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ABS TRACT
Objectives: Stroke, despite improvements in treatment is still a serious cause of
mortality and morbidity. The most important prognostic factors of stroke are
known as the neurological condition of the patient in first hours, the size of the
lesion that imaging revealed, and the age. In this study, prognostic indicators such
as erythrocyte sedimentation rate (ESR), folate, vitamin B12 (vit B12), mean
corpuscular volume (MCV), white blood cell (WBC) count, hematocrit, glucose
were investigated to help determining the course of the treatment. 
Method: In this retrospective study 272 ischemic stroke patients admitted to our
emergency department and neurology clinic within the first 24 hours were
included. Early laboratory findings were recorded. The patients were categorized
into two groups as good and poor prognosis, based on their modified rankin
scores at the time of hospital discharge. Patients’ ages, laboratory results, length
of the hospitalization, and medical histories were compared. 
Results: Hypertension was found to be the highest ranked stroke risk factor among
the patients. Statistically significant difference was detected on age, MCV, folic acid,
WBC, and ESR between groups with good and poor prognosis.  Logistic regression
analysis revealed that advanced age, high MCV and low folate are associated with
poor prognosis.
Discussion: Advanced age is the most important predictor of poor outcome. High
MCV and low folate levels are also contribute to the mortality and morbidity rates.
Both parameters are related to hyperhomocysteinemia, which is one of the risk
factors of stroke. Therefore, prospective studies  investigating the effect of
homocysteine, folic acid, vit B12, MCV on the prognosis of stroke are required.
(Arc hi ves of Neu ropsy chi atry 2013; 50: 40-44) 
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ÖZET 
Amaç: "nme, tedavisindeki geli#melere ra$men hala ciddi bir mortalite ve morbidite
sebebidir. "nmenin erken döneminde hastanın ilk saatlerdeki nörolojik tablosu,
görüntülemede saptanan lezyon büyüklü$ü ve ya# en önemli prognostik faktörler
olarak bilinmektedir. Bu çalı#mada iskemik inmenin ilk saatlerinde glikoz,
hemoglobin, hematokrit, beyaz küre (BK), ortalama eritrosit hacmi (Mean
corpuscular volume: MCV), vitamin B12, folik asit, sedimantasyon gibi acil poliklinik
#artlarında bakılabilecek, takip ve tedavi konusunda yönlendirici olabilecek
prognostik belirteçlerin varlı$ını ara#tırdık.
Yöntem: Bu retrospektif çalı#maya 2006-2011 yılları arasında hastanemize ilk 24
saat içinde ba#vuran 272 iskemik inmeli hasta alındı. Erken dönemdeki
laboratuvar bulguları kaydedildi. Hastalar çıkı# tarihlerindeki modifiye rankin
skorlarına göre iyi ve kötü prognozlu grup olarak ikiye ayrıldı. Hastaların ya#ları,
laboratuvar sonuçları, hastanede kalı# süreleri ve özgeçmi#leri kar#ıla#tırıldı.
Bulgular: Hastalarımızda hipertansiyon inme risk faktörleri arasında ilk sırada idi.
"yi ve kötü prognozlu gruplar arasında ya#, MCV, folik asit, BK ve sedimantasyon
de$erlerinde anlamlı farklılıklar vardı. Parametrelerin ba$ımsız de$i#kenler olarak
lojistik regresyon analizi yapıldı$ında ileri ya#, yüksek MCV, dü#ük folik asit kötü
prognozla anlamlı #ekilde ili#kiliydi.
Tartı!ma: "leri ya# inmede kötü pronozun en önemli belirtecidir. Yüksek MCV ve
dü#ük folik asit düzeyleri de mortalite ve morbiditeyi etkilemi#lerdir. Her iki
parametre inme risk faktörlerinden biri olan hiperhomosisteinemi ile ili#kilidir.
Dolayısıyla iskemik inmede erken dönemde homosistein, folik asit, vit B12, MCV
düzeylerinin inme prognozuna etkisini ara#tıran prospektif çalı#malara ihtiyaç
vardır. (Nö rop si ki yat ri Ar fli vi 2013; 50: 40-44)
Anah tar ke li me ler: "skemik inme, prognoz, homosistein, folik asit

Çıkar çatı!ması: Yazarlar bu makale ile ilgili olarak herhangi bir çıkar çatı#ması
bildirmemi#lerdir.
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Introduction 

"nStroke is responsible for 10% of all deaths in developed
countries and a serious cause of disability in the community (1,2).
Non-modifiable risk factors for stroke include age, gender, race and

familial history (3). Modifiable risk factors are divided into two groups
as definite and indefinite risk factors. Definite risk factors include
hypertension, smoking, diabetes mellitus (DM), coronary artery
disease (CAD), atrial fibrillation (AF), asymptomatic carotis stenosis,
sickle cell anemia, dyslipidemia, postmenopausal hormon treatment
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and obesity. Indefinite risk factors include metabolic syndrome,
alcohol consumption, hyperhomocysteinemia, drug use and
dependence, hypercoagulability and use of oral contraceptives (1,3).

In recent years, it has been reported that improvements in
morbidity and mortality have occured with developments in the
approach and treatment in stroke and better control of the risk
factors  (4). However, 30% of the patients with stroke still die in the
first year and more than 30% of the survivors need help of others in
their daily activities (5,6). In addition, it has been reported that more
than 40% of the patients have poor outcomes including mortality,
becoming bed-ridden and requirement assistance of others in daily
activities in the 3rd month of stroke (7,8).

It was found that parameters including age, sedimentation rate,
hematoctrit and white blood cell count, homocystein and C-reactive
protein (CRP) affected the morbidity and mortality after stroke in
acute ischemic stroke (9,10,11). It was also reported that high blood
glucose levels affected the short-term and long-term morbidity and
mortality in acute ischemic stroke (12,13). In addition, increased
body temperature in patients with stroke was shown to have
negative effect on the long-term prognosis  (8,14).

It is thought that parameters including mean corpuscular volume
(MCV), sedimentation rate, vitamin B12 and folate levels as well as
white blood cell count, hematocrit and CRP may be predictors of
mortality and morbidity in patients with ischemic stroke. In this study,
we aimed to investigate the presence of prognostic predictors
which can be measured under routine ward or outpatient conditions
during the first 24 hours of acute ischemic stroke and may be
enlightening for the clinician in treatment and follow-up of the
patients.

Method

Collection of the data 
A total of 272 patients who presented to our neurology outpatient

clinic and emergency department in the first 24 hours of the onset of
complaints between January 2006 and April 2011, diagnosed as
acute ischemic stroke according to physical examination and
laboratory findings and hosptalized in the neurology ward and
intensive care unit were included in this retrospective study. The
data of the patients were obtained using the automation system
which allowed access to the results of all examinations,
consultations, personal history- familial history questionings and
laboratory tests performed in all divisions including all wards,
outpatient clinics, laboratories and radiology division. Patients who
had chronic renal failure, chronic hepatic failure, malignency and
thyroid dysfunction, who were using antimetabolites, alcohol
(chronically), anticonvulsants and antianemic drugs and who
presented after the first 24 hours of stroke were not included in the
study. 

In all the patients included in the study, glucose, blood urea
nitrogen (BUN), creatinine, uric acid, triglyceride, low density
lipoprotein (LDL), sedimentation rate, hemoglobin, hematocrit,
platalets, erythrocytes, MCV, mean corpuscular hemoglobin (MCH),
white blood cell count tested in the fasting venous blood obtained in
the morning and hospitalization times were evaluated. B12 and folat

levels were measured. Homocysteine levels could be measured only
in a small number of patients. 

In addition, previous history of hypertension, DM, atrial
fibrillation, coronary artery disease, smoking and previous stroke
was interrogated. The patients were divided into two groups with
and without a history of smoking of a half/one package cigarettes a
day for 10 years or longer. 

The neurological examination findings on the day of discharge
(mean: 9.68±6.39 days) were evaluated and the modified ranking
scores (MRS) were determined  (15,16). 

According to the Modified Ranking Scale calculated on the day
of discharge, patients with a score of 0,1 and 2 were defined as the
independent group (good prognosis) and patients with a score of 3,
4, 5 and 6 were defined as the dependent group (poor prognosis)
(17). Ages, laboratory findings and hospitalization times were
compared between these two groups. 

Statistical Analysis
CHi-square tests were used in comparison of the catergorical

variables used in the study (Fisher exact chi-square test was used
when the expected value was below 5 in the tables in the form of
2x2). The categorical variables were expressed as number (n) and
percent (%).Kolmogorov-Smirnov normality test was used to
determine if the continuous variables showed a normal distribution.
The independent paired t-test was used in the comparison of the
continuous variables in terms of prognosis. The continuous variables
were expressed as mean and ± standard deviation (SD). Multiple
regression analysis (backward) was used in assessment of the
factors which had effects on poor prognosis. A p value of <0.05 was
considered statistically significant. The calculations were done
using  IBM SPSS Statistics 19, SPSS inc., an IBM Co., Somers, NY.

Results

The mean age of 272 patients with acute ischemic stroke
included in our study was found to be 65.79±12.43 years. 152 of these
patients (55.9%) were male and 120 (44.1%) were female. The mean
hospitalization time of the patients was 9.68±6.39 days. The mean
Modified Ranking score which we consider as a predictor of early
prognosis was found to be 2.79±1.45. The laboratory values of the
patients are given in Table 1.

Hypertension was in the first rank with a frequency of 63.8%
among the risk factors in the patients included in the study.
Diabetes mellitus with a frequency of 26.8% followed
hypertension.  Coronary artery disease was in the third rank with
a frequency of 18 % (Table 2). 

The modified ranking scores of the patients showed a marked
increase as the age advanced.  The largest group was the disability
group with a rate of 27.9%, when the patients were grouped
according to MRS. The mean age of this group was 67.19 years. The
highest mean age was found in the group which was constituted of
12 patients who died (73.58±9.72 years).  20 patients who had a score
of 0 according to MRS and were discharged with complete recovery
constituted the youngest group with a mean age of 56.45±15.74 years
(Table 3).

Our patients were divided into two groups as the good prognosis
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group with a MRS score of 0, 1 and 2 and the poor prognosis group
with a MRS score of 3, 4, 5 and 6. When these two groups were
compared, significant differences were found mainly in age and
hospitalization time and in sedimentation rate, MCV,  MCH, folate
and WBC levels (p<0.05) (Table 4).

No significant differece was found between the good and poor
prognosis groups in terms of the factors including gender, HT,
previous CVD, CAD, DM, AF and smoking (p>0.05).

When logistic regression model was used to evaluate the effect
of the described parameters on early prognosis as independent
variables, it was found that advanced age,  long hospitalization time,
high MCV and low folat levels were significantly related with poor
prognosis (p<0,05) (Table 5).

Discussion 

Stroke is one of the major health problems worldwide despite
new treatment approaches in the acute phase and developments in

Table 4. Comparison o f the laboratory values of the groups with a good and bad prognosis 

GOOD ROGNOSIS POOR PROGNOSIS
n Ort±SS n Ort±SS P

Age (years) 115 60.97±13.32 157 69.32±10.46 <0.001
Trygliceride(mg/dl) 115 155.15±78.40 156 152.42±71.30 0.766
LDL (mg/dl) 115 121.03±33.04 156 113.81±33.31 0.078
Sedimentation(mm/sa) 110 16.33±13.05 152 21.60±16.68 0.004
Hospitalization period (days) 115 5.54±2.79 157 12.73±6.58 <0.001
Glucose(mg/dl) 115 118.91±47.52 157 129.18±52.68 0.099
BUN (mg/dl) 114 19.12±8.58 157 23.20±11.14 0.056
Uric acid (mg/dl) 42 5.27±1.50 56 5.45±1.81 0.607
Ceatinine(mg/dl) 115 0.94±0.38 157 1.05±0.67 0.097
Hematocrit (%) 115 39.49±6.38 157 39.76±5.68 0.710
Hemoglobin (g/dl) 115 12.80±1.70 157 13.07±1.91 0.230
RBC(M/uL) 115 4.99±3.00 157 4.54±0.70 0.068
MCV (fL) 115 82.68±8.38 157 90.38±5.16 <0.001
MCHC (g/dl) 115 32.56±1.62 157 32.94±1.36 0.039
MCH (pg) 115 27.73±2.14 157 29.36±2.11 <0.001
Vitamin B12(pg/ml) 100 290.85±149.36 125 286.05±161.04 0.819
Folic acid (ng/ml) 100 7.30±2.78 125 6.54±2.85 0.048
Homocysteine(µmol/L) 7 11.06±4.20 5 9.81±3.88 0.612
WBC(K/uL) 113 7.58±2.41 156 9.26±4.18 <0.001
Patelets (tousand K/uL) 113 239.87±68.42 157 248.25±73.63 0.343

BUN: Blood urea nitrogen, LDL: Low density lipoprotein, RBC: red blood cells, MCV: mean erythrocyte volume, MCH: Mean erythrocyte hemoglobin, MCHC: Mean erythrocyte hemoglobin concentration, 
WBC: white blood cells

Table 3. Modified ranking scores and mean ages of  the patients with ischemic stroke 

DISABILITY NUMBER FREQUENCY AGE mean 
(MRS) (%) Ort±SD
Complete cure (0) 20 7.4 56.45±15.74
Very mildly disabled  (1) 26 9.6 61.30±10.72
Mildly disabled  (2) 69 25.4 62.15±13.34
Moderately disabled  (3) 76 27.9 67.19±11.60
Moderate-severely 51 18.8 7 0 . 3 5 ± 9 . 4 0
disabled  (4)
Severely disabled (5) 18 6.6 72.55±6.3
Exitus (6) 12 4.4 73.58±9.72

Table 2. Personal histories and their frequencies in patients with ischemic stroke 

Present (%) Absent (%)

Hypertension 172 (63.2) 100 (36.8)
Diabetes 73 (26.8) 199 (73.2)
Coronary artery disease 49 (18) 223 (82)
Previous stroke 31 (11.4) 241 (88.6)
Atrial fibrillation 30 (11) 242 (89)
Smoking 30 (11) 242 (89)

Table 1. Laboratory findings in the first 24 hours in patients with acute ischemic stroke 

Mean±SD                             Mean±SD

Blood glucose (mg/dL)    124.83±50.72 Hematocrit (%) 39.64±5.97
Sedimentation(mm/sa) 19.39±15.54 Hemoglobin(g/dL) 12.95±1.82
BUN (mg/dL) 21.48±10.32 Erythrocyte (K/uL) 4.72±2.02
Creatinine  (mg/dL) 1.00±0.56 MCV (fL) 87.12±7.70
Uric acid (mg/dL) 5.32±1.68 MCH (pg) 28.67±2.26
Triglyceride (mg/dL) 153.57±74.26 MCHC (g/dL) 32.77±1.48
LDL (mg/dL) 116.87±33.32 WBC (K/mm*) 8.55±3.63
Vitamin B12 (pg/ml) 288.18±155.63 Platalets 244.74±71.48

(tousand/uL) 
Folik acid  (ng/ml) 6.87±2.84 Homocysteine 10.53±3.93

(&mol/L)

BUN: Blood urea nitrogen, LDL: Low density lipoprotein, MCV: mean erythrocyte volume,
MCH: Mean erythrocyte hemoglobin,  MCHC: Mean erythrocyte hemoglobin concentration,
WBC: white blood cells

Aksoy ve ark.
Akut "skemik "nmede Mortalite ve Morbidite Belirteçleri

Arc hi ves of Neu ropsy chi atry 2013; 50: 40-44
Nö rop si ki yat ri Ar fli vi 2013; 50: 40-4442



patient care (2,3). Many studies have been conducted in relation
with early prognostic predictors which may be directive for
clinicians in the treatment and follow-up and which may enlighten
the patients and relatives about prognosis after stroke
(6,7,8,9,10,11,12,13). Certainly, age, the volume of the lesion found on
imaging at the time of presentation and the severity of the
neurological status in the acute stage appear to be the most
important predictors  (6,9,17,18,19,20). In our study,  advanced age
was also the most notable predictor for prognosis.

The negative effect of high glucose levels on the morbidity
and mortality of stroke was shown in many studies (7,12, 13,21). In
our study, glucose levels were higher in the poor prognosis group,
but the difference was not statistically significant (p=0,09). The
glucose values in our study were obtained from fasting morning
blood samples. However, blood glucose values at presentation were
used in the studies mentioned. Blood glucose level is a prameter
which shows variability in hours. Hence, we think that the difference
between our results arised from this fact. In our study, sedimentation
rate and WBC levels were found to be significantly higher in the poor
prognosis group (p<0.05). This finding was compatible with similar
studies performed previously (9,10). 

Additionally, we found MCV and MCH levels to be significantly
high and folat levels to be significantly low in the poor prognosis
group. When we investigated the effect of these on early prognosis
as independent variables using logistic regression analysis, we
found that MCV and folate were independent variables together with
the factor of age (p<0.05) (Table 5). High MCV value and low folate
value in the poor prognosis group and the relation of these two
parameters with homocysteine suggest the effects of
hyperhomocysteinemia on stroke.

Hyperhomocysteinemia is one of the modifiable definite risk
factors in ischemic stroke (2,3). In many studies, a close relation was
shown between homocysteine levels and CAD, peripheral artery
disease, stroke, vascular endothelial dysfunction and venous
thrombosis (22,23,24,25,26,27,28,29). Homocysteine is an amino acid
produced during the metabolism of methionine which is an essential
amino acid (22,26). In the homocysteine metabolism, vitamin B12 is
used as a cofactor and folate is used as a substrate. In deficiencies
of these vitamins, homocysteine levels have been found to be
increased and homocysteine levels have been found to be
decreased with folate treatment alone or with combination of folate
with vitamin B12 and B6 (26,30,31,32). B12 and/or folate deficiency
slows down nuclear replication and cell division during DNA
synthesis. Hence, it causes to production of megaloblasts (larger
than normal red blood cells) during formation of erythrocytes
(33,34,35). This means high MCV values. The close relation between
blood MCV values and homocysteine levels is also known (high
homocysteine levels are associated with high MCV values) (33). In
the HOPE 2 study, it was reported that homocysteine lowering

treatments with folate, vitamin B12 and vitamin B6 might decrease
the risk of stroke in patients carrying high cardiovascular risk
(30,36,37). Intake of high levels of folate in diet in Finnish male
patients who smoked decreased the risk of cerebral infact (38). In
the light of similar studies,  the American Heart and Stroke
Association recommended daily intake of folate, vitamin B12 and
vitamin B6 in patients with stroke and homocysteinemia because of
low treatment cost and high safety (39). In our study, vitamin B12
levels were found to be lower in the poor prognosis group, but the
difference was not statistically significant. This may be associated
with the fact that vitamin B12 has a relatively lower effect on the
blood concentration of homocysteine (40).

The most important limitation of our study was the fact that
homocysteine levels were measured in a too low number of patients
so as a statistical analysis could not be performed. Therefore, we
could not show the relation between blood homocysteine levels and
MCV and folate levels statistically. Still, we think that MCV, folate and
homocysteine levels measured in the acute stage may be early
prognostic predictors. However, this view needs to be supported by
prospective studies investigating the relation between
homocysteine, folate, vitamin B12 levels, blood MCV values and the
morbidity and mortality of stroke.
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