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Whether persons without prevalent cardiovascular disease (CVD) but elevated levels of high-sensitivity cardiac
troponin T (hs-cTnT) or N-terminal pro-B-type natriuretic peptide (NT-proBNP) are at high risk of infection is
unknown. Using 1996—2013 data from the Atherosclerosis Risk in Communities Study, we estimated hazard ratios
for incident hospitalization with infection in relation to plasma hs-cTnT and NT-proBNP concentrations among parti-
cipants without prevalent CVD and contrasted them with hazard ratios for persons with prevalent CVD (coronary
heart disease, heart failure, or stroke). In a multivariable Cox model, prevalent CVD was significantly associated
with risk of hospitalization with infection (hazard ratio (HR) = 1.31, 95% confidence interval (Cl): 1.19, 1.45).
Among participants without prevalent CVD, hs-cTnT and NT-proBNP were independently associated with infection
risk in a graded fashion (e.g., HR = 1.44 (95% CI: 1.24, 1.69) for hs-cTnT >14 ng/L and HR = 1.28 (95% CI: 1.14,
1.44) for hs-cTnT 9—13 ng/L vs. <3 ng/L; HR = 1.57 (95% CI: 1.35, 1.81) for NT-proBNP >248.1 pg/mL and HR =
1.19 (95% CI: 1.06, 1.34) for NT-proBNP 137.2-248.0 pg/mL vs. <48.1 pg/mL). The 15-year cumulative inci-
dences of hospitalization with infection were similar for participants with prevalent CVD and participants who did
not have prevalent CVD but had hs-cTnT >14 ng/L or NT-proBNP >248.1 pg/mL. Thus, hs-cTnT and NT-proBNP
were independently associated with infection risk. Persons without CVD but with elevated hs-cTnT or NT-proBNP

levels should be recognized to have similar infection risks as persons with prevalent CVD.

cardiovascular disease; high-sensitivity cardiac troponin T; hospitalization; infection; N-terminal pro-B-type

natriuretic peptide

Abbreviations: Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; hs-cTnT, high-sensitivity cardiac troponin T;
ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NT-proBNP, N-terminal pro-B-type

natriuretic peptide.

Infectious diseases are a major cause of hospitalization (1),
posing a significant social and economic burden (2). Cardio-
vascular disease (CVD), such as myocardial infarction, stroke,
and heart failure, is an important risk factor for many infec-
tions (3-7), and several infection prevention programs target
patients with CVD (8, 9). However, reasons why CVD in-
creases infection risk are not well understood.

Higher risk of infection among persons with CVD may be
partly due to shared risk factors for both conditions or unique
clinical characteristics of CVD patients. For example, several

comorbid conditions, such as diabetes and frailty, can increase
the risks of both CVD and infection. Additionally, frequent
clinic visits among patients with CVD may increase both risk
of infection and the chance of being diagnosed with infection.
However, there is a body of evidence indicating that the patho-
genesis of atherosclerosis (10), myocardial damage, or heart
failure may affect immune response (e.g., up-regulated T-cell
activity, activated toll-like receptor signaling, complement acti-
vation) (11). These pathophysiological changes could precede
any clinical diagnosis of CVD (12, 13) and may contribute to
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increased susceptibility to infection among adults with subclini-
cal CVD.

Cardiac markers such as high-sensitivity cardiac troponin
T (hs-cTnT) and N-terminal pro-B-type natriuretic peptide
(NT-proBNP) are known to reflect cardiac damage (14) and
overload (15), respectively. If these cardiac biomarkers were
to demonstrate dose-response relationships with the risk of
infection, especially among persons without a clinical history
of CVD, this would further support a pathophysiological link
between the process of CVD development and the occurrence
of infectious diseases. In addition, quantification of the asso-
ciations of these cardiac biomarkers with infection will have
implications for risk-centered preventive approaches for some
infectious diseases (e.g., pneumococcal vaccination) (16).

We explored the incidence of hospitalization with infection
according to CVD status (i.e., prevalent CVD and levels of hs-
c¢TnT and NT-proBNP for persons without prevalent CVD)
using data from a large community-based cohort study, the
Atherosclerosis Risk in Communities (ARIC) Study. We also
investigated whether these markers can help identify persons
who are without CVD but at high infection risk.

METHODS
Study population

The ARIC Study is a prospective cohort study of 15,792 per-
sons aged 45-64 years in 1987-1989 (visit 1) from 4 US com-
munities: Forsyth County, North Carolina; Jackson, Mississippi;
selected suburbs of Minneapolis, Minnesota; and Washington
County, Maryland (17). Subsequent triennial follow-up visits
were conducted in 1990-1992 (visit 2), 19931995 (visit 3), and
1996-1998 (visit 4). Plasma hs-cTnT and NT-proBNP concen-
trations were measured in blood samples collected at visit 4; these
values were used as the baseline levels for the present study. Of
11,656 ARIC participants at visit 4, we excluded persons with a
history of prior hospitalization with infection (n = 1,264), miss-
ing hs-cTnT or NT-proBNP data (n = 403), race other than white
or African-American (n =31), and missing covariate data
(n=490). We also excluded persons with end-stage renal dis-
ease (n =20) or an estimated glomerular filtration rate less
than 30 mL/minute/1.73 m? (n = 45), since levels of hs-cTnT
and NT-proBNP could be elevated merely because of kidney
dysfunction (18) and severely reduced kidney function is an
established risk factor for infection (19-22). After these exclu-
sions, 9,403 participants were included in the present study.
Written informed consent for the ARIC examination was ob-
tained from all participants, and the institutional review board
at each study site approved the study protocol.

Exposures: prevalent CVD and cardiac markers

Prevalent CVD was defined as a history of coronary heart
disease, stroke, heart failure, or atrial fibrillation at visit 4. Cor-
onary heart disease and stroke were defined as self-reported
history at visit 1 or physician-adjudicated definite or probable
myocardial infarction, including silent myocardial infarction
detected by an abnormal Q wave at study visits, coronary
revascularization hospitalization, or definite or probable stroke
between visit 1 and visit 4, on the basis of active surveillance
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of community hospitals and annual telephone interviews with
participants or their proxies. Heart failure was defined as self-
reported history of heart failure at visit 1 based on the Gothen-
burg criteria, including dyspnea symptoms and any clinical
history of cardiac disease (23), or hospitalization with Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code 428 (heart failure) between
visits 1 and 4. The positive predictive value of using the ICD-
9-CM code for diagnosis of heart failure was high (93%) (24).
Cases of atrial fibrillation were identified through electrocar-
diographic examinations performed at study visits, as well as
hospitalization with ICD-9-CM code 427.31 (atrial fibrilla-
tion) (25).

According to the standard protocol, blood samples were col-
lected at visit 4 and stored at —70°C until they were used for the
assay (26). Using the frozen plasma samples, hs-cTnT and NT-
proBNP concentrations were analyzed in the ARIC Central
Chemistry Laboratory at the University of Minnesota between
2010 and 2011. Plasma hs-cTnT level was measured using a
novel sensitive assay, the Roche Elecsys T immunoassay (Roche
Diagnostics, Indianapolis, Indiana), on a Cobas e411 analyzer
(Roche Diagnostics) with a limit of blank of 3 ng/L. Coefficients
of variation were 6.0% at a mean concentration of 25 ng/L. and
<10% below 14 ng/L. Plasma NT-proBNP level was measured
using the Elecys proBNP II immunoassay (Roche Diagnostics)
on a Cobas e411 analyzer with an assay limit of detection of
5 pg/mL. The coefficient of variation was 5.4% at a concentration
of 133 pg/mL.

Outcomes

The primary outcome was incident hospitalization with
infection. In ARIC, all hospitalizations were identified through
annual telephone calls to participants, as well as by obtaining
discharge lists from local hospitals. For all identified hospitali-
zations, ARIC staff obtained hospital discharge information,
including ICD-9-CM codes. Hospitalization with infection was
defined as discharge with any of the infection-related ICD-9-
CM codes used for defining infection in a national survey (27)
(see Web Table 1, available at https://academic.oup.com/aje).
For primary analysis, we defined infection by ICD-9-CM codes
regardless of their diagnostic position. Participants who did not
develop the primary outcome were removed when they died,
were lost to follow-up, or were administratively censored on
December 31, 2013. The secondary outcome was mortality risk
related to hospitalization with infection, which was defined as
death occurring during hospitalization with infection or within
30 days postdischarge (28).

Covariates

All covariates were assessed at visit 4, except for years of
education, which was assessed at visit 1. Age, sex, race, Smok-
ing status, alcohol consumption, and years of education were
self-reported. Hypertension was defined as use of an antihy-
pertensive drug, systolic blood pressure >140 mm Hg, or dia-
stolic blood pressure >90 mm Hg. Diabetes was defined as
use of an antidiabetic drug, a self-reported physician’s diagno-
sis of diabetes, fasting glucose concentration >126 mg/dL, or
random glucose concentration >200 mg/dL. Histories of cancer
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and chronic obstructive pulmonary disease were based on rele-
vant hospital ICD-9-CM codes prior to visit 4 (ICD-9-CM
codes 140-165, 170-176, 179-209, and 235-239 for cancer
and ICD-9-CM codes 490-492, 494, and 496 for chronic
obstructive pulmonary disease). Abnormal liver function was
defined as a history of hospitalization with liver cirrhosis (ICD-
9-CM codes 571 and 456.1) or aspartate transaminase and ala-
nine transaminase levels greater than 3 times the upper limit of
normal (29, 30). We also included the need for help with chores
or shopping as an indicator of frailty (31). Incident CVD during
follow-up was defined as an adjudicated coronary heart disease
or stroke event or hospitalization for heart failure. Estimated
glomerular filtration rate was calculated using the Chronic Kid-
ney Disease Epidemiology Collaboration equation (32). Uri-
nary albumin:creatinine ratio was calculated from urinary
albumin and creatinine levels. High-sensitivity C-reactive pro-
tein level was measured using the immunoturbidimetric CRP-
Latex (II) high-sensitivity assay (Denka Seiken, Tokyo, Japan)
on a Hitachi 911 chemistry analyzer (Hitachi High Technolo-
gies America, Inc., Schaumburg, Illinois).

Statistical analysis

Baseline characteristics were determined according to CVD
status at baseline (prevalent CVD or not). Among persons
without prevalent CVD, baseline characteristics were deter-
mined for those with hs-cTnT levels of <3 ng/L vs. >3 ng/L
and NT-proBNP levels of <48.1 pg/mL vs. >48.1 pg/mL to
match the percentile used for the hs-cTnT cutoff.

Crude incidence rates of hospitalization with infection and
95% confidence intervals were estimated using Poisson regres-
sion models. Adjusted hazard ratios were estimated using Cox
proportional hazards models. To confirm the association of
CVD with risk of infection, we first estimated the hazard ratio
associated with prevalent CVD as compared with no prevalent
CVD in the overall population. Next, among persons without
prevalent CVD, we assessed the associations of hs-cTnT and
NT-proBNP concentrations with risk of infection. Levels of
hs-cTnT and NT-proBNP were treated as categorical variables
as well as continuous variables. In the categorical analysis,
hs-cTnT level was categorized into 5 groups—<3, 4-5, 6-8,
9-13, and >14 ng/LL—according to previous literature (33, 34).
NT-proBNP level was categorized into 5 groups according to
the percentiles for the 5 groups of hs-cTnT (<48.1, 48.1-80.1,
80.2-137.1, 137.2-248.0, and >248.1 pg/mL). The lowest
level of each cardiac biomarker (hs-cTnT and NT-proBNP)
served as the reference category. In the continuous analysis,
data on hs-cTnT and NT-proBNP levels were log-transformed.
The multivariable models adjusted for age, sex, race, body
mass index (weight (kg)/height (m)?), smoking status (ever
smoking), alcohol consumption (ever drinking), duration of
education (<12 years vs. >12 years), frailty, high-sensitivity C-
reactive protein level, estimated glomerular filtration rate, uri-
nary albumin:creatinine ratio, medication use (aspirin, statins,
loop diuretics, and anticoagulants), and medical history (hyper-
tension, diabetes, cancer, chronic obstructive pulmonary dis-
ease, and abnormal liver function).

We performed a few sensitivity analyses. First, we additionally
accounted for incident CVD during follow-up (i.e., censoring per-
sons with incident CVD during follow-up, treating incident CVD

as a competing event, and adjusting for incident CVD as a time-
varying variable), since elevated levels of hs-cTnT and NT-
proBNP are associated with incident CVD (35, 36). Second, we
restricted our analysis to hospitalizations with infection listed in
the first position on the discharge diagnosis form to capture cases
with infection as the main cause of hospitalization. Third, since
the assay for hs-cTnT was less reliable below the level of 5 ng/L,
we performed a sensitivity analysis using hs-cTnT <5 ng/L as the
reference level. Fourth, to account for possible undiagnosed CVD
at baseline, we excluded persons who were diagnosed with inci-
dent CVD within the first 3 years of follow-up. Fourth, to more
rigorously control for CVD risk at baseline, we further adjusted
for traditional CVD risk factors (i.e., systolic blood pressure, total
cholesterol, high-density lipoprotein cholesterol). In addition, we
assessed potential interaction by age (<65 years vs. >65 years),
sex (male vs. female), race (white vs. African-American), diabetes
status (yes vs. no), and chronic kidney disease as defined by esti-
mated glomerular filtration rate less than 60 mL/minute/1.73 m?
or urinary albumin:creatinine ratio >30 mg/g (yes vs. no) using
log-likelihood tests. Finally, we analyzed 4 major infection out-
comes separately: (37) pneumonia (ICD-9-CM codes 480-486),
kidney and urinary tract infections (ICD-9-CM codes 590,
590.0-590.4, 597, 598, 599.0, 601, 604, 607, and 608), blood-
stream infections (ICD-9-CM codes 038 and 790.7), and cellulitis
(ICD-9-CM codes 681 and 682).

To evaluate the discriminative ability of hs-cTnT and NT-
proBNP for predicting risk of hospitalization with infection
among persons without prevalent CVD, we computed the
Harrell’s C statistic in multivariable Cox models with and without
inclusion of hs-cTnT and NT-proBNP as continuous variables. A
2-sided P value less than 0.05 was considered statistically signifi-
cant. All of the statistical analyses were performed using Stata,
version 13 (StataCorp LLC, College Station, Texas).

RESULTS
Baseline characteristics

In the overall sample (rn = 9,403), the mean age was 63 years;
44% of participants were male, and 22% were African-American
(Table 1). The prevalence of CVD at baseline was 11% (n =
1,066). Among persons without prevalent CVD (n = 8,337),
those with higher levels of hs-cTnT and NT-proBNP tended to
be older and hypertensive, to have a lower estimated glomerular
filtration rate and a higher urinary albumin:creatinine ratio, and to
take aspirin and anticoagulants. These patterns were more evi-
dent among persons with prevalent CVD.

Associations of hs-cTnT and NT-proBNP with overall
incident hospitalization with infection

During follow-up (median, 15.2 years), 3,763 participants
(576 with prevalent CVD and 3,187 without prevalent CVD) had
an incident hospitalization with infection. The 15-year cumulative
incidence of hospitalization with infection was highest (57%) for
persons with prevalent CVD (Figure 1). However, the 15-year
cumulative incidence among participants without prevalent CVD
who were in the highest categories of hs-cTnT (>14 ng/L) and
NT-proBNP (>248.1 pg/mL) level was nearly the same as that
for persons with prevalent CVD (55% and 57%, respectively).
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Table 1.
Cardiovascular Disease Status, ARIC Study, 19961998

Baseline Characteristics of Participants in a Study of the Associations of High-Sensitivity Cardiac Troponin and Natriuretic Peptide With Risk of Hospitalization with Infection, by

Persons With Prevalent CVD

Overall Sample (n = 9,403) at Baseline (n = 1,066)

Characteristic

Persons Without Prevalent CVD at Baseline (n = 8,337)

hs-cTnT Concentration

NT-proBNP Concentration

<3 ng/L (n = 3,401)

>3 ng/L (n = 4,936)

<48.1 pg/mL (n = 3,400)

>48.1 pg/mL (n = 4,937)

No.? % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)
Age, years 62.6 (5.6) 63.5(5.6)° 60.7 (5.1) 63.5(5.6) 60.9 (5.2) 63.4 (5.6)°
Male sex 4,096 43.6 651° 61.1 759 22.3 2,686 1,870 55.0 1,575° 31.9
Black race 2,075 221 221 20.7 728 21.4 1,126° 54.4 1,025 30.1 829° 16.8
Body mass index' 28.7 (5.5) 29.0 (5.4)° 28.1(5.4) 228 29.0(5.4)° 29.3(5.2) 28.2(5.6)°
Ever smoking® 5,426 57.7 752° 70.5 1,895 55.7 2,779° 5.4 1,972 58.0 2,702° 54.7
Ever consuming alcohol® 7,463 79.4 872 81.8 2,701 79.4 3,890¢ 56.3 2,746 80.8 3,845 77.9
>12years of education 7,680 81.7 789° 74.0 2,909 85.5 3,982 78.8 2,810 82.6 4,081 827
Needing help with chores/ 346 3.7 91° 85 79 23 176 3.6 97 29 158 3.2
shopping
Heart rate, beats/minute 65.7 (9.5) 64.7 (10.1)° 66.3(8.8) 65.6 (9.7)° 67.2(9.2) 65.0 (9.4)°
Systolic blood pressure, mm Hg 127.4(18.9) 130.0 (19.8)° 124.5(17.9) 128.9 (19.1)¢ 123.5(16.1) 129.6 (20.0)°
Diastolic blood pressure, mm Hg 71.2(10.3) 69.9 (11.6) 70.8(9.8) 71.7 (10.3)° 72.0(9.3) 70.9 (10.6)®
Laboratory tests
eGFR, mL/minute/1.73 m? 86.4 (15.9) 81.3(17.5)° 90.0 (14.4) 85.0(16.1)¢ 90.4 (14.8) 84.7 (15.7)°
Urinary albumin:creatinine 22.4(168.3) 53.8(271.2)° 9.1(64.2) 24.8(186.9)% 10.4 (72.0) 23.9(185.0)°
ratio, mg/g
High-sensitivity C-reactive 4.3(6.3) 5.0(7.3)° 4.5(6.0) 4.0(6.3)¢ 3.8(5.0) 4.5(6.9)°
protein, mg/dL
Total cholesterol, mmol/L 5.2(0.9) 5.0 (1.0)° 5.3(0.9) 5.2(0.9)¢ 5.3(1.0) 5.2(0.9)°
HDL cholesterol, mmol/L 1.3(0.4) 1.2(0.4)° 1.4(0.4) 1.3(0.4) 1.2(0.4) 1.4(0.4)°
hs-cTnT", ng/L 5.0 (3.0-8.0) 7.0 (4.0-12.0)° 3.0(3.0-3.0) 7.0 (5.0-9.0)° 4.0(3.0-7.0) 4.0 (3.0-8.0)°
NT-proBNP", pg/mL 65.8 (32.5-126.1) 138.1(61.3-312.2)° 59.6 (30.0-106.5) 62.5 (30.8-120.3)° 25.8(14.6-36.5) 101.6 (70.3-156.8)°
Any electrocardiographic 293 341 103° 9.7 56 1.6 134¢ 27 41 12 149° 3.0
abnormality
Left ventricular hypertrophy' 229 24 51° 48 54 16 124° 25 39 141 139° 2.8
Major Q wave abnormality 48 05 38° 3.6 2 041 84 02 1 00 9° 0.2
Minor Q wave abnormality 23 0.2 21° 20 0 0.0 2 00 1 0.0 1 00
Medication use
Aspirin 5,266 56.0 828° 77.7 1,809 53.2 2,629 53.3 1,755 51.6 2,683° 54.3
Statins 1,022 10.9 316° 29.6 280 8.2 426 8.6 303 89 403 8.2
Loop diuretics 304 3.2 156° 14.6 38 1.1 1109 2.2 44 1.3 104° 241
Anticoagulants 148 1.6 109° 10.2 9 03 30 0.6 13 04 26 05

Table continues
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Figure 1. Kaplan-Meier curves for the proportion of participants who
were free from hospitalization with infection among persons with prev-
alent cardiovascular disease (CVD) and persons without prevalent
CVD, by category of high-sensitivity cardiac troponin T (hs-cTnT) con-
centration (A) and N-terminal pro-B-type natriuretic peptide (NT-
proBNP) concentration (B), ARIC Study, 1996—-2013. ARIC, Athero-
sclerosis Risk in Communities.

deaths), the association was consistent (Web Table 6). In the
overall sample, prevalent CVD was associated with 57%
higher infection-related mortality than no prevalent CVD
(HR =1.57,95% CI: 1.27, 1.93). Among participants with-
out prevalent CVD, the hazard ratio for the highest category
compared with the lowest was approximately 2 for hs-cTnT
and NT-proBNP.

Discriminative ability of hs-cTnT and NT-proBNP to
predict infection

The addition of prevalent CVD to the base model to predict
infection (C = 0.6441) significantly improved the C statistic
(AC statistic: 0.0027, 95% CI: 0.0011, 0.0042) (Table 4).
Among participants without prevalent CVD, the addition of
hs-cTnT or NT-proBNP significantly improved the C statistic
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(AC statistic: 0.0041 (95% CI: 0.0021, 0.0061) for hs-cTnT
and 0.0037 (95% CI: 0.0015, 0.0058) for NT-proBNP). When
both hs-cTnT and NT-proBNP were included in the model,
we observed a further improvement in risk discrimination,
with a C-statistic change of 0.0063 (95% CI: 0.0036, 0.0090).

DISCUSSION

In this biracial community cohort, participants without
prevalent CVD who had higher levels of hs-cTnT and NT-
proBNP had greater risks of hospitalization with infection
that increased in a graded fashion, and those with an hs-cTnT
concentration greater than or equal to 14 ng/L or an NT-
proBNP concentration greater than or equal to 248.1 pg/mL
had a similar infection risk as persons with prevalent CVD.
Among persons without prevalent CVD, those with mildly
elevated levels of hs-cTnT (6-13 ng/L) and NT-proBNP
(80.2-248.0 pg/mL) also had significantly higher risks of
infection in comparison with the reference categories.

Previous studies showing an increased risk of infection
among persons with prevalent CVD may have been influ-
enced by shared risk factors for both conditions (e.g., diabe-
tes, frailty) and unique clinical characteristics of patients
(e.g., a higher chance of diagnosis with infection through fre-
quent health-care encounters) (3—7). To our knowledge, this
is the first study to have specifically evaluated the associa-
tions of hs-cTnT and NT-proBNP with risk of infection. We
observed a dose-response relationship between these cardiac
markers and infection risk at a range lower than their clinical
cutoffs for diagnosing myocardial infarction or acute heart
failure (i.e., <14 ng/L or <300 pg/mL). Additionally, the as-
sociations remained similar after rigorously accounting for
incident CVD during follow-up and in a series of sensitivity
analyses. Our findings further support a link between the
pathophysiology of CVD and infection risk.

Although we excluded participants with prevalent CVD from
the analyses of hs-cTnT and NT-proBNP, it is possible that some
persons with high levels of hs-cTnT and NT-proBNP had undi-
agnosed CVD (38, 39). In this regard, we confirmed the consis-
tent association after excluding persons diagnosed with incident
CVD within the first 3 years of follow-up. Moreover, the pro-
spective design of the ARIC Study, with repeated visits, allowed
us to have a window of approximately 9 years from visit 1 (study
initiation) to visit 4 (baseline of the current study) in which to
identify prevalent CVD on the basis of active surveillance and
annual telephone interviews.

While our study cannot confirm causality, several potential
mechanisms linking hs-cTnT and NT-proBNP to risk of infec-
tion deserve some discussion. Atherosclerosis is characterized by
a chronic condition of low-grade inflammation and involves the
dysregulation of immune cells (10). In addition, myocardial dam-
age and volume overload could induce an inflammatory response
(11). Furthermore, the complement pathway, which plays an
integral part in the innate immune system, is dysregulated in pa-
tients with chronic heart failure (40). Importantly, it is well-
known that the pathophysiological process of CVD is a contin-
uum (12, 13), and thus persons without clinical manifestations of
CVD but with elevated hs-cTnT and NT-proBNP levels might
have subclinical abnormalities of the cardiovascular system and
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Table2. Crude Incidence Rates and Adjusted Hazard Ratios for Hospitalization With Infection, by Cardiovascular Disease Status, ARIC Study,

1996-2013

Incidence Rate per Adjusted

Exposure Status No. of Participants No. of Events 1,000 Person-Years 95% Cl Hazard Ratio 95% CI
Overall sample
No prevalent CVD at baseline 8,337 3,187 29.9 28.9,31.0 1.00 Referent
Prevalent CVD at baseline 1,066 576 53.4 49.2,57.9 1.31 1.19,1.45
Persons without prevalent CVD at baseline
hs-cTnT concentration
Categorical variable, ng/L
<3 3,401 1,114 241 22.7,25.5 1.00 Referent
4-5 1,717 647 28.8 26.7,31.1 1.10 0.99,1.21
6-8 1,687 683 325 30.2,35.1 1.14 1.03,1.26
9-13 1,028 480 40.3 36.9, 44.1 1.28 1.14,1.44
>14 504 263 52.8 46.8,59.6 1.44 1.24,1.69
Continuous variable, perlog(hs-cTnT) 1.21 1.13,1.29
NT-proBNP concentration
Categorical variable, pg/mL
<48.1 3,378 1,172 26.1 24.6,27.6 1.00 Referent
48.1-80.1 1,712 630 28.3 26.2,30.6 1.04 0.94,1.15
80.2-137.1 1,691 677 315 29.3,34.0 1.15 1.04,1.27
137.2-248.0 1,034 433 34.5 31.4,37.9 1.19 1.06,1.34
>248.1 522 275 51.2 45.5,57.7 1.57 1.35,1.81

Continuous variable, per log(NT-proBNP)

1.09 1.05,1.13

Abbreviations: ARIC, Atherosclerosis Risk in Communities; Cl, confidence interval; CVD, cardiovascular disease; hs-cTnT, high-sensitivity car-

diac troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

accompanying alterations of the immune system. In addition, it is
possible that these 2 cardiac markers, as markers of end-organ
damage, may reflect overall wellness.

Although addition of hs-cTnT and NT-proBNP to the mod-
els significantly improved the prediction of hospitalization with
infection, we note the modest C statistic value of approximately
0.65. The high proportion of persons with hospitalization with
infection (i.e., approximately 40%) may have made the discrim-
inative ability of the models less efficient, since many partici-
pants developed an infection event regardless of the risk.

Moreover, some unique aspects of infection as a communica-
ble disease may be relevant, as opposed to noncommunicable
diseases such as CVD and diabetes. Specifically, a pathogen
is essential for development of infection, and thus there would
be a limit to the prediction of infection risk based on host fac-
tors only. Nonetheless, it is important to recognize that persons
who are free of CVD but have high levels of hs-cTnT and NT-
proBNP are at high risk of hospitalization with infection.

The present study may have some clinical and pathophysio-
logical implications. Since the improvement in infection risk

Table 3. Adjusted Hazard Ratios for Type-Specific Risk of Incident Hospitalization With Infection, by Cardiovascular Disease Status, ARIC

Study, 19962013

Overall Sample (n = 9,403)

Participants Without Prevalent CVD at Baseline (n = 8,337)

Prevalent CVD at hs-cTnT NT-proBNP
Type of Infection No. of Baseline (No vs. Yes) No. of Concentration, per log Concentration, per log
Events ) Events (hs-cTnT) (NT-proBNP)
HR 95% CI HR 95% CI HR 95% Cl
Pneumonia 1,150 1.40 1.18,1.66 929 1.32 1.17,1.49 1.08 1.01,1.16
Urinary tract infection 1,137 1.31 1.10,1.57 964 1.23 1.09,1.39 1.14 1.06,1.22
Bloodstream infection 670 1.28 1.02,1.61 554 1.34 1.15,1.56 1.13 1.04,1.24
Cellulitis 416 1.31 0.99,1.74 339 1.56 1.29,1.88 1.19 1.06,1.34

Abbreviations: ARIC, Atherosclerosis Risk in Communities; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio; hs-cTnT,
high-sensitivity cardiac troponin T; NT-proBNP, N-terminal pro-B-type natriuretic peptide.
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Table 4. Discriminative Ability of High-Sensitivity Cardiac Troponin T and N-Terminal Pro-B-Type Natriuretic Peptide to Predict Risk of

Hospitalization With Infection Among Persons Without Prevalent Cardiovascular Disease, ARIC Study, 19962013

Exposure Status C Statistic Difference From Base Model 95% Confidence Interval P Value
Overall sample (n = 9,403)
Base model® 0.6414 0 Referent
+ prevalent CVD at baseline 0.6441 0.0027 0.0011, 0.0042 <0.001
Participants without prevalent CVD at baseline (n = 8,337)
Base model® 0.6407 0 Referent
+log hs-cTnT only 0.6448 0.0041 0.0021, 0.0061 <0.001
+log NT-proBNP only 0.6444 0.0037 0.0015, 0.0058 0.001
+log hs-cTnT/ NT-proBNP 0.6470 0.0063 0.0036, 0.0090 <0.001

Abbreviations: ARIC, Atherosclerosis Risk in Communities; CVD, cardiovascular disease; hs-cTnT, high-sensitivity cardiac troponin T; NT-

proBNP, N-terminal pro- B-type natriuretic peptide.

@ The base model adjusted for age, sex, race, body mass index, smoking status, alcohol consumption, duration of education (<12 years vs.
>12 years), frailty, high-sensitivity C-reactive protein, estimated glomerular filtration rate, urinary albumin:creatinine ratio, medication use (aspirin, an-
ticoagulants, and statins), and medical history (hypertension, diabetes, cancer, chronic obstructive pulmonary disease, and abnormal liver function).

discrimination through the addition of hs-cTnT and NT-
proBNP was modest, our results may not support newly mea-
suring these cardiac markers specifically for classification of
risk of infection. However, according to a growing body of
evidence, some investigators suggest utilizing hs-cTnT and
NT-proBNP levels for classifying the risk of incident CVD
(39, 41). Thus, when these cardiac biomarkers have already
been measured, they can simultaneously help identify persons
at greater risk of infection and persons who may benefit from
infection prevention policies (42—44). In this context, it is
worth noting that persons without prevalent CVD but with hs-
cTnT or NT-proBNP levels above clinical thresholds (e.g.,
>14 ng/L. or >300 pg/mL, respectively) (45, 46) had risks
similar to those of persons with prevalent CVD (Figure 1).
Additionally, although researchers are still debating why hs-
cTnT is detected in general populations without any signs/
symptoms of CVD (47), it may be important for health-care
providers to search for undiagnosed heart disease in persons
with elevated levels of hs-cTnT and NT-proBNP.

Several limitations of this study should be acknowledged.
First, our outcome ascertainment relied on discharge ICD-9-CM
codes, which might have led to some misclassification. However,
previous studies have found that ICD-9-CM infection codes
were valid for identifying hospital infection outcomes (48, 49).
This approach also resulted in missing infections that did not
require hospitalization. Second, we included coronary heart dis-
ease, stroke, and heart failure requiring hospitalization as exam-
ples of prevalent CVD. Although this is a common definition of
prevalent CVD (36, 50, 51), it is important that other CVD sub-
types were not included. Third, although we did our best to
account for incident CVD during follow-up and investigated
infection as the primary hospitalization diagnosis, we cannot
completely deny the possibility that differential misclassification
of infection diagnoses in persons at higher CVD risk influenced
our estimates. Fourth, there is a possibility of residual confound-
ing, even though we accounted for several major risk factors for
infection (4, 19). Future studies are warranted to explore patho-
physiological mechanisms linking elevated levels of cardiac mark-
ers to the risk of infection. Fifth, it is uncertain whether our
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findings are applicable to cardiac markers measured in acute-
care settings to rule some cardiac diseases in or out. Finally,
our study population was restricted to persons aged 53-75
years and to persons of white or African-American race; our
results may not be fully generalizable to other age or racial
groups.

In conclusion, among persons without prevalent CVD,
higher plasma hs-cTnT and NT-proBNP levels were associ-
ated with higher risk of infection. Persons without CVD but
with clinically elevated levels of hs-cTnT or NT-proBNP
should be recognized as a population at high risk of infec-
tion, similar to those with prevalent CVD. These findings sup-
port a link between the pathophysiology of CVD and infection.
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