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Abstract

Background: Correction of vitamin D deficiency through adminis-
tration of either vitamin D2 or D3 has been shown to reduce chronic 
bone pains and frequency of acute bone pains, increase bone density 
as well as improve growth stature in children with sickle cell anemia 
(SCA). Findings vary on the effectiveness of the two forms of the vi-
tamin. The current study was carried out to compare the effectiveness 
of a 6-week treatment course of vitamin D2 and D3 in the correction of 
hypovitaminosis D (vitamin D insufficiency and deficiency) as well 
as evaluate treatment response to derangement of serum calcium and 
alkaline phosphatase (ALP) in children with SCA in steady state.

Methods: The study was a randomized, double-blind clinical trial of 
174 children with SCA aged 1 - 18 years. Subjects with hypovita-
minosis D (baseline serum 25-hydroxyvitamin D (25(OH)D) below 
75 nmol/L) were randomized into two treatment arms. Each arm 
treated either of the two forms of vitamin D had a once weekly dose 
of 50,000 IU for a period of 6 weeks.

Results: Median rise in serum 25(OH)D after 6 weeks of oral vitamin 
D2 or D3 was similar between the two groups (median rise in 25(OH)
D of 17.8 nmol/L in D2, 15.3 nmol/L in D3 groups). Also, there was no 
significant difference in the proportion of subjects that improved in 
their vitamin D status in both treatment arms (P = 0.409). Treatment 
was significantly associated with increase in proportion of subjects 
with normal serum calcium (P ≤ 0.001) and decrease in proportion of 

subjects with elevated serum ALP (P ≤ 0.001).

Conclusion: Once weekly dose (50,000 IU) of either vitamin D sup-
plement has equal effectiveness in correction of hypovitaminosis D. 
However, vitamin D3 may be cost-effective because it is cheaper.

Keywords: Sickle cell anemia; Hypovitaminosis D; Six-week course; 
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Introduction

Vitamin D deficiency is a common manifestation in children 
with sickle cell anemia (SCA). It is five times commoner in 
children with SCA than children without hemoglobinopathies 
[1]. Deficiency of vitamin D in affected children leads to acute 
and chronic bone diseases as well as systemic complications. 
Apart from vitamin D, other factors that play a role in bone 
health are calcium, phosphorus and alkaline phosphates [2, 3]. 
Vitamin D enhances calcium absorption from the gut and fa-
cilitates mineralization of bone [4]. Thus, in conditions like 
SCD associated with deficiency of vitamin D, calcium absorp-
tion from the gut is impaired and bone mineralization is com-
promised [5]. Studies have shown significantly lower calcium 
levels in persons with SCA compared with healthy controls 
[6, 7]. Alteration in calcium homeostasis leads to bone min-
eral diseases [8] and in SCA, bone mineral diseases have been 
linked to low level of vitamin D [9, 10]. Also, alkaline phos-
phatase (ALP) is a marker of high bone turnover and it is also 
associated with bone mineral disorder [11].

Conflicting data on the most effective vitamin D supple-
ment exist in literature. In Nigeria, vitamin D supplementation 
is not routinely given to children with SCA and no study exists 
on effectiveness of treatment of hypovitaminosis D in affected 
individuals as well as evaluation of which of these supple-
ments is more effective in the correction of hypovitaminosis 
D. This randomized trial was carried to identify which of the 
two vitamins is more effective in correcting hypovitaminosis 
D as well as the effect of the treatment on biochemical markers 
of bone diseases in children with SCA.
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Materials and Methods

A prospective, randomized, double-blind interventional study 
was carried out at the Sickle Cell Foundation Centre, Idi-Araba 
Lagos, Nigeria. Initial pre-treatment study done to identify preva-
lence of hypovitaminosis D was carried out and has been pub-
lished. Randomization and pick-up of vitamin D drugs lasted for 
2 weeks while treatment of hypovitaminosis D lasted for 6 weeks. 
The clinical trial was carried out between April and May 2018.

Study population

The study population comprised children with SCA aged 1 - 18 
years in steady state who presented at Sickle Cell Foundation 
Centre and fulfilled the study criteria. Children with hypovita-
minosis D as defined by the Endocrine Society Clinical Prac-
tice Guideline were recruited for the study [12].

Sample size determination

The study sample size was determined using an appropriate 
formula in randomized controlled trial (statistical superior-
ity design) [13]. Statistically superiority design was adopted 
which suggested that vitamin D3 was more effective than vita-
min D2 in correcting hypovitaminosis D in subjects.
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where N is the sample size per group to receive vitamin D2 or 
D3,

1
2
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is the standard normal deviate which is 1.96, Z1−β is the power 
at 20% which is 0.845, S2 is the pooled standard deviation of 
both comparison groups, δ is the acceptable margin which is 
the difference in the mean 25-hydroxyvitamin D (25(OH)D) of 
subjects treated with vitamin D2 and vitamin D3.

In the study by Trang et al [14], vitamin D3 and D2 sup-
plements increased serum 25(OH)D by 23.3 ± 15.7 and 13.7 ± 
11.4 nmol/L, respectively.

More studies have shown greater efficacy of vitamin D3 
compared to vitamin D2 [14-16]; hence, in the present study, 
vitamin D3 was used as the standard treatment while vitamin 
D2 as the drug with lesser effectiveness in correction of hypo-
vitaminosis D.

Thus, δ is 23.3 - 13.7 nmol/L = 9.6, S2 = 15.72 + 11.42 = 
376.45. Therefore,

21.96 0.845N 2 376.45,
9.6
+ = × ×  

N = 64, attrition for subjects lost to follow-up was set at 10%, 
N = 64 + 6.4 = 70, N = 70.

Thus, 70 subjects will be recruited into each treatment arm 

giving a total sample size of 140.
Going by a hypovitaminosis D prevalence rate of 88.5% 

earlier reported by Abok et al [17], in Nigeria, the number of 
initial recruits needed to identify 140 vitamin D deficient sub-
jects was derived as follows:

100 88.5 140 16.
100
−

× =

Therefore expected minimum total number of subjects 
was 156. However, individuals that opted to participate in the 
study after the desired sample size was met were recruited 
and their data were also included. In all, 174 subjects were 
enrolled. To control for the effect of age, subjects screened for 
hypovitaminosis D were stratified based on age. Overall, re-
cruited subjects according to age strata were: 1 to 5 years = 57, 
5 to 10 years = 58, and 11 to 18 years = 59.

Ethical consideration

Assent was also gotten from children 7 years and above. Insti-
tutional ethical approval was obtained from Health Research 
Ethics Committee of the Lagos State University Teaching 
Hospital, Ikeja, Nigeria (NHREC0/04/2008). Pan African 
Clinical Trials Registration was done with trial number PAC-
TR201803003160262.

Data collection

Eligibility screening

The Endocrine Society Clinical Practice Guideline definition of 
vitamin D deficiency was adopted and subjects were classified 
as either vitamin D sufficiency or hypovitaminosis D (vitamin 
D deficiency and insufficiency). Vitamin D deficiency is serum 
25(OH)D of less than 50 nmol/L (< 20 ng/mL). Vitamin D insuf-
ficiency and sufficiency state is 25(OH)D of at least 50 nmol/L 
but less than 75 nmol/L and at least 75 nmol/L, respectively.

All subjects with serum 25(0H)D below 75 nmol/L (i.e., 
insufficient and deficient) were eligible and had vitamin D 
supplements.

Subjects enrollment

At the end of analysis of samples, subjects with vitamin D in-
sufficiency and deficiency with 25(OH)D below 75 nmol/L 
were selected for treatment with either vitamin D2 or D3.

Randomization

Identical pieces of paper equal in number to subjects found to 
be deficient in vitamin D were produced. Vitamin D2 was writ-
ten on half of the number of pieces of paper and vitamin D3 on 
the remaining half. Each piece of paper was rolled up and all 
pieces of paper were mixed up in a small basket. The process 
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of randomization was done daily till all eligible subjects that 
responded to continue with treatment were completed. Two 
formulations of vitamin D were used, vitamin D2 (ergocal-
ciferol) and vitamin D3 (cholecalciferol) both of which have 
shown efficacy in earlier studies.

Allocation and concealment

Subjects treated picked randomly from the papers that contained 
the prescription of the vitamins without revealing what was 
picked to the investigator. Subjects were directed to a research 
assistant who is a nurse at the study center who gave the se-
lected vitamin D that was randomly picked to the subjects. The 
research assistant was someone that was ignorant to the study 
without any interest in the result. The nurse was provided with a 
register for serially recording the names of the subjects and the 
vitamin D that was picked. Caregivers were called weekly to 
remind them to give the drug to the subjects. To further ensure 
compliance, the drug for each week was placed in a separate dis-
pensing envelope and each participant had six envelopes for the 
6 weeks treatment duration. The caregivers were asked to keep 
the dispensing envelopes and brought them on the day of post 
vitamin D assessment. One week after completion of the 6-week 
treatment, assays of vitamin D, serum calcium and ALP levels 
were repeated to document response to therapy.

The laboratory scientist who ran the assays was kept ignorant 
of the identity of the sample: separate serial numbers were given 
for the post-treatment analysis. At the completion of the study, 
the investigators collected the register from the nurse in order to 
match subjects with the vitamin D formulation administered.

Treatment with vitamin D

The Driscol® is the brand of vitamin D2 that was used. This 
contained 5,000 IU tablets and 10 were prescribed to be taken 
once on a specific day of the week which could be crushed. 
Subjects were advised to take the supplement immediately af-
ter a meal because absorption is known to be best with food.

For subjects in the vitamin D3 arm of the study, “D3-50” 
containing 50,000 IU vitamin D3 per capsule was prescribed to 
be taken once on a specific day of the week. Subjects were ad-
vised to take the supplement immediately after a meal because 
is known to be best absorbed with food.

Adverse effects

Subjects were advised to watch out for and report possible side 
effects like fatigue, loss of appetite, headache, vomiting, con-
stipation, allergic reaction like itching and rash.

Data analysis

Continuous variables were summarized using mean and standard 
deviation for normal distribution while median and interquartile 

range were used for skewed data. Comparison between normally 
distributed data was carried out using Student’s t-test, Paired t-
test and analysis of variance (ANOVA with Bonferroni correc-
tion) test while comparison of non-parametric data was done us-
ing appropriate non-parametric equivalents (Mann-Whitney test, 
Wilcoxon signed ranked test or Kruskal-Wallis). Comparison 
between categorical data was done using Chi-square and Fisher’s 
exact. Comparison of the proportion of subjects with various vita-
min D statuses between baseline and post-treatment was done us-
ing McNemar test. Correlation between vitamin D status and an-
thropometry was achieved using Spearman correlation. Student’s 
t-test was used to compare vitamin D between the two genders. 
ANOVA was used to determine the relationship between vitamin 
D and each of age group and socioeconomic classes.

Potential factors that had significant bivariate relationship 
with vitamin D were entered into a logistic regression model in 
order to determine the independent predictors of vitamin D de-
ficiency. Probability value less than 5% (0.05) was considered 
statistically significant.

Results

Figure 1 is a flow chart showing the number of subjects recruit-

Figure 1. Flow chart of recruited subjects.
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ed, randomized to either of vitamin D2 or D3 treatment groups 
and subsequently followed up. Of the 174 subjects, 41 (71.9%) 
of under 5 years old were allocated to treatment groups. Also, 
81.0% and 86.4% of subjects within the age group of 6 to 10 
years and 11 years to 18 years respectively were randomized 
to either vitamin D2 or D3. Out of 148 subjects with hypovita-
minosis D, 139 (93.9%) came for and had drug allocation. In 
all, 69 (59 with vitamin D deficiency, 10 with insufficiency) 
were assigned to D2 and 70 (60 with vitamin D deficiency, 10 
with insufficiency) received D3 respectively. Out of 139 sub-
jects that had drug allocation, 129 (92.8%) (65 subjects that 
had vitamin D2 and 64 subjects that had vitamin D3) presented 
for post-treatment vitamin D assessment.

Effect of oral vitamin D on serum 25(OH)D

Altogether, 139 subjects were assigned to treatment groups: 69 
had vitamin D2 while 70 had vitamin D3. Of this number, 129 
returned for post-treatment evaluation: 65 in the vitamin D2 group 

and 64 in the vitamin D3 group. As shown in Table 1 no significant 
difference was noticed in the median values of 25(OH)D in sub-
jects that had vitamin D2 and D3 prior to treatment ((Mann-Whit-
ney U-value = -0.042, P = 0.966). Also, there was no significant 
difference in the median post-treatment values between the two 
groups (P = 0.944). In all, 16.53 nmol/L and 9.11 nmol/L median 
rises were seen in subjects with deficient and insufficient vitamin 
D (P = 0.044). Also, significant increases in vitamin D levels were 
observed after 6 weeks of treatment with either vitamin D2 or D3 
(Wilcoxon Signed Rank P-value ≤ 0.001 in each case).

Figure 2 shows the median rise in serum 25(OH)D post-
treatment in the two groups. Increases of 17.81 nmol/L and 15.3 
nmol/L were observed with vitamin D2 and D3 treatment, re-
spectively. There was no significant difference between the ob-
served increases (Mann-Whitney U-value = -0.26, P = 0.765).

Table 2 shows the median change in serum 25(OH)D ac-
cording to age, sex and socioeconomic class. A global Kruskal-
Wallis test showed a significant difference across the three age 
group (P = 0.017) with subjects under 5 years old experienc-
ing the highest increase in median serum vitamin D. Post hoc 

Table 1.  Comparison of the Effects of Oral Vitamin D2 and D3 on Serum 25(OH)D

Vitamin D2 Vitamin D3 U-value P-value
Baseline
  Median (IQR) 38.87 (28.6 - 45.6) 38.27 (30.6 - 48.0) -0.042 0.966
  Range 21.18 - 73.31 18.12 - 66.90
Post intervention
  Median (IQR) 53.24 (45.3 - 70.0) 54.77 (40.4 - 79.7) 0.966 0.940
  Range 26.51 - 189.10 24.27 - 146.90

U-value: Mann-Whitney test was used for comparison as variables were not normally distributed. IQR: interquartile range; 25(OH)D: 25-hydroxyvi-
tamin D.

Figure 2. Comparison of median rise in serum 25(OH)D between oral vitamin D2 and D3. 25(OH)D: 25-hydroxyvitamin D.
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analysis showed that subjects under 5 years old experienced a 
significantly higher rise in serum vitamin D level than subjects 
aged 11 to 18 years (P ≤ 0.001). No significant difference was 
found between males and females (P = 0.665) or among the 
socioeconomic classes (P = 0.761).

Table 3 shows the treatment-associated change in median 
serum vitamin D levels associated with various nutritional in-
dices. Normal subjects did not differ significantly from sub-
jects with low weight-for-length (P = 0.403), low weight-for-
age (P = 0.545), low height-for-age (P = 0.057) or subjects 
with abnormal body mass index (BMI) (P = 0.85).

Altogether, 66 (51.2%) subjects experienced an improve-
ment in vitamin D status 6 weeks after treatment: 35 in the D2 
arm and 31 in the D3 arm. The proportions with improved vita-
min D status were similar in the two groups (53.8% vs. 48.4%, 
χ2 = 0.682, P = 0.409). Table 4 shows the proportion of subjects 

who improved from deficient to insufficient, from deficient to 
sufficient or remained deficient. It also shows the proportion 
that improved from insufficient to sufficient or remained insuf-
ficient. The information is shown for the two treatment groups.

The table shows that a higher proportion of subjects with 
vitamin D deficiency became sufficient in the D3 treatment arm 
but the difference was not statistically significant (20 (31.2%), 
11 (16.9%), P = 0.411). A significantly higher proportion of 
subjects in D2 treatment arm went from deficient to insuffi-
cient (P = 0.007). A higher proportion of subjects improved 
from insufficient to sufficient in the D3 treatment arm than in 
the D2 arm but the difference was not statistically significant ( 
Fisher exact, P = 0.65). Thirty-two subjects in the total cohort 
had severe vitamin D deficiency ((25OH)D below 30 nmol/L) 
at baseline. Out of these 32 subjects, three (8.33%) remained 
severely deficient. Decline from baseline 25(OH)D with no 

Table 2.  Association Between Change in Serum 25(OH)D and Sociodemographic Characteristics

Change from baseline, median (IQR) U-value P-value
Age group (years) 8.099 0.017
  1 - 5 27.37 (9.7 - 79.4)
  6 - 10 15.94 (8.7 - 33.1)
  11 - 18 16.03 (1.5 - 30.2)
Gender -0.433 0.665
  Male 16.48 (7.4 - 37.7)
  Female 17.05 (5.3 - 33.4)
Social class 0.547 0.761
  Upper 15.63 (9.1 - 37.8)
  Middle 17.69 (7.8 - 33.4)
  Lower 17.10 (4.9 - 32.6)

Kruskal-Wallis analysis was used for age groups and social class, while Mann-Whitney test was used for gender because the variables were not 
normally distributed. IQR: interquartile range; 25(OH)D: 25-hydroxyvitamin D.

Table 3.  Association Between Change in Serum 25(OH)D and Nutritional Status

Change from baseline, median (IQR) U-value P-value
Weight for length
  Wasting 12.8 (10.3) -0.934 0.403
  No wasting 27.8 (11.5 - 77.2)
Weight for age
  Underweight 12.67 (11.3 - 24.2) -0.633 0.545
  Normal weight 18.81 (8.7 - 41.6)
Length/height for age
  Stunting 8.61 (1.6 - 17.7) -1.906 0.057
  No stunting 17.9 (7.4 - 35.6)
BMI for age
  Thinness 16.9 (8.8 - 36.4) 0.326 0.850
  Normal 17.9 (9.05 - 33.5)
  Overweight/obese 6.7 (2.07)

BMI: body mass index; IQR: interquartile range; 25(OH)D: 25-hydroxyvitamin D.
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change in vitamin D status was seen in five (7.69%) and three 
(4.69%) subjects that had vitamin D2 and D3, respectively.

Effect of serum vitamin D on serum calcium level

Table 5 shows the mean baseline and post-treatment serum 
calcium levels in the treatment groups. Pre-intervention levels 
were similar in both treatment groups (t = 0.735; P = 0.464). 
Post-intervention levels were also similar in both groups (t = 
0.733; P = 0.465).

In subjects allocated to oral D2, mean rise in corrected 
serum calcium was 0.098 ± 1.50 (confidence interval (CI) = 
-0.289, 0.487, t = 0.507, P = 0.614). In the vitamin D3 group, 
mean rise was 0.373 ± 0.712, t = 2.210, P = 0.031). Paired t-
test analysis however showed no significant change between 
pre-treatment and post-treatment values in any of the groups 
(paired t = 0.507; P = 0.474 and paired t = 2.21; P = 0.067 in 
the D2 and D3 groups, respectively).

Of the 129 subjects who were assigned to treatment 
groups, 64 (49.6%) had pre-treatment hypocalcemia. This 
number reduced to 27 (20.9%) after treatment with vitamin 
D. Thus there was a 28.7% reduction in subjects with hypoc-
alcemia after 6 weeks of supplementation with vitamin D from 
49.6% to 20.9% (P < 0.001). Out of 37 subjects with hypocal-
cemia that had normal calcium post-treatment, 16 (43.2%) had 
vitamin D2 while 21 (56.7%) were treated with D3 (P = 0.201).

Effect of oral vitamin D on serum ALP

A significant reduction in the serum ALP in the treatment 
groups was seen in each treatment arm. A significant decline in 
proportion of subjects with high serum ALP (40, 31.0%) to 13 
(10.1%) was observed. Also, increase in proportion of subjects 
with normal/low serum ALP from 89 (69.0%) to 116 (89.9%) 
was seen (P ≤ 0.001).

Table 6 shows the mean baseline and post-treatment serum 

Table 4.  Classification of Subjects Based on Response to Vitamin D Therapy

Change in vitamin D status D2 D3 Total χ2 P-value
From deficient n = 56 n = 54 n = 110
  To sufficient 8 (14.2) 15 (27.8) 23 (20.9) 2.56 0.11
  To insufficient 24 (42.9) 11 (20.4) 35 (31.8) 7.17 0.007
Remained deficient 24 (42.9) 28 (51.9) 52 (47.3) 1.43 0.23
From insufficient n = 9 n = 10 n = 19
  To sufficient 3 (33.3) 5 (50.0) 8 (42.1) 0.65*
  Remained insufficient 6 (66.7) 5 (50.0) 11 (57.9)

*Fisher exact test was performed because the figures were small.

Table 5.  Comparison of Serum Calcium Levels Before and After Intervention Between the Treatment Groups

D2 D3 t-value P-value
Baseline
  Mean ± SD 8.85 ± 1.2 8.86 ± 1.2 0.735 0.464
  Range 6.85 - 11.17 6.76 - 11.21
Post treatment
  Mean ± SD 8.95 ± 0.7 9.04 ± 0.7 -0.733 0.465
  Range 7.16 - 10.05 7.19 - 11.23

Table 6.  Serum Alkaline Phosphatase Levels Before and After Intervention

D2 D3 U-value P-value
Baseline
  Median (IU/L) 283.4 299.7 -0.316 0.752
  IQR 246.6 - 367.9 247.9 - 343.3
Post-treatment
  Median (IU/L) 228.9 228.9 -0.606 0.544
  IQR 201.6 - 267.1 185.3 - 267.1

Mann-Whitney U test was used for analysis as variables were not normally distributed. IQR: interquartile range.
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ALP levels in the treatment groups. Pre-intervention levels 
were similar in both treatment groups (Mann-Whitney U test = 
-0.316; P = 0.752). Post-intervention levels were also similar 
in both groups (U = -0.606; P = 0.544).

In subjects allocated to oral D2, median decline in serum 
ALP was -59.9 (Wilcoxon signed rank test, t = -4.433, P ≤ 
0.001). In the vitamin D3 group, median decline in serum ALP 
was -70.8 (Wilcoxon signed rank, t = -5.688, P ≤ 0.001).

Adverse outcomes

Two (1.55%) subjects reported any form of adverse effect as-
sociated with or presumed to be associated with administration 
of vitamin D supplements. One subject complained of nausea 
which was described as transient after ingestion of the medicine 
and was experienced about three occasions within the first 1 
week. The symptom resolved spontaneously thereafter. The sec-
ond patient complained of an episode of abdominal pain which 
resolved with oral ibuprofen administered by the mother.

Discussion

In the early pre-treatment analysis reported by the authors, 
prevalence of vitamin D deficiency was 72.5% and only 14.9 
subjects had sufficient vitamin D [18]. Randomization and 
treatment with vitamin D was done according to World Health 
Organization (WHO) standard. High dose once a week vitamin 
D2 or D3 was administered for 6 weeks adopted in the cur-
rent study has been recommended by the Endocrine Society’s 
Clinical Guideline [12]. This treatment option was chosen to 
ensure compliance and reduce loss to follow-up which was 
shown to be effective in our cohort with more than 90% par-
ticipants completing the study.

Pre-treatment baseline serum 25(OH)D in the two groups 
were similar in our cohort. This makes comparison to treat-
ment feasible. A main finding in the current study was that 
both forms of vitamin D (D2 and D3) showed similar effective-
ness in raising serum 25(OH)D levels. This is in agreement 
with earlier studies [19, 20]. However, some authors have re-
ported D3 to be more effective than D2 [14, 21, 22]. Unlike 
the current study that recruited a relatively large sample size, 
two earlier studies by Heaney et al [21] and Armas et al [22] 
were characterized by small sample sizes (total sample sizes of 
less than 35 subjects), a factor which can result in exaggera-
tion of effect size. In addition, the current study had a similar 
baseline 25(OH)D in contrast to Heaney and co-workers [21] 
where baseline serum 25(OH)D in subjects that had D3 was 
lower than those treated with D2. It is plausible to assume that 
the randomization process in the current study may have cor-
rected bias more adequately than the study by Heaney et al 
[21]. With respect to vitamin D, it is important that the baseline 
values in the treatment groups are similar because it is known 
that the lower the baseline of 25(OH)D in any treatment group, 
the higher the rise from baseline in that treatment group. Nega-
tive feedback to hepatic hydroxylation and synthesis of active 
1,25-dihydroxycholecalciferol in the kidneys have been pos-

tulated as possible reasons for higher response to treatment in 
subjects with lower baseline 25(OH)D [23]. Thus, the relative-
ly higher effect in the vitamin D3 may be due to lower baseline 
25(OH)D levels rather than a superior effect of the vitamin D3.

Also, Trang and co-researchers [14] reported a superior 
effectiveness of vitamin D3 compared to D2 utilized an unbal-
anced randomization of the study subjects (1:3) in addition to 
using sample size that was not adequate for such allocation ra-
tio. It is known that for the finding of a clinical trial to be valid 
unequal randomization requires large sample size compared 
to balanced allocation of subjects into the study arms. Thus, 
the unequal allocation ratio may have biased the study towards 
exaggerating an effect size.

When compared with the finding of an earlier study of 
North American children with SCA by Gordon et al [20], the 
degree of rise in serum 25(OH)D from baseline in response to 
vitamin D was lower in the current study (68 nmol/L vs. 15 
nmol/L). This was despite similar baseline 25(OH)D, strength, 
formulation, dose and duration of therapy. Whereas the index 
study recruited children aged 1 to 18 years, the North Ameri-
can study recruited children only less than 2 years of age. It is 
known that younger age group responds better to vitamin D 
supplementation as earlier explained. Reasons attributable for 
wide variation in the degree of rise from the baseline 25(OH)
D between the current study and previous studies [19, 22] in-
clude differences in age ranges, strength of formulation, dura-
tion of treatment and frequency of administration.

Although only a quarter of the subjects had normal serum vi-
tamin D post-treatment, a subgroup analysis revealed that 90% of 
the subgroup of the total cohort with severe vitamin D deficiency 
(serum 25(OH)D below 30 nmol/L) improved to at least a defi-
cient state (serum 25(OH)D ≥ 30 nmol/L ). This may suggest that 
given longer time on vitamin D therapy, this group and indeed 
other categories of deficient levels may improve in their vitamin 
D levels. Earlier reports did not express the effect of vitamin D 
therapy in SCA subjects in terms of the proportion of subjects 
that showed improvement in their vitamin D status [14, 20, 21]. 
Rather, effectiveness was determined using mean or median rise 
in serum 25(OH)D from baseline. The current study however, 
evaluated effectiveness of vitamin D therapy in terms of median 
rise from baseline as well as the proportion of subjects that im-
proved in response to therapy. Hence, comparison could not be 
made in terms of proportion of subjects that showed improve-
ment in their vitamin D status with earlier studies.

The current study observed that weekly oral vitamin D 
was effective in the treatment of hypovitaminosis D as it re-
sulted in about 52% increase in 25(OH)D from baseline values. 
The advantage in the use of a weekly oral preparation, rather 
than daily dosage is that compliance to a weekly-administered 
medication is likely to be better than that of a daily-adminis-
tered one. Also, the costs of vitamin D2 (ergocalciferol) and 
D3 (cholecalciferol) per patient for the 6-week treatment were 
4 dollars and 1.8 dollars, respectively. Since the two forms of 
vitamin D showed comparable effectiveness, vitamin D3 might 
be considered as a more cost-effective formulation in resource-
poor countries like Nigeria.

The finding of a better response to vitamin D treatment in 
the younger age groups as was observed in the current study 
agree with previous reports [14, 24-26]. This has been attrib-
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uted to the fact that similar doses were administered across all 
the age groups in all the studies, thus younger subjects received 
a larger amount per unit body size compared to the older ones. 
Hence, some authors have proposed the need for weight ad-
justed dose [27]. Administration of oral vitamin D resulted in 
corresponding increase in serum calcium and decline in ALP 
in our cohort. Similar responses to vitamin D treatment were 
noticed in both treatment groups. A similar response in serum 
calcium to vitamin D therapy was reported by Soliman et al 
[28]. This finding is not surprising because active 1,25-dihy-
droxyvitamin D stimulates active intestinal absorption of cal-
cium [29]. The finding of a significantly higher proportion of 
number of subjects that had a decrease in serum ALP has also 
been previously reported. This implies that treatment of hypo-
vitaminosis D effectively reduces bone turnover.

No serious adverse effect to treatment was noticed in our 
study. All side effects were transient. This buttresses the effi-
cacy and safety of high dose of vitamin D in children with SCA 
complicated by hypovitaminosis D.

In conclusion, oral administration of vitamin D2 or D3 is 
equally effective in correction of hypovitaminosis D. Also, 
administration of vitamin D resulted in significant increase in 
proportion of participants with normal serum calcium and re-
duction in serum ALP.

Limitation

This study limitation includes inability to follow up partici-
pants for a longer duration to identify any late effect to treat-
ment. Bone marrow density may have provided a clinical 
surrogate of vitamin D deficiency but was excluded in the 
current study due to cost implications. Also, renal function 
assessment was not done in the study subjects. Subjects al-
located to vitamin D2 had to take tablets (10) due to unavail-
ability of 50,000 IU strength. The fact that the formulation 
was tablets however made it easy for caregivers to crush and 
administer, thereby controlling for difficulty in usage and 
non-compliancy.
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