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Abstract
Background We aimed to investigate the effect of single,
high-dose intramuscular cholecalciferol on vitamin D3 and
intact parathyroid hormone (iPTH) levels in children with
chronic kidney disease (CKD).
Methods Between January 2012 and June 2012, we con-
ducted a prospective, uncontrolled study at the Pediatric
Nephrology Unit of King Abdulaziz University Hospi-
tal, Jeddah, to investigate the effect of single, high-dose
intramuscular vitamin D3 on 25(OH)D3 and iPTH lev-
els in vitamin D insufficient/deficient children with
CKD. Serum vitamin D3, iPTH, calcium, phosphate,
alkaline phosphatase (ALP), and creatinine levels were
measured before intramuscular vitamin D3 (300,000 IU)
administration, and these were subsequently repeated at
1 and 3 months after treatment. Statistical analysis was
performed with the Statistical Package for the Social
Sciences (SPSS Inc., Chicago, IL, USA).
Results Nineteen children fulfilled the criteria. At
3 months after treatment, vitamin D3 levels were sig-
nificantly higher than at baseline (p<0.001) but lower
than the levels at 1 month. iPTH levels decreased sig-
nificantly at 3 months (p=0.01); however, the drop in
iPTH levels was not significant at 1 month (p=0.447).
There were no changes in calcium, phosphate, ALP, or
creatinine levels after treatment.
Conclusions Single-dose intramuscular vitamin D3
(300,000 IU) resulted in significant improvement of vitamin
D3 and iPTH levels in children with CKD.

Keywords Chronic kidneydisease .Chronic kidney disease-
mineral bone disorder . Children . Vitamin D insufficiency/
deficiency . Intramuscular cholecalciferol

Introduction

Chronic kidney disease (CKD) is associated with distur-
bance of mineral and bone homeostasis. This condition,
termed CKD-mineral bone disorder (CKD-MBD), and pos-
sibly its treatment is associated with increased morbidity
and mortality [1]. In children with CKD, impaired conver-
sion of 25-hydroxyvitamin D3 (25[OH] D3) to 1, 25-
dihydroxyvitamin D3 (1,25 [OH]2D3) and phosphate reten-
tion result in low calcium levels. This in turn causes an
increase in intact parathyroid hormone (iPTH) levels, lead-
ing to defective skeletal mineralization [2]. In contrast, in
patients with late CKD-MBD, there are changes in bone
turnover, characterized by high levels of PTH and inflam-
matory markers [3].

In recent studies from different parts of the world, 25
(OH) D3 deficiencies were reported in both adults [4–6] and
children [7, 8] with CKD. We reported a high frequency
(87.5 %) of vitamin D insufficiency/deficiency that corre-
lated negatively with iPTH levels and CKD stages [9]. The
2009 Kidney Disease: Improving Global Outcomes
(KDIGO) clinical practice guideline on the management of
CKD-MBD recommended that 25 (OH) D3 levels should be
monitored and if low, ergo-, or cholecalciferol supplements
should be prescribed [10]. Ergocalciferol was reported as
safe and effective in delaying the onset of secondary hyper-
parathyroidism in 25(OH)D3-deficient children with CKD
stages 2–3 who were not receiving alfacalcidol [11]. In our
previous report, the administration of oral vitamin D3
2000 IU/day resulted in significant improvement of vitamin
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D levels in children with CKD, but only 11 % of the patients
achieved normal levels after 3 months of treatment; howev-
er, oral vitamin D supplementation had no effect on the
iPTH levels of the children [12].

In this study, we investigate the effect of single, high-
dose intramuscular vitamin D3 on the levels of 25(OH) D3
and iPTH in vitamin D-insufficient/-deficient children with
CKD who failed to respond to low-dose maintenance ther-
apy with oral vitamin D3. We are testing the hypothesis that
in children with high iPTH who had received alfacalcidol,
CKD-MBD can be improved by normalizing vitamin D3
levels.

Patients and methods

This prospective, uncontrolled study was conducted to in-
vestigate the effect of single, high-dose intramuscular vita-
min D3 on the levels of 25(OH) D3 and iPTH in vitamin D
insufficient/deficient children with CKD. All the children
were followed up at the Pediatric Nephrology Unit of King
Abdulaziz University Hospital, Jeddah, between January
2012 and June 2012. Ethical approval for the study was
obtained from the Biomedical Ethics Research Committee
of King Abdulaziz University. Written informed consent
was obtained from all the parents.

Children with CKD stages 2–5 were included in the study
provided they met the following criteria: low vitamin D3
despite supplementation with oral cholecalciferol
2000 IU/day for 6 months, high iPTH, and normal calcium.
We excluded all children who did not complete 6 months of
treatment with oral cholecalciferol. As reported previously,
all the children had received alfacalcidol (15–30 ng/kg/day)
and calcium carbonate (300 mg–1.25 g three to four times
daily) for at least 3 months prior to the administration of oral
cholecalciferol 2,000 IU/day (for 6 months) [12]. The doses
were maintained throughout the study period.

For all children included in the study, laboratory inves-
tigations, including serum vitamin D3, iPTH, calcium, phos-
phate, alkaline phosphatase (ALP), and creatinine levels
were performed before the administration of intramuscular
vitamin D3 300,000 IU (1 ml of cholecalciferol; Streuli,
Switzerland). The investigations were subsequently re-
peated at 1 and 3 months after treatment. Calcidiol
levels were measured by using radioimmunoassay (Dia-
sorin, Stillwater, MN, USA). Serum iPTH was measured
by Elecsys 2010 autoanalyzer system (Roche Diagnos-
tics, Basel, Switzerland).

The stages of CKD were classified according to the esti-
mated glomerular filtration rate, which was calculated using
the Schwartz formula [13]. Based on the Kidney Disease
Outcomes Quality Initiative (K/DOQI) guidelines [10], vita-
min D sufficiency was defined as 25(OH)D level ≥30 ng/ml;

insufficiency, 16–29 ng/ml; deficiency, 5–15 ng/ml; and se-
vere deficiency if <5 ng/ml.

Statistical method Statistical analysis was performed with
the Statistical Package for the Social Sciences (SPSS). Kol-
mogorov–Smirnov test of normality was conducted to test
numerical variables for normality. A p value>0.05 implied
normal distribution of the data.

Descriptive statistics was conducted for all variables that
were normally distributed by using mean and standard de-
viation. Paired t test was used to compare the change in
vitamin D3 levels from baseline to the first and third months
after intramuscular vitamin D3 administration. Significance
was set at p<0.05, with 95 % confidence interval that did
not include 0.

Results

Nineteen children fulfilled the inclusion criteria. The
amount of elapsed time between completion of the oral trial
and entry into the intramuscular trial ranged from 2 to
6 months (median, 3 months). The mean (SD) age of the
children was 11.8 (4.6) years (median, 12 years; range, 2–
16 years). The study population comprised 11 boys and
eight girls (Table 1). Twelve children were Saudis and seven
were of other nationalities. Two children had stage 2 CKD,

Table 1 Clinical characteristics of the study population

Age 11.8 (4.6) years

Gender

Boys 11

Girls 8

CKD stage

Stage 2 2

Stage 3 1

Stage 4 3

Stage 5 13

Severity of vitamin D deficiency

Insufficient 2

Deficient 12

Severely deficient 5

Underlying primary renal disease

Obstructive uropathy 11

Glomerular disease 3

Renal dysplasia 1

FHHNC 1

Unknown 3

CKD chronic kidney disease, FHHNC familial hypomagnesemia
hypercalciuria nephrocalcinosis syndrome

Data are presented as frequency unless otherwise stated
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one had stage 3 CKD, three had stage 4 CKD, and 13 had
stage 5 CKD.

There was significant improvement in vitamin D3 levels
in 15 children (79 %) (p<0.001) who achieved normal
vitamin D3 levels (≥30 ng/ml), 1 month following the
administration of intramuscular cholecalciferol. Among the
15 children who achieved normal vitamin D3 levels, 11 had
stage 5 CKD and four had stage 2–4 CKD; four children
(two with stage 5 CKD and two with stage 2–4) failed to
achieve normal vitamin D3 levels. Four children had vita-
min D3 levels ≥30 ng/ml (range, 53.2–61.2 ng/ml), but none
of them had hypercalcemia.

Three months after intramuscular injection of chole-
calciferol, the vitamin D3 levels were significantly
higher than at baseline (p<0.001) but lower than the
levels after 1 month. There was no case of high vitamin
D3 levels 3 months after treatment, and only nine
children (47.4 %) had normal vitamin D3 levels. Of
these, seven had stage 5 CKD, one had stage 2 CKD,
and one had stage 4 CKD. Their median age was
13 years (range, 3–16 years).

Similarly, there was a significant improvement in
iPTH levels, from mean (SD) 107.7 (78.0) pmol/l at
baseline to 90.6 (79.4) pmol/l, 3 months after intramus-
cular administration of cholecalciferol (p=0.01); howev-
er, the drop in iPTH levels was not significant 1 month
after vitamin D3 injection (p=0.447). There were no
changes in the levels of calcium, phosphate, ALP, or
creatinine after intramuscular administration of vitamin
D3 (Table 2).

Table 3 shows the results of laboratory investigations
of the 19 children before and after administration of
oral cholecalciferol 2,000 IU/day prior to the adminis-
tration of single-dose intramuscular cholecalciferol.
When compared with the results observed after intra-
muscular administration of high-dose intramuscular cho-
lecalciferol, there was no significant improvement of the
vitamin D3 and iPTH levels.

Discussion

Vitamin D insufficiency/deficiency is a common health
problem in Saudi Arabia, a country with abundant sunshine
throughout the year, due to lack of exposure to sunlight,
poor supplementation, consumption of cola soft drinks, and
prolonged breastfeeding [14–16], which are common prac-
tices among the local population. In our previous study
investigating the effect of daily oral vitamin D3 on the levels
of 25(OH)D3 and iPTH in vitamin D-insufficient/-deficient
children with CKD [12], maintenance therapy with oral
vitamin D3 (2000 IU/day for 6 months) did not result in
improved iPTH levels, and only 11 % of the children
achieved normal 25 (OH) D3 levels (≥30 ng/ml). Further-
more, all the children had received alfacalcidol, the active
form of vitamin D, which is recommended for use in chil-
dren with CKD and high iPTH, with the aim of normalizing
iPTH levels in these children. We believe that non-
adherence to treatment may explain the poor response to
vitamin D supplementation in our study, as there is evidence
that the administration of oral vitamin D3 resulted in im-
proved vitamin D3 levels and a reduction in iPTH [8, 17,
18]. The poor response in our study may also be attributed
to the low dose of oral vitamin D that we administered to the
children since the current recommendation is to use doses of
1,000 IU/day for infants <1 month old, 1,000 to 5,000 IU/day
for infants 1 to 12 months old, and >5,000 IU/day for
children >12 months old [19].

According to our findings, vitamin D3 is useful in chil-
dren with renal bone disease, who have low vitamin D3. We
found that 3 months after intramuscular therapy, vitamin D3
levels were sustained in nine children, who were older in
age. While it is known that children with CKD stages 2–4
show a better response to vitamin D therapy [11], only two
of the children with CKD stages 2–4 and seven with stage 5
CKD sustained normal vitamin D3 levels 3 months after
therapy. However, this finding can be explained by the small
size of our cohort. We also did not observe any adverse

Table 2 Summary of laboratory investigations before and after intramuscular vitamin D3

Investigationa Baseline results Results after 1 month P1b Results after 3 months P2b

Vitamin D3 14.4086 (7.62286) 38.6846 (13.29329) 0.000 26.5884 (9.35905) 0.000

iPTH 107.67 (77.96) 102.30 (80.5) 0.447 90.5895 (79.4455) 0.010

Ca 2.0758 (0.33807) 2.1068 (0.35461) 0.669 2.1384 (0.31035) 0.453

PO4 1.7168 (0.49432) 1.7211 (0.29488) 0.947 1.7553 (0.67724) 0.815

ALP 477.11 (407.844) 418.16 (351.834) 0.124 426.26 (346.699) 0.230

Creatinine 551.21 (345.776) 550.58 (322.782) 0.974 582.58 (312.479) 0.257

ALP alkaline phosphatase, Ca calcium, iPTH intact parathyroid hormone, PO4 phosphate

Data are presented as mean (SD)
a Reference ranges: ALP (145–450 U/l), Ca (2.1–2.5 mmol/l), PO4 (0.81–1.58 mmol/l), iPTH (1.6–6.9 pmol/l) and creatinine (8–31 μmol/l)
b P1 and P2 denote the significance of the changes observed after 1 and 3 months of intramuscular vitamin D3 administration, respectively
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effect, such as hypercalcemia as confirmed in previous
studies on normal children [20] or those with CKD [17,
18]. Despite the improvement of vitamin D3 level after the
intramuscular dose, however, iPTH was still higher than its
level at the end of the oral trial. This could be explained by
the time delay between the end of the oral trial and the
administrations of the intramuscular high dose as the same
method of essays were used in both occasions.

As mentioned earlier, high doses of oral vitamin D3 were
associated with increased vitamin D3 and decreased iPTH
levels. Hari et al. from India reported using oral vitamin D3
600,000 IU daily for 3 days in children aged 2–15 years, and
they observed a significant improvement in vitamin D levels
as well as a significant reduction in iPTH, 6 weeks after
treatment [17]. Belostotsky et al. from Manchester used
single dose oral vitamin D3 (100,000 IU for those 5–
10 years of age and 150,000 IU for those over 10 years
old), with the nephrologist or clinic nurse witnessing inges-
tion of the medication at the clinic [18]. They observed a
significant increase in vitamin D levels, but they did not
measure iPTH levels in their patients. In the current study, to
curb non-adherence to treatment and because of the unavail-
ability of oral high-dose formulations locally, we adminis-
tered a single, high dose of vitamin D3 (300,000 IU)
intramuscularly to the children who failed to respond to
low-dose maintenance therapy with oral vitamin D3. This
is an unconventional mode of drug delivery, which could be
avoided by using large oral doses of vitamin D3.

However, we observed that children with vitamin D3
deficiency benefited from single, high-dose cholecalciferol
injections as reflected by the significant improvement with a
rise in the levels of vitamin D3 at 1 and 3 months after
treatment. Similar improvements with a reduction in the
serum levels of iPTH were also observed after 3 months of
treatment which is of clinical relevance as it could improve
CKD-MBD. Nevertheless, within a few months, the levels
of vitamin D3 should be expected to drop as observed in our
cases. Thus, monitoring 25(OH) D3 levels and repeating the

dose of vitamin D3 every 3 months, as suggested by Belos-
totsky et al. [18], seems reasonable.

The Cochrane reviewers found 15 randomized controlled
trials comparing different interventions used to prevent or
treat bone disease in children with CKD stages 2–5. They
concluded that bone disease, assessed by changes in PTH
levels, is improved by all vitamin D preparations. However,
no consistent differences between routes of administration
(oral or intraperitoneal), frequencies of dosing, or vitamin D
preparations could be recommended [21].

Shroff et al. used oral vitamin D3 in vitamin D-deficient
or severely deficient children with CKD who had normal
iPTH levels [11]. They used intensive replacement treatment
with ergocalciferol as per the Kidney Disease Outcomes
Quality Initiative (KDOQI) clinical practice guidelines for
nutrition in CKD [22], and they found that after 3 months of
therapy, there was a significant improvement in 25(OH)D
levels in the treated group as compared with the placebo
group. There was also an improvement in the levels of 1,25
(OH)2D in the treated group compared with the placebo
group [11]. They concluded that ergocalciferol was effective
in delaying the development of secondary hyperparathyroid-
ism in children with CKD 2–3 who had normal iPTH.

This study had some limitations in that it was uncon-
trolled and hence had the fundamental defect of lacking a
contemporaneous comparison group. More so, because it
was single-arm comparing to a historic control of oral vita-
min D treated patients, the time-to-event endpoints in the
single-arm study relied on historical controls. This study
was also limited in that the study sample was small, especially
the number of patients with CKD stages 2–4. On the one hand,
because all the patients initially received low doses of oral
vitamin D (2,000 IU/day), the poor response was expected in
the historical group since the current recommendation is to use
doses of >5,000 IU/day for children >12 months old [19]. On
the other hand, we administered high doses of intramuscular
vitamin, which have been reported to cause a biochemical
response within 1–2 weeks. Because of the possible toxicity

Table 3 Summary of laboratory investigations in the 19 patients before and after oral vitamin D3 administration

Investigationa Baseline results Results after 3 month P1b Results after 6 months P2b

Vitamin D3 10.893 (6.8497) 13.6777 (4.52309) 0.086 13.400 (5.8528) 0.181

iPTH 54.8437 (6.03) 71.5053 (8.48) 0.694 67.3818 (7.50) 0.694

Ca 2.2732 (0.22106) 2.2353 (0.28723) 0.610 2.3205 (0.21413) 0.333

PO4 1.8616 (0.76290) 2.0071 (0.79877) 0.545 1.7244 (0.53957) 0.177

ALP 334.79 (257.039) 329.82 (272.478) 0.812 300.84 (230.641) 0.354

Creatinine 412.22 (302.806) 447.00 (364.990) 0.409 384.00 (254.431) 0.863

PTH parathyroid hormone, Ca calcium, ALP alkaline phosphatase, PO4 phosphate

Data are presented as mean (SD)
a Reference ranges: ALP (145–450 U/l), Ca (2.1–2.5 mmol/l), PO4 (0.81–1.58 mmol/l), iPTH (1.6–6.9 pmol/l) and creatinine (8–31 μmol/l)
b P1 and P2 denote the significance of the changes observed after 1 and 3 months of oral vitamin D3 administration, respectively
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related to the administration of high doses of vitamin D3, it is
important to obtain at this period serum calcium, phosphorus,
magnesium, ALP, 25 (OH) D, PTH levels, and a urine sample
to determine the calcium/creatinine ratio, the first sign of
which is an increase in phosphate [23]. Unfortunately, we
did not perform these tests 1–2 weeks after intramuscular
injection of vitamin D3.

Conclusions

High-dose intramuscular vitamin D3 is effective and safe in
children with CKD, and it improves hyperparathyroidism.
Vitamin D3 levels should be measured even in children who
had received 1,25(OH)2 vitamin D3.
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