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Incidence rate and characteristics of symptomatic vitamin
D deficiency in children: a nationwide survey in Japan
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Abstract. There is concern that vitamin D deficiency is prevalent among children in Japan as well as worldwide. We conducted a
nationwide epidemiologic survey of symptomatic vitamin D deficiency to observe its incidence rate among Japanese children. A
questionnaire inquiring the number of new patients with vitamin D deficiency rickets and/or hypocalcemia for 3 years was sent to 855
randomly selected hospitals with a pediatrics department in Japan. In this survey, we found that 250 children were diagnosed with
symptomatic vitamin D deficiency. The estimated number of patients with symptomatic vitamin D deficiency per year was 183 (95%
confidence interval (CI): 145-222). The overall annual incidence rate among children under 15 years of age was 1.1 per 100,000
population (95% CI: 0.9-1.4). The second survey has provided detailed information on 89 patients with symptomatic vitamin D
deficiency under 5 years of age in hospitals in the current research group. The nationwide and second surveys estimated the overall
annual incidence rate of symptomatic vitamin D deficiency in children under 5 years of age to be 3.5 (2.7-4.2) per 100,000
population. The second survey revealed 83% had bowed legs, 88% had exclusive breastfeeding, 49% had a restricted and/or
unbalanced diet and 31% had insufficient sun exposure among the 89 patients. This is the first nationwide survey on definitive clinical
vitamin D deficiency in children in Japan. Elucidating the frequency and characteristics of symptomatic vitamin D deficiency among
children is useful to develop preventative public health strategies.
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VITAMIN D is essential for skeletal development in
children, and is synthesized in the skin after exposure to
ultraviolet B rays and obtained from limited foods [1].
Vitamin D deficiency causes rickets and hypocalcemic
seizures. Vitamin D deficiency rickets is characterized by
defective mineralization of bones and cartilage of the
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Table 1 Diagnosis of exclusion of vitamin D deficiency

hypophosphatemic rickets
hypophosphatasia

vitamin D dependency
metaphyseal dysplasias
Blount disease
hypoparathyroidism
pseudohypoparathyroidism
cholestasis

transient hyperphosphatasemia

metabolic bone disease of prematurity

growth plate [2]. Vitamin D deficiency is based on low
circulating 25-hydroxyvitamin D (25(OH)D) concentra-
tion, a metabolite of vitamin D and the best clinical indi-
cator of vitamin D repletion in the body. Symptomatic
vitamin D deficiency presents with symptoms and signs
related to rickets and/or hypocalcemia in addition to low
serum 25(OH)D levels [3]. However, children with
hypovitaminosis D do not always exhibit symptoms or
signs associated with vitamin D deficiency [4, 5].

Reported patients with symptomatic vitamin D defi-
ciency have been increasing among children in recent
years throughout the world [6-9], including Japan
[10-13]. Vitamin D deficiency remains a significant
public health problem in the world [2] and in Japan.
However, no nationwide survey of the incidence rate of
symptomatic vitamin D deficiency among Japanese
children has been reported, although a survey on vitamin
D deficiency rickets in Hokkaido, a northern area of
Japan, has been carried out [11]. Therefore, we conduc-
ted a nationwide epidemiologic survey of symptomatic
vitamin D deficiency to clarify its incidence rate among
Japanese children.

Materials and Methods

Subjects

Subjects were patients with symptomatic vitamin D
deficiency rickets and/or hypocalcemia meeting the
guidelines provided by the Japanese Society for Pediatric
Endocrinology (http://jspe.umin.jp/medical/files/ vitaminD.
pdf) (In Japanese). Diagnostic criteria for vitamin D defi-
ciency rickets include the following items: Clinical
symptoms and/or signs related to rickets, including
deformities of lower extremities, gait abnormality, spinal

curvature, craniotabes, enlarged anterior fontanel,
rachitic rosary, Harrison’s groove, swelling of joints,
pathological fracture and growth retardation; radio-
graphic findings related to rickets, including irregularity,
cupping, splaying, fraying of the metaphysis; increased
serum alkaline phosphatase (ALP) levels; increased
plasma parathyroid hormone (PTH) concentrations; and
either hypophosphatemia or hypocalcemia. Diagnostic
criteria for vitamin D deficiency hypocalcemia include
the following items: Clinical symptoms and/or signs
related to hypocalcemia, including seizure, tetany, irri-
tability, Trousseau sign and Chvostek sign; clinical
symptoms and/or signs related to rickets as shown above;
radiographic findings related to rickets as shown above;
hypocalcemia; increased serum ALP levels; and increased
plasma PTH concentrations. Decreased serum 25(OH)D
concentrations were not included in the criteria in this
study because the measurement of 25(OH)D was not
approved by the national health insurance system in
Japan at the time when the subjects visited hospitals.
However, serum 25(OH)D levels were measured in most
patients as a result of this survey. Exclusion criteria are
summarized in Table 1.

Methods

According to the Nationwide Epidemiologic Survey
Manual issued by The Epidemiological Study Group of
Specified Rare and Intractable Diseases, a questionnaire
inquiring the number of new patients with vitamin D
deficiency rickets and/or hypocalcemia visiting the target
hospitals between April 1, 2013 and March 31, 2016 was
sent to 855 hospitals (32%) with a pediatrics department,
which were randomly selected from all hospitals (2,677)
in Japan (Table 2). The selection rate was determined
based on stratification by the number of beds in the hos-
pitals; the more beds a hospital had, the higher the proba-
bility of being selected. The selection rate was 100% for
hospitals with 500 beds or more and medical university
hospitals, whereas it was 5% for hospitals with 99 beds
or less at random. We previously estimated the incidence
of X-linked hypophosphatemic rickets in Japan in a simi-
lar survey [14].

Considering the selection rate and response rate to the
survey, the total number of patients with symptomatic
vitamin D deficiency was estimated as follows. The for-
mula for the estimation of the patient number in each
stratum: The estimated number of patients = the reported
number of patients/(selection rate x response rate); the
numbers of patients in each stratum were summed. The
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Table 2 Three-year estimated number of patients with symptomatic vitamin D deficiency

Hospital No. Visited Patient No. Estimated Patient No.
Classification (beds)
All Targeted  Responded Rickets  Hypocalcemia Both  Total Estimate 95% CI

Univ. Hosp. 133 133 78 106 12 8 126 215 165 269
500— 232 232 121 55 7 1 63 121 92 149
400499 223 178 102 29 3 2 34 74 11 140
300-399 349 140 84 21 4 0 25 104 49 159
200-299 341 68 36 1 0 0 1 9 -8 27
100-199 665 67 25 1 0 0 1 27 —24 77
-99 734 37 12 0 0 0 0 0 0 0
Total 2,677 855 458 213 26 11 250 550 434 666

95% confidence interval (CI) was calculated based on
multinomial hypergeometric distribution [15].

A second survey investigated detailed data for patients
with symptomatic vitamin D deficiency in the pediatrics
departments of 9 hospitals in the current research group.
Subjects were new patients who visited the hospitals in a
3.5-year period from April 1, 2013 to September 30,
2016. The 9 hospitals consisted of university or children’s
hospitals with over 500 beds. The diagnosis of sympto-
matic vitamin D deficiency was based on pediatricians’
determination at the local hospitals in the second survey.
Clinical presentation, age, feeding before solid food,
restricted and/or unbalanced diet, sunlight exposure,
race, biochemical data and treatment were evaluated.
This study was approved by the institutional ethical com-
mittee of Osaka University Hospital (approval number
16040).

Results

Incidence of symptomatic vitamin D deficiency

The response rate to the survey was 53.0% (458/855
hospitals). The hospitals reported 250 patients newly
diagnosed with symptomatic vitamin D deficiency dur-
ing the 3 years, comprising 213 patients with vitamin D
deficiency rickets, 26 with vitamin D deficiency hypo-
calcemia and 11 with both (Table 2). Serum 25(OH)D
levels were measured in 90% (226/250) of patients and
were less than 20 ng/mL in all. The estimated number of
patients with vitamin D deficiency for the 3-year period
was 550 (95% CI: 434-666) by summing the estimated
number of patients in each stratum based on the hospital
size. Thus, the estimated annual number of patients with
vitamin D deficiency was 183 (95% CI: 145-222). The

population under the age of 15 years was 16,233,000 in
2014. Thus, the overall annual incidence rate of sympto-
matic vitamin D deficiency in children under 15 years of
age in Japan was 1.1 (95% CI: 0.9-1.4) per 100,000 chil-
dren.

The second survey revealed 106 patients with sympto-
matic vitamin D deficiency. The following 17 patients
were excluded due to underlying diseases, limited mani-
festations or insufficient data: 3 patients with mental
retardation; 2, cholestasis; 2, 21 trisomy; 1, citrin defi-
ciency; 1, neuroblastoma; 1, TRPV6 compound heterozy-
gous mutations; 1, preterm birth, low birth weight and
regular follow-ups; 5, neither radiographic changes of
rickets nor symptomatic hypocalcemia; 1, insufficient
data. The remaining 89 patients were analyzed: 80 with
vitamin D deficiency rickets, 6 with vitamin D defi-
ciency hypocalcemia and 3 with both. The median age
was 1.75 years [1.50-2.33] (median [interquartile range
(IQR)]). Patients under 5 years of age accounted for
98.9% (88/89) in the second survey. We then estimated
the annual incident rate of symptomatic vitamin D defi-
ciency in younger children. When the age ratio (98.9%)
in the second survey was applied to the first nationwide
survey (estimated annual number of patients was 183
[95% CI: 145-222]), the estimated annual number of
patients under 5 years of age was 181 (143-220). The
population under the age of 5 years was 5,214,000 in
2014. Thus, the overall annual incidence rate of symp-
tomatic vitamin D deficiency in children under 5 years
of age is 3.5 (2.7-4.2) per 100,000 population. Similarly,
the overall annual incidence rate of symptomatic vitamin
D deficiency in children under 3 years of age is 5.4 (4.3—
6.5) per 100,000 population because the age ratio of
those under 3 years of age in the second survey was
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92.1% and the population under the age of 3 years was
3,103,000.

Characteristics of symptomatic vitamin D deficiency

Clinical features, including presentation, feeding
before solid foods, restricted and/or unbalanced diet,
sunlight exposure, race, biochemical data and treatment
were evaluated in the second survey. Chief presentations
consisted of bowed legs (n = 74, 83%), short stature (n =
18, 20%), gait abnormalities (n = 15, 17%), screening (n
=10, 11%), convulsions (n = 4, 4%) and others (n = 6,
7%) (Fig. 1). Exclusive breastfeeding (n = 78, 88%) was
dominant before solid food compared with breast plus
formula feeding (n = 7, 8%) and exclusive formula feed-
ing (n = 1, 1%). Information on vitamin D supplementa-
tion was not available. Contributing factors to vitamin D
deficiency were restricted and/or unbalanced diet in 44
patients and insufficient sun exposure in 28. Dietary
problems consisted of food allergy in 26 patients, meal
preference in 10, prolonged breast-feeding in 4 and vege-
tarianism in 3. Diet restrictions due to food allergy or
self-determination included eggs for 40 patients, dairy
products for 32, wheat for 9 and soybeans for 6. Insuffi-
cient sun exposure was due to infrequent outdoor playing
for 19 patients and wearing sun screen for 9. Most
patients were Japanese (n = 86, 97%); one parent of the
others (n = 3) was African, American or half-Japanese
and half-Costa Rican, respectively. X-ray changes,
including long bone deformities and rachitic findings,
were present in 85 (96%) among 89 patients. Biochemi-
cal data for children with symptomatic vitamin D defi-
ciency are summarized in Table 3. Serum 25(OH)D
levels were 9 (6.0-13.8) ng/mL (median [IQR]) and
below 20 ng/mL in 96% of patients. During treatment,
83 patients received alfacalcidol at the maximum dose of
0.10 (0.07-0.12) pg/kg/day (median [IQR]) and 18
patients received calcium lactate at the maximum dose of
100 (71-175) mg/kg/day.

Discussion

To the best of our knowledge, this is the first nation-
wide survey on definitive clinical vitamin D deficiency
in children in Japan. This study was based on a hospital
survey and included patients with symptomatic vitamin
D deficiency, not only low serum 25(OH)D levels.
Approximately 183 children without underlying illness
develop symptomatic vitamin D deficiency per year in
Japan, resulting in the overall annual incidence rate of

No. of patients
80
70
60
50
40
30
20

Fig.1 Mode of presentation of symptomatic vitamin D defi-

ciency

1.1 per 100,000 children under 15 years of age.

We defined symptomatic vitamin D deficiency based
on the guidelines provided by the Japanese Society for
Pediatric Endocrinology, which include clinical, radio-
graphic and biochemical findings associated with vita-
min D deficiency. The diagnostic criteria in the current
study excluded patients with “mild” or improving clini-
cal vitamin D deficiency in the absence of one of the
above findings, resulting in a reduction in the incidence
of symptomatic vitamin D deficiency. However, defini-
tive diagnostic criteria are crucial for the survey of the
incidence of a disorder, and the criteria in the current
study are comparable with other studies (Table 4).

There were few reports regarding the incidence of
symptomatic vitamin D deficiency in limited regions of
Japan. Matsuo K ef al. discussed the prevalence of vita-
min D deficiency rickets in Hokkaido, a northern area of
Japan [11], which has the highest incidence rate of vita-
min D deficiency in Japan (Table 4). An estimate of the
annual incidence rate of patients with vitamin D defi-
ciency rickets was 9 in 100,000 children under 4 years of
age. The age of the subjects in the Hokkaido study was
much younger than that in the current study. As infants
and toddlers are more prone to symptomatic vitamin D
deficiency than older children [16], age under 4 years led
to a higher incidence rate than age under 15 years.
Yorifuji J et al. reported the incidence of craniotabes in
normal newborns in a single hospital [12], but not the
exact incidence rate of vitamin D deficiency. The study
found that craniotabes was present in 246 (22.0%)
neonates among 1,120 normal Japanese in one year, and
at 1 month of age, infants with craniotabes had signifi-
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Table 3 Biochemical analysis of children with symptomatic vitamin D deficiency

No. of children Reference range ~ Median  Interquartile range No. abnormal (%)

25-hydroxyvitamin D (ng/mL) 75 >20 9.0 6.0-13.8 72 (96%)
Alkaline phosphatase (IU/L) 77 353-1,099* 2,163 1,389-3,384 68 (88%)
Calcium (mg/dL) 77 8.4-10.0 9.2 8.3-9.6 20 (26%)
Phosphate (mg/dL) 77 4.2-6.2% 4.0 3.1-5.0 39 (51%)
Parathyroid hormone (pg/mL) 72 10-60 199 105-388 63 (88%)
1,25-dihydroxyvitamin D (pg/mL) 53 20-60 104 63-140 41 (77%)

*Reference range for the age of 1 year.

Table 4 Estimated annual incidence rate of vitamin D deficiency in children among different studies
Country EAIR per 100,000 (;?j:s) Clinical or radiographic findings 25((();)/3]13%18 ALP levels  Reference
New Zealand 2.2 <15 L <20 High [8]
Canada 2.9 <18 N.L <11 N.L [18]
Denmark” 2.9 <15 L <10 High [19]
Australia 4.9 <15 N.L <20 High [20]
UK* 7.5 <5 L N.A. N.A. [17]
USA* 24 <3 L N.A. N.I 9]
Japan® 9 <4 I <15 N.L [11]
This study 1.1 <15 L. <20 High

EAIR, estimated annual incidence rate; 25(OH)D, 25-hydroxyvitamin D; ALP, alkaline phosphatase; 1., included; N.I., not included; N.A.,

not available; #, a region of the country; *, rickets alone included.

cantly higher serum ALP levels compared with normal
neonates, with 37.3% having a 25(OH)D of less than 10
ng/mL. Craniotabes is one sign of symptomatic vitamin
D deficiency, but plasma PTH levels and radiographic
findings were not available in this study.

Several nationwide surveys on the incidence of vita-
min D deficiency have been reported from some coun-
tries. The annual incidence rate of vitamin D deficiency
in children varies from 2.2 to 24.1 per 100,000 children
among studies [8, 9, 17-20], which may be due to dif-
ferent inclusion criteria and regions (Table 4). The eligi-
bility age for the studies in Canada, Australia, New
Zealand (NZ) and Denmark was up to 18 years old,
which is comparable with that in the current study. In
Canada, The overall annual incidence rate was 2.9 cases
per 100,000 children under the age of 18 years [18].
Most patients (89%) were intermediate or darker skinned
and some (10%) were fair skinned. Radiographic signs
of rickets were supportive of the diagnosis, but not
required for inclusion. In Australia, the overall incidence

in children under 15 years of age was 4.9/100,000/year
[20]. Skin color was dark in 85%, intermediate in 13%
and fair in 2%. However, not all children with vitamin D
deficiency were confirmed to have radiographic rickets.
In NZ, the overall annual incidence of vitamin D defi-
ciency rickets in children aged <15 years was 2.2/
100,000 (95%CI 1.4-3.5) [8]. Most children (95%) were
born in NZ, but the majority of the mothers (68%) were
born outside NZ. In southern Denmark, the average
incidence of nutritional rickets in children aged under 15
years was 2.9 per 100,000 per year [19]. Most (74%)
rickets cases occurred among immigrant children and
some (26%) among children of ethnic Danish origin.
These 4 studies demonstrated higher incidence rates of
vitamin D deficiency compared with that in the current
study, which may be due to the lack of required radio-
graphic findings of rickets in the Canadian and Austra-
lian studies, and the high ratio of darker or intermediate
skinned and/or immigrant children in the 4 studies.

A survey study in the United Kingdom (UK) and
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United States of America (USA) had younger children
with symptomatic vitamin D deficiency. In West
Midlands County of the UK, the overall incidence of
symptomatic vitamin D deficiency in children less than 5
years of age was 7.5 per 100,000 children per year [17].
Most (71%) of the 24 patients were of South Asian eth-
nic origin, some (17%) were black African or African-
Caribbean and 1 was white. Serum levels of 25(OH)D
were not considered biochemical vitamin D deficiency.
In Olmsted County, Minnesota, USA, the incidence of
nutritional rickets in children under 3 years was 24.1 per
100,000 [9]. Most (59%) of the 17 patients were black,
and 24% were white. The measurement of serum
25(0OH)D levels was not required. The age of subjects in
the UK and USA studies was much younger than that in
the current study, which significantly affected the inci-
dence rate of clinical vitamin D deficiency.

We performed the second survey to examine detailed
data on clinical vitamin D deficiency. The patient num-
ber for analysis was 89, equivalent to 36% of that in the
nationwide survey. The classification of clinical presen-
tation of vitamin D deficiency (i.e. rickets, hypocalcemia
or both) was similar with the nationwide survey,
although the diagnosis of symptomatic vitamin D defi-
ciency was based on pediatricians’ determination at the
local hospitals in the second survey. The median age of
1.75 years was similar with the median and mean ages
(1.4 years) in the NZ and Canadian studies [18, 21].
Collectively, the application of the age ratio in the
second survey to the first nationwide survey was thought
to be reasonable. Indeed, the estimated overall annual
incidence rate of symptomatic vitamin D deficiency in
children under 5 years of age (3.5 per 100,000 children)
is 47% of that of the study in UK [17], where South
Asian and black African or African-Caribbean ethnic
origins are dominant in cases of symptomatic vitamin D
deficiency.

The clinical features in the second survey revealed
details of presentation, feeding before solid foods, diet,
sunlight exposure, race, biochemical data and treatment
for patients with symptomatic vitamin D deficiency and
without underlying disorders in Japan. Bowed legs were
the most common presentation, similar with in the UK,
NZ and Canadian reports [8, 17, 18]. Exclusive breast-
feeding was reconfirmed to be risk factor [2, 21].
Notably, approximately half of the patients with sympto-
matic vitamin D deficiency had a restricted and/or unbal-
anced diet, which is consistent with the recent practical
guide that restriction of cow’s milk or multiple food

items may increase the risk of metabolic bone disorders
[22]. Unlike overseas [2, 23], active vitamin D was used
to treat patients with symptomatic vitamin D deficiency
in the current study. Prescribing native vitamin D, a
true vitamin D replacement, should be allowed to be
employed in Japan.

The limitation of the current study is the lack of data
on age and ethnicity, and that not all the hospitals were
covered in the nationwide survey. However, the second
survey in limited hospitals with 36% of the patient num-
ber of the nationwide survey provided age data and inci-
dence rate in children under 3 and 5 years of age. As for
ethnicity, the publication by the Ministry of Justice of
Japan concerning the number of foreign residents in
2014 has reported 102,087 childhood residents under 15
years of age in Japan, excluding Chinese and Koreans
who are similar in skin color with Japanese (http://
www.e-stat.go.jp/SG1/estat/List.do?1id=000001133760)
(In Japanese). As foreign residents aged under 15 years
make up a small portion, 0.6% (102,087/16,233,000) in
Japan, and the second survey had few darker or inter-
mediate skinned children, ethnicity was thought to mini-
mally influence the incidence rate of symptomatic
vitamin D deficiency in the current study. Regarding the
hospital selection, we randomly determined hospitals to
send the questionnaire based on stratification by the
number of beds in the hospitals. As expected, university
hospitals or those with more beds had more patients with
symptomatic vitamin D deficiency (Table 2), which indi-
cates that the selection method in the current study was
appropriate.

In conclusion, this is the first nationwide survey on
symptomatic vitamin D deficiency in children in Japan.
The overall incidence rate of symptomatic vitamin D
deficiency in children less than 15 years of age was 1.1
per 100,000 children per year, and the incidence rates in
those less than 3 and 5 years of age are 5.4 and 3.4,
respectively. Exclusive breastfeeding and restricted
and/or unbalanced diet are major risk factors for vitamin
D deficiency. Determining the incidence rate of sympto-
matic vitamin D deficiency among children is useful to
develop public health strategies. Symptomatic vitamin D
deficiency without underlying disease is a fully preventa-
ble disorder. Thus, supplementation with vitamin D in
infants and pregnant women, and food fortification with
vitamin D and calcium should be considered to prevent
symptomatic vitamin D deficiency in Japan as well as in
other countries [2].
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