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Abstract: Stroke, when poor blood flow to the brain results in cell death, is the third leading
cause of disability and mortality worldwide, and appears as an unequal distribution in the global
population. The cumulative risk of recurrence varies greatly up to 10 years after the first stroke.
Carotid atherosclerosis is a major risk factor for stroke. The aim of this study was to investigate
and estimate the relationship between carotid atherosclerosis and risk of stroke recurrence in
the Chinese population. We performed a systematic review and meta-analysis of randomized
controlled trials published from 2000 to 2013, using the following databases: PubMed, Embase,
Medline, Wanfang, and the China National Knowledge Infrastructure. The odds ratios with 95%
confidence intervals were calculated to examine this strength. A total of 22 studies, including
3,912 patients, 2,506 first-ever cases, and 1,406 recurrent cases, were pooled in this meta-analysis.
Our results showed that the frequency of carotid atherosclerosis is higher in recurrent cases than
that in the first-ever controls (78.88% vs 59.38%), and the statistical analysis demonstrated
significant positive association between carotid atherosclerosis and recurrent cerebral infarction
(odds ratio: 2.87; 95% confidence interval: 2.42-3.37; P<<0.00001) in a fixed-effect model. No
significant heterogeneity was observed across all studies. In conclusion, our results showed that
carotid atherosclerosis was associated with increased risk of recurrent stroke. However, further
well-designed research with large sample sizes is still needed to identify the clear mechanism.
Keywords: cerebral infarction, carotid atherosclerosis, meta-analysis

Introduction
Stroke is defined as a clinical syndrome of presumed vascular origin, typified by rapidly
developing signs of focal or global disturbance of cerebral functions lasting >24 hours
or leading to death."? It is the leading cause of adult disability and mortality in devel-
oping countries.>* Eighty-five percent of strokes are due to cerebral infarction, 10%
due to primary hemorrhage, and 5% due to subarachnoid hemorrhage.’ The risk of
recurrent stroke is 26% within 5 years of the first stroke and 39% within 10 years,®
which imposes a heavy burden on society and the families of the patients. Thus, there is
an urgent need to explore and evaluate effective and reliable biomarkers for stroke.
Atherosclerosis in the aortic arch is a risk factor for ischemic stroke.” It is defined
as a fatty deposit that hardens on the inner wall of the arteries (atheroma) and roughens
its surface, which makes the arteries susceptible to blockage, either by narrowing or
by formation of a blood clot. Atherosclerotic changes in the cerebrovascular system
ultimately can lead to incident stroke.® The association between atherosclerosis in the
aortic arch and stroke risk was initially established in autopsy studies and subsequently
confirmed by in vivo studies.*!° Carotid atherosclerotic changes are a marker for
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systemic atherosclerosis.!' Atherosclerotic plaque at the
carotid bifurcation is the underlying cause of the majority
of ischemic strokes, and the degree of carotid stenosis is
strongly associated with stroke risk in symptomatic patients.'?
Pathologic studies comparing symptomatic and asymptom-
atic carotid plaques have demonstrated that specific plaque
characteristics are associated with ischemic brain injury, and
the mechanisms underlying plaque instability in the carotid
circulation are similar to those in the coronary circulation.!?
Research has shown that patients with a first ischemic stroke
are at high risk of developing recurrent stroke due to carotid
atherosclerotic plaque rupture.' Liu et al*® proved that carotid
plaques in patients with recurrent ischemic stroke are sig-
nificantly aggravated compared with those in patients who
have experienced one stroke, and monitoring carotid plaques
in patients with initial stroke by MRI may be helpful for
secondary stroke prevention.

The incidence of stroke in rural China has increased
rapidly, particularly among middle-aged adults, along with
a concurrent increase in risk factor prevalence.'® A previous
study'” has revealed that, in the Chinese population, the
incidence of ischemic stroke is rising annually at a rate of
8.7%; this highlights the need to prioritize stroke prevention.
Furthermore, atherosclerosis has been shown as an important
cause of stroke in Chinese patients.'® Therefore, understand-
ing the natural history of carotid atherosclerosis is essential
in the management of patients at risk for stroke. This study
investigated the correlation between carotid atherosclerosis
and recurrent cerebral infarction.

Materials and methods
Identification and eligibility of relevant

studies

We conducted a comprehensive literature search for
relevant articles published between January 2000 and
September 2013, using the following electronic databases:
PubMed, Embase, Medline, Wanfang, and China National
Knowledge Infrastructure. The Medical Subject Heading

EEINT3

terms ‘“cerebral infarction”, “stroke”, “brain infarction”,

ERINY3

“cerebral arterial thrombosis”, “recurrence”, and “carotid
atherosclerosis” were employed as the key terms. The
equivalent Chinese terms were used in the Chinese data-
bases. References of retrieved articles were searched with
no language restrictions. The search was focused on studies
that had been conducted in the Chinese population. Only
full-text articles and the most recent studies were included

in this meta-analysis.

Criteria for article screening

The inclusion criteria were as follows: 1) the paper should
be a random control clinical trial or before—after study.
2) The study objects are confirmed cerebral infarction cases
restricted to the Chinese population. 3) The diagnostic criteria
must be in accord with the revision standard of the Fourth
National Cerebrovascular Disease Conference, confirmed by
craniocerebral CT or MRI. 4) The recurrence group should
conform to the following standards: infarction recurrence
with aggravation occurring >1 month after the initial onset,
emergence of nerve function defect symptoms, and presence
of new lesions confirmed by craniocerebral CT or MRI scan.
5) When the same authors reported two or more publications
on possibly the same patient populations, only the most recent
or complete study was included in this meta-analysis. The
exclusion criteria were 1) patients with carotid stenosis or
intracranial vascular stenosis. 2) Patients aged >80 years.
3) Patients with cardiac cerebral embolism, hemorrhagic
cerebrovascular disease, or stroke-causing tumors, accom-
panied by severe heart, liver, and kidney disease.

Quality assessment and data extraction
Two investigators independently assessed the quality of the
included studies according to the descriptions provided by
the authors of the included trials. Any disagreement was
subsequently resolved by discussion with a third investigator.
The following information was extracted from each article:
first author, year of publication, age and number of patients
with carotid atherosclerosis, and total patients.

Statistical analysis

Analyses were carried out using the Review Manager 5.2
(The Cochrane Collaboration, London, UK). The odds
ratio (OR) with 95% confidence interval (CI) was used to
assess the relationship between carotid atherosclerosis and
recurrent cerebral infarction. The significance of the pooled
OR was determined by the Z-test, and P<<0.05 was consid-
ered significant. The heterogeneity for the included articles
was evaluated using the Cochran’s Q-test and P statistics.
When a significant heterogeneity existed across the included
studies (P<<0.01 and >50%), the random effect model was
used; when there was no significant heterogeneity across
the included studies (P>0.01 and /*<<50%), the fixed-effect
model was used. To assess whether our results were substan-
tially influenced by the presence of any individual study, we
conducted a sensitivity analysis by systematically removing
each study and recalculating the significance of the result.
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A funnel plot was used to examine the publication bias. All
tests were two-sided.

Results

Study selection and characteristics

The initial search with the keywords and the subject terms
identified 123 publications; only 22 met the inclusion criteria
and were eligible for review. Figure 1 shows the study flow.
All 22 articles (21 were written in Chinese'* and one was
written in English'®) reported case—control studies focus-
ing on the association between carotid atherosclerosis and
recurrence of cerebral infarction in the Chinese population.
Atotal of 3,912 patients were included in this study, involving
2,506 first-ever cases and 1,406 recurrent cases. The detailed
characteristics of the included studies are shown in Table 1.

Quantitative data synthesis

In this meta-analysis, we discussed mainly the relation-
ship between carotid atherosclerosis and recurrent cerebral
infarction. As shown in Figure 2, we observed statistically
significant association between carotid atherosclerosis and
recurrent cerebral infarction. The data showed that patients
with recurrent cerebral infarction had a higher prevalence
of carotid atherosclerosis than did patients with first-ever
cerebral infarction (78.88% vs 59.38%). The overall risk
estimates OR for recurrent cerebral infarction with carotid
atherosclerosis was 2.87 (95% CI: 2.42-3.37; P<<0.00001)
in a fixed-effect model.

123 references initially identified |

57 records excluded
after duplicates removed

A 4

y

66 potential records
concerning the current topic

29 records excluded after
title and abstract review

A

37 full-text articles comprehensively
assessed against inclusion criteria

Excluded:
» Data not extractable (n=9)
Without useful data (n=6)

y

22 references included in the meta-analysis:
21 in Chinese and 1 in English

Figure | Flowchart of literature screening.

Sensitivity analyses and publication bias

A single study included in the meta-analysis was deleted each
time to reflect the influence of the individual data set to the
pooled ORs, and the corresponding pooled ORs were not
materially changed. This procedure confirmed the stability
of our overall result.

A funnel plot was constructed to assess the publication
bias of the literature. The shape of the funnel plot did not
reveal any evidence of funnel plot asymmetry (as shown in
Figure 3).

Discussion

Stroke is one of the leading causes of death throughout the
world, causing more serious chronic disabilities than any
other disease. In the first several years after a stroke, the
most common vascular event is another stroke.*” The risk
of further stroke may be as high as 5% within the first week
and 20% within the first month.*! Therefore, timely detec-
tion and diagnosis are of clinical significance for patients
with carotid atherosclerosis, particularly for preventing the
occurrence and recurrence of cerebral infarction.

Carotid atherosclerosis is causally related to stroke
in >50% stenosis cases and is considered the cause of
stroke in up to 20% of all cases.*** Studies have shown
that carotid atherosclerotic plaque characteristics (seen in
MRI) are related to a history of stroke and coronary heart
disease® and correlate with predicted stroke risk.** In the
current study, we only discussed the relationship of carotid
atherosclerosis excluding stenosis and recurrent cerebral
infarction in the Chinese population. We found that carotid
atherosclerosis accounted for 78.88% (1,109/1,406) of the
patients with recurrent cerebral infarction. The incidence
of carotid atherosclerosis in patients with recurrent cere-
bral infarction was higher than that with first-ever cases.
The results showed that there was a statistically significant
positive association between carotid atherosclerosis and
recurrent cerebral infarction (OR: 2.87; 95% CI: 2.42-3.37,
P<0.00001) in a fixed-effect model.

Atherosclerosis is widely recognized as a multifactorial
disease that arises from complex factors such as plaque
components, blood flow, and inflammation.* It has been
traditionally thought that the presence of atherosclerotic
plaques reduces blood flow along the carotid arteries, lead-
ing to cerebral ischemia and infarction.*” Although recent
advances have identified the plaque biology, diagnosis,
and treatment, atherosclerosis remains a leading cause of
morbidity and mortality.*® Carotid atherosclerosis reflects
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Table | Main characteristics of included cohort studies in this meta-analysis

References First-ever group Recurrence group
(published year) Age range or CA Total Age range or CA Total
mean + SD years mean + SD years

Liu? (2004) 64.38%11.21 39 72 65.25+10.32 40 62
Zeng et al** (2005) 58.7919.7 65 98 68.5318.25 32 37
Cao? (2007) 5813.0 35 50 6214.0 53 60
Liu'® (2007) 5613.2 55 80 60.5+4.2 88 102
Yang and Chen?' (2007) 61.4£11.0 112 200 62.2+10.3 230 266
Zhang® (2007) 52.28+11.02 30 53 56.24+11.32 41 55
Yang and Lin? (2008) 64.68+1.2 181 243 64.68+1.2 19 25
Zhang and Hu? (2008) 46-75 127 197 68.12 48 59
Song® (2009) 6818.25 99 203 66.2 14 23
Tan* (2009) 5613.2 42 80 60.5+4.2 71 105
Wang? (2010) 60t12 27 63 7219 36 44
Wud' (2011) 65.11£10.12 45 75 65.37£8.09 25 30
Wu and Gao® (201 1) - 87 120 - 102 120
Yietal* (2011) 69.1£11.8 101 251 68.1£10.9 42 6l
Zhao® (2011) 63+9.7 58 73 6319.7 42 45
Zhao et al®* (2011) - 70 92 - 55 64
Zhu® (2011) 71.23+£10.27 173 218 68.91+13.15 17 23
Li et al’” (2012) 62.7819.62 21 60 63.318.45 38 48
Guo et al** (2012) 65.7919.71 45 98 65.7919.71 31 37
He et al*® (2012) 48-79 58 78 48-79 46 52
Hua and Zhou* (2012) 68.20+10.69 6 51 69.84+10.08 22 50
Liu et al'* (2012) 59.98+10.55 12 51 67.05£9.69 17 38
Abbreviations: CA, carotid atherosclerosis; SD, standard deviation.

References Recurrent group First-onset group Weight Odds ratio Odds ratio

Events Total Events  Total (%) M-H, fixed, 95% CI Year M-H, fixed, 95% CI

Liu® 40 62 39 72 74 1.54 (0.77, 3.09) 2004 ——

Zeng et al** 32 37 65 98 2.8 3.25(1.16,9.11) 2005 —

Zhang® 41 55 30 53 4.5 2.25(0.99, 5.07) 2007 ——

Yang and Chen?' 230 266 112 200 10.0 5.02 (3.20, 7.86) 2007 —_

Liu'® 88 102 55 80 4.9 2.86 (1.37, 5.96) 2007 —

Cao? 53 60 35 50 2.6 3.24 (1.20, 8.76) 2007 —

Zhang and Hu? 48 59 127 197 6.3 2.41(1.17, 4.93) 2008 ——

Yang and Lin® 19 25 181 243 47 1.08 (0.41, 2.84) 2008 —

Tan® 71 105 42 80 8.9 1.89 (1.04, 3.44) 2009 ———

Song*® 14 23 99 203 4.5 1.63 (0.68, 3.95) 2009 ——

Wang? 36 44 27 63 23 6.00 (2.40, 14.97) 2010 ——

Zhao et al® 55 64 70 92 4.7 1.92 (0.82, 4.50) 2011 ——

Zhu? 17 23 173 218 5.0 0.74 (0.27, 1.98) 2011 —_—

Zhao? 42 45 58 73 1.7 3.62 (0.99, 13.31) 2011

Yi et al*®® 42 61 101 251 71 3.28 (1.81, 5.97) 2011 ——

Wu and Gao* 102 120 87 120 7.5 2.15(1.13, 4.08) 2011 ——

Wu?! 25 30 45 75 25 3.33 (1.15,9.67) 2011 —

Liu et al'® 17 38 12 51 3.3 2.63 (1.06, 6.53) 2012 ——

Hua and Zhous® 22 50 6 51 1.9 5.89 (2.13, 16.32) 2012 _—

He et al® 46 52 58 78 3.1 2.64(0.98,7.12) 2012 —

Li et al®” 38 48 21 60 2.2 7.06 (2.94, 16.94) 2012 —_—

Guo et al*® 31 37 45 98 2.3 6.09 (2.33, 15.90) 2012 —

Total (95% Cl) 1,406 2,506 100 2.85 (2.42, 3.37) L

Total events 1,109 1,488

Heterogeneity: 2=37.28, df=21 (P=0.02); [2=44% ‘ y t !

Test for overall effect: Z=12.33 (P<0.00001) 0.01 0.1 1 10 100

Recurrent First-onset
cases cases

Figure 2 Forest plot of the association between carotid atherosclerosis and recurrent carotid atherosclerosis in the Chinese population.
Abbreviations: M-H, Mantel-Haenszel; Cl, confidence interval; df, degrees of freedom.
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Figure 3 Funnel plot of the association between carotid atherosclerosis and
recurrent carotid atherosclerosis.
Abbreviations: SE, standard error; OR, odds ratio.

generalized atherosclerosis. Carotid atherosclerosis plaque
is significant in the formation of cerebral infarction.*-
Research has proven that a slight progression of carotid
atherosclerosis significantly and positively increases the
prevalence of cardiovascular disease and the risk of future
cardiovascular disease events.’> Moreover, intima-media
thickness of the carotid arteries is a marker of atherosclerosis,
as has been assessed pathologically.>*

During the last several decades, numerous studies
identified the relationship between carotid atherosclerosis
and recurrent cerebral infarction.”>7 Touboul et al** found,
using systematic screening, that 45% of stroke patients had
carotid atherosclerosis. Nagai et al*® showed that, in addi-
tion to advanced stenosis, earlier stages of carotid athero-
sclerosis are associated with the increased risk for stroke.
Clinical usefulness of carotid ultrasound could also improve
stroke risk assessment.’’” Many factors that play a role in
stroke are associated with carotid atherosclerosis. Lukasik
et al’® demonstrated that diminished expression of active
GPIIb/IIIa in the ADP-activated platelets is associated with
increased carotid intima-media thickness, independently of
stroke. Markus et al*’ identified that the histone deacetylase
9 genetic variant associated with ischemic stroke increases
risk via promoting carotid atherosclerosis. Liu et al®® first
showed that the microRNA—single nucleotide polymorphism
at PONI could affect genetic expression and is associated
with an elevated risk for ischemic stroke and subclinical
atherosclerosis. Furthermore, carotid atherosclerosis is asso-
ciated with cognitive test scores of stroke patients. Another
study®! has proved that subclinical carotid atherosclerosis,
measured as the presence of plaques, number of plaques, and
total plaque area, were independent long-term predictors of
lower cognitive test scores. Carotid atherosclerosis markers

have been associated with MRI indices of brain ischemia and
aging, and with cognitive impairment in a community-based
sample of middle-aged adults.®

Overall, our study demonstrated that the incidence of
carotid atherosclerosis in patients with recurrent cerebral
infarction was higher than that in first-ever cases, suggest-
ing the need to focus on the role of carotid atherosclerosis in
the development of acute stroke. As cerebral infarction is a
multifactor disorder resulting from the interaction between
environmental and genetic factors, further research into the
development and validation of reliable indicators of the high-
risk individual is greatly needed.

Disclosure
The authors report no conflicts of interest in this work.
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