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Abstract 

Background:  Cerebrovascular accident is an emergency 

medical condition characterized by an acute compromise 

of the cerebral perfusion or vasculature. The leading 

cause of cerebrovascular accident is due to 

atherothrombosis.  There is paucity of information on the 

role of serum ferritin and lipid indices in prognosis and 

outcome of acute cerebrovascular accident.  

Objectives: The study was undertaken to assess serum 

ferritin levels and lipid indices in patients of acute 

cerebrovascular accident.  

Methods: The study population consisted of 45 healthy 

controls and 45 clinically diagnosed CVA cases of either 

gender between 25-75 years of age who presented within 

48 hours of onset of symptoms of acute cerebrovascular 

accident. Serum Ferritin and lipid profiles including Total 

cholesterol, triglyceride, high density lipoprotein (HDL-

cholesterol), and low-density lipoprotein (LDL- 

cholesterol) were estimated. The atherogenic index and 

lipid indices were calculated using established formulas.  

Results:  The study shows high BMI, high waist hip ratio, 

increased systolic blood pressure and diastolic pressure in 

CVA cases with p value less than 0.01 with Mann 

Whitney U test (two tailed). Significant increase in levels 

of serum ferritin, total cholesterol, triglyceride, low 

density lipoprotein, TC: HDL ratio, non HDL cholesterol 

and TG: HDL ratio in CVA cases in comparison to 

controls. However, there was significant decrease in HDL 

level in cases as compared to controls. There was 

significant correlation of TG, TC: HDL and non HDL-c 

with serum cholesterol level in cases with Spearman rank 

correlation, reassuring atherogenic nature of cholesterol. 

A significant (p < 0.01) association was found between 

acute cerebrovascular accident risk and serum ferritin 

level in cases with chi-square test of independence. This 
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study provided evidence on the association of ferritin, 

lipids and lipid ratios with cerebrovascular accident. 

Conclusion: These lipid indices and serum ferritin levels 

appeared to be of important prognostic indicators for 

identifying high‐risk participants predisposed to 

cerebrovascular accident in men and women and may 

serve as potential targets for cerebrovascular accident 

prevention. This study highlights the utility of a simple, 

easily available serum marker in prediction and prognosis 

of acute ischemic cerebrovascular accident.  

Keywords:  Atherogenesis, Atherogenic Indices, 

Cerebrovascular Accident, Dyslipidemia, Ferritin, 

Ischaemia. 

Introduction  

Cerebrovascular accident is a medical emergency 

characterized by an acute compromise of the cerebral 

perfusion or vasculature. It contributes to significant 

cause of morbidity and mortality worldwide. 70% of 

cerebrovascular accidents and 87% of both 

cerebrovascular accident-related deaths and disability-

adjusted life years occur in lower and middle-income 

socio-economic status family [1] 

The leading cause of cerebrovascular accident is due to 

atherothrombosis. Thrombotic occlusions causing 

cerebral infarctions are usually superimposed on 

atherosclerotic plaques. Major risk factors for 

cerebrovascular accident include age, diabetes mellitus, 

hypertension, smoking and others [2]. Modification of 

risk factors, early diagnosis and   prompt management in 

cerebrovascular accident (CVA) can reduce its outcome. 

Some of the prognostic indicators, which have gained 

larger clinical interest in recent times includes blood 

pressure, serum cholesterol, lipid indices and acute phase 

reactants. 

The role of inflammatory markers in predicting 

functional outcome in CVA, still remains controversial. 

Iron profile and ferritin are known to have a significant 

role in cardiovascular disease, malignancy, 

neurodegenerative disorder, etc [3] Serum ferritin, an 

acute phase reactant have been used along with other 

clinical parameters for monitoring inflammation in high-

risk patients. Initially, considered as a stress response to 

cerebrovascular accident, serum ferritin is under 

evaluation as a prognostic marker of cerebrovascular 

accident. Adverse level of lipid indices are already well 

established risk factors or outcome for hypertension, 

cardiovascular events and diabetes mellitus [4]. Elevated 

plasma concentration of low-density lipoproteins (LDL- 

cholesterol) and low level of high-density lipoprotein 

(HDL-cholesterol) concentration are accompanied with 

augmented risk of atherosclerosis. Although, there are 

many studies relating high levels of serum total and LDL 

- cholesterol and low levels of HDL-cholesterol with 

coronary atherosclerosis, the relation between serum 

lipids, lipoproteins and cerebrovascular atherosclerosis is 

not very well reported. There is paucity of information on 

the role of serum ferritin and lipid indices in prognosis 

and outcome of acute cerebrovascular accident; hence, 

this study was undertaken to assess serum ferritin levels 

and lipid indices in patients of acute cerebrovascular 

accident. 

Material and methods 

A prospective observational study was conducted on 

acute cerebrovascular accident cases admitted in the 

tertiary care hospital. The study population consisted of 

45 clinically diagnosed CVA cases. Both male and female 

cases between 25-75 years of age who presented within 

48 hours of onset of symptoms of acute cerebrovascular 

accident, diagnosed on the basis of clinical examination 
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and neuro-imaging (computed tomography/magnetic 

resonance imaging brain) indicative of cerebral infraction 

or intra-cerebral haemorrhage were enrolled for the study. 

The patients with underlying condition of liver disease, 

familial hypercholesterolemia and hypothyroidism, on 

drugs for dyslipidaemia, cerebral haemorrhage secondary 

to cerebral tumour or previous coagulation disorders were 

excluded from the study. The ethical clearance was 

obtained from the ethical review board of the institution. 

Control group included 45 healthy volunteers in same age 

group and had the same exclusion criteria as mentioned 

for cases. Consent was taken before collection of sample. 

 After documenting demographic profile, relevant clinical 

history was taken. Clinical examination of the patients 

was performed and vitals were recorded. Following 

aseptic precautions, around 5 ml of venous blood sample 

was collected in BD vacutainer® gel tubes in healthy 

controls and within 48 hours of onset of manifestation in 

CVA cases. The collected samples were allowed to stand 

for 20 minutes. Serum was separated from samples after 

centrifugation at 3500 rpm for 15 minutes and stored till 

further processing. Lipid profile and serum ferritin were 

estimated in the samples at the earliest. Total cholesterol, 

triglyceride, high density lipoprotein (HDL-cholesterol), 

and low density lipoprotein (LDL- cholesterol) were 

estimated on cobas® 6000 analyser - Roche Diagnostics. 

Serum ferritin was estimated by ELISA. The atherogenic 

indices and lipid ratios were calculated. Atherogenic 

indices was calculated by using the formula: (TG/HDL-

c).  The other indices calculated includes TC/HDL-c and 

Non - HDL-c = Total Cholesterol - HDL-c 

Statistical Analysis 

Quantitative data summarized to test the difference in 

mean values obtained for Cases and Controls using Mann 

–Whitney U test. Further, two tailed Spearman Rank 

Correlation was used to correlate between the various 

parameters. Spearman's Rho (rs) was calculated to 

measure the strength and direction of the relationship 

between two variables. Significance is assessed at 5 % 

confidence interval. Statistical analysis was performed 

using SPSS 12.0 software. 

Results 

The study was conducted to do a comparative study of 

serum ferritin and lipid profile levels between controls 

and CVA cases. Table 1 shows difference in mean values 

from controls and cases using Mann Whitney U test. The 

table shows high BMI, high waist hip ratio, increased 

systolic blood pressure and diastolic pressure in CVA 

cases.  An increase in serum ferritin level, total 

cholesterol, triglyceride, low density lipoprotein, TC: 

HDL ratio, non HDL cholesterol, TG: HDL ratio in CVA 

cases in comparison to controls. However, there was 

significant decrease in HDL level in cases as compared to 

controls. Table 2 shows Spearman’s rank correlation (two 

tailed) between demographic and quantitative profiles. 

BMI and WHR show significant correlation with weight 

in cases. There was significant correlation of TG, TC: 

HDL and non HDL-c with serum cholesterol level in 

cases, reassuring atherogenic nature of cholesterol Fig 1 

shows significant correlation of ferritin with cholesterol, 

with p value of about 0.02 and rs=0.32. As in table 2, a 

significant correlation was observed between non HDL-c, 

TG:HDL-c, TC:HDL-c with TG levels in cases, with p 

value <0.01. There was statistically significant relation of 

LDL cholesterol with both systolic and diastolic blood 

pressure predisposing to greater atherosclerotic risk in 

these cases. The correlation between Non HDL 

cholesterol and ferritin, show rs value of 0.38 with p value 

of .003 (table 2, Fig 2). Similar correlation of non HDL 

cholesterol with WHR was observed (Fig 3). Serum TG 
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shows significant correlation with non HDL (Fig 4) and 

with HDL (table 2) at p value <0.01. Correlation of 

various profiles are represented in table 2. Table 3 

represents chi-square test of independence of ferritin 

levels in cases.  A significant association was found 

between acute cerebrovascular accident risk and serum 

ferritin level, with Ferritin χ2 (2, N=90) = 67.9, p 

value<0.01.  In the study, elevated serum ferritin was 

found to be independently related with risk factor for 

cerebrovascular accident along with other comorbid 

conditions. 

Table 1: Mann–Whitney U test (two tailed) 
 

CONTROLS CASES Z Score p value 

MEAN SD MEAN SD 

Age(Yrs) 44.62 9.74 44.71 11.50 0.41559 0.67 

Wt (kg) 67.02 7.70 74.67 8.62 -4.2608 < 0.01 

Ht (m) 1.69 0.05 1.68 0.05 0.49225 0.62 

BMI (kg/m2) 23.60 2.60 26.34 2.31 -4.68043 < 0.01 

Systolic BP mm Hg 132.18 5.67 151.29 10.74 -7.83164 < 0.01 

Diastolic BP mmHg 80.93 6.17 91.96 6.01 -6.62119 < 0.01 

WHR 0.96 0.04 1.04 0.04 -6.64943 < 0.01 

TC (mg/dl) 152.87 6.45 173.99 36.41 -3.59102 < 0.01 

TG (mg/dl) 121.53 13.33 172.16 57.81 -5.1404 < 0.01 

HDL-c (mg/dl) 46.31 10.49 38.27 7.95 3.26016 < 0.01 

LDL-c (mg/dl) 87.96 6.03 145.85 37.42 -6.79065 < 0.01 

TC:HDL-c ratio 3.44 0.64 4.75 1.45 -4.51096 < 0.01 

Non HDL-c (mg/dl) 106.56 12.16 135.72 37.10 -4.25677 < 0.01 

TG:HDL-c ratio  2.73 0.59 4.76 2.10 -5.47529 < 0.01 

Ferritin (ng/ml) 159.81 23.40 380.16 77.68 -8.15847 < 0.01 

Table 2: Spearman Rank Correlation (two tailed) of demographic and quantitative parameters 

  Age Wt Heigh

t 

BMI SBP DBP WHR TC TG  HDL-c  LDL-

c  

TC:HD

L 

Non 

HDL 

TG:HDL  Ferritin 

Age   rs= -

0.01  

p= 0.91 

rs= 

0.10  

p=0.4

8 

rs= -

0.04  

p = 

0.77 

rs= 

0.62  

p<0.01 

rs = 

0.33  

p= 

0.02 

rs = -

0.07  

p = 

0.64 

rs =0.

06  

p = 

0.68 

rs = 

0.07 

p = 

0.62 

rs = 

0.01  

p = 

0.93 

rs = -

0.05  

p = 

0.71 

rs = 0.02  

p = 0.87 

rs = .04  

p = 

0.75 

rs = 0.01 

p = 0.97 

rs =-0.02  

p = 0.88 

Weight rs=0.

01 

p= 

0.91 

  rs=0.6

0  

p 

<0.01 

rs = 

0.84  

p < 

0.01 

rs = -

0.06  

p = 

0.66 

rs = 

0.11  

p = 

0.43 

rs = 

0.50  

p < 

0.01 

rs = 

0.16  

p = 

0.27 

rs = 

0.08  

p = 

0.59 

rs = 

0.33  

p = 

0.02 

rs = -

0.09  

p = 

0.51 

rs =-.14  

p = 0.32 

rs = .08  

p = 

0.57 

rs = -0.13  

p = 0.36 

rs = -

0.09  

p = 0.52 

Height rs= 

0.10  

p=0.

48 

rs= 

0.60  

p= 

<0.01 

  rs = 

0.14  

p = 

0.35 

rs = 

0.06  

p = 

0.67 

rs = 

0.04  

p = 

0.77 

rs = 

0.25  

p = 

0.09 

rs = 

0.14  

p = 

0.34 

rs = 

0.19  

p = 

0.20 

rs = 

0.19  

p = 

0.19 

rs = -

0.07  

p = 

0.63 

rs = -

0.10  

p = 0.49 

rs = .08  

p = 

0.59 

rs = 0.00  

p = 0.99 

rs = -

0.16  

p = 0.27 

BMI rs= 

-0.04  

p = 

0.77 

rs= 

0.84  

p < 

0.01 

rs=0.1

4  

p = 

0.35 

  rs = -

0.07  

p = 

0.61 

rs = 

0.19  

p = 

0.20 

rs = 

0.42  

p 

<0.01 

rs = 

0.11  

p = 

0.44 

rs = -

0.01  

p = 

0.91 

rs = 

0.24  

p = 

0.10 

rs = -

0.05  

p = 

0.71 

rs = -

0.07  

p = 0.61 

rs = 

0.06  

p = 

0.65 

rs = -0.13  

p = 0.36 

rs = 0.00  

p = 0.97 
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SBP rs= 

0.62  

p 

<0.0

1 

rs= -

0.06  

p= 0.66 

rs= 

0.06  

p= 

0.67 

rs = -

0.07  

p = 

0.61 

  rs = 

0.44  

p < 

0.01 

rs = -

0.28  

p = 

0.06 

rs = 

0.04  

p = 

0.79 

rs = 

0.13  

p = 

0.39 

rs =   -

0.06  

p = 

0.66 

rs = -

0.29  

p = 

0.04 

rs = 0.09  

p = 0.54 

rs = 

0.05  

p = 

0.73 

rs = 0.10  

p = 0.50 

rs = 0.01  

p = 0.93 

DBP rs=0.

33  

p=0.

02 

rs= 

0.11  

p = 

0.43 

rs = 

0.04  

p = 

0.77 

rs = 

0.19  

p = 

0.20 

rs = 

0.44  

p < 

0.01 

  rs = 

0.13  

p = 

0.36 

rs = -

0.04  

p = 

0.78 

rs = 

0.05  

p = 

0.73 

rs = 

0.16  

p = 

0.28 

rs = -

0.33  

p = 

0.02 

rs =   -

0.13  

p = 0.36 

rs =   -

0.09  

p = 

0.55 

rs =      -

0.04  

p = 0.76 

rs = 0.32 

p = 0.02 

WHR rs=-

0.07  

p =0.

64 

rs = 

0.50  

p < 

0.01 

rs= 

0.25  

p = 

0.09 

rs=0.4

2  

p 

<0.01 

rs =  -

0.28  

p = 

0.06 

rs = 

0.13  

p = 

0.36 

  rs = 

0.38 

p <0.0

1 

rs = 

0.13  

p = 

0.38 

rs = 

0.30  

p = 

0.04 

rs = -

0.01  

p = 

0.91 

rs = 0.05  

p = 0.69 

rs = 

0.32  

p = 

0.02 

rs = -0.04  

p = 0.78 

rs = -

0.14  

p = 0.35 

TC rs= 

0.06  

p= 

0.68 

rs= 

0.16  

p= 0.27 

rs= 

0.14  

p= 

0.34 

rs = 

0.11  

p = 

0.44 

rs = 

0.04  

p = 

0.79 

rs = -

0.04  

p = 

0.78 

rs = 

0.38   

p <0.0

1 

  rs = 

0.39  

p < 

0.01 

rs = -

0.02  

p = 

0.89 

rs = 

0.01  

p = 

0.90 

rs = 0.66  

p <0.01 

rs = 

0.96  

p <0.01 

rs = 0.29  

p = 0.05 

rs = 

 -0.32  

p = 0.02 

TG  rs = 

0.07  

p= 

0.62 

rs= 

0.08  

p= 0.59 

rs= 

0.19  

p= 

0.20 

rs = -

0.01  

p = 

0.91 

rs = 

0.13  

p = 

0.39 

rs = 

0.05  

p = 

0.73 

rs = 

0.13  

p = 

0.38 

rs = 

0.39  

p < 

0.01 

  rs = -

0.13  

p = 

0.37 

rs = 

0.02  

p = 

0.88 

rs = 0.29  

p = 0.04 

rs = 

0.38  

p <0.01 

rs = 0.82  

p <0.01 

rs = -

0.19  

p = 0.19 

HDL-c  rs= 

0.01  

p = 

0.93 

rs= 

0.33  

p = 

0.02 

rs= 

0.19  

p= 

0.19 

rs = 

0.24  

p = 

0.10 

rs = -

0.06  

p = 

0.66 

rs = 

0.16  

p = 

0.28 

rs = 

0.30  

p = 

0.04 

rs = -

0.02  

p = 

0.89 

rs = -

0.13  

p = 

0.37 

  rs = -

0.24  

p = 

0.11 

rs = -

0.72  

p <0.01 

rs = -

0.22  

p = 

0.14 

rs = -0.61  

p <0.01 

rs = -

0.07  

p = 0.63 

LDL-c rs = -

0.05  

p = 

0.71 

rs= -

0.09  

p= 0.51 

rs= -

0.07  

p= 

0.63 

rs = -

0.05 

 p = 

0.71 

rs = -

0.29  

p = 

0.04 

rs = -

0.33  

p = 

0.02 

rs = -

0.01  

p = 

0.91 

rs = 

0.01  

p = 

0.90 

rs = 

0.02  

p = 

0.88 

rs = -

0.24  

p = 

0.11 

  rs = 0.20  

p = 0.17 

rs = 

0.08  

p = 

0.56 

rs = 0.11  

p = 0.43 

rs = -

0.07  

p = 0.61 

TC:HD

L 

rs = 

0.02  

p = 

0.87 

rs = -

0.14  

p = 

0.32 

rs = -

0.10  

p = 

0.49 

rs = -

0.07  

p = 

0.61 

rs = 

0.09  

p = 

0.54 

rs = -

0.13  

p = 

0.36 

rs = 

0.05  

p = 

0.69 

rs = 

0.66  

p <0.0

1 

rs = 

0.29  

p = 

0.04 

rs = -

0.72  

p <0.01 

rs = 

0.20  

p = 

0.17 

  rs = 

0.81  

p <0.01 

rs = 0.61  

p <0.01 

rs = -

0.19  

p = 0.20 

Non 

HDL 

rs = 

0.04  

p = 

0.75 

rs = 

0.08  

p = 

0.57 

rs = 

0.08  

p = 

0.59 

rs = 

0.06  

p = 

0.65 

rs = 

0.05  

p = 

0.73 

rs = -

0.09  

p = 

0.55 

rs = 

0.32  

p = 

0.02 

rs = 

0.96  

p <0.0

1 

rs = 

0.38  

p <0.01 

rs = -

0.22  

p = 

0.14 

rs = 

0.08  

p = 

0.56 

rs = 0.81  

p <0.01 

  rs = 0.39  

p >0.01 

rs = -

0.31  

p = 0.03 

TG: 

HDL  

rs = 

0.01 

p = 

0.97 

rs = -

0.13  

p = 

0.36 

rs = 

0.00  

p = 

0.99 

rs = -

0.13  

p = 

0.36 

rs = 

0.10  

p = 

0.50 

rs = -

0.04  

p = 

0.76 

rs = -

0.04  

p = 

0.78 

rs = 

0.29  

p = 

0.05 

rs = 

0.82  

p <0.01 

rs = -

0.61  

p <0.01 

rs = 

0.11  

p = 

0.43 

rs = 0.61  

p <0.01 

rs =0.3

9  

p >0.01 

  rs = -

0.10  

p = 0.49 

Ferritin rs = -

0.02  

p = 

0.88 

rs = -

0.09  

p = 

0.52 

rs = -

0.16  

p = 

0.27 

rs = 

0.00  

p = 

0.97 

rs = 

0.01  

p = 

0.93 

rs = 

0.32  

p = 

0.02 

rs = -

0.14  

p = 

0.35 

rs = -

0.32  

p = 

0.02 

rs = -

0.19  

p = 

0.19 

rs = -

0.07  

p = 

0.63 

rs = -

0.07  

p = 

0.61 

rs = -

0.19  

p = 0.20 

rs = -

0.31  

p = 

0.03 

rs = -0.10  

p = 0.49 
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Table 3: chi-square test of independence (Ferritin) 

  

  Normal Ferritin ng/ml High Ferritin  ng/ml Marginal Row Totals 

Controls 44   (24)   [16.67] 1   (21)   [19.05] 45 

Cases 4   (24)   [16.67] 41   (21)   [19.05] 45 

Marginal Column Totals 48 42 90    (Grand Total) 

A chi-square test of independence showed that there was 

significant association between acute cerebrovascular 

accident risk and Ferritin χ2 (2, N = 90) = 67.9, p = < 0.01 

 

Fig 1: Correlation between Serum Ferritin and Serum 

Total Cholesterol in cases. 

 

Fig 2: Correlation between Serum Ferritin and Serum non 

HDL cholesterol in cases 

 

 

Fig 3: Correlation between non HDL cholesterol and 

Waist hip ratio in cases 

      

 

Fig 4: Correlation between non HDL cholesterol and 

Serum Triglyceride in cases. 

Discussion 

Cerebrovascular accident is a nontraumatic, focal 

vascular injury of the nervous system and results in 

permanent damage due to cerebral infarction or 

intracerebral hemorrhage and/ or subarachnoid 
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hemorrhage. It is one of the common preventable life-

threatening neurological problem, worldwide and leading 

cause of death after heart diseases and cancer [5]. There 

are several etiologies and risk factors which are associated 

with predisposition to cerebrovascular accident. The 

present study was undertaken to find association of serum 

ferritin and lipid indices in acute cerebrovascular 

accident. Ferritin is present in most of the body cells in 

the form of cytosolic proteins. Ferritin makes iron 

available for critical cellular processes while protecting 

lipids, DNA, and proteins from the potentially toxic 

effects of iron. Alterations in ferritin are seen commonly 

in clinical practice, often reflecting perturbations in iron 

homeostasis or metabolism. CVA cause an increase in 

superoxide free radicals due to oxidant injury. The 

presence of superoxide oxygen radicals increases the 

amount of iron in the cytosol by releasing iron from 

ferritin.  The amount of iron ions in the cytosol increases 

during oxidative stress. Free iron in the cell or the so-

called labile iron pool (LIP) becomes a sensor for 

homeostatic iron in the cell [6]. When the iron in LIP 

increases, it acts as a source of iron for the Fenton 

reaction. The brain's oxygen demand increases when 

hypoxia occurs, resulting in an increase in the need for 

iron transport and its use in certain areas. 

 During hypoxia and oxidative stress, the synthesis of 

ferritin is increased in brain in response to the 

accumulation of reactive oxygen species as a part of 

neuroprotection, to quench reactive oxygen species [7]. 

Ferritin catalyzes the conversion of superoxide and 

hydrogen peroxide into highly reactive hydroxyl radical, 

during a state of cerebral hypoperfusion. Several studies 

have reported serum ferritin, to   be   an   independent 

predictor   of   long-term   functional   outcomes   in   

critically ill patients [8]. Higher serum ferritin levels can 

also be considered an indirect indicator of body iron store 

and subsequently reflected on the iron stores in the brain. 

When brain ischemia occurs during CVA, more iron will 

be released from the injured brain cells due to larger iron 

stores present in them. Consequently, there is enhanced 

oxidative stress in the local environment of the injured 

tissue, generating free radicals, especially hydroxyl 

radical resulting in aggravation of tissue injury during 

ischemia. During reperfusion, this tissue insult is further 

augmented because of reperfusion injury that causes even 

more iron release and even higher oxidative stress [9].  

Release of free iron from intracellular stores such as 

ferritin as a result of cerebral ischemia, particularly during 

reperfusion, catalyses the generation of hydroxyl radical 

which destroys cellular and micro vascular integrity [10]. 

Due to increase in ferritin level there can be larger infarct 

volume, greater reactive oxygen species (ROS) 

generation in brain and peripheral vasculature and 

inflammatory response after thrombotic cerebrovascular 

accident [11]. These findings suggest that generation of 

ROS during reperfusion, increased excitotoxic damage, 

inflammation and blood brain barrier disruption might be 

potential mechanisms of increase in brain and endothelial 

injury in ischemic cerebrovascular accident patients with 

iron overload who are treated with t-PA. High serum 

ferritin levels are reported to be associated with poor 

functional outcome, haemorrhagic transformation and 

severe brain oedema in patients treated with tissue 

plasminogen activator (t-PA) after ischemic 

cerebrovascular accident [12]. 

Of the cerebrovascular disease, the most common 

is stroke, focal disruption of blood supply to some part of 

the brain. Other causes include transient impairment of 

blood flow to the entire brain, global ischemia, as occurs 

during cardiac arrest. When brain hypoxia or ischemia 
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occurs, tissue energy demands cannot be met, 

so ATP levels fall. Loss of ATP results in decreased 

function of active ion pumps, such as the Na+- K+ ATPase, 

the most important transporter for maintaining cation 

concentrations. Alteration of ion pump function leading 

to membrane depolarization, the opening of voltage-

sensitive ion channels and a cascade of events which can 

be restricted to selectively vulnerable neuronal 

populations or may involve all cells resulting in tissue 

infarction. Hypoxia-ischemic state induces expression of 

ferritin in oligodendrocytes and microglia [13]. Elevated 

serum ferritin at admission has been reported to predict a 

poor prognosis in acute cerebrovascular accident patients, 

implicating potential increase in body iron stores before 

cerebrovascular accident onset can aggravate the 

cytotoxicity of brain ischemia. Sultana, et.al. have 

reported high serum ferritin influences the prognosis of 

ischemic cerebrovascular accident and also acts as a risk 

factor for ischemic episodes by enhancing atherogenesis 

[14]. The exact source and form of iron ions released 

during cerebral hypoxia have not yet been identified. 

There are several forms of iron imbalance in the brain 

after cerebrovascular accident, including interruption in 

transferrin, ferritin or transitional iron ions. It can be 

released from its binding with storage proteins in the brain 

in the event of hypoxic conditions. These free iron ions 

can oxidize lipids in the cell membrane and provoke an 

inflammatory response [15]. 

Although derangements in the lipid profile have been 

suggested as a risk factor for the development of 

cerebrovascular accident, studies show inconsistent results 

on the association between lipid profile and cerebrovascular 

accident. 91% of cerebrovascular accident patients had 

alterations in one or more lipid parameters considering 

values as per ATP III guidelines [16, 17]. All the parameters 

of lipid profile with exception to HDL-c, were significantly 

higher in cases when compared to controls. Our findings 

were inconsistent with studies by Bowman, et al. which 

reported the lack of association between lipids and 

cerebrovascular accident [18]. Lipid profile changes are 

thought to be a risk factor in the occurrence of CVA. On the 

other hand, CVA itself is also associated with changes in the 

lipid levels probably because of the accompanying stress and 

catecholamine overproduction that occurs during an acute 

cases [19].  

Dyslipidaemia is also one of the major risk factors noted in 

patients of CVA without diabetes mellitus. It has been 

reported aggressive treatment of dyslipidaemia decreases the 

risk of cerebrovascular accident. The simultaneous use of 

lipid profile in ratio is more useful than individual lipid 

values as it more closely reflects the complex interactions of 

lipoprotein metabolism. The ratio of total cholesterol to 

HDL- c and to a lesser extent, the ratio of LDL- c to HDL-

c have been shown to be better predictors of risk factors than 

lipid alone [20]. The possible differences in the effects of 

cholesterol at different vascular sites, could be the reason of 

complex association between serum cholesterol levels and 

CVA [21]. Some studies have proclaimed lipid ratio 

indicates the proportion of atherogenic to anti‐atherogenic 

lipoproteins.  Individuals with a high TC/HDL‐c ratio have 

greater cerebrovascular accident risk undoubtedly owing to 

the imbalance between the cholesterol carried by atherogenic 

and protective lipoproteins.  

 Contrary to positive association between TG and 

cerebrovascular accident in some studies, others found no 

association [22, 23]. In the present study, high TG levels 

were found in acute cerebrovascular accident cases. 

Elevated level of TG indicates the presence of increased 

level of atherogenic remnant lipoproteins like LDL and 

small dense LDLs, consequently entry of large amounts 

https://www.ncbi.nlm.nih.gov/books/n/bnchm/A3974/def-item/A4014/
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of cholesterol into the arterial intima predisposes to 

atherosclerosis and subsequently to cerebrovascular 

accident [24]. Some studies indicated no association 

between TG and cerebrovascular accident, and a 

systematic review showed a weak detrimental effect of 

higher triglyceride levels on cerebrovascular accident 

risk. The Copenhagen Male Study showed triglycerides 

on their own to be another strong risk factor, but it found 

that stratifying triglyceride levels by HDL-c levels led to 

more accurate detection of increased risk of coronary 

disease [25]. The ratio TG/HDL-c was originally 

proposed by Gaziano et al. [26]. It is an atherogenic index 

that has proved to be a highly significant independent 

predictor of myocardial infarction, even stronger than 

TC/HDL-c. The atherogenic link between high 

triglycerides and HDL-c is due to the higher plasma 

concentration of triglyceride-rich, very low-density 

lipoprotein that generates small, dense LDL during lipid 

exchange and lipolysis. These LDL-c particles 

accumulate in the circulation and form small, dense HDL-

c particles, which undergo accelerated catabolism, 

therefore continuity of atherogenic circle. Thus this ratio 

can be considered a better, non-invasive profile for 

predicting the presence atherosclerosis. Evidently, 

findings of the study presented that a pattern of “high-TG 

and low-HDL cholesterol” pattern may be harmful. This 

“atherogenic dyslipidemia” has been considered as a 

surrogate marker of harmful small/dense LDL particles 

that could contribute to cerebrovascular diseases. Second, 

the hypertriglyceridemia itself could have harmful effects 

on cerebrovascular diseases, which is in line with several 

studies [27, 28]. 

Ferritin, being an acute-phase protein, should be 

estimated within 72 hours of symptom onset to exclude 

any possible elevations in an acute phase reaction. Serum 

ferritin levels were analysed within 48 hours of admission 

in the study and there is positive correlation between 

serum ferritin and non HDL cholesterol. The present 

study shows that monitoring of serum ferritin and several 

lipid indices levels during follow-up can offer significant 

benefit in prognosis of patients with CVA. 

Strength of the study 

Very few studies from India have focused on the role of 

serum ferritin along with lipid indices as a prognostic 

marker in acute cerebrovascular accident.  Role of serum 

ferritin in prediction of cerebrovascular accident in high-

risk cases is also supported by the observations in this 

study. 

Limitation of the study 

This was a single-centre study with a small sample size. 

Hence association cannot be significantly correlated. 

There is absence of data on lipid indices and serum ferritin 

levels before the onset of CVA. Hence it is not known for 

certain whether serum ferritin levels in these patients 

increased, were equal, or even decreased during the event 

of a CVA. Long term follow-up of the cerebrovascular 

accident patients need to be done to assess the precise 

severity and prognosis. 

Conclusion 

Cerebrovascular accident is a cause of significant 

morbidity and mortality in both developed and 

developing nations. This study provides evidence on the 

association of ferritin, lipids and lipid ratios with 

cerebrovascular accident. These lipid indices and serum 

ferritin levels appeared to be of important prognostic 

indicators for identifying high‐risk participants 

predisposed to cerebrovascular accident in men and 

women and may serve as potential targets for 

cerebrovascular accident prevention. This study 

highlights the utility of a simple, easily available serum 
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marker in prediction and prognosis of acute ischemic 

cerebrovascular accident. 
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