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Objectives. To evaluate whether serum interleukin-6 (IL-6) is associated with increased risk of mortality in coronary artery disease
(CAD) patients. Methods. We performed a prospective cohort study of 718 CAD patients from the Guangzhou Cardiovascular
Disease Cohort (GCDC) study. Multivariable-adjusted Cox proportional hazards regression analyses were used to examine the
association between serum IL-6 with all-cause and cardiovascular mortality. Results. During the 1663 person-years of followup, the
cumulative all-cause mortality and cardiovascular mortality were 6.5% (𝑛 = 47) and 3.3% (𝑛 = 24), respectively. The mean length
of followup was 2.32 ± 0.81 years. In the multivariable analyses, a one-SD increment in log-transformed serum IL-6 was positively
associated with an increased risk of all-cause and cardiovascular mortality, with hazard ratios (HR) of 2.93 (95% CI, 2.11–4.08) and
2.04 (95% CI, 1.34–3.68) within the patients combined and 2.98 (95% CI, 2.12–4.18) and 3.10 (95% CI, 1.98–4.85) within males,
respectively. Patients in the highest serum IL-6 tertile versus the lowest tertile were at higher risk of all-cause and cardiovascular
mortality, with HR of 17.12 (95% CI 3.11–71.76) and 8.68 (95% CI, 1.88–37.51), respectively. Conclusions. In hospitalized patients with
CAD, serum IL-6 is significantly associated with all-cause and cardiovascular mortality.

1. Introduction

Inflammatory biomarkers have been shown to be associated
with and to predict the onset of cardiovascular events [1–3].
Thepredictive value of thesemarkers, including interleukin-6
(IL-6), has been demonstrated for subjects with existing coro-
nary artery disease (CAD) and apparently healthy subjects
[3–6].

There is an extensive body of the literature that supports
the role of chronic inflammation in the development and
progression of atherosclerosis [7]. It has been reported that
increased levels of inflammatory agents, including IL-6, are
associated with acute ischemic conditions and are predictors
of recurrent events in patients with CAD [1, 2, 7]. The serum
level of IL-6, along with other cytokines, is also associated
with unfavourable clinical outcomes in patients hospitalised
for unstable angina and ST-elevated myocardial infarction

(STEMI) [6, 8, 9]. Furthermore, many chronic conditions
that are common causes of death in older persons may
stimulate and sustain a systemic inflammatory state, which
can be measured by increased levels of serum IL-6 or other
proinflammatory cytokines. The secretion of IL-6, which
is a major determinant of the production of acute-phase
proteins, is increased in clinical situations characterised
by tissue injury, including infections, malignant neoplasms,
ischemic diseases, and trauma [10]. This pathophysiology
may also explain the elevated risk ofmortality associatedwith
increased circulating levels of inflammatory markers.

Only a few population-based studies have investigated
the association between circulating levels of serum IL-6
and the risk of all-cause and cardiovascular mortality in
CAD patients [6–8].The Guangzhou Cardiovascular Disease
Cohort (GCDC) study is an ongoingmulticentre, prospective
observation study of the risk factors of cardiovascular disease
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(CVD) that has generated detailed information. This dataset
gave us the opportunity to investigate the value of IL-6 as
an independent predictor of the 2.3-year risk of mortality in
CAD patients.

2. Materials and Methods

2.1. Study Population. The details of the cohort, selection,
criteria, and purpose of theGCDC study have been published
elsewhere [11–13]. Briefly, between 2008 and 2012, about 3500
patients aged between 40 and 80 years were selected from
four hospitals. Patients were eligible if they were diagnosed
with CAD, hypertension, diabetes mellitus (DM), or stroke
by a cardiologist according to the criteria of the American
Heart Association Council on Epidemiology and Prevention
[14]. As part of the GCDC study, this analysis covered 1050
CAD patients. The inclusion criteria were significant CAD
defined as a greater than 20% stenosis in at least one major
coronary artery [15]. Of the 1050 patients, 250 did not have
a baseline IL-6 measurement and 72 patients had no follow-
up information and so were excluded. We also excluded
10 patients who died within three months of blood time,
resulting in a final sample of 718 participants. The study was
approved by the Institutional Review Board of the Sun Yat-
sen University Health Science Centre. All of the participants
provided written informed consent.

2.2. Data Collection. A face-to-face interview was performed
with each participant by a trained postgraduate or medical
undergraduate from Sun Yat-sen University. The data on
general information of examination date, sex, birth date
and place, address, occupation, education level, leisure time
physical activity, smoking habits, alcohol and tea consump-
tion, family history of CAD, medication history, and a
validated food frequency questionnaire [16] were conducted
as previously published [11–13]. Smoking was defined as at
least one cigarette a day and lasting more than half a year.
Smoking status was classified as never, past, or current.
Alcohol drinking was defined as persons who drank any type
of alcoholic beverage at least once a week [17] and lastedmore
than six months.

2.3. Biochemical Measures. Peripheral venous blood was
obtained the next day after the patients were diagnosed
with CAD following an overnight fast and centrifuged at
4∘C and 3360 g for 15min. All of the samples were then
stored at −80∘C until analysis. The total cholesterol (TC),
triglyceride (TG), and high-density lipoprotein cholesterol
(HDL-c) concentrations were determined enzymatically.The
low-density lipoprotein cholesterol (LDL-c) level was assayed
using an indirect method. We measured the serum levels
of IL-6 and CRP with the Human Basic Kit FlowCytomix
(BMS8420FF, eBioscience, USA) and the Human FlowCy-
tomix (Simplex BMS8213FF and BMS8288FF, eBioscience,
USA) on a BD FACSCalibur instrument (BD Biosciences,
USA) according to the manufacturer’s instructions. Data
were obtained using the CellQuest software (BD Biosciences)
and calculated using the FlowCytomix Program (eBioscience,

USA). The low detection limit of the assay was 1.01 pg/mL
and 0.1 ng/mL for IL-6 andCRP, respectively.Themean inter-
assay and intra-assay coefficients of variation were 7.1%, 9.9%
and 6.2%, 5.6%, respectively, for IL-6 and CRP.

2.4. Outcomes and Quality Control. The primary outcome of
the study is all-causemortality, which includes cardiovascular
mortality and death due to other causes (accident, cancer,
liver or kidney failure, and injury). Cardiovascular death
includes sudden death and death caused by pump failure,
acute myocardial infarction (AMI), stroke, and heart failure
(HF) or after a cardiovascular procedure. Semiannual tele-
phone interviewswere conductedwith patients or their proxy
to ask about death or hospitalisation. When a suspicious
cardiovascular event recurrence was reported, we accessed
the hospital’s medical records, death certificates, or forensic
inspection reports and confirmed whether a particular event
actually occurred with a committee of cardiologists. All
clinical events were defined according to the American Heart
Association Council on Epidemiology and Prevention [14].

2.5. Statistical Methods. Descriptive statistics were used to
compare the baseline characteristics across quartiles of log-
transformed IL-6 levels. A chi-square test and one-way
ANOVA were used for the categorical and continuous vari-
ables and a Mann-Whitney 𝑈 or Kruskal-Wallis 𝐻 test was
used for variables that were not normally distributed.

Cox proportional hazards models were used to examine
the hazard ratio (HR) of all-cause and cardiovascular mortal-
ity associated with serum IL-6 and CRP levels as continuous
variables (log transformed) and also divided into tertiles as
categorical variables (by gender). The adjusted confounders
were as follows:model 1: age, sex, and bodymass index (BMI);
model 2: model 1 plus smoking, alcohol use, hypertension,
DM, LDL-c, and HDL-c; model 3: model 2 plus CRP or IL-6.
We stratified our analysis by males only, because only eight
of the females died during followup, with one cardiovascular
death.

We used the Kaplan-Meier method analysis to compare
the survival curves for serum IL-6 levels with all-cause and
cardiovascular mortality. The cumulative survival rates of
patients with different serum IL-6 levels were compared using
a log-rank test.

The statistical significance was set as 𝑃 < 0.05. All of the
computations were carried out with SPSS 16.0 software (SPSS,
Inc., Chicago, Illinois).

3. Results and Discussion

3.1. Description of the Population. The baseline demographic,
clinical and laboratory characteristics of the 718 patients
(63% male) are shown in Table 1. The mean age (±standard
deviation, SD) and BMI of the subjects were 64 (±11) years
and 23.9 (±3.6) kg/m2, respectively. Patients with higher
serum IL-6 levels (quartile 4) were older, more likely to be
DM, current smokers, and to be separated, and less likely
to be married than patients with low IL-6 levels (quartile
1). Additionally, patients with higher serum IL-6 levels in
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Table 1: Baseline clinical characteristics according to total and quartiles of serum interleukin-6.

Total Quartile 1 Quartile 2 Quartile 3 Quartile 4 P trend P∗

Range, pg/mL 0.10–101.63 ≤1.31 1.32–2.39 2.40–4.26 4.27–101.63 — —
No. of patients 718 180 179 180 179 — —
Time of followup, y 2.32 ± 0.81 2.26 ± 0.63 2.47 ± 0.72 2.37 ± 0.86 2.19 ± 0.80 0.006 0.429
Age, y 64 ± 11 63 ± 11 64 ± 11 63 ± 11 65 ± 11 0.114 0.022
Male sex (𝑛, %) 454 (63) 108 (59) 113 (62) 111 (60) 122 (67) 0.431 0.114
Hypertension (𝑛, %) 673 (93) 167 (91) 167 (91) 170 (92) 169 (92) 0.924 0.708
Diabetes mellitus (𝑛, %) 158 (22) 25 (14) 40 (22) 43 (23) 50 (27) 0.012 0.001
Current smoker (𝑛, %) 200 (28) 38 (21) 58 (32) 50 (28) 54 (30) 0.094 0.032
Current drinker (𝑛, %) 79 (11) 21 (12) 21 (12) 15 ( 8) 22 (12) 0.626 0.500
Education
Middle school and below (𝑛, %) 344 (48) 90 (50) 81 (45) 79 (44) 94 (53) 0.320 0.355
High school (𝑛, %) 195 (27) 46 (26) 50 (28) 46 (26) 53 (30) 0.785 0.229
Above high school (𝑛, %) 170 (24) 42 (23) 45 (25) 53 (29) 30 (17) 0.038 0.073
Missing (𝑛, %) 9 (1) 2 (1) 3 (2) 2 (1) 2 (1) 0.952 0.686

Marriage
Single (𝑛, %) 119 (17) 19 (11) 30 (17) 40 (22) 30 (17) 0.031 0.059
Married (𝑛, %) 447 (62) 131 (73) 111 (62) 101 (56) 104 (58) 0.005 0.002
Separated (𝑛, %) 138 (19) 27 (15) 33 (18) 37 (21) 41 (23) 0.272 0.038
Missing (𝑛, %) 14 (2) 3 (2) 5 (3) 2 (1) 4 (2) 0.687 0.497

Body mass index, kg/m2 23.91 ± 3.58 23.92 ± 4.03 24.07 ± 3.18 23.71 ± 3.50 23.92 ± 3.60 0.822 0.985
Total cholesterol (mmol/L) 4.75 ± 1.13 4.74 ± 1.16 4.77 ± 1.06 4.85 ± 1.22 4.63 ± 1.06 0.290 0.334
Triglyceride (mmol/L) 1.82 ± 1.26 1.72 ± 1.00 2.07 ± 1.76 1.79 ± 1.17 1.69 ± 0.92 0.018 0.812
LDL-c (mmol/L) 3.01 ± 0.97 3.03 ± 0.97 2.95 ± 0.91 3.10 ± 1.05 2.94 ± 0.94 0.313 0.358
HDL-c (mmol/L) 1.09 ± 0.30 1.13 ± 0.30 1.08 ± 0.28 1.06 ± 0.35 1.06 ± 0.29 0.097 0.024
C-reactive protein 3.15 (0.74–10.27) 1.21 (0.33–5.11) 2.16 (0.55–8.38) 3.39 (1.01–12.07) 6.37 (2.89–16.90) <0.0001 <0.0001
Interleukin-6 2.39 (1.31–4.26) 0.85 (0.56–1.11) 1.82 (1.55–2.07) 3.25 (2.77–3.74) 6.93 (5.36–11.42) <0.0001 <0.0001
The values are the mean ± SD for the continuous variable if normally distributed, the median (25th, 75th) for nonnormally distributed variables, and n (%) for
the categorical variables. ∗Quartile 4 versus quartile 1. LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol.

quartiles 2 to 4 had higher CRP levels of 2.16 (0.55–8.38),
3.39 (1.01–12.07) and 6.37 (2.89–16.90) ug/mL, respectively,
(all 𝑃 values < 0.001) than patients with low serum IL-6
levels. Patients with low IL-6 levels (quartile 1) had higher
HDL-c levels than patients with high IL-6 levels (1.13 versus
1.06mmol/L, 𝑃 = 0.024).

3.2. Mortality during Followup. During the 1663 person-
years of followup, the all-cause mortality and cardiovascular
mortality of patients with serum IL-6 levels in tertiles 1 to 3
were 3.7, 15.1, and 68.8 and 3.7, 5.0, and 36.3 per 1000 person-
years, respectively (Table 2).Themean length of followupwas
2.32 ± 0.81 years.

3.3. Hazard Ratios for All-Cause and Cardiovascular Mortal-
ity. For each additional SD, even after adjustment for age,
sex, BMI, smoking, alcohol use, hypertension, DM, LDL-
c, HDL-c, and CRP, the log-transformed serum IL-6 levels
were positively associated with a higher risk of all-cause and
cardiovascular mortality, with hazard ratios of 2.93 (95% CI,
2.11–4.08,𝑃 < 0.001) and 2.04 (95%CI, 1.34–3.68,𝑃 < 0.001),
respectively (see Table 2).When stratified into tertiles, higher
serum IL-6 levels (tertile 3) were significantly associated
with both all-cause mortality (HR: 17.12, 95% CI, 3.11–71.76,

𝑃 < 0.001) and cardiovascular mortality (HR: 8.68, 95% CI,
1.88–37.51, 𝑃 < 0.001) compared with the reference group
even after adjustment for potential confounders in model 3
(see Table 2).

In stratified analysis inmales, for each additional SD, even
after adjustment for potential confounders in Table 2, the log-
transformed serum IL-6 levels were positively associatedwith
a higher risk of all-cause and cardiovascular mortality, with
hazard ratios of 2.98 (95% CI, 2.12–4.18, 𝑃 < 0.001) and 3.10
(95% CI, 1.98–4.85, 𝑃 < 0.001), respectively (see Table 3).
When stratified into tertiles, higher serum IL-6 levels (tertile
3) were significantly associated with both all-cause mortality
(HR: 11.68, 95%CI, 3.04–37.56,𝑃 < 0.001) and cardiovascular
mortality (HR: 8.37, 95%CI, 1.93–36.22,𝑃 < 0.001) compared
with the reference group even after adjustment for potential
confounders in model 3 (see Table 3, Figures 1 and 2).

3.4. Main Findings. In these hospitalized CAD patients with
a mean followup of 2.32 years, increased serum IL-6 levels
were associated with an increased risk of all-cause and
cardiovascular mortality even after adjusted for potential
confounders, suggesting a possible pathophysiological role
of this proinflammatory cytokine in the process leading to
death.
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Table 2: Hazard ratios of all-cause and cardiovascular mortality stratified by interleukine-6 tertiles and continuous levels.

Variable Tertile 1 Tertile 2 Tertile 3 Per SD increment
Interleukine-6 (pg/mL)
Male 0.10–1.65 1.68–3.67 3.69–101.63
Female 0.09–1.63 1.68–3.38 3.39–43.19

No. of patients 238 241 239
No. of all-cause deaths 2 9 36
Person-years 545 595 523
Rate per 1000 person-years 3.7 15.1 68.8
Model 1∗ [Reference] 4.80 (1.03–22.42), P = 0.046 19.44 (4.38–86.29), P < 0.001 3.05 (2.23–4.18), P < 0.001
Model 2† [Reference] 4.57 (0.95–21.93), P = 0.058 17.78 (3.93–77.65), P < 0.001 3.04 (2.22–4.17), P < 0.001
Model 3‡ [Reference] 4.06 (0.88–18.78), P = 0.073 17.12 (3.11–71.76), P < 0.001 2.93 (2.11–4.08), P < 0.001

No. of CVD deaths 2 3 19
Person-years 545 595 523
Rate per 1000 person-years 3.7 5.0 36.3
Model 1∗ [Reference] 1.32 (0.22–7.92), P = 0.760 10.69 (2.39–49.56), P < 0.001 2.74 (1.75–4.28), P < 0.001
Model 2† [Reference] 1.22 (0.19–7.79), P = 0.831 9.65 (2.01–47.88), P < 0.001 2.34 (1.56–4.07), P < 0.001
Model 3‡ [Reference] 1.12 (0.16–7.77), P = 0.906 8.68 (1.88–37.51), P < 0.001 2.04 (1.34–3.68), P < 0.001

The quartiles are stratified by gender and the interleukin-6 levels are log transformed. The values are HR (95% confidence interval).
∗Adjusted for age, sex, and body mass index. †Adjusted for the variables in model 1 plus smoking, alcohol use, hypertension, diabetes mellitus, low-density
lipoprotein cholesterol, and high-density lipoprotein cholesterol. ‡Adjusted for the variables in model 2 plus C-reactive protein (log transformed).

Table 3: Hazard Ratios for All-cause and Cardiovascular Mortality According to Interleukine-6 Quartiles and Continuous Levels in Males.

Variable Tertile 1 Tertile 2 Tertile 3 Per SD increment
Interleukine-6 (pg/mL) 0.01–1.65 1.68–3.67 3.69–101.63
No. of patients 147 150 148
No. of all-cause deaths 2 8 29
Person-years 340 362 304
Rate per 1000 person-years 5.9 22.1 95.4
Model 1∗ [Reference] 4.54 (0.92–22.41), 𝑃 = 0.064 16.34 (3.52–72.70), P < 0.001 3.18 (2.21–4.57), P < 0.001
Model 2† [Reference] 4.19 (0.88–20.02), 𝑃 = 0.072 13.89 (3.30–58.42), P < 0.001 3.16 (2.17–4.60), P < 0.001
Model 3‡ [Reference] 3.55 (0.75–16.75), 𝑃 = 0.109 11.68 (3.04–37.56), P < 0.001 2.98 (2.12–4.18), P < 0.001

No. of CVD deaths 2 3 18
Person-years 340 362 304
Rate per 1000 person-years 5.9 8.3 59.2
Model 1∗ [Reference] 1.32 (0.22–7.93), 𝑃 = 0.759 11.35 (2.49–51.78), P = 0.002 3.41 (2.05–5.67), P < 0.001
Model 2† [Reference] 1.14 (0.18–7.43), 𝑃 = 0.892 10.81 (2.05–57.13), P = 0.005 3.34 (1.99–5.62), P < 0.001
Model 3‡ [Reference] 1.10 (0.16–7.74), 𝑃 = 0.927 8.37 (1.93–36.22), P = 0.005 3.10 (1.98–4.85), P < 0.001

The interleukin-6 levels are log transformed. The values are HR (95% confidence interval). ∗Adjusted for age and body mass index.
†Adjusted for the variables in model 1 plus smoking, alcohol use, hypertension, diabetes mellitus, low-density lipoprotein cholesterol, and high-density
lipoprotein cholesterol. ‡Adjusted for the variables in model 2 plus C-reactive protein (log transformed).

3.5. Association of IL-6 and Mortality in the Published Liter-
ature. Several previous studies have probed the association
between serum IL-6 and mortality, with conflicting results.
The Women’s Health and Aging study showed that among
women with prevalent CVD, those with higher plasma IL-
6 levels had a more than fourfold risk of death (RR: 4.6,
95%CI, 2.0–10.5) compared with women in the lowest tertile,
but the study did not find this association among those
without CVD [18]. In contrast, Tuomisto et al. reported that
CRP and TNF-𝛼 but not IL-6 were significant independent
predictors of total mortality among men [19]. Arai reported

that serum IL-6 was not associated with all-cause mortality
in 285 subjects with a mean age of 101.5 [20]. However,
Scharnagl et al. found IL-6 to be more strongly associated
with all-cause and cardiovascular mortality than CRP [5].
Other recent studies have shown that elevated levels of serum
IL-6 provide valuable information for the risk assessment of
long-term cardiovascular mortality in patients with STEMI
and are a powerful predictor of cardiovascular and all-cause
mortality [8, 21].These conflicting findings may be explained
by the small sample size in several of the studies, the old
age of the participants, and heterogeneous populations. Our
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Figure 1: Kaplan-Meier hazard plots for all-cause mortality by
tertiles of interleukin-6. The probability values represent the trend
across all three tertiles.
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Figure 2: Kaplan-Meier hazard plots for cardiovascular disease
mortality by tertiles of interleukin-6. The probability values repre-
sent the trend across all three tertiles.

hospitalised cohort study enrolled a larger number of CAD
patients with a homogeneous status who were younger than
those in some of the aforementioned studies. Our findings
show a clear association between serum IL-6 and all-cause
and cardiovascular mortality in existing CAD patients.

Few studies have examined the association between IL-
6 and mortality in Chinese CAD patients. A recent study

found that plasma IL-6 level predicts short- and long-term
mortality in patients with acute heart failure (HF) [4]. In two
prospective studies, long-term serum IL-6 levels were associ-
ated with CHD [22]. Haugen et al. showed that an increased
IL-6 concentration predicts mortality in elderly HF patients
[23]. Panichi et al. reported plasma IL-6 to be a stronger
predictor of total and cardiovascular mortality than CRP in
haemodialysis patients [24].Our study confirms these reports
of positive associations between circulating IL-6 concentra-
tion and subsequent risk of mortality, finding that serum IL-
6 is a stronger predictor of total and cardiovascular mortality
than CRP, which supports the potential role of inflammation
in the progression and prognosis of CAD.Additionally, in our
stratified analysis, serum IL-6 was positively associated with
increased risk of all-cause and cardiovascular mortality in
males even after adjustment for potential confounders.There
were only 8 females among the 47 patients who died, and
thus, the data were insufficient for a detailed analysis of the
female patients, which is a limitation of the study. However,
this situationmay change as the followup extends.The issue of
gender-specific aspects of mortality, including inflammatory
markers, is still controversial [25]. It is thus necessary to
further study the gender specificity of mortality in relation
to the inflammatory hypothesis and CAD.

3.6. Potential Mechanisms. The proinflammatory cytokine
IL-6 has been extensively studied. The key mechanisms by
which circulating IL-6 contributes to the development of
CAD are summarised elsewhere [26]. First, serum IL-6 is
the main stimulator of hepatic acute-phase response, which
is associated with increased blood viscosity and increased
platelet number and activity. Second, the autocrine and
paracrine activation of monocytes by IL-6 in the vessel wall
contributes to the deposition of fibrinogen [27]. Acute-phase
response proteins such as CRP and fibrinogen are both
strong risk factors for CAD.Third, IL-6 decreases the activity
of lipoprotein lipase (LPL) and the levels of monomeric
LPL in plasma, thereby increasing the uptake of lipids by
macrophages [28]. Fourth, circulating IL-6 also stimulates the
hypothalamic-pituitary-adrenal (HPA) axis, the activation of
which is associated with central obesity, hypertension, and
insulin resistance [29].

A large number of studies report a positive association
between serum IL-6 concentration and the risk of mortality
from CAD [1, 6, 30–32]. However, whether elevated serum
IL-6 plays a causal role in CAD mortality remains unclear. A
recent report showed that IL-6 may play a causal role in the
development of coronary heart disease [33] as interleukin-
6 receptor (IL6R) blockade reduced systemic and articular
inflammation. Furthermore, this causal association between
IL6R-related pathways and coronary heart disease is also
strongly supported by a collaborative meta-analysis [34].
These results suggest that targeting IL6R could provide a
novel therapeutic approach to the prevention of coronary
heart disease. Our study found that serum IL-6 levels were
significantly higher at baseline in patients who died during
followup, in line with previous studies, thus supporting
the notion that the chronic inflammatory process may
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play a causal role in the development and prognosis of
atherosclerotic disease. Further research is needed to confirm
the causality of association between serum IL-6 levels and
mortality.

3.7. Limitations and Strengths of Our Study. To the best of
our knowledge, this is the first study to show that serum IL-
6 is associated with all-cause and cardiovascular mortality
in a hospitalised cohort of Chinese CAD patients. However,
although the study has a prospective design, the findings
should be interpreted with caution, in that cytokine IL-
6 is not to be regarded as a causative factor of death
but rather a possible long-term biomarker of mortality in
CAD patients. Also, the study samples and incident cases
are small, and further investigations in a large number of
subjects are needed to confirm the present findings. Although
in this study cytokine measures were employed only at
baseline, other studies suggest that prospective changes in
inflammatory markers are better predictors of mortality than
baseline measures [35]. However, a more recent systematic
review reported that even ignoring the variability, increasing
IL-6 levels are still associated with progressively increasing
CHD risk, and the 17 available prospective studies gave a
combined odds ratio of 1.61 (95% CI, 1.42–1.83) per 2 SD
increase in baseline IL-6 (corresponding to an odds ratio
of 3.34 (95% CI, 2.45–4.56) per 2 SD increase in the usual
(long-term average) IL-6 levels). Our findings thus have
some merit, although they require replication in studies
with multiple time points of inflammatory measures. We
considered diseases associated with inflammation, but were
unable to consider other potential factors associated with
inflammation such as diet. However, the homogeneous status
of the GCDC participants as ethic Han Chinese from the
same area with similar dietary patterns means that diet may
not have had a significant effect on the study findings.

4. Conclusions

In Chinese hospitalised patients with CAD, serum IL-6
concentrations were associated with all-cause and cardio-
vascular mortality independent of potential confounders.
This medium-scale prospective analysis provides reliable
evidence of the role of serum interleukin-6 in the progression
and prognosis of atherosclerotic disease. Our findings are
consistent with and extend those of previous studies showing
the potential of inflammatory pathways as targets for cardio-
vascular disease prevention and highlight the need for studies
of IL-6 signalling inhibition for the prevention of coronary
artery disease.

Conflict of Interests

The authors declare that they have no conflict of interests.

Authors’ Contribution

Dongfang Su and Zhongxia Li contributed equally to this
work.

Acknowledgments

The authors are indebted to Dr. Fengying Dong, their nurse
Liang Yang, and all other cardiologists and staff from hos-
pitals and patients in the field work of this research and to
the voluntary students of Sun Yat-Sen University. This study
was supported by the key project of National Natural Science
Foundation of China (NSFC, no. 81130052) and NSFC-CIHR
Joint project, no. 81010017.

References

[1] G. Luc, J. M. Bard, I. Juhan-Vague et al., “C-reactive protein,
interleukin-6, and fibrinogen as predictors of coronary heart
disease: the PRIME study,” Arteriosclerosis, Thrombosis, and
Vascular Biology, vol. 23, no. 7, pp. 1255–1261, 2003.

[2] M. G. Shlipak, J. H. Ix, K. Bibbins-Domingo, F. Lin, and M.
A. Whooley, “Biomarkers to predict recurrent cardiovascular
disease: the heart and soul study,”American Journal ofMedicine,
vol. 121, no. 1, pp. 50–57, 2008.

[3] J. K. Lee, R. Bettencourt,D. Brenner, T.A. Le, E. Barrett-Connor,
and R. Loomba, “Association between serum interleukin-6 con-
centrations and mortality in older adults: the rancho bernardo
study,” PLoS ONE, vol. 7, Article ID e34218, 2012.

[4] R. Pudil, M. Tichy, V. Blaha, C. Andrys, and J. Vojacek, “Plasma
interleukin 6 level is associated with nt-probnp level and
predicts short- and long-term mortality in patients with acute
heart failure,” European Heart Journal Supplements, vol. 12, p.
F91, 2010.

[5] H. Scharnagl, T. Stojakovic, G. Weihrauch, B. R. Winkelmann,
B. O. Boehm, and W. Maerz, “Interleukin-6 is stronger associ-
ated with all-cause and cardiovascular mortality than c-reactive
protein, serum amyloid a and fibrinogen (the luric study),”
Atherosclerosis Supplements, vol. 11, pp. 42–42, 2010.

[6] Z. X. Fan, Q. Hua, J. Tan, J. Gao, R. K. Liu, and Z. Yang,
“Interleukin-6 but not soluble adhesion molecules has short-
term prognostic value on mortality in patients with acute ST-
segment elevation myocardial infarction,” African Journal of
Biotechnology, vol. 10, no. 8, pp. 1454–1459, 2011.

[7] E. Zakynthinos and N. Pappa, “Inflammatory biomarkers in
coronary artery disease,” Journal of Cardiology, vol. 53, no. 3,
pp. 317–333, 2009.

[8] Z. X. Fan, Q. Hua, Y. P. Li, R. K. Liu, and Z. Yang, “Interleukin-
6, but not soluble adhesion molecules, predicts a subsequent
mortality from cardiovascular disease in patients with acute st-
segment elevationmyocardial infarction,”Cell Biochemistry and
Biophysics, vol. 61, pp. 443–448, 2011.

[9] S. James, A. Siegbahn, and L. Wallentin, “Interleukin-6 is
a better predictor of mortality than c-reactive protein very
early after symptom onset in patients with non-st elevation
acute coronary syndrome,” Journal of the American College of
Cardiology, vol. 43, p. 1A, 2004.

[10] D. A. Papanicolaou, R. L. Wilder, S. C. Manolagas, and G.
P. Chrousos, “The pathophysiologic roles of interleukin-6 in
human disease,” Annals of Internal Medicine, vol. 128, no. 2, pp.
127–137, 1998.

[11] X. Lv, Y. Zhang, S. Rao et al., “Joint effects of genetic variants in
multiple loci on the risk of coronary artery disease in chinese
han subjects,” Circulation Journal, vol. 76, pp. 1987–1992, 2012.

[12] X. F. Lv, Y. Zhang, S. Q. Rao et al., “Lack of association between
four snps in the slc22a3-lpal2-lpa gene cluster and coronary



Mediators of Inflammation 7

artery disease in a chinese han population: a case control study,”
Lipids in Health and Disease, vol. 11, article 128, 2012.

[13] Y. J. Xiao, Y. Zhang, X. F. Lv et al., “Relationship between lipid
profiles and plasma total homocysteine, cysteine and the risk
of coronary artery disease in coronary angiographic subjects,”
Lipids in Health and Disease, vol. 10, 2011.

[14] V. L. Roger, A. S. Go, and D.M. Lloyd-Jones, “Heart disease and
stroke statistics—2011 update: a report from the american heart
association,” Circulation, vol. 123, pp. e18–e209.

[15] A. Ritsch, H. Scharnagl, P. Eller et al., “Cholesteryl ester
transfer protein and mortality in patients undergoing coronary
angiography: the ludwigshafen risk and cardiovascular health
study,” Circulation, vol. 121, no. 3, pp. 366–374, 2010.

[16] B. Zhang, P. Wang, C.-G. Chen et al., “Validation of an FFQ to
estimate the intake of fatty acids using erythrocyte membrane
fatty acids and multiple 3d dietary records,” Public Health
Nutrition, vol. 13, no. 10, pp. 1546–1552, 2010.

[17] L. N. Kolonel, B. E. Henderson, J. H. Hankin et al., “A multieth-
nic cohort in Hawaii and Los Angeles: baseline characteristics,”
American Journal of Epidemiology, vol. 151, no. 4, pp. 346–357,
2000.

[18] S. Volpato, J. M. Guralnik, L. Ferrucci et al., “Cardiovascular
disease, interleukin-6, and risk ofmortality in older women: the
women’s health and aging study,” Circulation, vol. 103, no. 7, pp.
947–953, 2001.

[19] K. Tuomisto, P. Jousilahti, J. Sundvall, P. Pajunen, and V.
Salomaa, “C-reactive protein, interleukin-6 and tumor necrosis
factor alpha as predictors of incident coronary and cardiovascu-
lar events and total mortality. A population-based, prospective
study,” Thrombosis and Haemostasis, vol. 95, no. 3, pp. 511–518,
2006.

[20] Y. Arai, M. Takayama, Y. Gondo et al., “Adipose endocrine
function, insulin-like growth factor-1 axis, and exceptional
survival beyond 100 years of age,” Journals of Gerontology A, vol.
63, no. 11, pp. 1209–1218, 2008.

[21] M. Rao, D. Guo,M. C. Perianayagam et al., “Plasma interleukin-
6 predicts cardiovascular mortality in hemodialysis patients,”
American Journal of Kidney Diseases, vol. 45, no. 2, pp. 324–333,
2005.

[22] J. Danesh, S. Kaptoge, A. G. Mann et al., “Long-term
interleukin-6 levels and subsequent risk of coronary heart
disease: two new prospective studies and a systematic review,”
PLoS Medicine, vol. 5, no. 4, article e78, 2008.

[23] E. Haugen, L.-M. Gan, A. Isic, T. Skommevik, and M. Fu,
“Increased interleukin-6 but not tumour necrosis factor-alpha
predicts mortality in the population of elderly heart failure
patients,”Experimental and Clinical Cardiology, vol. 13, no. 1, pp.
19–24, 2008.

[24] V. Panichi, U. Maggiore, D. Taccola et al., “Interleukin-6 is a
stronger predictor of total and cardiovascular mortality than C-
reactive protein in haemodialysis patients,” Nephrology Dialysis
Transplantation, vol. 19, no. 5, pp. 1154–1160, 2004.

[25] G. Candore, C. R. Balistreri, F. List̀ı et al., “Immunogenetics,
gender, and longevity,” Annals of the New York Academy of
Sciences, vol. 1089, pp. 516–537, 2006.

[26] J. S. Yudkin, M. Kumari, S. E. Humphries, and V. Mohamed-
Ali, “Inflammation, obesity, stress and coronary heart disease: is
interleukin-6 the link?” Atherosclerosis, vol. 148, no. 2, pp. 209–
214, 2000.

[27] T. Van Der Poll, M. Levi, C. E. Hack et al., “Elimination
of interleukin 6 attenuates coagulation activation in experi-
mental endotoxemia in chimpanzees,” Journal of Experimental
Medicine, vol. 179, no. 4, pp. 1253–1259, 1994.

[28] I. Hardardottir, C. Grunfeld, and K. R. Feingold, “Effects of
endotoxin and cytokines on lipidmetabolism,”Current Opinion
in Lipidology, vol. 5, no. 3, pp. 207–215, 1994.

[29] G. Mastorakos, G. P. Chrousos, and J. S. Weber, “Recombinant
interleukin-6 activates the hypothalamic-pituitary-adrenal axis
in humans,” Journal of Clinical Endocrinology and Metabolism,
vol. 77, no. 6, pp. 1690–1694, 1993.

[30] B. T. Baune, M. Rothermundt, K. H. Ladwig, C. Meisinger, and
K. Berger, “Systemic inflammation (interleukin 6) predicts all-
cause mortality in men: results from a 9-year follow-up of the
MEMO study,” Age, vol. 33, no. 2, pp. 209–217, 2011.

[31] P. Jaremo and O. Nilsson, “Interleukin-6 forecasts long-term
mortality after acute myocardial infarctions,” Bologna, Italy,
Medimond S R L, 2007.

[32] E. Z. Fisman, M. Benderly, R. J. Esper et al., “Interleukin-6
and the risk of future cardiovascular events in patients with
angina pectoris and/or healedmyocardial infarction,”American
Journal of Cardiology, vol. 98, no. 1, pp. 14–18, 2006.

[33] D. I. Swerdlow, M. V. Holmes, K. B. Kuchenbaecker et al., “The
interleukin-6 receptor as a target for prevention of coronary
heart disease: a mendelian randomisation analysis,”The Lancet,
vol. 379, pp. 1214–1224, 2012.

[34] N. Sarwar, A. S. Butterworth, D. F. Freitag et al., “Collaboration
IRGCERF: interleukin-6 receptor pathways in coronary heart
disease: a collaborative meta-analysis of 82 studies,”The Lancet,
vol. 379, pp. 1205–1213, 2012.

[35] D. E. Alley, E. Crimmins, K. Bandeen-Roche, J. Guralnik, and
L. Ferrucci, “Three-year change in inflammatory markers in
elderly people and mortality: the Invecchiare in Chianti study,”
Journal of the American Geriatrics Society, vol. 55, no. 11, pp.
1801–1807, 2007.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


