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Abstract: Background: Obese patients with chronic HF have a lower mortality than do non-obese patients with heart
failure (HF) i.e. “obesity paradox”. We sought to determine the relationship between obesity (defined by body-mass
index; BMI) and survival in inotrope-dependent patients with Stage D HF. Methods and Results: We screened the
medical records of adults with ACC/AHA stage D HF who were admitted to our institution between January, 2010
and July, 2018 who were both initiated and discharged on continuous intravenous milrinone. Patients were divided
into three groups: non-obese patients (Nob-BMI < 30 kg/m?), Class 1 obese patients (Ob1-BMI 30 to 34.9 kg/m?),
and class 2/3 obese patients (0b2/3-BMI > 35 kg/m?). The primary endpoint was all-cause mortality. Of the 233
patients included in the study, 154 were NOb, 39 were Ob1, and 40 were OB2/3. Age and baseline comorbidities
did not differ significantly among the groups. Mean follow up was 21.8 months (Median: 12.4, 1Q range: 3.6-31.3).
Compared to the NOb, relative mortality (HR) was 0.68 for Ob1 patients and 1.21 for Ob2/3 patients (P = 0.30).
Adjusting for age, sex, race, and medical comorbidities, relative mortality was 0.85 in the Ob1 and 1.77 in the
0b2/3 (P = 0.08). Conclusion: In this retrospective study of stage D inotrope-dependent HF patients, there was
trend of an “obesity paradox” with higher survival in the Ob1 group patients compared to NOb and Ob2/3 patients.
0Ob2/3 patients had the worst survival.
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Introduction The obesity paradox has been described in
patients with HF but not in inotrope-dependent
patients with American College of Cardiology/
American Heart Association (ACCF/AHA) stage
D HF. The 2013 ACCF/AHA guidelines describe
stage D HF patients as a subset of patients with
chronic HF who continue to progress and devel-
op persistently severe symptoms, despite maxi-
mum guideline-directed medical therapy [8].
We sought to determine the relationship of obe-

The age-adjusted prevalence of obesity in the
US for 2009 and 2010 was 35.5% and 25.8%
among adult men and women, respectively [1].
Obesity adversely affects left ventricular dia-
stolic functions and is a well-recognized inde-
pendent risk factor for heart failure (HF) [2, 3].
Although obesity-associated diseases, such as
diabetes mellitus, dyslipidemia, and hyperten-
sion, are well-known risk factors for coronary

artery disease and ischemic cardiomyopathy,
the association of isolated obesity with marked
LV systolic dysfunction or dilated cardiomyopa-
thy is unclear [4, 5]. Although obesity is asso-
ciated with a higher incidence of HF, several
studies have found that obese patients have
lower mortality rates than do non-obese HF
patients, once they have an established diag-
nosis of chronic HF. This relationship has been
termed the “obesity paradox” [6, 7].

sity in this subset of end stage D HF patients.

Methods

The Institutional Review Board of The Medical
College of Wisconsin approved the study. No
informed consent was required.

We reviewed the medical records of all adults
with ACC/AHA stage D HF who were admitted to
our tertiary care academic hospital between
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Table 1. Baseline Characteristics of 233 Patients with Stage D Heart Failure on Long-term Milrinone
Infusion

Overall NOb (BMI <30 Ob1(BMI30to 0Ob2/3(BMI=35

Characteristic n=233 kg/m)n=90 <35kg/m)n=39 kg/m?n=39 & Vaue
Men, n (%) 154 (66.1) 105 (68.2) 27 (69.2) 21 (53.9) 0.22
Age, mean (SD), years 60 (14.2) 63 (13.9) 58 (11.9) 51 (13.6) 0.001
Race, n (%) 0.39

White 131 (56.2) 89 (57.8) 23 (59.0) 18 (46.2)

African American 102 (43.8) 65 (42.2) 16 (41.0) 21 (53.9)
Body mass Index 28.8 (8.5) 24.2 (3.3) 32.3(1.5) 43.3 (8.6) <0.001
Ischemic cardiomyopathy, n (%) 45 (19.3) 29 (18.8) 10 (25.6) 6 (15.4) 0.50
Diabetes mellitus, n (%) 79 (33.9) 41 (26.6) 18 (46.2) 20 (51.3) 0.003
Atrial fibrillation, n (%) 74 (31.8) 53 (34.4) 13 (33.3) 8(20.5) 0.25
Hyperlipidemia, n (%) 82 (35.2) 54 (35.1) 12 (30.8) 12 (30.8) 0.63
COPD, n (%) 26 (11.2) 16 (10.4) 5(12.8) 5(12.8) 0.86
CVD, n (%) 14 (6.0) 10 (6.5) 3(7.7) 1(2.6) 0.58

COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease.

January 2010 and July 2018 and who were
both initiated and discharged on continuous
intravenous milrinone infusion. Patients were
included whether or not they were candidates
for advanced heart failure therapies. Patients
who were weaned off milrinone before being
discharged from the index admission were
excluded.

Standard demographic data were obtained fr-
om the index admission, when continuous in-
travenous milrinone was begun. Data on com-
orbidities, including coronary artery disease,
ischemic cardiomyopathy, cerebrovascular dis-
ease, chronic kidney disease, chronic obstruc-
tive pulmonary disease, and diabetes mellitus
were obtained from chart review.

Body mass index (BMI) has traditionally been
used as a marker of obesity in clinical trials
because it correlates well with the percentage
of body fat and body fat mass [9]. Patients were
divided into three groups based on their BMI
according to the Center for Disease Control and
Prevention definition of obesity; (1) Non-obese
(NOb) with a BMI < 30 kg/m?, (2) Class 1
Obesity (Ob1) with a BMI 30-34.9 kg/m?, and
(3) Class 2 and 3 obesity (0b2/3) with a BMI >
35 kg/m?2. Patients with class 2 and 3 obesity
were grouped together due to the small sample
size. The endpoint for this study was all-cause
mortality.

Statistical methods

Baseline characteristics were compared across
groups using unpaired T tests and Chi-square
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tests, as appropriate. Survival estimates were
calculated with the Kaplan-Meier method, and
the resulting curves were compared with log-
rank tests. Hazard ratios for overall survival
were estimated with Cox proportional hazards
models. The simultaneous effects of factors
considered were estimated with a multivariate
proportional hazards model for the incidence of
death. The final multivariate model included
age, sex, race, heart transplant status and the
following medical comorbidities: diabetes mel-
litus, chronic kidney disease, atrial fibrillation,
hypertension, hyperlipidemia, coronary artery
disease, cerebrovascular disease and chronic
obstructive pulmonary disease. Alpha was set
at 0.05, and all tests were two-tailed. Data
were analyzed with SAS version 9.4 (The SAS
Institute, Cary, NC).

Results

Of the 233 patients enrolled in the study, 154
were NOb, 39 were Ob1l, and 40 were 0b2/3.
Mean follow up duration was 21.8 + 20.0
months of follow up (Median: 12.4, 1Q range:
3.6-31.3). Demographic and baseline comor-
bidities did not differ significantly among groups
(Table 1). The percentage of patients in both
obese groups with diabetes mellitus was sig-
nificantly higher than that in the non-obese

group.

Outcomes

Among 154 NOb, 39 were Obl, and 40 were
0Ob2/3 pts, heart transplants were performed
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Table 2. Outcomes at hospital discharge for 233 patients with stage D heart failure on long-term

milrinone infusion

Outcome Overall NOb (BMI <30 kg/ Obl(BMI30to<35 0B2/3(BMI=>35 Pvalue
n=233 m?) n =90 kg/m?)n =39 kg/m?)n =39
LVAD 72 (30.9) 43 (27.9) 12 (30.8) 17 (43.6) 0.17
Heart transplant 34 (14.6) 23 (14.9) 8 (20.5) 3(7.7) 0.27
Death 92 (39.5) 61 (39.6) 12 (30.8) 19 (48.7) 0.27
LVAD, left ventricular assist device.
1.0 = - 0.68 (95% CI, 0.37 to 1.27)
og Rank P-Value: 0.2940] BMI <30 s
BMI 30-35 while 0b2/3 was 1.21 (95%
BMI =35 Cl, 0.72 to 2.02); P = 0.30
(Table 3). In a multivariate
model, after adjusting for age,
. sex, race, heart transplant
3::5 and the number of medical
€ comorbidities, the hazard ra-
% tio for mortality was 0.85
: (95% Cl, 0.44 to 1.64) in the
- 0s Ob1 group and 1.77 (95% Cl,
N 1.00 to 3.14) in the Ob 2/3
0.2 group (P = 0.08; Table 4).
0.1 Discussion
0.0—l - - - - : :
0 1 2 3 4 6 - In this retrospective study, we
Years since first Milrinone order SOUght to determine the rela-
tionship between BMI and su-
Nob 39 19 10 6 4 2 0 rvival in inotrope-dependent
patients with ACC/AHA stage
Obl 39 23 17 12 11 9 3 D HF. Ob1 patients tended to
live longer than NOb patients,
Ob2/3 154 75 47 31 23 18 7 a finding consistent with the

Figure 1. Survival of 233 patients with stage d heart failure on long-term

milrinone infusion, by Body Mass Index.

in 23 (14.9%), 8 (20.5%), and 3 (7.7%) patients,
respectively (P = 0.27), and 49 (31.8%), 13
(33.3%), and 15 (38.5%), respectively, received
a left ventricular assist device (LVAD; P = 0.28;
Table 2). Mean overall survival was 70.3%,
64.6%, and 55.4% at 6 months, 1 year, and 5
years respectively (Figure 1). Younger age was
significantly associated with survival (P <
0.001). The presence of an LVAD resulted in a
significantly lower hazard ratio for death (HR,
0.43; P < 0.001). Heart transplantation also
had lower hazard ratio for mortality (HR, 0.20; P
=0.11) across all three groups.

In the unadjusted model, compared to the NOb
patients, Ob1 had a mortality hazard ratio of
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“obesity paradox” observed in
the general population of pa-
tients with HF [6, 10-12]. The
significantly higher mortality
in Ob2/3 (morbidly obese) patients is also con-
sistent with previous studies [13]. Heart trans-
plantation and LVAD implantation were associ-
ated with markedly improved survival across all
BMI groups [14].

Our results are similar to previous studies of
the paradoxical relationship between obesity
and HF mortality [7, 10, 11, 13, 15, 16] and
cardiovascular outcomes in general [17] in
patients with HF. For example, in a meta-analy-
sis (9 studies, 28,209 patients), both obesity
(BMI > 30 kg/m?; adjusted HR, 0.88; 95% Cl
0.83t0 0.93) and overweight (BMI 25.0 to 29.9
kg/m?; adjusted HR, 0.93; 95% CI 0.89 to 0.97)
protected against death in risk-adjusted sensi-
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Table 3. Results of the Unadjusted Analysis for the Rela-
tionship Between Body Mass Index and Survival among
233 Patients with Stage D Heart Failure on Long-term
Milrinone Infusion

Hazard Ratio

Variable (95% Cl) P Value
BMI group (ref BMI < 30 kg/m?) 0.30

BMI 30 to 35 kg/m? 0.68 (0.37-1.27)

BMI > 35 kg/m? 1.21 (0.72-2.02)
Male 0.80 (0.52-1.21) 0.29
Age group, years (ref age < 55) <0.001

55-69 1.76 (1.00-3.09)

70+ 3.11 (1.73-5.60)
Non-White race 0.75 (0.49-1.14) 0.18
LVAD 0.43(0.26-0.72)  0.001
Heart Transplant 0.20 (0.03-1.49) 0.12
DM 1.10 (0.72-1.67) 0.67
CKD 0.86 (0.31-2.34) 0.76
Atrial Fibrillation 1.47 (0.96-2.24) 0.07
COPD 0.54 (0.25-1.18) 0.12

History of CVA/TIA 0.60 (0.22-1.64) 0.32

BMI, body mass index; LVAD, left ventricular assist device; DM, diabe-
tes melitis; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; CVA, cerebral vascular accident; TIA, transient
ischemic attack.

Table 4. Results of the adjusted analysis for the rela-
tionship between body mass index and survival among
233 patients with stage D Heart Failure on Long-term
Milrinone Infusion

Hazard Ratio

Variable (95% CI) P Value
BMI group (ref BMI < 30 kg/m?) 0.08
BMI 30 to 35 kg/m? 0.85 (0.44 to 1.64)
BMI > 35 kg/m? 1.77 (1.00 to 3.14)
Male 0.73(0.47 to 1.15) 0.17
Age group (ref age < 55) <0.001
55-69 2.37 (1.28 t0 4.37)
70+ 3.71 (1.90 to 7.26)
Non-White race 0.82(0.52t0 1.29) 0.38
Heart Transplant 0.22(0.03to 1.66) 0.14

tivity analysis [15]. Another meta-analysis of 6
studies found a similar outcome for 3,000
patients with chronic HF after a mean follow up
of 33 years; overweight patients had the lowest
total and cardiovascular-related mortality rate,
and underweight patients had the highest rate
[12]. The obesity paradox is more pronounced
in women with advanced HF [18].
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The relationship of obesity and survival
in advanced HF patients is not well stud-
ied. In one study of 501 patients who
were referred to heart failure clinic for
heart transplant, after a maximum follow
up of 3.8 years, event-free survival rates
were4d8.4%,57.4%,and28.6%inthenonobe-
se, obese, and morbidly obese groups,
respectively. The non-obese group (HR,
1.44; 95% ClI, 1.09 to 1.91; P = 0.01)
and the morbidly obese group (HR, 2.46;
95% Cl, 1.40 to 4.30; P = 0.002) had
markedly higher risks of all-cause mor-
tality than that of the obese group, sug-
gesting. “Obesity paradox” This differen-
ce persisted after adjusting for confo-
unding factors. Unlike this study, where
patients with difference stages of adv-
anced HF were included only, our study
only had a cohort of inotrope-dependent
patients only, making our patients sig-
nificantly sicker. However, similar rela-
tionship between obesity and mortality
was noted with better prognosis in obese
when compared to non-obese.

In our study, a higher percentage of mor-
bidly obese patients received an LVAD,
and a higher BMI after LVAD implant was
not associated with increased mortality.
Others have reported similar findings.
Among 222 patients who received LVADs
(190 as bridge-to-transplant [BTT] and
32 as destination therapy), with a com-
posite endpoint of survival on LVAD and
within 30 days posttransplant among
BTT patients, a higher BMI (> 29.4 kg/
m?) did not adversely affect survival
after LVAD implantation [14]. In general,
LVAD therapy is well tolerated in morbid-
ly obese patients, in contrast to outco-
mes in this population after heart trans-
plantation [19].

Strengths and limitations of the study

Our study is the first to study relationship
between obesity and inotrope-dependent pa-
tients with ACC/AHA stage D HF. However, this
analysis has limitations of small cohort and
biases of retrospective study. In addition, the
role of BMI to assess obesity has been ques-
tioned as it reflects both fat mass and non-fat
mass (mostly muscle and skeletal mass); thus,
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patients with high BMIs might have greatly dif-
ferent body fat compositions. Alternative meth-
ods to define obesity, including waist circumfer-
ence, waist-to-hip-ratio, and percent body fat,
may better reflect metabolically unhealthy obe-
sity [9, 20, 21]. Some studies also suggest that
cardiorespiratory fitness should be considered
when studying the complications of obesity
[22, 23]. Nonetheless, our analysis showed
that the relationship between obesity and out-
comes in HF is complex and the obesity para-
dox that was noted in general HF patients was
also noted in sicker inotrope dependent stage
D HF patients. This helps clinicians in prognos-
ticating and triaging patients towards advanced
HF therapies such as LVAD and orthotropic
heart transplant.

In conclusion, in this retrospective analysis of
inotrope-dependent patients with ACC/AHA st-
age D HF, higher survival in Class 1 obesity co-
mpared to non-obese and Class 2/3 obese
patients. Class 2/3 (morbidly) obese had the
worst survival.
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