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Abstract
Background Vitamin D deficiency in patients with cholestasis is due to impaired intestinal vitamin D absorption, 
which results from decreased intestinal bile acid concentration. Patients with cholestasis usually do not achieve 
optimal vitamin D status when a treatment regimen for children without cholestasis is used. However, data on high-
dose vitamin D treatment in patients with cholestasis are limited.

Methods This study is a prospective study that included pediatric patients with cholestasis (serum direct 
bilirubin > 1 mg/dL) who had vitamin D deficiency (serum 25-hydroxyvitamin D, 25-OHD, < 20 ng/mL). In Phase 1, 
single-day oral loading of 300,000 IU (or 600,000 IU if weight ≥ 20 kg) of vitamin D2 was administered, followed by 
an additional loading if serum 25-OHD < 30 ng/mL, and 4-week continuation of treatment using a vitamin D2 dose 
calculated based on the increment of 25-OHD after first loading. In Phase 2, oral vitamin D2 (200,000 IU/day) was 
administered for 12 days, followed by 400,000 IU/day of vitamin D2 orally for another 8 weeks if serum 25-OHD < 30 
ng/mL.

Results Phase 1: Seven patients were enrolled. Three out of seven patients had a moderate increase in serum 
25-OHD after loading (up to 20.3–27.2 ng/mL). These patients had conditions with partially preserved bile flow. 
The remaining four patients, who had biliary atresia with failed or no Kasai operation, had low increments of serum 
25-OHD. Phase 2: Eleven patients were enrolled. Eight out of 11 patients had a moderate increase in serum 25-OHD 
after 200,000 IU/day of vitamin D2 for 12 days. Serum 25-OHD continued increasing after administering 400,000 IU/
day of vitamin D2 for another 8 weeks, with maximal serum 25-OHD of 15.7–22.8 ng/mL.

Conclusion Very high doses of vitamin D2 (200,000 and 400,000 IU/day) partly overcame poor intestinal vitamin D 
absorption and resulted in moderate increases in serum 25-OHD in pediatric patients with cholestasis, particularly 
when cholestasis was caused by uncorrectable bile duct obstruction.
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Background
Cholestasis, the impairment of bile flow caused by either 
hepatocellular dysfunction or biliary obstruction, is a 
common feature of liver diseases in children. Clinically, 
cholestasis is diagnosed when the conjugated or direct 
serum bilirubin level > 1  mg/dL when the total bilirubin 
is < 5  mg/dL, or when it is > 20% of the total bilirubin 
when the total bilirubin is > 5  mg/dL. Common identi-
fiable causes of cholestasis during infancy include bili-
ary atresia, congenital infection, hypopituitarism, and 
biliary sludge. In addition, various genetic and metabolic 
diseases that cause cholestasis, such as α1-antitrypsin 
deficiency, Alagille syndrome, and progressive familial 
intrahepatic cholestasis (PFIC), become more discovered 
[1]. While causes of chronic cholestasis in older children 
include choledochal cysts, cholelithiasis or choledocho-
lithiasis, and inherited or inflammatory cholangiopa-
thies [2–6]. The consequences of chronic cholestasis are 
hepatotoxicity resulting in cirrhosis and portal hyperten-
sion, pruritus, fat and fat-soluble vitamin malabsorption 
resulting in growth retardation and fat-soluble vitamin 
deficiency [7, 8].

Vitamin D is a fat-soluble hormone that is vital to chil-
dren’s overall health. Vitamin D is essential for main-
taining healthy bones because it regulates calcium and 
phosphorus metabolism. In addition, non-skeletal effects 
of vitamin D are possible in the prevention of several 
pathological conditions, including infectious and auto-
immune diseases [9]. Therefore, vitamin D deficiency is 
related not only to musculoskeletal health but also to a 
wide range of acute and chronic diseases [10]. Vitamin D 
deficiency in patients with cholestasis is associated with 
intraluminal bile acid deficiency, which impairs vitamin 
D absorption [11, 12]. Moreover, in some patients with 
severe hepatic impairment, hepatic conversion of vitamin 
D to 25-hydroxyvitamin D (25-OHD) is also impaired 
[13].

The North American Society for Pediatric Gastroen-
terology, Hepatology and Nutrition and the European 
Society for Pediatric Gastroenterology Hepatology and 
Nutrition [14] recommend vitamin D supplementation 
for pediatric patients with cholestasis with dose adjust-
ment according to serum 25-OHD levels. The optimal 
vitamin D doses for each patient vary depending on the 
degree of intestinal malabsorption. However, in studies of 
patients with cholestasis, most patients did not achieve 
optimal serum 25-OHD levels despite receiving a regular 
treatment regimen [15–17]. Thus, a higher dose of vita-
min D treatment than given in previous studies may be 
required. In clinical practice, gradual dose titration usu-
ally takes several months. This may cause detrimental 
effects on the patient’s overall health, including impaired 
bone mass acquisition, rickets, and immune, cardiovas-
cular, and respiratory system dysfunction [9]. Several 

previous studies reported that the severity of vitamin 
D deficiency in patients with cholestasis was associ-
ated with poor clinical outcomes, including incomplete 
response to ursodeoxycholic acid, cirrhosis development, 
liver-related mortality, and the need for liver transplanta-
tion [18–22].

The data regarding vitamin D treatment in pediatric 
patients with cholestasis are limited, especially treatment 
with high-dose vitamin D. This study aimed to determine 
the optimal regimen of vitamin D that would effectively 
increase serum 25-OHD level in pediatric patients with 
cholestasis.

Methods
Patient recruitment and characteristics
This was a prospective study conducted at the Depart-
ment of Pediatrics, Faculty of Medicine, Ramathibodi 
Hospital, between April 2021 and August 2022. Pediatric 
patients (age 2 months–18 years) with cholestasis, which 
was defined as a direct/conjugated bilirubin value > 1 mg/
dL continuing for more than 1 month, and vitamin D 
deficiency (serum 25-OHD level of less than 20 ng/
mL) were enrolled in this study. Patients with ongoing 
improvement of cholestasis, such as resolving neona-
tal hepatitis, were excluded. The primary outcome was 
a serum 25-OHD level after completing the vitamin D 
treatment regimen.

Demographic and disease-related clinical data, 
including age, sex, weight, height, primary liver dis-
ease, previous surgical and medical treatment, and cur-
rent medications, were collected. Disease severity was 
assessed using Pediatric End-Stage Liver Disease (PELD) 
score [23], in which higher scores indicate more severe 
disease. Biochemical parameters, liver function tests, 
coagulogram, and serum vitamin A, vitamin E, calcium, 
phosphate, and parathyroid hormone levels were col-
lected at the beginning of the study.

The study was approved by the Ethics Committee of 
the Faculty of Medicine, Ramathibodi Hospital, Mahidol 
University (MURA 2021/256) on March 29, 2021. Writ-
ten informed assent and consent were obtained from the 
patients and their legal guardians, respectively.

Vitamin D treatment regimen and measurement of serum 
25-OHD level
In this study, serum 25-OHD level was measured using 
the liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) method (Agilent Triple Quadrupole LC/
MS, United States). The preparation of vitamin D used in 
the study was a capsule containing 20,000 IU of vitamin 
D2. The whole capsules were administered if the patient 
was able to swallow them. For infants and patients who 
were unable to swallow capsules, the caregivers were 
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instructed to open the capsule and dissolve the powder in 
a small amount of water.

Phase 1
Serum 25-OHD level was measured at baseline. Then, a 
single oral dose of vitamin D2 was administered (300,000 
IU for the patients who weighed < 20 kg and 600,000 IU 
for those who weighed ≥ 20  kg) [24]. Serum 25-OHD 
level was measured 1 week later. If the patient’s serum 
25-OHD level at 1 week was less than 30 ng/mL, sugges-
tive of severely impaired intestinal vitamin D absorption, 
the additional (second) dose of vitamin D2 was admin-
istered within 4 days (1,200,000 IU for patients weigh-
ing < 20 kg and 2,400,000 IU for those weighing ≥ 20 kg). 
After the additional dose, serum 25-OHD level was 
measured 1 week later. The difference in serum 25-OHD 
levels between week 1 and baseline (Δ25-OHDfirst) was 
calculated.

The patients received daily oral vitamin D2 from the 
second week as a continuation treatment for 4 weeks. 
The daily dose of vitamin D2 was calculated using the 
following formula: (expected Δ25-OHD in children with-
out cholestasis given the same high vitamin D dose / the 
patient’s actual Δ25-OHDfirst) x estimated daily dose for 
children without cholestasis. Serum 25-OHD level was 
measured again at the end of the continuation treatment.

The expected Δ25-OHD in children without cholesta-
sis and estimated daily dose for children without cho-
lestasis used in the calculation were based on previously 
reported values [24, 25] and adjusted to be approximate 
numbers as follows: 50 ng/mL and 2,000 IU/day, respec-
tively for patients weighing < 10 kg; 40 ng/mL and 2,000 
IU/day, respectively for patients weighing 10–19.9 kg; 50 
ng/mL and 4,000 IU/day, respectively for patients weigh-
ing 20–39.9 kg; 30 ng/mL and 6,000 IU/day, respectively 
for patients weighing ≥ 40 kg. If the patient’s Δ25-OHDfirst 
was < 0.5 ng/mL, the number of 0.5 ng/mL was used for 
the calculation.

Phase 2
The treatment regimen was amended after the prelimi-
nary results of Phase 1 were collected and assessed. A 
higher dose and longer duration of vitamin D2 were 
used in Phase 2. Serum 25-OHD level was measured at 
baseline. Oral vitamin D2 dose of 200,000 IU/day was 
administered for 12 days, with a total dose of 2,400,000 
IU over the administration period. We proposed this 
total dose based on the findings from Phase 1. The total 
dose of 2,400,000 IU was double the dose of 1,200,000 IU, 
which was used in the second loading in Phase 1. In addi-
tion, vitamin D2 administration was divided into multi-
ple daily doses over several days instead of a single dose, 
with speculation of better intestinal vitamin D absorp-
tion. Serum 25-OHD level was measured 2 weeks after 

treatment. If the serum 25-OHD level was less than 30 
ng/mL, 400,000 IU/day of oral vitamin D2, which was 
double the amount given in the Phase 2 daily dose, was 
administered daily for another 8 weeks. Serum 25-OHD 
level was measured again at weeks 4 and 8.

Data analysis
Descriptive statistics were used in this study. Data were 
reported as the number (frequency) of patients for each 
particular result. Continuous variables were presented as 
median and range.

Results
Phase 1
Seven patients were enrolled. The baseline clinical char-
acteristics and biochemistry profile of the patients are 
shown in Table 1. The median (range) age of the patient 
was 1.4 (0.5–7.9) years. The median (range) direct biliru-
bin level was 13.4 (9.7–20.1) mg/dL. Serum 25-OHD lev-
els at baseline and after vitamin D2 treatment are shown 
in Fig. 1. Three out of seven patients (Patients 1–3) had a 
moderate increase in serum 25-OHD level, with maximal 
serum 25-OHD level at any time point after treatment 
of > 20 ng/mL (range 20.3–27.2 ng/mL). The difference 
in serum 25-OHD levels between maximal and baseline 
(Δ25-OHDmax) was 19.0, 17.9, and 15.8 ng/mL in patient 
1, 2, and 3, respectively. These patients had conditions 
with partially preserved bile flow. Patient 1, who had bili-
ary atresia, had already undergone liver transplantation 
but still had cholestasis due to post-operative bile duct 
anastomosis obstruction. Patient 2, who had biliary atre-
sia, previously had a successful Kasai operation but had 
cholestasis due to decompensated cirrhosis, which devel-
oped over time. Patient 3 had Alagille syndrome, in which 
cholestasis is caused by intrahepatic bile duct paucity, 
not by anatomical obstruction. Serum 25-OHD levels of 
patients 2 and 3 decreased after the continuation of treat-
ment using a calculated dose from the proposed formula 
based on their Δ25-OHDfirst. The serum 25-OHD level of 
patient 1 increased after the continuation of treatment. 
Notably, however, patient 1 underwent surgical interven-
tion to correct bile duct anastomosis obstruction during 
the continuation treatment period.

The remaining four out of seven patients (patients 4–7) 
had minimal or no increase in serum 25-OHD level after 
vitamin D treatment. These patients had biliary atre-
sia and either had a failed Kasai operation (defined as 
serum total bilirubin > 6 mg/dL at 3 months after surgery) 
[26] or had never undergone a Kasai operation. Maxi-
mal serum 25-OHD levels of patients 4, 5, 6, and 7 after 
vitamin D2 treatment were 9, 8.9, 8.7, and 14.4 ng/mL, 
respectively, which were still in the range of deficiency 
(< 20 ng/mL). The Δ25-OHDmax of patients 4, 5, 6, and 
7 were 1.8, 3.0, 1.8, and 5.5 ng/mL, respectively. Median 
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(range) ages were 7.8 (1.7–7.9) vs. 0.7 (0.5–1.4) years 
in the group with moderate and minimal/no response, 
respectively. Median (range) direct bilirubin levels were 
9.7 (7.6–17.0) vs. 14.2 (9.7–20.1) mg/dL in the moderate 
and minimal/no response groups, respectively.

Phase 2
Eleven patients were enrolled. All the patients in this 
phase had biliary atresia, and they had either had failed 
Kasai operations or had never undergone a Kasai opera-
tion. Baseline clinical characteristics and biochemistry 
profiles of the patients are shown in Table 2. The median 
(range) age of the patients was 0.8 (0.5–1.8) years. The 
median (range) direct bilirubin level was 11.5 (8.9–18.5) 
mg/dL. Three patients (patients 7, 8, and 11) dropped out 
during the study because of liver transplantation, loss to 
follow-up, and death due to COVID-19 infection, respec-
tively. Serum 25-OHD levels at baseline and after vitamin 
D2 treatment are shown in Fig. 2.

After 200,000 IU/day of vitamin D2 for 12 days, 
Patients 1–8 had a moderate increase in serum 25-OHD 
level. The median (range) serum 25-OHD level at week 
2 was 12.9 (8.3–15.0) ng/mL. Median (range) difference 
between 2-week post-treatment and baseline serum 
25-OHD was 6.6 (1.7–9.8) ng/mL. Serum 25-OHD con-
tinued increasing after administering the 400,000 IU/
day dose of vitamin D2 for 8 weeks. The median (range) 
maximal serum 25-OHD level at any time point after 
treatment was 16.4 (11.4–22.8) ng/mL. Median (range) 
Δ25-OHDmax was 9.5 (4.4–17.3) ng/mL. Patients 9–11 
had minimal or no increase in serum 25-OHD levels 
after 200,000 IU/day of vitamin D2 for 12 days. After the 
dose of 400,000 IU/day of vitamin D2 was administered, 
patient 9 had an increase in serum 25-OHD level to 20.1 
ng/mL (Δ25-OHDmax 5.7 ng/mL). Patient 10 had low 
serum 25-OHD level at every time point after treatment 
without any increase. Patient 11 had no follow-up due to 
death caused by COVID-19 infection.

Discussion
Patients with cholestasis have impaired intestinal vitamin 
D absorption, and thus have difficulty achieving optimal 
serum 25-OHD levels. In this study, we demonstrated 
that higher doses and longer duration of vitamin D treat-
ment, compared with the general recommendation, can 
partially improve the increment of serum 25-OHD lev-
els in pediatric patients with cholestasis. Patients with 
uncorrectable anatomical obstruction of the bile duct 
had the most difficulty achieving the optimal desired 
serum 25-OHD level.

In Phase 1, infants with biliary atresia who had never 
undergone or had a failed Kasai operation had poor 
responses to oral single-day loading of 300,000 IU of 
vitamin D2 and a higher loading dose of 1,200,000 IU. Ta
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The findings are suggestive of poor intestinal vitamin D 
absorption, which is likely caused by a deficiency of intes-
tinal bile acid in these patients due to severe anatomical 
obstruction of the bile duct. Single-day loading might 
also contribute to poorer absorption than divided mul-
tiple daily doses given over several days.

Although single high-dose vitamin D therapy (stoss 
therapy) was previously reported to be effective for treat-
ing of vitamin D deficiency in infants and young children 
without cholestasis [27], it did not result in an optimal 
increment of serum 25-OHD levels in infants with cho-
lestasis in this study. A previous study reported treatment 
with oral high-dose vitamin D2 of 300,000 IU over 2–3 
days in four infants with cholestasis. Four weeks after 
treatment, none of these patients had achieved a serum 
25-OHD level of more than 20 ng/mL [28]. This finding 
suggested that even though a high-dose vitamin D treat-
ment was used, it was still inadequate for this group of 
patients, which agrees with the finding in most of our 
patients in the Phase 1 study.

Despite these results, some patients in Phase 1 had a 
moderate increase in serum 25-OHD levels after high-
dose vitamin D treatment. Their clinical characteris-
tics were different from the group of patients without 
response to treatment. They had biliary atresia post-
liver transplantation, post-successful Kasai operation, 
or Alagille syndrome. Although cholestasis was pres-
ent in these patients, intestinal bile flow might be more 
preserved than in the other biliary atresia patients with 
a failed Kasai operation. Despite a moderate increase 

in serum 25-OHD level after loading, serum 25-OHD 
levels of patients 2 and 3 decreased after the continua-
tion treatment, suggesting that dose calculation using 
Δ25-OHDfirst in the proposed formula underestimated 
the required dose. Further studies are needed to deter-
mine the dose for continuation treatment in this group of 
patients whose intestinal bile flow is partially preserved.

To achieve optimal serum 25-OHD level, Phase 2 was 
conducted using an adjusted treatment protocol. A total 
of 2,400,000 IU of vitamin D2 was given in multiple daily 
doses over 2 weeks, and it resulted in a higher proportion 
of patients with a moderate increase in serum 25-OHD 
level (8 out of 11 infants with biliary atresia). Continua-
tion of treatment with increment dosage resulted in a 
further increase in serum 25-OHD levels, though the 
sufficient level of 30 ng/mL was not reached. The finding 
of a higher increase in serum 25-OHD levels in Phase 2, 
in which higher doses and longer duration of vitamin D 
was commenced, compared with Phase 1 suggested that 
the major factor of low serum 25-OHD levels in patients 
with cholestasis is impaired intestinal vitamin D absorp-
tion, rather than a defect in hepatic 25-hydroxylation. A 
higher daily dose given over a longer period could par-
tially overcome the absorption defect and result in a 
higher level of serum 25-OHD. Another previous study 
using high doses of vitamin D therapy (vitamin D2 50,000 
IU, three times a week over 10 weeks) led to the improve-
ment of serum 25-OHD levels and resolution of rickets in 
PFIC type 2. [29] The pathogenesis of cholestasis in PFIC 
type 2, which is associated with impaired function of 

Fig. 1 Serum 25-hydroxyvitamin D (25-OHD) level at baseline and after vitamin D2 treatment in Phase 1. Seven patients were enrolled. The graph shows 
serum 25-OHD levels after the first vitamin D2 loading (300,000 IU if weight < 20 kg or 600,000 IU if weight ≥ 20 kg), second loading (1,200,000 IU if 
weight < 20 kg or 2,400,000 IU if weight ≥ 20 kg), and after continuation treatment. Each line represents a patient
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hepatocyte bile salt export pump [30], differs from that of 
biliary atresia, which is mainly caused by anatomical bile 
duct obstruction. This may explain the better outcomes 
of vitamin D treatment in patients with PFIC type 2 com-
pared with the present study. In addition, giving multiple 
daily doses of vitamin D2 over several days instead of a 
single dose may be more effective because these patients 
might have limited absorption per dose due to limited 
bile flow in each period.

Previous studies have also reported on vitamin D 
supplementation in the form of multiple fat-soluble 
vitamins (FSV) mixed with tocopheryl polyethylene gly-
col-1000 succinate (TPGS) in children with cholestasis 
[31, 32]. TPGS has amphipathic properties, thus poten-
tially enhancing absorption independent of intralumi-
nal bile acid. In one study in infants with biliary atresia, 
79% of infants with persistent cholestasis (total bilirubin 
level > 2  mg/dL) still had serum 25-OHD level < 15 ng/
mL after 6-month supplementation with FSV/TPGS [31]. 
In another study, 60% of patients had serum 25-OHD 
level < 14 ng/mL after 3-month supplementation [32]. 
These results, as well as the data from the present study, 
suggest that developing an oral regimen that can effec-
tively correct vitamin D deficiency in this group of 
patients is still challenging. Different routes of vitamin D 
administration that bypass intestinal absorption, such as 
the intramuscular route, is more beneficial for this group 
of patients. Unfortunately, the intramuscular form of 
vitamin D is unavailable in Thailand, and it may also be 
the same in some other countries. Therefore, high dose 
oral vitamin D treatment is still needed to treat these 
patients.

The strength of this study is the implementation of the 
higher dose of vitamin D treatment in children with cho-
lestasis to facilitate the desired serum 25-OHD levels, 
especially because similar studies in this population are 
limited. Furthermore, we used liquid chromatography-
mass spectrometry (LC-MS/MS) to measure 25-OHD 
levels, which is the most reliable method [33].

We acknowledge that this study had limitations. First, 
requiring a large amount of vitamin D capsules could 
cause difficulty for patients and families in clinical prac-
tice. Second, this study was a single-center design study 
with a small number of patients. Further studies in mul-
tiple centers and larger groups of children with various 
degrees of cholestasis are needed.

Conclusions
The findings of this study suggest that very high multiple 
daily doses of vitamin D2 treatment may result in a better 
increment of serum 25-OHD level in children with cho-
lestasis, particularly in cases of cholestasis caused by bile 
duct obstruction.
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Abbreviations
25-OHD  25-Hydroxyvitamin D
Δ25-OHDfirst   The difference in serum 25-hydroxyvitamin D level between 

week 1 (after the first dose of vitamin D treatment) and 
baseline

Δ25-OHDmax  The difference in serum 25-hydroxyvitamin D level between 
maximal level at any time point and baseline

FSV  Fat-soluble vitamin
LC-MS/MS  Liquid chromatography-tandem mass spectrometry
PELD  Pediatric End-Stage Liver Disease
PFIC  Progressive familial intrahepatic cholestasis
TPGS  Tocopheryl polyethylene glycol-1000 succinate
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