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STRUCTURED ABSTRACT

Background—Levels of B-type natriuretic peptide (BNP), a prognostic marker in patients with
heart failure (HF), are lower among HF patients with obesity or preserved Left Ventricular
Ejection Fraction (LVEF). We examined the distribution and prognostic value of BNP across BMI
categories in acute decompensated heart failure (ADHF) patients with preserved vs. reduced
LVEF.

Methods—We analyzed data from the Atherosclerosis Risk in Communities (ARIC) HF
surveillance study which sampled and adjudicated ADHF hospitalizations in patients aged = 55
years from 4 US communities (2005-2009). We examined 5 BMI categories: underweight (<18.5
kg/m2), normal weight (18.5-<25), overweight (25-<30), obese (30-<40) and morbidly obese
(=40) in HF with preserved LVEF (HFpEF) and reduced LVEF (HFrEF). The outcome was 1-year
mortality from admission. We used ANCOVA to model log BNP and logistic regression for 1-year
mortality, both adjusted for demographics and clinical characteristics.
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Results—The cohort included 9820 weighted ADHF hospitalizations (58% HFrEF; 42%
HFpEF). BNP levels were lower in HFpEF compared to HFrEF (p < 0.001) and decreased as BMI
increased within the LVEF groups (p<0.001). After adjustment for covariates, log10 BNP
independently predicted 1-year mortality (adjusted OR 1.62 (95% CI 1.17-2.24) with no
significant interaction by BMI or LVEF groups.

Conclusions—BNP levels correlated inversely with BMI, and were higher in HFrEF compared
to HFpEF. Obese patients with HFpEF and ADHF had a significant proportion with BNP levels
below clinically accepted thresholds. Nevertheless, BNP was a predictor of mortality in ADHF
across groups of BMI in HFpEF and HFrEF.
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B-type natriuretic peptide; heart failure; obesity; body mass index

INTRODUCTION

Obesity is a major public health problem in the United States, and is associated with a high
incidence of cardiovascular risk factors including hypertension, diabetes, and dyslipidemia
as well as with the development of heart failure (HF).: 2 Furthermore, obesity is associated
with an even higher incidence of HF with preserved ejection fraction (HFpEF), which
constitutes approximately half of all HF patients in the community.3 Natriuretic peptides,
such as B-type natriuretic peptide (BNP) and NT-pro BNP, are known to be useful in the
diagnosis of HF, especially in patients with acute decompensated HF (ADHF), and in the
prognostic assessment of HF.* 5 However, natriuretic peptide levels vary by patient
characteristics and are known to be lower in patients with obesity,% © 7 and in those with
HFpEF.8. 9

Although studies have evaluated the association of either BNP with BMI or BNP with left
ventricular ejection fraction (LVEF), the association of BNP with HFpEF vs. HF with
reduced LVEF (HFrEF) within BMI categories has not been examined in detail.
Furthermore, the diagnostic and prognostic value of natriuretic peptides in obese patients
with HFpEF is not well established. Accordingly, the objectives of our study were to
examine the distribution of BNP levels by BMI categories in patients with acute
decompensated HF (ADHF) with preserved vs. reduced ejection fraction, and to evaluate the
prognostic value of BNP levels in obese vs. lean patients with ADHF and preserved vs.
reduced ejection fraction. We divided our sample population into five BMI categories and
two LVVEF groups, which offered a unique design to study our objectives in many stratified
sub-groups. We examined the study questions in a population-based sample of ADHF
hospitalizations in 4 US communities in the Atherosclerosis Risk in Communities (ARIC)
Heart Failure Community Surveillance Study.19: 11

METHODS

Study Population

The Atherosclerosis Risk in Communities (ARIC) Heart Failure Community Surveillance
Study samples hospitalizations for ADHF in 4 US communities including Forsyth County,
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North Carolina; Jackson, Mississippi; Minneapolis, Minnesota; and Washington County,
Maryland, in individuals = 55 years of age. Methods of event ascertainment and
classification have been described previously.19: 11 Briefly, beginning in 2005,
hospitalizations were randomly sampled within strata defined by targeted HF /CD-9-CM
discharge diagnosis codes for HF or HF-related conditions in any position (398.91, 402.01,
402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93, 415.0, 416.9, 425.4, 428 X,
518.4, and 786.0x), age, sex, race, and community of residence.1%: 11 Sampling probabilities
could vary by strata and were selected to achieve similar standard errors for HF event rates
across strata. (https://wwwz2.cscc.unc.edu/aric/surveillance-manuals).

Sampled hospitalizations from 2005 to 2009 (unweighted n = 10, 496) were abstracted by
trained abstractors if the medical record documented any evidence of decompensation or
new onset of HF symptoms, or any mention by a physician that HF was the reason for
hospitalization. Fully abstracted cases (unweighted n = 6,399) were independently classified
by 2 physicians of the ARIC Mortality and Morbidity Classification Committee or a
computerized algorithm into 1 of 5 categories: definite ADHF, possible ADHF, chronic
stable HF, HF unlikely, or unclassifiable. Definite or possible ADHF required evidence from
symptoms, signs, imaging, or treatment of an acute exacerbation, worsening or new onset of
symptoms, or other decompensated circulatory state. For this study, definite and possible
ADHF have been combined into a single category, I.E. ADHF. The ADHF events were
further classified by HF type. Heart failure with reduced EF was defined as evidence in the
medical record of LVEF < 50% within two years prior to the current hospitalization based on
(in priority order) reviewer assessment, quantitative L\VEF based on various imaging
modalities (prioritized according to reliability), or qualitative LVEF based on
echocardiography. If all LVEF = 50% within two years then the case was classified as
HFpEF. Otherwise, HF type was set to missing. There were a total of 359 ADHF
hospitalizations with missing LVEF, which were excluded from the analysis (Figure 1).
Detailed abstraction also included general medical history, physical examination, diagnostic
and laboratory tests, and medications. Mortality within 1 year from the date of admission
was determined by linkage with the National Death Index, with mortality data available for
events with admission dates through 2009.

Figure 1 details the selection of our study sample from all un-weighted, ADHF
hospitalizations. Since only a small proportion of hospitalizations had NT-proBNP levels
available (unweighted N = 359) and because NT-proBNP cannot be interpreted on the same
scale as BNP, we only included hospitalizations with BNP levels recorded. In addition, we
excluded hospitalizations of patients on dialysis, because BNP levels in patients with end
stage renal disease are higher, vary with timing of dialysis and type of dialysis membrane
used, and may not correlate with estimated volume overload. 12-14

Data Analysis

We used measurements of weight, height, systolic blood pressure and heart rate at the time
of admission. For laboratory values including BNP, serum sodium, hemoglobin, blood urea
nitrogen (BUN) and creatinine, specific admission values were not available. The most
abnormal values and discharge values were accessible; we used the most abnormal values
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recorded during the hospitalization for the analysis. Specifically for BNP, their highest levels
are likely to be more accurate than the admission BNP levels, as some patients may have
developed acute heart failure during their hospitalization stay. Glomerular filtration rate
(GFR) was estimated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-
EPI) equation.1® The presence of comorbidities and the medications at discharge were
abstracted from the medical record. The patients were divided into five categories based on
their body mass index (BMI): underweight (< 18.5 kg/m?2), normal weight (18.5-24.99 kg/
m?2), overweight (25-29.99 kg/m?), obese (30-39.99 kg/m?2) and morbidly obese (= 40 kg/
m?2).

All statistical analyses were conducted using survey procedures and were weighted using
sampling weights, defined by the inverse of the sampling probability, to appropriately
account for the stratified sampling design. Therefore, all results are presented in the
manuscript (including Tables and Figures) as weighted number of hospitalizations. BNP
levels were log transformed prior to analysis to account for their skewed distribution. Linear
regression was used to model log;g BNP, and logistic regression was used for 1-year case
fatality, adjusted for demographics, clinical characteristics and interactions between BMI,
LVEF type and log BNP. Potential confounders were included in the model of 1-year case
fatality; a forward selection procedure (entry criterion p-value < 0.20) was used to select
covariates in the case fatality model. In secondary analyses, BMI was modeled as an ordinal
and continuous predictor to assess trend. All analyses were completed using survey
procedures in SAS 9.3 (SAS Institute Inc., Cary, NC).

RESULTS

The final analysis sample included 2012 un-weighted hospitalizations, corresponding to
9820 weighted ADHF hospitalizations. Overall, 42.4% of all hospitalizations were classified
as HFpEF and 57.6% were classified as HFrEF. The majority of HF hospitalizations were in
patients with BMI = 25 kg/m? (overweight 29.7%, obese 24.3%, and morbidly obese 9.3%),
while 32.4% were normal weight, and a small proportion were underweight (4.2%). As
shown in Table 1, hospitalizations for underweight patients had a lower proportion of
HFpEF (35.7%) while hospitalizations for morbidly obese patients had a higher percentage
of HFpEF (63%).

Table 1 shows the baseline characteristics of the five BMI groups. With increasing BMI, the
hospitalized HF patients tended to be younger, more often non-white, more likely to have
history of diabetes, hypertension, lung disease, pulmonary hypertension, obstructive sleep
apnea, and higher systolic blood pressure, but were less likely to have a history of valvular
heart disease. Morbidly obese patients more frequently had a history of pulmonary
embolism whereas a higher proportion of underweight patients were current smokers.

Figure 2 shows the distribution of BNP levels across the BMI and EF groups. In both EF
groups, BNP decreased with increasing BMI (p trend <0.0001). Also, within each BMI
category, BNP was significantly higher in the HFrEF groups compared to HFpEF groups (all
p < 0.001) with the exception of the morbidly obese patients where the difference was not
statistically significant (p = 0.054). Since the prevalence of diabetes increased markedly with
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higher BMI (Table 1), and given possible differences in prognosis for BMI categories based
on the presence or absence of diabetes, 16 we also examined the distribution of BNP levels in
patients with and without diabetes. The same trend of lower BNP levels with higher BMI
and with HFpEF compared to HFrEF was noted, irrespective of diabetic status (data not
shown).

We also examined the prevalence of BNP levels < 100 pg/ml within the EF and BMI
categories (Figure 3). Overall, the BNP levels were < 100 pg/ml in 4.3% of all ADHF
hospitalizations with 5.7% in HFpEF and 3.3% in HFrEF hospitalizations. As BMI
increased from normal weight to morbidly obese group, the percentage hospitalizations with
BNP < 100 pg/mL also increased. BNP levels lower than 100 pg/ml were noted in 12.5% of
all morbidly obese hospitalizations, with 14.4% in the morbidly obese HFpEF group. We
further evaluated the prevalence of BNP levels < 200 pg/ml within BMI and LVEF
categories. Overall, 14.2% of all ADHF hospitalizations had BNP < 200 pg/mL at
admission. Within the HFpEF and HFrEF groups, 21.1% and 9.2% of patients had BNP <
200 pg/mL, respectively. As BMI increased from normal weight to morbidly obese group,
the percent of hospitalizations with BNP < 200 pg/mL also increased; being present in
21.3% of obese and 33.5% of morbidly obese group hospitalizations, and specifically in
25.9% of obese and 39.1% of morbidly obese group hospitalizations with HFpEF (Figure 3).

One-year case fatality was 31.9% for HFrEF and 29.6% for HFpEF admissions. After
adjustment for covariates, logyg BNP remained an independent predictor of one-year all-
cause mortality. In the overall cohort, the adjusted odds ratio of mortality per unit increase in
log1g BNP, i.e. 10 fold increase in BNP, was 1.62 (95% CI 1.17 — 2.24). Adjusted odds ratios
by BMI and heart failure type subgroups are reported in Table 2. The trend of higher odds
ratios of mortality with increase in BNP was consistent across most subgroups of HF type or
BMI category (Table 2), though it reached statistical significance only in morbidly obese
subgroup with HFrEF. The interaction between BNP, BMI category and LVEF category was
not statistically significant in the overall models (p=0.09). The adjusted probabilities of one-
year mortality predicted from these models are plotted in Figure 4.

As explained above in the methods section, our overall study group included hospitalizations
with both definite and possible ADHF. We also performed a sensitivity analysis in order to
evaluate hospitalizations with only definite ADHF, after excluding all hospitalizations with
possible HF. Compared to 9820 ADHF hospitalizations in the overall group, there were 7974
weighted hospitalizations with definite HF in this sensitivity analysis. The adjusted odds
ratio of mortality per unit increase in logig BNP for this sub-group remained significant,
equaling 1.96 (95% CI 1.32 — 2.91). Like the overall model, the trend of higher odds of
mortality with increasing BNP remained consistent across the same sub-groups based on HF
type or BMI category (data not shown). The interaction between BNP, BMI category and
LVEF category also remained statistically non-significant in the sensitivity analysis
(p=0.41).
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DISCUSSION

Among ADHF hospitalizations occurring in 4 US communities, the majority of patients
were overweight, obese or morbidly obese, in both HFpEF and HFrEF groups. The BNP
levels were lower in HFpEF, and decreased with increasing BMI. For example, compared to
4.3% in all ADHF hospitalizations, BNP levels were lower than 100 pg/mL in 12.5% of the
morbidly obese group, and 14.4% of morbidly obese with HFpEF group. Nevertheless, our
results suggest that increasing levels of BNP remain a predictor of mortality in ADHF across
the spectrum of BMI groups with HFpEF and HFrEF.

Natriuretic peptides have been well studied as diagnostic and prognostic markers in HF.
However, their levels are independently influenced by several factors which clinicians must
take into consideration when interpreting BNP levels in HF patients.1? Our study
underscores the importance of this issue in obese and morbidly obese patients, especially
those with HFpEF. These patients represent a group of patients in which the clinical
diagnosis of HF is often difficult and lower BNP levels may not be specific in ruling out the
diagnosis. Levels of BNP lower than 100 pg/ml have been suggested as a threshold to rule
out ADHF based on previous studies, particularly the Breathing-Not-Properly (BNP)
Study.18 As noted above, about 1 in 8 morbidly obese patients with ADHF, and 1 in 7
morbidly obese patients with HFpEF may have levels below this threshold. In addition to
LVEF and BMI, several other factors are also known to influence the levels of BNP,
including age, renal function, and hemoglobin levels.1’ Clinicians must keep these factors in
mind when using BNP levels to aid in the diagnosis of ADHF, to use BNP levels to guide
therapy or to use cutoffs to target higher risk patients at discharge. Similarly, when designing
intervention trials using elevated BNP levels as screening or enrollment criteria, the effect of
these factors need to be considered. For example, one of the inclusion criterion for the
Phosphodiesterase-5 Inhibition to Improve Clinical Status and Exercise Capacity in Heart
Failure with Preserved Ejection Fraction (RELAX) triall® was BNP levels > 200 pg/ml in a
chronic HFpEF population. Based on our results, 26% of obese and 39% of the morbidly
obese patients with HFpEF had BNP levels below this cutoff even in an ADHF setting,
where levels are expected to be higher than those in the chronic HF population. This could
lead to a disproportionate exclusion of obese patients from clinical trials of HFpEF, a fact
that is even more pertinent given the fact that obese individuals have a higher burden of
HFpEF.

The inverse relationship between BMI and natriuretic peptides has been demonstrated for
BNP and NT-proBNP.7:20.21 |n the present study, the inverse relationship between BMI and
BNP was observed in both HFpEF and HFrEF groups. Several mechanisms have been
suggested to explain the inverse correlation between BNP and obesity. Increased expression
of natriuretic peptide clearance receptors (NPR-C) in obese individuals may facilitate
removal of BNP from the circulation.” This concept is strengthened by the fact that
increased NPR-C gene expression has been shown in adipose tissue in humans.22 However,
NT-proBNP which has also been inversely associated with obesity, does not show increased
clearance through NPR-C receptors, suggesting that there may be other mechanisms
involved.20 An alternative hypothesis has been the impaired synthesis or secretion of BNP
from the myocardium in obesity, i.e. a BNP-deficient state.29 Furthermore, low BNP levels
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in obese patients may also reflect a less advanced staged of HF compared to lean patients.”
Finally, “cardiac cachexia” in advanced HF, characterized by greater neurohumoral
activation may contribute to the higher BNP levels in lean patients compared to obese
patients.23.24

We also investigated the diagnostic and prognostic utility of BNP with respect to LVEF.
BNP levels were significantly higher in HFrEF compared to HFpEF within each BMI
category, except for morbid obesity where we found the difference was not significant
although the range in HFrEF was slightly larger. Generally, LV systolic dysfunction is
associated with a larger ventricular chamber radius and greater wall stress. This leads to
increased synthesis and release of BNP, and may explain why BNP levels are higher in
patients with HFrEF.8 In addition, a complex interplay of neurohormonal factors may
explain lower levels of BNP in HFpEF even with similar apparent severity of the HF state. 2°

Although the prognostic value of BNP in HF had been demonstrated before,26 there is only
limited data to suggest that higher BNP levels may predict mortality irrespective of LVEF.?
Our study builds further on these results and evaluated prognosis in 5 subgroups of BMI
within HFpEF and HFrEF. Our findings suggest that higher levels of BNP were predictors of
mortality in ADHF. The trend of higher odds of mortality with increase in BNP was
consistent across most subgroups of HF types or BMI categories (Figure 4), although in the
morbidly obese patients with HFpEF there was a suggestion that BNP may not be as helpful
in predicting mortality. However, it should be noted that the overall statistical interaction for
mortality predicted by BNP by EF and BMI groups was not statistically significant;
therefore the finding of a lack of association of BNP with mortality in morbidly obese
patients with HFpEF will need confirmation in future studies. It is possible that the overall
lower BNP levels with a smaller range in this patient group may make BNP a less useful
prognostic marker in this group of morbidly obese patients with HFpEF.

This is a retrospective observational study with limitations inherent to study design. The
diagnosis of ADHF was made by review of hospitalization records, and because HF is a
clinical diagnosis, an ideal gold standard does not exist. However, in this study, data were
abstracted by trained data abstractors only when the initial screening suggested acute HF
decompensation. Two physicians of the ARIC Mortality and Morbidity Classification
Committee reviewed the detailed clinical, diagnostic and treatment data, and were
responsible for confirming the diagnosis of definite or possible ADHF based on evidence
from symptoms, signs, imaging, or treatment of an acute exacerbation, worsening or new
onset of symptoms, or other decompensated circulatory state. In spite of this, misdiagnosis
of HF remains possible, especially in obese patients where signs and symptoms of HF may
not be specific. It should be noted that the results remained similar when a sensitivity
analysis using only the subset of patients classified as definite ADHF were examined. Levels
of BNP were available when the diagnosis of HF was confirmed by the reviewers; however,
this would likely only underestimate the diagnosis of ADHF in patients with low BNPs. In
addition, because admission BMI values were used given that the majority of patients had
weights recorded at admission (compared to a lower proportion at discharge), there may be
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some inherent inaccuracy due to volume overload at the time of admission. Lastly, we used
BMI as a measure of obesity, as has been used in the majority of studies that have examined
obesity and HF. We did not have measures of central obesity such as waist circumference or
waist-hip ratio, which some, although not all studies have suggested may be more associated
with heart failure than BMI. 2729

Our results demonstrate that most patients with ADHF hospitalizations across 4 US
communities were overweight, obese or morbidly obese. BNP levels correlated inversely
with respect to BMI, and were higher in HFrEF compared to HFpEF. Obese patients with
HFpEF and ADHF have a significant proportion with BNP levels below the clinically
accepted thresholds. Nevertheless, BNP was found to be an independent predictor of
mortality in ADHF in most groups of BMI in HFpEF and HFrEF. The results are relevant in
making diagnostic and prognostic decisions in patients with ADHF.
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Figure 1.

Study cohort of acute decompensated heart failure hospitalizations
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Figure 2.
Box Plot of BNP levels (median, interquartile range) across BMI categories in HFrEF and

HFpEF. P-values for trend across BMI categories < 0.0001 for both HFpEF and HFrEF. P-
values are based on a linear model of logig BNP adjusted for age, sex, race, BUN, systolic
blood pressure at admission, and medications and comorbidities shown in Table 1.
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Figure 3.
Percentage of acute decompensated heart failure hospitalizations with BNP levels less than

100 pg/ml and less than 200 pg/ml in BMI categories by HFrEF vs. HFpEF. The height of
the bars represent hospitalizations with BNP levels less than 200 pg/ml and the height of the
shaded areas of the bars represent hospitalizations with BNP levels less than 100 pg/ml.
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Figure 4.

Predicted probability of one-year mortality with increasing BNP in subgroups by BMI
category and heart failure type. The models are adjusted for age, gender, race, systolic blood
pressure at admission, highest BUN, beta-blockers at discharge, statins at discharge, ACE
inhibitors or angiotensin Il receptor blockers at discharge, intravenous diuretics during
hospitalization, history of pulmonary hypertension, pulmonary embolism, connective tissue
disease and stroke. Predicted probabilities were calculated for each subgroup by setting
continuous covariates to mean values, and the binary variables were set 0 if the weighted
mean was < 0.5 and 1 if the weighted mean > 0.5 including race as white and gender as
female.
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Table 2

Odds Ratios for Mortality with increasing BNP Levels within Subgroups by BMI Category and Heart Failure
Type

BMI Category HFrEF HFpEF
1-Yr mortality (%) OR (95% CI) 1-Yr mortality (%) OR (95% CI)
Underweight 50.8 2.99 (0.44-20.42) 48.3 4.12 (0.44-38.62)
Normal Weight 37.0 1.43 (0.71-2.89) 409 1.35 (0.62-2.95)
Overweight 28.7 1.74 (0.77-3.89) 30.4 151 (0.49-4.60)
Obese 27.2 1.32 (0.54-3.22) 18.0 2.16 (0.76-6.13)
Morbidly Obese 20.4 11.21 (2.64-47.58) 23.7 0.91 (0.34-2.38)

P-value for interaction between BMI, LVEF categories and log BNP = 0.094

The adjusted Odd’s Ratios (ORs) and 95% Confidence Intervals (ClI) are for mortality per unit increase in log10 BNP.

The models are adjusted for age, gender, race, systolic blood pressure at admission, highest BUN, prior history of heart failure hospitalization, beta-
blockers at discharge, statins at discharge, ACE inhibitors or angiotensin Il receptor blockers at discharge, intravenous diuretics during
hospitalization, history of pulmonary hypertension, pulmonary embolism, connective tissue disease, stroke/TIA and the interactions terms for BMI,
LVEF type and log BNP. The overall OR and 95% CI was 1.62 (1.17 — 2.24). The overall one-year mortality was 30.9%.
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