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Abstract

Background—Obesity is a risk factor for heart failure (HF), but is associated with lower N-
terminal of pro-Brain Natriuretic Peptide (NT-proBNP) levels. It is unclear whether the prognostic
value and implications of NT-proBNP levels for HF risk differ across body mass index (BMI)
categories.

Methods and Results—We followed 12,230 ARIC participants free of prior HF at baseline
(visit 2, 1990-1992) with BMI >18.5 kg/m2. We quantified and compared the relative and
absolute risk associations of NT-proBNP with incident HF across BMI categories. There were
1,861 HF events during a median 20.6 years of follow-up. Despite increased HF risk in obesity, a
weak inverse association was seen between baseline BMI and NT-proBNP levels (r = —-0.10).
Nevertheless, higher baseline NT-proBNP was associated with increased HF risk in all BMI
categories. NT-proBNP improved HF risk prediction overall and even among those with severe
obesity (BMI =35 kg/m?2; improvement in c-statistic +0.032 [95% CI 0.011-0.053]). However,
given higher HF rates among those with obesity, at each NT-proBNP level, higher BMI was
associated with greater absolute HF risk. Indeed, among those with NT-proBNP 100 to < 200

Correspondence: Chiadi E. Ndumele, MD, MHS, Johns Hopkins Ciccarone Center for the Prevention of Heart Disease, Johns
Hopkins University, 600 North Wolfe Street, Carnegie 568, Baltimore MD 21287, Phone: 410-502-2319, Fax: 410-614-8222,
cndumel2@jhmi.edu.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ndumele et al.

Page 2

pg/ml, the average 10-year HF risk was <5% among normal weight individuals but >10% if
severely obese.

Conclusions—Despite its inverse relationship with BMI, NT-proBNP provides significant
prognostic information regarding the risk of developing HF even among individuals with obesity.
Given the higher baseline HF risk among persons with obesity, even slight elevations in NT-
proBNP may have implications for increased absolute HF risk in this population.
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Methods

Brain natriuretic peptide (BNP) is a hormone with natriuretic and vasodilatory properties
that is secreted by cardiac ventricular myocytes in response to elevated ventricular filling
pressures and increased wall stress=3, The N-terminal fragment of the prohormone for BNP
(NT-proBNP) is a diagnostic marker for heart failure (HF) severity* ° and is also associated
with subclinical left ventricular (LV) dysfunction among asymptomatic individuals®. In
addition to its relationship with structural heart disease, elevated NT-proBNP has been
independently linked to incident HF among individuals within the general population’~2.,
Prospective analyses have demonstrated that the addition of NT-proBNP to traditional risk
factors significantly improves HF risk prediction10. Interestingly, NT-proBNP is inversely
associated with BMI and known to be lower among obese individuals with and without
HF11-15 despite the higher burden of HF associated with obesity1®: 17. Multiple studies have
demonstrated relatively poor correlation between natriuretic peptide levels and LV filling
pressures among individuals with obesity compared to those who are normal weight18: 19,
Additionally, among patients undergoing cardiac catheterization, obese subjects have been
shown to have lower NT-proBNP levels despite higher average LV end diastolic
pressures20. Although the inverse relationship between BMI and NT-proBNP has led to
concerns regarding the use of NT-proBNP levels for HF diagnosis among people with
obesity?1, data on NT-proBNP for HF risk prediction among individuals with obesity are
lacking. Therefore, we evaluated the utility of NT-proBNP for HF risk prediction among
individuals with different obesity status in the Atherosclerosis Risk in Communities (ARIC)
study, a community-based predominately bi-ethnic cohort of middle-aged individuals.

The ARIC study is an ongoing prospective cohort study of 15,792 individuals enrolled from
four U.S. communities: Washington County, Maryland; Jackson, Mississippi; Forsyth
County, North Carolina; and the suburbs of Minneapolis, Minnesota. The initial recruitment
and baseline evaluation took place between 1987 and 1989. Participants were subsequently
examined at three follow-up visits at approximately 3 year intervals; after an extended
interval, a fifth study visit was recently completed between 2011 and 2013. The design,
recruitment and examination protocols for ARIC has been described in detail previously?2.
The institutional review boards at each site approved all study protocols and informed
consent was provided by all study participants. Visit 2 (1990-1992), at which NT-proBNP
was measured for all participants, was the baseline for the present study.
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Of the 14,348 participants who attended visit 2 in 1990 to 1992, we excluded individuals
with self-reported HF at Visit 1 or with a HF event at or prior to Visit 2 (N=955). We
additionally excluded those with a BMI < 18.5 kg/m? (N=124), the small number of
individuals not of black or white race (N=38), those individuals missing data on clinical
covariates (N=168 for smoking, systolic blood pressure, diabetes mellitus, heart rate and
prevalent coronary heart disease (CHD)) and those individuals missing data on NT-proBNP
or BMI (N=833), for a final sample size of 12,230 individuals at baseline.

All covariates were assessed at baseline (visit 2, 1990-1992). BMI was calculated from
measured height and weight and categorized as normal weight (18.5 to < 25 kg/m?),
overweight (25 to < 30 kg/m?), obese (30 to < 35 kg/m?2) or severely obese (= 35 kg/m?).
We also evaluated variables included in the ARIC HF risk score, a parsimonious algorithm
of traditional risk factors that has previously been shown to strongly predict incident HF
among men and women in the general community1C. The variables included in the ARIC HF
risk score are age, race, sex, smoking status, prior CHD, diabetes mellitus (DM), mean
systolic blood pressure, use of anti-hypertensive medications, and heart rate. Smoking status
was categorized as current, former or never smoker. CHD was defined as self-reported CHD
at Visit 1 or a CHD event (validated non-fatal myocardial infarction or coronary
revascularization, or silent myocardial infarction by ECG criteria) at or prior to Visit 2.
Individuals were classified as having DM if they had a self-reported history of diabetes, used
hypoglycemic medications, had a fasting blood glucose of = 126 mg/dl or had a non-fasting
blood glucose of = 200 mg/dl. Systolic blood pressure was measured three times during the
same examination, and the mean of the last two values was used for analysis. The use of
anti-hypertensive medications over the 2 weeks prior to the exam was ascertained by use of
a standardized questionnaire.

NT-proBNP was measured in 2012-2013 from thawed Visit 2 serum samples that had
previously been stored at —70 degrees Celsius. Measurements were performed using a
sandwich immunoassay method on the on the Roche Elecsys 2010 Analyzer (Roche
Diagnostics Corporation, Indianapolis, IN). The assay coefficients of variation were 5.4% at
an NT-proBNP value of 133 pg/ml and 4.3% at a value of 4,516 pg/ml. The value of 2.5
pg/ml was imputed for those individuals with undetectable NT-proBNP (n=248). For this
analysis, NT-proBNP was both assessed continuously and categorized using prespecified
cutpoints of 50, 100, 200 and 400 pg/ml.

Participants were contacted annually and active surveillance of hospitals in the ARIC
communities was performed to obtain information about interim hospitalizations, and vital
records were examined for all deaths. The outcome of interest was incident HF occurring
after Visit 2, defined as the first hospitalization or death related to HF. Hospitalizations and
deaths related to HF were identified by HF discharge codes (ICD-9 code 428 for
hospitalizations and deaths early during follow-up and ICD-10 code 150 for later deaths).
After 2004, HF events were additionally adjudicated by an expert panel?3. Follow-up for HF
events was available through December 31, 2012.
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Statistical Analysis

Baseline characteristics across BMI categories were compared using analysis of variance for
continuous variables and the chi-squared test for categorical variables. NT-proBNP levels
were compared across BMI categories for the overall study population, and within
subgroups defined by race and gender.

In prospective analyses, Cox proportional hazards models were used to estimate adjusted
incidence rates, adjusted hazard ratios and corresponding 95% confidence intervals for the
association of NT-proBNP with incident HF within baseline BMI categories. Follow-up
began at ARIC Visit 2 (1990-92) and continued until incident HF or censoring, with Cox
models accounting for unequal follow-up time. Censoring occurred if the participant was
lost to follow-up or died from a non-HF etiology, or if the participant was administratively
censored at December 31, 2012. Cox proportional hazards models were adjusted for: age,
race, sex, smoking status, prior CHD, DM, mean systolic blood pressure, use of anti-
hypertensive medications, and heart rate (variables included in the ARIC HF risk score).
NT-proBNP was modeled as a linear spline with knots at NT-proBNP levels of 50, 100, 200
and 400 pg/ml and with 25 pg/ml as the reference.

To evaluate potential effect modification of obesity on the NT-proBNP-HF risk association,
likelihood ratio tests were used to assess for interactions across BMI categories on the
multiplicative scale for comparisons of hazard ratios, and on the additive scale for
comparisons of adjusted incidence rates. Pointwise interactions were evaluated by
comparing the relative and absolute risk differences associated with each 1.08-fold higher
NT-proBNP between individuals who were normal weight (reference group) and those in
other BMI categories. The statistical approach for evaluating pointwise interactions has been
has been described in detail in prior analyses24. Tests for overall interactions across BMI
categories were also performed.

We assessed whether NT-proBNP added predictive value beyond traditional risk factors for
the outcome of incident HF across BMI categories, by evaluating changes in prediction
statistics associated with the addition of NT-proBNP to the variables in the ARIC HF risk
score. We evaluated changes in the net reclassification index (NRI), C-statistic and
integrated discrimination improvement (IDI) within each BMI category, using methods that
account for censoring?® 26, Changes in the NRI were calculated for events and non-events,
and assessed using both continuous and categorical NRI (with categories for 10-year HF risk
of <56%, 5 to <10%, 10 to <20% and =20%). 95% confidence intervals for NRI and IDI
changes were calculated using bootstrapping methods, as described previously2. In
assessing its contribution to risk prediction, NT-proBNP was modeled both continuously
and categorically, using the aforementioned cutpoints.

To further assess the implications of NT-proBNP levels for absolute HF risk among
individuals with and without obesity, we used Cox models to calculate the average predicted
10-year HF risk within NT proBNP ranges of <50, 50 to <100, 100 to <200, 200 to <400
and = 400 pg/ml for each BMI category, with risks calculated at mean levels of each of the
ARIC HF Risk Score predictors. Additionally, we estimated the NT-proBNP levels
associated with pre-specified levels of absolute HF risk (5%, 10% and 20% over 10 years)
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within each BMI category at mean levels of each of the covariates, and used bootstrapping
to calculate 95% confidence intervals.

Additional analyses were performed with stratification by gender, race or age (= or < 60
years). Analyses were also performed substituting waist circumference (assessed
categorically, by dividing into quartiles) for BMI as the metric for adiposity. In sensitivity
analyses, we repeated assessments of the relative and absolute risk associations between NT-
proBNP and HF across BMI categories using only adjudicated HF events.

Statistical analyses were performed with Stata version 13.1. All reported p-values are 2-
sided.

Individuals with higher BMI were more likely to be African-American and less likely to be
current smokers (Table 1). Higher BMI was also associated with a greater burden of HF risk
factors, including higher systolic blood pressure, more anti-hypertensive medication use, a
slightly higher mean heart rate and a greater prevalence of diabetes. As expected, overall,
NT-proBNP was inversely correlated with BMI (Pearson’s correlation coefficient: —0.10;
p<0.001). Examining this in more detail, compared to those with normal weight, NT-
proBNP levels were lower in the overweight and obese groups, with a slight uptick in NT-
proBNP levels among those with severe obesity (Table 1). This pattern was generally
maintained across subgroups defined by race and gender (Figure 1), although more of a U-
shaped association was seen among white men, with individuals with severe obesity having
similar average NT-proBNP levels to those with normal weight.

Over a median of 20.6 years of follow-up, there were 1,861 cases of incident heart failure.
Higher BMI category at baseline was associated with higher rates of HF, with incidence
rates (per 1000 person years) for those with normal weight of 5.6, overweight of 7.5, obesity
of 11.6 and severe obesity of 16.8.

Despite the inverse relationship between BMI and NT-proBNP, higher NT-proBNP levels
were associated with greater relative risks of HF within each BMI category even after
adjusting for ARIC HF risk score predictors (Figure 2a). The relative risk gradient was
blunted among those in the highest BMI categories, with significant pointwise interactions
seen in some ranges of NT proBNP (denoted as A in the bottom of Figure 2a). The
significant interactions at these points indicate a difference in the slope of risk from the
reference (25 pg/ml of NT-proBNP) to the indicated NT-proBNP value for individuals with
obesity or severe obesity relative to those with normal weight. Significant overall
interactions for the association between continuous log-transformed NT-proBNP and HF
risk were also seen across BMI categories (overall p for interaction <0.01 for severe obesity
versus normal weight and <0.05 for obesity versus normal weight).

However, despite the shallower risk gradients for hazard ratios in obesity and severe obesity
than normal weight, because of the higher rates of HF associated with higher BMI, the
absolute risk differences associated with higher NT-proBNP were actually greater among
those with obesity and severe obesity at higher levels of NT-proBNP (significant pointwise
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interactions indicated as + in the bottom of Figure 2b). Accordingly, the NT-proBNP
increment from 25 to 150 pg/ml was associated with an incidence rate difference for HF (per
1000 person years) of 11.0 among individuals with severe obesity and 5.1 among those with
normal weight.

These risk associations were similar across demographic subgroups defined by age, gender
and race, and when waist circumference was used as an alternative measure for adiposity.
Analogous findings were seen when we restricted our analyses to adjudicated HF cases only
(N=893). Findings were also similar when we excluded those individuals with HF events in
the first 3 years after Visit 2 (n=165), to account for the possibility of undiagnosed early HF
at the baseline visit. To account for the possibility of dramatic weight loss after the baseline
visit affecting the observed risk associations, we performed a sensitivity analysis excluding
18 individuals who underwent bariatric surgery after the baseline visit and our findings were
largely unchanged.

We evaluated the impact of NT-proBNP on HF risk prediction within each BMI category
(Table 2). Overall, as reflected by the C-statistic, traditional risk factors were less predictive
of HF in higher BMI categories, with an associated C-statistic of 0.827 (95% CI: 0.795—
0.858) for normal weight vs. 0.754 (95% CI: 0.715-0.792) for severe obesity. Nonetheless,
the addition of NT-proBNP to traditional risk factors within the ARIC HF Risk Score
significantly improved HF risk prediction and discrimination in all BMI categories, as
reflected by the NRI, IDI and changes in the C-statistic. C-statistic values across the range of
NT-proBNP within each BMI category are displayed in the Supplemental Figure.
Improvements in risk prediction were similar when NT-proBNP was modeled as a
continuous or a categorical variable.

We then calculated the average predicted HF risk over 10 years within NT-proBNP ranges
of <50, 50 to <100, 100 to <200, 200 to <400 and =400 pg/ml for each BMI category, when
all other ARIC HF Risk Score predictors were at the average levels of our study population.
As demonstrated in Figure 3, within each range of NT-proBNP, those in higher BMI
categories had a higher predicted 10-year HF risk. For example, among those in the NT-
proBNP range of 100 to <200 pg/ml, the average predicted 10-year HF risk was <5% if
weight was normal but >10% if severely obese. Nevertheless, lower levels of NT-proBNP
were associated with lower predicted risk within each BMI category, with NT-proBNP
levels of 50 to <100 pg/ml associated with 3.0% and 7.1% average 10-year HF risk among
those with normal weight and severe obesity, respectively.

From another perspective, we assessed the NT-proBNP levels leading to prespecified 10-
year HF risks (5%, 10% and 20%) in each BMI category at mean levels of all covariates
(Table 3). For example, a 10% risk of HF over 10 years was associated with median NT-
proBNP levels of 119 pg/ml (95% CI: 83-177 pg/ml) in the severely obese category, 289
pg/ml (95% CI: 195-500 pg/ml) in the obese category, 473 pg/ml (95% CI: 318-778 pg/ml)
in the overweight category, and 489 pg/ml (95% CI: 367-703 pg/ml) in the normal weight
category. Generally, relatively modest NT-proBNP elevations among those with severe
obesity in the general community were associated with a high absolute risk of developing
HF.
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Discussion

In this prospective cohort study of 12,230 individuals in the general population, we found
that higher NT-proBNP levels were associated with an increased risk of HF even among
individuals with obesity, despite an inverse association between NT-proBNP and BMI. We
observed slightly lesser relative risk associations, but greater absolute risk associations
among those with obesity and severe obesity compared to those with normal weight. Our
findings were largely consistent across different demographic subgroups. Furthermore, NT-
proBNP significantly improved HF risk prediction in all BMI categories. Because of the
higher rates of HF associated with obesity, at each level of NT-proBNP, higher BMI
categories were associated with increased absolute HF risk. For example, among those with
severe obesity, the average 10-year HF risk was 4.7% if NT-proBNP was less than 50 but
exceeded 10% with NT-proBNP in the 100 to <200 pg/ml range. Corresponding risks in the
normal weight group were 1.5% and 4.4%. Similarly, equivalent levels of absolute HF risk
were reflected by lower NT-proBNP levels among those with higher BMI, with NT-proBNP
levels of 119 pg/ml (95% CI: 83-177 pg/ml) and 489 pg/ml (95% CI: 367-703) associated
with a 10% 10-year HF risk among those with severe obesity and normal weight,
respectively. These results suggest that even mild elevations in NT-proBNP among those
with severe obesity identify individuals with a high absolute risk of developing HF.

Prior studies have demonstrated that higher natriuretic peptide levels among individuals in
the general community are independently associated with increased risk for future HF and
mortality”- % 15, In a community-based study, NT-proBNP levels were shown to improve HF
risk prediction beyond traditional risk factors1®. However, the utility of NT-proBNP for risk
prediction among individuals with obesity has been unclear. Hemodynamic studies
comparing obese and non-obese patients have demonstrated lower levels and lesser
correlations of natriuretic peptide levels with LV end-diastolic pressures among those with
obesity, despite higher LV filling pressures in this group®-29, It has been suggested that
among HF patients with obesity, lower BNP thresholds for “abnormal” values may be
needed to maximize the accuracy of HF diagnoses!. Our analysis supports this approach of
utilizing lower NT-proBNP thresholds for HF prediction among obese individuals in the
community.

In our spline models, at the highest levels of NT-proBNP a decrease in the slope of the risk
association was seen for those with severe obesity. This most likely represents statistical
imprecision due to the small number of individuals (n=31) with both severe obesity and very
high NT-proBNP, and in fact the overwhelming majority of this subgroup went on to
develop incident HF (n=25). However, further studies should explore the implications of
very elevated NT-proBNP for HF risk among those with severe obesity.

The mechanisms and pathophysiologic significance of the inverse relationship between
measures of adiposity and natriuretic peptide levels remain unclear. There is an intricate
interrelationship between obesity and natriuretic peptides, with adipose tissue having a high
concentration of receptors that promote the clearance of BNP, and higher BNP levels being
associated with enhanced lipolysis and metabolism?”. A recent study demonstrated that mice
genetically engineered to lack receptors promoting the clearance of BNP had lesser fat mass
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and a greater expression of thermogenic genes characteristically found in brown adipose
tissue that stimulate energy expenditure28. Treatment with natriuretic peptide infusions
similarly induced “browning” of adipocytes, lending further credence to a causal association
between BNP and metabolic rates. In our analysis, a J-shaped relationship between BMI and
NT-proBNP was seen, with the highest levels among those with normal weight. It is
possible that the slight increase in NT-proBNP levels observed in the severe obesity
category may reflect the balance between the negative association between BMI and NT-
proBNP and the increased risk of incident HF among those with very high BMI.

This study has significant clinical implications. First, it confirms that regardless of obesity
status, NT-proBNP measurements among adults in the general community provide
prognostic information beyond traditional risk factors regarding HF risk. Additionally,
higher BMI was associated with greater absolute HF risk at each level of NT-proBNP, with
NT-proBNP levels as low as 100 to <200 pg/ml being associated with greater than 10%
predicted HF risk among those with severe obesity (in contrast with a 7.1% 10-year average
HF risk if NT-proBNP levels were 50 to <100 pg/ml). The finding that modest NT-proBNP
levels are associated with high predicted HF risk among individuals with severe obesity may
also have implications for HF prevention. Assessments of global risk are central to
prevention strategies for CHD and stroke29, but are not currently widely accepted in clinical
practice for approaches to HF prevention. Our results suggest that if such a risk centered
approach is applied for HF, even mild elevations of NT-proBNP warrant attention among
those with severe obesity. Further analyses incorporating both HF events and cost-benefit
assessments will be needed to establish thresholds for “abnormal” NT-proBNP levels for
risk prediction within each BMI category.

There are some limitations of this analysis. Because it is an observational study, we cannot
rule out the possibility of residual confounding. This study didn’t account for medical
therapies during the follow-up period that may have influenced the development of heart
failure. It is also possible that differences with respect to lifestyle factors such as diet,
physical activity and adherence not captured in this analysis may have additionally
influenced the associations of interest. Additionally, the use of hospitalization and discharge
codes for the diagnosis of incident HF may have resulted in some misclassification, although
sensitivity analyses using only adjudicated HF events demonstrated similar outcomes.
Additionally, this analysis doesn’t capture outpatient HF cases; however, the use of inpatient
HF cases in cohort studies has been associated with relatively high diagnostic specificity23
and is most relevant to the high clinical, public health and economic burdens associated with
HF. Nonetheless, this is a large, prospective analysis of a well-characterized, bi-racial
community-based cohort that extends knowledge regarding the utility and implications of
NT-proBNP measurements for HF risk prediction among individuals across BMI categories.

In conclusion, this study demonstrates that despite an inverse relationship between BMI and
NT-proBNP levels, NT-proBNP is independently associated with incident HF and improves
HF risk prediction beyond traditional risk factors even among individuals with obesity. If a
risk-centered prevention approach is applied to HF, because of the greater risk of HF
associated with obesity, even modest NT-proBNP elevations may warrant clinical attention
in obese individuals.
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Clinical Perspectives

The N-terminal of pro-Brain Natriuretic Peptide (NT-proBNP) is used clinically for the
diagnosis of heart failure (HF). NT-proBNP is also useful for predicting future HF in the
general community. However, NT-proBNP levels are known to be lower among obese
versus non-obese individuals, despite increased HF risk associated with obesity.
Consequently, the utility of NT-proBNP levels for HF prediction among individuals with
obesity is unclear. Therefore, in this analysis of 12,230 individuals without baseline HF
in the Atherosclerosis Risk in Communities (ARIC) Study, we quantified and compared
the risk associations of NT-proBNP with incident HF across body-mass index (BMI)
categories. Despite a weak inverse association between NT-proBNP and BMI (r= —0.10),
higher NT-proBNP was associated with increased HF risk and improved HF risk
prediction in all BMI categories. However, because of higher HF rates associated with
obesity, at each level of NT-proBNP, higher BMI categories were associated with greater
absolute HF risk. For example, among those with NT-proBNP 100-200 pg/ml, the
average ten-year HF risk was <5% among normal weight individuals but >10% if
severely obese. Similarly, at mean levels of clinical covariates, ten-year HF risk exceeded
10% at median NT-proBNP levels of 119 pg/ml (95% ClI: 83-177 pg/ml) in the severely
obese category and 489 pg/ml (95% CI: 367—703 pg/ml) in the normal weight category.
These findings demonstrate the prognostic value of NT-proBNP for HF risk even among
individuals with obesity, and suggest that even mild NT-proBNP elevations warrant
attention among those with severe obesity in terms of future HF risk.
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Figure 1.
Median NT-proBNP levels within BMI Categories, Stratified by Race/Gender Subgroups.

The median NT-proBNP levels and associated interquartile ranges within each BMI
category are displayed for white men, white women, black men and black women.
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Figure 2.
Relative and Absolute Risks of HF Associated with Higher NT-proBNP Within BMI

Categories. Linear spline models demonstrating the relative (Figure 2a) and absolute (Figure
2b) risk associations of NT-proBNP with incident HF within each BMI category, using a
common reference of 25 pg/ml and knots at NT-proBNP levels of 50, 100, 200 and 400
pg/ml. The color-coded triangles and plus signs at the bottom of each panel indicate
significantly negative (smaller effect size) and positive (greater effective size) pointwise
interactions, respectively, for a given BMI category compared with normal weight. All
regression models are adjusted for the variables in the ARIC HF Risk score: age, race, sex,
smoking status, prior CHD, DM, mean systolic blood pressure, use of anti-hypertensive
medications, and heart rate.
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NT-proBNP range, in pg/ml (95% Cl)

Figure 3.

BMI Category

<50 50-99 100-199 200-399 400+
Normal Weight 1.54% 3.04% 4.35% 6.08%
(BMI118.5t0<25 kg/m?) | (1.19-1.89) | (2.48-3.64) | (3.47-5.20) | (4.50-7.84)
Overweight 2.10% 3.82% 4.80% 7.97%
(BMI 25 to <30 kg/m?) (1.80-2.39) | (3.22-4.41) | (3.85-5.72) | (6.05-10.07)
Obese 3.46% 4.76% 7.20% 8.10%
(BMI 30 to <35 kg/m?) (2.92-3.99) | (3.77-5.84) | (5.66-8.76) | (5.45-11.57)
Severely Obese 4.70% 7.13%
(BMI = 35 kg/m?) (3.78-5.65) | (5.51-8.83)

10-year HF risk

<5%

5-<10%

10-<20%

220 %

Predicted 10-year HF Risk (and Associated 95% Confidence Intervals) within NT-proBNP
Ranges for Each BMI Category. The predicted risk of incident HF events over 10 years was
calculated at mean levels of each of the covariates in the ARIC HF Risk Score (age, race,
sex, smoking status, prior CHD, DM, mean systolic blood pressure, use of anti-hypertensive
medications, and heart rate) using Cox regression. The average predicted 10-year HF risk for
the NT-proBNP ranges of <50, 50 to <100, 100 to <200, 200 to <400 and =400 pg/ml are
displayed for each BMI category. 95% confidence intervals were calculated using

bootstrapping techniques.
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Characteristics of Study Population, Stratified by BMI Category

Page 16

Variable Normal Overweight Obese Severely
Weight N=4,953 N=2,356 Obese
N=3,802 N=1,119
Mean Age, in years (SD) 57 (6) 58 (6) 57 (6) 56 (6)
Female — % 62 46 54 75
African American — % 15 22 33 44
Current Smokers — % 28 21 16 13
Mean systolic blood pressure, in mmHg (SD) 117 (18) 121 (18) 125 (19) 130 (19)
Anti-hypertensive medicine — % 20 29 41 50
Mean heart rate (SD) 65 (10) 65 (10) 66 (10) 69 (11)
Diabetes — % 5 12 23 33
History of CHD - % 4 6 6 4
Median NT-proBNP, in pg/ml (25-75! percentile) 63 (34-108) 46 (24-85)  45(24-85) 51 (27-91)

Circulation. Author manuscript; available in PMC 2017 February 16.



Page 17

Ndumele et al.

+9%02 ‘%02—0T ‘%0T—SG ‘%S—0 :SIeak QT JoA0 Sa1106a1ed YSI 1IN0y SS0IR JusWanoldui| UoIe1ISSe|ay 19N = [YN [eduobiare)

1

‘dNgoud- 1N Buipnjour Ajjeuonippe [apow sy pue (Sa1eLien0d 3109S st 4H D1HY) [9pOLU 3Ul|9seq a3 UsaMIS] UOIBUILILIOSIP Ul 32USISHIP SY) S8IBIIPUI D1ISITRIS-O) Ul 99UBIBIP Y L
«

ZW/Bx GE <IN

185300 AJ1onsS {7 W/B GE> 01 0F IINE 185800 zW/B> 0g> 01 Sz INE WBIaMIBAO {;w/B3 GZ> 01 G'8T 1IN IBIeM [euLION

(€90°0 - G20°0)
€700

(9200-T1€0°0)
€500

(0£0'0-1€0°0)
£50°0

(690°0 — G£0°0)
€500

(6200 - t70°0)
6500

(860°0— 650°0)
1100

(TTT'0-€500)

(22’0 - 660°0)
Y970

(S0v°0-€82°0)
Sre0

(9T2°0-v€T°0)
LIT0

(0T¥'0 - 2€€°0)
v.€°0

(€€2°0-¢€.T°0)
102°0

(TT7'0 - LS€°0)
G8e’0

(r2120-212°0)

(022°0-€90°0-)
TIT0

(L¥T°0-1202°0-)
220°0-

(6770 - 2ST°0)
00€°0

(9280~ 22070)
€220

(85€°0 - 0¥T°0)
0SZ°0

(S¥2°0-900'0)
¥Z1°0

(81€°0-900°0)

(0570 —980°0)
6120

(LTS0-€ET0)
€2€°0

(L29°'0-92€°0)
L1170

(5520 - S¥¥°0)
1650

(215°0-6¢€0)
157°0

(€€9'0—-26€°0)
6050

(9950 - 9¥2°0)

(860°0 — 1€0°0)
¥90°0

(T9T°0-980°0)
€210

(5800 - T¥0°0)
G900

(TTT'0-590°0)
0600

(0500 - 920°0)
8€0°0

(T20'0-570°0)
8500

(ev0'0 - 810°0)

(9¥T°0 - 620°0-)
6500

(880°0 - 060°0-)
¥00°0-

(9€2°'0-290°0)
€5T°0

(¥T2'0-€£0°0)
Z4%0

(T220-2€T°0)
9020

(972'0-060°0)
0.T°0

(2L20-190°0)

(§T2°0 - £20°0)
€210

(9T2°'0-020°0)
6TT0

(€0e'0-¢€21°0)
8120

(600~ LTT°0)
€120

(TT€°0-69T°0)
374

(90€°0-9¥T°0)
622°0

(862°0 — 880°0)

(€500 - TT0°0)
2€00

(2500 - 800°0)
0£0°0

(£50°0-970°0)
L£0°0

(£50°0 - 6T0°0)
8£0°0

(070°0 - 600°0)
¥20°0

(T70'0 - €T0°0)
1200

(S70°0 — 600°0)

(TZ8'0-05.°0)
9820

(T28'0-L¥L°0)
¥8L°0

(26£°0-GT2°0)
¥SL°0

(6€8'0-922°0)
8080

(Ty8'0~122°0)
6080

(€08'0-6£L°0)
TLL°0

(€58'0-86.°0)
9280

(558'0-208°0)
628°0

(828°0-G22°0)
2080

(588'0 - 228°0)

dNg-1N sSnonunuod+

dNg-1N [eonobeyes+

91098 ¥s1 4H 21seq DYV

35900 AJ249n8S

dNg-1N Snonunuod+

dNg-1N [earioBsreo+

8100S XSl 4H J1seq DldV
85900

dNg-1N snonunuod+

dNg-1N [eonoBereo+

8100S XSIl 4H JIseq DldV
wbremiano

0800 S 7ZA] T.T°0 ana] 0£0°0 9970 96T°0 1200 ¥58°0 dNg-LN snonunuoo+

(L800-2v00) (Sve0-€820) (Szz0-€600-) (OVS0-2220) (1S500-G200) (8T2°0-5000-) (€52°0-2€00) (6€0°0-+000) (188°0-9T8°0)
€900 9T€0 G.0°0 06€°0 8€0°0 ¥0T°0 10 2200 6780 dNg-LN [eoniobereo+

(858'0—56.°0)
1280 81008 s1 4H 21seq DYV
BB [ewIoN

JusAauou
‘TN WeA? [N (SN JUBABUOU ‘IIN  JUBA3 ‘[N 18N LOBSHEIs O
1al snonunuo)d snonunuo) snonunuod |eari0bare) |eari0bare) |eari0bar1e) ul sdusaspid 21IS11€I1S O

Author Manuscript

K1063189 |ING Ag ‘dNg04d- LN JO UORIPPY 8U} UIM PaJeId0sSy SIMISIIEIS UONDIPald YSIy ain|ieq MeaH

¢ ?olgel

Author Manuscript

Author Manuscript

Author Manuscript

Circulation. Author manuscript; available in PMC 2017 February 16.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Ndumele et al.

NT-proBNP Levels” (pg/ml) with 95% Confidence Intervals Associated with Levels of 10-year HF Risk

Table 3

BMI Category

10-year HF risk
5% 10% 20%

Normal Weight (BMI 18.5 to < 25 kg/m?) 160 (129 -202) 489 (367 —703) 1563 (1014 - 2781)

Overweight (BMI 25 to < 30 kg/m?) 118 (96 -154) 473 (318 -778) 2012 (1055 — 4526)
Obese (BMI 30 to < 35 kg/m?) 57(41-73) 289 (195-500) 1562 (785 — 4460)
Severely Obese (BMI > 35 kg/m?) 23(14-35)  119(83-177) 653 (358 — 1631)

*

Using log-linear NT-proBNP.
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