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Abstract
Introduction  Nutritional prevention of osteoporosis management is an important issue for children with severe disabilities. 
Due to the coronavirus disease 2019 (COVID-19) pandemic that started in 2020, children admitted to institutions had fewer 
opportunities for ultraviolet (UV) exposure owing to restrictions on attending school and going out. Hence, the vitamin D 
(VD) status of these children has been a cause of concern. This study aimed to assess the correlation between VD intake and 
VD status among children with severe disabilities who had limited UV exposure.
Materials and methods  This research included patients admitted to Iwate Prefectural Rehabilitation and Nursery Center for 
Disabled Children. Serum 25-hydroxyvitamin D [25(OH)D] levels were assessed during school/outing restriction periods 
and after restriction removal and the introduction of sunbathing periods. The trends in 25(OH)D levels and oral VD intake 
before the two measurements were analyzed.
Results  Although 17 of 32 patients had VD intake above the recommended level of Dietary Reference Intakes for Japanese 
during the first measurement, 31 patients had VD deficiency. The 25(OH)D levels of 13 patients without UV exposure before 
the first evaluation and those with UV exposure before the second evaluation were 2.03 times higher, despite of constant 
VD intakes. In contrast, there were no remarkable changes in both VD intakes and 25(OH)D levels in five patients without 
UV exposure before both assessments.
Conclusion  Japanese children with severe disabilities who consume the recommended oral VD intake but who have limited 
UV exposure can still present VD deficiency.

Keywords  25-Hydroxyvitamin D · Children with severe disabilities · COVID-19 · Ultraviolet · Vitamin D deficiency

Introduction

Children with severe disabilities have low bone mineral 
density due to the lack of antigravity loading, decreased or 
limited sun exposure, and use of antiepileptic drugs. Hence, 
vitamin D (VD) is an important factor for preventing osteo-
porosis and bone fractures for these children [1]. Moreover, 
VD has other functions such as enhancing immunity and 
inhibiting the development of cancer and diabetes making it 
essential in the healthcare of children with severe disabilities 

[2, 3]. Dietary intake and synthesis in the skin via ultraviolet 
(UV) exposure are two sources of VD. Serum 25 hydroxyvi-
tamin D [25(OH)D] level is a useful indicator of VD status.

UV exposure plays a major role in VD status [4]. How-
ever, data about changes in the VD status of children with 
severe disabilities based on UV exposure are limited. Due 
to the outbreak of coronavirus disease 2019 (COVID-19), 
inpatients at Iwate Prefectural Rehabilitation and Nursery 
Center for Disabled Children were restricted from attending 
outings and school since April 2020. This then reduced the 
opportunities for UV exposure. In July, we stopped restrict-
ing patients from attending school, and some started sun-
bathing in the courtyard. Subsequently, to evaluate the VD 
status of patients, two blood tests were conducted before 
and after the removal of school attendance restrictions and 
the introduction of sunbathing. Moreover, the VD intake of 
patients was calculated before the assessments. The current 
study aimed to validate the association between vitamin D 
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intake and 25(OH)D levels among children with severe dis-
abilities who had limited UV exposure.

Materials and methods

Participants (Table 1)

In total, 36 patients had been admitted to Iwate Prefec-
tural Rehabilitation and Nursery Center for Disabled Chil-
dren since November 1, 2020. Of these, 32 patients were 
included in the current study, and these patients underwent 
blood tests in May to June (phase 1) and October to Novem-
ber (phase 2). The blood test of the remaining four patients 
was enforced only in one of the two phases. Our center 
is located at 39°36′N. The windows of the rooms are not 
opened, and there is no opportunity for UV exposure except 
when going out or sunbathing in the courtyard. In total, 16 
(50%) patients were boys and 16 (50%) were girls. The age 
ranged from 1 year and 10 months to 18 years and 6 months 
(median: 9 years and 3 months). The nutritional methods 
were tube feeding (n = 15), oral intake (n = 16) and com-
bined feeding (n = 1). The underlying diseases were hypoxic-
ischemic encephalopathy (HIE) in 12 patients; muscular 
dystrophy, three patients; chromosomal abnormality, three 
patients; sequelae of encephalopathy, two patients; hydro-
cephalus, two patients; and schizencephaly, subdural hema-
toma, multiple malformations, congenital cytomegalovirus 
(CMV) infection, Angelman syndrome, sequelae of bacterial 
meningitis, sequelae of brain tumor, spinal muscular atro-
phy, and brain malformation, one patient each. The Gross 
Motor Function Classification System (GMFCS) level was 
III in two patients, IV, 7 patients and V, 23 patients. Five 
patients were on ventilators all day, and three patients used 
ventilators at night. In total, 17 patients were taking blood 
VD-lowering medications, such as valproic acid (n = 11) and 
phenobarbital (n = 8) [5]. That is, three patients were taking 
alfacalcidol (Alfarol®), and one was treated with compre-
hensive vitamin preparation (Panvitan®), including ergoc-
alciferol (VD2).

Examinations

This is a before and after study. The serum 25(OH)D lev-
els were assessed for the first time (phase 1) from May to 
June 2020 and for the second time (phase 2) from Octo-
ber to November 2020. The assessments were performed 
by LSI Medience Corporation using the chemilumines-
cent enzyme immunoassay method. We calculated the VD 
intake for 30 consecutive days before phases 1 and 2. The 
VD intake per day was evaluated based on the VD content 
of enteral nutrition according to the package insert, and the 
content of blended diet based on the nutrition department 

of our institution and the average daily dose for 30 days. 
Oral intake was calculated according to the VD content of 
the dietary prescriptions of the nutrition department of our 
institution and the dietary intake for 30 days. For patients 
taking oral comprehensive vitamins, the oral medication 
and meal intakes were calculated. The recommended daily 
allowances (RDAs) for each age and sex were calculated 
based on the Dietary Reference Intakes for Japanese (2020) 
by the Study Group of Ministry of Health, Labour and Wel-
fare [6]. We used the actual intake-to-RDA ratio according 
to each age and sex as an indicator of the intake of each 
patient. The RDAs based on each age and sex were based on 
the age of patients since November 1, 2020. VD deficiency 
was defined as a serum 25(OH)D level of < 20 ng/mL and 
VD insufficiency as serum 25(OH)D level between 20 and 
30 ng/mL based on the assessment criteria for vitamin D 
deficiency/insufficiency by the Japanese Endocrine Society 
and the Japanese Society for Bone and Mineral Research [7].

The half-life of 25(OH)D is approximately 15 days [8]. 
Hence, we investigated whether the patients attended school, 
went out, or sunbathed within 15 days before phases 1 and 2 
based on the medical records and data on leisure activities. 
Patients who attended school, went out, or sunbathed at least 
once within 15 days before phase 1 were included in group 
A and those who did not were included in group B or C. 
Patients in group B or C who attended school, went out, or 
sunbathed at least once within 15 days before phase 2 were 
included in group B and those who did not were included 
in group C (Fig. 1). In groups A + B, A, B and C, changes 
in the VD intake-to-RDA ratio, which is an indicator of 
intake, and serum 25(OH)D levels between phase 1 and 2 
were examined. We calculated the VD intake-to-RDA ratio 
before phases 1 and 2 in groups A, B, and C, respectively.

The Wilcoxon’s signed-rank sum test was used for sta-
tistical analysis with statistical significance set at P < 0.05. 
Microsoft Office Excel 2019 was used for statistical analysis.

Results

Participants were allocated to 1 of 3 groups (Fig. 1). There 
were 14 patients in group A, 13 in group B and 5 in group 
C (Table 1). All patients in group C did not have opportuni-
ties to attend school, go on outings, or sunbathe due to the 
need of a ventilator throughout the day and their unstable 
general condition. In total, 20 school-aged patients in groups 
A and B resumed attending school in July 2020. Moreover, 
7 of the 12 children who were in good general condition 
and did not need to use ventilator throughout the day were 
actively sunbathing inside the institution. Oral intake was 
limited in some patients due to difficulties in oral admin-
istration because of neuromuscular diseases. Additionally, 
some patients were restricted in the amount of diet to treat 
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obesity. Only patient no. 29 had been diagnosed with urinary 
tract stones.

Phase 1

The serum 25(OH)D levels of the patients ranged from 4.3 to 
20.2 ng/mL, with a median value of 9.2 ng/mL. In total, 31 
patients had VD deficiency (< 20 ng/mL), and one presented 
with VD insufficiency (20–30 ng/mL) (Table 1 and Fig. 2). 
The average VD intakes within 30 consecutive days before 
phase 1 were higher than the RDA according to age and sex 
in 17 patients and lower in 15 patients. The VD intake-to-
RDA ratio ranged from 0.53 to 2.43 (median: 1.01) (Table 1 
and Fig. 2).

Phase 2

The serum 25(OH)D levels ranged from 6.5 to 30.1 (median: 
18.3)  ng/mL. In total, 21 patients had VD deficiency 
(< 20 ng/mL), and 10 patients presented with VD insuffi-
ciency (20–30 ng/mL). In groups A and B, all patients had 
elevated serum 25(OH)D levels (Table 1 and Fig. 2). The 
average VD intakes within 30 consecutive days before phase 
2 were higher than the RDA for each age and sex in 21 
patients and lower in 11 patients. The VD intake-to-RDA 
ratio ranged from 0.57 to 2.29 (median: 1.22) (Table 1 and 
Fig. 2).

Statistical analysis

In groups A and B (n = 27), the VD intake-to-RDA ratio 
did not increase significantly (P = 0.073), whereas the serum 
25(OH)D level increased significantly (P < 0.001). In group 
B (n = 13), the VD intake-to-RDA ratio did not increase sig-
nificantly (P = 0.23). Meanwhile, the serum 25(OH)D level 
increased significantly (P = 0.0015) from phase 1 to 2. The 
serum 25(OH)D level increased by 2.03-fold from phase 1 
to 2 in group B. In group C (n = 5), there was no significant 
increase in the VD intake-to-RDA ratio (P = 0.12) and the 

serum 25(OH)D level (P = 0.38) did not change significantly 
from phase 1 to 2.

Discussion

Due to the COVID-19 outbreak, inpatients at the Iwate 
Prefectural Rehabilitation and Nursery Center for Disa-
bled Children had been restricted from attending outings 
and school since April 2020, reducing opportunities for UV 
exposure. In July 2020, these restrictions were eased and 
some patients were actively taken out to sunbathe in the 
courtyard. This study evaluated VD status before and after 
this change. Following extremely low UV exposure, almost 
all the patients were VD deficient, even though their VD 
intake was above the Japanese RDA. Furthermore, despite 
active sunbathing, VD synthesis was insufficient to maintain 
good health for children with severe disabilities admitted to 
our institution.

The major sources of VD are dietary intake and cutaneous 
synthesis via UV exposure. Dietary intake traditionally plays 
a relatively minor role [9].

However, the extent of cutaneous synthesis and appropri-
ate amounts of VD intake from food required to maintain an 
adequate VD status for children with severe disabilities who 
have been institutionalized remain unknown.

We assessed the correlation between VD intake and VD 
status among children with severe disabilities who had lim-
ited UV exposure. We found almost all patients were VD 
deficient, even though about half had VD intake above the 
RDA in Japan.

In this study, the serum 25(OH)D levels increased to more 
than double in 13 patients in group B who had no UV expo-
sure within 15 days before phase 1 and who had at least one 
UV exposure within 15 days before phase 2, even without 
a significant increase in dietary intake. Hence, cutaneous 
synthesis is a very important source of VD in the body of 
institutionalized children with severe disabilities.

The VD intake of patient no. 31 in group C increased 
from phase 1 to 2, because the overall diet was increased 
to improve nutritional status. However, the reason for the 
significant improvement in VD status without UV exposure 
was unclear.

In Tokyo, in May, the median serum 25(OH)D levels for 
12- to 18-year-olds without UV exposure limitations were 
23.56 ng/mL for boys and 20.28 ng/mL for girls. VD intake 
was 10 μg/day with no difference between boys and girls 
[10]. The median serum 25(OH)D level in this study was 
11.5 ng/mL in phase 1 (May to June) group A, who had sun 
exposure before blood testing. The median serum 25(OH)D 
level for all children in phase 1 was 9.15 ng/mL. We found 

Fig. 1   Grouping of patients by ultraviolet exposure before blood test
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an obvious difference in VD status between children who 
were institutionalized and those who were not.

In high-latitude areas in Japan and in winter, synthesis 
in the skin cannot occur even with sunlight exposure. It 

takes 22.4 min in Tsukuba City, located at latitude 36°N, 
and 76.4 min in Sapporo, located at latitude 43°N, to syn-
thesize 5.5 μg of VD on 600 cm2 of skin (equivalent to the 

Fig. 2   Vitamin D intake-to-recommended daily allowances ratio and serum 25-hydroxyvitamin D levels for each group and all patients in phase 
1 and 2
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face and back of both hands of an adult weighing 70 kg) at 
0:00 PM in December [11].

Even at our facility, which is located at 39°36′N, VD syn-
thesis via sunbathing in winter is not expected. In particular, 
among children who require constant ventilator manage-
ment, sunbathing may be impractical.

Eleven of the 14 patients in group A phase 1 and 19 of 
27 patients in group A/B phase 2 had VD intake above the 
RDA. However, serum 25(OH)D levels exceeded 20 ng/mL 
in only 1 of 14 patients in group A phase 1 and 10 of 27 
patients in group A/B phase 2. These findings suggest that 
sunbathing significantly affects VD status in institutional-
ized children with severe disabilities, and that VD deficiency 
occurs despite VD intake above the RDA. The RDA for VD 
in Japan is determined by subtracting the amount of syn-
thesis via UV exposure from the US/Canadian standard, 
which does not take UV exposure into account [6]. Table 2 
shows the total VD intake for each menu item according to 
the dietary standards of our institution and Table 3 depicts 
the VD content of the blended diet, liquid enteral nutrition 
formula, and infant formula used at our institution. Children 
who can take age-appropriate food orally generally meet the 
recommended intake levels set by the Ministry of Health, 
Labour and Welfare, but some patients in our study could not 
take age-appropriate food. In this study, some patients were 
treated with phenobarbital and valproic acid. The difficulty 
of UV exposure and the use of antiepileptic drugs that affect 
the VD status were not taken into account. It is not suitable 
to apply this RDA to children who are institutionalized.

Considering the target of VD supplementation and its 
dose, adverse events must be considered. In the general 
populations, VD supplementation (at doses 5–50 µg/day) 
probably makes negligible to no contribution in the devel-
opment of hypercalciuria. Additionally, there is no clear 
evidence that this amount of VD supplementation is a risk 
for hypercalcemia. This amount of VD supplementation in 
children is considered safe [12].

However, VD supplements were considered unsafe for 
patients with idiopathic hypercalciuria and urinary tract 
stones because of new urinary tract stone formation [13]. 
There was a patient who had been diagnosed with urinary 

tract stones in this study, but it was reported that sup-
plementation with VD (10–20 μg/day) in children with 
idiopathic hypercalciuria did not affect the serum calcium 
concentration or urinary calcium excretion and develop-
ment of urinary tract stones. This VD supplement con-
centration could be safely administered to children with 
severe disabilities.

This study was conducted under restrictions on going 
out and attending school due to the COVID-19 pandemic. 
VD sufficiency has been shown to play an important role in 
increasing resistance to viral infection and helping prevent 
the severe symptoms of COVID-19 that result in fatalities 
[14].

VD supplementation is necessary not only in the winter 
but also across all seasons for children with severe dis-
abilities who are institutionalized.

The current study had several limitations. For exam-
ple, the number of patients is limited, and the length and 
timing of sun exposure were not appropriately controlled. 
Hence, future studies should assess VD supplementation 
among children who cannot sunbathe. Moreover, the trend 
in serum 25(OH)D levels must be assessed to determine 
the recommended intake without sunbathing. In conclu-
sion, the findings suggest that Japanese children with 
severe disabilities who are institutionalized with the rec-
ommended VD intake but who have limited UV exposure 
may still present with VD deficiency.

Table 2   VD content per day according to food type at our institution

VD vitamin D

Regular diet

Menu 1000 kcal 1200 kcal 1400 kcal 1600 kcal 1800 kcal 2000 kcal 2400 kcal

VD (μg/day) 6.9 8.1 9.1 10.1 13.1 14.4 17.5

Soft diet

Menu 1000 kcal 1200 kcal 1400 kcal 1600 kcal 1800 kcal 2000 kcal 2200 kcal

VD (μg/day) 6.7 7.8 8.8 9.7 12.7 13.7 16.2

Table 3   VD content per 1000  kcal of blended diet, infant formula, 
and liquid enteral nutrition formula used at our institution

VD vitamin D

Products VD 
(μg/1000 kcal)

Blended diet 6.7
ENORAS liquid for enteral use® 16.7
RACOL-NF liquid for enteral use® 3.4
ENEVO® 9.3
Infant formula (Morinaga Hagukumi®) 12.7
Anti-regurgitation formula (Morinaga AR milk®) 12.7
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UV exposure significantly impacts the VD status of Japa-
nese children with severe disabilities. VD supplementation 
should be considered when UV exposure is not expected to 
generate sufficient VD due to the need of ventilator manage-
ment, season, or low latitude.
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