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ABSTRACT 
 

Ischemic stroke occurs due to lack or interruption of blood supply to brain mainly due to blockade of a blood vessel. 
The present report provides further information about the concentration and interrelationship of LDL cholesterol (LDL-
C) and homocysteine (Hcy) in normal healthy women and women patients with ischemic stroke. Clinical diagnosis and 
management of the patients was carried out and complete history was recorded. The LDL-C, Hcy and other 
physiological/ biochemical measurements were carried out by kit methods mainly ELISA kits. The LDL-C serum 
levels (mg/ dl) in female patients with ischemic stroke and normal healthy female controls were 110.45± 2.09 (n:24) 

and 89.05±2.88 (n:21) respectively. Statistical comparison showed highly significant variations (p< 0.0001). Serum 
Hcy levels (μmol/L) in female patients with ischemic stroke and normal healthy female controls were 9.33±0.54 (n:24) 
and 7.74±0.35 (n:21) respectively. Statistical comparison showed highly significant variations (p = 0.0161). The Hcy 
plotted against LDL-C did not show any significant linear relationship in normal healthy women but a highly 
significant linear correlation (slope: 3.3191; R² =0.7457; p-value= 4.63E-7) was found in women patients with 
ischemic stroke. The present study provides interesting investigations and will hence be helpful for carrying out further 
studies especially to understand the beneficial role of factors for reducing LDL-C and Hcy for better management of 
patients with ischemic stroke and related disorders. 
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INTRODUCTION 
 

Stroke is a neurovascular or cerebrovascular disorder in which poor blood flow to brain leads to cellular injury 

and death. Ischemic stroke occurs owing to lack or interruption of blood supply to brain mainly due to blockade of a 

blood vessel. 

Increased tHcy (total Hcy) serum levels were found associated with increased risk of strokes in middle men 

(Virtanen et al., 2005). The literature reveals that serum levels of LDL cholesterol (LDL-C) might elevate in 

response to cerebral ischemia (He et al., 2017). Furthermore, Women with ischemic stroke were found to have 

elevated LDL-C levels compared to men (Zhang et al., 2014). 

There are several factors and conditions that may reduce the levels of LDL-C and/ or Hcy in patients with 

ischemic stroke (Mierzecki  et al., 2013; Lee et al., 2018). 

Increased levels of Hcy may cause increase in LDL-C (Mierzecki  et al., 2013). Men and women patients with 
family history of PIS (premature ischemic stroke) showed significantly higher LDL-C, and Hcy in men associated 

with higher LDL-C (Mierzecki et al., 2013).  Hyperhomocystenemia was found in 60.6% and elevated LDL-C in 

10.8 % stroke patients with median age of 56 years and having risk factors of diabetes, hyperlipidemia, smoking, 

obesity and family histrory (Kalita et al., 2009). 

Genetic studies reveal that although PON (paraoxonase) gene polymorphisms and ischemic stroke did not show 

any association, PON1L55 allele was found associated with plasma Hcy and PON2S311S and PON2G148 G alleles 

with LDL-C plasma concentrations (Shin et al., 2008).   
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It was tried pharmacologically to decrease LDL-C and Hcy which influenced the ischemic condition in male 

and female patients with family history of PIS (premature ischemic stroke), low level of physical activity, 

hypertension, obesity and smoking (Mierzecki  et al., 2013). Apolipoprotein E (APOE) gene study in stroke patients 

under exercise training suggested decrease in LDL-C and Hcy (Lee et al., 2018). Furthermore, women whose 

parents had ischemic stroke showed higher levels of LDL-C (Mierzecki et al., 2005).  

Our previous work is quite helpful for studying ischemic stroke (Khan and Hussain, 2009; Khan  et al., 2009; 
Naz et al., 2009; ) and other related studies (Hussain, 1991; Fatima et al., 2007; Hussain et al., 2007; Yasmeen et 

al., 2008; Javaid et al., 2012; Sohail and Hussain, 2013; Javaid et al., 2019).  

The present study does not provide gender based evidence for change in LDL-C and / or Hcy in ischemic 

stroke, post-ischemic stroke, and in ischemic stroke under the influence of conditions/ factors that may decrease 

LDL-C and / or Hcy. However, it provides information about the change in LDL-C and Hcy and their interrelations 

occurring in women patients with ischemic stroke. It is important to mention that interrelationships and correlation 

between LDL-C and Hcy in patients with ischemic stroke have rarely been studied using well controlled data. 

Hence, this study is a significant step in clarifying the role of interrelationships and correlation between LDL-C and 

Hcy in patients with ischemic stroke.  
 

MATERIALS AND METHODS  
 

Total number of normal control women subjects (n:24) and women with ischemic stroke (n:21) were included 

in the present study. Age range of the subjects was 55-65 years. Some of the preliminary clinical assessments and 

biochemical/physiological tests were performed in subjects and patients to decide which specific parameters be 

investigated thoroughly. 

The patients with ischemic stroke were first diagnosed properly with the help of their clinical manifestations as 

well as biochemical/physiological assessments, and differential diagnosis was performed with wider clinical 

perspectives. Proper diagnosis needed family and medical history of the patients and thorough examination 

including physical check up and performing diagnostic/biochemical tests. In that regard, expert clinicians helped in 

diagnosing the patients with ischemic stroke.  
A variety of tests including clinical, neurological, biochemical, physiological, radiographic, ultrasound and 

nuclear imaging diagnostic tests were found helpful for diagnosing patient with ischemic stroke. Another very 

important aspect was related to involvement of risk factor/factors (e.g. hyperlipidemia, smoking, hypertension, 

diabetes, obesity etc). The Patients with ischemic stroke having single or mixed risk factors were consulted. 

The clinical, physiological and biochemical study of these subjects/ patients was done thoroughly. About 10 ml 

of blood was drawn. The blood sample was centrifuged quickly to avoid false increase of Hcy levels due to its 

release from RBCs. Samples were divided into required number of aliquots and refrigerated at specific temperatures 

for various tests until used.   

The CED984Ge96 tests kit (ELISA kit for Hcy) was also used wherein inter-assay variations (<13%) and intra-

assay variations (<11%) were noticed. The assay (competitive inhibition (between biotin-labelled Hcy and un-

labelled Hcy) enzyme-immunoassay method incorporating monoclonal-antibody for Hcy precoated upon 

microplate) was carried out by preparing samples, standards and reagents, by taking 50 μl sample or standard in each 
well with the immediate addition of 50 μl of detection reagent (shaking, mixing and one hour incubation at the 

temperature of 37°C, aspirating and washing three times, addition of 100 μl of detection reagent with incubating half 

time than the previous and at same temperature, aspirating five times), then adding 90 μl substrate solution with 

incubation of about 20 minutes at 37°C and adding 50 μl stop solution and then immediately reading at 450 nm. 

Colorimetric (enzymatic) procedure involved cholesteryl-ester hydrolase, cholesterol-oxidase and peroxidase 

respectively for hydrolyzing cholesteryl esters, producing hydrogen peroxide and a dye for the formation of 

coloured substance. For LDL-C, the cholesterol other than LDL-C was measured and subtracted from total 

cholesterol that gave the concentration LDL-C. The automated procedure for LDL-C was also used in some of the 

initial pilot experiments for comparing the results by manual and fully automated methods. In the fully automated 

procedure, LDL-C in serum was determined by combining sugar-compound with the detergent, both measured 

photometrically (absorbance: 585nm). For the estimation of LDL-C, we used other procedures in the pilot studies. 
Abcam’s kit (ab65390) was used for separating HDL from LDL cholesterol. The principle was that cholesterol 

oxidase recognizes specifically the contents of cholesterol and forms the chemicals that by reacting with probe give 

colour at 570 nm and fluorescence as Ex/Em which is 538/587. Resultantly, the free cholesterol and ester of 

cholesterol are separately detected. 

The MS Excel was used for the data entry, and descriptive statistics was employed for comprehensive analysis. 

The p value of < 0.05 was specified as significant statistically. The one way ANOVA was incorporated for 
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comparing various groups. Values for F crit, p and F were determined and the r2 was found for linear regression 

lines. Spreadsheets (written for Excel; workable with Calc program) were found helpful for analyzing the data. 

Using spreadsheets was easy compared to statistical analysis in SAS or SPSS. 

The Y intercept, regression coefficient, the r2 value, degree of freedom, the P value and Y estimator and an X 

estimator were obtained with the help of spreadsheets.  

Serum level of LDL cholesterol (LDL-C ; mg/ dl) and homocysteine (Hcy; μmol/L) were determined in normal 
healthy women. These controls served for comparing the results of the patients with ischemic stroke. The results 

were compared statistically applying general principles (Zahir et al., 2014). 
 

RESULTS 
 

The LDL cholesterol (LDL-C) serum levels (mg/ dl) in female patients with ischemic stroke and normal healthy 

female controls in Mean ± SEM were 110.45± 2.09 (n:24)  and 89.05±2.88 (n:21) respectively. Statistical 

comparison (unpaired t-test) showed highly significant variations (t = 5.8704, p value < 0.0001). 

Serum homocysteine (Hcy) levels (μmol/L) in female patients with ischemic stroke and normal healthy female 

controls in Mean ± SEM were 9.33±0.54 (n:24) and  7.74±0.35 (n:21) respectively. Statistical comparison (unpaired 
t-test) showed highly significant variations ( t = 2.5043, p value = 0.0161). 

To find correlation between serum levels of Hcy and LDL-C in normal healthy subjects,  Hcy levels were 

plotted against LDL-C levels (Fig.1). It showed a highly non-significant linear relationship (Slope: 1.4867; R² 

=0.0332; p-value= 0.394). 

Correlation between Hcy and LDL-C levels  in patients with ischemic stroke was found by plotting Hcy levels 

against LDL-C levels (Fig.2). Results showed a highly significant linear correlation  (Slope: 3.3191; R² =0.7457; p-

value= 4.63E-7).  

 

      
Fig.1. Correlation between serum levels of homocysteine and  Fig.2. Correlation between serum levels of homocysteine  

LDL cholesterol in normal healthy subjects.       and  LDL cholesterol in patients with ischemic stroke. 

 

DISCUSSION 
 

The present report is interesting information about the concentration and interrelationship of LDL-C and Hcy in 

normal healthy women and women patients with ischemic stroke. Several studies were carried out previously for 

collecting and interpreting similar data (Kalita et al., 2009; Virtanen et al., 2005; Mierzecki  et al., 2013; Zhang et 

al., 2014; He et al., 2017; Lee et al., 2018). However, the precise interrelationship of the correlation between LDL-C 
and Hcy in normal healthy women as well as women patients with ischemic stroke was not evident.  

We investigated significant elevation in LDL-C and Hcy serum levels in women patients with ischemic stroke 

in our present study. This part of our report is quite similar to previous reports (Kalita et al., 2009; Virtanen et al., 

2005; He et al., 2017). However, information obtained from plot between Hcy and LDL-C serum levels and 

investigation of their correlation for interrelationship in normal healthy women as well as women patients having 

ischemic stroke is not available employing well controlled data. 

y = 1.4867x + 77.544 
R² = 0.0332 
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The present work will hence, be helpful for carrying out further studies especially to understand the beneficial 

role of factors for reducing LDL-C and Hcy for better management of patients with ischemic stroke and related 

disorders. 
 

REFERENCES 
 

Fatima, S., N.I. Khan, G. Yasmeen, B. Hajir and Z.  Hussain (2007). Antiatherogenic effects of Nigella Sativa 

(Kalonji) in rabbits with experimentally induced hypercholesterolemia Int. J. Biol. Biotech., 4(4): 437-441. 

He,. W, M. Lu, G. Li, Z. Sun, D. Liu and L. Gu (2017). Methylene Tetrahydrofolate Reductase (MTHFR) rs868014 
Polymorphism Regulated by miR-1203 Associates with Risk and Short Term Outcome of Ischemic Stroke. Cell 

Physiol Biochem., 41(2): 701-710. 

Hussain, Z. (1991). Clinicobiological study of coronary artery disease. Pak Med J., 14 (5): 35-38. 

Hussain, Z., S. Sohail and  A. Ashraf (2007).  Blood cholesterol concentration in smoking and non-smoking patients 

with diabetes mellitus. Hum Health, 3(7 & 8): 5-8. 

Javaid, A.,  Z. Hussain, R. Hasan and A.E. Ali (2012). Homocysteine variations in patients with ischemic heart 

disease. Int J Biol Biotech., 9(3): 263-266. 

Javaid, A., S. Sohail, T.A. Khan, H. Zahir and Z. Hussain (2019). Ischemic disease and obesity: Plasma Lipids, 

Homocysteine and Hematological studies. Intern J Biol Biotech., 16 (1): 49-58. 

Kalita, J., G. Kumar, V. Bansal and U.K.  Misra(2009). Relationship of homocysteine with other risk factors and 

outcome of ischemic stroke. Clin Neurol Neurosurg., 111(4):364-7.     

Khan, N.I. and Z. Hussain (2008). Pathophysiology of ischemic disorders: 1- LDL cholesterol and Ischemic stroke. 
Int J Biol Biotech., 5 (1-2): 1-16.  

Khan,. NI., L. Naz, S. Mushtaq, L. Rukh, S. Ali and Z. Hussain Z(2009). Ischemic stroke: Prevalence of modifiable 

risk factors in male and female patients in Pakistan. Pak J Pharmaceut Sci., 22(1): 62-67.   

Lee, J.H., S.M. Hong and  Y.A. Shin(2018). Effects of exercise training on stroke risk factors, homocysteine 

concentration, and cognitive function according the APOE genotype in stroke patients. J Exerc Rehabil., 14(2): 

267-274. 

Mierzecki, A., H. Bukowska, K. Honczarenko, M. Jastrzebska, B. Millo and B. Torbus-Lisiecka (2005).  

Assessment of metabolic atherosclerosis risk factors in progeny of patients with past ischemic stroke.  Pol Arch 

Med Wewn., 113(2): 119-29.  

Mierzecki, A., H. Bukowska, K. Kłoda, K. Chełstowski, I. Gorący and M. Naruszewicz (2013).  Homocysteine and 

metabolic risk factors in individuals with family history of premature ischemic stroke. Pol Arch Med Wewn., 
123(6): 282-8.   

Mierzecki, A., K. Kłoda, H. Bukowska, K. Chełstowski, M. Makarewicz-Wujec and M.  Kozłowska-

Wojciechowska (2013).  Association between low-dose folic acid supplementation and blood lipids 

concentrations in male and female subjects with atherosclerosis risk factors. Med Sci Monit., 19:733-9.    

Naz,  L., Z. Hussain and T. Husain (2009). Risk factors and biochemical variations in patients with ischemic stroke.  

Int J Biol Biotech., 6 (1-2): 83-87. 

Shin, B.S., S.Y. Oh, Y.S. Kim and K.W. Kim (2008). The paraoxonase gene polymorphism in stroke patients and 

lipid profile. Acta Neurol Scand., 117(4): 237-43.  

Sohail,  S. and Z. Hussain (2013). Pathophysiology of ischemic disorders- Ischemia, adipocytokines and diabetes 

mellitus. Int. J. Biol. and Biotech., 10 (2): 155-166. 

Virtanen, J.K., S. Voutilainen, P. Happonen, G. Alfthan, J. Kaikkonen , J. Mursu, T.H. Rissanen, G.A. Kaplan, M.J. 
Korhonen, J. Sivenius and J.T. Salonen (2005). Serum homocysteine, folate and risk of stroke: Kuopio 

Ischaemic Heart Disease Risk Factor (KIHD) Study. Eur J Cardiovasc Prev Rehabil., 12(4): 369-75.      

Yasmeen, G., Z. Hussain and M.L. Bharwani (2008).  Gender differences in the progression of acute renal failure.  

Int J Biol Biotech., 5 (3-4): 215-218. 

Zahir, H., A. Javaid, R. Rehman and Z. Hussain (2014). Statistical concepts in biology and health sciences. J Ayub 

Med Coll Abbottabad., 26(1): 95-7. 

Zhang, R., X. Guo, X. Li, W. Liu, Y. Peng, X. Han, J. Tian, L. Sun and Y.  Liu (2014). Arachidonate 5-

lipoxygenase-activating protein (ALOX5AP) gene rs4073259 polymorphism not associated with ischemic 

stroke in the northeastern Chinese Han population. Clin Neurol Neurosurg., 119: 64-9.    

 

(Accepted for publication April 2019) 


