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Abstract Previous studies had shown that CXC chemokine
ligand-12 (CXCL12) plays a significant role in animal models
of ischemic stroke, but its role in human stroke is unclear. The
aim of this study was to test the relationship between elevated
serum circulating CXCL12 levels and the 1-year stroke recur-
rence in Chinese patients with acute ischemic stroke (AIS).
All consecutive patients with first-ever acute ischemic stroke
from January 2011 to September 2013 were recruited to par-
ticipate in the study. Serum levels of CXCL12 and National
Institute of Health Stroke Scale (NIHSS) were measured at the
time of admission. Logistic regression analysis was used to
evaluate the stroke recurrence according to serum CXCL12
levels. Receiver operating characteristic (ROC) curve was
used to evaluate the accuracy of serum CXCL12 in predicting
stroke recurrence. Clinical follow-up was performed at 1 year.
In our study, 248 patients finished the 1-year follow-up. At 1-
year follow-up, 31 patients had a recurrence ischemic stroke.
The median CXCL12 levels were significantly higher in those
who sustained a recurrence ischemic stroke compared with
those who did not [24.2 ng/mL (IQR 15.4–33.7) vs 6.5 ng/
mL (IQR 3.4–10.2); Z=8.258, P<0.0001]. In multivariate
analysis, there was an increased risk of stroke recurrence as-
sociated with serum CXCL12 levels ≥12.15 ng/mL (OR

9.122, 95 % CI 6.103–15.104) after adjusting for above pos-
sible confounders. The time to recurrence stroke distribution
between patients with baseline CXCL12 levels ≥12.15 ng/mL
and those with baseline CXCL12 levels <12.15 ng/mL were
significantly different (P<0.0001, log-rank test). Elevated cir-
culating CXCL12 levels at admission are strongly associated
with the future recurrence of ischemic stroke in Chinese pa-
tients with AIS. Further studies are warranted to confirm this
association and define the role for CXCL12 as a novel predic-
tor biomarker for stroke recurrence.
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NPC Neural progenitor cell
CSF Cerebral spinal fluid
CNS Central nervous system

Introduction

Stroke is the second commonest cause of death and leading
cause of adult disability in China [1]. China has 2.5 million
new stroke cases each year and 7.5 million stroke survivors,
and approximately 15 to 30 % of stroke survivors will be
permanently disabled [2]. Stroke risk is determined by using
traditional risk factors and risk assessment tools [3]. In order
to improve stroke risk assessment, researchers have studied
the predictive value of lipoprotein (a) [4], thioredoxin [5],
high-sensitivity C-reactive protein [6], and insulin-like growth
factor I [7] as biomarkers. Early detection and control of risk
factors is thought to be crucial in reducing the risk of stroke
and providing effective care [8]. Discovery of novel bio-
markers that identify subjects at risk for stroke could signifi-
cantly improve stroke prevention.

The CXC chemokine ligand-12 (CXCL12) which is highly
expressed in vascular and hematopoietic progenitor cells is a
chemokine that regulates leukocyte trafficking in homeostatic
and inflammatory processes [9]. However, recent studies
show that CXCL12 may also influence stem and progenitor
cell migration, homing, and proliferation [10]. Although pre-
vious studies had shown that CXCL12 played a significant
role in acute stroke in animal models [11], its role in acute
stroke in humans is unclear [12, 13]. Schutt et al. [14] reported
that serum CXCL12 levels may represent a novel biomarker
of future ischemic stroke in patients undergoing elective cor-
onary angiography. The prognostic value of CXCL12 levels
as a predictor of future stroke in patients with stroke has not
been tested. The aim of this study was to test the hypothesis
that elevated serum CXCL12 levels are associated with stroke
recurrence in Chinese patients with acute ischemic stroke
(AIS).

Subjects and Methods

Patients and Study Design

All consecutive patients with first-ever acute ischemic stroke
from the People’s Hospital of Laiwu City, China, from
January 2011 to September 2013 were recruited to participate
in the study. Patients were eligible for inclusion if they were
admitted to the emergency department with an AIS defined
according to the World Health Organization ICD-9 criteria
[15] and with symptom onset within 24 h. Exclusion criteria
were malignant tumor, intracerebral hemorrhage, renal insuf-
ficiency (creatinine >1.5 mg/dL), febrile disorders, acute or

chronic inflammatory disease at study enrollment, autoim-
mune diseases, as well as those with a history of valvular heart
disease. The present study has been approved by the ethics
committee of the People’s Hospital of Laiwu City. All partic-
ipants or their relatives were informed of the study protocol,
and their written informed consents were obtained.

Clinical Variables and Imaging Test

Demographic data (age and gender), stroke etiology, blood
pressure, presence of risk factors such as hypertension, diabe-
tes mellitus, hyperlipoproteinemia, heart disease, alcohol con-
sumption, and smoking habit, positive family history for myo-
cardial infarction, stroke, or transient ischemic attack were
recorded at admission. Routine laboratory testing was always
done. Patients were evaluated the National Institute of Health
Stroke Scale (NIHSS, scores range from 0 to 42, with greater
scores indicating increasing severity) [16] score at their admis-
sion, performed by a stroke neurologist certified in the use of
this scale. Stroke etiology was determined according to the
criteria of the Trial of Org 10172 in Acute Stroke Treatment
(TOAST) classification [17]. The clinical stroke syndrome
was determined applying the criteria of the Oxfordshire
Community Stroke Project (OCSP), that is, total anterior cir-
culation syndrome (TACS), partial anterior circulation syn-
drome (PACS), lacunar syndrome (LACS), and posterior cir-
culation syndrome (POCS) [18]. The OCSP and TOASTclas-
sifications were verified by the brain imaging. Brain imaging
(either CT or MRI) was done routinely within 24 h after ad-
mission. MRI with diffusion-weighted imaging (DWI) was
available for some patients. In those patients, DWI lesion vol-
umes were determined by an experienced neurologist (Liu L)
who was unaware of the clinical and laboratory results. The
infarct volume was calculated by using the formula 0.5×a×
b×c (where a is the maximal longitudinal diameter, b is the
maximal transverse diameter perpendicular to a, and c is the
number of 10-mm slices containing infarct) [19].

End Points and Follow-Up

The endpoint was structured follow-up telephone interview at
year 1, if the patients discharged. The follow-up was conduct-
ed base on a standardized interview protocol. The interviewers
were centrally trained with the interview protocol. Patients
were called on three separate occasions at 1-year time point.
If there was no response, a letter was sent to the patient’s home
asking them to contact the investigators to provide clinical
follow-up information. In patients who had a recurrence
stroke, medical records from the stroke admission were
reviewed by the investigators. If the patients were all-cause
death within 1-year, they would be excluded from our study to
avoid disturbing the families of the deceased.

2808 Mol Neurobiol (2016) 53:2807–2814



Blood Collection and Quantification

Fasting venous blood was collected from all participants in
vacutainer tubes and quickly centrifuged to avoid glycolysis.
Serum samples were kept at −80 °C until assay. Serum
CXCL12 levels of patients were blindly assessed bymultiplex
immunoassay using the manufacturer’s instruction (Luminex,
Bio-Rad, Bio-plex 200 system, Hercules, CA; Procarta
Cytokine Assay kit, Panomics, Inc., Fremont, CA). The
inter-assay and intra-assay coefficients of variation (CV) for
CXCL12 were shown to be 4.2–6.3 and 4.8–7.5 %. The lower
detection limit was 0.5 ng/mL. Other biomarkers, such as
glucose, high-sensitivity C-reactive protein (Hs-CRP) and ho-
mocysteine (HCY) were also tested by standard laboratory
method. For all measurements, levels that were not detectable
were considered to have a value equal to the lower limit of
detection of the assay.

Statistical Analysis

The results were expressed as percentages for categorical var-
iables and as medians (interquartile ranges (IQRs)) for contin-
uous variables. TheMann-WhitneyU test and chi-squared test
were used to compare the two groups. Spearman’s rank cor-
relation was used for bivariate correlations. The relation of
CXCL12 with the endpoint was investigated with the use of
logistic regression models in multivariate adjustment with
possible confounders, i.e., age, gender, infarct volume,
NIHSS score, time from onset to admission, time from onset
to blood collection, stroke syndrome, stroke etiology, vascular
risk factors, and serum levels of Hs-CRP, HCY, and glucose.
We used crude models and multivariate models adjusted for
all significant predictors and reported odds ratios (ORs).
Further, receiver operating characteristic curves (ROC) was
used to test the overall prognostic accuracy of the NIHSS
and serum biomarkers, and the results were reported as area
under the curve (AUC). All statistical analyses were per-
formed with SPSS for Windows, version 20.0 (SPSS Inc.,
Chicago, IL, USA) and the ROCR package (version 1.0–2),
which is available from CRAN repository (http://cran.r-
project.org/). Statistical significance was defined as P<0.05.

Results

Baseline Characteristics of the Study Population

From 359 screened patients, a total of 302 patients with first-
ever AIS were included in this study (24 with transient ische-
mic attack, 10 with hemorrhagic stroke, 8 with onset of symp-
toms >24 h, 6 without informed consent, 7 with systemic
infections, and 2 with malignant tumor were not analyzed),
and 248 finished the 1-year follow-up (39 patients were died

and 15 lost flow-up). At 1-year follow-up, 31 patients had a
recurrence ischemic stroke, thus, the rate of recurrence rate
was 12.5 %. In the study population, 144 (58.1 %) were male
and the median age was 64 years (IQR 55–72). The median
time from symptom recognition to admission to hospital was
7.2 h (IQR 3.3–15.2), and 155 patients (62.5%)were admitted
within 12 h of symptom recognition. The median time from
symptom recognition to blood collection was 13.2 h (IQR
8.5–23.7). The median NIHSS score on admission was 7
points (IQR 4–11). In addition, the number of tissue plasmin-
ogen activator-treated patients was 72 (29.0 %). The baseline
characteristics of the 248 patients presenting with and without
recurrence stroke are described in Table 1.

Main Results

Serum CXCL12 levels increased with increasing severity of
stroke as defined by the NIHSS score. There was a positive
correlation between levels of CXCL12 and NIHSS score (r=
0.301, P<0.0001). We also found that there a positive trend
between serum CXCL12 levels and Hs-CRP (r=0.202, P=
0.006), age (r=0.193, P=0.012). Statistical analysis here also
revealed no influence of sex, time from symptom onset to
include, stroke syndrome, stroke etiology risk factors of
stroke, and HCY on CXCL12 in AIS patients (P>0.05, re-
spectively). In the subgroup of patients (n=186) in whom
MRI was available, the median infarct volume was 25 mL
(IQR 10–48). The serum CXCL12 levels paralleled with
the size of lesions. There was a significant positive as-
sociation between serum CXCL12 levels and infarct volume
(r=0.313, P<0.0001).

Serum CXCL12 levels were significantly higher in patients
who had a recurrence ischemic stroke at follow-up compared
with the nonrecurrence stroke cohort [24.2 ng/mL (IQR 15.4–
33.7) vs 6.5 ng/mL (IQR 3.4–10.2); Z=8.258, P<0.0001;
Fig. 1.]. Based on the ROC curve, the optimal cutoff value
of serum CXCL12 levels as an indicator for predicting recur-
rence ischemic stroke within 1 year was projected to be
12.15 ng/mL, which yielded a sensitivity of 83.9 % and a
specificity of 82.7 %, with the area under the curve at 0.893
(95 % CI 0.823–0.964). With an AUC of 0.893, CXCL12
showed a significantly greater discriminatory ability as com-
pared with Hs-CRP (AUC 0.759; 95 % CI 0.678–0.841;
P<0.001), HCY (AUC 0.708; 95 % CI 0.628–0.787,
P<0.001) and NIHSS score (AUC 0.679; 95 % CI 0.577–
0.780; P<0.0001; Fig. 2). Interestingly, combined model
(CXCL12 and NIHSS) improved those markers alone (AUC
of the combined model 0.913; 95 % CI 0.843–0.979;
P<0.01). This improvement was stable in an internal
fivefold cross validation that resulted in an average
AUC (standard error) of 0.68 (0.045) for the NIHSS and
0.91 (0.022) for the combined model, corresponding to a dif-
ference of 0.23 (0.023).
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Table 1 Baseline characteristics of acute ischemic stroke patients

Baseline characteristics Recurrence ischemic stroke within 1 year

Total (N=248) No (N=217) Yes (N=31) P valuea

Demographic characteristics

Age (years), median (IQR) 64 (55–72) 60 (50–66) 72 (63–78) 0.012

Male sex (%)b 58.1 57.6 61.3 0.223

Clinical findings median (IQR)

Systolic blood pressure (mmHg) 158 (145–172) 157 (140–175) 160 (152–166) 0.612

Diastolic blood pressure (mmHg) 91 (73–108) 90 (74–110) 92 (72–103) 0.734

Temperature (°C) 37.1 (36.4–37.6) 37.0 (36.3–37.4) 37.3 (36.5–37.7) 0.917

NIHSS at admission, median (IQR) 7 (4–11) 5 (4-9) 9 (6–13) 0.009

Time from stroke onset to admission (h) (IQR) 7.2 (3.3–15.2) 6.9 (3.2–14.7) 7.4 (3.6–15.8) 0.132

Time from stroke onset to blood collection (h) (IQR) 13.2 (18.5–23.7) 13.1 (18.3–23.5) 13.4 (19.0–24.1) 0.241

Hospital stay, median (IQR) 29 (15–69) 30 (16–68) 27 (14–73) 0.126

Vascular risk factors (%)b

Hypertension 75.4 74.7 80.6 0.872

Diabetes mellitus 35.9 34.1 48.4 0.355

Atrial fibrillation 10.9 10.6 12.9 0.771

Hyperlipidemia 69.4 70.5 61.2 0.602

Smoking history 68.1 70.5 51.6 0.225

Coronary heart disease 35.9 34.6 45.2 0.513

Family history of stroke 10.9 10.6 12.9 0.771

Prior myocardial infarction 13.3 12.9 16.1 0.663

Stroke syndrome (%)b

TACS 8.9 8.8 9.7 0.902

PACS 38.7 36.0 58.1 0.018

LACS 27.4 27.6 25.8 0.952

POCS 25.0 27.6 6.6 0.021

Stroke etiology (%)b

Small-vessel occlusive 17.7 18.4 12.9 0.426

Large-vessel occlusive 18.5 14.7 45.2 <0.001

Cardioembolic 30.6 32.3 19.4 0.145

Other 12.9 12.4 16.1 0.806

Unknown 20.2 22.1 6.5 0.042

Laboratory findings, median (IQR)

Total cholesterol (mmol/L) 4.54 (4.14–5.06) 4.48 (4.03–4.07) 4.86 (4.43–5.19) 0.036

HDL (mmol/L) 1.41 (1.13–1.78) 1.43 (1.13–1.80) 1.12 (0.92–1.38) 0.024

LDL (mmol/L) 2.44 (1.67–2.98) 2.44 (1.66–2.96) 2.43 (1.76–3.27) 0.552

Triglycerides (mmol/L) 1.55 (1.13–1.79) 1.54 (1.10–1.63) 1.67 (1.32–1.95) 0.417

Glucose (mmol/L) 5.87 (5.33–6.43) 5.87 (5.30–6.42) 5.88 (5.40–6.64) 0.336

Hs-CRP (mg/dL) 0.45 (0.32–0.86) 0.42 (0.30–0.82) 0.69 (0.48–1.76) 0.006

Homocysteine (μmol/L) 14.2 (11.6–17.1) 13.6 (11.2–16.5) 16.2 (13.8–19.4) 0.011

CXCL12 (pg/mL) 7.0 (3.8–12.4) 6.5 (3.4–10.2) 24.2 (15.4–33.7) <0.001

IQR interquartile range, HDL high-density lipoproteins, LDL low-density lipoproteins, Hs-CRP high-sensitivity C-reactive protein, CXCL12 CXC
chemokine ligand-12, NIHSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial anterior circulation syndrome, POCS
posterior circulation syndrome, TACS total anterior circulation syndrome
aP value was assessed using Mann-Whitney U test
bP value was assessed using chi-squared test
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In univariate logistic regression analysis, CXCL12 as a con-
tinuous variable was associated with an increased risk of recur-
rence ischemic stroke with an unadjusted OR of 2.390 (95%CI
1.432–3.867; P<0.0001). After adjusting for all other possible
covariates, such as sex, age, family history for stroke, clinical
and laboratory findings, CXCL12 remained can be seen as an
independent risk of recurrence ischemic stroke with an adjusted
OR of 1.587 (95 % CI 1.244–2.208; P<0.0001). This relation-
ship was confirmed in the dose-response model. Further, in our
study, we found that an increased risk of recurrence ischemic
stroke was associated with CXCL12 serum level ≥12.15 ng/mL
(unadjusted OR 19.117, 95%CI 7.620–47.963). In multivariate

analysis, there was an increased risk of recurrence ischemic
stroke associated with serum CXCL12 levels ≥12.15 ng/mL
(OR 9.122, 95 % CI 6.103–15.104) after adjusting for above
possible confounders. In the subgroup of patients (n=186) in
whomMRI evaluations were performed, serum CXCL12 levels
≥12.15 ng/mL was an independent predictor with an OR of
11.641 (95 % CI 3.302–22.564; P<0.001) after adjustment for
both lesion size and the NIHSS score. In addition, the NIHSS
score and laboratory findings, such as HCY and Hs-CRP
remained significant predictors (Table 2).

The time to recurrence stroke distribution between patients
with baseline CXCL12 levels ≥12.15 ng/mL and those with
baseline CXCL12 levels <12.15 ng/mL were significantly dif-
ferent (P<0.0001, log-rank test; Fig. 3). The weighted Cox
proportional hazard model demonstrated that baseline
CXCL12 levels ≥12.15 ng/mL were significantly associated
with stroke at follow-up (hazards ratio 19.12; 95 % CI 7.62–
47.96; P<0.0001).

Discussion

CXCL12 plays a pivotal role in angiogenesis and the regen-
eration of ischemic tissue through the regulation of hemato-
poietic progenitor cells and is upregulated at the sites of vas-
cular injury and platelet activation [20]. Thus, CXCL12 has
recently been discussed as a predictor in acute ischemic
stroke. After ischemic stroke, CXCL12 mediates the inflam-
matory response by recruitment of neural progenitor cells and
the mobilization of bone marrow-derived progenitor cells for
tissue regeneration and neovascularization [21]. We firstly
found that, in our cohort, elevated CXCL12 levels at admis-
sion were strongly associated with recurrence ischemic stroke
at 1-year follow-up even after adjusting for traditional risk
factors in Chinese patients with AIS. Thus, CXCL12 may be
an important biomarker for stroke recurrence and individuals
in whom more aggressive risk factor modification, diagnostic
evaluation, or even intervention is warranted.

A few reports described the behavior of CXCL12 in pa-
tients with acute ischemic stroke, but its role in humans with
stroke had controversies. Kim et al. [11] found that serum
CXCL12 levels were higher in acute-stage stroke patients
compared with the normal control group (P=0.011), but
Wurster et al. [20] reported that there was no significant dif-
ference in circulating CXCL12 levels between patients with
stroke and normal control subjects. Schutt et al. [14] suggested
that serum CXCL12 levels may represent a novel biomarker
of future ischemic stroke in patients undergoing elective cor-
onary angiography, which were supported by our results. Our
study added to the literature regarding CXCL12 and stroke in
humans and was unique because wewere able to use CXCL12
levels measured at baseline to predict a future stroke occur-
rence in patients with AIS.

Fig. 1 Distribution of serum CXCL12 levels in stroke patients with
recurrence stroke and without recurrence stroke. The middle horizontal
lines indicate mean levels. P values refer to Mann-Whitney U tests for
differences between groups

Fig. 2 Receiver operating characteristic (ROC) curves were utilized to
evaluate the accuracy of serum levels of XCL12 to predict stroke
recurrence in 1 year
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In a previous study, Wurster et al. [20] reported that
CXCL12 expression showed a trend with the severity of
stroke according to NIHSS (r=0.125; P=0.085), but signifi-
cantly correlated with the peak levels of C-reactive protein
(r=0.218; P=0.002). Interestingly, in our study, we found that
there were positive correlation between levels of CXCL12 and
NIHSS score (r=0.301, P<0.0001) and Hs-CRP (r=0.202,
P=0.006). In addition, our findings of a positive linear asso-
ciation between serum CXCL12 and infarct volume (r=0.313,
P<0.0001) stand in contrast to a previous report showing a
moderately inversely (r=−0.49) correlated with baseline
diffusion-weighted imaging lesion volumes (P<0.04) [12].
This study included only 17 patients and may have lacked
the power to support its conclusions.

Whether higher circulating CXCL12 level is an accelerator
or only be a marker of stroke recurrence remains uncertain. It
is important to discuss whether CXCL12 in patients with
stroke recurrence have pathological roles or just was as

indicator. CXCL12 play important roles in multiple processes
after ischemic stroke, which include inflammatory response,
focal angiogenesis, and the recruitment of bone marrow-
derived cells (BMCs) and neural progenitor cell (NPC) to
injury [22]. Investigators have demonstrated increased
CXCL12 expression in atherosclerotic plaques obtained from
human carotid endarterectomy specimens [23]. Hill et al. [24]
suggested CXCL12 was important in the homing of bone
marrow-derived cells, especially monocytes, to areas of ische-
mic injury, while Schönemeier et al. [25] reported that
CXCl12 expression increased strongly in the peri-infarct and
infarct region, which was accompanied by the appearance of
numerous CXCR4-expressing but not CXCR7-expressing
cells in the rat. More works should be done to draw conclu-
sions about the connection between CXCl12 and stroke risk.

Several limitations of this study must be acknowledged.
Firstly, the relatively small sample size may limit the general-
ization of the results of this study. Before broad

Table 2 Univariate and
multivariate logistic regression
analyses for recurrence stroke

Parameter Univariate analysis Multivariate analysis

ORa 95 % CIa P ORa 95 % CIa P

Predictor

CXCL12 (≥12.15 ng/mL) 19.12 7.62–47.93 <0.0001 9.12 6.10–15.10 <0.0001

Age 1.18 1.04–1.45 <0.001 1.08 1.02–1.16 <0.001

Sex (male) 1.04 0.95–1.22 0.302 –

Time from onset to admission 1.24 1.02–1.55 0.214 –

Time from onset to blood collection 1.32 0.96–1.67 0.143 –

Glucose 1.08 1.02–1.38 0.035 1.06 1.01–1.43 0.042

Hs-CRP 1.22 1.05–1.33 0.006 1.08 1.02–1.24 0.021

HCY 1.07 1.03–1.11 0.011 1.03 1.01–1.07 0.018

Infarct volumeb 1.08 1.03–1.14 0.009 1.05 1.01–1.12 0.024

NIHSS 1.21 1.03–1.43 <0.001 1.15 1.07–1.25 <0.001

Smoking history 0.86 0.50–1.48 0.225 –

Systolic blood pressure 0.99 0.98–1.00 0.612 –

Hypertension 1.87 0.87–3.44 0.872 –

Atrial fibrillation 1.62 1.00–2.70 0.771 –

Hypercholesterolemia 1.33 0.89–2.69 0.323 –

Coronary heart disease 1.06 0.48–2.31 0.894 –

Small-vessel occlusive 0.55 0.21–1.45 0.426 –

Large-vessel occlusive 1.21 1.09–1.30 <0.001 1.04 0.82–2.04 0.763

Cardioembolic 1.12 0.94–2.02 0.145 –

TACS 1.54 0.96–2.49 0.902 –

PACS 1.35 1.10–1.67 0.018 1.10 0.97–1.34 0.076

LACS 0.75 0.44–1.26 0.952 –

POCS 0.66 0.59–0.78 0.022 0.79 0.43–1.04 0.132

OR odds ratio, CI confidence interval, Hs-CRP high-sensitivity C-reactive protein, NIHSS National Institutes of
Health Stroke Scale, CXCL12 CXC chemokine ligand-12, LACS lacunar syndrome, PACS partial anterior circu-
lation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome
aNote that the odds ratio corresponds to a unit increase in the explanatory variable
b In the subgroup of patients (n=186) in whom MRI was available
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implementation, additional studies are needed for external val-
idation. In addition, some patients with recurrence stroke were
died and excluded in our follow-up. This will cause a selection
bias. Another potential limitation of this approach is the fact
that none of the biomarker is disease specific and may be
elevated in the setting of medical comorbidities. Thirdly, we
only tested the serum levels of CXCL12 at admission.
Without serial measurement of the circulating CXCl12 levels,
this study yielded no data regarding when and how long bio-
markers were elevated in these patients. Through measure-
ment and analysis of this marker, we might know who will
respond to a particular therapy, and then is serves a greater
purpose. Fourthly, functional outcome data are lacking.
Further studies are needed to determine whether serum
CXCL12 levels predict outcomes after a stroke in our popu-
lation. Interestingly, in another study, Kim et al. [11] found
that CXCL12 was an independent predictor of functional out-
come after stroke. Fifthly, infarct volume based on the formula
for hematoma volumetry (0.5×a×b×c) in our study protocol
was suboptimal. Besides, number and location of the infarct
was not evaluated. Future studies on location of the infarct and
white matter changes will be needed to further disentangle the
effect of these factors on stroke recurrence. Finally, we mea-
sured CXCL12 in serum, not in cerebral spinal fluid (CSF). It
is still uncertain whether peripheral CXCL12 levels reflect
similar changes in the central nervous system (CNS).

Conclusions

Elevated circulating CXCL12 levels at admission are strongly
associated with the future recurrence of ischemic stroke in

Chinese patients with AIS. Further studies are warranted to
confirm this association and define the role for CXCL12 as a
novel predictor biomarker for stroke.
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