
260

J Atheroscler Thromb, 2019; 26: 260-271.   http://doi.org/10.5551/jat.45294

The official journal of the Japan Atherosclerosis Society and 
the Asian Pacific Society of Atherosclerosis and Vascular Diseases

Original Article

Aim: Inflammatory arthritis (IA) diseases are relevant with subclinical atherosclerosis, but the data in ankylosing 
spondylitis (AS) were inconsistent. Therefore, we performed this meta-analysis to explore the relationship 
between the marker of subclinical atherosclerosis (carotid intima-media thickness (IMT)) and AS.

Methods: We performed a systematic literature review using PubMed, Web of Science, Chinese National 
Knowledge Infrastructure (CNKI) and Chinese Biomedical Database (CBM) databases up to March 2018. Stan-
dardized mean differences (SMDs) with 95% confidence intervals (CIs) were calculated to assess the association 
between carotid IMT and AS. Subgroup analysis, sensitivity analysis, and meta-regression were applied to explore 
the sources of heterogeneity, and publication bias was calculated to access the quality of pooled studies.

Results: A total of 24 articles were collected. The carotid IMT was significantly increased in AS compared with 
healthy controls (SMD=0.725, 95% CI=0.443–1.008, p＜0.001). Subgroup analyses showed the Bath Anky-
losing Spondylitis Activity Index (BASDAI) was the source of heterogeneity. Notably, IMT was not significantly 
increased in those studies that included ＞50% patients treated with anti-TNF. Meta-regression revealed severe 
inflammation status (BASDAI and C-reactive protein (CRP)) could significantly impact carotid IMT in AS.

Conclusions: Carotid IMT was significantly increased in patients with AS compared with healthy controls, 
which suggested subclinical atherosclerosis is related to AS.

in AS was higher than age- and sex-matched controls, 
and CVD has been identified as the leading cause of 
death in AS2, 3). In rheumatoid arthritis (RA), the as-
sociation between carotid intima-media thickness (IMT), 
a marker of subclinical atherosclerosis, and CVD has 
been well-described4). However, the association between 
subclinical atherosclerosis and AS is still a matter of 
study.

Carotid IMT is a convenient, noninvasive marker, 
which usually can be used to assess subclinical athero-
sclerosis and the progression of CVD in clinical prac-
tice5). Based on these advantages, carotid IMT has been 

Introduction

Ankylosing spondylitis (AS) is a chronic autoim-
mune disorder primarily affecting sacroiliac joints and 
the axial skeleton, while radiographic structural change 
can be observed in X-ray1). The extra-articular mani-
festation of AS is involved in eye, bowel, lung, heart, 
skin, and kidney. In addition, cardiovascular disease 
(CVD), a common extra-articular manifestation, has 
been triggered a heated interesting in AS during recent 
decades due to a protracted burden of disease to pa-
tients with AS. Studies revealed the prevalence of CVD 

Copyright©2019 Japan Atherosclerosis Society
This article is distributed under the terms of the latest version of CC BY-NC-SA defined by the Creative Commons Attribution License.

Address for correspondence: Faming Pan, Department of Epidemiology & Biostatistics, School of Public Health, Anhui Medical University, 81 Meishan Road, 
Hefei, Anhui, 230032, China      E-mail address: famingpan@ahmu.edu.cn

Received: April 26, 2018      Accepted for publication: June 25, 2018

Key words: Ankylosing spondylitis, Atherosclerosis, Carotid intima-media thickness, Inflammation

Carotid Intima-Media Thickness in Patients with Ankylosing 
Spondylitis: A Systematic Review and Updated Meta-Analysis

Yaping Yuan1, 2, Jiajia Yang1, 2, Xu Zhang1, 2, Renfang Han1, 2, Mengya Chen1, 2, Xingxing Hu1, 2, Yubo Ma1, 2, 
Meng Wu1, 2, Mengmeng Wang1, 2, Shengqian Xu3 and Faming Pan1, 2

1Department of Epidemiology and Biostatistics, School of Public Health, Anhui Medical University, Anhui, China
2The Key Laboratory of Major Autoimmune Diseases, Anhui Medical University, Anhui, China
3Department of Rheumatism and Immunity, the First Affiliated Hospital of Anhui Medical University, Anhui, China

Yaping Yuan and Jiajia Yang contributed equally to this work.



Carotid Intima-Media Thickness in AS

261

were: (a) not meeting the above criteria; (b) unrelated 
study population; (c) meta-analysis, review or case report; 
(d) study failed to get full text.

Data Extraction and Quality Assessment
Correlational literatures were carefully and inde-

pendently scanned by two authors (Yaping Yuan and 
Jiajia Yang) from all searchable studies based on the 
selection criteria, and disagreements were settled by cor-
responding author (Faming Pan). For each pooled arti-
cle, we collected age and sex ratio, race, language, the 
rate of HLA-B27 (Human Leukocyte Antigen-B27) 
positivity, disease duration, the Bath Ankylosing Spon-
dylitis Activity Index (BASDAI) score, erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), the 
proportion of AS treated with anti-TNF α and non-
steroidal anti-inflammatory drugs (NSAIDs) of patients, 
and carotid IMT both of patients and controls. In ad-
dition, we also collected the name of first author, pub-
lishing year, region of study population, matched fac-
tors and measurement method of carotid IMT, includ-
ing mean IMT of bilateral or right common carotid 
artery (CCA), blind condition, and other detailed in-
formation. All pooled studies were assessed indepen-
dently by two authors according to the Newcastle-Ot-
tawa Scale (NOS) assessment scale20), which is a valid 
tool for evaluating the bias for observational study. 
The NOS including three dimensions: selection, com-
parability, and exposure. A maximum score was 9 
points, and score ≥7 was considered high quality.

Data Analysis
Stata 14.0 (StataCorp, College Station, TX, USA) 

software was used to perform the meta-analysis. Vari-
ables were described as mean with standardized differ-
ence (SD), or median with interquartile range (IQR) 
or range. Differences between patients and controls 
were expressed as standardized mean difference (SMD) 
with 95% confidence intervals (CIs). For combining 
the results of all included articles, an approximation 
method was performed to assess mean and SD of some 
articles when these reported the results using median 
with IQR or range. In this instance, we would trans-
form the original data into the required values21). The 
overall effect was accessed by Z scores and p＜0.05 was 
considered as a statistically significant difference in for-
est plot. Chi-square Cochran’s Q test and I 2-statistic, 
which measures the percentage of total variation, was 
used to access the heterogeneity of pooled studies in 
this meta-analysis. When I 2＞50% or p＜0.01 of Q 
test, we recognized these studies have significant het-
erogeneity, which should calculate pooled SMD based 
on the random-effects model. Otherwise, fixed-effects 
model was performed to calculate pooled SMD. Sub-

recognized as one of most predictive markers of the 
majority of cardiovascular events, including stroke, myo-
cardial infarction (MI), and coronary heart diseases 
(CHDs)6, 7). Many publications have indicated the link 
between accelerated atherosclerosis and excess mortal-
ity and morbidity in AS8, 9), and the accelerated ath-
erosclerosis could not be fully explained by the tradi-
tional cardiovascular factors10). Besides, some studies 
suggested the key role of inflammation and the poten-
tial pathogenesis that led to atherosclerosis11, 12). Fur-
thermore, Van et al. reported that treatment with tu-
mour necrosis factor (TNF) inhibitors might improve 
or slow the progression of subclinical atherosclerosis in 
patients with AS13). Since the excess prevalence of CVD 
in young patients with AS and the measurement ad-
vantages of carotid IMT by high-resolution ultrasound, 
there were plenty of studies that investigated whether 
carotid IMT was increased in AS compared with 
matched controls, and TNF inhibitors may slow or 
improve this progression. Some studies reported sub-
clinical atherosclerosis did not lead to the excess car-
diovascular risk of AS14, 15), whereas an opposite view-
point existed in other studies16, 17). Likewise, this situ-
ation also happened in the curative effect of anti-TNF 
therapy for subclinical atherosclerosis in AS18, 19).

Therefore, the aim of our study was to compare 
the subclinical atherosclerosis markers carotid IMT in 
AS with healthy controls to evaluate the influence of 
AS on carotid IMT. Moreover, we performed subgroup 
and meta-regression analysis to assess the effect of the 
treatment with anti-TNF α, and some demographic 
and inflammatory variables on the pooled results.

Materials and Methods

Literature Search
PubMed, Web of Science (WOS), Chinese National 

Knowledge Infrastructure (CNKI), and Chinese Biomed-
ical Database (CBM) databases were searched to iden-
tify all relative articles up to March 2018. The follow-
ing searching strategies were used: (“ankylosing spon-
dylitis” or “AS”) and (“carotid intima-media thickness” 
or “carotid IMT”), and our research only concerned 
articles published in English or Chinese. Besides, we 
searched the references of these qualified articles to 
identify more relative literature.

Selection Criteria
We included articles that met the following crite-

ria: (a) case-control designed studies; (b) the control 
group must be health controls; (c) the literature must 
provide relative data about carotid IMT; (d) these pub-
lished in English or Chinese on account of accurately 
examined the quality of papers. The exclusion criteria 
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was performed to evaluate the potential publication 
bias. A two-sided p value ＜0.05 was considered as a 
statistically significant difference.

Results

Study Characters
The detailed selection flow is shown in Fig.1. We 

searched 127 correlative articles based on the above re-
search strategies, and 1 article was obtained by search-
ing the references. After excluding the duplicate cita-

group analysis was performed to identify whether sam-
ple size, race, the proportion of patients treated with 
anti-TNF α and BASDAI could lead to heterogeneity. 
Besides, meta-regression analysis in terms of publish-
ing year, age, NOS, ESR, CRP, BASDAI, disease dura-
tion, matched factors, and IMT measurement (both 
side or the right side of CCA) were performed to explore 
potential source of heterogeneity. Moreover, we per-
formed sensitivity analysis to examine the influence of 
a single study on the overall SMD when high hetero-
geneity existed. In addition, Egger’s test or Begg’s test 

Fig 1. Flow diagram for selection of studies for inclusion in this meta-analysis
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sian), the proportion of patients treat with anti-TNF 
α (＜50%, ＞50%, and NA) and BASDAI (＜4, ≥4, 
and NA). Only 1 study population came from Africa26); 
therefore we left out this article to perform analysis 
stratified by race. The results showed sample size and 
race were not the source of heterogeneity (shown in 
Table 3). When studies were stratified by BASDAI, 
IMT was both increased in patients in active or inac-
tive period (SMD=1.167, p＜0.001, I 2=91.0; SMD=  
0.211, p=0.002, I 2=0.0%, respectively), but not in-
creased in AS in an unaccessed subgroup (SMD=0.909, 
p=0.136). Moreover, subgroup results of studies strat-
ified by the proportion of patients treated with anti-
TNF therapy were inconsistent. The IMT difference 
between patients and controls was not significant ＞50% 
and subgroup without reporting the percent (SMD=  
0.422, p=0.064, I 2=85.8; SMD=0.558, p=0.090, I 2=  
74.5, respectively), but the difference was significant 
in proportion ≤50 subgroup (SMD=0.902, p＜0.001, 
I 2=91.0). Detailed results are shown in Table 3.

Publication Bias
Given that the existence of publication bias could 

influence the results of meta-analysis, we adopted a 
funnel graph to examine this bias in our analysis. The 
sharp end of the meta-funnel plot of enrolled studies 
seemed to be slightly unsymmetrical (Fig.3), but the 
results of Begg’s test (p=0.602) and Egger’s test (p=  
0.061) were more than 0.05, which suggested publica-
tion bias was nonexistent.

Meta-Regression Analyses
Given the method of IMT measurement (mean 

IMT of bilateral CCAs or the right CCA) and num-
ber of matched factors (0, 2, and ≥3) difference among 
pooled studies, we enrolled these as categorical vari-
ables to build a regression model to explore whether 
these variables were the sources of high heterogeneity. 
In terms of age of patients, publication year, NOS, 
number of matched factors, IMT measurement, inflam-
matory markers (including ESR, CRP, and BASDAI) 
and disease duration to conduct a regression model, 
results showed that none of above factors (shown in 
Supplementary Table 1) impact the composite results, 
except for CRP and BASDAI (t =0.039, p=0.007; t =  
0.516, p=0.009, shown in Table 4).

Discussion

AS is an inflammatory disorder that may involve 
multiple systems and organs, particularly the cardio-
vascular system. Two large cohort studies2, 41) demon-
strated patients with AS are at increased risk of devel-
oping a cerebrovascular and CVD, which derived from 

tions, 93 articles still remained; after screening the ti-
tles and abstracts, 44 articles were further screened 
based on the full text. We excluded 1 article because it 
enrolled patients with AS and axis spondyloarthritis, 
and the exact data about carotid IMT were not ac-
cessed. Besides, publication bias existed when includ-
ing the article22), so we excluded this article. Finally, 
24 articles (1120 patients and 943 healthy controls) 
were pooled into quantitative synthesis.

The information of salient demographic charac-
teristics and clinical information of the pooled study 
population are shown in Table 1. This meta-analysis 
includes 24 articles, in which 11 were conducted in 
Turkey15, 17, 23, 26-29, 33, 35, 38, 40), 3 in Italy24, 25, 39), 2 in 
India14, 32), and 1 each in Korea16), France18), Greece19), 
Tunisia30), Hungary31), the Netherlands34), Spain36) and 
Poland37). In patients, the mean age ranged from 29.4 
to 52.6 years, and the percent of male gender and B27 
positivity ranged from 53% (M/F: 29/54) to 100% 
and 48% to 100%, respectively. Mean value of disease 
duration varied from 5.0 to 19.1 years, of BASDAI 
from 1.9 to 5.35 cm, of ESR from 9.17 to 45.19 mm/h, 
of CRP from 0.53 to 18.9 mg/dl. Moreover, the per-
cent of patients treated with anti-TNF and NSAIDs 
both varied from 0 to 100%.

The information of the value of carotid IMT and 
measurement method are displayed in Table 2. Twenty-
four studies were included in our present study, in 
which 19 studies measured mean carotid IMT of bilat-
eral CCAs; the others measured mean IMT of the right 
CCA. Moreover, 50% of the studies reported the exam-
ination of IMT performed under patients were in blind 
condition. Based on the criteria of NOS, we found 
that 11 studies15, 19, 23, 26, 29, 30-32, 35, 40) might be exposed 
to potential selection bias, thus the score of the above 
articles were 6 or 7 points. Thirteen studies scored 8 
points, 8 studies scored 7 points, and only 1 study 
scored 6 points. The median value of NOS was 8 points.

Pooled Analysis and Sensitivity Analysis
Given the significant heterogeneity among pooled 

studies (I 2=89.1%, p＜0.001), we adopted random-
effects model to calculate the pooled SMD. For pooled 
studies13-16, 19-38), carotid IMT was significantly increased 
in AS compared with healthy controls (pooled SMD=  
0.725, 95% CI=0.443–1.008, p＜0.001, Fig.2). Given 
the high heterogeneity, we used sensitivity analysis by 
sequentially leaving out each single study that did not 
qualitatively change the pooled SMDs, indicating the 
result of our meta-analysis were stable (data not shown).

Subgroup Analysis
We performed subgroup analysis stratified by sam-

ple size (＜100 and ≥100), race (Asian and Cauca-
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Table 1. Demographic and clinical data of AS in pooled studies

First author
(publish year)

N
Sex ratio
(M/F)

Age
(year)

Region/
Race

B27＋
%

Matched factors
Disease 
duration
(years)

BASDI
(cm)

ESR
(mm/h)

CRP
(mg/dl)

NSAIDS
treatment

(%)

Anti-TNFα
treatment

(%)
NOS

Choe (2008) 28 23/5 31.8
Korea/
Asian

82.1
Age, sex, 
and BMI

5.0±3.9 3.3±1.3 NA NA NA 0 8

Gecene (2013) 50 50/0 36.66
Turkey/

Caucasian
NA

Age, sex, 
and BMI

9.8±4.87 2.39±1.66 26.10±17.70 1.29±1.48 88.0 18.0 8

Kucuk (2017) 60 45/15 41.68
Turkey/

Caucasian
NA Age and sex NA 4.01±2.14 13.31±13.51 11.53±22.23 NA 38.3 7

Malesci (2007)§ 24 21/3 51
Italy/

Caucasian
NA Age and sex

16.5 
(3–45)

2.13 
(0.7– 7.4)

NA NA 16.7 0 6

Erre (2011)§ 17 10/7 39
Italy/

Caucasian
82.3

Age, sex, and 
CVD risk factors

9.5±9.0 2.7±2.8
7 

(2.5 –18)
0.5 

(0.2– 0.9)
0 58.8 8

Resorlu (2015) 40 26/14 42.75
Turkey/

Caucasian
NA NA NA NA 18.6±11.2 NA NA 0 7

Beyazal (2016) 60 43/17 40.4
Turkey/

Caucasian
78.3 Age and sex 6.5±5.2 5±1.6 21.7±15.1 NA 40 60 8

Cure (2018)§ 52 52/0 39.3
Turkey/

Caucasian
NA Age and BMI 9.0±7.1 4.0±4.5

7 
(1–42)

5.5 
(0.4– 35.4)

86.5 48.1 8

Kucukail (2017) 43 28/15 34.6
Turkey/

Caucasian
81.4 NA 9.3±7.0 3.7±1.9 27.3±13.8 1.7±1.3 100 0 7

Ustun (2014) 26 22/4 43.7
Turkey/

Caucasian
NA

Age, sex, 
and BMI

11.83±10.98 4.1±2 NA NA NA 15 7

Verma (2015) 30 21/9 34.2
India/
Asian

NA Age and sex 8.7±5.8 4.89±0.61 29.03±10.29 14.92±12.71 100 0 8

Hamdi (2012) 60 48/12 36
Tunisia/
African

48 Age and sex 13.1±8.5 4.9±2.7 42.6±29.2 18.9±22.9 95 6.6 7

Bodnar (2011) 43 31/12 45.4
Hungary/
Caucasian

83.7 Age and sex 13.2±10.6 5.04±1.91 15.5±15.6 9.00±11.5 86 65 7

Cece (2011) 45 36/9 36.8
Turkey/

Caucasian
NA

Age, sex, 
and BMI

12.8±6.3 4.16±1.8 26.8±10.6 NA 57.8 0 8

Gupta (2014) 37 NA 31.46
India/
Asian

75.7 Age and sex 5.2±4.58 4.11±1.99 45.19±26.04 7.36±7.38 NA NA 7

Sari (2006) 54 29/25 37
Turkey/

Caucasian
NA

Age, sex, 
and BMI

12.4±9.2 3.3±2.0 24±17 14±19 NA NA 8

Mathieu (2008)§ 60 44/16 40.67
France/

Caucasian
82

Age, sex, and 
smoking status

11.0 
(3.0– 19.0)

2.99 
(1.15 –5.77)

NA
6.6 

(1.1 –15.6)
63.3 36.7 8

Stanek (2017) 48 48/0 46.06
Poland/

Caucasian
100

Age, BMI, and 
CVD risk factors

NA 5.35±1.64 27.13±21.55 NA 100 0 8

Peters (2010)§ 59 37/22 38.33
Netherland/
Caucasian

88 Age and sex
9 

(3–13)
6.2±1.3 NA

8 
(3–25)

100 100 8

Ercan (2012) 66 50/16 30.9
Turkey/

Caucasian
NA Age and sex 5.0±4.17 NA 17.6±14.7 15.9±20.2 NA 60.6 7

Gonzalez-Juana-tey 
(2009)

64 51/13 52.6
Spain/

Caucasian
73.4

Age, sex, race, and 
CVD risk factors

19.1±11.2 3.04±1.95 2.53±0.89 1.20±1.27 100 32.8 8

Perrotta (2013)§ 20 12/8 4
Italy/

Caucasian
75 Age and sex

9.7 
(1– 36)

4.22 
(2.36 –6.01)

14 
(4–35)

1.4 
(0.1–3.4)

30 0 8

Capkin (2011) 67 57/10 37.0
Turkey/

Caucasian
73

Age, sex, BMI, and 
CVD risk factors

7.2±3.9 2.6±0.6 27.0±16.7 1.72±1.1 49 51 7

Arida (2015)§ 67 55/67 47.54
Greece/

Caucasian
NA

Age, sex, and 
CVD risk factors

12 
(3– 25)

1.8 
(0.4 –3.6)

21 
(8–44)

3.62 
(2–10)

NA 66 7

§: The value of variables was expressed as median with interquartile range or range; SD, standardized difference; M/F, male/female; NSAIDS, non-
steroidal anti-inflammatory drugs; TNF, tumor necrosis factor; age is expressed as mean value, unless otherwise indicated; NA, not accessed.
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Table 2. Results of carotid IMT and measurement method of patients and controls

First author
(publish year)

No.
AS

No.
controls

carotid IMT (mm)

p Measurement methodPatients
(mean±SD)

Controls
(mean±SD)

Choe (2008) 28 27 0.57±0.07 0.55±0.05 0.387
Mean IMT of bilateral CCAs; automatic IMT measure-
ment software; IMT ≥1.3 mm is defined carotid plaque; 
same radiologist

Gecene (2013) 50 50 0.57±0.13 0.54±0.10 0.298
Mean IMT of bilateral CCAs; IMT ＞1.3 mm is defined 
carotid plaque

Kucuk (2017) 60 54 0.99±0.27 0.76±0.25 ＜0.001 Mean IMT of bilateral CCAs

Malesci (2007) 24 19 0.52±0.26 0.51±0.13 NS
Mean IMT of bilateral CCAs, bulbs and ICAs; maximum 
IMT ＞1 mm is considered abnormal; blind condition; 
same radiologist

Erre (2011) 17 17 0.64±0.10 0.67±0.10 NS
Mean IMT at the maximum thickness (outside of plaque) 
of bilateral CCAs; blind condition; same radiologist

Resorlu (2015) 40 40 0.76±0.13 0.57±0.12 ＜0.001 Mean IMT of bilateral CCAs; same radiologist

Beyazal (2016) 60 50 0.72±0.10 0.57±0.10 ＜0.001 Mean IMT of bilateral CCAs

Cure (2018) 52 52 0.60±0.18 0.51±0.10 0.003
Mean IMT of bilateral CCAs, bulbs and ICAs; blind con-
dition

Kucukali (2017) 43 41 0.60±0.30 0.50±0.20 0.501 Mean IMT of the right CCA

Ustun (2014) 26 26 0.70±0.16 0.60±0.10 0.012 Mean IMT of bilateral CCAs; blind condition

Verma (2015) 30 25 0.62±0.12 0.53±0.09 0.006 Mean IMT of bilateral CCAs; blind condition

Hamdi (2012) 60 60 0.51±0.12 0.39±0.09 0.001 bilateral CCAs; blind condition

Bodnar (2011) 43 40 0.65±0.15 0.54±0.15 0.010 Mean IMT of bilateral CCAs; same radiologist

Cece (2011) 45 30 0.59±0.07 0.49±0.06 ＜0.001
Mean IMT of bilateral CCAs; blind condition; same radi-
ologist

Gupta (2014) 37 37 0.62±0.12 0.54±0.04 ＜0.001 Mean IMT of bilateral CCAs; same radiologist

Sari (2006) 54 31 0.57±0.12 0.54±0.14 0.370 Mean IMT at maximum thickness of bilateral CCAs

Mathieu (2008)§ 60 60 0.56±0.06 0.53±0.06 0.023
Mean IMT of bilateral CCAs; blind condition; same radi-
ologist

Stanek (20170 48 48 1.10±0.13 0.55±0.08 ＜0.001 Mean IMT of bilateral CCAs; blind condition

Peters (2010) 59 30 0.62±0.09 0.57±0.009 0.020
Mean IMT of the right CCA (outside of plaque); blind 
condition 

Ercan (2012) 66 21 0.69±0.20 0.63±0.20 0.400 Mean IMT of bilateral CCAs

Gonzalez-Juanatey
(2009)

64 64 0.74±0.21 0.67±0.14 0.010
Mean IMT of the right CCA; automatic IMT measure-
ment software; IMT ＞1.5 mm is considered plaque; 
blind condition; same radiologist

Perrotta (2013)§ 20 20 0.61±0.13 0.59±0.15 NS
Mean IMT of bilateral CCAs; IMT ＞0.9 mm is consid-
ered pathological IMT; blind condition

Capkin (2011) 67 34 0.49±0.12 0.47±0.09 0.562 Mean IMT of the right CCA

Arida (2015) 67 67 0.73±0.16 0.75±0.21 0.421
Mean IMT of the right CCA; automatic IMT measure-
ment software; IMT ＞1.5 mm is considered plaque; 

§: The value of variables was transformed by Ref. [21]; IMT, intima-media thickness; SD, standardized difference; CCA, common carotid artery.
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studies was found in the present study (I 2=89.1%).
A study among 67 AS patients, whose mean age 

were 47.54 years and most of whom received anti-
TNF therapy, reported IMT was not increased in AS 
compared with controls19). In contrast, another study 
found greater IMT in AS14). Inconsistent results in the 
above studies might be derived from race, sample size, 
the proportion of patients treated with anti-TNF α and 
BASDAI30, 43). Further, results of subgroup analysis 
found the sources of high heterogeneity were not race, 
sample size, and the proportion of patients treated with 
anti-TNF α, but rather BASDAI. However, the differ-
ence of carotid IMT between AS and controls was not 
significant in the proportion of patients treated with 
anti-TNF α more than 50 and data not reported sub-
group, but significant in the proportion ≤50 sub-

accelerated atherosclerosis42). Carotid IMT is a valid 
and noninvasive marker for evaluating the subclinical 
atherosclerosis in carotid arteries6, 43). To date, more 
and more studies have focused on carotid IMT in AS. 
But, the sample size of the majority of these studies 
was small and the results were inconsistent. Thus, it is 
worthwhile for us to perform this study.

Our results indicated carotid IMT significantly 
increased in patients with AS compared with healthy 
controls, which showed AS is associated with subclini-
cal atherosclerosis revealed by carotid IMT. Addition-
ally, this association of subclinical atherosclerosis lies 
in the ability to predict CVD and further leads to the 
development of CVD. That was in line with previous 
studies displaying greater risk of cardiovascular-related 
mortality in AS44). However, high heterogeneity among 

Fig 2. Pooled carotid IMT in AS compared with healthy controls
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the study stratified by BASDAI showed carotid IMT 
was both significantly increased in active or inactive 
patients compared with controls. Moreover, results of 
meta-regression analysis showed that BASDAI and CRP 
significantly impacted IMT and a more severe inflam-
mation status (expressed by BASDAI and CRP) were 
related with higher IMT, which partly supported the 
hypothesis that inflammation may take an important 
role in the progression of atherosclerosis in AS51, 52). 
Based on this circumstance, inflammation or disease 
activity should be considered in the cardiovascular risk 
profile assessment of patients with AS in clinical prac-
tice. However, it was inconsistent with the previous 
result of a meta-analysis; Arida et al.19) reported that 
IMT was not increased in AS with low disease activity 
(BASDAI ＜4), which might be due to the small num-
ber of included studies and cumulative sample size in 
the previous meta-analysis. Interestingly, the results of 
subgroup-analysis stratified by BASDAI and the per-
cent of anti-TNF therapy in present studies seem to 
be inconsistent. In the present meta-analysis, 14 stud-
ies reported their patients treated with anti-TNF inhib-
itors, in which 7 studies reported the proportion of 
receiving anti-TNF inhibitors ＞50%. Further, 3 stud-
ies reported the mean value of BASDAI of more than 
4 cm among above 7 studies. Increase of inflammation 
may be considered the reasons for the greater subclini-
cal atherosclerosis40). It should be noted that most of 
patients were exposed to NSAIDS, and we could not 
assess the impact of these drugs on IMT.

A plausible explanation for this might be that 
ESR levels are an indicator of the present level of dis-

group. This result partly suggested anti-TNF therapy 
might improve or slow the progression of subclinical 
atherosclerosis. Previous studies also reported reduc-
tion of carotid IMT in inflammation arthritis (RA, 
psoriatic arthritis (PsA) and AS) patients received anti-
TNF therapy while the progression was seen in con-
trol group45, 46). The underlying mechanisms of the 
development of IMT remained uncertain. The rela-
tionship between subclinical atherosclerosis and AS 
and the presence of traditional cardiovascular risk fac-
tors appear not to fully explain the accelerated athero-
sclerosis reported in AS. Even though some studies 
enrolled patients without traditional cardiovascular risk 
factors or CVD, carotid IMT was still increased in AS 
than in controls30, 31). Therefore, inflammation has 
been suggested to induce the development of athero-
sclerosis in AS11).

Inflammatory processes not only stimulate initia-
tion and evolution of atheroma, but also lead to acute 
thrombotic complications of atheroma47). CRP, ESR, 
and BASDAI, markers of inflammation and disease 
activity, have demonstrated levels were significantly 
elevated in AS48). CRP could active complement, adhe-
sion molecules and tissue factors, mediate LDL uptake 
by endothelial macrophages, active monocyte recruit-
ment into arterial wall47). These physiological processes 
all contributed to the progression of atherosclerosis. 
Furthermore, an elevated level of CRP was associated 
with accelerated progression of atherosclerosis in 
young adults49). Likewise, disease activity and persis-
tent inflammation were associated with vascular wall 
inflammation and atherosclerosis risk50). The results of 

Table 3. Subgroup-analyses. Carotid IMT in AS stratified by sample size, race, and BASDAI

No. pooled studies No. patients Effective value SMD with 95%CI; I 2 (%)

Overall
Stratified by sample size (N)

N ＜100
N ≥100

Stratified by race
Asian
Caucasian

Stratified by BASDAI
NA
BASDAI ＜4
BASDAI ≥4

Anti-TNF α treatment
Anti-TNF ≤50%
Anti-TNF ＞50%
NA

24

15
9

3
20

2
10
12

15
7
2

1120

580
540

95
965

106
474
540

650
379

91

SMD=0.725; 95%CI=0.443–1.008; p＜0.001; I 2=89.1

SMD=0.834; 95%CI=0.383–1.286; p＜0.001; I 2=91.0
SMD=0.575; 95%CI=0.251–0.899; p=0.001; I 2=84.7

SMD=0.695; 95%CI=0.343–1.047; p＜0.001; I 2=27.2
SMD=0.714; 95%CI=0.384–1.043; p＜0.001; I 2=90.6

SMD=0.909; 95%CI=－0.286–2.103; p=0.136; I 2=91.4
SMD=0.211; 95%CI=0.078–0.345; p=0.002; I 2=0.0
SMD=1.167; 95%CI=0.707–1.626; p＜0.001; I 2=91.0

SMD=0.902; 95%CI=0.502–1.302 ; p＜0.001; I 2=91.0
SMD=0.422; 95%CI=－0.025–0.869 ; p=0.064; I 2=85.8
SMD=0.558; 95%CI=－0.088–1.204 ; p=0.090; I 2=74.5

N, number of sample size; SMD, standardized mean difference; CI, confidence intervals; BASDAI, Bath Ankylosing Spondylitis Activity Index; 
NA, not accessed.
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factors as well as potential differences between the 
shear forces between the two carotid arteries.

There are limitations in our meta-analysis that 
need to be discussed. First, the high heterogeneity existed 
among included studies. The subgroup and regression 
analyses suggested BASDAI and CRP led to more or 
less heterogeneity, but the source of high heterogene-
ity was not found in other potential factors. Finally, 
the ultrasound protocols performed to access carotid 
IMT were different. Among collected articles, approx-
imate 50% of the articles reported the measurement 
performed in blind condition. Likewise, fewer than 50% 
studies reported an examination by same radiologist. 
A few studies reported intraobserver variability, and 
some studies lacked the definite definition of carotid 
plaques and maximum IMT. Furthermore, only a few 
articles provided the information on whether sites with 
plaques were included in IMT examination. Although 
these are some limitations existing in our study, the 
results of sensitivity analysis showed our results were 
robust.

In conclusion, in this meta-analysis, carotid IMT 
was significantly increased in patients with AS com-
pared with healthy controls, and inflammation might 
be involved in this progression. However, anti-TNF 
therapy might minimize the increase of IMT in pa-
tients with AS. Additionally, prospective studies are 

ease activity and do not show the inflammatory bur-
den which has built up over time32). Previous studies 
implied age and disease duration were involved into 
the development of atherosclerosis26). However, regres-
sion analysis showed disease duration and age did not 
significantly impact IMT, which could because ath-
erosclerosis, a progressive process that begins at early 
ages49, 53).

Regarding matched factors that were different 
among studies, we took a number of matched factors 
as covariate to build a meta-regression model to iden-
tify its impact on pooled results. In keeping with the 
above results, matching or unmatched CVD risk fac-
tors have no impact on pooled results. Additionally, 
the majority of collected studies in this meta-analysis 
measured carotid IMT of both sides of CCAs, but the 
others measured IMT of the right side of the CCA. 
Besides, Loizou et al. reported it is not clear whether 
IMT is equal in both CCAs, as some studies have 
reported greater IMT in the left CCA is a predictor54), 
which could be explained by increased shear stress 
forces in the left CCA55). However, the meta-regres-
sion results suggested no significant difference between 
IMT on both sides, similar with the previous stud-
ies56). As reported in the above literature, differences 
between the left and right CCA happened to older 
people due to a combined effect of various CVD risk 

Fig 3. Publication bias by funnel diagram



Carotid Intima-Media Thickness in AS

269

tion in 52 countries (the INTERHEART study): case-
control study. Lancet, 2004; 364: 937-952

11) Frostegard J: Immunity, atherosclerosis and cardiovascular 
disease. BMC med, 2013; 11: 117
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42: 2098-2105
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25) Erre GL, Sanna P, and Zinellu A: Plasma asymmetric 
dimethylarginine (ADMA) levels and atherosclerotic dis-
ease in ankylosing spondylitis: a cross-sectional study. 
Clin Rheumatol, 2011; 30: 21-27

26) Resorlu H, Akbal A, and Resorlu: Epicardial adipose tis-
sue thickness in patients with ankylosing spondylitis. Clin 
Rheumatol, 2015; 34: 295-299

needed to conduct exact models to predict the cardio-
vascular risk in patients with AS and verify the effect 
of anti-TNF therapy on carotid IMT.
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Table 4. Meta-regression analysis coefficients for carotid IMT in patients with AS

Variables Coefficient (SE) 95% Confidence Intervals P

BASDAI
CRP

0.516 (0.177)
0.039 (0.012)

[0.146–0.887]
[0.012–0.065]

0.009
0.007

BASDAI, Bath Ankylosing Spondylitis Activity Index; CRP, C-reaction protein.

Supplemental Table 1. Meta-regression analysis coefficients for carotid IMT in patients with AS

Variables Coefficient (SE) 95% Confidence Interval P

Publish year
age
NOS
Disease duration
ESR
No. of matched factors
Measurement of IMT§

0.117 (0.057)
0.016 (0.036)
0.323 (0.361)

－0.020 (0.026)
0.024 (0.026)

－0.054 (0.246)
－0.581 (0.495)

[0.001–0.235]
[－0.058–0.091]
[－0.426–1.072]
[－0.075–0.034]
[－0.029–0.079]
[－0.565–0.456]
[－1.608–0.445]

0.053
0.657
0.381
0.449
0.352
0.827
0.253

§: measurement including mean IMT of bilateral CCAs and of the right CCA; NOS: the Newcastle-Ottawa Scale; ESR: 
erythrocyte sedimentation rate
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