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BGCkgI‘OUI‘Id Emerging data suggest that neck circumference (NC) is associated with cardiometabolic risk factors.
Limited research is available regarding the association between NC and cardiovascular outcomes in African Americans.

Methods Using data from the Jackson Heart Study, we included participants with recorded NC measurements at baseline
(2000-2004). Baseline characteristics for the included population were summarized by tertiles of NC. We then calculated age-
and sex-adjusted cumulative incidence of clinical cardiovascular outcomes and performed Cox proportionalhazards with
stepwise models.

Results Overall, 5,290 participants were categorized info fertiles of baseline NC defined as <37 cm (n = 2179), 38-
40 cm (n = 1552), and >40 cm (n = 1559). After adjusting for age and sex, increasing NC was associated with increased
risk of heart failure (HF) hospitalization (cumulative incidence = 13.4% [99% Cl, 10.7-16.7] in the largest NC tertile vs 6.5%
[99% Cl, 4.7-8.8] in the smallest NC tertile), but not mortality, stroke, myocardial infarction, or coronary heart disease (all
P> .1). Following full risk adjustment, there was a nominal increase in the risk of HF hospitalization with increasing NC, but
this was not statistically significant (hazard ratio per 1-cm increase, 1.04 [99% Cl, 0.99-1.10], P = .06).

Conclusions In this large cohort of African American individuals, a larger NC was associated with increased risk for HF
hospitalization following adjustment for age and sex, but this risk was not statistically significant after adjusting for other
clinical variables. Although NC is not independently associated with increased risk for cardiovascular events, it may offer

prognostic information particularly related to HF hospitalization. (Am Heart ] 2019;212:72-9.)

Features of anthropometry (ie, body measurements and
proportions) are routinely used in clinical practice to
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evaluate health status and predict risk on both an
individual and population scale.' Examples of anthro-
pometry include waist circumference, which is a key
component of the metabolic syndrome—a combination
of clinical variables commonly used to predict risk for
cardiovascular (CV) events.>® Although seemingly easy
to perform, waist circumference measurements can vary
between practitioners based on the fact that there is no
uniformly accepted protocoL/l Furthermore, some pa-
tients may feel the process of measuring waist circum-
ference distressing given the need to disrobe and have
measuring instruments positioned around their central
obesity. Although we do not advocate for abandonment
of useful maneuvers for the sake of patient modesty, the
authors suggest that other measures such as neck
circumference (NC) may be more consistently measured
and entail less invasion of patients' privacy; however, this
has yet to be investigated in the literature. Emerging data
suggest that not only is NC correlated with WC, but NC
may support CV disease risk prediction given associations
with other prognostic variables (eg, body mass index
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[BMI], sleep apnea, insulin resistance, and lipid pro-
files).”'® However, limited data exist regarding the
association of NC and CV outcomes, and previous studies
have not evaluated the associations in African Americans,
who are disproportionately affected by CV disease.®""
We evaluated the association of NC with CV outcomes in
the Jackson Heart Study (JHS), a large population-based
cohort of African Americans.

Methods
Data sources

The JHS is a prospective, observational cohort study
that began in 2000 to investigate risk factors for CV health
outcomes in a population of African Americans from
Jackson, MS. A total of 5306 participants were recruited
from the Jackson metropolitan area and included
volunteers (25%), randomly selected residents of the
area (17%), eligible residents from Jackson who partici-
pated in the Atherosclerosis Risk in Communities
(ARIC) cohort study (31%), and relatives of JHS (22%)
or ARIC (5%) participants. Participants completed 3
study visits from September 2000 through December
2013. Visit and data collection procedures have
been previously 1rep0rted.12'14 The institutional review
board of the Duke University Health System approved
the study.

Neck circumference

The exposure of interest for this analysis was baseline
NC, which was measured to the nearest centimeter using
tape wrapped snugly around the neck, just below the
participant's thyroid cartilage. This technique was
consistent with that used in previous investigations and
National Health and Nutrition Examination Survey
data.>” We modeled NC on a continuous scale with 1-
cm increments and present descriptive information and
incidence rates according to tertiles of NC: <37 cm, 38-
40 cm, and >40 cm.

Study population

We included JHS participants who completed exami-
nation 1 and had complete information on NC, BMI, and
waist circumference measurements. For the heart failure
(HF) hospitalization outcome analysis, we restricted the
cohort to those who survived to January 1, 2005, when
surveillance for HF hospitalization began. "’ Participants
with histories of myocardial infarction (MI), stroke, and
coronary heart disease (CHD) were excluded from
incident MI, stroke, and CHD models, respectively.

Outcomes

Outcomes of interest included all-cause mortality,
incident stroke, incident CHD, incident MI, and HF
hospitalization. All-cause mortality, incident stroke, CHD,
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and incident MI were assessed within 11 years after the
examination 1 visit date, which fell between the median
study follow-up time of 11 years and the 75th percentile
of 12 years. HF hospitalization was assessed within
9 years of the examination 1 visit date between 2005
and 2013 among those surviving to the beginning of HF
hospitalization surveillance (median and 75th percentile
HF follow-up was 9 years starting in 2005). Incident CHD
was defined as the first occurrence of fatal CHD, MI, or
cardiac procedure determined through annual telephone
follow-up interviews, hospitalization surveillance with
medical abstraction, and death certificate review.
Computer-generated lists derived from hospital dis-
charges were further reviewed by a committee of trained
medical personnel resulting in final, disease-specific
event classification.'® Methods for identifying both all-
cause mortality and HF hospitalizations in the cohort have
been described previously. 16

Covariates

We included baseline clinical examination variables for
demographic information, medical history, medications,
and measures taken from the physical examination.
Medical histories were derived from clinical examination,
self-reported disease history, or health behaviors. To
determine the presence of HF at baseline, we applied
modified Gothenburg criteria as developed and validated
in the ARIC study.'” Variables that had less than 5%
missingness were imputed to the overall median value for
continuous variables, dichotomous variables to “no,” and
multichotomous variables to the most frequent categor-
ical value.'® For variables that had greater than 5%
missing, specifically medications, a separate category was
created for missing values.

Statistical analysis

We summarized baseline characteristics for the includ-
ed population by tertiles of NC with frequencies and
percentages presented for categorical variables, and
medians with interquartile ranges or means with SDs
presented for continuous variables. Differences between
groups were evaluated via x? tests for categorical
variables and Kruskal-Wallis tests for continuous vari-
ables. We calculated age and sex weights per participant
standardized to the overall study population. We then
calculated age- and sex-adjusted cumulative incidence
rates from weighted Kaplan-Meier estimates and tested
for differences using log-rank tests. For all-cause mortality,
participants were censored at the time of loss to follow-
up or the end of study event surveillance follow-up
(December 31, 2013). For all other outcomes, partici-
pants were additionally censored at the time of death.

We examined the association between continuous NC
and each outcome via Cox proportional-hazards models
using a stepped model approach as follows: NC only
(model 1); NC with age and sex (model 2); model 2
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Study cohort from the Jackson Heart Study.

covariates plus BMI (model 3); and model 3 plus
adjustments for clinical examination variables including
medical history and medications (model 4). Candidate
variables for model adjustment were preselected based
on clinical judgment, prior literature, and estimated
events per variable for each outcome. Covariates
included in the final adjusted models were prior stroke
(except for incident stroke models), prior MI (except for
incident MI and CHD models), baseline HF, chronic
kidney disease, hypertension (HTN), diabetes, and
ejection fraction, as well as medication use indicator
variables for B-blockers, statins, oral antihyperglycemics,
and angiotensin-converting enzyme inhibitor/angiotensin
II receptor blocker (ACE-I/ARB). For all-cause mortality
and HF hospitalizations, we also adjusted for physical
activity, modeled as an ordinal covariate. For each
outcome, we first evaluated multicollinearity for all
variables included in the models and removed those
with variance inflation factor >3. We excluded waist
circumference as a covariate in our models due to
evidence of collinearity with BMI, a decision that was
made a priori. We used Box-Tidwell and supremum tests
to examine appropriate functional form for NC in each
outcome model, and if indicated, we explored nonlinear
functional forms including restricted cubic splines and
linear splines. Lastly, we tested the interaction between
gender and NC for the presence of effect modification,
which was not present.

Due to the number of outcomes and comparisons,
we prespecified a 2-tailed o of .01 to establish
statistical significance and report 99% CIs. All analyses were
performed with SAS version 9.4 (SAS Institute Inc, Cary, NC).

Results
Of the original 5,306 JHS participants, 16 were

excluded due to missing data for BMI, waist circumfer-
ence, and NC. The remaining 5,290 participants were
further categorized into tertiles of NC defined as <37 cm
(n =2179), 3840 cm (n = 1552), and >40 cm (n =
1559) (Figure 1).

Table I includes the baseline characteristics within each
tertile. The overall mean population age at baseline was
55.4 years and did not vary by NC category. Of the 5,290
participants, 36.5% were male, with significantly
(P < .001) higher proportion of men in the largest NC
tertile. More than half of the overall population had HTN,
with nearly two-thirds of the largest NC tertile having
baseline HTN. Additionally, >20% of the overall cohort
had diabetes mellitus. A higher percentage of those in the
largest NC tertile did not exercise when compared to the
smallest one. There was a significant difference (all
P < .001) between NC groups for weight, BMI, and waist
circumference. The largest tertile had lower high-density
lipoprotein (HDL) values compared to the lowest tertile.
Lastly, there was a stepwise increase in use of 3-blockers,
statins, oral antihyperglycemics, and ACE-I/ARB by NC
tertile.

Table II reports the cumulative incidence of all-cause
mortality; HF hospitalization; and incident stroke, MI, and
CHD by tertiles of NC adjusted for age and sex. There was
no difference between the NC tertiles for all-cause
mortality, incident stroke, MI, or CHD. However, there
was a significant difference in cumulative incidence of HF
hospitalization between NC groups: 13.4% in the largest
NC tertile versus 6.5% in the smallest (Table II).
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Table 1. Baseline characteristics by neck circumference
NC
P
Total cohort <37 cm 38-40 cm >40 cm value
n 5290 2179 1552 1559
Demographics
Age, mean (SD) 55.4 (12.8) 55.5(13.3) 55.8(12.7) 54.6 (12.3) .02
Male sex, n (%) 1930 (36.5) 201 (9.2) 611 (39.4) 1118 (71.7) <.001
Medical history, n (%)
Myocardial infarction 408 (7.7) 130 (6.0) 119(7.7) 159 (10.2) <.001
HF 396 (7.5) 129 (5.9) 123 (7.9) 144 (9.2) <.001
Stroke 236 (4.5) 82 (3.8) 65(4.2) 89 (5.7) o1
CHD 422 (8.0) 137 (6.3) 124 (8.0) 161 (10.3) <.001
Hypertension 2989 (56.5) 1118 (51.3) 893 (57.5) 978 (62.7) <001
Diabetes 1141 (21.6) 291 (13.4) 366 (23.6) 484 (31.0) <.001
Behavioral factors
Average number of hours of physical 1.5(1.8) 1.5(1.8) 1.5(1.8) 1.4(1.7) .01
activity per week, n (%)
None 2531 (47.8) 985 (45.2) 764 (49.2) 782 (50.2) 005
<1h 551 (10.4) 240 (11.0) 144 (9.3) 167 (10.7) 21
1-<2 h 866 (16.4) 378 (17.3) 247 (15.9) 241 (15.5) 26
2-<3 h 426 (8.1) 183 (8.4) 125(8.1) 118 (7.6) .66
3-<4 h 328 (6.2) 141 (6.5) 91 (5.9) 96 (6.2) 75
>4 h 588 (11.1) 252 (11.6) 181(11.7) 155 (9.9) 21
Current smoker, n (%) 690 (13.0) 276 (12.7) 201 (13.0) 213 (13.7) 67
Prior smoker, n (%) 1018 (19.2) 321 (14.7) 301 (19.4) 396 (25.4) <001
Physical examination measures, median (IQR)
Weight, kg 87.7(757-1020) 758 (67.5-86.0) 89.1(80.499.7)  102.8(92.0-116.5) <001
BMI, kg/m2 30.5 (26.9-35.4) 28.3 (24.9-32.1) 31.2(27.1-36.0) 33.3(29.8-38.5) <.001
Waist circumference, cm 99.0 (90.0-109.0) 90.0 (83.0-99.0) 100.0 (93.0-109.0) 109.0(101.0-119.0) <.001
Neck circumference, cm 38.0 (36.0-41.0) 35.0 (34.0-36.0) 39.0 (38.0-40.0) 42.0 (41.0-44.0) <.001
Systolic blood pressure, mm Hg 125.7 (115.6-136.7) 123.8(113.7-134.8) 125.7(116.5-136.7) 127.5(118.3-138.5) <.001
Pulse, beat/mine 63.0 (57.0-71.0) 63.0 (57.0-70.0) 63.0 (57.0-71.0) 650 (57.072.0) <001
Laboratory values, median (IQR)
eGFR, % 85.9 (75.8-96.9) 85.9 (75.7-97.1) 85.9 (75.9-96.5) 85.9 (75.8-96.9) 97
Hemoglobin Alc, % 5.7 (5.3-6.1) 5.6(5.2-5.9) 5.7(5.3-6.2) 5.8 (5.5-6.5) <.001
HDL cholesterol, mg/dL 49.0 (41.0-5%.0) 55.0 (47.0-65.0) 49.0 (41.0-57.0) 43.0 (37.0-51.0) <.001
LDL cholesterol, mg/dL 1240 (101.0-147.0)  122.0(99.0-1440)  124.0 (102.0-147.0) 1250 (104.0-151.0) <.001
Medications, n (%)
B-Blocker 531 (10.0) 178 (8.2) 170 (11.0) 183 (11.7) <.001
Calcium channel blocker 857 (16.2) 335(15.4) 242 (15.6) 280 (18.0) .08
Statin 600 (11.3) 206 (9.5) 177 (11.4) 217 (13.9) <001
Oral diabetic medication 573(10.8) 163 (7.5) 172 (11.1) 238 (15.3) <.001
ACE-I/ARB 882 (16.7) 278 (12.8) 268 (17.3) 336 (21.6) <001

Included P value is between NC groups.
eGFR, Estimated glomerular filiration rate; LDL, low-density lipoprotein.

Supplemental Figure 1 presents the unadjusted cumula-
tive incidence curves of all-cause mortality, incident MI,
HF hospitalization, incident stroke, and CHD. In the
unadjusted analysis, there was a significant difference in
the cumulative incidence of all-cause mortality, HF
hospitalization, and CHD. However, after age and sex
adjustment, only HF hospitalization remained statistically
significant (Figure 2).

Table IIT presents the association of a 1-cm increase in
NC with the risk of each outcome. For every 1l-cm
increase in NC, there was a significant increase in the
unadjusted hazard for all-cause mortality (HR = 1.03;
P = .001) and HF hospitalization (HR = 1.08; P < .001).

NC was also significantly associated with HF hospitaliza-
tion and incident stroke after adjustment for age, sex, and
BMI (HR = 1.09, P < .001; HR = 1.09, P = .0006, respec-
tively). NC was not associated with incident CHD or
incident MI in any of the adjustment models. Lastly, there
were no statistically significant associations with any
outcomes after full adjustment (model 4).

Based on the results of the aforementioned significance
tests, we explored modeling the relationship between NC
and all-cause mortality with nonlinear functional forms.
We first evaluated the association via restricted cubic
splines with knots at 35, 43, and 47 cm (Supplemental
Figure 2) and median (38 cm) as reference; the Wald XZ
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Table Il. Age- and sex-adjusted cumulative incidence of all-cause mortality, HF hospitalization, incident stroke, incident myocardial infarction,

and incident coronary heart disease by tertiles of NC

NC
P
End point <37 cm 38-40 cm >40 cm value
Mortality 238 (13.6) [11.0-16.4] 195(13.3)[11.1-15.9] 227 (14.9)[12.1-18.4] A7
HF hospitalization 119 (6.5) [4.7-8.8] 126 (9.0) [7.2-11.2] 160 (13.4)[10.7-16.7] <.001
Incident stroke 56 (3.5) [2.2-5.4] 61 (4.5)[3.2-6.2] 57 (4.8) [3.2-7.2] .23
Incident myocardial infarction 62 (3.3)[2.1-5.1] 51 (4.0) [2.8-5.8] 57 (5.0) [3.2-7.6] Al
Incident coronary heart disease 74 (3.9) [2.6-5.9] 76 (6.0) [4.4-8.1] 76 (6.4) [4.4-9.3] .10
Data shown as n (cumulative incidence %) [99% ClI].
Figure 2
Cumulative Incidence of All-Cause Mortality Cumulative Incidence of MI Cumulative Incidence of Heart Failure
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nonlinear association P = .0012. For ease of interpreta-
tion and using Akaike information to guide optimal model
fit, we ultimately chose to model the association as linear
spline terms with 1 knot at the NC median (38 cm)
(Supplemental Figure 2). In the fully adjusted multivar-
iable model 4, there was a 9% decrease in risk of death for
each 1-cm increase in NC up to 38 cm. However, the
association with death was not statistically significant for
NC >38 cm (P = .53) (Supplemental Table II). The
interaction term between NC and gender was not
statistically significant in any model.

Discussion
In the present analysis, we found that NC was

associated with previously mentioned cardiometabolic
risk factors including BMI, HTN, HDL, and low-density
lipoproteins. Additionally, on unadjusted analysis, we
found that for each 1-cm increase in NC, there was a
significant increase in the risk of all-cause mortality and
HF hospitalization. The association between increasing
NC and HF hospitalization remained after partial adjust-
ment (age, sex, and BMID); however, this association was
not statistically significant after full adjustment.
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Table lll. Hozard ratios and 99% Cl for the association between NC (per 1 cm) and all-cause mortality, incident stroke, incident CHD, incident

M|, and incident HF hospitalization

All-cause mortality” Incident stroke

CHD Incident MI

HF hospitalization”

Model HR (99% Cl) P value HR (99% Cl) P value

HR (99% Cl) P value

HR(99%Cl)  Pvaluee HR(99%Cl)  Pvalue

1.03 (1.01-1.06) .001
1.02(0.99-1.06) .07
1.01(0.97-1.05) .60
0.98 (0.94-1.02) .18

1.03(0.98-1.09) .09
1.05(0.98-1.11) .06
1.09(1.01-1.18)  .006
1.05(0.96-1.14) .16

A WN—

1.04(1.00-1.09) .02
1.04 (0.99-1.10) .049
1.07 (0.99-1.15) .02
1.01(0.94-1.09) .70

1.03(0.98-1.08) .16
1.02(0.96-1.09) .32
1.05(0.96-1.14) .15
0.99(0.91-1.08) .81

1.08 (1.04-1.11) <001
1.12(1.08-1.17) <001
1.09 (1.04-1.14) <001
1.04(0.99-1.10) .06

Model 1: only neck circumference. Model 2: model 1 + adjusted for age and sex. Model 3: model 2 + BMI. Model 4: model 3 + prior MI, prior stroke, HF history, chronic kidney
disease history, hypertension, diabetes, current smoker, systolic blood pressure, ejection fraction, medications including ACE-I/ARB, B-blocker, statin, diurefics, and indicator for

missing medications.

1: Excludes prior stroke (remaining n = 5054).

2: Excludes prior CHD (remaining n = 4868).

3: Excludes prior MI (remaining n = 4482).

4: Among those who survived to 2005 (remaining n = 5183).

*Mortality and HF model 4 is additionally adjusted for physical activity (n = 5290).

Similar to previously published data, we observed
associations between traditional CV risk factors and
increasing NC.>¢8 Participants with NC >40 cm had
significantly higher weight, BMI, and waist circumfer-
ence. Additionally, HDL measurements were significantly
lower. Those in the largest NC cohort were also more
sedentary, and more of them had a history of smoking.
Lastly, various medical comorbidities were more preva-
lent in the largest NC tertile. There was an increased
percentage of participants who had a history of MI,
stroke, CHD, HTN, diabetes, and HF in the highest NC
tertile. Although the aforementioned studies demonstrat-
ed this association in various populations, to date, there
has not been an investigation specifically in African
Americans. Thus, in addition to reinforcing previously
demonstrated associations between NC and patient
characteristics and medical comorbidities, we are the
first to study this association in an African American
population.

After a follow-up period of 9 years, there was a
significant difference in the cumulative incidence of HF
hospitalization between the NC tertiles (13.4% in largest
tertile vs 6.5% in the smallest). This difference was
evident after only 2 years of follow-up. However, as NC
increased, there was not a statistically significant differ-
ence in all-cause mortality, incident stroke, incident MI,
or incident CHD between NC groups.

We also analyzed the association between continuous
NC and adverse outcomes via a stepwise model building
approach. After adjusting for age, sex, and BMI,
continuous NC was associated with increased risk for
HF hospitalization, but this association was attenuated
after full adjustment for comorbidities (HR = 1.09 [99%
CI, 1.04-1.14] vs HR = 1.04 [99% CI, 0.99-1.10]). This is
consistent with previous literature investigating clinical
outcomes with regard to waist circumference. Waist
circumference is strongly associated with various cardio-
metabolic risk factors and the development of DM, but

after full adjustment for baseline comorbidities, waist
circumference is not independently associated with
adverse clinical outcomes.'® Therefore, although we
are unable to conclude that NC is independently
associated with adverse CV outcomes such as HF
hospitalization, it may still have clinical relevance as a
surrogate measure of risk in the context of established
prognostic variables.

To our knowledge, the present analysis is the first to
evaluate the association between NC and CV outcomes in
an African American population including those without
known CV disease. These results are consistent with a
prospective Chinese cohort that demonstrated associa-
tion between NC and the development of CV disease and
overall mortality. However, that cohort included only
patients with 2 or more CAD risk factors.'" Additionally,
there was a secondary analysis of incident CV disease
with participants in the Framingham data, but they did
not find a significant association between NC and CV
disease after multivariable adjustment.”

One possible explanation for the lack of association
between NC and MI is the distribution of participant
characteristics at baseline. The average age of the study
population was 55.4 years of age; however, recent data
from the American Heart Association demonstrate that
the average age of MI is 65 years for men and 72 years for
women.? Based on the average age of 55 years with
11 years of follow-up, the JHS cohort is just now
approaching this average age. This hypothesis is support-
ed by our data, which demonstrated an increasing
difference between NC tertiles as time elapsed. Analyses
based on additional years of follow-up may better
represent the long-term association between NC and
incident MI.

Lastly, this is the first study to our knowledge reporting
an association between increasing NC and HF hospital-
ization risk after adjustment for age, sex, and BMI. One
proposed hypothesis is the physiological association
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between NC, obstructive sleep apnea (OSA), and HF. The
association between increasing NC and increased risk of
developing OSA has been well documented in the
literature. > Additionally, OSA has been associated
with increased risk of incident HF.?* Additional research
on potential mechanisms of the association between NC
and HF is needed.

Clinical application

As clinical medicine continues to evolve, there is an
increased emphasis on the prevention of disease in
addition to its management. A powerful way to prevent
disease is to accurately identify individuals at risk and
implement additional surveillance and management. In
everyday practice, clinicians have an increasing number
of patient variables to support outcome prognostication.
As part of the metabolic syndrome, the measurement of
waist circumference is often difficult to perform, as it can
be difficult to measure above a pannus. It can also be
embarrassing and uncomfortable for the patient. We
report the first investigation of NC and CV outcomes in an
African American population. Although we were unable
to conclude that NC is independently associated with
adverse CV outcomes, NC was strongly associated with
HF hospitalization after adjustment for age, sex, and BMI.
This is consistent with previous investigations of waist
circumference. Therefore, when used with other patient
data values, NC may be an important part of the routine
risk assessment as it is (1) associated with cardiometa-
bolic risk factors, (2) associated with adverse clinical
outcomes, and (3) less intrusive to measure than waist
circumference. Although not the focus of the present
study, the authors feel that a potential future direction
includes further investigation into the utility of NC as a
proxy for cardiometabolic risk factors.

Limitations

A common criticism of BMI is that it does not take lean
muscle mass into consideration. There is the possibility
that NC can carry similar limitations. Further investigation
will be needed to better understand the limitations of NC
with regard to lean muscle mass. NC was only measured
at baseline, which prevented us from evaluating the
associations of change in NC over time with CV
outcomes. Because HF surveillance did not begin until
2005 and there was no retrospective adjudication of
events, we excluded 86 subjects who died prior to 2005
and 21 who were lost to administrative follow-up. Our
estimation of association between NC and HF may have
been biased if patients who died prior to 2005 were more
likely to have HF events in the unobserved period. As in
all statistical analyses, there is the possibility of residual
and unmeasured confounding in the adjusted analyses.
Finally, we performed our statistical analysis with a more
rigorous a = .01 with 99% CIs to minimize the risk of a
type I error in light of the many associations we were
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testing. However, in doing so, we could have inflated the
risk of a type II error, thus leading to our insignificant
associations.

Conclusions

This is the first report that NC is associated with all-
cause mortality and HF hospitalization in analyses of an
African American population. NC is associated with HF
hospitalization after partial adjustment for age, sex, and
BMI. More research is needed to further delineate the
clinical utility of NC as a risk marker for HF hospitalization
risk and its predictive power of other common clinical
measures.
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