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Abstract
This study was conducted to estimate the 25-hydroxyvitamin D (25(OH)D) levels and explore factors related to vitamin D deficiency/
insufficiency. This was a multicenter, hospital-based, cross-sectional observational study. Children admitted to hospitals for health
examination were included for vitamin D measurement and the 25(OH)D concentration results were categorized into 3 groups:
deficiency (<30nmol/L), insufficiency (30–50nmol/L), and sufficiency (>50nmol/L). Four lakh sixty thousand five hundred thirty-
seven children in 825 hospitals from 18 provinces participated in this study. The prevalence of vitamin D deficiency, insufficiency, and
sufficiency were 6.69%, 15.92%, and 77.39%, respectively. Vitamin D deficiency was the most severe in the central region, followed
by the north, and southwest regions; however, data for the western region were lacking.
Logistic regression showed that vitamin D status was worse in girls, newborns, and those visiting the hospital in the winter. In

conclusion, the prevalence of vitamin D deficiency is high amongChinese children and adolescents. Studies on population estimates,
cost-effective screening strategies, and interventions for high-risk cases are needed.

Abbreviation: DSRSC = Depression.
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1. Introduction
Vitamin D is an essential nutrient for bone growth, mineraliza-
tion, and other metabolic processes in the human body.[1] Serum
25-hydroxyvitamin D (25(OH)D) is the vitamin D metabolite
that is measured clinically to assess vitamin D status.[2] The
deficiency of vitamin D can be an important health issue in all
stages of life; level of vitamin D concentration can not only
influence the health of children and adolescents, but also the
health of their adulthood. Such as, it is known to cause rickets in
children and osteomalacia in adults.[3,4]
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The deficiency of vitamin D has been reported widely all over
the world; national-level epidemiological studies in Mexico
showed that the prevalence of vitamin D insufficiency (<50nmol/
L) was 24%, 10%, and 8% in preschoolers, schoolchildren, and
adolescents, respectively.[5] In western Europe, Akkermans
et al[6] included 325 children and found the overall prevalence
of vitamin D deficiency is 22.8%. Some studies conducted in
China also showed that vitamin D deficiency and insufficiency
were common. Fraser [7] reported that 45.2% of adolescent girls
in north China had 25(OH)D levels <12.5nmol/L in the winter.
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Yu et al[8] and Liang et al[9] reported that vitamin D deficiency
and insufficiency were prevalent in children of all ages in
Shanghai and Nanjing from southeast China. Guo et al[10]

estimated the 25-(OH)D levels in children in southern China and
included 16,755 children aged 0 to 6 years; the results showed
that the prevalence of vitamin D deficiency and insufficiency were
10.8% and 39.0%, respectively, and they concluded that
deficiency and insufficiency of vitamin D are common among
children in southern China. However, all these studies are single-
center study without good representation. In addition, the
prevalence of vitamin D deficiency and insufficiency in children in
mainland China is unknown; therefore, we conducted a
multicenter, hospital-based, cross-sectional observational study
to estimate the 25(OH)D levels and explore factors related to
vitamin D deficiency/insufficiency.
2. Methods

2.1. Study design

This was a multicenter, hospital-based, cross-sectional observa-
tional study. Eight hundred twenty-five hospitals from 18
provinces participated in this study. The study period is between
January 2016 and December 2018.
2.2. Participants

Participants aged 0 to 18 years admitted to hospitals for health
examination in 18 provinces in mainland China were enrolled.
Subjects were excluded if they had any underlying diseases with
known skeletal diseases, genetic syndromes, or malabsorptive
disorders.
2.3. Data collection

Basic characteristics of participants was collected, including
gender, age, season, hospital nature, hospital level, and region.
Age was divided into 6 groups: neonatal period (0–28 days),
infant period (28 days–1 year), toddle period (1–3 years),
preschool age (3–7 years), school age (7–10 years), and
adolescence (10–18 years). Season was divided into 4 groups:
spring (March, April, May), summer (June, July, August),
autumn (September, October, and November), winter (Decem-
ber, January, February). Hospital nature was divided into 2
groups: nonmaternal and child, maternal and child. Hospital
level was divided into 4 groups: first level, secondary level, third
level, and other. According to the China Health Statistics
Yearbook, region was divided into 3 groups: western (Inner
Mongolia, Yunnan, Sichuan, Shaanxi, Guangxi), eastern (Bei-
jing, Liaoning, Hebei, Shandong, Jiangsu, Zhejiang, Guang-
dong), and central China (Heilongjiang, Anhui, Hubei, Henan,
Shanxi, Hunan).

2.4. Vitamin D measurement

25(OH)D, which is the main circulating form of vitamin D in
vivo, was used to determine the level of vitamin D. All fasting
venous blood samples were collected and use cold-chain
transportation to the same laboratory. Samples were stored
store in a light-proof and refrigeration environment. Concentra-
tion of 25(OH)D was determined by LC-MS/MS after pretreat-
ment. Internal standard method was used to quantify 25(OH)D2
and 25(OH)D3. The correlation coefficient of the standard curve
2

was <1%, and QC sample should be X±2SD. Vitamin D status
was evaluated by determining the 25(OH)D concentration. The
25(OH)D concentration results were categorized into 3 groups:
deficiency (<30nmol/L), insufficiency (30–50nmol/L), and
sufficiency (>50nmol/L).[11]
2.5. Statistical analyses

Frequencies and percentages (%) were reported for categorical
variables. Categorical variables were analyzed using the Chi-
square or Fisher exact test as appropriate.
Logistic regression determined the association between

deficiency or insufficiency and covariates. All analyses were
performed using SAS, v. 9.4 (SAS Institute, Inc., Cary, NC, USA.,
and the threshold for statistical significance was set at P< .05.
2.6. Ethical issues

The design of the study was in accordance with the Helsinki
Declaration. The study began after the approval of the Office of
Research Ethics Committees of West China Second Hospital.
Informed consent was obtained from all caregivers, and consent
was provided from children aged 8 years.
3. Results

3.1. Prevalence of vitamin D deficiency, insufficiency, and
sufficiency

In total, 460,537 children aged 1 day to 18 years (median:
1.33 years) from 825 hospitals in 18 provinces were included.
The mean 25(OH)D concentration was 72.18±30.10nmol/L.
The prevalence of vitamin D deficiency, insufficiency, and
sufficiency were 6.69%, 15.92%, and 77.39%, respectively
(Table 1).
Chi-square test results showed that there was significant

difference in the prevalence of vitamin D deficiency, insufficiency,
and sufficiency in different sex, age, season, hospital nature,
hospital level, and region group.
Figures 1 and 2 show the prevalence of vitamin D deficiency

and insufficiency by region. In brief, the locations of vitamin D
deficiency/insufficiency mainly included Beijing, Hebei Province,
Henan Province, Shanxi Province, Shaanxi Province, Inner
Mongolia Autonomous Region, and Shandong Province. Vita-
min D deficiency was the most severe in the central region,
followed by the north, and southwest regions; however, data for
the western region were lacking.
3.2. Influencing factors of vitamin D deficiency and
insufficiency in China

After adjustment, logistic regression showed that being female,
being a neonate, visiting the hospital in the winter, visiting the
maternal and child hospital, visiting a Tier 2 hospital, and living
in eastern China were associated with vitamin D deficiency and
insufficiency (Tables 2 and 3).
4. Discussion

We conducted a large sample size multicenter, hospital-based,
cross-sectional observational study to investigate the prevalence
of vitamin D deficiency, insufficiency; a total of 460,537 children



Table 1

Prevalence of vitamin D deficiency, insufficiency, and sufficiency in China.

Characteristic Total number Deficiency <30nmol/L Insufficiency 30–50nmol/L Sufficiency >50nmol/L x2 P

Overall 460,537 30,823 (6.69) 73,322 (15.92) 356,392 (77.39)
Sex 578.04 <.001
Male 267,520 16,622 (6.21) 40,557 (15.16) 210,341 (78.63)
Female 193,017 14,201 (7.36) 32,765 (16.98) 146,051 (75.67)

Age 98,857.06 <.001
Neonatal period 13,321 7324 (54.98) 4410 (33.11) 1587 (11.91)
Infant period 213,961 9981 (4.66) 17,818 (8.33) 186,162 (87.01)
Toddle period 102,907 2170 (2.11) 12,242 (11.90) 88,495 (86.00)
Preschool age 85,493 5320 (6.22) 23,634 (27.64) 56,539 (66.13)
School age 25,607 2597 (10.14) 8398 (32.80) 14,612 (57.06)
Adolescence 19,248 3431 (17.83) 6820 (35.43) 8997 (46.74)

Seasons 26,177.50 <.001
Spring 102,305 8183 (8.00) 20,062 (19.61) 74,060 (72.39)
Summer 135,886 3280 (2.41) 12,287 (9.04) 120,319 (88.54)
Autumn 125,834 6170 (4.90) 17,857 (14.19) 101,807 (80.91)
Winter 96,512 13,190 (13.67) 23,116 (23.95) 60,206 (62.38)

Hospital nature 188.23 <.001
Nonmaternal and child 348,166 22,643 (6.50) 56,636 (16.27) 268,887 (77.23)
Maternal and child 112,371 8180 (7.28) 16,686 (14.85) 87,505 (77.87)

Hospital level 6037.04 <.001
Tier 1 4893 258 (5.27) 738 (15.08) 3897 (79.64)
Tier 2 240,124 18,403 (7.66) 41,657 (17.35) 180,064 (74.99)
Tier 3 176,862 11,597 (6.56) 28,645 (16.20) 136,620 (77.25)
other 38,658 565 (1.46) 2282 (5.90) 35,811 (92.64)

Region 330.39 <.001
Eastern 214,460 13,991 (6.52) 36,248 (16.90) 164,221 (76.57)
Central 155,710 10,427 (6.70) 23,909 (15.35) 121,374 (77.95)
Western 90,367 6405 (7.09) 13,165 (14.57) 70,797 (78.34)

Figure 1. Distribution map of vitamin D deficiency in China.
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Figure 2. Distribution map of vitamin D deficiency/insufficiency in China.

Table 2

Analysis of influencing factors of vitamin D deficiency in China.

Variables b SE P OR (95% CI)

Sex
Male �0.18 0.01 <.001 0.84 (0.82–0.86)
Female — — — Ref

Age
Neonatal period — — — Ref
Infant period �3.47 0.02 <.001 0.03 (0.03–0.03)
Toddle period �4.28 0.03 <.001 0.01 (0.01–0.02)
Preschool age �3.17 0.02 <.001 0.04 (0.04–0.04)
School age �2.58 0.03 <.001 0.08 (0.07–0.08)
Adolescence �1.88 0.03 <.001 0.15 (0.14–0.16)

Seasons
Spring — — — Ref
Summer �1.54 0.02 <.001 0.21 (0.2–0.22)
Autumn �0.77 0.02 <.001 0.46 (0.45–0.48)
Winter 0.61 0.02 <.001 1.84 (1.78–1.9)

Hospital nature
Non-Maternal and child — — — Ref
Maternal and child 0.13 0.02 <.001 1.14 (1.11–1.17)

Hospital level
Tier 1 1 0.08 <.001 2.71 (2.31–3.17)
Tier 2 1.23 0.04 <.001 3.43 (3.15–3.74)
Tier 3 1.2 0.04 <.001 3.32 (3.05–3.63)
Other — — — Ref

Region
Eastern �0.15 0.02 <.001 0.86 (0.83–0.89)
Central �0.26 0.02 <.001 0.77 (0.74–0.8)
Western — — — Ref

CI = confidence interval; OR = odds ratio.

Table 3

Analysis of influencing factors of vitamin D deficiency/insuffi-
ciency in China.

Variables b SE P OR (95% CI)

Sex
Male �0.21 0.01 <.001 0.81 (0.8–0.83)
Female — — — Ref

Age
Neonatal period — — — Ref
Infant period �4.19 0.03 <.001 0.02 (0.01–0.02)
Toddle period �4.08 0.03 <.001 0.02 (0.02–0.02)
Preschool age �2.87 0.03 <.001 0.06 (0.05–0.06)
School age �2.38 0.03 <.001 0.09 (0.09–0.1)
Adolescence �1.92 0.03 <.001 0.15 (0.14–0.16)

Seasons
Spring — — — Ref
Summer �1.43 0.01 <.001 0.24 (0.23–0.25)
Autumn �0.64 0.01 <.001 0.53 (0.52–0.54)
Winter 0.51 0.01 <.001 1.66 (1.62–1.69)

Hospital nature
Nonmaternal and child — — — Ref
Maternal and child 0.06 0.01 <.001 1.07 (1.05–1.09)

Hospital level
Tier 1 0.9 0.04 <.001 2.47 (2.26–2.69)
Tier 2 1.02 0.02 <.001 2.78 (2.67–2.89)
Tier 3 0.92 0.02 <.001 2.5 (2.4–2.61)
other — — — Ref

Region
Eastern 0.1 0.01 <.001 1.11 (1.09–1.13)
Central �0.04 0.01 .002 0.96 (0.94–0.98)
Western — — — Ref

CI = confidence interval; OR = odds ratio.
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for health examination in 825 hospitals from 18 provinces
participated in this study. The results showed that Vitamin D
deficiency/insufficiency (22.61%) was highly prevalent in
children in mainland China. Vitamin D status was worse in
girls, newborns, and those visiting the hospital in the winter.
Vitamin D status is considered an important determinant of
children’s health. Vitamin D is either obtained through the diet or
synthesized in the skin in response to the sun’s ultraviolet B rays,
and is metabolized in the liver and kidneys to 1,25(OH)2D,
which plays a direct role in the transcription of genes related to
bone-mineral metabolism. A deficiency of 25(OH)D is closely
associated with osteomalacia and skeletal deformities in
children.[2] Compared with data from other country, the
prevalence of vitamin D deficiency/insufficiency in China was
similar with that inMexico, Iran, andworldwide.[5,12] Compared
with the study conducted in Guangdong province in China,[10]

the prevalence of vitamin D deficiency and insufficiency in our
study was lower than that; the possible reasons were as follows.
First, there are differences in the age of the included participants;
the study included participants aged 0 to 6 years; however, the
age of participants in our study ranged from 0 to 18 years, and it
is easier for younger children to be vitamin D deficiency. Second,
the difference in the proportion of the included participants in
different seasons will lead to inconsistent prevalence of vitamin D
deficiency; the proportion of participants included in our study in
summer (29.5%) was higher than that in Guo’ study (22.9%); as
we know, the prevalence of vitamin D deficiency was higher in
spring, autumn, and winter than in summer due to sufficient
sunlight in summer. Third, the study conducted in Guangdong
Women and Children Hospital was a single-center study; the
source of patients was relatively single, so the results may differ
from the results of the multicenter study. The study by Yu et al[9]

found that vitamin D deficiency were common in newborns in
Shanghai and the prevalence of vitamin D deficiency in newborns
was 36.3%, which was lower than that in our study, because
vitamin D deficiency was defined as a serum 25(OH)D
concentration <20ng/mL, which was different from our study,
so it will cause a certain difference in results.
For the factors influencing vitamin D deficiency and

insufficiency, we found that a higher prevalence of vitamin D
deficiency and insufficiency was observed in newborns and older
children, which are similar with those in other studies; the
previous studies showed that increasing age was associated with
lower levels of 25 (OH)D.[13,14] In addition, we also found
vitamin D deficiency and insufficiency was common in spring and
winter. As we know, levels of 25 (OH) are determined by many
factors; there are several possible reasons for vitamin D deficiency
and insufficiency. First, lack of direct exposure to sunlight:
newborns and young children have fewer opportunities for
outdoor activities due to their limited mobility. Due to the cold
weather in winter and spring, parents seldom take their children
out for activities, and often close the windows at home, making it
difficult to receive sunlight for children, so vitamin D deficiencies
are more common in winter and spring. Second, insufficient
intake of vitamin D in food: Vitamin D content in human milk,
cow milk, and general foods is very low, so it could not meet the
growth and development needs of children. If vitamin D could
not be synthesized from ultraviolet radiation, and no supplemen-
tary foods such as cod liver oil or fortified vitamin D are taken,
vitamin D deficiency and insufficiency could easily occur. Third,
improper proportion of calcium and phosphorus in food:
although milk contains a lot of calcium, which is much higher
5

than the calcium content in human milk, the ratio of calcium and
phosphorus is not as suitable as that in human milk, and the
proportion of calcium absorbed through the intestine is worse
than that of human milk. Therefore, infants fed artificially are
more likely to develop rickets than breastfed infants. Fourth,
chronic diarrhea and hepatobiliary diseases could affect vitamin
D absorption and utilization.
Thus, interventions are needed to improve the vitamin D status

in children. First, physicians must routinely test vitamin D levels
in China to identify the high-risk populations. Second, education
should be considered, as it may raise the awareness of health care
professionals and family members about the importance of
vitamin D supplementation. Third, China could establish rickets
surveillance to evaluate the risk of vitamin D deficiency in early
childhood. Last, in order to prevent rickets, it is necessary to
increase the children’s outdoor activities and sunshine exposure,
especially for children born in winter with little outdoor activities,
cod liver oil should be taken for prevention.
This study had some limitations. First, the data were collected

from hospitals and were not population-based. Second, data
from some provinces in China were lacking; therefore, selective
bias may exist. Third, some factors that may influence vitamin D
status, such as supplementation, obesity status, and sunlight
exposure, were unavailable.
5. Conclusion

The prevalence of vitamin D deficiency is high among Chinese
children and adolescents. Studies on population estimates, cost-
effective screening strategies, and interventions for high-risk cases
are needed.
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