
Neopterin as a Predictor of Functional Outcome and Mortality
in Chinese Patients with Acute Ischemic Stroke

Xianwei Zeng1 &Guoqing Zhang1 & Bin Yang1 & Bo Zhang1 & Linpeng Zhang1 &Ying Ni1 &

Chen Liu1
& Yumeng Luo1

Received: 11 May 2015 /Accepted: 18 June 2015 /Published online: 15 July 2015
# Springer Science+Business Media New York 2015

Abstract Immune responses and inflammation play an im-
portant role in the pathogenesis of ischemic stroke. We there-
fore evaluated the 6-month prognostic value of early measure-
ment of serum neopterin levels, a marker of inflammation and
immune system activation, in Chinese patients with acute is-
chemic stroke (AIS). Consecutive AIS patients admitted to the
emergency department were identified. Clinical information
was collected. Serum concentration of neopterin and NIH
stroke scale (NIHSS) were measured at the time of admission.
Functional outcome was measured by modified Rankin scale
(mRS) 6 months after admission. Multivariate analyses were
performed using logistic regression models. During the inclu-
sion period, 312 patients with first-ever AIS were included
and 290 completed follow-up. The results indicated that the
serum neopterin levels were significantly (P<0.0001) higher
in acutely ischemic stroke patients as compared to normal
controls. Neopterin was an independent prognostic marker
of 6-month functional outcome and death [odds ratio (OR)
4.33 (1.83–10.32) and 6.68 (2.44–12.13), respectively,
P<0.0001 for both, adjusted for NIHSS, other predictors
and vascular risk factors] in patients with AIS. Neopterin im-
proved the area under the receiver operating characteristic
curve of the NHISS score for functional outcome from 0.75
(95 % CI 0.69–0.83) to 0.85 (95 % CI 0.79–0.91; P<0.001)

and for mortality from 0.76 (95%CI 0.68–0.85) to 0.87 (95%
CI 0.81–0.94; P<0.001). Serum neopterin is a useful, inde-
pendent tool to predict functional outcome and mortality
6 months after stroke.
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Introduction

Stroke is the second most common cause of death worldwide
and a major cause of acquired disability in adults [1]. Similar-
ly, stroke is the second most common cause of death and
leading cause of adult disability in China. China has 2.5 mil-
lion new stroke cases each year and 7.5 million stroke survi-
vors [2]. Mortality after 1 year ranges between 21 and 27 %;
15 to 30% of survivors are permanently disabled [3]. An early
risk assessment with estimate of the severity of disease and
prognosis is pivotal for optimized care and allocation of health
care resources to improve outcome [4].

Systemic and local immune responses have important roles
in causing stroke and are implicated in the primary and sec-
ondary progression of ischemic lesions, as well as in repair,
recovery, and overall outcome after a stroke [1]. In addition,
inflammation also plays an important role in the pathogenesis
of ischemic stroke and other forms of ischemic brain injury
[5]. Experimentally and clinically, the brain responds to ische-
mic injury with an acute and prolonged inflammatory process,
characterized by rapid activation of resident cells (mainly mi-
croglia), production of proinflammatory mediators, and infil-
tration of various types of inflammatory cells (including neu-
trophils, different subtypes of Tcells, monocyte/macrophages,
and other cells) into the ischemic brain tissue [6].

Neopterin is a marker of peripheral immune system activa-
tion [7] and inflammation [8]. Neopterin is one of the
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important indicators for the cellular immune response, which
is released by T cells in response to proinflammatory cyto-
kines, such as IFNγ and IL-2 [9]. Thus, increased serum
neopterin is a sensitive marker of activation of cell-mediated
immunity and T cell activation [10]. Increased neopterin con-
centrations in body fluids of patients are observed during dis-
eases with activated cellular (=TH1-type) immune response
such as allograft rejection, virus infections, autoimmune dis-
orders, or malignant tumors but also in neurodegenerative
diseases or during pregnancy [11]. Similarly, measurement
of neopterin levels may also help follow the evolution of spe-
cific inflammatory conditions (e.g., viral infection, renal trans-
plant rejection, systemic inflammatory diseases, nephritic syn-
drome, and autoimmune diseases) [12].

In previous studies, increased plasma neopterin concentra-
tions have been observed in patients with acute coronary dis-
ease (CAD) [13] and acute ischemic stroke (AIS) [14]. Ganz
et al. [15] reported that in patients with recent stroke or TIA
and no known coronary heart disease (CHD), neopterin pre-
dict the risk of future CHD events and improve risk prediction
over traditional risk factors. Early increases in serum level of
neopterin have recently been shown to predict 90-day unfa-
vorable clinical outcome in patients after AIS [14]. However,
the relationship between activation of neopterin and other
markers with the long-term clinical outcome of stroke has
not yet been studied. Thus, the primary aim of our prospective
cohort study was to test the 6-month prognostic value of early
measurement of serum neopterin levels in Chinese patients
with AIS.

Subjects and Methods

Patients and Study Design

We conducted a prospective cohort study at the emergency
department of the Affiliated Hospital ofWeifangMedical Col-
lege. From December 2011 to November 2013, all Chinese
patients with first-ever AIS were included. Patients were eli-
gible for inclusion if they were admitted to the emergency
department with an AIS defined according to the World
Health Organization criteria [16] and with symptom onset
within 24 h. We excluded patients with intracranial hemor-
rhage, a history of recent surgery or trauma during the preced-
ing 2 months, renal insufficiency (creatinine >1.5 mg/dl), ma-
lignancy, febrile disorders, acute or chronic inflammatory dis-
ease (assessed by history report and physical examination),
febrile disorders, autoimmune diseases, severe edema or a
prior myocardial infarction onset <3 months, as well as those
with a history of valvular heart disease and/or intracardiac
thrombus.

In our study, 200 age- and gender-matched healthy volun-
teers were assigned to the control group. The median age of

normal included in this study was 71 years (IQR 64–79), and
47 % were women. A detailed medical history was taken, and
clinical and laboratory examinations were performed on all
participants in both groups. The study was approved by the
ethics committee of the Affiliated Hospital of Weifang Med-
ical College. The patients or their relatives gave written in-
formed consent prior to entering the study.

Clinical Variables and Neuroimaging

The following clinical and demographical data were taken:
age, gender, stroke etiology, blood pressure, leukocyte count,
and presence of risk factors (i.e., smoking history; hypercho-
lesterolemia; history of hypertension, diabetes mellitus, previ-
ous ischemic stroke, or transient ischemic attack, respectively;
positive family history for myocardial infarction, stroke, or
transient ischemic attack). Stroke cause was determined ac-
cording to the criteria of the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification [17], which distin-
guishes large-artery arteriosclerosis, small-artery occlusion,
cardioembolism, other causative factor, and undetermined
causative factor. The clinical stroke syndrome was determined
by applying the criteria of the Oxfordshire Community Stroke
Project: total anterior circulation syndrome (TACS), partial
anterior circulation syndrome (PACS), lacunar syndrome
(LACS), and posterior circulation syndrome (POCS) [18].
The National Institutes of Health Stroke Scale (NIHSS) score
was assessed on admission (with greater scores indicating
increasing severity) [19].

Brain imaging (either CTor MRI) was performed routinely
within 0 to 24 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. CCTwas 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 amagnetic resonance angiography. In those patients, DWI
lesion volumes were determined by one experienced neurolo-
gist 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 max-
imal transverse diameter perpendicular to a, and c is the num-
ber of 10-mm slices containing infarct) [20].

End Points and Follow-up

Functional outcome was obtained on 6 months according to
the modified Rankin Scale (mRS) [21] blinded to neopterin
levels. The primary end point of this study was favorable
functional outcome of stroke patients after 6 months from
baseline, defined as a mRS score of 0 to 2 points. Secondary
end point in stroke patients was death or withdrawn from any
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cause within a 6-month follow-up. Outcome assessment was
performed by one trained medical staff blinded to neopterin
levels with a structured follow-up telephone interview with
the patient or, if not possible, with the relative.

Blood Collection and Quantification

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 (within 0–6 [n=75],
6–12 [n=90], 12–24 [n=55], and 24–48 h [n=70] from symp-
tom onset). After centrifugation, serum of the samples were
immediately stored at −80 °C before assay. Biomarker con-
centrations were measured in a central laboratory by investi-
gators blinded to the clinical outcome and neuroimaging find-
ings. Serum high-sensitivity C-reactive protein (Hs-CRP), ho-
mocysteine (HCY), white blood cells (WBC), and glucose
levels were measured at admission using standard laboratory
methods. Serum neopterin levels were measured using a hu-
man ELISA kit (Labor Diagnostika Nord GmbH & Co. KG).
The results were expressed as nmol/L. The intra- and inter-
assay coefficients of variation were 3.4–4.9 and 3.9–5.5 %,
respectively. The median value of morning serum neopterin
level in our normal cases is 4.6 nmol/L. The median in healthy
individuals using this modification was in the range of the
reported by another study (5.3 nmol/L in healthy Caucasians)
[22]. 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 means (standard deviation (SD)) and medians (inter-
quartile ranges (IQRs)) for the continuous variables, depend-
ing on the normal or nonnormal distribution of data. Shapiro–
Wilk tests were used for normal distribution test. Proportions
were compared using the chi-squared test. Two-group com-
parison of not normally distributed data was performed using
Mann–Whitney U test, and a two-tailed Student’s unpaired t
test was used for normally distributed continuous variables.
Spearman’s rank correlation was used for bivariate correla-
tions. In addition, associations between neopterin and NIHS
S score and infarct volume were also assessed using ordered
logistic regression models in multivariate adjustment with
possible confounders.

To investigate whether neopterin allows predicting of both
functional outcome and death in stroke, different statistical
methods were used. First, the relation of neopterin with the
two end points was investigated with the use of logistic re-
gression models. Therefore, common logarithmic transforma-
tion (i.e., log) was performed to obtain normal distribution for
skewed variables (i.e., neopterin concentrations). We used

crude models and multivariate models adjusted for all signif-
icant 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 log-transformed neopterin
values, this corresponds to a tenfold increase.

Second, we compared different prognostic risk scores from
different predictive models by calculating receiver operating
characteristic curves (ROC) analysis. ROC was used to test
the overall prognostic accuracy of neopterin, age, the NIHSS,
HS-CRP, and HCY, and the results were reported as area under
the curve (AUC). To test whether the neopterin levels im-
proves score performance, we considered the nested models
with NIHSS and neopterin as compared with those markers
alone.

Finally, in order to study the ability of neopterin for mor-
tality prediction, we calculated Kaplan–Meier survival curves
and compared by the log-rank test. We reported hazard ratios
(HRs). All statistical analyses were 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

From 463 screened patients, AIS was diagnosed in 312 pa-
tients (48 with transient ischemic attack, 39 with onset of
symptoms >24 h, 19 with hemorrhagic stroke, 18 without
informed consent, 10 with epileptic seizures, 10 with systemic
infections, and 7 withmalignant tumor were not analyzed) and
290 completed 6-month follow-up (14 lost to follow-up and 8
withdraw). The baseline characteristics of the 290 patients
presenting with AIS are described in Table 1. The median
age of patients included in this study was 71 years (IQR 64–
79), and 46.6 % were women. The median NIHSS score on
admission was 8 points (IQR 5–13). The median time from
stroke onset to inclusion in the study was 7.2 h (IQR 3.8–
16.6). In addition, the number of tissue plasminogen
activator-treated patients was 70 (24.1 %).

Main Results

The results indicated that the neopterin serum levels were
significantly (P<0.0001) higher in AIS patients as compared
to normal controls (17.6 nmol/L [IQR 13.3–22.5] vs 4.6 nmol/
L [IQR 3.0–7.7]). There was a positive correlation between
levels of neopterin and the NIHSS (r=0.374, P<0.0001).
There was still a significant positive trend between serum
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neopterin levels and NIHSS scores (P=0.006), using ordered
logistic regression after multivariate adjustment for possible
confounders. In addition, there was a significant, albeit weak,
positive correlation between neopterin and Hs-CRP (r=0.166,
P=0.011). In addition, in patients for whom MRI data were
available (n=183), there was a positive correlation between
levels of neopterin and the infarct volume (r=0.426,
P<0.0001). Statistical analysis revealed no influence of age,
sex, BMI, time from stroke onset to blood sampling, etiolog-
ical subtype, lesion location, WBC, and HCYon neopterin in
stroke patients (P>0.05, respectively).

Neopterin and 6-Month Functional Outcome

In the 104 patients with an unfavorable functional outcome,
serum neopterin levels were higher compared with those in
patients with a favorable outcome [23.0 nmol/L (IQR 19.7–
26.5) vs 14.6 nmol/L (IQR 12.4–19.1), P<0.0001; Fig. 1). In
univariate logistic regression analysis, we calculated the ORs
of log-transformed neopterin levels as compared with the
NIHSS score and other risk factors as presented in Table 2.
With an unadjusted OR of 11.25 (95 % CI 2.33–28.77),
neopterin had a strong association with unfavorable functional
outcome. After adjusting for all other significant outcome pre-
dictors, neopterin remained an independent outcome predictor
with an adjusted OR of 4.33 (95 % CI 1.53–10.32). In addi-
tion, age, the NIHSS score, glucose, Hs-CRP, and HCY
remained significant outcome predictors, unlike all others
assessed (Table 2). In the subgroup of patients (n=183) in
whom MRI evaluations were performed, neopterin was an
independent unfavorable outcome indicator with an OR of
7.12 (95%CI 3.34–13.13;P<0.001) after adjustment for both
lesion size (OR 1.07; 95 % CI 1.01–1.24; P=0.012) and the
NIHSS score (OR 1.17; 95 % CI 1.06–1.28; P=0.006).

Based on the ROC curve, the optimal cutoff value of serum
neopterin levels as a mortality indicator was estimated to be
19.5 nmol/L, which yielded a sensitivity of 81.2 % and a
specificity of 76.7 %, with the area under the curve at 0.85
(95%CI 0.79–0.91).With an AUC of 0.85, neopterin showed
a significantly greater discriminatory ability as compared with
Hs-CRP (AUC 0.65; 95 % CI 0.57–0.73; P<0.0001), age
(AUC 0.64; 95%CI 0.53–0.73; P<0.0001), and NIHSS score
(AUC 0.75; 95 % CI 0.69–0.83; P<0.001) (Table 3). Interest-
ingly, neopterin improved the NIHSS score (AUC of the com-
bined model 0.90; 95 % CI 0.81–0.96; P<0.001). This im-
provement was stable in an internal fivefold cross-validation
that resulted in an average AUC (standard error) of 0.75
(0.036) for the NIHSS and 0.90 (0.021) for the combined
model, corresponding to a difference of 0.15 (0.015). More-
over, a model combining neopterin level, age, Hs-CRP, HCY,
and the NIHSS score showed an AUC of 0.94 (95 % CI 0.85–
0.98), which was greater than all predictors alone (P<0.001).

Table 1 Baseline characteristics of patients with stroke

Demographic characteristics Patients

N 290

Female sex (%) 46.6

Age (years), median (IQR) 71 (64–79)

Stroke severity, median NIHSS score (IQR) 8 (5–13)

Admission to hospital (h), median(IQR) 7.2 (3.8–16.6)

Lesion volumes (mL), n=183 (median, IQR) 17 (7–35)

Hospital stay (days), median (IQR) 27 (12–49)

TPA-T (%) 24.1

Vascular risk factors (%)

Hypertension 65.2

Diabetes 46.9

Atrial fibrillation 19.0

Hypercholesterolemia 54.8

Coronary heart disease 28.3

Family history for stroke 20.3

Active smokers 14.8

Clinical findings (median, IQR)

Temperature (°C) 36.9 (36.4–37.3)

BMI (kg/m2) 25.5 (23.2–27.9)

Systolic blood pressure (mmHg) 158 (145–166)

Diastolic blood pressure (mmHg) 85 (80–89)

Heart rate (beats/min) 89 (76–99)

Stroke syndrome (%)

TACS 11.4

PACS 42.1

LACS 15.5

POCS 31.0

Stroke etiology (%)

Small-vessel occlusive 25.2

Large-vessel occlusive 25.9

Cardioembolic 32.8

Other 5.9

Unknown 10.2

Laboratory findings (IQR)

Neopterin (nmol/L) 17.6 (13.3–22.5)

Total cholesterol (mmol/L) 4.10 (3.35–5.16)

WBC (109/L) 8.12 (6.32–10.42)

Triglycerides (mmol/L) 1.48 (1.17–1.88)

High-density lipoproteins (mmol/L) 1.55 (1.26–1.78)

Low-density lipoproteins (mmol/L) 2.11 (1.30–2.84)

Glucose (mmol/L) 6.85 (5.69–8.15)

Hs-CRP (mg/dL) 0.79 (0.24–1.59)

HCY (μmol/L) 15.7 (13.2–21.3)

IQR interquartile range,NIHSSNational Institutes of Health Stroke Scale,
LACS lacunar syndrome, PACS partial anterior circulation syndrome,
POCS posterior circulation syndrome, TACS total anterior circulation
syndrome, BMI body mass index, TPA-T tissue plasminogen activator-
treated, Hs-CRP high-sensitivity C-reactive protein, HCY homocysteine,
WBC white blood cell
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Neopterin and 6-Month Mortality

At 6 months, 47 patients (16.2 %) had died. Nonsurvivors had
significantly higher neopterin levels than survivors
[23.0 nmol/L (IQR 19.7–26.5) vs 14.6 nmol/L (IQR 12.4–
19.1), P<0.0001; Fig. 2]. In univariate logistic regression
analysis, we calculated the ORs of log-transformed neopterin
levels as compared with the NIHSS score and other risk fac-
tors as presented in Table 2. With an unadjusted OR of 13.22
(95 % CI 2.01–37.28), neopterin level was an independent
predictor for mortality. After adjusting for all other significant
outcome predictors, neopterin remained an independent mor-
tality predictor with an adjusted OR of 6.68 (95 % CI 2.44–
12.13). In addition, age, the NIHSS score, Hs-CRP, and HCY
remained significant outcome predictors, unlike all others
assessed (Table 2). In the subgroup of patients (n=183) in
whom MRI evaluations were performed, neopterin was an
independent mortality predictor with an OR of 8.27 (95 %
CI 2.02–18.27; P<0.001) after adjustment for both lesion size
(OR 1.03; 95%CI 1.01–1.06; P=0.006) and the NIHSS score
(OR 1.15; 95 % CI 1.05–1.27; P=0.008).

Similarly, based on the ROC curve, the optimal cutoff val-
ue of serum neopterin levels as an mortality indicator was
estimated to be 20.0 nmol/L, which yielded a sensitivity of
84.3 % and a specificity of 81.8 %, with the area under the
curve at 0.87 (95 % CI 0.81–0.94). The combination of
neopterin level and the NIHSS score had a higher discrimina-
tory accuracy (AUC 0.94; 95 % CI 0.87–0.98) than the NIHS
S score alone (P<0.001). Again, this improvement was stable
in an internal fivefold cross-validation that resulted in an av-
erage AUC (standard error) of 0.76 (0.040) for the NIHSS and
0.94 (0.021) for the combined model, corresponding to a

difference of 0.18 (0.019). In addition, the combination of
neopterin level, age, Hs-CRP, HCY, and the NIHSS score
showed the greatest accuracy (AUC 0.96; 95 % CI 0.92–
0.99), greater than all individual parameters alone (P<0.01)
(17.6 (13.3–22.5)).

The time to death was analyzed by Kaplan–Meier survival
curves based on serum neopterin levels. Patients in the upper
two quartiles (neopterin >22.5 nmol/L and between 17.6 and
22.5 nmol/L) had a higher risk of death compared to patients
with neopterin levels in the lower two quartiles (neopterin
<13.3 nmol/L and between 13.3 and17.6 nmol/L; P<0.0001,
log-rank test; Fig. 3). Patients with upper two quartiles’ serum
neopterin levels (neopterin >22.5 nmol/L and between 17.6
and 22.5 nmol/L) had a significantly shorter mean survival
time (5.01 vs 5.96 months; P<0.0001) than those with lower
two quartiles’ serum neopterin levels (neopterin <13.3 nmol/L
and between 13.3 and 17.6 nmol/L).

Discussion

Neopterin, a pteridine mainly synthesized by activated mac-
rophages, is a marker of inflammation, immune system acti-
vation and an active participant in cardiovascular disease [23].
In this study, we firstly assessed the serum neopterin levels at
admission with regard to their accuracy to predict functional
outcome andmortality in patients with AISwithin 6 months in
Chinese sample. Our main finding was that neopterin is an
independent prognostic marker of functional outcome and
death in patients with AIS and adds significant additional pre-
dictive information to the clinical score of the NIHSS.We also
demonstrated that neopterin levels increased with lesion size,

Fig. 1 Distribution of serum
neopterin levels in stroke patients
with favorable outcomes and
unfavorable outcomes. A
favorable functional outcome was
defined as a mRS score of 0 to 2
points, while unfavorable
outcome was defined as 3–6
points. All data are medians and
interquartile ranges (IQR). P
values refer to Mann–Whitney U
tests for differences between
groups
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Table 2 Univariate and multivariate logistic regression analyses for outcome and mortality

Parameter Univariate analysis Multivariate analysis

ORa 95 % CIa P ORa 95 % CIa P

Predictor: functional outcome

Neopterinb 11.25 2.33–28.77 <0.0001 4.33 1.53–10.32 <0.0001

Female sex 1.65 1.22–2.47 0.012 1.44 0.85–2.55 0.225

Age 1.06 1.03–1.11 0.004 1.05 1.01–1.13 0.011

Glucose 1.10 1.03–1.66 0.012 1.06 1.02–1.30 0.034

Hs-CRP 1.66 1.29–2.14 <0.0001 1.38 1.19–1.88 0.003

HCY 1.06 1.02–1.11 0.004 1.03 1.01–1.09 0.009

NIHSS 1.23 1.15–1.30 <0.0001 1.15 1.06–1.25 <0.001

BMI 1.24 0.93–1.59 0.256 –

Temperature 0.97 0.84–1.11 0.632 –

Systolic blood pressure 1.01 0.96–1.03 0.183 –

Hypertension 1.72 1.07–2.88 0.172 –

Diabetes mellitus 1.22 0.88–1.99 0.347 –

Atrial fibrillation 1.90 1.04–3.29 0.077 –

Hypercholesterolemia 1.20 0.75–1.95 0.464 –

Coronary heart disease 0.88 0.45–1.74 0.362 –

Smoking history 1.14 0.79–1.83 0.562 –

Family history for stroke 0.76 0.48–1.79 0.382 –

Small-vessel occlusive 0.69 0.35–1.88 0.876 –

Large-vessel occlusive 0.96 0.66–1.69 0.535 –

Cardioembolic 1.02 0.75–1.65 0.576 –

TACS 2.54 1.96–3.49 0.005 1.55 0.69–2.49 0.498

PACS 1.30 0.75–2.58 0.722 –

LACS 0.79 0.44–1.27 0.258 –

POCS 1.03 0.33–1.66 0.309 –

Infarct volumec 1.21 1.04–1.88 0.004 1.07 1.01–1.24 0.012

Predictor: death

Neopterinb 13.22 2.01–37.28 <0.0001 6.68 2.44–12.13 <0.0001

Female sex 1.44 0.79–2.57 0.095 –

Age 1.10 1.02–1.18 0.002 1.07 1.02–1.15 0.007

Glucose 1.05 1.01–1.22 0.021 1.02 0.98–1.16 0.059

Hs-CRP 1.33 1.15–1.48 0.009 1.27 1.03–1.56 0.028

NIHSS 1.20 1.04–1.42 <0.0001 1.08 1.02–1.14 0.009

BMI 1.36 1.17–1.54 0.014 1.21 0.95–1.68 0.082

Temperature 0.95 0.86–1.17 0.712 –

Systolic blood pressure 1.03 0.94–1.09 0.136 –

Hypertension 1.88 0.76–4.13 0.224 –

Diabetes mellitus 0.96 0.48–1.94 0.904

Atrial fibrillation 1.12 0.82–1.55 0.195 –

Hypercholesterolemia 0.98 0.49–1.45 0.436 –

Coronary heart disease 1.16 0.96–1.40 0.191 –

Smoking history 1.34 0.66–3.14 0.412

Family history for stroke 1.02 0.97–1.05 0.259

Small-vessel occlusive 1.08 0.99–1.22 0.165 –

Large-vessel occlusive 0.19 0.03–0.39 0.059 –

Cardioembolic 2.11 0.82–5.11 0.114 –

TACS 3.55 1.71–5.03 0.006 1.52 0.72–2.99 0.572

PACS 1.16 0.77–2.69 0.733 –

LACS 1.02 0.98–1.15 0.325 –

POCS 1.03 0.79–2.48 0.355 –

Infarct volumec 1.15 1.06–1.22 <0.001 1.03 1.01–1.06 0.006

OR odds ratio, CI confidence interval, Hs-CRP high-sensitivity C-reactive protein, NIHSS National Institutes of Health Stroke Scale, LACS lacunar
syndrome, PACS partial anterior circulation syndrome, POCS posterior circulation syndrome, TACS total anterior circulation syndrome, HCY
homocysteine
a Note that the odds ratio corresponds to a unit increase in the explanatory variable
b Log-transformed to achieve normal distribution. Note that the odds ratio corresponds to a log unit increase in the explanatory variable
c In patients for whom MRI data were available (n=183)
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neurological deficit (assessed by the NIHSS), and reflecting
the severity of the stroke. The best validated clinical prognos-
tic models are probably not accurate enough to predict out-
come in individual patients with stroke. It seems that this
combined model (neopterin and NIHSS score) may provide
additional general prognostic information.

Serum inflammatory markers had been reported to be as-
sociated with short-tem outcomes [24] and long-term mortal-
ity [25] in patients with stroke. Whiteley et al. [26] reported

that raised markers of the acute inflammatory response after
stroke are associated with poor outcomes. However, the addi-
tion of these markers to a previously validated stroke prognos-
tic model did not improve the prediction of poor outcome. In
our study, we found that the serum level of neopterin, an
inflammatory cytokine, was an independent prognostic mark-
er of functional outcome in patients with AIS, which was
supported by Lin et al. [14]. One study showed that the serum
level of neopterin was positively correlated with the severity
of coronary artery disease [27]. Kaski et al. [28] found that
increased neopterin levels were an independent predictor of
180-day adverse cardiac events inMediterranean patients with
non-ST elevation acute coronary syndromes. Grammer et al.
[29] found neopterin to be an independent predictor for both
all-cause and cardiovascular mortality in patients with and
without coronary artery disease.

Inflammation participates in the mechanisms of cerebral
injury. In our study, we found a weak but significant positive
correlation between neopterin and Hs-CRP. High Hs-CRP and
neopterin levels could both be a sign of an inflammatory state.
In epidemiological studies elevated Hs-CRP levels are consis-
tently associated with atherosclerosis and vascular disease
[30], and we did indeed observe significantly elevated Hs-
CRP levels were corrected with unfavorable outcomes. How-
ever, the relationship between neopterin levels and function
outcomes persisted on additional adjustment for Hs-CRP,
which indicates that Hs-CRP and neopterin may carry differ-
ent types of information as markers of inflammation.

Whether higher circulating neopterin level is an accelerator
or only is a predictor marker of AIS remains uncertain. It is
important to discuss whether neopterin in AIS patients have
pathological roles or just was as indicator of oxidative stress or

Table 3 Prediction of functional outcome and mortality

Parameter AUC 95 % CI P valuea

Prediction of functional outcome

Neopterin 0.85 0.79 0.91

Age 0.64 0.53 0.75 <0.0001

NIHSS 0.75 0.69 0.83 <0.001

Hs-CRP 0.65 0.57 0.73 <0.0001

HCY 0.72 0.63 0.79 <0.001

Combined scoreb 0.90 0.81 0.96 0.012

Prediction of mortality

Neopterin 0.87 0.81 0.94

Age 0.67 0.57 0.78 <0.0001

NIHSS 0.76 0.68 0.85 <0.001

Hs-CRP 0.69 0.63 0.79 <0.0001

HCY 0.64 0.53 0.75 <0.0001

Combined scoreb 0.94 0.87 0.98 0.009

AUC area under the curve, CI confidence interval, NIHSS National Insti-
tutes of Health Stroke Scale, Hs-CRP high-sensitivity C-reactive protein
aP value of the other markers ROC curve comparing with neopterin
b Including NIHSS/neopterin

Fig. 2 Distribution of serum
neopterin levels in survivor and
nonsurvivor groups. All data are
medians and interquartile ranges
(IQRs). P values refer to Mann–
Whitney U tests for differences
between groups
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inflammation. Neopterin not only may be a marker for clinical
outcome but could also play a pathogenic role in stroke. First-
ly, this molecule is produced mainly by activated macro-
phages, which have been shown to play a key part in athero-
matous plaque disruption. Inflammation plays an important
role in atheromatous plaque vulnerability and disruption, and
an association between high neopterin concentrations and the
presence of vulnerable-complex plaques had previously been
documented [31]. Secondly, neopterin not only is a biomarker
of cell-mediated immunity but also serves as an indirect indi-
cator of oxidative stress resulting from increased production
of reactive oxygen and nitrogen intermediates secreted by
activated macrophages [32]. Neopterin can interfere with in-
tracellular signaling pathways known to be influenced by ox-
idative stress. It seems to be able to participate in several
important molecular biological pathways that are regulated
by redox balances. It stimulates nuclear factor-κB transloca-
tion to the nucleus, thus promoting the expression of proin-
flammatory genes and the production of adhesion molecules,
tissue factor, and many other proteins implicated in atherogen-
esis, atheromatous plaque disruption, and disease progression
[33]. Of importance, neopterin enhances apoptosis in different
experimental settings [34].

The interpretation of the data must be done cautiously. The
number of patients studied is still low considering the variabil-
ity of stroke pathology. This would be worth considering in
studies to follow. In addition, a group of stroke-mimics (epi-
leptic, metabolic, tumor, etc.) will be the right comparison

group and this should be investigated in further study. Second,
our biochemical data are based on single time-point blood
samplings, and, since blood samples were all obtained in a
rested state in the morning, it is unknown whether similar
relationships between neopterin and inflammation markers
would be seen at other times in the day. In addition, this study
yielded no data regarding when and how long neopterin are
elevated in these patients. Third, although patients with sig-
nificant acute medical illnesses known to be associated with
an inflammatory burden were excluded from this study, in-
cluded participants were likely experiencing some degree of
systemic inflammation prior to the stroke. As a result, levels of
the inflammatory markers detected here were not solely due to
stroke. Fourth, our blood-based measurements of markers
were taken peripherally, from which we cannot infer local
tissue or CNS levels. Finally, only Chinese stroke patients
and controls were included. Hence, it remains unclear whether
the present findings also apply to other ethnic groups.

Conclusion

In this context, neopterin appears to have an interesting poten-
tial as a new prognostic biomarker and makes it a promising
candidate also for a multimarker panel. This may allow targeted
therapies for stroke patients in the future. However, further
research is required to establish the true role of neopterin in
clinical practice and whether this molecule plays any role in
the pathogenesis of atherosclerosis and stroke progression.
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