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ABSTRACT

Aim: Children with sickle cell disease (SCD) are at high risk of vitamin D deficiency (VDD). The prevalence of VDD in different countries is
between 65-100% in these patients. The present study was undertaken to find the prevalence of VDD among sickle cell children and to assess
the association of co-morbidities with VDD.

Materials and Methods: Total 89 children who were attending a sickle cell clinic/admitted to paediatric wards of a Tertiary Care Centre were
enrolled in this study. After their history, clinical examination and anthropometry were investigated, samples were taken for serum 25-hydroxy
vitamin D ng/mL and calcium level assessment. The outcome was morbidity in sickle cell children in terms of frequency of pain episodes,
number of febrile episodes, number of blood transfusions and total number of admissions.

Results: Out of 89 cases, 58 (65.17%) cases were deficient in vitamin D (<20 ng/dL), 22 (24.72%) cases had insufficiency (20-30 ng/dL) and 9
(10.11%) cases had normal vitamin D levels (>30 ng/dL). The mean vitamin D level was 19.42ng/dL. Morbidity in SCD was more in VDD children
compared to vitamin D sufficient children with significance in the number of pain episodes and the total number of hospital admissions but not
in the number of admissions for acute febrile illness or the total number of blood transfusions.

Conclusion: VDD was prevalent in 65.17% of children with SCD. Children between 4-12 years were more affected with a male predominance. As
this study involved children with SCD alone, future studies need to be carried out involving children without SCD to establish a better possible
link between vitamin-D and SCD morbidity.
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Introduction western regions, and has a considerable health burden (2).
As per an Indian Council of Medical Research survey, about
20% of children with SCD expired by the age of two and

Sickle cell disease (SCD) is the most common
hemoglobinopathy worldwide. It is caused by a mutation

resulting from an exchange of nitrogenous bases in the sixth 30% of children with SCD among the tribal community die
codon of the beta-globulin haemoglobin gene, generating before they reach adulthood (2,3).

abnormal haemoglobin called haemoglobin S (HbS) (1). SCD Children with sickle cell anaemia (SCA) have a higher
has a high prevalence in India, especially in the central and risk of developing nutritional deficiencies due to reduced
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appetite (4), poor dietary intake of nutrients and infectious
complications, (5) which demand greater attention from
health care professionals. Among the vitamins, vitamin D
must be carefully evaluated in children with SCA because
these patients are more likely to develop vitamin D deficiency
(VDD) when compared to healthy controls (6). This is due to
the high concentration of melanin in the skin, low levels
of physical activity and low food intake (5). Calcium and
vitamin D are important for bone metabolism, and low
calcium intake leads to a reduction in the ideal bone mass
peak in children and adolescents with SCA, which leads to
growth failure (7). VDD, in turn, is associated with increased
respiratory infections, muscle weakness and increased risk
of falls and micro lesions (8).

In addition, SCD is a genetic disorder with various
life-threatening organ-system complications like periodic
vaso-occlusive crises, chronic haemolysis, jaundice, infarcts
and acute chest syndrome (1). Vaso-occlusive crises are
the result of interactions between sickle erythrocytes,
inflammatory cytokines and endothelium. VDD, which
has effects on endothelial dysfunction and cytokines, has
possibly contributed to the pathogenesis of SCD (6). Patients
exhibit elevated leukocyte counts, abnormal activation
of granulocytes, monocytes, and endothelial cells, and
increased levels of multiple inflammatory mediators.
Finally, SCD is an inflammatory condition and vitamin D
binding protein has been shown to decline in inflammatory
conditions. New literature suggests there is an association
between VDD and increased anaemia in patients with
chronic anaemia (9). Patients with SCD are susceptible to
all of these complications, although it is unclear to what
extent VDD is a contributing causal factor.

VDD is seen frequently in patients with SCD and it
has emerged as a public health focus in recent years
for its contribution to adverse skeletal and extra-skeletal
manifestations (10). However, the relationship between
inflammation and VDD in SCD pathogenesis has not been
investigated to date. VDD is common in Indian children
and there is well documented literature showing vitamin
D in SCD is lower than in the general population (6).
VDD can be reliably and inexpensively treated making it a
prime intervention to potentially improve health outcomes
among those with SCD. To date, prophylactic vitamin D
supplementation is not practiced by a majority of physicians.
Despite this evidence, VDD remains both under-recognized
and under-treated in patients with SCD. Studies from other
countries have documented that SCD children are 5.3 times
more likely to be deficient in vitamin D compared to healthy
controls (6). However, limited data is available from India
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with respect to the potential association between VDD
and its association with the co-morbidities observed in
SCA. Hence, the present study was conducted to study the
association of vitamin D status with morbidity in children
with SCD.

Materials and Methods

The present cross-sectional study was conducted on 89
children of both sexes, aged between 2-18 years with SCD
with “SS” and “SF” pattern, diagnosed by high-performance
liquid chromatography, who were attending a sickle cell clinic
or admitted to the paediatric wards of a Tertiary Care Centre
in central India during a period of 2 years from September
2016 to August 2018. Children on hydroxyurea therapy,
sickle cell children with chronic diseases or on vitamin D
supplementation were excluded from this study. Ethical
clearance and approval was obtained from Institutional
Ethical committee and written informed consent was taken
from the parents of the patients.

A detailed history, clinical examination and
anthropometry were taken and data was collected in
structured data collection forms. Blood samples were
drawn in plain tubes for 25-hydroxyvitamin D [25(OH)D]
and serum calcium. The estimation of vitamin D was done
by radio-immune assays using chemiluminescent protein
binding assay because of unavailability and cost factors. The
classification of VDD based on serum levels of vitamin D
according to Indian paediatrics guidelines (11) are as follows;
1) deficiency <20 ng/dL, 2) insufficiency 20-30 ng/dL and 3)
Sufficiency >30 ng/dL. Calcium was estimated by CALC -
Arsenazo Il method. The outcome for morbidity in sickle
cell children was determined in terms of the frequency of
pain episodes, the number of admissions for acute febrile
illness, the number of blood transfusions and the total
number of admissions. Data for morbidity was obtained
from the records in the sickle cell clinic and from a timeline
which was given for sickle cell children.

Statistical Analysis

Statistical analysis was done by using the software,
STATA, version 10.1; 2011. Descriptive statistics like mean,
and standard deviation were used for quantitative measures
while frequency and percentages were used to summarize
qualitative measures. Inferential statistics included
hypothesis testing procedures like Pearson’s chi-square
test for assessing differences in proportions and testing
associations. Two-independent samples t-test was used for
assessing differences in the means of groups. P-value less
than 0.05 was considered statistically significant.
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Observations and Results

A total of 89 children with SCD (SS5-88 children and SF-1
child) were enrolled in this study, of whom 50 (56%) were
males and 39 (44%) were females. The majority of cases
were in the age group of >4-8 years (40.45%) followed by
>8-12 years (34.83%), 2-4 years (13.48%) and >12-18 years
(11.24%). The mean age of patients was 7.32+3.27 vyears,
ranging from 2.5-16 years.

VDD was reported in 58 (65.17%) children with SCD, 22
(24.72%) cases had insufficiency and 9 (10.11%) cases had
normal vitamin D levels as depicted in Figure 1. The mean
vitamin D level was 19.42 ng/dL, ranging from 5.12 to 62.05
ng/dL.

Table | shows the comparison of vitamin D levels with
age and sex, which also shows no relationship of vitamin D
levels with age and sex.

Nutrition status is classified into undernourished and
normal based on WHO and CDC classification criteria. Out
of 89 cases, 26 (29.21%) children had normal nutrition and
63 (70.79%) children were undernourished. VDD was more
among undernourished than children with normal nutrition,
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Figure 1. Distribution of cases according to vitamin D deficiency levels
in SCD
SCD: Sickle cell disease, VDD: Vitamin D deficiency

with a p-value of 0.001, which was statistically significant
(Figure 2), (Table II).

1. Vitamin D deficiency in SCD children was associated
with increased pain episodes compared to vitamin D
sufficient children (p=0.001).

2. Number of hospital admissions for acute febrile illness
had an inverse relationship with vitamin D levels with a
p-value of 0.152 which was not statistically significant. Thus,
VDD was associated with an increased risk for admissions
for acute febrile illness but not significantly.

3. Number of blood transfusions had an inverse
relationship with vitamin D level with a p-value=0.728

which was not statistically significant.

4. Total number of hospital admissions had an inverse
relationship with vitamin D levels. Decrease in vitamin D
levels increases the number of total admissions in deficient
group > insufficient group > normal vitamin D level with a
p-value=0.018.

The comparisons of mean values of co-morbidities
(number of pain-crises, acute febrile illness, blood
transfusions and total number of admission) between VDD
and vitamin D sufficiency groups are shown in Table Ill. The
mean number of pain episodes, admissions for acute febrile
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Figure 2. Association between vitamin D levels and nutrition status

Table I. Comparison of vitamin D levels with age and sex
Age group in years
::‘it:g";:;_') level :12) ofcases | )4 >4-8 e p-value
M F M F M F M F M F
<20 58 (65.17%) 3 02 |13 |12 |12 [10 |5 |1 33 (66%) 25 (64.1%)
20-30 22 (24.72%) 2 (2 e |3 |5 |2 |1 1 14 (28%) 8 (20.51%)
>30 9 (10.11%) 102 (1 1 11 o |2 |3(6%) 6 (15.38%) gzgf;‘;are (2)=242
Total 89 (100%) 6 6 20 |16 18 13 6 4 50 (56.17%) 39 (43.82%)
p-value Chi-square (6)=3.92, p-value=0.688
M: Male, F: Female
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Table Il. Association of co-morbidities with vitamin D status in children with SCD
Pain episodes category
Vitamin D level in ng/dL p-value
0-3 >3-6 >6-9 >9
<20 9 (27.27%) 34 (82.93%) 13 (92.86%) 2 (66.67%)
20-30 16 (48.48%) 6 (14.63%) 1(7.14%) 1(33.33%) 0.001
>30 8 (24.24%) 1(2.44%) 0 (0.0%) 0 (0.0%)
Hospital admissions for acute febrile illness
Vitamin D level in ng/dL
0-2 >2-4 >4-6 >6
<20 19 (51.35%) 29 (78.38%) 5 (62.5%) 5 (71.43%) 0.52
20-30 14 (37.84%) 4 (10.81%) 3(37.5%) 1(14.29%)
>30 4 (10.81%) 4 (10.81%) 0 (0%) 1(14.29%)
Number of blood transfusions
Vitamin D level in ng/dL
0-4 >4-8 >8-12 >12
<20 51(65.38%) 6 (66.67%) 0 (0.00%) 1(100%) 0.728
20-30 19 (24.36%) 2(22.22%) 1(100%) 0 (0.00%)
>30 8 (10.26%) 1(11.11%) 0 (0.00%) 0 (0.00%)
Hospital admissions category
Vitamin D level in ng/dL
0-5 >5-10 >10-15 >15
<20 1 (37.93%) 34 (80.95%) 9 (69.23%) 4 (80%) 0.018
20-30 12 (41.38%) 6 (14.29%) 3(23.08%) 1(20%)
>30 6 (20.69%) 2 (4.76%) 1(7.69%) 0 (0.00%)
SCD: Sickle cell disease
Table Ill. Comparison of mean values of co-morbidities between vitamin D deficiency and vitamin D sufficiency group
Co-morbidities VDD group Vitamin D sufficiency group p-value
Number of pain episodes 5.60+3.25 2.22+1.64 0.01
Number of admissions for acute febrile illness 3.48+1.76 2.66%1.93 0.09
Number of blood transfusions 3.00+5.25 1.55+1.81 0.4
Total number of hospital admissions 9.01+5.30 5.11+3.01 0.02
VDD: Vitamin D deficiency

illness, blood transfusion and total admissions was more in
the VDD group than the vitamin D sufficiency group.

Discussion

In the present study, the most common age group of
SCD patients was 4 to 8 years, similar to that reported in
the Garrido et al. (12) study. A male predominance was
observed, which may be due to the fact that, in India, there
is a lower healthcare utilization rate among females (13).
Children with SCD are more prone to nutritional deficiency.
VDD is one of the most common nutrient deficiencies
among children with SCD. The prevalence of VDD in young
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children is around 50-90% in the Indian subcontinent
(14). In the current study, VDD was found in 58 (65.17%)
children, insufficiency in 22 (24.72%) and sufficient in 9
(10.11%) children with SCD. Thus, the study shows that 90%
of children were below 30 ng/dL and 65.17% of children
were deficient. These results correlated well with previous
studies (12,15,16). Rovner et al. (6) defined VDD as a vitamin
D level less than 11 ng/mL and insufficiency as a vitamin
D level between 11 to <30 ng/mL. They found that 33% of
children with HbSS were deficient, compared with only 9%
of healthy children. The current study found that only 20%
of children had VDD <11 ng/dL, so VDD is highly prevalent
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in children with SCD. The mean vitamin D level was 19.42
ng/dL, which is comparable with the study done by Winters
et al. (17) where they found the mean [25(OH)D] level was
17.2+9.5 ng/dL.

There was no correlation between vitamin D level and
sex. There was an inverse relationship between age and
vitamin D level but it was not statistically significant
(p=0.688). Similar results are reported in the study
conducted by Adewoye et al. (18) and AljJama et al. (19).
VDD was more in undernourished children than in children
with normal nutrition. Jackson et al. (20) reported vitamin
D levels were not significantly correlated with body mass
index (BMI) percentile (p=1.00)/BMI Z-score (p=0.53). Ozen
et al. (21) found vitamin D levels were significantly lower
in children whose height and/or weight were >2 standard
deviation below the mean.

There was low vitamin D level found in an existing study
which was associated with an increase in the frequency
of painful crises. Vaso-occlusive crises are the result of
interactions between sickle erythrocytes, inflammatory
cytokines and endothelium. VDD, which has effects on
endothelial dysfunction and cytokines, has possibly
contributed to the pathogenesis of SCD (7). Serum [25(OH)
D] ng/mL is a negative acute phase reactant, which has
implications for acute and chronic inflammatory diseases.
Serum [25(OH)D] ng/mL is an unreliable biomarker of
vitamin D status after acute inflammatory insult (22).
This may be the reason behind the increased severity of
bone pain and hospitalisation due to vaso-occlusive crises.
Lee et al. (16) found similar findings that serum [25(OH)
D] ng/mL was associated with pain, but no significant
association between serum [25(OH)D] ng/mL and acute
chest syndrome. Osunkwo et al. (23) also found a significant
association between VDD and painful crises. Shams et al. (24)
found vitamin D administration was associated with lower
postoperative analgesia requirement and postoperative
complication. There was an increased risk of admissions in
vitamin D deficient sickle cell children compared to vitamin
D sufficient children but this was not statistically significant
(p=0.220). In children with low levels of vitamin D, there
was an increase in the number of blood transfusion but this
was not statistically significant (p=0.728). These findings
are in accordance with earlier studies (25,26). Total number
of hospitalizations was inversely proportional to the
vitamin D level (p=0.018). McCaskill et al. (27) also found
similar results that vitamin D serum levels are inversely
associated with medical record reported hospitalizations
visits (p=0.04).

Study Limitations

The seasonal variation of vitamin D levels was not
considered in the present study. The presence of sickle
cell nephropathy, which could significantly contribute to
development of VDD, was not evaluated. We also did not
determine the prevalence of lactose intolerance, the dietary
intake of vitamin D or other life style factors which could
affect the development of VDD in this population. In order
to understand the relationship between vitamin D and
co-morbidities, a molecular study needs to be carried out
in patients with SCD to observe changes occurring in the
presence of decreased levels of vitamin D.

Conclusion

Vitamin D was one the most common nutrient
deficiencies encountered in sickle cell children with a
prevalence of 65.177% in the present study. Therefore, the
authors suggest regular monitoring of serum vitamin D
levels in patients with SCD and, subsequently, supplements
to relieve pain, enhance efficiency, reduce the development
of anaemia and reduce the requirement of hospital
admission in patients with insufficient vitamin D. As this
study involved children with SCD alone, a future study
needs to be carried out involving children without SCD to
establish a better possible link between vitamin D and SCD
morbidity.

A clinical trial with vitamin D supplementation is
planned. This trial will help us to prove the hypothesis that
there is indeed a relation between vitamin D and sickle cell
anaemia.
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