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the 10th month. The pain severity was measured 
using the visual analog scale method (VAS). 
Therefore, a 10-cm ruler with a VAS design was 
used to determine the patient pain intensity. The 
baseline time point was defined as the time spot 
before starting to deliver the experimental med-
ication to the patients (month zero). At that time, 
the biodata of the patient on the frequency of 
pain episodes and the rest of the variables were 
collected, and the baseline data were one-year 
retrospective data.

RESULTS: Of 165 patients enrolled in the tri-
al, 150 were included in the final analysis. At the 
end of the study, there was a significant increase 
in serum LDL and HDL in the Omega-3 group as 
compared with the control group (mean of 82 
mg/dL vs. 57 mg/dL; p < 0.01 and mean of 47 mg/
dL vs. 43 mg/dL; p < 0.028, respectively). Oth-
er laboratory parameters were significantly in-
fluenced. The number of painful crises and pain 
levels was significantly decreased in the Ome-
ga-3 group compared with the control group 
(mean of one-episode vs. mean of three epi-
sodes; p = 0.01, mean of three on pain scale vs. 
six on pain scale; p = 0.018). 

Abstract. – OBJECTIVE:  Sickle Cell Anemia 
(SCA), also called the Sickle Cell Disease (SCD), 
is an inherited hematological disorder character-
ized by a syndrome of acute anemia and a pain-
ful crisis. The sickling hemoglobin, Hgb-S caus-
es viscosity and inflammation of blood vessels. 
Eventually, the red blood cells get eliminated from 
the circulation process, which leads to hemolytic 
anemia. This study examined the comparative ef-
fectiveness of supplementation of Omega-3 or vi-
tamin-D to standard therapy (hydroxyurea + Ibu-
profen) used for prevention and treatment of pain 
crises in pediatric patients living with SCD. 

PATIENTS AND METHODS: 165 patients par-
ticipated in this randomized, double-blind, stan-
dard therapy-controlled, parallel-design trial. 
The patients were randomly divided into three 
groups, receiving three capsules of either 1,000 
mg Omega-3 fish oil (400 mg EPA and 300 mg 
DHA) or 1.5 mL vitamin-D (2,800 IU/7 ml) daily 
for 10 months plus the standard therapy. Lactate 
dehydrogenase, high-density lipoprotein (HDL), 
low-density lipoprotein (LDL), hematocrit, retic-
ulocyte count, and white-blood-cell count were 
determined at baseline (month zero) and end of 
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CONCLUSIONS: Results showed that Ome-
ga-3 was more effective than vitamin-D or stan-
dard treatment alone relative to pain crises and 
most of the other studied items. Vitamin-D was 
more effective than standard therapy alone. Cli-
nicians should consider the addition of Ome-
ga-3 supplements to the standard therapy and 
a de-escalation dose plan for the hydroxyurea 
medication.

Key Words: 
Omega-3 supplementation, Painful crisis, Sickle cell 

disease (SCD), Sickle cell anemia, Sickling, Hydroxy-
urea, Vaso-occlusive pain crises. 

Introduction

Sickle Cell Anemia (SCA) is an inherited he-
matologic disease attributed to genetic transfer 
that has impacted the lives of many individuals 
worldwide. From a global perspective, about 20 to 
25 million people are affected by SCD. Of those, 
50% live in Africa and 100,000 individuals are 
affected in the United States1. There is a low inci-
dence among the Egyptian population, except in 
rural areas like oases2. The carrier rate for SCD 
in Egypt has been reported as 9% to 20%3. The 
number of affected patients overall makes it im-
portant to understand and treat this condition ef-
fectively. 

Patients with SCA experience sickling of their 
red blood cells (RBCs) due to hemoglobin-S4, 
which leads to blocking of microcirculation. The 
common clinical feature present in this disease is 
pain caused by the distortion of red blood cells 
and the subsequent blocking of microcirculation. 
The painful crises caused by vaso-occlusion (VO) 
that are associated with SCA and the harmful ef-
fects associated with SCA are managed through 
both pharmacological (drugs and supplements) 
and non-pharmacological (bed rest, oxygen, and 
hydration) treatment. 

One of the causes of SCA complications are 
deficiencies in certain vitamins (vitamins A, B6, 
C, D, E)5. It has been reported that vitamin D 
deficiency is linked to painful crises in SCA pa-
tients6. Lipid peroxidation, vascular adhesion, and 
low fatty acid composition in the RBC membrane 
is considered the cause of vascular inflammation 
that impacts the painful crises in SCA patients, 
making Omega-3 an option for treatment7,8. Vita-
min D and Omega-3 supplementation have been 
reported to have a positive therapeutic impact on 
SCA patients7-9, highlighting the need to investi-

gate the impact of both Omega-3 and vitamin D in 
the painful crises of SCA patients.

SCA is treated using various medical inter-
ventions, such as blood transfusion, which de-
creases the amount of Hgb-S and reduces sickle 
cell erythropoiesis10. Blood transfusion is mostly 
preferred during the symptomatic stage of VO 
and also aids in the prevention of acute stroke10. 
Additional products and treatments available in 
the United States, but not all other countries, cur-
rently include L-glutamine, crizanlizumab, and 
voxelotor, in addition to allogeneic hematopoietic 
stem cell transplantation, which can cure SCD but 
has many risks. Gene therapy is being evaluated 
as a possible cure in severe SCD. The major med-
ical intervention for SCA is hydroxyurea, whose 
main impact is to increase hemoglobin F (fetal 
hemoglobin) concentration. This reduces sickling 
and can reduce pain and pain episodes among the 
victims11. Folic acid is also commonly used to aid 
in the production of red blood cells. It has been re-
ported that hydroxyurea therapy in SCD demon-
strated a mild, dose-dependent leukopenia, nail/
skin hyperpigmentation, neutropenia, and reticu-
locytopenia. 

Omega-3 and vitamin D supplementation have 
been used in SCD to help with several of the ad-
verse consequences of the disease. Omega-3 has 
impacts on the blood rheology and RBC aggrega-
tion and deformability12,13, reduces the hemolytic 
effect on RBCs14,15, promotes anti-inflammatory 
effects8, and decreases leukocytosis16,17.

Vitamin D deficiency is linked to the hemolysis 
process in SCD18. Vit-D acts as an antioxidant that 
reduces the hemolysis process, which can be mea-
sured by the hemolysis biomarkers reticulocyte 
percent and lactate dehydrogenase, which are re-
duced in response to the reduction of hemolysis19. 
As an anti-inflammatory, Vit-D promotes the an-
ti-inflammatory cytokines, which is correlated to 
an increased anti-inflammatory activity18,20,21.

The present study aimed at investigating and 
comparing the effectiveness of adding either 
Omega-3 or Vit-D to the standard therapy in re-
ducing pain and painful crises among pediatric 
patients with SCD compared to standard therapy. 

Patients and Methods

Study Design
The study was a parallel double-blind ran-

domized controlled trial (1:1:1 allocation ratio), 
conducted from 2019-11-01 to 2020-11-01. Two 
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independent researchers were involved in the ran-
domization process of the study. The first, who 
was blinded to the study procedures, conducted 
the random sampling and allocation using the 
random allocation software that was designed by 
Mahmood Saghaei22. The second implemented 
the randomized list using Microsoft Excel soft-
ware version 2016. The randomized list included 
a unique ID number for each patient that was used 
to label each drug container delivered to patients 
by an independent nurse who was unaware of 
the study. Patients and clinicians involved in the 
study were not aware of the assigned groups. The 
blinding process was carried out by packing both 
experimental and standard treatment in identical 
drug containers, with no label except for that gen-
erated by the randomized list. 

Study Population and Participants
The target population was pediatric patients 

attending the Beni-Suef and Giza governmental 
hospitals for their regular care at the pediatric he-
matology clinic. Patients aged 7-18 years old who 
presented with sickle cell anemia (HbSS mutation 
diagnosed with hemoglobin electrophoresis), and 
with the acute vaso-occlusive painful crisis were 
included. The patient condition was confirmed 
by clinical and laboratory investigations during 
regular care at the pediatric hematology clinic. 
Patients were also recruited from multiple hospi-
tals in different Giza governmental hospitals to 
meet the minimum sample size estimation (150 
patients). We also recruited five (5) additional 
patients in each group for counting future drop-

outs. The patients voluntarily participated in the 
trial through informed consent that was signed by 
their parents or legal guardians before randomiza-
tion. Patients were placed in equal numbers into 
three study groups. Fifteen patients were exclud-
ed from the final statistical analysis because they 
did not follow up with the treating physician reg-
ularly (Figure 1). 

The groups were: the standard therapy (hy-
droxyurea and folic acid +/- ibuprofen) control 
group (50 patients), the Omega-3 + standard ther-
apy experimental group (50 patients), and the vita-
min-D + standard therapy experimental group (50 
patients). Patients excluded included who had had 
any other chronic diseases, hepatic diseases that 
might have altered the mechanism of action of the 
experimental drugs owing to the hepatic impair-
ment, or renal disorders that could have caused 
pain owing to renal injuries, not due to the pain-
ful crises. This study was conducted according to 
the Helsinki declaration. It was approved by the 
Research Ethics Committee, Faculty of medicine 
Beni-Suef University, Beni-Suef, Egypt (FMB-
SUREC/07072019/Sayed). The study was regis-
tered on clinicaltrials.gov, No. NCT04301336.

Study Outcomes
The impact of the experimental interventions 

and treatment duration on vaso-occlusive painful 
crises as measured by the nine clinical parame-
ters described in Table I were investigated. The 
patients’ clinical profiles and regular biochemical 
tests were assessed at baseline (month 0), and then 
every month until the end of the study (month 10) 

Abbreviation: SD, standard deviation. 1Mean ± SD (all such values), 2baseline data of the prior 10-months of standard therapy 
alone which are reported at month zero.

Table I. Baseline2 characteristics of the patients for the evaluated outcomes.

	 Control group	 Omega-3 group	 Vitamin D group
Variable	 (n-50)	 (n=50)	 (n=50)

Age (y) 	 10.5 ± 5.5	  8.5 ± 4.0 1	 12 ± 3.5
Gender (n)
Male	 35 (70%)	 30 (60%)	 25 (50%)
Female	 15 (30%)	 20 (40%)	 25 (50%)
Number of painful episodes 	 3 ± 2	 4 ± 2	 5 ± 1
Pain level (VAS pain score) 	 6 ± 1	 5.5 ± 1	 5 ± 1.5
Hematocrit (%)	 23 ± 6.5	 23 ± 7.2	 23 ± 4.2
HDL cholesterol (mg/dL)	 34 ± 2	 29 ± 3	 31 ± 5
LDL cholesterol (mg/dL) 	 51 ± 13	 56 ± 12	 48 ± 15
White blood cell count (103/μL)	 14.8 ± 3	 15.5 ± 2.5	 15 ± 1.4
Lactic acid dehydrogenase (U/L)	 420 ± 25	 329 ± 19	 410 ± 30
Reticulocyte count (%)	 6 ± 4	 3 ± 0.4	 5 ± 3
Hospitalization frequency 	 2 ± 3	 3 ± 1	 2 ± 2 
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to evaluate the effects of the interventions. The 
primary outcome measure was the number of 
painful crises. The secondary outcome measures 
were pain level (intensity), rate of hospitalization 
owing to painful attacks, laboratory and clinical 
parameters (LDL cholesterol, HDL cholesterol, 
lactate dehydrogenase (LDH), hematocrit, white 
blood cell (leukocytes) count, and reticulocyte 
count). A 10-cm line visual analog scale ruler was 
used to evaluate the patients’ perceived level of 
pain. The pain level was scored on the ruler from 
0 to 10, as 0 indicated “no pain” and 10 indicated 
“extreme pain”. Venous blood (5 mL) was drawn 
into vacutainer tubes and transported to the he-
matology laboratory of hospitals where data were 
collected. Hematological parameters were mea-
sured including complete blood counts using a 
hematology analyzer. Lipid profile was measured 
using the automated procedures in the clinical 
chemistry laboratory of the hospital where pa-
tients’ data were collected.

Experimental and Standard Therapy 
Interventions

All 165 patients in the study received standard 
therapy for painful vaso-occlusive crises. Stan-
dard therapy was hydroxyurea 20 mg/kg/day11 
for 8 to 10 months (maximum dose of 40 mg/kg/
day) and folic acid 0.5 to 1 mg daily23 for 3 to 
4 weeks until definite hematologic response. All 
patients received ibuprofen for pain relief with 
an initial dose of 5 mg/kg/dose24 followed by 1 
to 3 additional doses as needed. Blood transfu-
sions were used for patients in all groups when 
deemed necessary by treating clinicians. The two 
experimental therapies added to standard thera-
py were: Omega-3 supplementation [300-400 mg 
eicosapentaenoic acid (EPA) and 200-300 mg of 
docosahexaenoic acid (DHA)] per day19-21,25 for 10 
consecutive months or vitamin-D 1,500-3,500 IU 
per day for 10 consecutive months26,27. The adher-
ence to study treatment was assessed every month 
at each follow-up visit by counting up the used 
treatment bottles received from the patients on 
each visit.

Statistical Analysis
The Statistical Package for the Social Sciences 

25 (IBM Corp., Armonk, NY, USA) was used to 
analyze the data. Kruskal-Wallis’ test was used 
to analyze the difference in means among groups 
for the primary outcome (number of painful epi-
sodes). The normality of secondary outcomes was 
checked and approved by the Shapiro-Wilk test. 

Two-way ANOVA and post-hoc LSD tests were 
used to analyze the main effects and the interac-
tion effects among the groups for the secondary 
outcomes. The assumptions for two-way ANO-
VA were checked. The significance level was 
maintained at p<0.05. Data were summarized as 
means, standard deviations (SD). The mean val-
ues for the primary outcome were separately mea-
sured from the secondary outcome in all groups. 
The differences of mean values (between treat-
ment groups and control group) for the secondary 
outcomes were analyzed using two-way ANOVA 
analysis and post-hoc analysis. Secondary out-
comes analyses and primary outcome analyses 
were conducted, separately from each other. The 
analysis of secondary outcomes was considered 
a sub-trial from this present trial. Power analy-
sis with G-Power software (version 3.1) was used 
to determine the sample size. The sample size 
was set for all primary and secondary outcomes. 
The minimum sample size estimation for each 
group was 50 patients to detect a difference of 
50% reduction in means value of the number of 
pain crises with a pooled standard deviation of 
26, obtained from previous studies28-30. The cal-
culated sample size was 165 patients, considering 
the dropouts, matched into two experimental in-
terventions of which 55 patients in the vitamin-D 
group, 55 patients in the Omega-3 group, and 50 
patients in the standard control group. The study 
had 80% of power with an 0.05 alpha level and a 
medium-size effect (partial η2 = 0.06). 

Results

Data were collected on 165 participants who 
met the inclusion criteria. Finally, 50 (mean age 
8.5 ± 4, 60% male) were in the Omega-3 group, 
50 (mean age 10.5 ± 3.5, 50% male) in the vitamin 
D group, and 50 (mean age 11 ± 5.5, 70% male) 
in the control group were analyzed. The flow 
chart of study is shown in Figure 1. Tables I and 
II show the primary results of the study, includ-
ing the baseline characteristics of participants 
for the evaluated outcomes (Table I). Analysis of 
variance between the three groups investigating 
the main effects and the interaction effects (Table 
II, Figure 2, Figure 3) showed that Omega-3 sup-
plementation to the standard therapy was more 
significant than vitamin-D and control groups. 
Omega-3 supplementation significantly reduced 
the number of painful crises (p=0.040), pain se-
verity (p=0.044), and hospitalization frequency 
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(p=0.038). In line with this, Omega-3 supplemen-
tation increased the LDL-cholesterol (p=0.030) 
and HDL cholesterol (p=0.020) significantly 
compared to vitamin-D and standard therapy. 
Both are linked with lipid peroxidation and sick-
le cell lipid composition. Omega-3 supplementa-
tion reduced leukocytosis significantly (p=0.048), 
which is linked with the intravascular inflamma-
tion of the painful crises. Similarly, the analysis 
showed that vitamin-D supplementation to stan-
dard therapy was significantly more effective than 
standard therapy. Vitamin-D supplementation 

significantly reduced the lactate dehydrogenase 
level (p=0.030) and reticulocyte count (p=0.045), 
which are linked to vascular inflammation and 
hemolysis process in sickle cells. All results are 
summarized in Table II.

Discussion

Serum level of vitamin-D are correlated to 
intravascular hemolysis in children with SCD. 
Thus, it may play an important role in the man-

Figure 1. The follow chart of the study.
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tigated the antiaggregatory, antiadhesive, and 
anti-inflammatory function of Omega-3 supple-
ments on SCD. However, those studies did not 
link those effects with the management of pain-
ful crises12. In addition, previous clinical stud-
ies33 concluded that Omega-3 supplements had 
antioxidant effects on health and diseased indi-
viduals. Nevertheless, no evidence did confirm 
its effects on the management of vaso-occlusive 
pain in SCD patients. As evident, this present 
study investigated the effects of vitamin-D and 
Omega-3 on the management of painful crises 
in children patients.

agement of painful crises18. In addition, pre-
vious studies21,31 found a relationship between 
serum level of vitamin-D and inflammatory 
cytokines and hospitalization for pain crises in 
pediatric SCD. Recent studies investigated and 
confirmed the anti-inflammatory and antioxi-
dant effects of vitamin-D. None of those studies 
concluded on the effects of vitamin-D on the 
painful crises of pediatric patients32. Omega-3 
was found to have a potential effect on patients 
with SCD, even if there is no known mecha-
nism for those effects on the painful crises in 
pediatric SCD7. Some clinical studies38,39 inves-

Figure 2. The effect of the experimental interventions on the number of painful episodes after ten months of treatments.

*Significantly different from control group value at p < 0.05, AKruskal-Willis’ test, BPost-hoc comparison between mega-3 and 
control, CPost-hoc comparison between Vitamin-D and control.

Table II. Mean changes for the evaluated outcomes after ten months of treatment compared to baseline values (before treatment).

	 Control group	 Omega-3 group	 Vitamin D group
Variable	 Mean ± SD	 Mean ± SD	 Mean ± SD

Number of painful episodes	 2±4.53	 1±3.03*, A	 2±4.04*, A

Pain level (VAS pain score)	 6±9.071	 3±7.010*	 4±8.081*, C

HDL cholesterol (mg/dL)	 41±0.638	 52±0.72*	 46±.073*,C

LDL cholesterol (mg/dL)	 57±1.43	 82±1.00*	 68±1.20*, C

White blood cell count (103/μL)	 15±0.512	 13.1±0.075*, B	 15±2.2
Lactic acid dehydrogenase (U/L)	 331±24.41	 328±22	 297±32.19*, C

Reticulocyte count (%)	 3±.072	 2.9±0.3	 2±0.050*, C

Hospitalization frequency	 3±4.430	 1±3.030*	 2±4.040*, C
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painful crises and the pain level compared to the 
control group.

Omega-3 supplementation significantly re-
duced the elevated white blood cells (leukocyto-
sis) in the patients compared to the control group. 
Leukocytosis have been correlated to vascular in-
flammation and vascular adhesion during the pain 
crisis16,17.

For the vitamin-D supplementation group, a 
2,500 IU daily dose of vitamin-D for ten months 
has significantly affected the hemolysis biomarkers 
(reducing LDH and reticulocyte count) that reflect 
the vascular inflammation in the patients compared 
to the control group. LDH and reticulocyte levels 
have been linked to the hemolysis process, which 
results in vascular inflammation19. Vitamin-D defi-
ciency has been correlated to the hemolysis process 
in SCD patients18. Results have indicated that the 
experimental interventions have demonstrated a 
cumulative response in reducing the painful crisis. 
Better outcomes were accomplished over a longer 
treatment duration and may continue longer than 
the studied 10 months. The blinding strategies un-
dertaken in the study met the purpose of masking 
the experimental interventions. Although it would 
not completely mask the interventions as some pa-
tients were assigned to oral drops dosage form and 

Our findings indicated that adding Omega-3 
supplementation (dose of 400 mg EPA and 300 mg 
DHA daily for 10 months) to the standard therapy 
had a significant therapeutic effect on the painful 
crises of SCD patients. The antioxidant effect of 
Omega-3 and vitamin-D offsets lipid peroxida-
tion34-37. As a result, they increase the HDL and 
LDL levels significantly compared to standard 
therapy (hydroxyurea+ folic acid+ Ibuprofen) in 
SCD patients who demonstrated hypocholestere-
mia. Omega-3 supplementation and vitamin-D 
supplementation revert hypocholesteremia that 
has been correlated to the hemolysis effect on 
RBC14,15, and the vascular inflammation of sick-
led erythrocytes8. Previous research studies8 have 
found that hypocholesteremia has promoted lip-
id oxidation that is correlated with HbS level in 
a pain crisis and enhanced the proinflammatory 
factor in a pain crisis. Omega-3 supplementation 
in SCD enhances the lipid composition and sta-
bility of the sickled RBC membrane32. It has been 
shown to impact the blood rheology and aggre-
gation of RBC in SCD patients12,13. In this study, 
the number of painful crises (Figure 2) and the 
level of pain (Figure 3) are significantly reduced 
with Omega-3 compared to vitamin-D and con-
trol groups. Vitamin-D significantly reduces the 

Figure 3. The effect of the experimental interventions on the pain level after ten months of treatments.
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others assigned to the tablet dosage form, all were 
packed in identical containers masking the drug 
label from the participants, caring nurse, and the 
treating physician.

Conclusions

The research compared the effectiveness of the 
standard therapy of hydroxyurea and folic acid to 
the supplementation of Omega-3 or vitamin-D to 
standard therapy in the treatment of painful crises 
and a variety of associated laboratory parameters 
among patients living with SCA. Key findings 
from the study were that omega-3 was generally 
more effective than the other regimens. The effect 
of vitamin-D supplementation was lower, though 
often better than hydroxyurea/folic acid alone, 
making Omega-3 the best oral regimen to be add-
ed to standard therapy in suppressing the num-
ber and pain level of the painful crisis episodes 
among patients experiencing SCA. 

Though there might be value in doing so, it is 
unknown whether combining both Omega-3 and 
vitamin-D with standard therapy might provide 
even better outcomes than the addition of Ome-
ga-3 alone to standard therapy. Omega-3 and vita-
min-D are relatively inexpensive supplements, so 
their addition to standard therapy may be possible 
for many patients. Research on whether treating 
patients with the relatively inexpensive supple-
ments might allow for reduction of doses of hy-
droxyurea and may be warranted to reduce side 
effects of the standard therapies.
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