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Abstract The activation of the complement system may be
involved in the pathology of stroke and type 2 diabetes
(T2DM). We therefore evaluated the long-term prognostic
value of early measurement of serum mannose-binding lectin
(MBL) levels, an activator of the complement system, in
Chinese T2DM with acute ischemic stroke (AIS). Serum
MBL levels were determined in T2DM patients with AIS
(N=188). The adjudicated end points were 1-year functional
outcomes and mortality. The prognostic value of MBL was
compared with the National Institutes of Health Stroke Scale
score and with other known outcome predictors. Patients with
an unfavorable outcomes and nonsurvivors had significantly
increased MBL levels on admission (P<0.0001 and
P<0.0001). Multivariate logistic regression analysis adjusted
for common risk factors showed that MBL was an indepen-
dent predictor of functional outcome (odds ratio (OR)=8.99,
95 % CI 2.21-30.12) and mortality (OR=13.22, 95 % CI
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2.05-41.21). The area under the receiver operating character-
istic curve of MBL was 0.75 (95 % CI 0.68-0.83) for func-
tional outcome and 0.85 (95 % CI 0.80-0.90) for mortality. In
type 2 diabetic patients with stroke, high levels of MBL
predict future functional outcomes and mortality. This indi-
cated that the elevated MBL levels may play a significant role
in the pathology of the subsequent damage and that the
pathways leading to complement activation warrant further
exploration as potential therapeutic targets to improve the
prognosis for these patients.

Keywords Mannose-binding lectin - Type 2 diabetes - Acute
ischemic stroke - One-year outcome - Prognostic biomarker

Introduction

China has a high burden of type 2 diabetes (T2DM) and
stroke. Diabetes has become a major public health problem
in China. In 2009, the age-standardized prevalence of total
diabetes and prediabetes was 9.7 and 15.5 %, respectively,
accounting for 92.4 million adults with diabetes and 148.2
million adults with prediabetes [1]. Stroke is the second most
common cause of death and leading cause of adult disability in
China. China has 2.5 million new stroke cases each year and
7.5 million stroke survivors [2]. T2DM is a significant cause
of premature mortality and morbidity especially related to
cardiovascular disease (i.e., stroke), while the severity of
ischemic heart disease is markedly enhanced in T2DM.
Mannose-binding lectin (MBL) is a major component of
the innate immune system. It belongs to the collectin family of
proteins in which lectin (carbohydrate recognition) domains
are found in association with collagenous structures [3]. MBL
recognizes and binds repeating carbohydrate moieties on the
surfaces of microorganisms, which results in complement
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activation and opsonization of pathogens [4]. There is evi-
dence that the protein has at least four distinct functions: (1)
the activation of complement; (2) the promotion of
(complement-independent) opsonophagocytosis; (3) the mod-
ulation of inflammation; and (4) the promotion of apoptosis
[2]. Research over the past decade indicated that MBL pro-
vides a distinct third pathway of complement activation, and
phylogenetic studies suggested that it may have been the first
such pathway to have evolved [5]. There is increasing evi-
dence from studies of MBL—disease associations which point
to the protein having a major role in the modulation of
inflammation.

The MBL2 gene codes for the active MBL protein and has
three known mutations. These mutations lead to structural
abnormalities and cause MBL deficiency [3]. MBL deficiency
has been associated to infectious diseases [6], coronary artery
disease (CAD), and atherosclerosis in different clinical situa-
tions [7]. Several recent studies have suggested that not only
low, but also high MBL levels are associated with atheroscle-
rosis [8—10]. Pesonen et al. [11] found that MBL might have a
dual role both decreasing susceptibility to infections and in-
creasing the risk of acute coronary syndromes. Elevated levels
of MBL were associated with an increased risk of stroke in
Chinese population [12], while MBL-associated serine prote-
ase (MASPs) levels were associated with cardiovascular risk
factors including dyslipidaemia, obesity, and hypertension
[13]. Zhang et al. [14] found that the MBL genes were
associated with T2DM in the Chinese population living in
the northern areas of China. Elawa et al. [15] reported that
elevated serum MBL in T2DM patients indicated a possible
poor diabetic control and bad progression of the disease with
possibility of the presence, while in another study, log MBL
levels were not associated with the occurrence of cardiovas-
cular events in type 2 diabetic South Asians [16].

A number of publications have now appeared which sug-
gest that MBL is also able to modulate disease severity in both
infectious and autoimmune disease [3]. Investigations in Den-
mark and Hong Kong had suggested that MBL variant alleles
are associated with both severity and early onset of disease in
patients with rheumatoid arthritis [17, 18]. Currently, no data
were available on the role of MBL in the progression of stroke
in patients with T2DM. In this study, we therefore evaluated
the long-term prognostic value of early measurement of serum
MBL levels in Chinese T2DM patients with acute ischemic
stroke (AIS).

Subjects and Methods
Patients and Study Design

We conducted a prospective cohort study at the emergency
department of our hospital. From 2011 to 2012, all T2DM

mellitus patients with first-ever AIS were included. All pa-
tients were Chinese. All patients were admitted within 48 h of
experiencing a new focal or global neurological event. T2DM
mellitus and AIS were defined according to the World Health
Organization criteria. We excluded patients with malignant
tumor, intracerebral hemorrhage, and a history of recent sur-
gery or trauma during the preceding 2 months, renal insuffi-
ciency, febrile disorders, and systemic infections at study
enrollment, autoimmune diseases with or without immuno-
suppressive therapy.

In our study, 100 age- and gender-matched healthy volun-
teers were assigned to the normal group. The median age of
normal included in this study was 68 years (interquartile range
(IQR), 57-79) and 44 % were women. The study was ap-
proved by the ethics committee of Linyi People’s Hospital.
The patients or their relatives gave written informed consent
prior to entering the study.

Clinical Variables

At baseline, the following demographic and clinical data were
taken: gender, age, leukocyte count, duration of diabetes, daily
insulin dose, and history of conventional vascular risk factors
(hypertension, atrial fibrillation, hyperlipoproteinemia,
smoking habit, and alcohol abuse). Routine blood and bio-
chemical tests, electrocardiogram, and a baseline brain com-
puter tomography (CT) or magnetic resonance imaging (MRI)
scan were performed in all patients at admission. All patients
received treatment according to current guidelines. Stroke
severity was assessed on admission using the National Insti-
tutes of Health Stroke Scale (NIHSS) by a neurologist [19].
Stroke subtype was classified according to Trial of Org 10172
in Acute Stroke Treatment (TOAST) criteria [20]. The clinical
stroke syndrome was determined by applying the criteria of
the Oxfordshire Community Stroke Project: total anterior
circulation syndrome (TACS); partial anterior circulation syn-
drome (PACS); lacunar syndrome (LACS); and posterior
circulation syndrome (POCS) [21].

Neuroimaging

Brain imaging (either CT or MRI) was performed routinely
within 24 to 48 h after admission. Diagnosis of stroke was
based on the results of strict neurological examination (CT,
MRI, or both) according to the International Classification of
Diseases, ninth revision. CCT was performed in all patients on
admission mainly to exclude intracranial hemorrhage. There-
after, MRI was performed using a stroke protocol, including
T1-, T2-, and diffusion-weighted imaging (DWI) sequences,
and a magnetic resonance angiography. In those patients, DWI
lesion volumes were determined by one experienced neurol-
ogist unaware of the clinical and laboratory results. The infarct
volume was calculated by using the formula 0.5xaxbxc
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(where a is the maximal longitudinal diameter, b is the max-
imal transverse diameter perpendicular to @, and c is the
number of 10-mm slices containing infarct) [22].

End Points and Follow-up

Functional outcome was obtained on year 1 according to the
modified Rankin Scale (mRS) [23] blinded to MBL levels.
The primary end point of this study was favorable functional
outcome of stroke patients after 1 year from baseline, defined
as an mRS score of 0 to 2 points. Secondary end point in
stroke patients was death or withdrawn from any cause within
a 1-year follow-up. Outcome assessment was performed by
one trained medical staff blinded to MBL levels with a struc-
tured follow-up telephone interview with the patient or, if not
possible, with the relative.

MBL Analyses

For the purpose of this study, blood samples of patients who
were admitted to hospital were drawn from the antecubital
vein at the first morning after admission. After centrifugation,
serum of the samples was immediately stored at —80 °C before
assay. MBL was measured by time-resolved
immunofluorometric assay on serum samples. Microwells
coated with anti-MBL antibody were incubated with dilutions
of patient serum, were developed with europium-labeled anti-
MBL antibody, and europium was quantified with time-re-
solved fluorometric assay (Baoman Biological Technol-
ogy Co., Ltd, Shanghai, China). The detection limit was
1.5 ug/L. The standard concentrations in these Kkits
range from 1.5 to 100 pg/L, providing a range of
150-10,000 pg/L at 1/100 dilution. The coefficients of
variation (CV) for the intra- and inter-assay reproduc-
ibility were 4.2-5.0 and7.8-9.0 %, respectively. The
median value of morning serum MBL level in our
normal cases was 913 pg/L. The median in healthy
individuals using this modification was in the range of
the reported by Hansen and colleagues [24] (800—
1,000 ng/mL in healthy Caucasiansis), while was lower
than another study finished in Chinese sample [25]. 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

Results are expressed as percentages for categorical variables
and as medians (IQRs) for the continuous variables. Univar-
iate data on demographic and clinical features were compared
by Mann—Whitney U test or Chi-Square test as appropriate.
Correlations among continuous variables were assessed by the
Spearman rank correlation coefficient. In addition,
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associations between MBL and NIHSS score and infarct
volume were also assessed using ordered logistic regression
models in multivariate adjustment with possible confounders.

To investigate whether MBL allows predicting of both
functional outcome and death after 1 year in T2DM with
stroke, different statistical methods were used. First, the rela-
tion of MBL with the two end points was investigated with the
use of logistic regression models. Therefore, common loga-
rithmic transformation (i.e., In) was performed to obtain nor-
mal distribution for skewed variables (i.e., MBL concentra-
tions). We used crude models and multivariate models adjust-
ed for all significant outcome predictors and report odds ratios
(ORs). For multivariate analysis, we included confounders,
known risk factors, and other outcome predictors as assessed
in univariate analysis. Note that the OR corresponds to a one-
unit increase in the explanatory variable; for the In-
transformed MBL values, this corresponds to an e-fold
increase.

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 MBL; the NIHSS and other
serum biomarkers and results were reported as area under the
curve (AUC). To test whether the MBL levels improve score
performance, we considered the nested models with NIHSS
and MBL as compared with NIHSS only.

Third, new reclassification metrics have been shown to
provide information about the usefulness of the serum MBL.
We calculated reclassification tables to further investigate the
benefit of MBL levels as compared with the NIHSS score
alone, and results are reported as net reclassification improve-
ment for outcome and mortality risk categories, as proposed
previously [26]. Finally, in order to study the ability of MBL
for mortality prediction, we calculated Kaplan—Meier survival
curves and stratified patients by MBL quartiles. All statistical
analysis was performed with SPSS for Windows, version 20.0
(SPSS Inc., Chicago, IL, USA), and STATA 9.2 (Stata Corp,
College Station, TX), R version 2.8.1. Statistical significance
was defined as P<0.05.

Results
Patient Characteristics

In our study, 188 AIS patients with T2DM completed 1-year
follow-up and were included in the analysis. The median age
of patients included in this study was 68 years (IQR, 57-79)
and 56.4 % were men. In those patients, the median duration
of diabetes on admission was 10 years (IQR, 4-15). The
median NIHSS score on admission was 8 points (IQR, 5—
13). The median time from stroke onset to inclusion in the
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study was 5.5 h (IQR, 2.6-10.8). An unfavorable functional
outcome was found in 67 patients (35.6 %) with a median
mRS score of 4 (IQR, 3-6). Thirty-two patients died; thus, the
mortality rate was 17.0 %. In addition, the number of tissue
plasminogen activator-treated patients was 82 (43.6 %), while
87 patients received intensive glucose treatment. Basal char-
acteristics of patients with AIS are provided in Table 1 and
supplementary Table 1.

Main Results

The results indicated that the serum MBL levels were signif-
icantly (P<0.0001) higher in stroke patients with T2DM as
compared to normal cases [2,992 (IQR, 2,414-3,515 ug/L);
913 (IQR, 690-1,100 ng/L), respectively] (Fig. 1). Serum
MBL levels increased with increasing severity of stroke as
defined by the NIHSS score (Fig. 2a). There was a modest
correlation between levels of MBL and NIHSS score (r=
0.716, P<0.0001). There was still a significant positive cor-
rection between MBL serum levels and NIHSS score, using
ordered logistic regression after multivariate adjustment for
possible confounders (P=0.009). In addition, serum
MBL levels were also correlated with Hs-CRP
(Fig. 2b), whereas there was a significant, albeit weak,
positive correlation between MBL levels and blood glu-
cose in T2DM patients with stroke(r=0.15, P=0.003).
There was no correlation between serum levels of MBL
and others factors, such as sex, age, triglyceride, cho-
lesterol, LDL and HDL, homocysteine, duration of dia-
betes, and daily insulin dose (P>0.05, respectively). In
patients for whom MRI data were available (r=120),
there was a positive correlation between levels of MBL
and the infarct volume (r=0.404, P<0.0001; Fig. 2c.)

MBL and 1-Year Functional Outcome

In the 67 patients with an unfavorable functional outcome,
serum MBL levels were higher compared with those in pa-
tients with a favorable outcome [3,230 ug/L (IQR, 3,030—
3,950) vs 2,650 pg/L (IQR, 2,183-3,300); P<0.0001)
(Fig. 3a). In univariate logistic regression analysis, we calcu-
lated the OR of In-transformed MBL levels as compared with
the NIHSS score and other risk factors as presented in Table 2.
With an unadjusted OR of 28.15 (95 % CI, 7.07—
112.00), MBL had a strong association with unfavorable
functional outcome. After adjusting for all other signif-
icant outcome predictors, MBL remained an independent
outcome predictor with an adjusted OR of 8.99 (95 %
CI, 2.21-30.12). In the subgroup of patients (n=120) in
whom MRI evaluations were performed, MBL was an
independent unfavorable outcome predictor with an OR
of 10.64 (95 % CI, 1.98-36.56; P<0.001) after adjust-
ment for both lesion size and the NIHSS score. In

addition, age, the NIHSS score, and laboratory findings,
such as glucose level and Hs-CRP, remained significant
outcome predictors (Table 2).

With an AUC of 0.75 (95 % CI, 0.68-0.83), MBL showed
a significantly greater discriminatory ability as compared with
Hs-CRP (AUC, 0.65; 95 % CI, 0.57-0.73; P<0.001) and age
(AUC, 0.56; 95 % CI, 0.50-0.63; P<0.0001), while was in the
range of NIHSS score (AUC, 0.73; 95 % CI, 0.65-0.80; P=
0.046). Interestingly, MBL improved the NIHSS score (AUC
of the combined model, 0.83; 95 % CI, 0.76-0.89;
P<0.001). This improvement was stable in an internal
5-fold cross-validation that resulted in an average AUC
(standard error) of 0.73 (0.037) for the NIHSS and 0.83
(0.027) for the combined model, corresponding to a
difference of 0.10(0.010). In addition, a model contain-
ing known risk factors plus MBL compared with a
model containing known risk factors without MBL
showed a greater discriminatory ability (Table 3).

MBL and 1-Year Mortality

At 1 year, 32 patients (17.0 %) had died. Nonsurvivors had
significantly higher MBL levels than survivors (3,910 [IQR,
3,360-4,120] vs 2,765 pg/L [IQR, 2,320-3,300]; P<0.0001;
see Fig. 3b). In univariate logistic regression analysis, we
calculated the OR of In-transformed MBL levels as compared
with the NIHSS score and other risk factors as presented in
Table 2. With an unadjusted OR of 34.11 (95 % CI, 6.32—
126.12), MBL had a strong association with mortality. After
adjusting for all other significant outcome predictors, MBL
remained an independent outcome predictor with an adjusted
OR of 13.22 (95 % CI, 2.05-41.21). In the subgroup of
patients (n=120) in whom MRI evaluations were performed,
MBL was an independent mortality predictor with an OR of
14.87 (95 % CI, 1.55-51.11; P<0.001) after adjustment for
both lesion size and the NIHSS score. In addition, age, the
NIHSS score, and laboratory findings, such as glucose
level and Hs-CRP, remained significant outcome predic-
tors (Table 2).

Similarly, with an AUC of 0.85 (95 % CI, 0.80-0.90),
MBL showed a significantly greater discriminatory ability as
compared with NIHSS score (AUC, 0.77; 95 % CI, 0.67—
0.87; P<0.001), Hs-CRP (AUC, 0.69; 95 % CI, 0.63-0.75;
P<0.0001), and age (AUC, 0.65; 95 % CI, 0.58-0.71;
P<0.0001). Interestingly, MBL also improved the NIHSS
score (AUC of the combined model, 0.90; 95 % CI, 0.82—
0.96; P<0.0001). Again, this improvement was stable in an
internal 5-fold cross-validation that resulted in an average
AUC (standard error) of 0.77 (0.041) for the NIHSS and
0.90 (0.024) for the combined model, corresponding to a
difference of 0.13 (0.017). In addition, a model containing
known risk factors plus MBL compared with a model
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Table 1 Baseline characteristics of T2DM patients with stroke

Demographic characteristics Patients Patients with poor outcome Patients with good outcome P?
N 188 67 121 -
Male sex (%) 106(56.4) 39(58.2) 67(55.3) NS
Age (years), median(IQR) 68(57-79) 75(64-86) 61(52-70) 0.004
Stroke severity, median NIHSS score (IQR) 8(5-13) 13(9-25) 4(3-7) <0.0001
Admission to hospital(h), median(IQR) 5.5(2.6-10.8) 5.72.7-11.5) 5.4(2.6-10.6) NS
Lesion volumes(mL), n=120(median, IQR) 12(5-36) 25(18-65) 9(3-28) <0.0001
Hospital stay(days), median(IQR) 38(20-62) 40(24-68) 35(17-58) NS
Duration of diabetes(years), median(IQR) 10(4-15) 15(8-20) 8(3-10) 0.006
Intensive glucose treatment no.(%) 87(46.3) 36(53.7) 51(42.1) 0.012
TPA-T no. (%) 82(43.6) 18(26.9) 64(52.9) <0.001
Vascular risk factors no.(%)

Hypertension 87(46.3) 35(52.2) 58(43.0) 0.032

Atrial fibrillation 23(12.2) 8(11.9) 15(12.4) NS

Hypercholesterolemia 65(34.5) 25(37.3) 40(33.1) NS

Coronary heart disease 55(29.3) 20(29.9) 35(28.9) NS

Family history for stroke 34(18.1) 14(20.9) 20(16.5) NS

Active smokers 43(22.9) 13(19.4) 30(24.8) NS
Clinical findings (median, IQR)

Systolic blood pressure(mmHg) 155(146-168) 167(155-180) 150(137-158) 0.021

Diastolic blood pressure(mmHg) 85(80-90) 90(84-99) 82(76-87) 0.036

Temperature (°C) 37.0(36.6-37.6) 37.1(36.7-37.6) 37.0(36.5-37.6) NS

BMI (kg/m?) 25.2(23.3-27.8) 25.4(23.4-27.9) 25.0(23.3-27.7) NS

Heart rate (beats/min) 88(76-98) 90(77-99) 86(74-97) NS
Laboratory findings(IQR)

MBL (ug/L) 2,992(2,414-3,515) 3,230(3,030-3,950) 2,650(2,183-3,300) <0.0001

Total cholesterol(mmol/L) 4.12(3.34-5.06) 4.16(3.37-5.16) 4.09(3.04-5.00) NS

Triglycerides (mmol/L) 1.46(1.15-1.85) 1.48(1.16-1.87) 1.44(1.14-1.84) NS

High-density lipoproteins (mmol/L) 1.49(1.22-1.78) 1.52(1.24-1.80) 1.47(1.20-1.75) NS

Low-density lipoproteins(mmol/L) 2.15(1.31-2.83) 2.13(1.30-2.81) 2.16(1.33-2.84) NS

Glucose(mmol/L) 6.81(5.66-8.21) 7.32(5.99-9.33) 6.44(5.26-7.11) <0.0001

Hs-CRP(mg/dL) 0.62(0.32-2.06) 1.02(0.66-3.44) 0.43(0.21-1.65) 0.0001
Stroke syndrome no.(%) NS

TACS 22(11.7) 8(11.9) 14(11.6)

PACS 73(38.8) 27(40.3) 46(38.0)

LACS 36(19.2) 13(19.4) 23(19.0)

POCS 57(30.3) 19(28.4) 38(31.4)
Stroke etiology no. (%) NS

Small-vessel occlusive 45(23.9) 17(25.4) 28(23.1)

Large-vessel occlusive 48(25.6) 17(25.4) 31(25.6)

Cardioembolic 60(31.9) 21(31.3) 39(32.2)

Other 12(6.4) 3(4.5) 9(7.4)

Unknown 23(12.2) 8(11.9) 15(12.4)

IOR interquartile range, NIHSS National Institutes of Health Stroke Scale, LACS lacunar syndrome, PACS partial anterior circulation syndrome, POCS

posterior circulation syndrome, ZACS total anterior circulation syndrome, BMI body mass index, TP4-T tissue plasminogen activator-treated

* P value was assessed using Mann—Whitney U test or Chi-Square test

containing known risk factors without MBL showed a greater

discriminatory ability (Table 3).
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The time to death was analyzed by Kaplan—Meier survival
curves based on serum MBL quartiles. Patients in the upper
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two quartiles had a higher risk of death compared to patients
with MBL levels in the lower two quartile (Fig. 4).

Reclassification

In-sample reclassification behavior was further calculat-
ed. Eighteen patients with poor outcome were classified
in higher-risk categories using the combined model with
the MBL and the NIHSS, while seven patients with
poor outcome were classified in lower risk categories
using the combined model as compared with the NHISS
as the only predictor variable. Thus, the estimated net
reclassification improvement for functional outcome was
23.74 % (P<0.001). Similarly, six patients who survived
were classified in higher-risk categories, and one patient
who died was classified in lower risk categories using
the combined model as compared with the NHISS as

b r[spearman]=0.332, P<0.0001

12,50
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250
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Fig. 2 Correlation between the serum MBL levels and other factors. a Correlation between the serum MBL levels and National Institutes of Health
Stroke Scale (NIHSS); b correlation between the serum MBL levels and Hs-CRP; ¢ correlation between the serum MBL levels and lesion volumes
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Fig.3 Serum MBL levels in different groups. a Serum levels of MBL in
patients with favorable outcomes and unfavorable outcomes; b serum
levels of MBL in survivor and nonsurvivor. A favorable functional

the only predictor variable (net reclassification improve-
ment 27.15 %, P<0.001).

Discussion

The complement system has evolved as a defense against
pathogens, but it may act as a double-edged sword and cause
self-damage following adverse activation. High levels of
MBL are known to protect against invading microorganisms
and, in other situations, may mediate detrimental inflamma-
tion through exaggerated complement activation [27]. In this
study, we first assessed the serum MBL levels with regard to
their accuracy to predict functional outcome and mortality in
T2DM patients with AIS within 1 year in Chinese sample.
There have been several papers in the literature linking MBL
and T2DM, fewer linking such deficiencies to stroke patients
with T2DM and, as far as I could find, none in an ethnic
Chinese sample. As such, the manuscript adds significantly to
the literature, especially as Asian diabetic patients account for
more than 60 % of the world’s diabetes population [28].

In our study, we reported that serum MBL levels at admis-
sion were significantly higher in stroke patients with T2DM as
compared to normal cases (P<0.0001). The difference was
not explained by genetic differences, because we, in line with
a recent Japanese study [29], found identical frequencies of
the different genotypes in patients and healthy control sub-
jects. Importantly, these preliminary results confirmed an in-
teresting conclusion: Elevated MBL was correlated with long-
term outcome and mortality, suggesting that this biomarker
disturbance was prognostically unfavorable. MBL could be
seen as one independent long-term prognostic marker of func-
tional outcome and mortality even after correcting for possible
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outcome was defined as an mRS score of 0 to 2 points, while unfavorable
outcome was defined as 3—6 points

confounding factors. Similarly, Hansen et al. [30] found that in
patients with T2DM, measurements of MBL alone or in
combination with CRP can provide prognostic information
on mortality and the development of albuminuria. Mellbin
et al. [31] reported that in type 2 diabetic patients with myo-
cardial infarction, high levels of sC5b-9 predict future cardio-
vascular events. In addition, in patients with type 1 diabetes,
higher levels of MBL have been found to be associated with
microvascular and macrovascular complications [8], while
Hovind et al. [27] suggested that elevated MBL can be seen
as a predictor of microalbuminuria.

MBL is a slower reacting and much weaker acute-phase
reactant than CRP [24]. Previous studies in type 1 diabetic
patients have found no correlation between MBL and CRP [8,
32]. We did indeed observe significant correlations between
Hs-CRP and MBL levels. Even though CRP and MBL are
closely interrelated in inflammation and CRP may inhibit
MBL activity [33], prognostic value remained statistically
significant after correction for differences in Hs-CRP, which
indicates that CRP and MBL may carry different types of
information as markers of inflammation. Similarly, another
study demonstrated that concentrations of both MBL and Hs-
CRP were associated with the progression of renal disease in
type 1 diabetes [34]. In addition, there was a significant
correlation between MBL levels and blood glucose in our
sample (»=0.15, P=0.003). Likewise, Hansen et al. [8] found
that there was a significant positive correlation between MBL
concentrations and HbAlc in another study group (=0.17,
P=0.001).

The mechanism of increased serum concentrations of MBL
with poor outcome and mortality following an acute stroke in
patients with T2DM is not yet established. MBL is more likely
to be a contributing factor to the functional outcomes rather
than a mere marker and may involve multiple mechanisms.
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Table 2 Univariate and multivariate logistic regression analysis for outcome and mortality

Parameter Univariate analysis Multivariate analysis

OR* 95 % CI* P OR* 95 % CI* P

Predictor: functional outcome

MBL" 28.15 7.07-112.00 <0.0001 8.99 2.21-30.12 <0.0001
Age 1.21 1.05-1.88 0.004 1.06 1.01-1.22 0.001
Glucose 1.08 1.02-1.33 0.037 1.06 1.01-1.45 0.044
Hs-CRP 1.11 1.01-1.13 0.012 1.08 1.02-1.24 0.021
Infarct volume 1.22 1.11-1.35 0.003 1.15 1.06-1.29 0.009
NIHSS 1.55 1.30-1.86 <0.001 1.31 1.10-1.48 <0.001
Duration of diabetes 1.20 1.05-1.87 0.004 1.07 1.01-1.24 0.012
Temperature 0.87 0.61-1.24 0.442 -

Systolic blood pressure 0.99 0.99-1.01 0.453 -

Hypertension 191 1.14-3.19 0.011 1.55 1.02-2.98 0.144
Atrial fibrillation 1.62 1.00-2.70 0.064 -

Hypercholesterolemia 0.78 0.48-1.27 0.323 -

Coronary heart disease 1.20 0.75-1.95 0.464 -

Small-vessel occlusive 0.61 0.21-1.80 0.376 -

Large-vessel occlusive 1.05 0.68-1.62 0.845 -

Cardioembolic 1.12 0.74-1.69 0.742 -

TACS 1.54 0.96-2.49 0.085 -

PACS 1.35 0.72-2.54 0.921 -

LACS 0.75 0.44-1.26 0.282 -

POCS 0.61 0.21-1.800.37 0.375 -

Predictor: death®

MBL® 34.11 6.32-126.12 <0.0001 13.22 2.05-41.21 0.002
Age 1.18 1.04-1.45 <0.001 1.08 1.02-1.16 <0.001
Glucose 1.10 1.03-1.66 0.011 -

Hs-CRP 1.22 1.05-1.48 0.006 -

Infarct volume 1.18 1.10-1.32 0.006 -

NIHSS 1.21 1.03-1.43 <0.001 1.15 1.07-1.25 0.001
Duration of diabetes 1.22 1.11-1.38 0.003 -

Temperature 0.86 0.50-1.48 0.592 -

Systolic blood pressure 0.99 0.98-1.00 0.151 -

Hypertension 1.75 0.75-4.09 0.196 -

Atrial fibrillation 3.16 0.92-6.15 0.092 -

Hypercholesterolemia 0.96 0.47-1.97 0.901 -

Coronary heart disease 1.06 0.48-2.31 0.894 -

Small-vessel occlusive 0.55 0.21-1.45 0.234 -

Large-vessel occlusive 0.12 0.02-0.85 0.033 -

Cardioembolic 1.96 1.02-3.79 0.052 -

TACS 1.81 1.41-3.54 0.532 -

PACS 1.78 1.21-3.99 0.743 -

LACS 0.35 0.12-1.02 0.054 -

POCS 0.66 0.29-1.48 0.302 -

OR odds ratio, CI confidence interval, Hs-CRP high-sensitivity—C-reactive protein, N/HSS National Institutes of Health Stroke Scale, LACS lacunar
syndrome, PACS partial anterior circulation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome

*Note that the odds ratio corresponds to a unit increase in the explanatory variable
® In-transformed to achieve normal distribution
¢ Based on the event number (n=32), regression model could not involve more than 3 variables. Multivariate analysis included MBL/age/NIHSS
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Table 3 Prediction of functional outcome and mortality

Parameter AUC 95 % CI P

Prediction of functional outcome
MBL 0.75 0.68 0.83 <0.0001
Age 0.56 0.50 0.63 0.006
NIHSS 0.73 0.65 0.80 <0.001
Hs-CRP 0.65 0.57 0.73 0.001
Combined score® 0.83 0.76 0.89 <0.0001
Combined score” 0.82 0.76 0.88 <0.0001
Combined score® 0.89 0.81 0.96 <0.0001

Prediction of mortality
MBL 0.85 0.80 0.90 <0.0001
Age 0.65 0.58 0.71 0.001
NIHSS 0.77 0.67 0.87 <0.001
Hs-CRP 0.69 0.63 0.75 <0.001
Combined score® 0.90 0.82 0.96 <0.0001
Combined score” 0.87 0.79 0.90 <0.0001
Combined score® 0.94 0.87 0.98 <0.0001

AUC area under the curve, CI confidence interval, N/HSS National
Institutes of Health Stroke Scale, Hs-CRP High-sensitivity—C-reactive
protein

*Including NIHSS/MBL

® Including NIHSS/age/Hs-CRP/Glucose

¢ Including NIHSS/age/Hs-CRP/Glucose/MBL

MBL may aggravate local and systemic inflammation through
complement activation [35, 36] and modulation of proinflam-
matory cytokine production [37], and it has been documented
that inhibition of MBL reduces postischemic reperfusion in-
jury in a rat model of acute myocardial infarction (MI) [38]. In
a recent study, downstream inhibition of the complement
system with a C5 inhibitor significantly reduced mortality
after percutaneous coronary intervention in patients with MI
[39], and it could be hypothesized that increased levels of

Fig. 4 Kaplan—Meier survival
based on MBL quartiles. Time to
death was analyzed by Kaplan—
Meier curves based on MBL
quartiles. Patients in the lower
two quartile (MBL <2,414 pg/l
and MBL between 2,414 and
2,992ug/1) had a minor risk of
death compared to patients with
MBL levels in the higher two
quartile (MBL >3,515 pg/l and
MBL between 2,992 and

3,515 pg/l, P<0.0001)

084
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Cum Survival
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MBL may contribute to this difference through increased
activation of the complement cascade. We can speculate that
high levels of MBL and subsequent complement activation
will result in a net proinflammatory state, potentiating allo-
graft damage, leading downstream to chronic allograft dys-
function. In addition, ischemia—reperfusion injury has been
shown in both animal models and after human renal trans-
plantation to result in complement being activated by means
of the MBL pathway. In myocardial ischemia—reperfusion
(I/R) injury as well as in other settings of I/R injury, experi-
mental data pointed toward a favorable effect of low serum
MBL [40-42]. Last, oxidative stress leading to changes in cell
surface glycosylations may activate the complement system
via MBL [35], and MBL binding to fructoselysine and the
ensuing complement activation may provide a physiopatho-
logical link between enhanced glycation and complement
activation in diabetes [43]. In addition, one study indicated
that MBL/MASP complexes, and specifically MASP-1, play
a key role in thrombus formation in vitro and in vivo [44].
Future studies are required to further elucidate these
mechanisms.

Several limitations of this study should be considered.
First, the relatively small sample size may limit the generali-
zation of the results of this study. Before broad implementa-
tion, additional studies (multicenter, large sample) are needed
for external validation. Second, without serial measurement of
the circulating MBL, this study yielded no data regarding
when and how long biomarkers were elevated in these pa-
tients. Additionally, it should be investigated whether serial
MBL testing further improves the risk stratification of stroke
patients. Third, infarct volume based on the formula for he-
matoma volumetry (0.5xAxBxC) in our study protocol was
suboptimal. Besides, number and location of the infarct were
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 outcomes. Fourth, this study

Survival Functions
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measured MBL in serum, not in cerebral spinal fluid (CSF). It
is still uncertain whether peripheral MBL levels reflect similar
changes in the central nervous system (CNS). Further study is
needed to confirm the correction between MBL serum levels
and CSF. Last, further studies should investigate whether
MBL can help physicians tailor the therapy in view of the
relative risk and allocate resources accordingly and whether
this strategy might affect outcome.

Conclusions

Our study suggested that MBL levels may reliably predict
long-term stroke prognosis at its onset in Chinese patients
with T2DM. We recommend that further studies should be
carried out with respect to what is the cause of the increased
MBL levels and the role in the pathology of the stroke out-
comes. Ifit is possible to elucidate this, more intensive efforts
could be directed toward the cause, thus hopefully improve
the prognosis of these patients.
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