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Background: Efficient assessment of patients after ischemic stroke has important ref-
erence value for doctors to choose appropriate treatment for patients. Our study
aimed to develop a new prognostic model for predicting outcomes 3 months after
ischemic stroke among Chinese Population. Methods: A prospective observational
cohort study among ischemic stroke patients presenting to Emergency Department
in the Second Affiliated Hospital of Guangzhou Medical University was conducted
from May 2012 to June 2013. Demographic data of ischemic stroke patients, assess-
ment of NIHSS and laboratory results were collected. Based on 3-month modified
Rankin Scale (mRS) ischemic stroke patients were divided into either favorable out-
come (mRS: 0-2) or unfavorable outcome groups (mRS: 3-6). The variables closely
associated with prognosis of ischemic stroke were selected to develop the new
prognostic model (NAAP) consisted of 4 parameters: NIHSS, age, atrial fibrillation,
and prealbumin. The prognostic value of the modified prognostic model was then
compared with NIHSS alone. Results: A total of 454 patients with suspected stroke
were recruited. One hundred eighty-six patients with ischemic stroke were included
in the final analysis. A new prognostic model, NAAP was developed. The area
under curve (AUC) of NAAP was .861 (95%confidence interval: .803-.907), whilst
the AUC of NIHSS was .783 (95%CI: .717-.840), (P = .0048). Decision curve analysis
showed that NAAP had a higher net benefit for threshold probabilities of 65% for
predictive risk of poor outcomes. Conclusions: The modified prognostic model,
NAAP may be a better prognostic tool for predicting 3-month unfavorable out-
comes for ischemic stroke than NIHSS alone.
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Background

Ischemic stroke is a common disease in China and
worldwide.! Although the mortality of ischemic stroke
has been declining in recent years, the disability rate of
ischemic stroke is still high.” In the United States about
800,000 people could not take care of their daily life by
themselves due to ischemic stroke every year.” In China,
stroke causes a heavy burden on society in the past
30 years.” Efficient assessment of patients after ischemic
stroke is important as it allows doctors to choose appro-
priate early treatment and rehabilitation methods.

The National Institutes of Health Stroke Scale (NIHSS)
can reflect severity of neurological impairment and is rec-
ommended for prognosis of patients with ischemic
stroke.”® However, many other factors are associated
with the prognosis of patients with ischemic stroke,
including age, gender, medical history, infarct size, loca-
tion of ischemic stroke and complication, and biomarkers
such as total bilirubin (TBIL), uric acid (UA), and prealbu-
min (PA).”"” Many prognostic models for ischemic stroke,
including additional predictors to NIHSS have been pub-
lished from the west but there are few studies from devel-
oping countries.”

The objective of this study was to develop an emer-
gency department-based prognostic model for ischemic
stroke in the Chinese population. We applied a regression
analysis to demographic data, medical history, and clini-
cal blood biomarkers of patients with ischemic stroke,
and investigated which of these variables could improve
the prognostic power of NIHSS alone in predicting 3-
month poststroke modified Rankin Scale.

Methods
Study Design

This study was a prospective observational study.
Patients with ischemic stroke were recruited consecu-
tively and followed up from May 2012 to June 2013. Ethi-
cal approval was obtained from the Clinical Research
Ethics Committee of the Second Affiliated Hospital of
Guangzhou Medical University (AHGZMU).

Study Setting

This study was conducted in the Emergency Department
(ED) of AHGZMU, which serves a population of approxi-
mately 1.56 million people in the Hai Zhu district, Guangz-
hou. It is an academic hospital with 2500 beds affiliated
with the Guangzhou Medical University. The ED receives
more than 150,000 new patients per annum and serves a
local population of approximately 3030,000 people.

Inclusion and Exclusion Criteria

Suspected stroke patients 18 years of age or older pre-
senting to the ED with symptoms or signs onset within
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72 hours were recruited. Patients were excluded if they
were less than 18 years old or had traumatic brain injury.

Data Collection

Demographic data of ischemic stroke patients including
gender, age, medical history, clinical manifestations, the
assessment of NIHSS, and laboratory results were col-
lected. Ischemic stroke patients were divided into favor-
able outcome or unfavorable outcome groups based on
the 3-month modified Rankin Scale (mRS). All the doctors
in this study have obtained the certification of NIHSS.
Blood samples were drawn from patients with symptoms
or signs onset within 72 hours. Laboratory results were
collected from the Central Laboratory of AHGZMU. The
modified Rankin Scale at 3 months (3month mRS) after
ED diagnosis were recorded by phone interview.

Statistical Analyses

Categorical variables were compared using chi-square
analysis, whilst continuous variables were compared
using independent ¢ tests. Firstly, univariate logistic
regression analysis was used on all variables, and results
were presented as odds ratios (ORs) with 95% confidence
interval (CI). Significant variables (P < .05) were further
analyzed using backward stepwise multivariate logistic
regression and used to develop the prognostic model for
ischemic stroke. MRS was used to distinguish between
ischemic stroke patients with favorable (mRS: 0-2) and
unfavorable (mRS: 3-6) outcomes. Prognostic performan-
ces of the new model and NIHSS were compared using
receiver operating characteristic curve (ROC) analysis.
Decision curve analysis was used to compare the clinical
usefulness of the new model and NIHSS the full range
of threshold mortality risk probabilities.'* All analyses
were performed using SPSS v18.0 (SPSS Inc, IL), Med-
Calc v12.7.0 (MedCalc Software, Mariakerke, Belgium)
and the R statistical package (https://www.r-project.
org, https://github.com/mdbrown/rmda).

Results

Demographic and Clinical Characteristics and Ischemic
Stroke Classification

A total of 454 patients were recruited between May
2012 and June 2013. After 268 exclusions, 186 cases with
ischemic stroke were included in the final analysis. All
ischemic stroke patients did not receive thrombolysis or
thrombectomy therapy in this study. There were 105
(56.5%) cases of ischemic stroke with favorable outcome,
and 81 (43.5%) cases of ischemic stroke with unfavorable
outcome (Fig 1). Compared with favorable outcome
group, patients with unfavorable outcome were older,
and had higher percentage of female, coronary heart dis-
ease, atrial fibrillation (AF). NIHSS score and concentra-
tions of TBIL and monocyte counts in unfavorable group
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Figure 1. Flowchart of ischemic stroke patient recruitment.

were higher than those in favorable outcome group. On
the contrary, concentrations of UA and PA in favorable
group were higher than those in unfavorable group
(Table 1). For the 186 cases of ischemia stroke, there were
28 (15.0%) cases of total anterior circulation stroke, 74
cases (39.8%) of partial anterior circulation stroke, 71 cases
(38.2%) of lacunar stroke and 13 (7.0%) cases of posterior
circulation stroke (Table 2).

Logistic Regression Analysis of NIHSS and Other
Variables

Firstly, as shown in Table 3, univariate logistic regres-
sion was applied to analyze variables including gender,
age, medical record, NIHSS, laboratory results for favor-
able outcome, and unfavorable outcome groups. Varia-
bles showing statistical significance between 2 groups
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Table 1. Baseline demographic characteristics (n = 186)

Variables mRS 0-2n=105 mRS 3-6 n=81 P
Age — years (SD) 66.9 £ 13.0 75.6 £ 11.3 <.001*
Male, n (%) 75(71.4) 42(51.9) .006*
Medical history, n (%)

Hypertension, n (%) 61(58.1) 56(69.1) 122
Diabetes, n (%) 20(19.0) 23(28.4) 134
Hyperlipidemia, n (%) 16(15.2) 9(11.1) 413
Coronary heart disease, n (%) 13(12.4) 19(23.5) 047
Atrial fibrillation, n (%) 5(4.8) 18(22.2) <.001*
Ischemia stroke, n (%) 2(1.9) 5(6.2) .259
Hemorrhagic stroke, n (%) 28(26.7) 23(28.4) 793
Symptoms and signs, n(%)

Asymmetric facial weakness, n (%) 55(52.4) 52(64.2) .106
Asymmetric arm weakness, n (%) 51(48.6) 63(77.8) <.001*
Asymmetric leg weakness, n (%) 61(58.1) 62(76.5) .008*
Speech disturbance, n (%) 63(60.0) 57(70.4) 141
Visual field defect, n (%) 8(7.6) 26(32.1) <.001*
Syncope, n (%) 6(5.7) 7(8.6) 437
Systolic Blood Pressure, mmHg — mean (SD) 162.4 +£30.9 160.4 £ 27.9 .651
Diastolic Blood Pressure, mmHg — mean (SD) 88.7 £ 16.1 842+ 17.2 .072
Pulse Rate— mean (SD) 78.7 + 18.6 81.2 +18.0 .348
Score

NIHSS 6.1 £5.7 14.0 £9.1 <.001*
Laboratory result

WBC (10° /L) 84427 9.24+4.0 11
HGB (g/L) 132.5 £ 15.6 128.9 £21.0 175
PLT (10° /L) 2272 £75.2 2339+ 704 534
NEU (10° /L) 6.0+2.7 6.9 439 071
LYM (10° /L) 1.74+0.7 15+ .6 071
MON (10° /L) 6+.3 J+£3 .023*
ALB (g/L) 394+47 389+54 .533
TBIL (pumol/L) 147+£5.9 17.1+7.8 .025%
FBG (mmol/L) 58+34 6.5+33 .160
UREA (mmol/L) 54+32 58+34 434
CREA (mmol/L) 87.4+75.8 90.1 £104.3 .836
UA (juwmol/L) 3843 +117.3 342.6 £ 1154 .016*
TG (mmol/L) 1.5+.9 139+ 113.8 .328
CHOL (mmol/L) 49+1.2 5012 817
APOAL1 (g/L) 1.3+.2 1.3+£22 .883
APOB (g/L) 10.6 +£99.2 9+ .3 381
PA (mg/L) 218.8 £57.6 186.0 £ 55.6 <.001*

WBC: White Blood Cell Count; HGB: Hemoglobin; PLT: platelet; NEU: Neutrophil; LYM: lymphocyte; MON: monocytes; ALB: Albu-
min; TBIL: total bilirubin; FBG: Fasting blood glucose detection; CREA: Creatinine; UA: Uric Acid; TG: Triglyceride; CHOL: Cholesterol;
APOAT1: Apolipoprotein Al; APOB: Apolipoprotein B; PA: Prealbumin; mRS: modified Rankin Scale; NIHSS: National Institute of Health
Stroke Scale.

*Statistically significant difference was observed between two groups.

included male, age, coronary heart disease, AF, NIHSS,
monocyte counts, TBIL, UA, and PA . Secondly, those
Table 2. The ischemic stroke classification above variables were further analyzed by multivariate
logistic regression. Only NIHSS, age, AF, and PA showed

Stroke classification N (%) O
— . statistical significance between the two groups. As shown
Tota.l anterior mr.culatl(?n stroke 28 (15.0) in Table 4, the optimal cut-off values and the area under
Partial anterior circulation stroke 7439.8) curve (AUC) included NIHSS (cut-off: >6, AUC: .783,
If;“;‘“?‘r S‘r,"kel N 1;880)2) 95%Cl: .717-.840), age (cut-off: >79, AUC: .705, 95%Cl:
osterior circulation stroke : o T, 21m
Total 186(100) .634-.770), AF (cut-off: Yes, AUC:.587, 95%CI: .513-.659),

PA (cut-off: <180 mg/L, AUC: .661, 95%CI: .588-.729).
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Table 3. Factors associated with stroke outcome using logistic regression analysis
Variables Univariate regression Multivariate regression
N(%) OR (95%CI) P OR (95%CI) P
Gender
Female 69 (37.1)
Male 117 (62.9) 43(.235-.791) .007*
Age 1.06(1.033-1.091) <.001* 1.07(1.030-1.103) <.001*
Medical history
Hypertension
No 69 (37.1)
Yes 117 (62.9) 1.62(.878-2.975) 123
Diabetes
No 143 (76.9)
Yes 43 (23.1) 1.69(.849-3.346) 136
Hyperlipidemia
No 161 (86.6)
Yes 25(13.4) .70(.290-1.666) 415
Coronary heart disease
No 154 (82.8)
Yes 32(17.2) 2.17(.999-4.710) .050
Atrial fibrillation
No 163 (87.6)
Yes 23 (12.4) 5.71(2.020-16.163) .001* 4.21(1.331-13.315) 014
Transient ischemic attack
No 181(97.3)
Yes 52.7) .86(.140-5.276) 871
Ischemia stroke
No 135(72.6)
Yes 51(27.4) 1.09(.570-2.085) 793
Hemorrhagic stroke
No 179(96.2)
Yes 7(3.8) 3.39(.640-17.934) 151
Score
NIHSS 1.16(1.102-1.222) <.001* 1.16(1.096-1.224) <.001*
Laboratory result
WBC (10°/L) 1.08(.986-1.181) .099
HGB (g/L) .99(.973-1.005) 177
PLT (10° /L) 1.00(.997-1.005) 532
NEU (10° /L) 1.09(.995-1.196) .064
LYM (10° /L) .66(.412-1.052) .080
MON (10° /L) 3.32(1.157-9.542) .026*
ALB (g/L) .98(.925-1.041) 533
TBIL (Jumol/L) 1.05(1.007-1.100) .023%*
FBG (mmol/L) 1.07(.973-1.166) 171
UREA (mmol/L) 1.04(.948-1.132) 436
CREA (mmol/L) 1.00(.997-1.004) .836
UA (pumol/L) 1.00(.994-.999) .019*
TG (mmol/L) 1.00 (.987-1.023) .613
CHOL (mmol/L) 1.03(.807-1.312) 816
APOAL (g/L) 91(.263-3.155) .883
APOB (g/L) .93(.360-2.390) .876
PA (mg/L) .99(.984-.995) <.001* .992(.985-1.000) .038%*

Abbreviations: ALB, Albumin; APOA1, Apolipoprotein Al; APOB, Apolipoprotein B; CHOL, Cholesterol; CREA: Creatinine; FBG,
Fasting blood glucose detection; HGB, Hemoglobin; LYM, lymphocyte; MON, monocytes; NEU, Neutrophil; PLT: platelet; TBIL, total bili-
rubin; TG, Triglyceride; UA, Uric Acid; PA, Prealbumin; WBC, White Blood Cell Count.

*Statistically significant (P<.05).
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Table 4. Predictors of unfavorable outcome for ischemic stroke
Variables Optimal cut-off value OR(95%CI) P value AUC(95%CI)
NIHSS >0 scores 1.16(1.096-1.224) .000* .783(.717-.840)
Age >79 years old 1.07(1.030-1.103) .000* .705(.634-.770)
Atrial fibrillation Yes 4.21(1.331-13.315) .014* .587(.513-.659)
PA <180 mg/L .992(.985-1.000) .038* .661(.588-.729)
*Statistically significant (P<.05).
Prognostic Performances of NAAP and NIHSS 100

Comparison of NAAP and NIHSS was undertaken
using ROC analysis (Fig 2). The AUC for NAAP was .861
(95%CI .803-.907), whilst the AUC for NIHSS was .783
(95%CI .717-.840). Discrimination of the prognostic scores
for 90-day unfavorable outcome showed that the modi-
fied NIHSS was superior to the original NIHSS
(P =.0048). As shown in Figure 3, the net benefit for the
modified and original NIHSS scores surpassed the strate-
gies of treat all and treat none between threshold proba-
bilities of 20% and 80%. Above a threshold probability of
65%, the 2 scores had a similar net benefit. Below a thresh-
old probability of 65%, the NAAP became superior to the
original NIHSS.

Discussion

In this study, the common predictors of prognosis of
ischemic stroke were analyzed comprehensively and the
modified prognostic model, NAAP was firstly developed
based on NIHSS in Chinese population.

Ischemic stroke is a common disease in Emergency
Departments and prognosis of ischemic stroke is one of
the most concerned problems to doctors, patients, and
family members. NIHSS is a 15-item scale which can
reflect severity of neurological impairment of cerebral
infarction. It is associated with infarct size and 3-month
prognosis of cerebral infarction.'>” Our results showed
that the NIHSS score of favorable outcome group was
lower than that of the unfavorable outcome group (6.1 +
5.69 versusl4.01 + 9.07, P < .001) and the OR of NIHSS
score was 1.16 in the regression model. NIHSS was associ-
ated with unfavorable outcome after 3 months of cerebral
infarction when the NIHSS score was greater than 6 by
ROC analysis, which was consistent with the results of an
earlier research.” However, in our study, the AUC of
NIHSS for predicting favorable outcome of ischemic
stroke is .783, which suggested that the predictive effec-
tiveness of NIHSS requires further improvement.

In order to investigate factors that could improve the
predictive effectiveness of NIHSS, our study summed up
the patient's gender, age, medical history, NIHSS, and
routine blood test results. Univariate logistic regression
was used to analyze all the above variables. Then varia-
bles with statistically significant were put into multivari-
ate logistic regression analysis and NAAP was developed.

80
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O . L L L L L

0 20 40 60 80 100
100-Specificity

mmm NIHSS+Aget+AF+PA
mmm NIHSS

Figure 2. Receiver operating characteristic (ROC) curves of NIHSS+Age
+Af+PA (wmmm) and NIHSS () in predicting outcome of ischemic
stroke patients.

Abbreviations: AF, Atrial fibrillation, PA, Prealbumin.

Decision curve analysis and ROC analysis confirmed the
clinical usefulness of NAAP. Our results suggested that
using NAAP to predict unfavorable outcome of ischemic
stroke after 3 months might be better than using the origi-
nal NIHSS.

NAAP which was developed in the Chinese population
was similar to many western prognostic models. Not only
NIHSS was included in many models, but also age, as a
common and important predictor, was included in the
models.” Studies suggested that age was an independent
risk factor for poor outcome in patients with ischemic
stroke. Besides, age combined with NIHSS could be used
to assess the risk of bleeding after thrombolysis treatment
for ischemic stroke.'®?! In our study, patients with favor-
able outcome were younger than those with unfavorable
outcome (66.9 + 13.0 versus75.6 + 11.3 years old, P <
.001). By logistic regression and ROC analysis, age
showed a good predictive performance for prognosis of
unfavorable outcome in patients with ischemic stroke (OR
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Figure 3. Decision curves for prediction of 3-month unfavorable outcomes by the new prognostic model and National Institutes of Health Stroke Scale (NIHSS).
Net benefit is the net increase in the true positive rate gained using a model, weighted for perceived harm/benefit ratio of false positives and negatives, calculated
from the threshold probability. Gray line: assume all patients have unfavorable outcomes. Black line: assume no patients have unfavorable outcomes.

1.07, 95%CI: 1.030-1.103; AUC .705, optimal cut-off
>79 years old). The medical history of ischemic stroke
patients was also good predictors, such as diabetes, coro-
nary heart disease, AF, and other diseases.’”** Therefore,
in our study, medical history of ischemic stroke patients
was also included in the regression analysis. Patients in
favorable outcome group were less likely to have AF
(4.8% versus 22.2%, P < .001). Our result suggested AF
was also a good predictor in the new model (OR 4.21,
95%CI: 1.331-13.315; AUC .587). Atrial fibrillation is one
of the common causes of ischemic stroke. Early detection
and treatment of AF is an important measure to prevent
ischemic stroke.”””” Many studies showed that AF was
associated with severe cerebral infarction. No matter
thrombolytic therapy was administered for ischemic
stroke or not, patients with AF were more likely to have
poor outcome than those without AF.”

Many biomarkers have been shown to be associated
with the prognosis of cerebral infarction, such as hemo-
globin, albumin, TBIL, fasting blood glucose, creatinine,
UA, PA etc.'?'33%% These biomarkers were analyzed
comprehensively by logistic regression in our study.
Serum prealbumin was found to be one of the good pre-
dictors in the multivariate regression model. Concentra-
tion of serum prealbumin of favorable outcome group
was higher than that of unfavorable outcome group
(218.8 £ 57.6 versus 186.0 £+ 55.6, P < .001). Prealbumin
was found to be a good predictor in the new model
(OR: .992, 95%CTI: .985-1.000; AUC: .661, optimal cut-off
<180 mg/L). There might be 2 reasons to explain this.

First, prealbumin was a kind of homotetrameric protein
which carries thyroid hormone and retinol, which was
one of the best indicators of patients’ nutritional status.”
Low concentrations of serum prealbumin suggested mal-
nutrition which was an independent risk factor for poor
outcome in acute stroke.*”*! Second, low concentration of
serum prealbumin was found to be related to stroke-asso-
clated infections.'” Stroke-associated infection was an
independent risk factor for poor outcome of acute cerebral
infarction.*” Strength of this study is that the 4 predictors,
NIHSS, age, AF, and PA, which are included in NAAP,
could be obtained more easily than other predictors in
early stage of ischemic stroke. It is beneficial to the early
determination of prognosis of cerebral infarction. For
example, some studies use MRI findings as predictors and
prognosis of ischemic stroke was determined by assessing
the volume of cerebral infarction.” However, patients
often failed to perform MRI in early stage of ischemic
stroke in emergency room. In addition, a new blood bio-
marker, serum prealbumin was the first time to be
included in NAAP, which could improve predictive effec-
tiveness of predicting prognosis of ischemic stroke.

Limitations

First, our study was a single-center study among Chi-
nese population in Guangzhou. The results might not be
able to represent the population in China. Second, this
study was only a development phase. Prospective
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multicenter studies are required to validate the prognostic
performance of the modified prognostic model.

pr
co

tis

Conclusions

The modified prognostic model, NAAP may be a better
ognostic tool for predicting short-term unfavorable out-
me for ischemic stroke than NIHSS alone.
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