischemic population. The present data do not allow for assessment of
this hypothesis, but suggest further research in this area.
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A limitation of our study in common with prior reports is that we cannot exclude a potential
contribution of non-intentional weight loss, which may comprise a substantial portion of
sustained weight loss in general patient populations. Also like other studies, there were
relatively few patients with morbid obesity (BMI ≥ 40) and thus there is uncertainty whether
the trends in prognosis with BMI extend to such patients. It is possible that exercise-induced
weight loss, which has been shown to favorably impact inflammatory cytokines15 and
neurohormonal levels16,17 in other populations, may allow for achievement of optimal body
composition without an increased risk for adverse events in patients with HF. Ultimately,
randomized intervention studies will be required to fully understand the relationship of BMI
with HF outcomes and its mechanisms.

The VE/VCO2 slope has been shown to be related to cardiovascular function.18,19 The fact
that this CPX variable is less dependent upon subject effort, and thus potentially a better
reflection of cardiovascular health in many patients, may be a primary reason significant
differences between normal weight and overweight/obese subjects were apparent in both HF-
etiology based subgroups. However, even with a mean VE/VCO2 slope similar to those
classified as obese, an unfavorable prognosis persisted in patients with ischemic HF who were
overweight. This finding may have important clinical implications when using this CPX
variable to assess prognosis in this HF subgroup (i.e. a lower VE/VCO2 slope does not
necessarily equate to improved prognosis in overweight patients with ischemic HF).

A large body of evidence supports the prognostic application of CPX in patients with HF.
20-24 While peak VO2 is well established from a clinical assessment perspective, there is now
strong evidence supporting the VE/VCO2 slope as the CPX variable with the highest prognostic
value.25 The results of the present study support findings from previous investigations in this
area in the following ways: 1) the VE/VCO2 slope provides superior prognostic value in both
patients with ischemic and non-ischemic HF; and 2) while peak VO2 was a significant
univariate predictor of mortality in both etiology-based subgroups, it was only retained in the
multivariate analysis conducted in patients with ischemic HF. Novel findings from this
component of the present study include the fact that BMI was retained in the multivariate
prognostic analysis for both patients with ischemic and non-ischemic HF, although its additive
value was stronger in the former subgroup. Moreover, the dichotomous BMI threshold used
in the Cox multivariate regression analysis differed in the ischemic (obese vs. overweight/
normal weight) and non-ischemic (obese/overweight vs. normal weight) subgroups.

Previous investigations examining the prognostic value of BMI in HF have done so in non-
select HF cohorts.2 The present investigation confirms the prognostic value of BMI and
introduces the possibility on an etiology-based influence. The present cohort was clinically
referred for CPX, introducing the possibility of selection bias. In addition, assessing the
prognostic value of more accurate assessments of lean and fat mass in a prospective fashion
may be fruitful as BMI has inherent limitations in this respect. For the time being, our findings
should exclusively be used to support the clinical consideration of BMI for patients with HF
undergoing CPX.
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Figure 1.
Kaplan-Meier analysis for Body Mass Index in the Overall Group
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Figure 2.
Kaplan-Meier analysis for Body Mass Index in the Ischemic Subgroup
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Figure 3.
Kaplan-Meier analysis for Body Mass Index in the Non-ischemic Subgroup
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Figure 4.
Relative Risk of Death According to BMI Class in the Overall Group and Ischemic and Non-
Ischemic Subgroups
(Figure 4a: Overall Group, Figure 4b: Ischemic Heart Failure, Figure 4c: Non-Ischemic Heart
Failure)
Significantly different compared to obese group; *p<0.001, # p<0.01
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Figure 5.
Relative Risk of Death According to BMI Class in Normal Weight and Overweight Non-
Ischemic Subjects
Significantly different compared to overweight group; # p<0.01
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Table 2
Survival Results According to BMI when Low End of Normal Weight Group Increased to 22.0 kg/m2

Subgroup Kaplan-Meier Analysis

Ischemic Heart Failure
Subgroup

Body Mass Index n events % survival

≥30.0 kg/m2 144 10 93.1%

≥25.0-29.9 kg/m2 216 53 75.5%

22.0-24.9 kg/m2 114 19 83.3%

Log-rank: 17.5, p<0.001

Non-ischemic Heart
Failure Subgroup

Body Mass Index n events % survival

≥30.0 kg/m2 267 31 88.4%

≥25.0-29.9 kg/m2 213 29 86.4%

22.0-24.9 kg/m2 88 25 71.6%

Log-rank: 13.4, p<0.01
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Table 3
Cox Regression Analysis Results

Ischemic Heart Failure Subgroup
Variable Chi-square p-value

Minute Ventilation/Carbon
Dioxide Production Slope

48.3 <0.001

Variable Residual Chi-square p-value
Body Mass Index
(Obese vs. Overweight/normal weight)*

15.6
(Univariate chi square: 15.9, p<0.001)

<0.001

Peak Oxygen Consumption* 9.0
(Univariate chi square: 24.8, p<0.001)

0.003

Left Ventricular Ejection Fraction 1.1
(Univariate chi square: 7.1, p=0.008)

0.29

Age 0.02
(Univariate chi square: 2.4, p=0.12)

0.88

Non-Ischemic Heart Failure Subgroup
Variable Chi-square p-value
Minute Ventilation/Carbon
Dioxide Production Slope

43.4 <0.001

Variable Residual Chi-square p-value
Left Ventricular Ejection Fraction* 30.0

(Univariate chi square: 30.0, p<0.001)
<0.001

Age* 6.8
(Univariate chi square: 3.6, p=0.06)

0.009

Body Mass Index
(Obese vs. Overweight/normal weight)*

4.7
(Univariate chi square: 17.2, p<0.001)

0.03

Peak Oxygen Consumption 0.53
(Univariate chi square: 12.3, p<0.001)

0.47

*
Retained in multivariate regression
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