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Introduction

Stroke is the leading cause of death and long-term disability in
China and has conferred a huge economic and societal burden
(Bai et al. 2017). China has 2.5 million new stroke cases and 1.6
million deaths caused by stroke each year and 7.5 million stroke
survivors (Tu et al. 2017). Survivors often require long-term care,
and they are at high risk of recurrent stroke (Levine et al. 2007).
Importantly, ischemic stroke is a devastating disease with few
effective treatment strategies. Intravenous thrombolysis with
alteplase is the standard medical treatment for acute ischemic
stroke within 4.5 h after the onset of symptoms (Thomalla
et al. 2018). This time window is hard to reach. Thus, it is very
urgent to find a new target for drug development.

Macrophage migration inhibitory factor (MIF), a central
cytokine of the innate immunity, includes 114 amino acid
(12.5-kDa) and is expressed in a diversity of cell types, such
as T cells, monocytes, macrophages, endothelial cells, and
activated platelets (Calandra and Roger 2003; Chatterjee
et al. 2014). Furthermore, it is recognized as a multifunctional
cytokine participating in both immune and inflammatory re-
sponses (Liu et al. 2018).

Macrophage migration inhibitory factor (MIF) is an inte-
gral component of the host antimicrobial alarm system and
plays a pivotal role in the development of inflammatory pro-
cesses (Donnelly and Bucala 1997), sepsis (Chuang et al.
2014), rheumatoid arthritis (Baugh et al. 2002), autoimmune
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diseases (Assis et al. 2014), autosomal dominant polycystic
kidney disease (Chen et al. 2015a, b), obesity (Morrison and
Kleemann 2015), diabetes (Sanchez-Zamora and Rodriguez-
Sosa 2014), and cancer (Lv et al. 2016). Another study sug-
gested that MIF may protect the kidney from ischemia-
reperfusion injury after cardiac surgery (Stoppe et al. 2018).
Previous studies supported a regulatory role for MIF in the
process of atherosclerosis (Boekholdt et al. 2004), acute cor-
onary syndromes (Miiller et al. 2012), art failure (Luedike
et al. 2018a). Burger-Kentischer et al. (2002) found that MIF
may play an important role in early plaque development and
advanced complicated lesions. Moreover, MIF has emerged as
a key player in cardiovascular disease and might be an indi-
cator of disease severity (Zernecke et al. 2008). Herder et al.
(2008) proposed that MIF played a role in local vascular in-
flammation and atherogenesis but is not a novel biomarker for
coronary heart disease (CHD) risk. Another study suggested
that that the relation between MIF and the risk of myocardial
infarction or death due to coronary artery disease in adults was
not very strong (Boekholdt et al. 2004).

Interestingly, Lin et al. (2017) reported that MIF in serum
might be a potential biomarker for reflecting inflammation,
severity, and prognosis of acute intracerebral hemorrhage pa-
tients. Furthermore, it has been reported that MIF is dysregu-
lated in rodent ischemic stroke model (Wang et al. 2009). One
study demonstrated that serum MIF levels at admission were
positively correlated with infarct volume and long-term out-
come in patients with acute ischemic stroke (AIS) (Li et al.
2017), while another study confirmed that elevated plasma
levels of MIF at admission were associated with increased risk
of post-stroke depression (PSD) in the next 3 months (Xu et al.
2018). Therefore, we hypothesized that MIF might be play
role in the pathophysiology of ischemic stroke. The present
study thus aimed to investigate the possibility of MIF, a central
cytokine of the innate immunity, proposed to play role in the
development of stroke recurrence events in a 12-month fol-
low-up study in Chinese patients with first-ever ischemic
stroke.
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Methods
Study Design and Included Patients

This prospective cohort study was conducted at a single hos-
pital. From September 2015 to December 2016, all consecu-
tive first-ever acute ischemic stroke patients without any pre-
morbid handicap who were admitted to the Emergency
Department of the Zhoukou Central Hospital (Henan, China)
were identified. Ischemic stroke was diagnosed according to
World Health Organization (WHO) recommendations (neuro-
logical deficit of cerebrovascular cause that persists beyond
24 h or is interrupted by death within 24 h) (Hatano 1976).
The clinical diagnoses were validated on the basis of comput-
ed tomography (CT) and/or magnetic resonance imaging
(MRI; assessed by the Zhang and Liu). The patients with the
following criteria were excluded: (1) malignant tumor (2) and
a history of recent surgery or trauma during the preceding
3 months; (3) liver and kidney function insufficiency; (4)
acute and chronic inflammation; metabolic abnormalities
(not included diabetes); (5) other neurological diseases (cere-
bral hemorrhage, Parkinson’s disease, and Alzheimer’s dis-
ease); and (6) lost blood samples, lost flow-up, and unex-
plained death during follow-up. The study was approved by
the ethics committee of Zhoukou Central Hospital. The pa-
tients or their relatives gave written informed consent prior to
entering the study.

Clinical Variables and Neuroimaging

Demographical and clinical data including age, sex, body mass
index (BMI), race, conventional vascular risk factors (hyperten-
sion, diabetes mellitus, atrial fibrillation, coronary heart disease,
smoking habit, and a history of transient ischemic attack (TIA))
were recorded. Pre-stroke therapy, including oral anticoagulants,
antiplatelet agents, antihypertensive treatment, and statins, as
well as acute treatment (IV thrombolysis and/or mechanical
thrombectomy), were obtained. The stroke severity was evaluat-
ed with the National Institute of Health Stroke Scale (NIHSS,
range from 0 to 42) (Brott et al. 1989) score at their admission by
a stroke neurologist (Liu). Stroke subtype and syndrome were
defined according to TOAST (trial of org 10,172 in acute stroke
treatment) criteria (Adams et al. 1993) and the Oxfordshire
Community Stroke Project [total anterior circulation syndrome
(TACS), partial anterior circulation syndrome (PACS), lacunar
syndrome (LACS), and posterior circulation syndrome (POCS)]
(Bamford et al. 1991), respectively. The OCSP and TOAST
classifications were verified by brain imaging (either CT or
MRI) within 24 h after admission. MRI with diffusion-
weighted imaging (DWI) was available for some patients (n =
233). The infarct volume was calculated by using the formula
0.5 % axbxc (a=the maximal longitudinal diameter; b = the
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maximal transverse diameter perpendicular to a; ¢ = the number
of 10-mm slices containing infarct) (Tu et al. 2014).

End Points and Follow-Up

We followed the participants for a median of 12 months
(range, 11-13 months) using a standard questionnaire and
telephone or household contact by physician investigators.
The follow-up protocol after hospital discharge included
phone interviews at 1 month, 3 months, 6 months, 9 months,
and 12 months thereafter to ascertain vital status and occur-
rence of stroke events. The primary endpoint was stroke re-
currence. The secondary endpoint was all-cause death. Stroke
recurrence was defined as a sudden functional deterioration in
neurological status with a decrease of the NIHSS score of 4 or
more, or a new focal neurological deficit of vascular origin
lasting >24 h (Zhang et al. 2011). Death was assessed by
vascular death (including fatal stroke, other cardiovascular
death, or death by any causes). In patients who had a recurrent
stroke, medical records from the stroke admission were
reviewed by the investigators. If the patients had unexplained
death during follow-up, they would be excluded from our
study.

Laboratory Analyses

For the purpose of this study, serum samples were drawn from
the antecubital vein at the first morning after admission. After
centrifugation, the serum samples were immediately stored at
— 80 °C before assay. Blood samples from some patients (N =

33) were collected on 12 h, 24 h, 48 h, 72 h, and 96 h after
admission for MIF tested. Serum levels of MIF were tested by
Quantikine Human MIF Immunoassay using a commercially
available ELISA kit (Catalog Number DMF00B; R&D
Systems, Inc. Minneapolis, USA). The measuring range of
the MIF was between 0.2 ng/ml and 10 ng/ml. Due to the high
levels of MIF (ng/ml) in the human blood sample, serum and
platelet-poor plasma samples require a tenfold dilution. Thus,
the test range of the MIF was between 2 and 100 g/ml. The
coefficients of variation (CVs) for the intra- and inter-assay
reproducibility were 4.5-6.0% and 6.0-9.0%, respectively. In
addition, fasting blood glucose (FBG) and C-reactive protein
(CRP) were also tested using standard laboratory methods.
Serum interleukin 6 (IL-6) was tested by ELISA method. All
those tested were done in duplicates and samples with a CV
exceeding 10% were reanalyzed.

Statistical Analysis

The results were expressed as percentages for categorical var-
iables and as medians (interquartile ranges [IQRs]) for contin-
uous variables. The Mann-Whitney U test and chi-square test
were used to compare the two groups. Spearman’s rank
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correlation was used for bivariate correlations. In addition,
association between MIF and NIHSS score was also assessed
using ordered logistic regression models in multivariate ad-
justment with possible confounder (including age, sex, BMI,
vascular risk factors, stroke etiology, stroke syndrome, acute
treatment, pre-stroke treatment, and serum levels of Hs-CRP,
IL-6, and FBG).

To investigate whether MIF allows predicting of stroke
recurrence after 1 year in patients with stroke, different
statistical methods were used. First, the relation of MIF
with the stroke recurrence was investigated with the use
of logistic regression models. Common logarithmic trans-
formation (i.e., Log) was performed to obtain normal dis-
tribution for skewed variables (i.e., MIF concentrations).
We used crude models and multivariate models adjusted
for all significant predictors and report odds ratios (ORs)
with the corresponding 95% confidence interval (CI). For
multivariate analysis, we included confounders, known
risk factors, and other predictors as assessed in univariate
analysis. Note that the OR corresponds to a one-unit in-
crease in the explanatory variable; for the log-transformed
MIF values, this corresponds to a tenfold increase. For a
more detailed exploration of the MIF and stroke recur-
rence, we also used multivariate analysis models to esti-
mate adjusted OR and 95% ClIs of stroke recurrence for
MIF quartiles (with lowest quartile as reference).

Second, we compared different prognostic risk scores
from different predictive models by calculating receiver
operating characteristic curve (ROC) analysis. ROC was
used to test the overall prognostic accuracy of MIF and
other markers and results were reported as area under the
curve (AUC). To test whether the MIF levels improves
score performance, we considered the nested models with
MIF, CRP, and IL-6 as compared with MIF only.
Furthermore, care was taken to adjust for the optimistic
bias of in-sample prediction error estimates using a five-
fold cross-validation scheme. In addition, the net reclassi-
fication improvement (NRI) and the integrated discrimi-
nation improvement (IDI) were used to measure the quan-
tity of improvement for the correct classification and sen-
sitivity according to the addition of serum MIF levels to
the prediction model I, including risk factors which con-
firmed in the univariate analysis (Pencina et al. 2008).

Lastly, the influence of elevated levels of MIF(>cut-off) on
stroke recurrence was also performed. The positive predictive
value (PPV), negative predictive value (NPV), and the diagnos-
tic accordance rate were calculated. All statistical analyses were
performed with SPSS for Windows, version 22.0 (SPSS Inc.,
Chicago, IL, USA) and the ROCR package (version 1.0-2),
which is available from CRAN repository (http:// cran.r-
project.org/) for evaluating and visualizing the performance of
scoring classifiers (Katan et al. 2009). Statistical significance
was defined as P <0.05.

Results
Patient Characteristics

In this study, we recorded 469 patients with ischemic
stroke and 423 completed follow-ups (26 were lost to
follow-up and 20 withdrew from the study). Furthermore,
37 patients had died and were without detailed reasons for
death. Finally, 386 stroke patients were included in our
study. The median age was 64 (IQR, 56-73) years, and
50.8% were male. The median NIHSS score on admission
was 7 points (IQR, 4 to 13). The serum level of MIF in
those patients was with a median value of 21.5 ng/ml (IQR,
17.5-27.8 ng/ml). The baseline characteristics of the 386
patients were described in Table 1.

Main Results

Serum levels of MIF increased with increasing severity of
stroke as defined by the NIHSS score, and there was a modest
correlation between serum levels of MIF and NIHSS score
(r[spearman] = 0.441, P < 0.001). The positive correction still
exists even after adjusted for possible confounders (including
age, sex, BMI, vascular risk factors, stroke etiology, stroke
syndrome, acute treatment, pre-stroke treatment, and serum
levels of Hs-CRP, IL-6, and FBG) by ordered logistic regres-
sion (P =0.013). In addition, serum levels of MIF were also
correlated with CRP (P<0.001), IL-6(P<0.001), FBG (P=

0.003), stroke etiology (P=0.001), and stroke syndrome
(P<0.002); Sup Table I. As shown in the Sup Table I, no
correlations between serum levels of MIF and others factors,
such as, sex, age, BMI, time from admission to blood collect-
ed, pre-stroke treatment, and vascular risk factors (P> 0.05,
respectively). In patients for whom MRI data were available
(n=233), there was a positive correlation between levels of
MIF and the infarct volume (»=0.285, P <0.001).

Daily blood samples were obtained for 96 h after admission
in a subgroup of 33 patients, 6 of whom subsequently experi-
enced stroke recurrence events. The result illustrates the time
course of serum MIF, showing significant changes with day of
sampling (P<0.01), with peak concentrations on day 1
(P<0.01, compared to days 0, 0.5, and 2—4, respectively),
falling to a plateau by days 3 to 4 (Fig. 1).

MIF and 1-Year Stroke Recurrence

In our study, 66 patients had a stroke recurrence. Thus, the
incidence was 17.1% (95%CI 13.3-20.9%). Interestingly,
we found that the nearly half of the stroke recurrence oc-
curred in 1 month after admission (7.3%), and the rates of
new occurred stroke recurrence among 3 months, 6 months,
9 months, and 12 months were 3.1%, 2.6%, 2.3%, and
1.8%, respectively; Fig. 2. Serum levels of MIF in patients
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Table 1 Baseline characteristics
of the included ischemic stroke

patients

N=386
Age, medians (IQRs), years 64 (56-73)
Sex-male, n (%) 196 (50.8)
Race-Han, n (%) 355 (92.0)

BMI, medians (IQRs) (kg/m?)
Vascular risk factors

26.8 (24.9-29.2)

Hypertension 248 (64.2)
Diabetes 161 (41.7)
Coronary heart disease 89 (23.1)
Atrial fibrillation 71 (18.4)
Myocardial infarction 44 (11.4)
Previous TIA 47 (12.2)
Smoking habit 55(14.3)
Time from admission to blood collected, medians (IQRs), (h) 5.5 (3.5-12.0)
Pre-stroke treatment

Antihypertensive 198 (51.3)
Oral hypoglycemic drugs and/or insulin 139 (36.0)
Antiplatelet agents 101 (26.2)
Anticoagulants 33 (8.5)
Statins 125 (32.4)
Acute treatment, TPA-T no. (%) 85 (22.0)
NIHSS at admission, medians (IQR) 7 (4-13)

Lesion volumes (N =233), median (IQR) (ml)

Stroke syndrome, N (%)
TACS

PACS

LACS

POCS

Stroke etiology, N (%)
Small-vessel occlusive
Large-vessel occlusive
Cardioembolic

Other

Unknown

Laboratory findings, medians (IQR)

CRP, mg/l

IL-6, pg/ml
FBG, ng/ml
MIF, ng/ml

Incidence of stroke recurrent at 1-year follow-up, n (%; 95%CI)

24.9 (9.6-38.8)

77 (19.9)
115 (29.8)
87 (22.5)
107 27.7)

75 (19.4)
91 (23.6)
137 35.5)
43 (11.1)
40 (10.4)

6.4 (4.2-10.3)
7.1 (5.2-8.9)
54(4.9-6.1)
21.5 (17.5-27.8)
66 (17.1%; 13.3%-20.9%)

IOR interquartile range, NIHSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial
anterior circulation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome,
TPA-Ttissue plasminogen activator-treated, CRP C-reactive protein, MIF macrophage migration inhibitory factor,
FBG fasting blood glucose, TIA transient ischemic attack

with recurrent stroke were significantly higher as com-
pared with those in patients without recurrent stroke
[26.9 ng/ml (IQR, 21.6-37.7) vs. 21.0 ng/ml (IQR, 17.1-
25.8); Z=5.705, P<0.001; Sup Fig. I).

In univariate logistic regression analysis, we calculated the
odds ratio (OR) of log-transformed MIF levels as compared
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with the NIHSS score and other risk factors as presented in
Table 2. With an unadjusted OR of 16.25 (95% CI, 6.88—
40.15; P<0.001), MIF had a strong association with stroke
recurrences. After adjusting for all other significant outcome
predictors in univariate analysis, MIF remained an indepen-
dent stroke recurrence predictor with an adjusted OR of 5.15
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Fig. 1 Boxplots (ranges) of serum levels of MIF in the first 4 days after
stroke (V= 33). MIF = macrophage migration inhibitory factor

(95% CI, 2.09-12.33; P<0.001). In the subgroup of patients
(n=233) in whom MRI evaluations were performed, MIF
was an independent stroke recurrence predictor with an OR
of 8.18 (95% CI, 3.76-18.27; P <0.001) after adjustment for
both lesion size and the NIHSS score. In addition, age, atrial
fibrillation, the NIHSS score, TACS, and laboratory findings,
such as CRP and IL-6 remained significant predictors
(Table 2).

For a more detailed exploration of the MIF and stroke
recurrence relationship, we also used multivariate analysis
models to estimate adjusted OR and 95% CIs of stroke recur-
rence for MIF quartiles (with first quartile as reference). In
multivariate models comparing the second (Q2), third, and
fourth quartiles against the first quartile of the MIF
(Table 3), MIF in Q3 and Q4 were associated with stroke
recurrence and increased risk of stroke recurrence by
211%(OR 3.11; 95%CI 1.62-5.76; P=0.016) and 325%
(4.25; 2.42-9.18; P<0.001), respectively. MIF in Q2 was
not associated with stroke recurrence (OR 1.40; 95%CI
0.85-2.99; P=0.25). The independent association was con-
firmed using the likelihood ratio test (P < 0.001).

Fig. 2 The new and cumulative 18.0
incidence of stroke recurrence at 16.0

different follow-up time point
14.0

Incidence of stroke recurrence(%)

12.0
10.0
8.0
6.0
4.0
2.0
0.0
1 3 6 9

Based on ROC curves, the optimal cutoff value of serum level
of MIF to diagnose the stroke recurrence was 21.3 ng/ml, which
yielded the highest sensitivity and specificity [81.3 and 53.1%,
respectively; area under the curve (AUC) =0.73, 95%CI 0.66—
0.79; P <0.001; Fig. 3]. With an AUC of 0.73, MIF showed a
significantly greater discriminatory ability as compared with
CRP (AUC, 0.63; 95% CI, 0.56-0.71; P <0.001), FBG (AUC,
0.59; 95% (I, 0.51-0.67; P < 0.001), IL-6 (AUC, 0.65; 95% (I,
0.57-0.72; P =0.002), and NIHSS score (AUC, 0.61; 95% CI,
0.56-0.68; P <0.01). Interestingly, the combined model (MIF/
CRP/IL-6) improved the MIF (AUC of the combined model,
0.77; 95% CI, 0.71-0.85; P =0.012). This improvement was
stable in an internal fivefold cross validation that resulted in an
average AUC (standard error) of 0.73 (0.033) for the MIF and
0.77 (0.030) for the combined model, corresponding to a differ-
ence of 0.04 (0.003). In addition, a significant difference in the
AUC between the established risk factors alone and the addition
of MIF concentrations was observed (difference, 0.03 [95% CI,
0.02-0.04]; P =0.009). In addition, the NRI and the IDI were
used to test the quantity of improvement for the correct reclassi-
fication and sensitivity according to the addition of MIF serum
levels to the prediction model I. As shown in Table 4, the inclu-
sion of MIF in the prediction model I (including age, hyperten-
sion, atrial fibrillation, previous TIA, anticoagulant treatment,
TPA-T, NIHSS at admission, TACS, cardioembolic etiology,
CRP, IL-6, and FBG) for the prediction of stroke recurrence
enhanced the NRI (P =0.005) and IDI (P =0.001) values,
confirming the effective reclassification and discrimination.

Furthermore, in our study, we found that an increased risk
of stroke recurrence was associated with MIF levels >
21.3 ng/ml, and increased risk of stroke recurrence by 331%
(OR unadjusted 4.31; 95%CI 2.29-8.10) and 201% (OR ad-
justed 3.01; 1.64-5.04), respectively (Table 3). Interestingly,
patients with MIF levels >21.3 ng/ml were considered as an
indicator to predict stroke recurrence; the positive predictive
value (PPV) and negative predictive value (NPV) were 25.5
and 92.6%, respectively. The diagnostic accordance rate was
61.4%.

New incidence(%)

MW Cumulative incidence(%)

Time-point(months)
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Table 2  Univariate and multivariate logistic regression analysis of predictors for stroke recurrence

Predictors Univariate analysis Multivariate analysis®
OR(95%CI) p value OR(95%CI) p value
Age (per unit increase) 1.38 (1.18-1.59) 0.003 1.21 (1.03-1.44) 0.015
Sex (male vs. female) 1.06 (0.94-1.29) 0.27 -
Race (Han vs. others) 1.16 (0.93-1.44) 0.16 -
BMI (per unit increase) 0.88 (0.75-1.44) 0.39 -
Vascular risk factors
Hypertension 1.62 (1.15-2.43) 0.035 1.37(0.94-1.86) 0.073
Diabetes 1.35 (0.85-2.39) 0.47 -
Coronary heart disease 1.17 (0.90-1.44) 0.15 -
Atrial fibrillation 1.91 (1.21-3.04) 0.009 1.55 (1.19-2.11) 0.015
Myocardial infarction 1.34 (0.85-2.11) 0.26 -
Previous TIA 1.77 (1.70-2.66) 0.011 1.22 (0.78-1.93) 0.25
Smoking habit 0.71 (0.50-1.34) 0.30 -
Time from admission to blood collected (per unit increase) 0.77 (0.43-1.33) 0.22 -
Pre-stroke treatment
Antihypertensive 0.66 (0.31-1.74) 0.37 -
Oral hypoglycemic drugs and/or insulin 0.93 (0.73-1.44) 0.55 -
Antiplatelet agents 0.68 (0.45-1.15) 0.44 -
Anticoagulants 0.48 (0.31-0.84) 0.012 0.69 (0.55-0.89) 0.042
Statins 1.05 (0.90-1.44) 0.75
Acute treatment, TPA-T 0.83 (0.71-0.94) <0.001 0.92 (0.85-0.98) 0.003
NIHSS at admission (per unit increase) 1.55(1.21-1.84) 0.005 1.21 (1.03-1.52) 0.033
Lesion volumes (N =233, per unit increase) 1.48 (1.16-1.69) 0.003 1.16 (1.04-1.43) 0.019
Stroke syndrome and etiology
TACS 3.38 (1.76-7.65) <0.001 2.26 (1.35-3.87) 0.004
PACS 1.09 (0.80-1.76) 0.59 -
LACS 0.73 (0.45-1.54) 0.27 -
POCS 0.55(0.29-1.33) 0.092 -
Small-vessel occlusive 0.60 (0.31-1.09) 0.075 -
Large-vessel occlusive 1.04 (0.90-1.55) 0.17 -
Cardioembolic 1.62 (1.19-2.04) 0.018 1.29 (1.03-1.53) 0.039
Laboratory findings (per unit increase)
CRP 1.15 (1.05-1.31) 0.001 1.06 (1.01-1.15) 0.013
IL-6 1.33 (1.17-1.50) <0.001 1.19 (1.08-1.36) 0.008
FBG 1.07 (1.02-1.20) 0.025 1.04 (0.97-1.15) 0.072
MIF (increase per log unit)® 16.25 (6.88-40.15) <0.001 5.15 (2.09-12.33) <0.001

OR odds ratio, CI confidence interval, N/HSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial anterior circulation
syndrome, POCS posterior circulation syndrome, ZACS total anterior circulation syndrome, 7PA-T tissue plasminogen activator-treated, CRP C-reactive
protein, MIF macrophage migration inhibitory factor, FBG fasting blood glucose, IL-6 interleukin-6

*Multivariable model included significant risk factors which confirmed in the univariate analysis

®Note that the odds ratio corresponds to a unit increase in the explanatory variable; for MIF, this corresponds to an increase per unit of the log
transformation of MIF (thus, a log-transformed increase of 1 corresponds to a MIF increase of 10 ng/ml)

Discussion

MIF has been proposed as a pro-inflammatory cytokine and
can produce lots of pro-inflammatory molecules (Leyton-
Jaimes et al. 2018). Thus, previous studies had suggested that
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MIF derived from glial cells might be an important player in
pro-inflammatory diseases (Conroy et al. 2010; Leyton-

Jaimes et al. 2018) and further can damage neurons (Koda
et al. 2004). To the best of our knowledge, it is the first time
to measure serum MIF levels after AIS and further assess its
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Table 3 Multivariate logistic

regression analysis for stroke MIF? SR/N, (%) Crude OR (95%Cl), P# Multivariable-adjusted®, P#

recurrence according to MIF

quartiles Quartile 1 5/96, (5.2) Reference Reference
Quartile 2 11/97, (11.3) 2.33 (0.78-6.98), 0.073 1.40 (0.85-2.99), 0.25
Quartile 3 19/95, (20.0) 4.55 (1.62-12.76), 0.002 3.11 (1.62-5.76), 0.016
Quartile 4 31/98, (31.6) 8.42 (3.11-22.79), < 0.001 4.25 (2.42-9.18), < 0.001

Elevated vs. normal 50/196 vs. 16/190

431 (2.29-8.10), < 0.001 3.01 (1.64-5.04), 0.006

SR stroke recurrence; OR odds ratio; CI confidence interval; MIF, Macrophage migration inhibitory factor; T7A,
transient ischemic attack; TPA-T: Tissue plasminogen activator-treated; NZHSS, National Institutes of Health
Stroke Scale; TACS, total anterior circulation syndrome; CRP, C-reactive protein; FBG, Fasting blood glucose;

1L-6, Interleukin-6
#P value for the trend < 0.001

#MIF in quartile 1 (< 17.5 ng/ml), quartile 2 (17.5-21.5 ng/ml), quartile 3 (21.5-27.8 ng/ml), and quartile 4 (>
27.8 ng/ml). Elevated MIF level was defined as >21.5 ng/ml (median)

® Adjusted for those significant risk factors which confirmed in the univariate analysis (Table 2), including age,
hypertension, atrial fibrillation, previous TIA, anticoagulants treatment, TPA-T, NIHSS at admission, TACS,
cardioembolic etiology, CRP, IL-6, and FBG

association with further stroke recurrence in AIS. The main
findings of the current study were that (1) increasing levels of
MIF were correlated to the severity of stroke and peaked 24 h
after stroke; (2) 17.1% of the stroke patients suffered from
stroke recurrence, and nearly half of the stroke recurrence
occurred in 1 month after admission (7.3%); (3) serum levels
of MIF in patients with recurrent stroke were significantly
higher as compared with those in patients without recurrent
stroke (P <0.001); (4) patients in the highest quartile of MIF
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Fig. 3 Receiver operator characteristic curve demonstrating sensitivity as
a function of 1-specificity for predicting the stroke recurrence based on
the different biomarkers. CRP = C-reactive protein; IL-6 = interleukin 6;
MIFM = macrophage migration inhibitory factor; FBG = fasting blood
glucose

had the greatest likelihood of stroke recurrence (adjusted
OR =4.25;95% CI 2.42 t0 9.18).

In a follow-up to a 1-year study involving patients who had
a TIA or minor stroke, the rate of cardiovascular events in-
cluding stroke in a selected cohort was 6.4% in the first year
and 6.4% in the second through fifth years (Amarenco et al.
2018). In this study, we found that the rate of 1-year stroke
recurrence events was 7.3% in the first month and 9.8% in the
second through 12th months. Another study in Chinese pop-
ulation suggested that 10.6% of stoke patients had a stroke
recurrence in the 3-month follow-up (Huang et al. 2016). In
fact, the previous studies had reported that the rate of recur-
rence events after stroke was in the range of 6.2-17.7%
(Cabral et al. 2018; Fernandez-Cadenas et al. 2017; Sposato
et al. 2018; Wang et al. 2013). Different populations, sample
sizes, follow-up time, geographical regions, health status,
ELISA testing kits, and ethnicity may justify the differences
results observed in those studies.

In this study, we found that the optimal cutoff value of
serum level of MIF to diagnose the stroke recurrence was
21.3 ng/ml, which yielded the highest sensitivity and specific-
ity [81.3 and 53.1%, respectively; area under the curve
(AUC)=0.73, 95%CI: 0.66-0.79]. Similarly, a previous study
showed that cut-off value of MIF to predict the development
of depression after stroke was 21.5 ng/ml (Xu et al. 2018). In
addition, MIF levels correlated with the severity and outcome
of various disease states with different cut-off value. Kaplan-
Meier analysis revealed an increased mortality rate in the high
MIF group (> 51 ng/ml) in patients with heart failure (Luedike
et al. 2018b). Another study identified a cut-off value of
1.22 ng/mL with a sensitivity of 82% and a specificity of
56% for the diagnosis of acute coronary syndrome compared
to patients with stable coronary artery disease and healthy
controls (Miiller et al. 2012). Boekholdt et al. (2004) reported
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Table 4 Statistics for model fit
and improvement with addition of

MIF predicted on the prediction
of stroke recurrence

Prediction Model I* Prediction model II (Model I + MIF) p value
NRI (95% CI) - 0.396(0.172-0.605) 0.005
IDI (95% CI) - 0.149(0.083-0.255) 0.001

IDI integrated discrimination improvement, NRI net reclassification improvement, C/ confidence interval, MIF
macrophage migration inhibitory factor, 7/A transient ischemic attack, 7PA-T tissue plasminogen activator-treat-
ed, NIHSS National Institutes of Health Stroke Scale, TACS total anterior circulation syndrome, CRP C-reactive
protein, FBG fasting blood glucose, /L-6 interleukin-6

# Prediction model I included age, hypertension, atrial fibrillation, previous TIA, anticoagulants treatment, TPA-T,
NIHSS at admission, TACS, cardioembolic etiology, CRP, IL-6, and FBG

that among men and women, the unadjusted odds ratio for
future myocardial infarction or death from coronary artery
disease was elevated in the highest quartiles (> 166.6 pg/l)
(P for linearity = 0.003 for men, 0.006 for women), while
another study demonstrated that high plasma levels of MIF
(> 1100 pg/ml) had a sensitivity of 100% and a specificity of
64% to identify the patients who eventually would evolve to a
fatal outcome sepsis (Bozza et al. 2004). Furthermore, in-
creased serum MIF concentrations have been suggested close
relation to clinical outcomes (> 33.8 ng/ml) and mortality (>
28.0 ng/ml) after traumatic brain injury (Yang et al. 2017).

Interestingly, in this study, we found that the serum level of
MIF in those stroke patients was with a median value of
21.5 ng/ml (IQR, 17.5-27.8 ng/ml). When studies in different
diseases were compared, the levels of MIF were inconsistent.
Lehmann et al. (2001) found that the median MIF plasma level
was four to five times higher in patients with severe sepsis
(2.70 ng/ml; range, 0.31-19.59) and in critically ill non-septic
postsurgical patients (2.43 ng/ml, 0.49—4.31) than in healthy
blood donors (0.56 ng/ml, 0.16-1.68), while another study re-
ported that the plasma MIF levels were significantly higher in the
acute myocardial infarction group than in the control group
[5.08(SD: 23) vs. 2.21(23) pg/ml; P <0.001](Yksel et al.
2015). In patient with coronary artery disease, the data showed
that baseline concentrations of MIF were higher in cases
(median,107.4 ng/ml; IQR, 62.5-185.3 ng/ml) than in controls
(90.7; 62.5-156.4 ng/ml) (Boekholdt et al. 2004). Patients with
acute coronary syndromes showed higher plasma levels of MIF
compared to patients with stable coronary artery disease and
control subjects (median 2.85 vs. 1.22 ng/mL vs. 0.1 ng/ml)
(Miiller et al. 2012). There were variations in study diseases or
population, sampling and testing methods, including criteria, ra-
cial or ethnic, culture, and economic status between those various
studies (Sobierajski et al. 2013). Those variations make it difficult
to compare different studies.

A previous study found that MIF protein and mRNA were
significantly increased in stroke patients (Wang et al. 2009).
Another study reported that high MIF levels were an indepen-
dent risk factor for future coronary events in coronary artery
disease patients with impaired glucose tolerance or type 2 dia-
betes mellitus (IGT/T2DM) (Makino et al. 2010). Similarly, in
this study, we proposed that high MIF levels were an
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independent risk factor for future stroke recurrence events in
patients with AIS. However, Turtzo et al. (2013) presented that
loss of MIF exacerbated injury in the female mice brain after
experimental stroke, which was independent of changes in pro-
inflammatory cytokine levels. On the contrary, another study
found that MIF exacerbates neuronal cell death and neurologi-
cal deficits in the focal cerebral ischemia (MCAo0) rodent model
(Liu et al. 2018). Intriguingly, both protective and pathological
roles of MIF have been implicated in stroke and cerebral ische-
mia (Koga et al. 2011; Leyton-Jaimes et al. 2018; Wang et al.
2009). Previous studies suggest that MIF plays an important
role in neurogenesis and neural protection by supporting the
proliferation and survival of neural stem cells via multiple sig-
naling pathways (Okazaki et al. 2018). More work should be
carried out to resolve the disputations.

The cross-sectional design prevented us from inferring any
cause-effect relationship of MIF with stroke recurrence,
However, our results and previous studies indicated that
MIF may be cause rather than consequence of stroke recur-
rence events. A study suggested that MIF knockout mice re-
duces neuronal death and promotes recovery of stroke-
induced neurologic deficits following tMCAo (Inacio et al.
2011), while another study found that administration of MIF
antagonist ISO-1 has the profound neuroprotective effect (Liu
et al. 2018). Furthermore, previous studies had suggested that
MIF was involved in the pathogenesis of non-insulin-
dependent diabetes mellitus (NIDDM)(Sanchez-Zamora
et al. 2010) and idiopathic pulmonary arterial hypertension
(iPAH) (Le Hiress et al. 2015). Hypertension and diabetes
were strongly related to stroke risk (Sacco et al. 1999).
Lastly, administration of MIF following MCAo showed the
deleterious influence on stroke-induced injury by destroying
the tight junction of blood-brain barrier and increasing the
infarct size (Liu et al. 2018). In addition, another study found
that MIF triggered autophagic degradation of endothelial
cells, resulting in vascular leakage (Chen et al. 2015a, b).

This is the largest study to date to validate the prognostic
efficacy of MIF in stroke patients. In addition, some limitations
should be considered. First, this study measured MIF in serum,
not in cerebral spinal fluid (CSF). It was still uncertain whether
peripheral MIF levels reflect similar changes in the central ner-
vous system (CNS). A previous study showed that MIF was
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significantly upregulated in focal ischemic rat brains (Wang et al.
2009). In addition, in this study, the serum samples were collect-
ed. However, a previous validation study found that MIF serum
concentrations (1) were higher than plasma concentrations and
show broader ranges, (2) were higher in samples processed with
latency than in those processed directly, (3) were strongly corre-
lated with hemoglobin in plasma, suggesting use plasma and not
serum samples when determining circulating MIF and avoiding
hemolysis by processing samples immediately after blood draw-
ing (Sobierajski et al. 2013). Second, the study was lack of func-
tional assessment of HPA axis in parallel and no information
about MIF gene expression. One study demonstrated that MIF
gene expression was altered during stroke, and dysregulation of
the hypoxia signaling-induced MIF expression plays an impor-
tant role in neuronal death in stroke (Zis et al. 2015). Another
study showed that MIF gene expression was upregulated after
stroke, and hypoxia signaling plays an important role in upregu-
lation of MIF expression under stroke (Wang et al. 2009).
Therefore, further studies should be carried out to determine
the association of those factors (such as HPA axis and MIF gene
expression) with plasma levels of MIF and stroke recurrence.
Lastly, observational study design did not allow drawing secure
conclusions for a causal relationship.

Conclusions

The present study demonstrated that elevated serum levels of
MIF were associated with increased risk of stroke recurrence
in the next 12 months and might be useful in identifying stroke
at risk for recurrence events for early prevention strategies.
Further studies are proposed to confirm this association,
which may open a good drug target for the therapy of stroke.
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