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Abstract

Aims Soluble tumour necrosis factor-a receptor 1 (STNF-aR1) and interleukin-2 receptor o (slL-2Ra) predict incident heart
failure (HF) in the elderly population. However, the association of these biomarkers with HF in a multi-ethnic asymptomatic
population is unclear. We aimed to investigate the association of sTNF-aR1 and sIL-2Ra with incident HF in a multi-ethnic pop-
ulation of middle age and older participants.

Methods and results The multi-ethnic study of atherosclerosis is a prospective population-based study of 6814 participants
aged 45-84 years who were free of clinical cardiovascular disease at enrolment. We included 2869 participants with available
sTNF-0R1 or sIL-2Ra level measurement at baseline multi-ethnic study of atherosclerosis exam (2000-2002). We used Cox
proportional-hazards model to investigate the association between sTNF-oR1 and sIL-2Ra with incident HF after adjusting
for traditional cardiovascular risk factors and coronary artery calcium score measured by cardiac computed tomography.
Among the included participants, the mean (standard deviation) age was 61.6 (10.2) years and 46.7% were men. The median
(interquartile range) sTNF-aR1 and sIL-2Ra were 1293 (1107-1547) and 901 (727-1154) pg/mL. During a median follow-up of
14.2 (interquartile range: 11.7-14.8) years, 130 participants developed HF. In multivariable analysis, the hazard ratio (95% con-
fidence interval, P value) of incident HF for each standard deviation increment of log-transformed sTNF-aR1 and sIL-2Ra was
1.43 (1.21-1.7, P < 0.001) and 1.26 (1.04-1.53, P = 0.02), respectively. Excluding participants with interim coronary heart
disease, we found a statistically significant association between sTNF-aR1 and HF with hazard ratio of 1.39 (95% confidence
interval: 1.11 to 1.74, P = 0.005) and sIL-2Ra and HF showing a hazard ratio of 1.39 (95% confidence interval: 1.09 to 1.76,
P =0.007).

Conclusions sTNF-aR1 and sIL-2Ro. are associated with a higher risk of incident HF in a multi-ethnic cohort without a previous
history of cardiovascular disease.
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Introduction in cardiac function and structure.?? Elevated circulating levels

of pro-inflammatory cytokines including tumour necrosis
Physiologic activation of the immune system has a critical role  factor-a. (TNF-a) and their soluble receptors are associated
in tissue repair after myocardial injury.® However, chronic or  with incident heart failure (HF),* the severity of HF,®> and ad-
excessive immune activation leads to pathological changes verse outcomes.®” Soluble cytokine receptors have a longer
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half-life than respective cytokines and consequently are more
reliable indicators of present and past inflammatory re-
sponses.® Nevertheless, only one epidemiologic study re-
ported the association of soluble TNF-a receptors (sTNF-o
Rs) with incident HF in an older population free of HF and cor-
onary heart disease (CHD).*

In addition to innate immunity, adaptive immunity is impli-
cated in the pathogenesis of HF.® One previous study showed
that soluble interleukin-2 receptor a (sIL-2Ra), a marker of T
cell activation, was associated with HF risk among population
aged above 65 years.'® However, the association of sIL-2Ra.
level and development of HF in the younger population are
yet to be studied. Therefore, we assessed the association of
sTNF-0R1 and slIL-2Ra with incident HF independent of sub-
clinical and clinical coronary artery disease (CAD) in a multi-
ethnic population of individuals without prior cardiovascular
disease, consisting of middle age and older age participants.

Materials and methods

The design of the multi-ethnic study of atherosclerosis
(MESA) has been described in previous publications.*! Briefly,
MESA is a prospective observational cohort study consisting
of 6814 men and women aged 45-84 years who were re-
cruited from six US field centres (Baltimore, MD; Chicago,
IL; Forsyth County, NC; Los Angeles County, CA; Northern
Manhattan, NY; and St Paul, MN). Participants identified their
ethnicity as White, African American, Chinese American, and
Hispanics and were free of clinical cardiovascular disease at
enrolment (Exam 1: between July 2000 and August 2002).
All study protocols were reviewed and approved by institu-
tional review boards of each field centre, and all participants
signed written consent. In this study, we included partici-
pants with available sTNF-aR1 or sIL-2Ra. measurement at
the baseline exam (Exam 1) and with follow-up data for HF.
This subgroup of MESA participants was selected equally
and randomly from four race/ethnic groups (n = 720 from
each race/ethnic group) for another MESA ancillary study
(candidate gene).*?

Standard questionnaires were used to gather demographic
information, medical history, medication use, highest educa-
tional level, and smoking status (current, former, or never
smoker). Resting blood pressure was measured three times
in a seated position, and the average of the last two was used
for data analysis. Fasting blood samples were collected, and
blood glucose, total, and high-density lipoprotein (HDL) cho-
lesterol were measured. Diabetes mellitus was defined as
fasting glucose >126 mg/dL or the use of any hypoglycaemic
medications. sTNF-aR1 and sIL-2Ro. were measured by ultra-
sensitive ELISA (R&D Systems, Minneapolis, MN, USA) with
coefficients of variation of 5% and 4.6-7.2%*, respectively.
Agatston’s method was used to calculate the coronary artery

calcium (CAC) score. The details of the acquisition and inter-
pretation of cardiac computed tomography images have been
reported previously.*>*®

Every 9-12 months, a telephone interviewer called each
participant (or family member) to ask about any interim hos-
pital admissions, cardiovascular outpatient diagnoses, and
deaths. Two independent physicians reviewed all collected
records for endpoint classification and assignment of
incidence dates. CHD was defined as a combination of
myocardial infarction, resuscitated cardiac arrest, definite an-
gina, probable angina (if followed by revascularization), and
CHD death. The diagnosis of HF was made only in participants
with symptoms of HF such as peripheral oedema and short-
ness of breath. HF was considered as definite if one or more
of the following criteria were present: (i) pulmonary
oedema/congestion in chest X-ray, (ii) dysfunctional or di-
lated left ventricle (LV) detected by a cardiac imaging
method, or (iii) evidence of LV diastolic dysfunction. HF was
classified as probable if the diagnosis was made by a physi-
cian and the participant was receiving medical treatment
for HF. The combination of probable and definite HF was
used as the endpoint of our study.

Statistical analysis

Baseline characteristics of participants with and without HF
were presented as mean * standard deviation (SD), median
[interquartile range (IQR)], or frequency (%). Student’s
t-test/Wilcoxon rank-sum test and chi-square test were used
to compare the means/medians (for continuous variables)
and frequency (for categorical variables) between partici-
pants with and without HF. Natural logarithm of CAC score
[In (CAC +1)], sTNF-aR1, and slIL-2Ra were used as continu-
ous variables. Cox proportional-hazards regression was de-
ployed to analyse the association between biomarkers and
time to incident HF. The following four models were created
for each biomarker separately: model 1: unadjusted; model
2: adjusted for age, gender, race, body mass index, systolic
blood pressure, diastolic blood pressure, use of antihyper-
tensive medication, total cholesterol, HDL cholesterol, use
of lipid-lowering medication, diabetes, cigarette smoking
status, and highest education level; model 3: model 2 ad-
justed for baseline CACs; and model 4: model 2 after exclud-
ing participants with interim CHD. Restricted cubic spline
curves with three knots showed a linear relationship be-
tween each biomarker and hazard ratio (HR) for incident
HF. The HR (with a 95% confidence interval, Cl) for incident
HF was calculated per 1 SD increase in each log-transformed
biomarker level (pg/mL). Stata statistical software (version
14.1, College Station, Texas) was used to compute all statis-
tical results. P values less than 0.05 were considered statis-
tically significant.
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Results

A total of 2869 participants who met our inclusion criteria
were included in the study. The mean (SD) age was 61.6
(10.2) years, and 46.7% were men. Of those, 25.4% were Cau-
casian, 25% were Chinese, 24.9% were Hispanic, and 24.7%
were African American. sTNF-aR1 and sIL-2Ra were measured
in 2859 and 2849 of study participants, respectively. sTNF-o
R1 was too high to measure among three participants
(>5544 pg/mL), and sIL-2Ra was too low to measure among
three participants (<78.1 pg/mL), which were recoded to the
closest value. The median (IQR) biomarker levels were 1293
pg/mL (1107-1547 pg/mL) for sTNF-aR1 and 901 pg/mL
(727-1154 pg/mlL) for sIL-2Ra (Figures 1 and 2).

Over 14.2 median (IQR: 11.7-14.8) years of follow-up, 130
participants developed incident HF. Of those, 50 also devel-
oped interim CHD. The baseline characteristics of participants
with and without HF are provided in Table 1. Participants who
developed HF were more likely to be older men with a higher
prevalence of the traditional cardiovascular risk factors com-
pared with participants without HF. The median CAC score,

Figure 1 Boxplot showing the distribution of soluble tumour necrosis
factor-a receptor 1 (sTNF-aR1). HF, heart failure.
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Figure 2 Boxplot showing the distribution of soluble interleukin-2 recep-
tor o (slL-2Ra). HF, heart failure.
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sTNF-oR1 (Figure 1A), and sIL-2Ra. (Figure 1B) were all higher
in a participant with HF compared with participants without
HF. Total baseline cholesterol was lower in participants with
HF, and the use of lipid-lowering medication was higher
among participants with HF.

Table 2 shows the association between each biomarker and
incident HF in unadjusted and adjusted models. sTNF-aR1 and
sIL-2Ra levels were associated with incident HF independent
of traditional cardiovascular risk factors and CACs. In a multi-
variable analysis for every 1 SD increase in baseline log-
transformed sTNF-aR1 and log-transformed sIL-2Ra levels,
the HRs of HF were 1.43 (95% Cl: 1.21-1.7) and 1.26 (95% Cl:
1.04-1.53), respectively. Excluding participants with interim
CHD, there was a statistically significant association between
sTNF-oR1 and HF (HR: 1.39, 95% CI: 1.11-1.74) and sIL-2Ra
and HF (HR: 1.39, 95% Cl: 1.09-1.76). There was no statistically
significant interaction between gender (P = 0.64) or
race/ethnicity (Caucasian-Ref; African American: P = 0.74; His-
panic: P = 0.17; and Chinese: P = 0.76) with each level of log-
transformed sTNF-oR1 and between gender (P = 0.70) or
race/ethnicity (Caucasian-Ref; African American: P = 0.12; His-
panic: P = 0.17; and Chinese: P = 0.67) with each level of log-
transformed sIL-2Ro.

Discussion

In this study, we investigate the association of two key in-
flammatory biomarkers, sTNF-aR1 (innate immunity) and
sIL-2Ra (adaptive immunity), with the development of symp-
tomatic HF in a multi-ethnic population. Our results demon-
strate that sTNF-aR1 and sIL-2Ra levels are associated with
future HF independent of traditional cardiovascular risk fac-
tors, subclinical coronary atherosclerosis, and clinical CHD.
Inflammation plays a significant role in the pathophysiol-
ogy of HF.Y” Levine et al. reported the presence of high
TNF-a levels in advanced HF.'® Since then, several studies
have shown that elevated serum levels of pro-inflammatory
cytokines including TNF-o and its soluble receptors are asso-
ciated with severity® and prognosis of HF.2 However, only a
few population-based studies investigated the independent
association between TNF-a or sTNF-aRs levels with incident
HF.%1%2% vasan et al.*® in a study of 732 Framingham study
participants (mean age 78 years) demonstrated the associa-
tion between increased spontaneous production of TNF-a
by peripheral blood mononuclear cell and future HF over a
mean follow-up of 5.2 years. Since the study was performed
in elderly Whites, the results may not be extrapolated to
the general population, including younger individuals of dif-
ferent ethnicities and no history of heart disease. Investiga-
tors from the Health, Aging, and Body Composition (Health
ABC) study showed the association between baseline TNF-a
levels with incident HF among elderly African Americans and
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Table 1 Baseline characteristics of participants with and without incident heart failure

Heart failure Yes No P value
Participants 130 (4.5) 2739 (95.5)
Male 84 (64.6) 1255 (45.8) <0.001
Age (years) 68.5 + 8.6 61.2 = 10.2 <0.001
Race 0.09

Caucasian 33 (25.4) 697 (25.5)

African American 37 (28.5) 672 (24.5)

Hispanic 39 (30) 675 (24.6)

Chinese 21 (16.2) 695 (25.4)
Education <12 years 64 (49.6) 1074 (39.3) 0.02
BMI (kg/m?) 297 +6 27854 <0.001
Systolic blood pressure (mmHg) 137 = 22 125.5 + 21.2 <0.001
Diastolic blood pressure (mmHg) 73.3 £ 10.5 71.8 £ 10.1 0.11
Blood pressure medication 77(59.2) 945(34.5) <0.001
Total cholesterol (mg/dL) 185.9 = 34.4 1949 = 35.4 0.005
HDL cholesterol (mg/dL) 47.1 £ 13.4 50.7 = 14.4 0.005
Lipid-lowering medication 31(24) 414(15.2) 0.007
Smoking status 0.08

Never smoker 58 (45) 1495 (54.7)

Former smoker 52 (40.3) 865 (31.7)

Current smoker 19 (14.7) 373 (13.7)
Diabetes mellitus 48 (36.9) 326 (11.9) <0.001
Coronary artery calcium score 132 (0-471) 0 (0-62) <0.001

STNF-oR1(pg/mL)
sIL-2R (pg/mL)

1626 (1280-2055)
1076 (871-1466)

1287 (1104-1531)
896 (723-1145)

<0.001
<0.001

BMI, body mass index; HDL, high-density lipoprotein; sTNF-aR1, soluble tumour necrosis a receptor; sIL-2R, soluble interleukin-2 receptor.
Figures are numbers (%), mean + standard deviation, and median (interquartile range).

Table 2 Showing the association between biomarker levels and incident heart failure

. Model 1 Model 2 Model 3 Model 4
Biomarkers
HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value HR (95% Cl) P value
sTNF-aR1 2.1 (1.84-2.39) <0.001 1.44 (1.22-1.70) <0.001 1.43 (1.21-1.70) <0.001 1.39 (1.11-1.74) 0.005
slL-2Ra 1.72 (1.48-2.01) <0.001  1.30(1.08-1.57) 0.006  1.26 (1.04-1.53) 0.02 1.39 (1.09-1.76) 0.007

Cl, confidence interval; sTNF-aR1, soluble tumour necrosis a receptor; slL-2Ra, soluble interleukin-2 receptor.

Model 1: unadjusted. Model 2: adjusted for age, gender, race, body mass index, systolic blood pressure, diastolic blood pressure, use of
antihypertensive medication, total cholesterol, high-density lipoprotein (HDL) cholesterol, use of lipid-lowering medication, diabetes, cig-
arette smoking status, and highest education level. These two models were created for each biomarker separately. Model 3: model 2 ad-
justed for baseline coronary artery calcium score. Model 4: model 2 after excluding participants with interim coronary heart disease.

Hazard ratios (HR) per 1 standard deviation increment of log-transformed biomarker levels.

White individuals.?® In another study from Health ABC study,
Marti et al. also reported a significant association between
TNF-a and sTNF-aR1 levels with incident HF. These associa-
tions were independent of the ankle-arm index (a measure
of subclinical vascular disease) and incident coronary events.
Similarly, we found that higher sTNF-aR1 was associated with
incident HF independent of subclinical CAD and clinical CHD.
Studies on transgenic mice and other experimental studies
have shown that the pathological level of TNF-a has a delete-
rious effect on cardiac function through different mecha-
nisms including negative ionotropic effect,?* -adrenergic
receptor uncoupling,® increasing nitric oxide production,
and changing intracellular calcium haemostasis.”®> Addition-
ally, sustained or excessive expression of TNF-a changes the
cardiac structure by promoting cardiomyocytes apoptosis,®*
myocardial hypertrophy,® remodelling,® and fibrosis.?’

In contrast to sTNF-aR1, previous studies have reported
conflicting results regarding the association of sIL-2R and
HF.>%28 |n a cross-sectional study, Testa et al.®> showed that
IL-2 and sIL-2R were not elevated in patients with HF second-
ary to CAD or hypertension. Additionally, another cross-
sectional study of 499 participants of the Health ABC study
failed to show any significant association between sIL-2R
and clinical cardiovascular disease.?® On the other hand, in
a more recent study, Durda et al.'® demonstrated that
slL-2Ra. was an independent predictor of incident HF but
again in an older and primarily White population. Our results
extend previous findings to a younger and diverse population.
Our knowledge about the central role of IL-2 in the inflamma-
tory response has evolved over time.?® IL-2 induces inflam-
mation by promoting the activation and proliferation of
effector T cells. On the other hand, IL-2 also increases the
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function and survival of regulatory T cells.>® Regulatory T cells
control the extent of the immune response®! and can conse-
quently reduce myocardial remodelling and fibrosis.>° A dose-
dependent response has been proposed to explain the dual
role of IL-2 in the immune system activation.*®

Our study has limitations. Firstly, there is a possibility of
poor external validity as we included only MESA participants
who were free of cardiovascular disease at enrolment, and
thus, our results can only be directly translated to individuals
without prior cardiovascular diseases. Secondly, we cannot
exclude the possibility of subclinical LV dysfunction at the
time of enrolment in MESA participants. However, for the en-
tire MESA cohort at baseline, left ventricular ejection fraction
measured by magnetic resonance imaging was normal.
Thirdly, because ejection fraction was not available for all
study participants at the time of HF diagnosis, we could not
differentiate HF with reduced ejection fraction from HF with
preserved ejection fraction. Lastly, sTNF-aR1 and sIL-2Ra
were measured only one time, and therefore, we could not
account for possible intra-individual variability of these
biomarkers.

Conclusions

sTNF-0R1 and sIL-2Ra are associated with the development
of symptomatic HF independent of traditional cardiovascular
risk factors and of CAC score in a multi-ethnic cohort includ-
ing middle age and older individuals. These associations
remained statistically significant after excluding participants
who died from cardiac causes and those with non-fatal myo-
cardial infarction.
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