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ABSTRACT 

 
The correlation of glycemic status to clinical severity of cerebrovascular accident (CVA) and size of 

lesion (bleed/infarct) was studied in newly diagnosed CT/MRI proven cases of stroke. Total200 patients were 
classified into euglycemia, stress hyperglycaemia and diabetic group based on the admission blood glucose, 
glycosylated haemoglobin (HbA1C) and past history of diabetes. The lesions (bleed/infarct) were classified into 
small, medium and large sized. Neurological assessment was done on admission using National Institute of 
Health Stroke Scale (NIHSS) score. Mean age was 63.81 ± 12.62 years, with M: F 1.7:1, the maximum cases 
occurred in 60-70 years group (37.5%). The incidence of hyperglycaemia was 58% and admission blood glucose 
ranged between 70-576 mg%. There were 35.5 % patients with diabetes, 22.5% with stress hyperglycemia and 
42 % with euglycemia. The diabetes group had higher percentage of large sized lesions, in contrast to the 
euglycemia group which had higher percentage of small sized lesions. Increased admission glucose was 
associated with severe presentation and high NIHSS scores. High NIHSS score was seen in diabetes with 
medium and large sized lesions. (p<0.05). Admission blood glucose correlated with size of lesion and clinical 
severity. Both admission glucose and HbA1C correlated well with size of lesion in the diabetes group.  
Keywords: glycemic status, stress hyperglycaemia, diabetes, cerebrovascular accident, NIHSS. 
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INTRODUCTION 
 

A stroke or cerebrovascular accident is defined as rapidly developing clinical symptoms and /or signs 
of focal, and at times global loss of neurological function, with symptoms lasting more than 24 hrs or leading to 
death, with no apparent cause other than that vascular origin.[1]  
 
Cerebrovascular stroke is the third largest cause of mortality in India and world after coronary artery disease 
and cancer. It is the most common cause of disability and dependence.[2]  
 

Worldwide stroke is leading cause of mortality and morbidity. Stroke accounts for at least 50% of all 
neurological admission in general hospital.[3-5] 
 

Ischemic Stroke accounts for 80% of all the strokes. Focal ischemia or infarction is usually caused by 
thrombosis of the cerebral vessels or by emboli from a proximal arterial source or the heart. 
 

Cerebrovascular disorders (CVD) are increasing in prevalence and incidence in India due to rapid 
escalation of risk factors including hypertension diabetes mellitus, smoking and obesity affecting considerable 
proportion of adult population. Global Burden of Disease study shows that of the 9.4 million deaths in India, 
619,000 were due to stroke and Disability Adjusted Life Years (DALYs) lost were 28.5 million highlighting the 
fact that CVD leads to considerable mortality and morbidity.  Therefore there is likely to be a major crisis in 
India unless national measures to prevent/control risk factors of CVD are instituted and adequate services are 
put in place for the management and rehabilitation of stroke. Another issue of concern is that 20-30% of 
strokes occur in people younger than 45 years and is more frequently seen in India compared to the west.[6] 

 
Hemorrhagicstroke accounts for about 13 percent of stroke cases. It results from a weakened vessel 

that ruptures and bleeds into the surrounding brain. The blood accumulates and compresses the surrounding 
brain tissue. The two types of hemorrhagic strokes are intracerebral (within the brain) hemorrhage or 
subarachnoid hemorrhage. Two types of weakened blood vessels usually cause hemorrhagic stroke: 
aneurysms and arteriovenous malformations (AVMs). An aneurysm is a ballooning of a weakened region of a 
blood vessel. If left untreated, the aneurysm continues to weaken until it ruptures and bleeds into the brain. 
An arteriovenous malformation (AVM) is a cluster of abnormally formed blood vessels. Any one of these 
vessels can rupture, also causing bleeding into the brain. 

 
Diabetes Mellitus increases the risk of ischemic CVA two to four fold. Diabetes mellitus is an 

independent risk factor for stroke and is associated with 1.8 to 6 fold increased risk compared with non- 
diabetic subjects and worsens survival of patients with acute stroke.[6] The mechanism is believed to be 
accelerated atherosclerosis, which can affect vessels in many distributions, including small and large vessels. 
 

Stress hyperglycemia defined as hyperglycemia during acute process, mirrors the severity and 
outcome of critical illness. Hyperglycemia occurs in 60% of the cases with acute stroke and in 12.53% of them 
stress hyperglycemia is observed. Hyperglycemia predicts higher mortality and morbidity after acute stroke 
more so in patients without the prior history of diabetes.[8-12] Hyperglycemia occurs in  20-40% of patients 
with stroke, and is associated with worse functional outcome, longer hospital stay, higher medical costs and an 
increased risk of death.[13] Hyperglycemia at the time of ischemic stroke is associated with increased mortality 
and morbidity. Persistent hyperglycemia on serial glucose monitoring is an independent determinant of infarct 
expansion and is associated with worse functional outcome.[14] DM may affect the rate of recovery of 
neurologic function following a stroke. Lithner et al. reported that four days after hospital admission, more 
stroke patients with DM than without DM were still confined to bed.  In the Copenhagen Stroke Study, 
patients with DM recovered more slowly than non-diabetic patients; however the amount of neurological 
deficit at hospital discharge was equivalent between the two groups.[15] 
 
Aims and objectives 
 

 To study the clinical profile of stroke(infarct/hemorrhage) in relation to the glycemic status at 
presentation 

 To correlate glycemic status of patient with stroke in relation with size and severity of 
lesion(infarct/hemorrhage) 
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MATERIALS AND METHODS 
 
Study Design 
 

This case control study was conducted in KIMShospital over a period of 18 months, between 
November 2013 to June 2015. During the study period, all patients presenting with 
stroke(ischemic/haemorrhagic) fulfilling the inclusion criteria were included in the study. Total 200 patients 
were studied with consideration to the inclusion and exclusion criteria admitted to KIMShospital over a period 
of 18 months. 
 
Inclusion and exclusion criteria 
 

Patients with acute stroke (ischemic/haemorrhagic) presenting to KIMS hospitalduring the study 
period, proven by CT/MRIwere included in the study. All patients with traumatic intracerebral bleed, TIA, old 
history of stroke, known case of seizure disorders, cerebral venous thrombosis, presence of intracranial space 
occupying lesions, valvular heart disease and cardiac arrhythmias were excluded from the study. 

 
During the study period, all patients presenting with and fulfilling the inclusion criteria were included 

in the study after obtaining informed and written consent. A random testing of blood glucose was done at time 
of presentation along with detailed history and thorough neurological and systemic examinations with 
application of National Institute of Health Stroke Scale (NIHSS). 
 

The diagnosis of ischemic/haemorrhagic stroke was confirmed on imaging with CT/MRI scan. Once 
the diagnosis was confirmed, patients were enrolled in the study after obtaining written consent. The ethical 
clearance had been obtained from the institutional committee authorized for the study. 
 
The following investigations were done 
 

 Blood sugar level (BSL) on admission, FBSL and PPBSL(where possible)  

 Glycosylated hemoglobin(HbA1C) 

 Routine investigations(Complete blood count, renal function tests, electrocardiogram, chest X-ray, 
urine routine examination)  

 CT/MRI scan of brain  

 Other special investigations(if any).  
 

Depending on admission random BSL, HbA1C and past history of diabetes, these patients were divided 
into euglycemia, stress hyperglycemia (RBSL> 140mg% and normal HbA1C, <6) and hyperglycemia (diabetes 
mellitus) groups. 

 
The infarct/bleed size was classified into small, medium and large sized lesion on the CT. The small 

size (A) were <3cm
2
 (B) Medium sized were >3cm

2
 but <5cm

2
. The large sized lesions were >5cm

2
(C). The 

statistical test used in our study were ‘t’ test and pearson’s co-efficient. 
 

RESULTS 
 

Table 1: Sex distribution (n=200) 
 

Sex Number Percentage 

Female 74 37.0 

Male 126 63.0 

Total 200 100.0 

 

In this study group, 63 % of the cases were males and 37 % were females. There was a male 
preponderance with male: female ratio of 1.7:1 
 
 
 



  ISSN: 0975-8585 

July – August  2016  RJPBCS   7(4)  Page No. 484 

Table 2: Age distribution (n=200) 
 

Age (years) Number Percentage 

21-30 2 1.0 

31-40 9 4.5 

41-50 29 14.5 

51-60 34 17.0 

61-70 75 37.5 

71-80 39 19.5 

> 80 12 6.0 

Total 200 100.0 

 
The mean age of the patients in the study group was 63.81 + 12.62 years. Maximum number of 

patients belonged to age groups 61-70 years and 71-80 years. Minimum age in the group was 28 years and 
maximum being 95 years. 
 

Table 3: Glycemic status (n=200) 
 

Glycemic status Number Percentage 

Euglycemia 84 42 

Hyperglycemia 71 35.5 

Stress hyperglycemia 45 22.5 

 
In the study group, 35.5 % had diabetes, 22.5 % had stress hyperglycemiaand 42 %were euglycemics. 

 
Table 4: Glycemic status in male group (n=126) 

 

Glycemic status Male Percentage 

Euglycemia 57 45.2 

Hyperglycemia 42 33.3 

Stress hyperglycemia 27 21.4 

 

In the study group, 33.3 % of the male patients had diabetes, 45.2 % were euglycemic and 21.4 % had 
stress hyperglycemia. 
 

Table 5: Glycemic status in female group (n=74) 
 

Glycemic status Female Percentage 

Euglycemia 27 36.5 

Hyperglycemia 29 39.2 

Stress hyperglycemia 18 24.3 

 
In the study group, 39.2 % of the female patients had diabetes, 36.5 % were euglycemic and 24.3% 

had stress hyperglycemia. 
 

Table 6: Comparison of ischemic and haemorrhagic stroke (n=200) 
 

Hemorrhage/infarct Number Percentage 

Hemorrhage 32 16.0 

Infarct 168 84.0 

Total 200 100.0 

 
In the study group, 16 % cases had haemorrhagic stroke while 84 % cases had ischemic stroke. The 

number of ischemic stroke outweighed those of haemorrhagic stroke with ischemic to haemorrhagic ratio of 
5.25:1 
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Table 7: comparison of ischemic and haemorrhagic stroke according to glycemic status (n=200) 
 

Glycemic status 
Hemorrhage (n=32) Infarct (n=168) 

Number Percentage Number Percentage 

Euglycemia 14 43.8 70 41.7 

Hyperglycemia 11 34.4 60 35.7 

Stress hyperglycemia 7 21.9 38 22.6 

 
In the study group, among the patients with haemorrhagic stroke 34.4 % were diabetics, 43.8 % were 

euglycemics and 21.9 % had stress hyperglycemia.In the study group, among the patients with ischemic stroke 
35.7 % were diabetics, 41.7 % were euglycemics and 22.6 % had stress hyperglycemia. 
 

Table 8: Admission BSL according to glycemic status (n=200) 
 

Glycemic status Admission BSL 

Euglycemia (n=84) 106.43 ±16.65 

Hyperglycemia (n=71) 236.08 ± 112.06 

Stress hyperglycemia (n=45) 176.56 ± 43.21 

 
The admission blood glucose in the study group ranged from 70 - 576 mg %. Mean admission blood 

glucose in diabetics was 236.08 ± 16.65, in euglycemics was 106.43 ±16.65 and in stress hyperglycemia was 
176.56 ± 43.21.

 

 
Table 9: HbA1C according to glycemic status (n=200) 

 

Glycemic status HbA1C 

Euglycemia (n=84) 5.05 ± 0.42 

Hyperglycemia (n=71) 8.06 ± 1.61 

Stress hyperglycemia (n=45) 5.28 ± 0.54 

 
The HbA1C in study group ranged from 3.5 – 13.1 with mean of 6.17 ± 1.74. Mean HbA1C in diabetic 

group was 8.06 ± 1.61, in euglycemia was 5.05 ± 0.42 and in stress hyperglycemia was 5.28 ± 0.54. 
 

Table 10: Blood pressure according to glycemic status (n=200) 
 

Glycemic status Systolic blood pressure Diastolic blood pressure 

Mean SD Mean SD 

Euglycemia (n=84) 161.2 34.05 92.62 15.21 

Hyperglycemia (n=71) 158.6 36.07 91.55 15.17 

Stress hyperglycemia(n=45) 158.9 32.48 90.22 14.85 

 
In the study group, systolic blood pressure ranged from 80 – 260 mmHg with mean systolic blood 

pressure of 159.75 ± 34.28. Mean systolic blood pressure in diabetic group was 158.6 ± 36.07, in euglycemia 
was 161.2 ± 34.05 while in stress hyperglycemia it was 158.9 ± 32.48.In the study group, diastolic blood 
pressure ranged from 50 – 150 with mean diastolic pressure of 91.7 ± 15.08. Mean diastolic blood pressure in 
diabetic group was 91.55 ± 15.17, in euglycemia was 92.62 ± 15.21 and in stress hyperglycemia was 90.22 ± 
14.85. 

 
Table 11: Clinical presentation according to glycemic status (n=200) 

 

Clinical presentation Glycemia 

Euglycemia (n=84) Hyperglycemia (n=71) 
Stress 

hyperglycemia 
(n=45) 

ALTERED SENSORIUM 16 14 10 

APHASIA 11 7 5 

ATAXIA 3 0 0 

C.N. DYSFUNCTION 11 11 5 

GIDDINESS 4 6 6 
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HEMIPARIESIS 52 44 24 

MONOPARIESIS 7 4 5 

SEIZURE 3 2 1 

SLURRED SPEECH 28 20 15 

UNCONSCIOUSNESS 3 4 4 

VOMITTING 1 1 3 

GTCS 0 3 0 

Headache 0 1 0 

 
Hemipariesis, speech disturbances, altered sensorium, cranial nerve dysfunction mainly 7

th
 nerveand 

sensory dysfunction were common presenting symptoms. Monopariesis, seizure, headache were other less 
common symptoms in the study group. 
 

Table 12: Comparison of hemorrhage andinfarct size according to glycemic status (n=200) 
 

Glycemic status 
Size of Lesion (hemorrhage/infarct) 

Small (A) (n=51) Medium (B) (n=82) Large (C) (n=67) 

Euglycemia 20 45 19 

Hyperglycemia 15 21 35 

Stress hyperglycemia 16 16 13 

 
In the study group, 25.5 % lesions on brain imaging (infarct/hemorrhage) were small (A), medium (B) 

and large (C) sized lesion accounted for 41 % and 33.5 % respectively.The medium sized lesions were seen in 
euglycemic group (54.88 %) while large size lesions were observed in diabetic group (52.24 %). The stress 
hyperglycemia group did not show preponderance towards any specific size of lesion.  
 

Table 13: Comparison of hemorrhage andinfarct size according to NIHSS (n=200) 
 

Infarct size NIHSS 

A 4.45 ± 1.98 

B 11.76 ± 2.72 

C 18.10 ± 2.80 

 
The NIHSS score corresponds to hemorrhage/ infarct size in the study group. Mean NIHSS score 

increased with increase in size of lesion.  
 

Table 14: Glycemic status according to NIHSS (n=200) 
 

Glycemic status NIHSS 

Euglycemia (n=84) 10.74 ± 5.30 

Hyperglycemia (n=71) 13.92 ± 6.06 

Stress hyperglycemia (n=45) 11.42 ± 5.66 

 
The NIHSS score in the study group ranged from 1 – 27 with mean NIHSS score of 12.02 ± 5.81. In the 

euglycemic group mean NIHSS score of 10.74 ± 5.30 was observed while in the diabetic group and stress 
hyperglycemia group the NIHSS score was 13.92 ± 6.06 and 11.42 ± 5.66 respectively.The NIHSS scores 
increases as the glycemic spectrum changes from euglycemia to diabetes, indicating worsening severity of 
stroke with change in the glycemic status from euglycemia to diabetes. 
 

Table 15: Comparison of HbA1C, admission BSL and NIHSS according to hemorrhage/ infarct size (n=200) 
 

Bleed/ infarct 
size 

Admission BSL HbA1C NIHSS Pearson’s 
coefficient 

A 171.25 ± 91.27 5.80 ± 1.29 4.45 ± 1.98 0.49 ** 

B 160.24 ± 92.93 5.94 ± 1.76 11.76 ± 2.72 0.68 ** 

C 175.72 ± 87.86 6.73 ± 1.89 18.10 ± 2.8 0.65 ** 

**p<0.01, *p<0.05 

Admission blood glucose and HbA1C had positive correlation with NIHSS score in all the three groups. 
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Both admission blood glucose and glycosylated hemoglobin (HbA1C) correlated well with the size of 
lesion (infarct/ bleed) and clinical severity in the diabetes group. Lower HbA1C and lower admission glucose 
resulted in smaller size of lesion (infarct/ bleed), while poorly controlled cases suffered severe stroke with 
larger size of lesion (infarct/ bleed). (p<0.05) 

 
DISCUSSION 

 
The study was conducted at a tertiary care hospital in Karad. 200 patients with acute stroke 

(ischemic/ haemorrhagic) proven by brain imaging (CT/ MRI) who met the inclusion criteria for the study were 
included. 

 
The age group of the patients ranged from 28 - 95 years with the mean age 63.81 ± 12.62 years, the 

maximum distribution of cases was in the sixth and seventh decade. In UKPDS study, it was noted that 
advancing age was an important risk factor for stroke.

[16] 

 
There were 63 % males and 37 % female patients a with a male preponderance and Male : Female 

ratio of 1.7 : 1. The UKPDS study noted male sex as an important risk factor for stroke.[16]
 

 
The glycemic status in the study group revealed 35.5 % diabetes, 22.5 % stress hyperglycemia and 

42% euglycemic patients. Stress hyperglycemia in this study was defined by admission glucose >140mg% and 
normal HbA1C. 

 
The prevalence of diabetes in this study was 35.5 %. Among the study subjects, there was a higher 

percentage of diabetes (39.2%) as well as stress hyperglycemia (24.3%) in females. 
 
The admission blood glucose ranged from 70 – 576 mg% in the study group, 116 of the total 200 

patients (58%) had admission blood glucose in the range >140mg%. 
 

The admission blood glucose in the stress hyperglycemia group ranged from 140 -339 mg% (n=45). 
The size of the lesion (infarct/ bleed) was measured on CT as small (A), medium (B) and large (C). In our study, 
51 patients (25.5 %) had small sized lesion (A), 82 patients (41 %) had medium sized lesion (B) and 67 patients 
(33.5 %) had large sized lesion (C). 

 
The percentage of small lesion (infarct/ bleed) in the euglycemia, stress hyperglycemia and diabetes 

group were 39.21 %, 31.37 % and 29.41 % respectively. The percentage of medium sized lesion (infarcts/ 
bleed) in the euglycemia, stress hyperglycemia and diabetes group were 54.88 %, 19.21 % and 25.61 %. The 
percentage of large sized lesions (infarcts/ bleed) in the euglycemia, stress hyperglycemia and diabetes group 
were 28.35 %, 19.4 % and 52.23 %. The euglycemia group had a higher percentage of small and medium sized 
lesions and diabetes group had a higher percentage of large sized lesions. Thus it was observed the infarct/ 
bleed size increased with progressive worsening in glycemic status, our finding are consistent with various 
studies (Mehta’s Bair et al) who have reported increase infarct size in hyperglycemia.[17,18]

 

 
The clinical severity of stroke was measured using the National Institute of Health Stroke Scale 

(NIHSS). The NIHSS score increased with increase in the size of lesion (infarct/ bleed). The NIHSS score for 
small, medium and large sized lesions were 4.45 ± 1.98, 11.76 ± 2.72 and 18.10 ± 2.80 respectively. The 
admission blood glucose correlated well with the NIHSS score in all the three glycemic groups. These finding 
are comparable to Johnson et al. where infarct volume was a significant predictor of NIHSS score.[19]

 

 
An increase in admission blood glucose on presentation was associated with higher NIHSS score 

indicating the severe clinical presentation of the stroke Pearson’s co-efficient: 0.49 for normoglycemia, 0.68 
for stress hyperglycemia and 0.65 for diabetes group. Our finding are comparable to study by Kiers et al that 
found severe stroke and higher mortality rates in patients with stress hyperglycemia, with mortality increasing 
independently with admission blood glucose. The increased mortality rate was not attributable to any stroke 
type or location.[20] 

 
Our study demonstrates admission hyperglycemia as a bad prognostic marker. Many studies 

(Candecise et al, Weir et al, Bruno et al, Sarkar et al) have demonstrated the ill effects of admission 
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hyperglycemia.[17,21-25] 
 
There was progressive increase in the NIHSS score across all groups irrespective of the size of lesion 

(infarct/ bleed) as the glycemic status changed from euglycemia to diabetes. This was evident for all the three, 
small, medium and large sized lesions (infarcts/ bleed) where the NIHSS score at presentation was highest for 
diabetes. The euglycemia group had higher number medium sized lesion (infarct/ bleed) compared to diabetes 
group (P<0.05). 

 
Overall, hyperglycemia on presentation was associated with larger size lesion (infarct/ bleed) and 

NIHSS score when compared to the euglycemic individuals. 
 

CONCLUSIONS 
 

Hyperglycemia was a common finding in patients with acute stroke (ischemic/ haemorrhagic) with or 
without history of diabetes. The admission random blood glucose and NIHSS scores correlated with clinical 
severity. Patients with hyperglycemia in acute stroke had increased severity with high NIHSS scores on 
admission, irrespective of lesion (infarction/ bleed) size. NIHSS score increased with increase in the size of 
lesion. Patients with hyperglycemia in acute stroke had increased size of lesion. Euglycemic group had high 
percentage of medium sized lesion, while diabetic group had high percentage of large sized lesion.Both 
admission blood glucose and HbA1C correlated well with size of lesion in diabetes group.Poorly controlled 
diabetes mellitus had large size of lesion and highNIHSS.Hypertension was consistent finding in all acute 
strokes irrespective of the glycemic status.The common co-morbid conditions in the study group were 
hypertension, ischemic heart disease and dyslipidemia.This study shows that hyperglycemia is a common 
finding among the patients with acute stroke and is associated with increased severity and larger size of lesion. 
It should be considered as a marker for poor clinical outcome and worse prognosis following an acute stroke. 
Strict normalization of blood glucose levels is warranted for reducing mortality and morbidity associated with 
this condition. 
 
Study Limitations 
 

The treatment of hyperglycemia was not standardized. The study did not address the question 
whether treatment of hyperglycemia would reduce the mortality and morbidity associated with 
hyperglycemia. Significant number of patients did not complete treatment. The patients could not be followed 
up. Better long term correlation would have been possible had these patients been followed after discharge. 
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