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Abstract Interleukin-6 (IL-6) has been found to be a
predictor of heart attack. We aimed to investigate the rela-
tionship of risk factor IL-6 with extent and severity of the
coronary artery disease (CAD) evaluated using coronary
computed tomography angiography (CCTA). A total of
303 participants without history of CAD undergoing CCTA
were enrolled. Using the model of risk-adjusted Cox pro-
portional-hazards, the association of IL-6 level with major
adverse cardiac events (MACE) was detected. The par-
ticipants were assigned into three study groups based on
serum IL-6 level. Compared with those in the lowest ter-
tile, patients with highest IL-6 level displayed higher ath-
erosclerotic burden such as plaque extent defined as preva-
lence of obstructive CAD and segments with any plaque.
After a median 3.0 year follow-up period, we also found
that patients with highest IL-6 level experienced higher
MACE risk and all-cause death compared with those from
the lowest tertile. Among participants without CAD history
who underwent CCTA, patients with high level of IL-6 had
increased burden of atherosclerosis and higher MACE risk
compared to participants of low level of IL-6.
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Introduction

Inflammation is an important factor in the progression
and initiation of atherosclerosis, and involved in various
cardiovascular diseases [1]. The predictive value of those
inflammation biomarkers, such as interleukin-6 (IL-6), has
been shown in patients of coronary artery disease (CAD)
and also in healthy individuals [2]. Previously study sup-
ported the involvement of chronic inflammation in the ini-
tiation and development during atherosclerosis [3]. Increas-
ing levels of inflammatory agents, such as IL-6, have been
reported to associate with acute ischemia and serve as the
indicators of recurrent CAD among patients [4, 5]. Further-
more, some studies showed that increased serum levels of
IL-6 and/or other inflammatory cytokines, which trigger
and sustain systemic inflammatory status, are predictors of
various chronic conditions and causes of death in elderly
patients [6, 7]. Moreover, interleukin-6 receptor (IL-6R)
has been reported to be elevated in acute myocardial infarc-
tion (AMI) [8-10]. Right now, it is unclear whether IL-6 is
a significant indicator of cardiovascular events for Chinese
patients without history of CAD who underwent coronary
computed tomography angiography (CCTA).

Imaging is a useful technique to assist in risk stratifi-
cation [11]. In recent decades, CCTA has been shown to
be a well-established imaging technique for detection ath-
erosclerotic plaques and to evaluate the extent of coronary
artery stenosis with high sensitivity and specificity [12, 13].
Several studies have demonstrated that CCTA can provide
diagnostic capability and, most importantly, incremental
prognostic value than calcium scoring for patients with sus-
pected coronary heart disease (CHD) [14]. To our knowl-
edge, no CCTA-based image analysis studies have focused
IL-6 level and its relationship with MACE in asymptomatic
population.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10554-017-1098-y&domain=pdf

1238

Int J Cardiovasc Imaging (2017) 33:1237-1244

In this study, our aimed to investigate the potential role
of serum IL-6 level as a useful biomarker in clinic to pre-
dict future cardiovascular risk in patients without CAD his-
tory who underwent CCTA.

Materials and methods
Study population

We retrospectively enrolled 383 patients without history of
CAD undergoing CCTA evaluation. For the present study,
we included only those patients with available serum IL-6
level data. Patients with CAD history, active inflammatory
and malignancy disease, or those lacking serum IL-6 level
were excluded. As a result, 303 participants were finally
included in the study. The ethics committee of The Second
Hospital of Shandong University approved the study proce-
dure, and written informed consent forms were given by all
participants. Patients were assigned into three groups based
on serum IL-6 levels (<1.77, 1.78-3.07, and >3.08 pg/mL)
[15]. Demographic data and coronary risk factors, such as
smoking history, diabetes, dyslipidemia, hypertension and
family history, were acquired before the CCTA evalua-
tions by directly interviewing patient by investigators and/
or by standardized site questionnaires. Dyslipidemia was
determined by low-density lipoprotein cholesterol (LDL-C)
higher than 140 mg/dL and high-density lipoprotein (HDL-
C) lower than 40 mg/dL. Diabetes was defined as hemo-
globin Alc (HbAlc) higher than 6.5%. Hypertension was
defined as self-reported hypertension history and/or admin-
istration of antihypertensive medicines, or blood pressure
higher than 140/90 mm Hg. Smoking history was defined
as at least one cigarette per day for a period of at least 6
months, and smoking status was classified as never, past or
current smoker.

Endpoints

The endpoints of this study was MACE, which included
acute coronary syndrome (ACS), all-cause death and target
vessel revascularization [16]. Clinical follow-up was con-
ducted by medical chart reviews, telephone or direct inter-
views or with mailed questionnaires. Mortality rate was
summarized from the medical records of deceased patients.

Imaging analysis

All scans, using 64 slice or greater CT scanners, were
independently evaluated by two radiologists blind to the
group assignment and clinical information. After inde-
pendent assessments were made, a final CCTA diagnosis
was obtained based on consensus interpretation. Plaques
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were detected using a modified version of 16-segment
American Heart Association coronary tree model. Com-
position of the plaque on CCTA, including number,
presence, characteristics and severity stenosis and, was
assessed by level III equivalent investigators following
SCCT guideline. To analysis the CCTA finding, we deter-
mined the presence of any plaque, their extent and sever-
ity, and type of plaques. Coronary plaque was defined as
structures occupying at least 1 mm?. Severity of CAD
was subgroup as none (no luminal stenosis), non-obstruc-
tive (less than 50% luminal stenosis), and obstructive
stenosis (more than 50% luminal stenosis), the latter of
which was then sub-categorized as 1-, 2- and 3-vessel
disease (VD). A segment involvement score (SIS) was
used to define extent of CAD, as the coronary artery seg-
ment number with any plaque [13], which was catego-
rized into three sub-groups with SIS of 0, 1-5 and over 5.
Plaque characteristics were categorized as non-calcified
plaques (NCAP) with no calcification, mixed calcified
plaques (MCAP) with both of calcification and NCAP, or
calcified plaques (CAP) with only calcification [17, 18].

Statistical analysis

All statistical analyses were performed using STATA-
Corp Version 12. Quantitative data were shown as the
mean +SD depending on their distribution. Intergroup
comparisons across tertiles were analyzed using the
Wilcoxon rank-sum test. The significance of differences
was evaluated with unpaired and paired student ¢ test for
continuous variables and the y? test. Risk-adjusted Cox
proportional-hazards model was employed to examine
the relationship between IL-6 level and the endpoints of
time to MACE or all-cause death, the latter adjusted for
gender, age, body mass index (BMI), all other risk fac-
tors of CAD, including dyslipidemia, hypertension, dia-
betes, smoking status, family history of early CAD, exist-
ence of obstructive CAD and SIS. Incidences of events
were compared by the log-rank test. Free survival curves
of MACE or all-cause-death were generated across ter-
tiles using multivariate Cox proportional-hazards model
adjusted for the same set of parameters in each group of
IL-6 tertile. CAD stenosis severity and SIS were evalu-
ated across tertiles with relate to MACE by Cox propor-
tional-hazards model adjusted for gender, age, diabetes,
hypertension, dyslipidemia and family history of CAD.
The assumption of the Cox proportional-hazards model
was verified using Scaled Schoenfeld residuals. Hazard
ratio (HR) and 95% confidence interval (CI) were deter-
mined by using the Cox model. A p<0.05 was consid-
ered to be statistically significant.
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Results
Baseline characteristics

Among 383 patients who without known CAD undergo-
ing CCTA, IL-6 records were available for 303 patients
(79.1%; Fig. 1). The baseline demographic, clinical and
laboratory patient characteristics base on IL-6 tertiles
are listed in Table 1. Several differences were observed
across the tertiles. Comparing with patients with lowest
IL-6, those with higher IL-6 were more commonly symp-
tomatic. Patients with high IL-6 serum level displayed a
higher rate of diabetes, hypertension and dyslipidemia
compared with patients in lower IL-6 group. Further-
more, patients with the high IL-6 level exhibited signifi-
cantly elevated rate of current smoking, higher baseline

Fig. 1 Study flow chart

high sensitivity C-reactive protein (hs-CRP), LDL and
lower HDL levels.

Extent, severity and plaque type of CAD

The extent and severity of CAD is showed in Table 2.
Compared with patents with lowest IL-6, those with higher
IL-6 displayed greater coronary plaque extent. For plaque
severity, compared with patents with lower IL-6, those with
higher IL-6 exhibited a greater obstructive CAD preva-
lence, as well as the obstructive CAD categories including
1-VD, 2-VD and 3-VD. The plaque type of CAD is shown
in Table 3. Absence of plaque was frequently found in the
lower IL-6 patients. Compared with patients in lower IL-6
patients, those with higher serum IL-6 had more prevalent
of NCAP, CAP and MCAP.

383 patients underwent
CCTA

80 patients with malignancies
and inflammatory disease and
without data on IL-6

303 individuals with IL-6
values

Low IL-6 <1.77 pg/mL

Intermediate IL-6 1.78- High IL-6 > 3.08 pg/mL

3.08 pg/mL
Table 1 Characteristics of Total Low IL-6 Intermediate IL-6  High IL-6 p value
study population
(n=303) (n=101) (n=101) (n=101)
IL-6 (pg/mL) <177 1.78-3.07 >3.08 <0.0001
Male gender 166 (54.7) 56 (55.4) 55 (54.5) 55 (54.5) 0.65
Age (year) 55.4 (9.78) 55.1 (9.12) 55.7 (10.01) 55.3(9.75) 0.28
Hypertension 157 (51.8) 51 (60.4) 53 (52.3) 53 (52.3) 0.45
Diabetes 49 (16.2) 16 (15.8) 16 (15.8) 17 (16.8) 0.76
Dyslipidemia 201 (66) 62 (61.4) 67 (66.3) 72 (71.3) <0.001
Family history 95 (31.4) 32 (31.7) 32 (31.7) 31 (30.7) 0.07
Current smoker 87 (28.7) 24 (23.7) 28 (27.7) 35 (34.6) <0.001
BMI (kg/m?) 24.33 (1.12) 24.29 (1.12) 24.28 (1.21) 24.41 (1.36) 0.28
LDL-C (mg/dL) 128.9 (33.9) 125.2 (34.7) 129.4 (34.2) 132.6 (30.6) <0.001
HDL-C (mg/dL) 43.1 (12.1) 46.1 (12.9) 43.2 (10.85) 412 (11.2) <0.001
HbAlc (%) 6.44 (1.33) 6.42 (1.27) 6.43 (1.19) 6.45 (1.22) 0.015
hs-CRP (mg/dL) 0.14 (0.02) 0.06 (0.01) 0.15 (0.02) 0.22 (0.02) <0.001

Values were expressed as n (%) or mean +SD
BMI body mass index, HbAIc hemoglobin Alc, HDL-C high-density lipoprotein-cholesterol, hs-CRP

high-sensitivity C-creative protein, /L-6 interleukin-6, LDL-C low-density lipoprotein-cholesterol
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Rates and adjusted risk of MACE and all-cause death

After 3.0+ 2.1 years of follow-up study, 28 subjects expe-
rienced MACE (9.24%). Incidence rate of MACE was
significantly elevated in high IL-6 patients compared with
those with lower IL-6. By unadjusted Cox model, MACE
and all-cause death rates were found to be progressively
increased with elevating IL-6 levels (both p<0.0001 for
trend). Using multivariable Cox proportional-hazards
model, adjusted for gender, age, diabetes, hypertension,

dyslipidemia, family history, smoking status, coronary
stenosis >50% and SIS, patients with high IL-6 had
higher risk of MACE than those with low IL-6 level sub-
jects. After multivariate adjustment, HR was also found
to be increased with elevating IL-6 levels (p<0.0001
for trend). Furthermore, higher IL-6 was also associated
with all-cause death (Table 4). Free survival curves also
clearly showed increased MACE and all-cause death in
patients with higher level of IL-6 (both p <0.001; Fig. 2).

Table 2 Extent and severity of

coronary artery plaque Vessel disease Total Low IL-6 Intermediate IL-6 High IL-6 p value
(n=303) (n=101) (n=101) (n=101)

Normal 130 (42.9) 53 (52.3) 42 (41.6) 35 (34.7) <0.001
Non-obstructive disease 110 (36.3) 38 (37.6) 39 (38.6) 33 (32.7) <0.001
Obstructive disease 63 (20.8) 10 (9.9) 20 (19.8) 33 (32.9) <0.001
1-VD 31 (10.2) 5(5.0) 10 (9.9) 16 (15.8) <0.001
2-VD 19 (6.3) 3297 6(5.9) 10(9.9) <0.001
3-VD 13 (4.3) 2 (1.98) 4 (4.0) 7 (6.9) <0.001
SIS 23+2.6 2.0£2.5 22+28 2.5+3.1 <0.001
SIS 1-5 120 (39.6) 37 (36.6) 42 (41.6) 41 (41.0) <0.001
SIS>5 51 (16.8) 11 (10.9) 17 (16.8) 23 (22.8) <0.001
Values were expressed as n (%) or mean=+SD
SIS segment involvement score

Table 3 Coronary artery Prevalence of any Total Low IL-6 Intermediate IL-6 High IL-6 p value

plague type plaque type (%) (n=303) (n=101) (n=101) (n=101)
NCAP 64 (21.1) 17 (16.8) 22 (21.8) 25 (24.8) <0.0001
MCAP 73 (24.1) 19 (18.8) 25 (24.8) 29 (28.7) <0.0001
CAP 85 (28.1) 22 (21.8) 30 (29.7) 33 (32.7) <0.0001

Values were expressed as n (%)

NCAP non-calcified plaques, MCAP mixed calcified plaques, CAP calcified plaques

Table 4 Cox proportional-hazards model of MACE and all-cause death

MACE All-cause death
HR 95% C1 p value p value for trend HR 95% CI p value p value for trend
Unadjusted model
Low IL-6 Reference - - <0.0001 Reference  — - <0.0001
Intermediate IL-6 1.5 1.13-1.91 <0.0001 2.01 1.63-2.78 <0.0001
High IL-6 2.17 1.73-2.71 <0.0001 3.11 2.47-4.12 <0.0001
Adjusted model
Low IL-6 Reference - - <0.0001 Reference - - <0.0001
Intermediate IL-6 1.23 1.03-1.57  0.002 1.67 1.32-2.39  0.0002
High IL-6 1.64 1.23-1.91 <0.0001 2.51 1.98-3.56 <0.0001

Adjusted-for variables were age, BMI, diabetes. The covariates were added to this model only if identified statistically as predictors of MACE

and all-cause death (p<0.05)

CI confidence interval, HR hazard ratio, MACE major adverse cardiac events
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Fig. 2 a Free survival curves of major adverse cardiac event. b Free survival curves of all-cause death

Table 5 Hazards ratio of MACE by CAD extent

Low IL-6 Intermediate IL-6 High IL-6
(n=101) (n=101) (n=101)
SISO Ref 1.0 (0.5-2.1) 1.7 (0.9-2.9)
SIS 1-5 1.7 (1.2-2.8) 2.1(1.3-3.0) 3.0(2.142)
SIS>5 2.5(1.5-3.2) 292.14.1) 42(3.2-5.9)
SIS segment involvement score
Table 6 Hazards ratio of MACE by CAD severity
Low IL-6 Intermediate IL-6  High IL-6
(n=101) (n=101) (n=101)
Normal Ref 1.0 (0.5-2.1) 1.7 (0.9-2.9)
Non-obstructive 1.6 (1.0-2.5) 2.1 (1.3-2.8) 2.8 (1.8-3.9)
Obstructive 2.7(1.8-3.9) 2.8(2.14.0) 4.3 (3.0-5.8)

Risk of MACE and coronary plaque extent and severity

Table 5 demonstrated the results from Cox proportional-
hazards model adjusted to risk for MACE by categories
of SIS among IL-6 across tertiles. Compared with the
lowest IL-6 patients with SIS of 0, highest IL-6 patients
with SIS of 0 (HR 1.7, 95% CI 0.9-2.9, p<0.01) exhib-
ited increased risk of MACE. In the category of SIS 1-5,
the MACE risk was higher than patients with SIS of 0
in all IL-6 tertiles. The risk among highest IL-6 level
patients was much higher than low IL-6 groups (HR 3.0,
95% CI 2.1-4.2, p<0.001). In the category of SIS>S5,
the MACE risk was further elevated in all IL-6 tertiles. In
the category of SIS 1-5, the MACE risk among highest
IL-6 patients was much higher than low IL-6 groups (HR
4.2,95% CI 3.2-5.9, p<0.001).

Table 6 demonstrated the results from Cox proportional-
hazards model adjusted to risk for MACE by categories of
normal, non-obstructive, and obstructive CAD across all
IL-6 tertiles. The risk of MACE among lowest IL-6 patients
with non-obstructive CAD was higher than those with nor-
mal CCTA (HR 1.6, 95% CI 1.0-2.5, p<0.01). This MACE
risk was significantly elevated in highest IL-6 patients (HR
2.8, 95% CI 1.8-3.9, p<0.001). Patients with obstructive
CAD exhibited higher MACE rates than the lowest IL-6
patients with normal CCTA, regardless of their IL-6 lev-
els (lowest IL-6: HR 2.7, 95% CI 1.8-3.9, p<0.001; inter-
mediate IL-6: HR 2.8, 95% CI 2.1-4.0, p<0.001; highest
IL-6: HR 4.3, 95% CI 3.0-5.8, p<0.001).

Discussion

The main observation of our study are as following: (1)
compared with patients of low IL-6, patients of higher
IL-6 level exhibited significantly elevated MACE and all-
cause death incidences; (2) adjusted for important covari-
ates, high serum IL-6 level was strongly associated with
increased incidences of MACE and all-cause death in
patients without CAD history who underwent CCTA. To
the best of our knowledge, it is the first report using CCTA
in asymptomatic individuals to evaluate the correlations
between the extent and severity of CAD, serum IL-6 levels,
as well as the risks of MACE and all-cause death.
Inflammation plays a key role in the pathogenesis of
atherosclerosis [19]. Elevated IL-6 level, an inflammation
biomarker, has a relation to poor cardiovascular outcomes
and IL-6 to be a potential for targeted drug therapy [20].
One of the mechanisms by which increased risk of CAD is
thought to happen involves increased plaque vulnerability
[21]. Beyond the role of triggering immunity in plaque dep-
osition, a study also demonstrated the correlation between
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IL-6, impaired vasoreactivity and endothelial nitric oxide
synthase inhibition in vitro [22]. IL-6 has also been impli-
cated in the development of CHD, as blocking IL-6 recep-
tor could alleviate systemic and articular inflammation [4],
which was also consistent with a recent meta-analysis [10].
The above studies suggested that IL-6R may serve as a
potential therapeutic target for the prevention and treatment
of CHD. Our data also indicated that deceased patients had
higher baseline serum IL-6 levels (data not shown), consist-
ent with previous studies, suggesting that chronic inflam-
mation may be involved in the pathogenesis and prognosis
of atherosclerotic diseases. From the CCTA results, we
were able to demonstrate that increased levels of IL-6 were
correlated with elevated risk for the presence of any plaque
of CAP, MCAP or NCAP. Furthermore, higher IL-6 levels
were associated with greater extent and severity of CAD.

Previously studies demonstrated conflicting conclu-
sions concerning the correlation between IL-6 and mortal-
ity. Among women with prevalent cardiovascular disease
(CVD), those with higher serum levels of IL-6 had more
than fourfold risk of death than patients with lower lev-
els, but this correlation was absent among patients without
CVD [23]. A study reported that TNF-o and CRP, but not
IL-6, could serve as independent indicators of total mortal-
ity for male patients [24]. In addition, in elderly patients,
serum IL-6 was also reported to be not associated with
all-cause death [25, 26]. On the contrary, a great num-
ber of investigations have reported a positive correlation
between serum IL-6 concentration and mortality, as well
as between IL-6 and risk of CVD [3]. A study found that,
compared to CRP, IL-6 was more strongly associated with
all-cause death and CVD mortality [19]. In addition, long-
term serum levels of IL-6 were found to be correlated with
CHD [27]. In elderly patients with heart failure (HF), an
increased level of IL-6 was reported to lead to higher mor-
tality [28, 29]. In hemodialysis patients serum IL-6 was a
stronger indicator of total and CVD mortality than CRP
[30]. In patients with acute HF, serum IL-6 level was found
to predict short and long-term mortality [28, 31]. Other
studies have also indicated that increased serum IL-6 levels
were useful for risk assessment of long-term CVD mortal-
ity [32]. The above conflicting studies may be due to lim-
ited sample size, heterogeneous populations and age of the
participants in several of the studies. So, this situation may
change as the follow up extends.

This study had several limitations. First, with relatively
small sample population and incident cases, further inves-
tigations in a large number of clinical events are needed
to confirm the present results. Second, high IL-6 may be
attributed to inflammation caused by infection in some
patients, however detailed information on inflammation
sources and active infection were unavailable in the study.
Third, because our current study included patients who
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underwent clinically indicated CCTA, it is questionable
whether our present results can be generalized to larger
population-based cohorts. Fourth, only Chinese patients
were enrolled for this study, therefore future work with
more diversified patient population should be considered.
Finally, we only considered inflammatory diseases, but not
other potential inflammation-associated factors including
dietary habit.

Elevated serum IL-6 level was associated with long-term
clinical outcome of patients without CAD history undergo-
ing CCTA in the present study. Furthermore, the risk of
MACE and all-cause death was elevated in the higher level
IL-6 patients.
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