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Purpose: Oral supplementation of vitamin D can be inefficient in patients with 
vitamin D deficiency caused by intestinal malabsorption. This study investigated the 
efficacy and safety of parenteral vitamin D supplementation in infants and children 
with vitamin D deficiency caused by intestinal malabsorption.
Methods: This study included 11 patients with vitamin D deficiency who were 
unresponsive to oral vitamin D or were unable to try oral vitamin D therapy due to 
underlying conditions. All patients were treated with weekly intramuscular injection 
of cholecalciferol 50,000 IU. Radiological findings and biochemical parameters 
including serum calcium, phosphorus, alkaline phosphatase, 25-hydroxyvitamin D3 
(25(OH)D3), and parathyroid hormone levels were reviewed retrospectively.
Results: Underlying diseases included small bowel atresia (n=3), necrotizing 
enterocolitis (n=3), congenital megacolon (n=2), chronic intestinal pseudo-
obstruction (n=1), congenital mesenteric band (n=1), and Crohn disease (n=1). 
Three patients exhibited rickets on X-ray findings. The mean duration of treatment 
was 4.8±2.9 weeks. The alkaline phosphatase levels were decreased from 710±650 
IU/L to 442±284 IU/L (P=0.143). The 25(OH)D3 level was increased from 6.0±3.4 ng/
mL to 50.4±28.8 ng/mL (P=0.008) after 3 months. Two patients with rickets showed 
improved radiologic findings after parenteral treatment.
Conclusion: Parenteral vitamin D therapy was effective and safe in patients with 
vitamin D deficiency caused by intestinal malabsorption. Long-term follow-up is 
needed to establish the efficacy of parenteral vitamin D therapy in a large number 
of patients.
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Introduction

Vitamin D is an important nutrient for absorption of intestinal calcium and phosphorus,1) 
cellular proliferation and differentiation, muscle function, and immunity.2,3) Vitamin D 
deficiency can cause rickets in growing children and osteomalacia in adults.4) Deficiency in 
this vitamin is defined as serum 25-hydroxyvitamin D3 (25(OH)D3) level < 12 ng/mL, while 
vitamin D insufficiency is 25(OH)D3 level of 12–20 ng/mL.5)

Children with vitamin D deficiency should be treated to prevent hypocalcemia and bone 
deformity. Several treatment regimens have been proposed to treat vitamin D deficiency in 
infants and children.5-8) One clinical trial suggested that 2,000 IU of oral ergocalciferol (vitamin 
D2) daily, 50,000 IU of vitamin D2 weekly, or 2,000 IU of cholecalciferol (vitamin D3) daily 
demonstrated the same outcomes in treatment of vitamin D deficiency among infants and 
toddlers without any complications.7) Another study reported that intramuscular injection 
of 10,000 IU/kg of cholecalciferol is a safe and effective therapy for infants and toddlers 
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with vitamin D-deficient rickets.9) Recent guidelines have 
recommended 2,000 IU of vitamin D3 daily or 50,000 IU weekly 
for 3 months followed by a maintenance amount of 400 IU/day 
in children younger than 1 year of age. For children older than 1 
year, 3,000–6,000 IU of vitamin D3 daily or 150,000 IU weekly 
are recommended.5)

Intestinal absorption of vitamin D occurs primarily in the 
jejunum and ileum.10) Vitamin D deficiency is recognized as the 
most prevalent nutrient deficiency in patients with intestinal 
failure.11) Enteral supplementation of vitamin D was inefficient 
in patients with vitamin D deficiency caused by intestinal 
malabsorption, such as cystic fibrosis, short bowel syndrome, 
inflammatory bowel disease, and intestinal accessory organ 
dysfunction.11,12) In these cases, parenteral supplementation of 
vitamin D is a promising alternative strategy.10) Therefore, this 
study was performed to investigate the efficacy and safety of 
parenteral vitamin D supplementation in infants and children 
with vitamin D deficiency caused by intestinal malabsorption.

Materials and methods

1. Subjects

This study included 11 patients (8 males and 3 females) with 

vitamin D deficiency caused by intestinal malabsorption who 
were unresponsive to oral vitamin D supplementation or were 
unable to try oral vitamin D therapy due to other underlying 
conditions. Vitamin D deficiency was defined as 25(OH)D3 
level <12 ng/mL.5)

2. Methods

Parenteral vitamin D3 (cholecalciferol) was administered 
intramuscularly at a dosage of 50,000 IU/wk. Parenteral vitamin 
D3 was switched to oral vitamin D3 at a dosage of 400 IU/day 
when the serum 25(OH)D3 level rose above 30 ng/mL. Clinical 
and radiological features, laboratory findings, and duration of 
vitamin D3 supplementation were reviewed retrospectively. 
Laboratory investigations included serum calcium, phosphorus, 
alkaline phosphatase (ALP), 25(OH)D3, and parathyroid 
hormone (PTH) levels. Height and weight were expressed as a 
z-score for age- and sex-matched Korean youth according to the 
2017 Korean National Growth Chart.13)

3. Statistical analysis

Data were analyzed using IBM SPSS Statistics ver. 21.0 
(IBM Co., Armonk, NY, USA). All data are expressed as 

Table 1. Demographic findings and underlying diseases of patients with vitamin D deficiency

No. Sex Gestational
age (wk)

Birth
weight

(kg)

Underlying 
disease Surgery

Age at
diagnosis of 
underlying 

disease 
(day)

Age at 
start of 

parenteral 
vitamin D 
treatment 

(mo)

Weight 
SDS before 
treatment

Height 
SDS before 
treatment

Current age 
(mo)

Weight SDS 
at current 

age

Height SDS 
at current 

age

1 M 26+5 0.49 Necrotizing 
enterocolitis

Small bowel
resection

42 1.8 -11.2 -12.72 55 -4.97 -2.66

2 F 36+6 3.66 Congenital 
megacolon

Ileostomy 5 2.3 -1.07 0.16 57 -0.56 -1.59

3 F 37+6 3.68 Congenital 
mesenteric

band

Ileostomy 2 5.3 -0.49 -0.92 7.5 0.37 0.74

4 M 39+5 3.52 Congenital 
megacolon

Ileostomy 5 4.7 -5.44 -2.32 12 -5.24 0.95

5 M 25+5 0.41 Necrotizing 
enterocolitis

Small bowel
resection

8 1 -12.4 -13.2 60 -3.68 -3.23

6 M 37+5 3.3 Small bowel 
atresia

Small bowel
resection

1 45 -0.79 -0.61 112 -1.8 -1.05

7 M 37+6 2.8 Crohn disease Ileostomy 170 31 -2.54 -3.95 56 -2.14 -3.81
8 M 24 0.6 Necrotizing 

enterocolitis
Small bowel

resection
40 1 -10.67 -11.15 34 -2.58 -3.53

9 M 26+2 0.69 Small bowel 
atresia

Small bowel
resection

30 4 -5.94 -7.15 21 -3.26 -5.61

10 M 27+4 0.58 Small bowel 
atresia

Small bowel
resection

54 5.7 -9.2 -11.02 32 -4.14 -4.38

11 F 38+4 2.94 Chronic
intestinal 
pseudo-

obstruction

Ileostomy 20 7 -3.23 -1.42 58 -0.92 -0.8

SDS, standard deviation score. 
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mean±standard deviation values. The Wilcoxon signed rank test 
was used to compare the baseline and current growth profiles 
based on z-score. Repeated measures analysis of variance was 
conducted to compare the biochemical parameters at baseline 
and at 3 months and 6 months following treatment. A P-value 
<0.05 was considered statistically significant.

Results

1. Baseline characteristics before parenteral vitamin D
    treatment

The baseline characteristics of the subjects are summarized 
in Table 1. Among the 11 patients, 6 (55%) were preterm 
infants (gestational age<37 weeks), and 5 (45%) were extremely 
low birth weight (birth weight<1,000 g). Four patients (36%) 
underwent ileostomy due to congenital megacolon (n=2), 
chronic intestinal pseudo-obstruction (n=1), or congenital 
mesenteric band (n=1). Six patients (55%) with small bowel 
atresia (n=3) or necrotizing enterocolitis (n=3) underwent 
small bowel resection, resulting in short bowel syndrome. The 
remaining 1 patient (9%) was diagnosed with Crohn disease at 
the age of 5 months. This patient underwent ileostomy and was 
recurrently admitted for nutritional support due to uncontrolled 
disease. The median age at the time of the diagnosis of any 
underlying diseases was 20 days (range, 1–170 days).

Oral cholecalciferol at 2,000 IU/day was administered to 
8 patients (73%) before parenteral vitamin D3. The median 
duration of oral vitamin D3 therapy prior to parenteral vitamin 
D3 was 2.5 months (range, 20 days to 16 months). The other 
3 patients were not able to eat anything including medication 
because of  their underlying condition such as feeding 
intolerance and bowel adhesion after surgery. The mean 25(OH)
D3 level before and after oral vitamin D3 therapy was 9.8±7.6 
ng/mL and 6.0±3.4 ng/mL, respectively (P=0.263). The mean 
ALP level increased from 605±303 IU/L (range, 333–1,082 IU/
L) to 710±650 IU/L (range, 237–2,353 IU/L) after oral vitamin 

D3 replacement; however, there was no statistical significance 
(P=1.00). All patients received nutritional support via parenteral 
nutrition.

2. Effect of parenteral vitamin D treatment

The median age at the start of  parenteral vitamin D3 
supplementation was 3.9 months (range, 1–45 months). The 
height and weight standard deviation scores (SDSs) before 
parenteral vitamin D3 treatment were -3.6±5.3 and -5.4±4.5, 
respectively. The serum calcium, phosphorus, and ALP levels 
were 9.2±0.5 mg/dL, 4.8±1.9 mg/dL, and 710±650 IU/L (range, 
237–2,353 IU/L), respectively. Five patients (45%) showed 
elevated ALP level. Initial serum 25(OH)D3 and PTH levels 
before parenteral vitamin D treatment were 6.0±3.4 ng/mL 
and 145±186 pg/mL (range, 11.3–508 pg/mL), respectively. 
Five patients (45%) had elevated serum PTH level at baseline 
(reference range, 10–65 pg/mL) (Table 2). Three of those (27.2%) 
(subjects 1, 8, and 9) with elevated serum PTH showed X-ray 
findings of rickets, such as flaring of the distal end of the radius, 
ulna, and phalanges and bowing of both femurs. Three patients 

Table 2. Baseline laboratory findings and X-rays in patients with vitamin D deficiency

No. Calcium
(mg/dL)

Phosphorous
(mg/dL)

Alkaline phosphatase
(IU/L)

25-Hydroxyvitamin D3

(ng/dL)
Parathyroid hormone 

(pg/mL) Rickets

1 8.6 5.8 450 4.9 235 Yes
2 9.4 6.5 251 4.9 11.3 No
3 9.1 4.9 344 3.5 52.8 No
4 9.9 4.4 396 2.7 18.3 No
5 9.6 4.5 549 3.2 NA No
6 8.4 3.8 537 3.2 72.1 No
7 8.9 4.4 269 11.6 10.4 No
8 9.8 2.8 2353 5.8 150 Yes
9 9.4 3 1330 10.6 508 Yes
10 9.5 9.5 1103 4.4 117 No
11 8.7 3.6 237 11.3 13.6 No
Mean±SD 9.2±0.5 4.8±1.9 710±649 6.0±3.4 145±186
NA, not assessed; SD, standard deviation.

Table 3. 25-Hydroxyvitamin D3 levels (ng/dL) during treatment of 
parenteral vitamin D3

No. Baseline At 1 month At 3 months At 6 months
1 4.9 52.2 23 55.2
2 4.9 3.5 29.3 37.2
3 3.5 17.8 36.5 NA
4 2.7 20.4 67.8 NA
5 3.2 63.9 91.1 121
6 3.2 NA 12.9 18.3
7 11.6 34 58.4 69.8
8 5.8 25.5 45.2 48.9
9 10.6 36.2 107 72.1
10 4.4 17.3 48.6 NA
11 11.3 NA 34.1 23.6
Mean±SD 6.0±3.4 30.1±18.8 50.4±28.8 55.7±32.8
NA, not assessed; SD, standard deviation.
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(subjects 1, 7, and 8) had a history of fracture of forearm or 
lower leg.

All patients were treated with 50,000 IU of parenteral vitamin 
D3 weekly. The duration of treatment was 4.8±2.9 weeks (range, 
1–9 weeks). Serum calcium, phosphorus, and ALP levels were 
not significantly changed during parenteral vitamin D3 therapy 
(Fig. 1). The mean ALP level decreased from 710±650 IU/L 
(range, 237–2,353 IU/L) to 442±284 IU/L (range, 236–1,080 
IU/L), but there was no statistical significance (P=0.143). The 
25(OH)D3 level was increased from 6.0±3.4 ng/mL to 50.4±28.8 
ng/mL after 3 months of treatment (P=0.008) and to 55.7±32.8 
ng/mL at 6 months (Table 3). The intact PTH level decreased 
from 119±155 pg/mL (range, 11.3–508 pg/mL; median, 94 
pg/mL) to 37±26 pg/mL (range, 10.8–47.6 pg/mL; median, 
27.6 pg/mL) (P=0.209). However, PTH level normalized after 
parenteral vitamin D3 treatment in 5 patients with high PTH 
level (P=0.043).

Six patients maintained normal 25(OH)D3 level with 400 
IU/day of oral vitamin D3 therapy after parenteral vitamin 
D3 therapy for a mean duration of 5.0±2.8 weeks (range, 2–9 
weeks). In subject 7, who had Crohn disease, the serum 25(OH)
D3 level was >30 ng/mL after 1 month of parenteral vitamin D3 
therapy. However, parenteral vitamin D3 therapy was continued 
because of the patient's poor general condition and preference 

for parenteral therapy. Two patients (subjects 6 and 8) were 
treated with oral cholecalciferol 2,000 IU/day due to low serum 
25(OH)D3 level, osteopenia, or high ALP level. Subject 1 was 
diagnosed with necrotizing enterocolitis, and subject 9 had 
small bowel atresia; neither required further treatment with 
vitamin D3.

Among the 3 patients with rickets (subjects 1, 8, and 9), 2 
(1 and 9) showed improved radiologic findings following 
parenteral treatment. The remaining patient (8) with short 
bowel syndrome due to necrotizing enterocolitis exhibited slight 
improvement in the flaring of the distal end of the radius, ulna, 
and phalanges after treatment, but osteopenia was still visible 
upon X-ray on the last day of follow-up.

The median current age on the last day of follow-up was 
55 months (range, 7.5–112 months). Height and weight SDSs 
increased from -3.6±5.3 to -2.7±2.1 (P=0.026) and from -5.4±4.5 
to -2.6±1.8 (P=0.013), respectively. There were no adverse 
effects of high-dose parenteral therapy, such as hypercalcemia, 
hyperphosphatemia, or hungry bone syndrome.

Discussion

This study demonstrated that parenteral vitamin D3 treat
ment was safe and effective in infants and children with vitamin 
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Fig. 1. Laboratory data obtained from patients being treated with parenteral vitamin D3. 25(OH)D3, 25-hydroxyvitamin 
D3.
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D deficiency caused by intestinal malabsorption. Oral vitamin 
D3 treatment was inefficient, and a high dose of parenteral 
vitamin D3 was required in patients with intestinal failure.

In the present study, all patients were treated with 50,000 IU 
of parenteral vitamin D3 weekly.6) However, various treatment 
regimens have been proposed to treat vitamin D deficiency in 
children, including daily or weekly dosing for varied periods. 
Several studies were conducted to investigate the efficacy of a 
single, large dose of oral or intramuscular vitamin D, which was 
called "stoss therapy," for better convenience and compliance 
with therapy (Table 4).9,14-16) One retrospective cohort study of 
61 children with rickets revealed that a single intramuscular 
injection of 600,000 IU vitamin D3 and a weekly oral dosage 
of 60,000 IU vitamin D3 for 10 weeks were equally effective 
and safe.16) Tannous et al.15) reported that 100,000 IU of oral 
cholecalciferol weekly for 4 weeks is as safe and effective as 5,000 
IU oral cholecalciferol daily for 80 days in children older than 
2 years. In contrast, Mittal et al.14) showed that hypercalciuria 
and hypercalcemia have been more often described in children 
receiving stoss therapy. Recent guidelines do not recommend 
stoss therapy as first-line management of vitamin D deficiency; 
however, stoss therapy might be more practical for those who 
are noncompliant with daily dosing and those with intestinal 
malabsorption.5) Previously, 10%–20% of  patients with 
intestinal failure were reported to require daily oral vitamin 
D3 at a dosage of 5,000–6,000 IU. Additionally, a smaller 
number of patients still do not respond to a high amount of 
vitamin D3.11) Grenade et al.11) reported that a loading dosage 
of 20,000–40,000 IU of vitamin D3 once a week, with a daily 
maintenance dosage of 4,000–6,000 IU/day on the remaining 
6 days, has shown efficiency in improving the vitamin D level 
of 3 patients with intestinal failure. A prospective study with 
40 infants and toddlers in Qatar reported that parenteral 
injection of a megadose (10,000 IU/kg) of vitamin D3 for 3 
months normalized all the laboratory findings and radiological 
manifestations.9)

Preterm infants have an increased risk of low 25(OH)D3 
level compared with full-term infants,17-19) but the association 

between gestational age and vitamin D status remains uncertain. 
The increased prevalence of vitamin D deficiency in preterm 
infants might be correlated with a lack of sunlight exposure 
during prolonged hospitalization along with difficulty in 
adequate enteral feeding.20) Furthermore, preterm infants are 
at high risk of necrotizing enterocolitis, which can lead to short 
bowel syndrome and intestinal malabsorption.21)

As vitamin D has an important role in absorption of 
calcium and phosphorus, only 10%–15% of dietary calcium 
and 50%–60% of dietary phosphorus are absorbed in patients 
with vitamin D deficiency.22) Poor absorption of calcium 
causes hypocalcemia.8) However, no patients in the present 
study showed hypocalcemia. Low serum ionized calcium 
level stimulates PTH secretion, causing phosphorus loss in the 
urine.10) As high PTH level affect bone metabolism by increasing 
bone turnover, decreased serum PTH level during treatment 
suggests efficacy of vitamin D therapy.23) All patients with high 
PTH level demonstrated normalized PTH level after 6 months 
of parenteral vitamin D3 treatment.

There were some limitations to this study. This investigation 
was a retrospective study and included a small number of 
patients at a single medical center. The duration of treatment 
varied among patients. Therefore, long-term follow-up is 
needed to establish a precise protocol about the duration and 
doses of parenteral vitamin D3 treatment.

In conclusion, parenteral vitamin D treatment was safe and 
effective to prevent rickets in infants and children with vitamin 
D deficiency caused by intestinal malabsorption. Long-term 
follow-up is required to monitor the efficacy and safety of 
parenteral vitamin D therapy in a large cohort of patients. 
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Asan Medical Center in Seoul, Korea (2019-1042).

Table 4. Previous studies with stoss therapy

Variable Mittal et al.14) (RCT) Tannous et al.15) (RCT) Mondal et al.16) (RCT) Soliman et al.9) 
(prospective study)

Grenade et al.11)

(case report)
Number 76 151 61 40 3
Age 0.5–5 Years 2–16 Years 0.5–5 Years 7–23 Months 2.3–6.8 Years
Duration 12 Weeks 4 Weeks 10 Weeks 3 Months 3 Months
Dose 300,000 IU or 600,000 IU 

  oral vitamin D3 single 
  dose

100,000 IU weekly oral 
  vitamin D3

Group 1: 600,000 IU as 
  a single intramuscular
  dose
Group 2: 60,000 IU orally 
  once a week

10,000 IU/kg intramuscular 
  single dose
  (maximum 150,000 IU)

20,000–36,000 IU of 
  vitamin D weekly 
  followed by 4,000 IU 
  on the remaining 6 days
  of the week

Underlying 
  disease

Nutritional rickets 25(OH)D3 <20 ng/mL Nutritional rickets Vitamin D-deficient rickets Vitamin D deficiency with 
  intestinal failure

Efficacy Not effective Effective Effective (both group) Effective Effective
Side effect Hypercalcemia in 

5 patients
None None None None

RCT, randomized controlled trial; 25(OH)D3, 25-hydroxyvitamin D3.
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