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Abstract: Background: Involvement of inflammatory processes in the atherogenesis is now well-recognized. The p- 
resent study examines the relationship between a proinflammatory cytokine, interleukin-6 (IL-6), and atherosclero-
sis by meta-analyzing the correlation coefficients between IL-6 and intima media thickness reported in the relevant 
studies. Method: Relevant research articles were searched in several electronic databases by using most relevant 
MeSH terms and keywords. For the meta-analyses, correlation coefficients of individual studies were first converted 
into Fisher’s z scores and then overall effect size was transformed into correlation coefficient. Between-study hete   
rogeneity was tested by I2 index and subgroup analyses were performed. Quality of the included studies was as-
sessed and tests for publication bias were carried out. Results: Thirty seven studies were selected for the meta-anal-
ysis from which data of 14832 participants including healthy persons, persons at risk of CVD and patients of various 
diseases is used. The effect size (correlation coefficient) with 95%  confidence interval (CI) between IL-6 and intima 
media thickness was 0.336 (0.327 to 0.345); P < 0.0001 in the overall meta-analysis, 0.446 (0.422 to 0.47); P < 
0.0001 in patients suffering from any pathological condition; 0.478 (0.446 to 0.508); P < 0.0001 in patients suf-
fering either from a CVD or a disease which poses risk of CVD; 0.327 (0.264 to 0.388); P < 0.0001 in patients suf-
fering from a disease with no CVD risk; and 0.31 (0.291 to 0.327); P < 0.0001 in participants of community-based 
surveys. There was no significant publication bias.Conclusion: Intima media thickness is significantly correlated 
with IL-6 levels in the patients with CVD or a disease posing risk of CVD as well as in apparently healthy populations.
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Introduction

Atherosclerosis is characterized by the harden-
ing of the artery walls because of the accumu-
lation of cells, cholesterol, and extracellular 
matrix with the earliest detectable change as 
pathological intimal thickening [1]. This follows 
the appearance of fatty streaks of lipid-laden 
macrophages which triggers a series of chang-
es in the vessel wall such as the endothelial 
activation and accumulation of smooth muscle 
and extracellular matrix which finally result in 
the formation of fibrofatty plaques. Such pla- 
ques can result in hazard either by causing ste-
nosis at the site of formation or detaching to 
form a thrombus that can cause occlusion at 
any other place [2]. Dyslipidemia together with 
hypertension and diabetes poses major modifi-
able risk for atherogenesis, endothelial dys-
function, atherosclerosis and resulting cardio-
vascular disease (CVD) [3, 4].

Research in the recent years has shown that 
inflammatory processes are involved in the 
pathogenesis of atherosclerosis [5]. It is postu-
lated that injury or other insults such as infec-
tions, increased oxidative stress, shear stress-
ors, molecular stressors such as angiotensin II, 
oxidized-lipoproteins, and cytokines activates 
monocytes/macrophages. Monocytes gather in 
the sub-endothelial space and excessively up- 
take low density lipoproteins and subsequently 
become the foam cells [6]. Interleukin (IL)-6 is a 
proinflammatory cytokine produced by the acti-
vated macrophages, endothelial cells and vas-
cular smooth muscle cells and is capable of 
promoting the secretion of other cytokines. To 
promote atherogenesis, IL-6 is reported to stim-
ulate monocyte chemoattractant protein 1 
secretion from macrophages [7] and is associ-
ated with the increased expression of cell adhe-
sion molecules [8, 9]. Additionally, IL-6 has also 
been reported as a stimulator of the prolifera-
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tion and migration of vascular smooth muscle 
cells [10]. 

Interleukin-6 has now been recognized as a 
predictor of CVD even after the adjustment for 
traditional risk factors and other inflammatory 
markers in a number of well-sized epidemiologi-
cal studies involving apparently healthy individ-
uals and patients [11-15]. A number studies 
have attempted to explore the relationship 
between inflammatory markers and atheroscle-
rosis many of which have estimated statistical 
correlations between atherosclerosis markers 
and inflammatory markers. However, results 
are not always similar which provides impetus 
for a meta-analysis to attain a more reliable 
state of evidence. To our knowledge, there is no 
study to review the association of IL-6 with inti-
ma media thickness systematically. Therefore, 
the present study meta-analyzes the correla-
tion coefficients between IL-6 and intima media 
thickness achieved in various studies which 
attempted to explore relationships between 

inflammatory markers and atherosclerotic mark- 
ers either in cross sectional or longitudinal 
designs.

Method

Literature search

For the required original research articles (pub-
lished before October 2014), electronic data-
bases including EBSCO, Embase, PubMed, and 
Web of Science were searched. The MeSH term- 
s and keywords used in logical combinations 
were interleukin-6, IL-6, intima media thick-
ness, IMT, cIMT, ICA-IMT, BA-IMT, CCA-IMT, 
FA-IMT, carotid artery, brachial artery, femoral 
artery, atherosclerosis, arteriosclerosis, ath-
erogenesis, and systemic sclerosis. Corrobora- 
tions and cross references of important re- 
search papers were also explored. PRISMA 
guidelines were followed in carrying out this 
study. Quality assessment of the included stud-
ies was carried out by using a valid tool [16].

Figure 1. Flowchart of literature search, study screening and selection process.
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Table 1. Characteristics of the included studies
Study/design N Age Pathology/Atherosclerotic characteristics % T2D % HYPT % DYSLIP % MetS % CVD
Amar et al 2006/C [17] 953 49.4 ± 8.7 Population survey 3 13.6 13.6 13.6 0
Bevc et al 2008/C [18] 95 60 ± 13 Hemodialysis patients NA NA NA NA NA
Brucker et al 2014/C [19] 58 49.5 ± 1.5 Population survey NA 50 NA 0 0
Cardellini et al 2007/C [20] 176 36.1 ± 9.9 Healthy children of Type 2 Diabetes (T2D) 10 0 0 NA NA
Chapamn et al 2004/C [21] 1092 53.3 ± 13 Population survey 2 24.3 7 NA 1
Ciccone et al 2014/C [22] 80 53 ± 10.5 Obstructive sleep apnea 0 0 0 0 0
Elkind et al 2005/C [23] 141 67.3 ± 8.6 Population survey 24.8 67.3 46.8 NA 17.7
Esposito et al 2004/C [24] 401 56 ± 9 T2D 100 NA NA NA 0
Fagerberg et al 2008/C [25] 98 58 years Population survey 0 0 0 0 0
Fang et al 2010/C [26] 86 10.5 ± 1.6 Obese children/adolescent 26 NA NA 26 0
Han et al 2010/C [27] 852 59 ± 4 Population survey 0 0 0 0 0
Hoshi et al 2007/C [28] 226 67 ± 7.5 CVD risk/primary stroke prevention/ILAA 16.8 57.5 52.2 NA 20
Kablak-Zeimb. 2011/L [29] 227 64.5 ± 9.2 Atherosclerotic occlusive disease 35.6 91 100 NA 100
Kapiotis et al 2006/C [30] 145 12 ± 2.9 Obese children NA NA NA 0 0
Kato et al 2002/C [31] 157 58 ± 1 Hemodialysis patient 11.4 NA NA NA 32
Kim et al 2008/L [32] 52 51.8 ± 10.8 Continuous ambulatory peritoneal dialysis 0 23.1 NA NA 0
Kobayashi et al 2010/C [33] 393 59.6 ± 8.7 Rheumatoid arthritis/healthy controls 8.6 22.6 20.6 NA 0
Lee et al 2007/C [34] 392 63 ± 0.5 Population survey 8.6 39.2 NA NA 12.5
Leonsson et al 2003/C [35] 102 54 ± 10 Growth hormone deficiency 0 0 0 0 0
Li et al 2009/L [36] 71 57 ± 4 T2D 100 NA NA NA NA
Lienonen et al 2005/C [37] 78 61.6 ± 6.5 Healthy controls 0 0 0 NA 0
Lind et al 2008/C [38] 1016 70 years old Population survey 9 45 NA NA 28
Liu et al 2012/C [39] 280 68.3 ± 6.5 Atherosclerosis 0 100 0 NA 0
Martinic-Popovic 2014/C [40] 45 74 (48 to 90) Transient ischemic attack 37.7 88.8 0 NA 100
Minoguchi et al 2006/C [41] 52 48.4 ± 3.1 Obstructive Sleep apnea 0 0 0 0 0
Morillas et al 2012/C [42] 126 56.5 ± 11.4 Hypertensive 23.8 100 57.1 NA 0
Nakamura et al 2003/C [43] 30 54.2 ± 5.5 Hemodialysis-uremic patients 50 NA NA NA 30
Nishida et al 2007/C [44] 254 48.6 ± 5.8 Population survey NA NA NA NA NA
Okazaki et al 2014/L [45] 210 64 ± 8 Individuals at risk of CVD 11.9 79 NA NA 30
Porta et al 2007/C [46] 85 57.5 ± 8.1 Ischemic heart disease 0 44.7 0 NA 100
Ross et al 2010/C [47] 27 10 (3 to 22) HIV positive children 0 0 0 0 0
Ross et al 2009 [48] 94 48 (21-70) HIV positive patients 0 0 0 0 0
Rueda-Clausen 2009/C [49] 102 55 (44-66) IQR Dyslipidic patients 0 NA 100 NA 33
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Sardo et al 2009/C [50] 123 42 ± 9 Hypertensive patients 0 100 0 0 0
Schipou et al 2013/C [51] 46 48.6 ± 13.3 Systemic sclerosis 2 25 NA NA 100
Scuteri et  al 2011/C [52] 6123 43 ± 17 Population survey 7.3 36 9.6 69 0
Stenvinkel et al 2002/C [53] 45 51 ± 2 Dialysis for end stage renal disease patients 77.7 100 NA NA 33
Tarantino et al 2014/C [54] 125 46 (34-53) IQR Obese with non-alcoholic fatty liver disease NA NA NA NA 0
C, cross sectional; CVD, cardiovascular disease DYSLIP, dyslipidemia; HYPT, hypertension; ILAA, intracranial large artery atherosclerosis; MetS (metabolic syndrome defined as the 
existence of at least 3 of 5 following conditions: 1) abdominal obesity; 2) a serum level of triglycerides ≥ 150 mg/dl; 3) a serum level of HDL-cholesterol 40 mg/dl; 4) systolic blood 
pressure ≥ 130 mm Hg, or diastolic blood pressure ≥ 85 mm Hg; 5) plasma level of glucose ≥ 100 mg/dl); L, longitudinal.

Table 3. Assessment of quality of the included studies with Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies [16]
Cri-
teria Study reference

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

1. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

2. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

3. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

4. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

5. N N N N N N Y N N N N N N Y N N N N Y N N N N N N N N N N Y N N N N N N N N

6. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

7. NA Y NA NA NA Y NA Y NA Y NA CD Y Y Y Y Y NA Y Y Y NA Y Y Y Y Y NA CD Y Y Y Y Y Y NA Y Y

8. N N N N N N N N N N N N N N N Y N N N N N N N N N N N N Y N N N N N N N N N

9. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

10. N N N N N N N N N N N N Y N N Y N N N Y N N N N N N N N Y N N N N N N N N N 

11. Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y Y

12. N N N N N N Y Y N N Y Y N Y N N N Y Y N Y N Y Y Y Y N Y Y N Y Y Y Y Y Y N N

13. NR NR NR NR NR NR NR Y NR NR Y NR NR NR NR Y NR Y NR NR NR NR NR NR NR NR NR NR Y NR NR NR NR NR NR NR NR NR

14. NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Criteria. 1. Was the research question or objective in this paper clearly stated? 2. Was the study population clearly specified and defined? 3. Was the participation rate of eligible persons at least 50%? 4. Were all the subjects selected or 
recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study pre-specified and applied uniformly to all participants? 5. Was a sample size justification, power de-
scription, or variance and effect estimates provided? 6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured? 7. Was the timeframe sufficient so that one could reasonably expect 
to see an association between exposure and outcome if it existed? 8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure 
measured as continuous variable)? 9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 10. Was the exposure(s) assessed more than once over 
time? 11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 12. Were the outcome assessors blinded to the exposure status of participants? 13. 
Was loss to follow-up after baseline 20% or less? 14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)? *CD, cannot determine; NA, not 
applicable; NR, not reported.
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Inclusion and exclusion criteria

The inclusion criteria were: a) Cross sectional or 
longitudinal studies which carried out correla-
tional analyses to investigate the associations 
between atherosclerosis and serum markers of 
inflammation and endothelial dysfunction; b) 
study reported correlation coefficient between 
intima media thickness (carotid/brachial/fem-
oral artery) and serum IL-6 of the patients, per-
sons at risk of CVD or healthy subjects. The 
exclusion criteria were: a) studies providing 
associational data that could be used to impute 
correlation coefficient indirectly e.g. from mean- 
s and standard deviations/population size etc; 
b) studies mentioning the existence of associa-
tion between IL-6 and intima media thickness 
but did not provide correlation coefficient.

Data extraction, synthesis and statistical 
analysis

Data regarding the participants’ demographic, 
clinical and pathological characteristics, and 
outcomes were obtained from the tabular, tex-
tual and graphic sources of the published 
research papers. Only raw values of the correla-
tion coefficients provided in the studies were 
used in the meta-analyses. Imputation of cor-
relation coefficients from data such as means 
and standard deviations or sample size were 
carried out for the rough estimates but were 
not included in the meta-analyses. For the 
meta-analysis, correlation coefficients report-
ed in each of the included studies were first 
converted into Fisher’s z scores and then cor-
responding standard errors were calculated 
which were used to calculate the 95% confi-
dence limits. Meta-analyses were performed 
under random effects model in Stata software 
(version 12; Stata Corporation, College Station, 
TX). The overall effect size was the weighted 

average of the 
inverse variance 
adjusted individ-
ual effect sizes  
(z scores). The 
effect sizes of  
the meta-analy-
ses were then 
transformed into-
correlation coeffi-
cients which were 
then considered 
as the resultant 
effect sizes. Sub- 

Table 2. Tests for publication bias assessment
Begg’s test
Adjusted Kendall’s Score (P - Q) = 132
Std. Dev. of Score = 89.02 (corrected for ties)
Number of dataset = 41 (Studies = 31)
z = 1.48; Pr > |z| = 0.138
z = 1.47 (continuity corrected); Pr > |z| = 0.141 (continuity corrected)
Egger’s test
Standard Effect Coefficient Standard error t P > |t| 95% confidence interval
Slope 0.3081291 0.0695739 4.43 0.000 0.1674027 0.4488556
bias 1.096172 1.306587 0.84 0.407 −1.54665 3.738994

group analyses were performed and between-
study heterogeneity was tested by I2 index. For 
the assessment of publication bias, Begg-
Mazumdar’s adjusted rank correlation test and 
the Egger’s regression asymmetry test were 
carried out. 

Results

Thirty seven studies [17-54] were selected for 
the meta-analysis. Study screening and selec-
tion process is outlined in Figure 1 and impor-
tant characteristics of the included studies are 
presented in Table 1. Of the included studies, 
data from 14832 participants including healthy, 
persons at risk of CVD and patients of various 
diseases is used to estimate overall effect size 
of the correlation coefficient between IL-6 and 
intima media thickness.

Among the included studies, 21 recruited per-
sons either at risk of CVD including patients 
with T2D, obesity, hypertension, dyslipidemia 
and their respective controls, or patients suf-
fering from a CVD; 11 were the general commu-
nity-based surveys; remaining recruited patient- 
s with obstructive sleep apnea (2 studies), HIV 
positive patients (2 studies), rheumatoid arthri-
tis patients (1 study), pituitary deficiency and 
growth hormone deficiency patients (1 study 
each), and their respective controls.

Average age of these participants ranged 
between 10 ± 4.7 and 74 ± 10.5 years with an 
average and standard deviation of 52.37 ± 
7.45 years. In the overall population of this 
meta-analysis, the prevalence of cardiovascu-
lar conditions, T2D, dyslipidemia and hyperten-
sion was about 18%, 20%, 22% and 42%, 
respectively (exact prevalence may differ slight-
ly because a few studies did not mention the 
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prevalence as percentage in their respective 
research article/s).

There was no significant publication bias in this 
sample of studies as indicated by the Begg’s 
test and Egger’s test (Table 2; Figure 2).

Quality assessment of the included studies is 
presented in Table 3 and the summary of the 
findings of the meta-analyses are presented in 
Table 4. The overall correlation coefficient 
(effect size of the meta-analysis of all included 
studies) between IL-6 and intima media thick-
ness with 95% confidence interval [CI] was 
0.336 [0.327, 0.345]; (P < 0.0001; Figure 3). In 
the subgroup analyses, meta-analysis of the 
studies which recruited patients suffering from 
various pathological conditions revealed the 
correlation coefficient of 0.446 [0.422, 0.470] 

(P < 0.0001) and in the sub-
meta-analysis of studies in- 
volving healthy individuals 
correlation coefficient was 
0.311 [0.292, 0.321] (P < 
0.0001; Figure 3). 

In the submeta-analysis of 
the studies which recruited 
patients suffering either from 
a CVD or a disease which 
poses risk of CVD, the corre-
lation coefficient was 0.478 
[0.446, 0.508]; P < 0.0001, 
whereas, it was 0.327 [0.264, 
0.388]; P < 0.0001 in the 
studies with non-CVD/CVD 
risk disease patients (Figure 
4). In the submeta-analysis of 
the studies which undertook 
cIMT and IL-6 measurements 
in the apparently healthy indi-
viduals (population surveys), 
the correlation coefficient 
was 0.310 [0.291 to 0.327]; 
P < 0.0001 and it was 0.21 
[0.09, 0.32]; P < 0.0001 in 
the healthy controls of two 
studies (Figure 4). 

In the submeta-analysis with 
regards to the design of the 
study, the correlation coeffi-
cient was 0.338 [0.323, 
0.352]; P < 0.0001 for the 
studies which utilized cross 
sectional designs and it was 

Figure 2. Plots showing the publication bias. A. Begg’s funnel plot. B. Eggers 
regression.

0.339 [0.240, 0.431]; P < 0.0001 for studies 
which utilized longitudinal designs. 

Discussion

The present study finds a significant associa-
tion between intima media thickness and IL-6 
in a heterogeneous sample of human subjects 
with health status ranging from healthy partici-
pants to patients with chronic diseases. More- 
over, the significance of this relationship per-
sisted in subgroup; a) participants of com- 
munity-based surveys with predominantly ap- 
parently healthy individuals, b) patients suffer-
ing from CVD or diseases which pose risk of 
CVD, or c) patients with other diseases such as 
AIDS, obstructive sleep apnea, hypophyseal 
deficiency, and rheumatoid arthritis.
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It has been estimated that first myocardial 
infarction (MI) can happen with a carotid intima 
media thickness of above 0.882 mm and 
stroke above 0.75 mm. Moreover, an increase 
in carotid intima media thickness of more than 
0.34 mm per year can lead to a cardiovascular 
event [55]. Thus, atherosclerosis and subse-
quent CVD risk prediction is of prime impor-
tance in which role of inflammatory agents is 
being increasing speculated. There are a num-
ber of studies which have examined the asso-
ciation of IL-6 with CVD and their risk factors 
and those which found a significant association 
are numerous. Ridker et al., [11] in a 6-year 
follow-up study of healthy middle-aged men, 
have reported that baseline IL-6 levels of > 
2.28 pg/ml are associated with 2.3-fold 
increased risk of future myocardial infarction.

Among the proinflammatory cytokines, IL-6 is 
reported as a valuable predictor of the risk of a 
major adverse cardiovascular event in subjects 
with coronary heart disease (CHD) [56] and in 
hypercholesterolemic middle-aged men, on the 
basis of multivariate analyses including con-
ventional CHD risk factors [57]. In a 6-year fol-
low-up study of apparently healthy men, elevat-
ed IL-6 levels were associated with increased 
risk of future MI even after adjustments for 
baseline differences in total cholesterol, HDL-
cholesterol, BMI, blood pressure, diabetes mel-
litus, family history of precocious CHD, alcohol 
use, or exercise frequency [11]. Moreover, in a 
study of MI and unstable angina patients, 
among others, IL-6, was also a significantly reli-
able predictor of mortality in the long-term and 
re-hospitalization for congestive heart failure 
but not for MI [14].

In a large prospective case-cohort study of 
about 400 CHD patients and 2000 controls, 
even after adjustment for traditional cardiovas-
cular risk factors, elevated levels of IL-6, but 
not IL-18, were found to be independently asso-

ciated with CHD risk, which was stronger in 
women [13]. Interleukin-6 has also been found 
to be a more reliable predictor of the risk of a 
prime CHD in a population-based prospective 
study of apparently healthy men. In this study, 
IL-6 was also associated with mortality related 
to MI and CHD but not with angina [58]. 
Elevated preoperative levels of IL-6 are also 
reported to be predictive of early graft occlu-
sion after coronary artery bypass grafting [59].

Interleukin-6 is identified as a potential predic-
tor of future cerebrovascular events in patients 
with cardiovascular risk factors, including 
hypertension, diabetes mellitus, hyperlipid-
emia, history of smoking, arteriosclerosis (tran-
sient ischemic attack), stroke, CHD, or periph-
eral artery disease (PAD) [15]. Similarly, in a 
study of elderly with no prior CVD (Health ABC 
Study) [60], IL-6 was found to be a predictor of 
stroke incidence. However, other studies such 
as PROSPER [61] and Caerphilly [62] could not 
find an independent association of IL-6 in dis-
criminating stroke risk.

Persisting inflammation may lead to functional 
decline in patients with lower extremity PAD if it 
damages skeletal muscular physiology or pro-
motes lower extremity atherosclerosis. Inter- 
leukin-6 is reported to be associated with fast-
er decline in walk performance tests in PAD 
patients at three year follow-up [63]. Higher 
baseline IL-6 levels were also found to be asso-
ciated with a higher PAD incidence at 5- and 
12-year follow-up [12].

Association of IL-6 with atherosclerosis as well 
as with risk factors for atherosclerosis has not 
only been found in a number of adult popula-
tion studies but also in those involving young 
participants [64].

Together with the literature cited above and the 
results of this meta-analysis, it is evident that 
the role of proinflammatory cytokine IL-6 in ath-

Table 4. Summary of the findings of the meta-analyses

Group/subgroup Studies n Effect size (z score) 
[95 CI]

Correlation coefficient 
[95% CI] P I2

Overall 37 14832 0.352 [0.336, 0.368] 0.336 [0.327, 0.345] P < 0.0001 96.7%
Healthy individuals 12 266 0.316 [0.297, 0.334] 0.311 [0.292, 0.321] P < 0.0001 97.6%
Population surveys 10 10979 0.319 [0.300, 0.337] 0.310 [0.291, 0.327] P < 0.0001 98.1%
Patients 27 3587 0.480  [0.445, 0.514] 0.446 [0.422, 0.470] P < 0.0001 95.8%
CVD/CVD risk patients 21 2861 0.518 [0.481, 0.555] 0.478 [0.446, 0.508] P < 0.0001 96.4%
Non-CVD risk patients 6 726 0.341 [0.266, 0.415] 0.327 [0.264, 0.388] P < 0.0001 85.1%
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Figure 3. Forest graph showing the overall meta-analysis and the submeta-analyses of the studies with healthy individuals and the studies which recruited patients 
suffering from various pathological conditions. Dual study data: Nishida et al., 2007 (men, women), and Ross et al., 2010 (internal carotid artery, common carotid 
artery).
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Figure 4. Forest graph of the meta-analysis of all included studies showing the overall effect size (z score) as well as the effects sizes of subgroups-population sur-
veys, cardiovascular diseases (CVD) or diseases with CVD risk, non-CVD/CVD risk diseases, and healthy individuals. 
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erogenesis is pivotal. Interleukin-6 is released 
in response to acute infections, chronic inflam-
mation, obesity, and physiological stress. In- 
creased IL-6 levels initiate the synthesis of 
acute-phase reactants in the liver, endothelial 
cell activation, increased coagulation, stimula-
tion of the hypothalamic-hypophyseal-adrenal 
axis, and promotion of lymphocyte proliferation 
and differentiation. Thus, targeting IL-6 in a 
therapeutic strategy can be useful. There is 
some evidence in this regard as individuals 
with IL-6 receptor variant that causes impaired 
IL-6 signaling have a decreased risk for CHD. 
Research is needed to test IL-6 receptor block-
ers such as tocilizumab in alleviating the inflam-
matory response [2].

Despite, a myriad number of reports providing 
evidence regarding the existence of a signifi-
cant relationship between IL-6 and atheroscle-
rosis/CVD risk, results of some studies did not 
conform to the existence of such a relationship. 
Among the included studies of this meta-analy-
sis, population surveys of apparently healthy 
participants [23, 25, 38], studies in obese chil-
dren and adolescents [26, 30], in diabetic 
patients with or without CV events [37], in 
hemodialysis patients [18], in rheumatoid 
arthritis patients [33] and in HIV positive chil-
dren [48], could not find a significant correla-
tional relationship between IL-6 and intima 
media thickness. Nishida et al. [44] found a 
significant association in men but not in women 
in apparently healthy participants of a medical 
examination. Thus, there can be other factors 
to enforce or modify the actions of proathero-
genic agents including IL-6 that should be 
explored and taken into account while testing 
the possible therapeutic role of IL-6 to control 
atherosclerosis.

In conclusion, inflammatory processes are 
importantly involved in the atherosclerosis. 
There exists a significant association between 
intima media thickness and interleukin-6 levels 
in patients with CVD or a disease posing risk of 
CVD as well as in apparently healthy popula-
tions including youth. Whether therapeutic 
strategies can focus on IL-6 to control athero-
sclerosis is subject to multi-dimensional rese- 
arch in future.
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