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ABSTRACT: Cerebral ischemia is a major health problem worldwide, that affects millions of people, leaving a 
major percentage of them with major disabilities, therefore becoming one of the most resource consuming pathology. 
Beside the blockage of blood supply of the brain that leads to loss of cellular function and neuronal necrosis, 
metabolic processes are modified in the whole body through mechanisms that are not fully explained yet. The results 
in the analysis of the 2 groups, one with 70 patients with stroke and another with 68 patients with no cerebral 
infarction, revealed that brain ischemia is more often found in patients with atrial fibrillation and higher blood pressure 
values. The metabolic changes, found in the stroke group, are represented by increased values of blood glucose, 
serum urea and lower levels of creatinine levels. Also, the value of leucocytes count and the erythrocyte 
sedimentation rate were shown to be increased in stroke patients, indicating that inflammation is highly present in 
cerebral infarction. In the regard of these findings, cerebral ischemia is associated with major systemic disruptions 
that could be significant pathogenic factors and also effects of the complex processes that take place in the affected 
brain region, but further investigation should be done in order to explain all the mechanisms involved and also the 
possible impact in prophylaxis and acute management of stroke. 
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Introduction 
Stroke is the main cause of long-term 

disability worldwide and, also, an important 
predisposing factor for dementia [1] so that 
cerebrovascular disease has become a major 
public health issue. 

Cerebral ischemia, defined by a marked 
reduction of the blood supply in a brain region, 
is the main type of stroke, representing 
approximately 80% of cerebrovascular events. 

It is the result of thromboembolic events 
caused by cardiac, arterial or hematological 
pathology, preventing brain tissue from getting 
oxygen and glucose in the region supplied by the 
affected vessel [2]. 

Ischemic strokes account for 66% to 91% of 
all strokes depending on the region of the globe 
affected. 

The incidence and prevalence of stroke 
occupy the leading places in the global burden 
of neurological disorders, especially in middle 
and low-income countries [3]. 

Following data, provided by the 
American Heart Association, shows that, in 
2017, 82.4 million people were diagnosed with 
ischemic stroke worldwide, with the highest 

prevalence in the states of Central and Eastern 
Europe as well as in East Asia. 

Eastern European countries, as well as 
Romania, were in the first places also in terms of 
the mortality of these patients. 

Globally, deaths due to this condition 
amounted to 2.7 million people in 2017 [4]. 

Regarding the cerebrovascular risk factors, it 
is known that the incidence of stroke increases 
with age and it doubles every decade after the 
age of 55. 

There are also genetic diseases that include 
cerebral ischemia among their manifestations: 
autosomal dominant transmitted diseases 
(e.g. Ehler-Danlos type 4 disease, Marfan 
syndrome, conditions associated with 
alpha-actin mutations in the smooth muscle 
fiber), autosomal recessive transmitted diseases 
(sickle cell anemia), X linked (Fabry disease) 
[5]. 

Hypertension is considered the most 
important risk factor for cerebrovascular disease 
and is found in 54% to 64% of stroke patients 
[6]. 

At the same time, it is known that blood 
pressure values increase with age, the 
prevalence of hypertension being significantly 
higher in people over 65 years [7]. 
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Current guidelines, both American 
(The American Guidelines for Management of 
Hypertension) and European (The European 
Guidelines for the Management of Arterial 
Hypertension), recommend reducing systolic 
blood pressure to less than 140mmHg, including 
the elderly, with a target of 130mmHg if 
tolerated [8]. 

Another important modifiable risk factor for 
cerebral ischemia is atrial fibrillation. 

It is estimated that there are approximately 
33 million people diagnosed with atrial 
fibrillation worldwide [4]. 

For these individuals, the risk of ischemic 
stroke can be quantified using the CHADS2 and 
CHA2DS2-VASc scales. 

This risk varies between 1% and 20% 
annually. 

In the United States, 10% to 12% of all 
cerebral ischemic events occur in patients with 
atrial fibrillation [9]. 

It has been observed that approximately 
17% of patients diagnosed for the first time with 
an ischemic stroke have a second cerebral 
ischemic event within the next 5 years. 

The American Heart Association has 
published that among patients aged 40 to 
69 years, 13% of men and 22% of women will 
have a second stroke within 5 years of the first 
event. 

For the people aged over 70 years, the 
incidence increases to 23% in men and 28% in 
women [10]. 

The most common risk factors associated 
with recurrent ischemic stroke are diabetes 
mellitus and atrial fibrillation, implying the need 
for antithrombotic or anticoagulant treatment in 
order to prevent cerebrovascular events. 

According to the data provided by World 
Health Organization in 2020, stroke is ranked as 
the third leading cause of death worldwide, and 
the incidence and impact of cerebral ischemia 
are expected to increase considerably over the 
next 50 years in highly developed countries, as 
well as in developing countries. 

This cerebrovascular event accounts for 
7.8 million deaths annually in the whole world, 
and also for 13% of the total number of deaths 
across the globe [11]. 

Stroke represents a major medical emergency 
defined by the concept "time is brain". 

Early recognition of the signs and symptoms 
of a stroke is particularly important in order to 
be able to act at the appropriate time, avoiding 
any kind of delay. 

Although, a third of the patients who survive 
show an improvement in their general condition 
in the first week of evolution, about 40% show a 
slow evolution, with the appearance of 
permanent disabilities, and approximately 20% 
suffer an aggravation of the initial 
symptomatology in the first 7 days of evolution 
[12,13]. 

The major impact of ischemic stroke in terms 
of mortality and long-term disability could be in 
part explained by the significant changes 
induced in multiple organs and systems. 

These alterations are supposed to be 
mediated by immune reactions and metabolic 
disruptions, but the physiopathology and 
significance of this process is not completely 
elucidated yet. 

Inflammatory reaction occurs in multiple 
acute brain lesions, including ischemic stroke. 
This response is called neuroinflammation 
[14]. 

Brain damage following ischemic stroke 
results in necrosis and apoptosis, all these causes 
an inflammatory reaction controlled by 
discharge of reactive oxygen species, 
chemokines, and cytokines. 

This process originates in the 
microcirculation and involves microglia and 
lymphocytes that cause neuronal death [15,16]. 

Cytokines are important mediators in the 
immune-inflammatory reaction induced by 
stroke, being involved in the progression of 
cerebral infarction and influencing its severity. 

In association with the inflammatory process 
induced by cerebral infarction, significant 
metabolic changes are involved, not only as a 
consequence of the neuronal necrosis and 
apoptosis, but also in the pathogenesis of the 
ischemic stroke. 

Diabetes favors the process of 
atherosclerosis, affecting also the cerebral 
vessels, thus favoring the occurrence of cerebral 
infarctions, especially the lacunar type of stroke 
[7]. 

In patients with known atherothrombosis, 
cerebral ischemia is closely related to blood 
glucose values above 5.5mmol/l. 

Dyslipidemia represents a risk factor that can 
influence ischemic stroke in multiple ways. 

Elevated values of total cholesterol increase 
the risk of cerebral ischemia, while elevated 
values of HDL (high-density lipoprotein 
cholesterol) represent a protective factor against 
atherosclerosis and ischemic stroke [17]. 
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High serum cholesterol is also associated 
with a higher risk of ischemic stroke in the large 
cerebral arteries [18,23]. 

Materials and Methods 
This is a cross-sectional study conducted at 

Neuropsychiatry Clinical Hospital, Craiova, in 
the period between the 1st January 2020 and 31st 
December 2021. 

The study population consisted of two groups 
of patients admitted to Neurology Department of 
Neuropsychiatry Clinical Hospital, Craiova: 
Group 1 including 70 stroke patients with a 
confirmed CT scan and Group 2 including 
68 non-stroke patients. 

The diagnosis of acute ischemic stroke was 
established by neurology professionals, after the 
clinical assessment, based on the suspicion of a 
vascular syndrome then confirmed by brain 
imaging (CT scan), according to the 
international guideline’s recommendations. 

The research monitored the socio-
demographic characteristics (age and sex), 
medical history data and a series of biological 
parameters for both groups, aiming to study the 
metabolic disturbances in acute ischemic stroke 
by analyzing differences between the two 
categories of patients. 

The blood tests performed to determine the 
metabolic imbalance in stroke versus non-stroke 
patients were a complete blood count, metabolic 
panel (blood glucose, serum urea, serum 
creatinine, alanine aminotransferase (ALT), 
aspartate aminotransferase (AST)), cholesterol 
and erythrocyte sedimentation rate. 

The data was collected from the hospital’s 
official database and then analyzed using 
GraphPad 9.4.1 (GraphPad Software, San 
Diego, CA, USA). 

Continuous variables were presented as 
mean±standard deviation, being compared using 
Mann-Whitney test in case of non-gaussian 
distribution. 

Categorical variables were presented as 
number and percentages, being compared using 
chi-square test. 

Violin plots were created to visually compare 
the laboratory data between the two groups. 

Statistical significance was considered to be 
p<0.05. 

The study was conducted respecting the 
ethical, deontological and legal norms and was 
approved by the Directing Committee of the 
Neuropsychiatry Clinical Hospital. 

All the patients enrolled in the study were 
included only after signing the informed consent 
and their participation was absolutely voluntary. 

Results 
During the two years period, a total of 

70 stroke patients and 67 non-stroke patients 
admitted to Neurology Department of the 
Neuropsychiatry Clinical Hospital, Craiova were 
included in the study. 

The demographic distribution of age and 
gender for the two groups in the study is shown 
in Table 1. 

The male to female ratio was 4:3 for stroke 
patients. 

Table 1. Demographic distribution 
of the study population. 

 
Stroke 
group 
(N=70) 

Control 
group 
(N=67) 

p-value 

Age 71.76±10.11 56.04±16.59 <0.0001 
Gender, 

male 40 (57.1%) 25 (37.3%) 0.026 
 

Studying the co-morbidities, 53 (75.7%) 
stroke patients had hypertension, with 
significant difference compared to non-stroke 
patients, from which only 35 (52.2%) had 
hypertension (p-value=0.016). 

No differences were found between the two 
groups for diabetes mellitus: 10 (14.3%) stroke 
patients had diabetes mellitus vs. 11 (16.4%) 
non-stroke patients had diabetes mellitus 
(p-value=0.814). 

A significant higher percentage of stroke 
patients had atrial fibrillation: 18 (25.7%) stroke 
patients vs. 3 (4.5%) non-stroke patients  
(p-value=0.001), as in Table 2. 

Hypertension and atrial fibrillation are 
significant risk factors for the incidence of 
stroke, but not the diabetes mellitus. 

Table 2. Co-morbidities of the study population. 

 
Stroke 
group 
(N=70) 

Control 
group 
(N=67) 

p-value 

Hypertension 
No 

Grade 1 
Grade 2 
Grade 3 

 
17 (24.3%) 
4 (5.7%) 

46 (65.7%) 
3 (4.3%) 

 
32 (47.8%) 
5 (7.5%) 

26 (38.8%) 
4 (6%) 

0.016 

Diabetes 
mellitus,  

yes 
10 (14.3%) 11 (16.4%) 0.814 

Atrial 
fibrillation, 

yes 
18 (25.7%) 3 (4.5%) 0.001 
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Regarding the hyperglycemia, even if no 
differences exist between the two groups, the 
level of glucose was significantly higher in 
stroke group compared to non-stroke patients: 
121.8±24.87 vs. 114.73±32.86 (p-value=0.004) 
and we can confirm with Figure 8. 

The mean of cholesterol was approximately 
equal to 200mg/ml for both groups of patients, 
no differences were found between them 
(p-value=0.545). 

The results can be observed in the Figure 5. 
Regarding the lipid profile, it was found that 

34 (48.57%) stroke patients had cholesterol 
equal or greater than 200mg/dl, which was 
almost the same percentage as the non-stroke 
patients: 33 (49.25%). 

No differences were found between the two 
groups of patients for hemoglobin and platelet 
count, as in Table 3 and Figure 1. 

A much higher number of leukocytes 
were found in stroke patients’ group, 9.51*109/L 

(±3.82) compared to 7.65*109/L (±2.24), 
p-value=0.002. 

The differentiation between the two groups is 
related in Figure 2. 

Regarding the erythrocyte sedimentation rate, 
it was found that stroke patients had 
significantly higher levels compared to 
non-stroke patients (p-value<0.0001) as in 
Figure 7. 

The level of creatinine was significantly 
lower in stroke patients than in non-stroke 
patients (p-value<0.0001), as is shown in 
Figure 6. 

Regarding the urea level, it was found that 
stroke patients had significantly more  
urea concentrations than non-stroke patients 
(p-value <0.0001), as in Figure 10. 

All the information provided by Table 3 is 
visually present as violin plots in the figures 
included below. 

 

Table 3. Laboratory data of the study population. 

Parameters Stroke group 
(N=70) 

Control group 
(N=67) p-value 

Hemoglobin (g/dl) 13.88±1.61 13.5±1.61 0.220 
Leukocyte (109/L) 9.51±3.82 7.65±2.24 0.002 
Platelet count (109/L) 255.44±80.85 249.03±66.2 0.716 
Erythrocyte sedimentation rate (mm/h) 39.73±32.04 16.25±19.01 <0.0001 
Alanine aminotransferase (U/L) 35.45±25.06 28.79±35.82 0.001 
Aspartate aminotransferase (U/L) 37.26±34.98 37.52±60.27 0.471 
Creatinine (mg/dl) 1.25±0.45 2.26±10.51 <0.0001 
Glucose (mg/dl) 121.8±24.87 114.73±32.86 0.004 
Urea (mg/dl) 56.95±51.93 37.05±35.03 <0.0001 

Cholesterol (mg/dl) ≥200mg/dl 197.59±57.98 
34 (48.57%) 

200.95±55.27 
33 (49.25%) 0.545 

 

 
Figure 1. Violin plot showing the distribution of 

hemoglobin values (g/dl) in stroke group 
(HG1-in red) and non-stroke group (HG2-in green). 

The results are insignificant between the two 
groups (ns). 

 
Figure2. Violin plot showing the distribution of 
leukocyte count values (10^9/L) in stroke group 

(LEU1-in red) and non-stroke group 
(LEU 2-in green). 
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Figure 3. Violin plot showing the distribution of 
Alanine aminotransferase (U/L) in stroke group 

(ALT1-in red) and non-stroke group 
(ALT2-in green). 

 
Figure 4. Violin plot showing the distribution of 

Aspartate aminotransferase (U/L) in stroke group 
(AST1-in red) and non-stroke group 

(AST 2-in green). The results are insignificant 
between the two groups (ns). 

 

 
Figure 5. Violin plot showing the distribution of 
the cholesterol values (mg/dl) in stroke group 
(CHOL1-in red) and non-stroke group CHOL2) 

in green). The results are insignificant between 
the two groups (NS). 

 

Figure 6. Violin plot showing the distribution of 
creatinine (mg/dl) in stroke group (CR1-in red 

and non-stroke group (CR 2-in green). 
 

 
Figure 7. Violin plot showing the distribution of 
erythrocyte sedimentation rate (mm/h) in stroke 

group (ESR1-in red) and non-stroke group 
(ESR2-in green). 

 
Figure 8. Violin plot showing the distribution of 

glucose (mg/dl) in stroke group (GL1-in red) 
and non-stroke group (GL 2-in green). 
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Figure 9. Violin plot showing the distribution of 

platelet count (10^9l) in stroke group (PT1-in red) 
and non-stroke group (PT 2-in green). The results 

are insignificant between the two groups (NS). 

 
Figure 10. Violin plot showing the distribution of 

urea (mg/dl) in stroke group (UR1-in red) 
and non-stroke group (UR 2-in green). 

 

Discussion 
Despite the scientific progress recently made 

in the medical field, the association between 
ischemic stroke in the acute phase and the 
complex of metabolic systems is not completely 
understood yet. 

On one hand, regarding the demographic 
characteristics of the patients, the study shows 
that in the stroke group, men are more affected 
than women, so the male gender is a 
non-modifiable risk factor for ischemic stroke. 

On the other hand, it also has been observed 
that modifiable risk factors, as hypertension and 
atrial fibrillation, are more common in the stroke 
group. 

These observations are consistent with data 
provided by studies conducted on larger cohorts, 
which also suggest that the risk of ischemic 
stroke in people with atrial fibrillation varies not 
only by race, but also by geographic area [19]. 

These observations support the international 
guidelines treatment recommendations, given 
the fact that oral anticoagulation reduced the risk 
of cerebral ischemia compared with the use of 
antithrombotic medication [20]. 

Hypertension is found in over a half of stroke 
patients [6]. 

Despite all the well-known effects of high 
blood pressure values in the case of hemorrhagic 
stroke, the hypertension is also an important risk 
factor for the occurrence of cerebral ischemia, 
especially over 65 years old [7]. 

Discussing the main objectives of this 
research, a significant difference has been 
observed regarding the metabolic panel between 
the two groups. 

Thus, the stroke patients had higher levels of 
serum glucose, urea, erythrocytes sedimentation 
rate and higher numbers of leucocytes. 

Hyperglycemia aggravates the consequences 
of stroke through increased reperfusion injury by 
increasing oxidative stress, stimulating systemic 
inflammation, and increasing blood brain barrier 
permeability. 

Acute ischemic stroke patients with 
hyperglycemia have also increased platelet 
aggregation and adhesion to the endothelium. 

A study conducted in Glasgow showed that 
higher blood glucose predicted a worse 
prognosis even after it was adjusted for age, 
stroke severity and stroke subtype [21]. 

Renal function is also affected in the 
complex systemic changes during acute phase of 
a ischemic stroke. 

So, the level of creatinine was lower in the 
stroke group, but the urea level was significantly 
higher in stroke patients, suggesting that renal 
dysfunction is associated with the 
cerebrovascular disease. 

This data suggests that patients with cerebral 
ischemia are affected by major metabolic 
disturbances, involving multiple organs and 
systems, as the glomerular filtration or the 
glucose metabolism. 

Regarding the neuroinflammation, the higher 
leucocytes blood count suggests that the known 
local inflammatory process in the ischemic brain 
tissue is accompanied by a significant systemic 
inflammatory reaction in the acute ischemic 
stroke. 

Although, the mechanism of this effect is not 
completely understood, it is known that first 
inflammatory neutrophils generate chemokines 
in the acute phase which will attract others 
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neutrophils in ischemic tissues, through a graded 
concentration [22]. 

Neutrophils contribute to the production of 
secondary tissue damage by releasing 
pro-inflammatory cytokines and other cytotoxic 
products [23,24]. 

Another biomarker, considered nowadays a 
not so specific parameter, the erythrocytes 
sedimentation rate, has proved to be 
significantly increased, in the blood samples of 
the stroke patients, supporting the theory of an 
intense inflammatory process induced by brain 
ischemia. 

The study has not found a statistic significant 
difference between the stroke and non-stroke 
group regarding the rest of biological 
parameters, despite the fact that some of them 
were mainly recognized as contributive factors 
to the global cerebrovascular risk. 

Such parameters are the serum cholesterol 
and the platelet count, variables that had similar 
values in the both groups. 

On the one hand, the broad spectrum of 
metabolic disturbances, identified in the stroke 
group, is suggestive for the major role of the 
metabolic imbalance in cerebral infarction 
pathogenesis, a part of it being already discussed 
in the medical literature, but not completely 
explained yet. 

On the other hand, a part of this imbalance is 
also a consequence of the brain ischemia, such 
as the neuroinflammatory process or 
hyperglycemia known to be associated with 
acute stroke, but not completely explained at the 
moment, despite the major research efforts done 
in the scientific and medical fields. 

Conclusions 
This study provides valuable data regarding 

the brain ischemia associated metabolic 
disturbances and the impact of the major 
cerebrovascular risk factors by analyzing the 
differences between two groups of patients, 
with, and without stroke. 

Across the cerebrovascular risk factors, 
hypertension and atrial fibrillation had 
significantly higher prevalence in the stroke 
group than in the non-stroke one. 

Although, there was no difference in the 
prevalence of diabetes mellitus in the studied 
groups, the analyzed data shows significant 
higher levels of blood glucose in the stroke 
group. 

The mean cholesterol level was not different 
in the studied groups from a statistically point of 
view. 

It has been shown that renal function is also 
impaired in cerebral ischemia, as it follows: the 
serum creatinine level was lower, but higher 
serum levels of urea were found in stroke 
patients. 

A much higher number of leukocytes and 
also a higher erythrocyte sedimentation rate 
were found in stroke patients, supporting the 
existence of an important inflammatory reaction 
in cerebral infarction pathogenesis. 
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