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Abstract 

Introduction: This study was planned to assess the lipid 

profile of patients of sickle hemoglobinopathy coming to 

our hospital and its possible relationship to vasculopathic 

complications such as PAH and hemolysis.  

Methodology: All suspected and known adult cases of 

sickle cell hemoglobinopathy were enrolled for the study. 

The patients confirmed to have sickle cell 

hemoglobinopathy were included in the study. All those 

patients with a history of taking lipid lowering drugs or 

history of acute illness during the two weeks prior to the 

assessment or any immunocompromised state or 

pregnancy were excluded. All included participants were 

subject to CBC, renal and liver function tests, serum 

lactate dehydrogenase (LDH), lipid profile, Chest X ray, 

ECG, 2D Echo and USG abdomen.  Mean lipid values 

(triglycerides, cholesterol, high density lipoprotein, and 

low density lipoprotein levels) were measured and 

compared with TRV to see for any correlation. Bivariate 

correlations were assessed using the Spearman rank 

correlation coefficient.  

Results: The mean total cholesterol in the participants was 

113.42 ± 26.095 (mg%), mean LDL was 60.276 ± 23.10 

(mg%), mean HDL was 28.60 ± 6.596 (mg%). Mean 

CHOL/HDL ratio was 4.11 ± 1.05(mg%)  and mean 

triglycerides level was 124.72 ± 80.537(mg%). Thus, 

cholesterol, LDL and HDL levels were reduced in the 

study participants. A significant moderately negative 

correlation was noted between bilirubin and cholesterol, 

LDL and HDL levels (p = .031, .004 and .001 

respectively). There was no correlation of lipid levels with 

pulmonary hypertension.  

Conclusion: Sickle hemoglobinopathy is associated with 

low total cholesterol, low LDL-C and low HDL-C levels. 

However, reports regarding triglyceride levels in sickle 

hemoglobinopathy are inconsistent. SCD is also 

significantly associated with PH. Low lipid levels are 

associated with low atherogenesis and more severe 

hemolysis in patients with SCD but have no correlation 

with PH. 

Keywords: Sickle hemoglobinopahy, Total cholesterol, 

LDL, HDL, Pulmonary hypertension, hemolysis. 
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Introduction: Sickle-cell disease (SCD) is a genetic 

disorder transmitted via blood cells.1 Homozygous HbS 

disease (HbSS) is the most common form of SCD found, 

and it is an autosomal recessive disorder first described by 

Herrick in 1910.  There are many sickle-cell cases in 

Africa, occurrence is almost three quarters. A recent 

WHO report estimation is that around 2% of newborns in 

Nigeria has been affected by sickle cell 

hemoglobinopathy, around total of 150,000 affected 

children born every year in Nigeria alone.2    In the USA 

people with sickle cell disease are about 1 in 5,000 mostly 

concerning Americans of Sub-Saharan African origin, as 

per the National Institutes of Health.3 

In the United Kingdom, around 12,000 - 15,000 people 

suffer from sickle hemoglobinopathy (mostly SCD). 

England alone is estimated to have approx 250,000 

carriers of the condition.s4    In Saudi Arabia 

Approximately 4.2% of the residents are carriers of sickle-

cell trait and 0.26%  of them have sickle-cell disease. 

Eastern province has reported the highest occurrence that 

is around 17% carriers of the gene and 1.2% with sickle-

cell disease.5 

In India (mostly central part) and Nepal Sickle-cell disease 

is common in ethnic groups, who split a genetic linkage 

with African communities, the prevalence being 0-35%.  

In India certain states like Maharashtra, Gujarat, 

Chattisgarh, Jharkhand, Orissa and Madhya Pradesh are 

having a major public health problem due to it.  

Problems in sickle cell disease typically begin at around 5 

to 6 months of age. The most common abnormality of 

SCD is vaso-occlusion and premature RBC destruction. 

Chronic hemolysis is the cause of anemia, oxidant stress, 

reduced absorption of nitric oxide (NO) and endothelial 

activation in SCD6-10  It is now known that progressive 

hemolysis-associated vasculopathy may be the starting 

point of some complications of SCD like cutaneous leg 

ulceration, priapism and stroke.11 The normal life 

probability in the developed world is 40 to 60 years.PAH 

which is an extensive vascular disease of the lungs has 

now been recognised as an important complication likely 

to be present in about one-third of adult SCD population. 

It is also linked with early mortality.12,13 In the more ill 

patients, increased TRV is associated with histopathologic 

changes similar to atherosclerosis such as plexogenic 

changes and hyperplasia of the pulmonary arterial intima 

and media.14-17 

Atherosclerosis is aggravated by oxidant stress. Oxidant 

stress is  seen in SCD also  where total  and low density 

lipoprotein cholesterol are reported to be low.18-22 

However,  reports of low HDL cholesterol (HDL-C)22,23 

and increased triglyceride18,24  (contributory factors of 

cardiovascular disease) in SCD patients have also been 

seen. We planned this study to assess the serum lipid 

profile of patients of sickle hemoglobinopathy (SH) 

coming to our hospital and its possible relationship to 

vasculopathic complications such as PAH as many 

commonly used drugs are available to regulate serum 

lipids. 

Methodology: This study was done to identify association 

between dyslipidemia and clinical manifestations of sickle 

cell hemoglobinopathy like anemia, hemolysis and PAH. 

It was conducted for one and a half year in the Deptt of 

medicine of a tertiary care hospital in west Gujarat. It was 

started after procuring approval for the study from the 

institutional ethics committee.  

All suspected and known cases of sickle cell 

hemoglobinopathy (> 18 years in age) coming to deptt. of 

medicine were enrolled for the study. The patients 

confirmed to have sickle cell hemoglobinopathy who gave 

written informed consent for participating in the study 

were included in the study. All those patients with a 

history of taking lipid lowering drugs or history of acute 

https://en.wikipedia.org/wiki/National_Institutes_of_Health
https://en.wikipedia.org/wiki/Developed_world
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illness during the two weeks prior to the assessment or any 

immunocompromised state or pregnancy were excluded. 

The patients who did not give consent were also excluded 

from the study. All cases enrolled were subjected to 

Hemoglobin (Hb) electrophoresis for confirmation of 

sickle cell hemoglobinopathy. However, the test was not 

done for those who had already been confirmed with 

electrophoresis. All included participants were subject to 

CBC, renal and liver function tests, serum lactate 

dehydrogenase (LDH), lipid profile, Chest X ray, ECG, 

2D Echo and USG abdomen.  Laboratory evaluations 

were performed in the institutional pathology and 

biochemistry labs. Lipid profile samples were collected in 

the morning (not necessarily the first sample in the 

morning) after fasting of about ten hours. All participants 

were also screened for pulmonary hypertension by 

echocardiography, measuring the tricuspid regurgitant 

velocity (TRV). TC < 200 mg%, HDL-C 60 – 160 mg%, 

LDL-C 30 – 60 mg%, HDL/LDL ratio upto 4 and 

TC/HDL ratio upto 6 were considered normal. Raised 

serum bilirubin with anemia in absence of liver disease 

was considered as a marker of hemolysis.  As criteria for 

PAH, a TRV of 2.5–2.9 m/s (at least two standard 

deviations above the mean) was considered representative 

of borderline or mildly elevated PASP, whereas a TRV 

3.0 m/s or higher (approximately three standard deviations 

above the mean) was considered significantly elevated 

PASP.  

Characteristics of study participants are presented as mean 

or median and percentage of participants as applicable. 

Mean lipid values (triglycerides, cholesterol, high density 

lipoprotein, and low density lipoprotein levels) were 

measured and compared with TRV to see for any 

correlation. Bivariate correlations were assessed using the 

Spearman rank correlation coefficient. Logistic regression 

models were used to investigate the associations between 

both lipid variables and other characteristics, with TRV.  

Results: Total 80 patients were enrolled and after 

excluding 30 for various reasons, total 50 patients were 

included in the study and were analysed. Mean age of the 

participants was 31 ± 12.08 years. 20 (40%) were females 

and 30(60%) were males. Majority patients were males 

and were from the younger age groups, with pulse and 

blood pressure in the normal range. Amongst the various 

presenting complaints in our study, most common 

presenting complaint was joint pain (54%) followed by 

fever (26%) and breathlessness (10%). On 2D Echo, 

5(10%) patients had moderate PAH, 3(6%) patients had 

severe PAH, 1(2%) patient had mild PAH. 2 (4%) patients 

had mild MR and 1(2%) each had mild AR, moderate MR 

and RHD. All patients who had PAH were sickle 

homozygous. None of the sickle cell trait group had PAH. 

Average haemoglobin was reduced, average TLC and 

bilirubin were elevated with liver enzymes and mild 

elevation of blood urea and serum creatinine were also 

present. Mean Hb was 7.96 ± 2.60 gm/dl. Mean TLC was 

13,700 ± 10,230 / cu.mm. Mean urea was 39.86 ± 41.948 

(mg%) and mean creatinine was 1.38 ± 1.21 (unit).  Mean 

serum bilirubin, SGOT and SGPT were 3.05 ± 3.16 

(mg%), 315.66 ± 897.118 (IU/L) and 157.04 ± 

386.362(IU/L) respectively.  

Table 1: Lipid reports of the study participants  

Parameter(unit) Mean + Std. Deviation 

T.cholesterol (mg%) 113.42 ± 26.095 

LDL (mg%) 60 ± 23.1005571 

HDL (mg%) 28.60 ± 6.596 

Chol:HDL (mg%) 4.1116 ± 1.0581450 

Trig (mg%) 124.72 ± 80.537 
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The mean total cholesterol in the participants was 113.42 

±  26.095 (mg%), mean LDL was 60.276 ± 23.10 (mg%), 

mean HDL was 28.60 ± 6.596 (mg%). Mean CHOL/HDL 

ratio was 4.11 ± 1.05(mg%)  and mean triglycerides level 

was 124.72 ± 80.537(mg%). Thus, cholesterol, LDL and 

HDL levels were reduced in the study participants.(Table 

1).  

On analysing correlation between age, HBF, LDL, HDL 

and total cholesterol in all sickle hemoglobinopathy 

patients, it was observed that there was a significant 

moderately positive correlation of HBF with LDL and 

total cholesterol. (Table 2) On analysing correlation 

between bilirubin and lipid levels in sickle 

hemoglobinopathy patients, a significant moderately 

negative correlation was noted between bilirubin and 

cholesterol, LDL and HDL levels. (Table 3) 

Table 2: Correlation of Age, total cholesterol, HBF, LDL 

and HDL in sickle hemoglobinopathy. (n=50). 

 
Table 3: Correlation of bilirubin with total cholesterol, 

LDL, HDL, Chol: HDL, triglycerides. 

 
Analysis of correlation between PAH, LDL, HDL and 

total cholesterol showed that there was no significant 

correlation of PAH with LDL and HDL levels. (Table 4). 

Table 4: Correlation of PAH with total cholesterol, LDL, 

HDL, Chol: HDL, triglycerides. 

 
Discussion: Hypocholesterolemia and 

hypertriglyceridemia have been reported in sickle 

hemoglobinopathy cohorts worldwide since last four 

decades. Significant hypocholesterolemia with decreased 

LDL-C and HDL-C has been described in SCD patients in 

various studies.25-27 It has also been reported to be a 

potential biomarker for clinical severity in SCD.28 It has 

also been shown that with increasing severity of anemia, 

cholesterol (TC, HDL-C and LDL-C) levels decreased and 

triglyceride levels increased. Few studies have reported 

raised cholesterol content per RBC related with reduced 

plasma or serum cholesterol in SCD.26, 29 In our study also, 

we found hypocholesterolemia and low LDL-C levels in 

patients of sickle cell hemoglobinopathy. Low levels of 
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LDL-C in SCD are consistent with the low levels of total 

cholesterol and can explain the virtual absence of 

atherosclerosis among SCD patients. 

Decreased HDL-C and apoA-I are known risk factors for 

endothelial dysfunction. There are studies which have 

reported low HDL-C30,31 and increased triglyceride 

levels32,33 in SCD patients. They have been reported to be 

associated with PH in SCD.34 In a study, lower HDL-C 

levels was reported to be associated with higher 

requirement of blood transfusions; which can be an 

indication of more severe disease.35 In another study, 

higher HDL-C level in SCD patients was reported to be 

associated with lower risk of hemolysis and endothelial 

dysfunction. They also suggested that it may be due to the 

increased rate of blood marrow cell production during 

hemolytic crisis leading to high consumption of 

cholesterol. They also reported leukocytopenia, low 

monocyte count and thrombocytopenia, low levels of of 

hepatic and hemolytic markers and significantly lower 

VLDL-C, triglycerides and A1AT concentrations in SCD 

with higher HDL-C levels.36,37 In our study also we 

observed a significant moderately negative correlation of 

bilirubin with cholesterol, LDL and HDL levels 

suggesting a more severe hemolysis in patients with lower 

levels of cholesterol, LDL and HDL. 

Triglycerides have not been studied as widely as 

cholesterol in SCD, but a few studies have shown raised 

triglycerides.32,33 Raised of plasma triglycerides levels 

have been shown to promote vascular dysfunction, leading 

to vasculopathy in coronary and cerebral arteries in the 

general population. However, in SCD and autoimmune 

diseases including systemic lupus erythematosus, 

scleroderma, rheumatoid arthritis, and mixed connective 

tissue diseases, they have been reported to predominantly 

affect the pulmonary vascular bed.38 In a study, 

triglyceride concentration was also reported to be a 

stronger predictor of stroke than LDL-C or TC.39 Raised 

triglyceride levels after a high-fat meal have been shown 

to induce oxidative stress and inflammation leading to 

endothelial dysfunction and vasoconstriction even in 

healthy controls.40 However, in our study the participants 

didn’t have hypertriglyceridimia. On the contrary we 

found that triglyceride levels were also reduced in our 

study population. Two other studies didn’t show raised 

triglyceride levels in adult SCD subjects.27 

Patients with the most severe forms of SCD (SS or Sβ0) 

phenotypes have been reported to have the most severe 

hemolytic anemia, with highest prevalence of vascular 

disease and pulmonary hypertension.41,42 Although 

intravascular hemolysis causes oxidant stress leading to 

PH in SCD,  atheromas are not typically present in SCD 

patients. This has been shown be due to low plasma total 

cholesterol and low density cholesterol levels in SCD 

patients. 25-27, 30-32  Thus, the vasculopathy of PH in SCD 

does not seem to be due to increased TC or LDL-C levels.  

In last few years, echocardiographic screening studies 

done for detection of pulmonary hypertension in SCD 

have reported high prevalence of hemoglobinopathy 

associated pulmonary hypertension. Previously done 

studies also showed that TRV of 2.5 m/s or higher 

increased the risk of early mortality by about ten folds as 

compared to that in subjects of  sickle cell disease with 

lower TRV. World health organisation has also shown 

association of pulmonary hypertension and severity in 

sickle patients.  In our study also we observed high risk of 

pulmonary hypertension in SCD patients without any 

correlation to levels of lipids.  

Thus, we observed hypocholesterolemia and low total, 

LDL-C and HDL-C levels, which were consistent with 

previous studies. However, only few studies have reported 

hypotriglyceridimia as in our study. As in other studies, 

we also observed significant presence of PAH in SCD 
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patients although it did not show any significant 

correlation with the lipid levels. We also observed 

moderately positive correlation of HBF with LDL and 

total cholesterol as well as a significant moderately 

negative correlation of bilirubin with cholesterol, LDL and 

HDL levels. 

Conclusion: Sickle hemoglobinopathy is associated with 

low total cholesterol, low LDL-C and low HDL-C levels. 

However, reports regarding triglyceride levels in sickle 

hemoglobinopathy are inconsistent. SCD is also 

significantly associated with PH. Low lipid levels are 

associated with low atherogenesis and more severe 

hemolysis in patients with SCD but have no correlation 

with PH. 
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