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Abstract:  

Background:  Dyslipidemia is one of the important modifiable risk factor for CVD. If this is screened at the earliest , the 

morbidity   and  mortality  due to  CVD can be reduced in the community.  Anisocytosis is  frequently reported  in patients 

suffering from cardiovascular disorders. This study is aimed to find the correlation  between anisocytosis and dyslipidemia, and 

whether anisocytosis can be used as a tool for screening dyslipidemia.      

Methods :  This study is done  in  100 subjects , 50 with normal lipid profile and 50  with  dyslipidemia.  The following  data  of  

total cholesterol,  triglycerides, Low Density Lipoprotein (LDL), High Density Lipoprotein (HDL), Very Low  Density 

Lipoprotein          (VLDL)    were  collected. Computer based image analysis,  using UTHSCSA image tool software  was used to 

measure anisocytsis .  

Results: Pearson’s coefficient correlation and Paired sample t-tests were  used in this study to compare the relationship  between  

anisocytosis  and  lipid profile. Anisocytosis  was more in dyslipidemic group,  when  compared with control group.  Total 

cholesterol, LDL, VLDL, triglyceride levels were positively correlated  strongest being total cholesterol in female subject  with r 

value 0.87  and least being  VLDL in male subject with r value 0.58.  HDL level was negatively correlated with anisocytosis with 

r value of – 0.84 and - 0.83 in male and female subject respectively. Using Paired sample t-test,  Compared to control group , 

anisocytosis was increased  significantly in the dyslipidemic group with the  p value < 0.001.   

Conclusion: Dyslipidemia leads to a decrease in deformability of erythrocytes by  altering the RBC membrane structure, and  

hence cause anisocytosis.  Study of anisocytosis may  serve as a simple, reliable and inexpensive tool  for  risk assessment and 

screening  of  dyslipidemia . 
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Introduction:  

Incidence and prevalence of cardiovascular disease is 

increasing at an alarming rate , thanks to 

urbanization, stressful and sedentary life style. 

Important modifiable risk factor for cardiovascular 

disease is dyslipidemia. Cardiovascular diseases are 

responsible for one in four deaths at global level[1]. 

Burden of cardiovascular disease is increasing  

alarmingly in developing countries like India. 

Creating awareness among masses through health 

education will help in controlling cardiovascular 

diseases by early screening, diagnosis, initiation of  

effective treatment and modifying risk factors. This 

will help in reducing cardiovascular diseases related 

mortality and morbidity. Dyslipidemia  is  manifested 

as elevation or attenuation of plasma concentration of  



Indian Journal of Basic and Applied Medical Research; March 2016: Vol.-5, Issue- 2, P.330-337 

 

331 

www.ijbamr.com   P ISSN: 2250-284X , E ISSN : 2250-2858 

 

 

lipoproteins. In dyslipidemia, cholesterol 

accumulates in RBC membrane. The accumulated 

cholesterol alters the deformability of RBC 

membrane, affects the normal size of RBC [2]. 

Dyslipidemia causes atherosclerosis[3].The 

pathophysiology behind the emergence of arterial 

hypertension is decreased elasticity of large 

arteries[4].The gradual change in erythrocyte size, as 

observed microscopically, may reflect the effect of 

cholesterol in the arterial vessels[5].   

Anisocytosis is variation in the size of the red blood 

cells. Anisocytosis is used in the differential 

diagnosis of anemia, but otherwise has received little 

attention.  Increased values has been recently 

reported in several cardiovascular disorders such as 

ischaemic heart disease, acute and chronic heart 

failure [6]. Limited   information is available, on the 

association between anisocytosis and plasma lipids in 

the general population.      

Aim  and  objective:   

 The aim of this study is to screen dyslipidemia at the 

earliest by presence of anisocytosis in peripheral 

smear, and to prevent the morbidity and mortality due 

to CVD. The objective of this study is   to assess the 

existence of potential  association between 

anisocytosis  and  total cholesterol, low density 

lipoprotein [LDL], high density lipoprotein [HDL], 

Very Low Density Lipoprotein [VLDL] and 

triglycerides. 

 Materials and Methods :     

This study was conducted in 100  subjects between 

the age group 25 -50 years who attended the 

Annapoorana Medical College Hospital(VMU). This 

study was started after getting    Ethical clearance  

from the Ethical committee of Annapoorana Medical 

College and Hospitals. Fifty (25 male and 25 female)  

subjects  with normal lipid profile were included in 

the control group.  Fifty  (25 male and 25 female) 

subjects with dyslipidemia were included in the test 

group. Patients with anaemia,  malnutrition,  and   

other chronic diseases whose RBCs may show 

anisocytosis  were excluded. Written consent was got 

from all the subjects who participated in the study. 

Venous blood samples were  routinely drawn in the 

morning after an overnight fast. Plasma lipid profile 

was  assayed in semi auto analyser. The smears  were  

stained with leishman’s stain, and  focused under oil 

immersion objective, and the image was captured 

using a digital camera fitted to the microscope with a 

help of suitable adapter. Images were transferred to 

the computer system and diameter of RBCs were 

measured using  the software, S. Brent Dov, 

UTHSCSA Dental Diagnostic Science.  The 

calibration image was  taken from the smallest square 

of  RBC in Neubauer’s counting chamber ,which is 

50 micron. Magnification factor was  kept constant 

for all the images.   Anisocytosis was measured 

manually using computer  based image analysis 

method .  

Since  the details of morphology of RBCs cannot be 

obtained by automated analysers , manual method of 

measuring anisocytosis is preferred in this study. Best 

diagnostic support is given by Systematic 

examination of blood film  and all the other test are 

either complimenting or confirming  it [7]. Computer 

based image analysis method to determine red cell 

size, provides an accurate and reliable measurement, 

which is simple and cost effective [8]. The diameter 

of 25 RBCs  were measured from each image. The 

variation  in the size of RBCs (anisocytosis)  (largest 

diameter_ smallest diameter) , between  the  

normolipidemic  control and dyslipidemic subjects 

were compared.     
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Image of peripheral smear  from                                       Image  of peripheral smear from   dyslipidemic      

Normolipidemic  control.                                                  Subject showing anisocytosis. (arrow)                                                               

Largest –smallest RBC =7.9-6.2=1.7 microns.                 Largest –smallest RBC = 9.7-5.9= 3.8 microns.                                                                                                     

 

Normal  range of  rbc size is 6-8 microns[2]. Normal 

subjects the variation between the RBC diameter is 1-

2 microns  (ie)  the difference between the largest 

RBC and smallest RBC is 1- 2 microns. Grading of 

anisocytosis is done as follows.   Mild :- Difference 

between largest and smallest RBC is 1-2microns. 

Moderate:- Difference between largest and smallest 

RBC is 2-3microns.  Severe:- Difference between 

largest and smallest RBC is  more than 3 microns.  In 

this  study, severe anisocytosis is present in subjects  

with  increased cholesterol, triglycerides, LDL, 

VLDL levels and decreased HDL levels. 

 Statistical analysis : 

Pearson’s coefficient correlation  and  Paired sample 

t test  were used in  this study to compare the 

relationship  between  anisocytosis  and  lipid profile 

parameters in  normolipidemic controls and 

dyslipidemic subjects. Anisocytosis was compared 

with each lipid profile parameter, individually.  If the 

r value is near 1 the relation between anisocytosis and 

lipid parameter is highly significant. If the r value is 

positive , there is positive correlation  and  if r value 

is negative , there is negative correlation between 

anisocytosis and lipid profile parameter.   The 

statistical software SPSS (version 17) was used for 

data analysis. The mean values of all the parameters 

of lipid profile tests and  anisocytosis were analyzed. 

Data were expressed as mean ± SD.  Paired sample  t-

test was used for group wise comparisons 

(anisocytosis and every lipid profile parameter 

individually)   and p-value of  < 0.001 is considered  

to be significant. Anisocytosis is significantly 

increased in dyslipidemic subjects with p value <  

0.001.   

  Observation and Results:   

 The  variation in the size of RBCs (anisocytosis ) is 

more in subjects with  dyslipidemia. Total 

cholesterol, LDL,VLDL,triglyceride  levels are 

positively correlated with  anisocytosis and  HDL 

level is negatively correlated with  anisocytosis. The 

normal variation in the rbc size is 1-2 microns. But, 

in dyslipidemia , the variation in the rbc size ( 

anisocytosis) is 3.8 microns, which gives the 

significant r values. By comparing the anisocytosis 

with individual  dyslipidemic  parameters using  

paired sample t-test , the  significant  p value of < 

0.001 is got .                                                                                                        
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Variation in RBC size between control and dyslipidemic subjects 

Study subjects.  Range of RBC size (microns) 

Male controls  (n= 25)    6.2 to 7.9  

Male  subjects (n= 25) 5.8 to 10.2 

Female controls (n= 25) 6.1 to 7.8 

Female  subjects (n= 25)  5.7 to 9.1. 

                   

                     

                                      Correlation of various lipid parameters with anisocytosis.   

Variable  Male control 

r value 

Male subject 

r value 

Female control 

r value 

Female subject 

r value 

Total cholesterol 0.06 0.75 0.01 0.87 

triglycerides 0.16 0.64 0.15 0.60 

LDL 0.28 0.79 0.16 0.73 

VLDL 0.20 0.58 0.14 0.85 

HDL -0.24 – 0.84   -0.38 -0.83 

                                               Paired sample t –test. 

Subjects. variable Mean  +  sd  P value. 

Control: female anisocytosis 1.7  + .2  

 Total cholesterol 193   +   19.8 0.949 

 LDL 96     +    8.9 0.450 

 VLDL 31.6    +   4.1 0.476 

 Triglycerides 140.4  +   38.1 0.477 

 HDL 59    +  7.9 0.051 

MALE anisocytosis 1.7     +    .2  

 Total cholesterol 180.6 +   29.8 0.764 

 LDL 95.6   +  11.7 0.173 

 VLDL 33      +   9 0.328 

 Triglycerides 168.6   +  39.1 0.444 

 HDL 52.4      +  11.5 0.260 

Dyslipidemic female anisocytosis 3.4    +    .2  

 Total cholesterol 290.6 +     34.1 < 0.001 

 LDL 156.4   + 13.9 < 0.001 
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 VLDL 49.4     +   4 < 0.001 

 Triglycerides 309.3    + 40.2 < 0.001 

 HDL 28.8     +   1.7 < 0.001 

Male  anisocytosis 3.78     +     .4  

 Total cholesterol 315 . 48  +  34.4 < 0.001 

 LDL 160.0     +   14.8 < 0.001 

 VLDL 58.3     +  7.2 < 0.001 

 Triglycerides 297     +   39.4 < 0.001 

 HDL 32.1     +   2.7 < 0.001 
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Discussion:  

 In cardiovascular system the erythrocytes deform in 

large vessels as well as small vessels to carry out its 

functions. Acquired changes  like dyslipidemia,  

hyperglycemia etc affect the deformability of RBCs 

adversely. This study shows that dyslipidemia affects 

the size of RBCs (anisocytosis) by altering the 

deformability of RBC membrane .Before going into 

the discussion about how anisocytosis is brought 

about by dyslipidemia, we should know the 

rheological characteristics of RBC membrane in 

brief. The RBC membrane consists of two domains 

namely, lipid bilayer and cytoskeleton[9]. The lipid 

bilayer is composed of cholesterol and phospholipids.  

Cholesterol is evenly distributed and  phospholipids  

are  asymmetrically  dispersed  in  the lipid bilayer. 

Important function of this cholesterol is to alter the 

flexibility (deformability)  and providing stability to 

RBC membrane [10]. Phospholipid is essential for 

functioning of  Na+ K+ ATP ase activity[11], which is  

needed for control of hydration, nutrient uptake and  

fluidity of RBC membrane[12].  

Any variation in the structural constituents of lipid 

bilayer leads to impairment of deformability[13]. In 

dyslipidemia, hypercholesterolemia decreases 

deformability of RBC membrane, and increased 

lipoproteins [14] decrease the  Na+ K+ ATP ase 

activity. In dyslipidemic subjects there is negative 

correlation between cholesterol, triglyceride, LDL 

and VLDL  levels and positive correlation between 

HDL  and  Na+ K+ ATP ase activity [15]. In the study 

done by Vaya et al[3], they found out, In patients 

with hypercholesterolemia, the cholesterol content in 

RBC membrane is increased, and there is borderline 

correlation between LDL  levels and RBC  

membrane cholesterol.[16]  In the study conducted 

by  Koter M et al [17] they have concluded that   

hypercholesterolemia causes changes in the structure 

and fluidity of erythrocyte plasma membrane.  In the 

study done by Broncel M et al [18],  concluded  that 
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mixed hyperlipidemia may have influence on the 

erythrocyte membrane structure caused significant 

decrease of membrane fluidity.  From our study we 

come to know that anisocytosis  is proportional to 

dyslipidemia.  

Conclusion: 

To conclude, the possible mechanisms by which 

dyslipidemia produces anisocytosis, are  1) increase 

in RBC  membrane cholesterol  [19],   leading to 

decreased deformabiity, 2) dyslipidemia causing 

decreased Na+ K+ ATP ase activity, leading to 

decreased deformability and increased rigidity[20].   

The  reason why we are bothered about screening 

dyslipidemia  at the earliest is,dyslipidemia is the 

etiological factor behind the pathophysiology of 

atherosclerosis and hypertension and CVD.  

Dyslipidemia leads to hyperaggregability of 

RBCs,which leads to microvascular complications.  

Cholesterol is a marker or an underlying sign of 

atheroma plaque instability. The gradual change in 

erythrocyte size in this study, reflects the effect of 

increased cholesterol in the arterial vessels[21]. This 

study indicates that  anisocytosis reflects the 

dyslipidemic status. If  dyslipidemia, is screened 

early,   the future complications like CVD, 

endothelial damage, CAD and stroke ctc. can be 

prevented. This study concludes that   anisocytosis  in 

peripheral smear can be used as a  simple,  reliable  

and  inexpensive tool for screening   dyslipidemia in 

the community.  
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