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Abstract
Background: Living at high latitudes is one of the risk factors for vitamin D deficiency in children.
However, evidence on vitamin D improvement for this pediatric population to date is limited. This study
aims at evaluating the association of different vitamin D intervention methods and outdoor activity on
the vitamin D status of children in North China.
Methods: A total of 55,925 children aged 1 month to 18 years old were recruited from pediatric outpatient
departments from July 2016 to June 2017. Data on demographics, anthropometric measurements,
vitamin D intervention, and outdoor activity were recorded. The serum levels of 25-hydroxycholecalciferol
(25(OH)D) were determined by high performance liquid chromatography tandem–mass spectrometry.
Logistic regression analysis was performed to assess the association of vitamin D intervention or
outdoor activity with blood vitamin D status, adjusted for age, gender, BMI for age, and seasons.
Results: The overall rate of hypovitaminosis D was 65.60%. Of the children’s outdoor activity, 35.63%,
31.95%, and 32.42% were below 30min/d, 30-60 min/d and over 60min/d, respectively. Furthermore, the
proportion of therapeutic intervention, supplementation intervention and no vitamin D intervention among
the children was 16.48%, 32.87%, and 50.65%, respectively. After adjusted for confounding factors,
vitamin D intervention was associated with a lower risk of hypovitaminosis D, with OR (95% CI) of 0.191
(0.180, 0.202) in children with therapeutic doses and 0.423 (0.404, 0.443) in those with supplementation
doses, compared with children without vitamin D intervention. In addition, longer outdoor time was
associated with a lower risk of hypovitaminosis D [0.479 (0.456, 0.504) for 60 min/d, 0.737 (0.701, 0.776)
for 30–60 min/d], independent of vitamin D intervention.
Conclusions: High prevalence of vitamin D deficiency was found in children living at high latitudes.
Vitamin D intervention and outdoor activity are all negatively associated with children’s vitamin D
deficiency. Routine vitamin D intervention combined with increased outdoor time might be an effective
approach to prevent hypovitaminosis D among children, especially those at school, living at high
latitudes.

Background
Vitamin D deficiency is a disorder mainly induced disorders of calcium and phosphorus metabolism,
which causes defective chondrocyte differentiation, mineralization in growth plate and defects in osteoid
mineralization among children[1]. Vitamin D deficiency is also related to functions of muscles and
immune organs, and hematopoiesis, which are associated with multiple extra-skeletal disorders, such as
myopathy, anemia, and recurrent respiratory tract infections in children[2-4].
Vitamin D deficiency or insufficiency are still of global public health concerns, particularly in developing
countries[5]. Approximately 30.00% of children suffer from hypovitaminosis D worldwide[6]. Academic
societies of China and other regions have released guidelines to emphasize the role of outdoor time and
vitamin D intervention in physical health of children and adolescents, especially those with risk factors of
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deficiency[7, 8]. Several studies have demonstrated that vitamin D intervention significantly increased
blood 25-hydroxyvitamin D (25(OH)D) level in children. A randomized, double-blinded study reported that
vitamin D treatment in 600 IU/d for 6 weeks resulted in an increase in serum 25(OH)D in asthmatic
children compared with placebo treatment (76.3 vs 48.2nmol/l)[9]. In a prospective observational study,
55 children with inflammatory bowel diseases were prescribed vitamin D 2000 IU/d for 2 to 3 months,
and their serum 25(OH) D were increased from 58 nmol/L at the baseline to 85 nmol/L[10]. Uysalol et al
found that serum 25(OH)D levels in asthmatic children with inadequate sun exposure and vitamin D
intervention were significantly lower than that of the healthy controls (16.6 vs 28.2 ng/mL) in Turkey [11].
Therefore, most present studies focused on the impact of vitamin D intervention and outdoor time on
pediatric patients. Yet the association of vitamin D intervention and sun exposure on healthy children are
not well documented given that few guidelines support serum 25(OH)D test for children[12]. However,
previous studies suggested that circulating vitamin D level should be measured even in healthy children
with a risk of vitamin D deficiency mainly due to inadequate sun exposure [13, 14], in order to early prevent
vitamin D deficiency-related diseases.
Constant exposure of many parents to information on benefits of vitamin D supplementation during
pregnancy and throughout childhood may contribute to voluntary daily intake of vitamin D in children[15,
16]

. Supplementation intervention of vitamin D helps prevent vitamin D deficiency in children, although

few studies have been reported[17]. With the spread of child health education, children are more likely to
have regular clinic visits due to early recognition of nutritional rickets-related clinical symptoms by their
parents, e.g. frontal bossing, rachitic rosary, and leg deformity. 25(OH)D test is routinely performed for
children in North China as part of physical examination or assessment of suspected nutritional rickets.
Once the diagnosis is confirmed, individualized intervention is provided by physicians/doctors to
maintain or improve vitamin D status of their pediatric patients. Nevertheless, little research has been
conducted on efficacy and feasibility of therapeutic intervention to date. In our study, data of 55,925
children from our clinic were analyzed to investigate their vitamin D nutriture and possible causes, of
which vitamin D intervention and outdoor time were of particular interest, to explore the necessity of
regular monitoring of 25(OH)D status and intervention in children living at high latitudes.

Methods
Study design, data source, and patient selection
Heilongjiang is a province comprising 12 cities including Harbin, located in North China at latitude 43°3′ 53°3′ N and known as the coldest region in China, with an average annual sunshine of 1874 to 2761 h in
2016–2017, according to Heilongjiang Bureau of Statistics. The Sixth National Population Census of
China indicated that the resident population in Heilongjiang was 38.31 million, in which 4.57 million
(11.94%) were aged 0–14 years old.
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In China, child health is a branch of pediatric medicine mainly dealing with physical examination and
health assessment on infants and young children including growth and the behavioral development
assessment, feeding guidance, assessment of nutritional status, micronutrient testing, as well as
diagnosis and treatment of rickets. In this cross-sectional study, children aged 0-18 years old were
recruited who visited child health clinic in Harbin Children’s Hospital between July 2016 and June 2017.
All guardians completed questionnaires involving questions of their children’s name, date of birth, date of
visit, ethnic, and vitamin D intervention.
Therapeutic intervention is defined as vitamin D prescription in children who had physical examination or
clinic visits in the past 3-6 months. Prophylactic and therapeutic dosage was recommended for pediatric
patients with a normal level and in vitamin D deficiency, respectively according to the consensus of the
Chinese Society of Osteoporosis and Bone Mineral Research[18], respectively (most of them had oral
vitamin D3 intake of 800-2400 IU/d). Supplementation intervention is defined as daily vitamin D intake in
children asked by their parents in last 3-6 months (most of them had oral vitamin D3 intake of 400-800
IU/d), without being monitored for their serum 25(OH)D or a prescription from doctors. No vitamin D
intervention was defined as taking no vitamin D supplements in the past 3-6 months. Children were
considered being supplemented with vitamin D if they were 1) aged over 6 months and given either
therapeutic or supplementation vitamin D intervention for more than 3 months and 2) aged less than 6
months and received vitamin D intervention in either aforementioned way for >1 month. Children with the
following conditions were excluded from our study: 1) using vitamin D metabolites and their analogs,
e.g., alfacalcidol or calcitriol, for their routine supplementation. 2) suffering from hypophosphatemic
rickets, organ dysfunction, congenital disorders, inherited metabolic diseases, acute infectious diseases
and chronic inflammatory disease. 3) for those over 6 months old, either aforementioned intervention
suspended for >20 d in the past 3 months and 4) for children under 6 months, either aforementioned
intervention suspended for >10 d in the past 1 month. Detailed information on the nature of this study
was provided to the parents or guardians of participants before consent was written.
Outdoor activity
The questionnaire about outdoor activity time included the average frequency of outdoor activity per
week in the past three months (1 to 7 days), duration per day (less than 30 min/ day, 30~60 min/ day and
more than 60 min/ day) and activity window (before 8 a.m., 8 a.m. to 4 p.m. and post 4 p.m.). Outdoor
activity from 8 a.m. to 4 p.m. was considered as being associated with vitamin status and investigated.
Pre-investigation of 50 randomly-selected parents was conducted and repeated one week afterwards,
resulting in the reliability coefficient r = 0.912.
Anthropometric Measurements
Trained nurses measured twice the height and weight of the enrolled children within 0.1 cm and 0.1 kg
respectively, and average the measurements for the final value. An anthropometric calculator obtained
from World Health Organization (http://www.who.int/en/) was used to determine body mass index (BMI)
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for age. BMI for age <90 percentile was considered normal, 90-97 percentile overweight and >97
percentile obese.
Circulating 25(OH)D Level
Blood samples (3 ml) were taken by antecubital venipuncture and then stored in a cool box for <2 h. After
centrifugation at room temperature for 10 min at 1200 × g, the upper serum pipetted and stored at 4 °C
for <24 h. The samples were kept at room temperature for 30 min before analysis. The serum 25(OH)D
levels were determined by high performance liquid chromatography tandem–mass spectrometry (HPLC–
MS/MS, API 3200; AB SCIEX, American). The lower limits of 25-(OH)D2 and 25-(OH)D3 for detection were
both 1.6 ng/mL. The test sensitivity was assessed with the inter-batch coefficient of variation (CV) of
6.59% and between batches CV of 6.98%.
Diagnostic Criteria of Serum Vitamin D Status
The consensus of the Chinese Society of Osteoporosis and Bone Mineral Research, Chinese Medical
Association indicated that circulating 25(OH)D <10 ng/mL was considered severely deficient, 10-20
ng/mL deficient, 20–29 ng/mL insufficient, and ≥30 ng/mL sufficient[18]. High levels of circulating
25(OH)D may have benefits for children’s extra-skeletal organs[19]. Thus, the cut-off points for defining
low status of vitamin D is 30 ng/mL, which refers to hypovitaminosis D in this study[14].
Statistical analysis
The serum level of 25(OH)D was expressed as mean±SD. Comparison of the 25(OH)D levels between
different groups was determined by ANOVA. The prevalence of vitamin D status was expressed as n (%).
The statistical difference of the prevalence of vitamin D status between different groups was determined
by chi-square test. Logistic regression analysis was performed to evaluate the association of risk factors
with blood vitamin D status. Furthermore, the associations of hypovitaminosis D with vitamin D
intervention and outdoor time was examined after adjustment for age, gender, BMI for age, and season.
Data were expressed as odds ratio (OR) and 95% confidence interval (CI). All analyses were performed
using SPSS 21.0. A p value < 0.05 was considered statistically significantly.

Results
Participant Characteristics
A total of 55,925 participants from the 12 cities of Heilongjiang were included in this study, in which
30,683 (54.86%) were male. Table 1 presented the basic characteristics of the participants. The average
serum level of 25(OH)D for all participants was 26.13±12.30 ng/mL. The median age of participants was
3.10 years old (interquartile range, 1.10–6.50 years old). The highest level of serum vitamin D was found
in the group younger than 1 year old. As the age increased, the serum vitamin D level was dropped, which
remained 16.24±8.30 ng/mL in children aged from 12 to younger than 18 years old. The serum vitamin D
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levels in normal-weight, overweight and obese children were 26.58±12.26 ng/mL, 21.84±12.43 ng/mL
and 20.07±9.90 ng/mL (P < 0.001), respectively, indicating the deterioration in vitamin D status with
increasing body weight in children. Children had the lowest level of vitamin D (25.37±11.95 ng/mL, P <
0.001) in winter than in other seasons of the year. There was no significant difference of serum vitamin D
between the Han children and the minority peers (26.12±12.29 vs 26.91±12.67 ng/mL, P=0.050). Of the
children’s outdoor time, 35.63%, 31.95%, and 32.42% were below 30min/d, 30-60 min/d and over 60min/d,
respectively. Children with more than 60 min/d outdoor activity had the highest level of serum vitamin D
(29.60±12.11 ng/mL, P < 0.001). Furthermore, 50.65% of the subjects were not given vitamin D
intervention (35.80±17.14 ng/mL), 32.87% received vitamin D supplementation (29.80±9.49 ng/mL) and
16.48% were provided therapeutic doses of vitamin D (20.60±8.65 ng/mL, P < 0.001).
Table 1. 25(OH)D concentration in children aged 0–18 years old
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Total

N (%)

25(OH)D (ng/mL)

55,925

26.13±12.30

Gender

P value

<0.001

Boys

30,683 (54.86)

26.42±12.07

Girls

25,241 (45.13)

25.78±12.56

Age (year)

<0.001

0< age <1

11,953 (21.37)

33.25±13.64

1≤ age <3

14,901 (26.64)

30.71±11.44

3≤ age <6

13,124 (23.47)

23.74±9.37

6≤ age <12

12,416 (22.20)

19.12±8.70

12≤ age <18

3531 (6.31)

16.24±8.30

Season

<0.001

Spring

15,795 (28.24)

25.98±11.77

Summer

17,421 (31.15)

26.58±13.07

Autumn

10,205 (18.25)

26.51±12.08

Winter

12,504 (22.36)

25.37±11.95

Ethnic

0.050

Han

54,967 (98.29)

26.12±12.29

Ethnic minorities in China

958 (1.71)

26.91±12.67

Outdoor time

<0.001

<30 min/d

19,929 (35.63)

21.61±11.81

30–60 min/d

17,867 (31.95)

27.65±11.47

>60 min/d

18,129 (32.42)

29.60±12.11

BMI for age

<0.001

Normal

51,294 (91.72)

26.58±12.26

Overweight

2851 (5.10)

21.84±12.43

Obesity

1780 (3.18)

20.07±9.90

Intervention

<0.001

None

28,328 (50.65)

20.60±8.65

Supplementation intervention

18,383 (32.87)

29.80±9.49

Therapeutic intervention

9214 (16.48)

35.80±17.14
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NOTE: P < 0.05 shows a significant difference between the groups.

Characteristics of Children with Different Vitamin D Statuses
The overall rate of hypovitaminosis D was 65.60%. 6.57%, 25.51%, and 33.52% of the children included
were found with severe deficiency, deficiency and insufficiency, respectively. Moreover, 18.11% children
with severe deficiency were overweight or obese, compared with 11.34% and 8.17% in those with
deficiency and insufficiency, respectively. However, the rate of overweight and obesity decreased to 4.21%
in children with vitamin D sufficiency (P < 0.001). Children who have outdoor time of 30–60 min/d and
over 60 min/d showed a percentage of 34.31% and 39.97% in the vitamin D sufficiency group, whereas it
dropped to 25.72% in the < 30 min/d group (P < 0.001). In children with normal vitamin D status, 46.70%
and 27.12% had supplementation and therapeutic doses of vitamin D, respectively; in contrast, 26.18%
received no intervention, accounting for 90.31% patients with severe vitamin D deficiency (Table 2).
Table 2. Characteristics of children with varying serum levels of 25(OH)D
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Deficient

Insufficient

Sufficient

P value

7.45±2.19

15.35±2.87

25.04±2.81

38.74±10.57

<0.001

6.57

25.51

33.52

34.40

51.20

53.07

55.42

56.34

<0.001

Age (years,`x±s)

7.54±4.99

6.65±3.94

4.18±3.38

2.09±2.39

<0.001

Ethnic (Han, %)

98.31

98.49

98.28

98.14

0.063

Overweight and obesity

18.11

11.34

8.17

4.21

<0.001

Severe
deficient
Vitamin D (ng/mL,`x±s)
Percentage (%)
Male (%)

(%)
Season (%)

<0.001

Spring

30.50

29.82

31.12

32.29

Summer

26.53

29.33

28.19

27.83

Autumn

16.31

17.35

18.69

18.85

Winter

26.66

23.50

22.00

21.03

Outdoor activity time (%)

<0.001

<30 min/d

58.69

56.23

25.63

25.72

30–60 min/d

23.56

22.14

38.63

34.31

>60 min/d

17.75

21.63

35.74

39.97

Intervention methods (%)
No intervention
Supplementation

<0.001
90.31

74.10

50.16

26.18

7.27

17.94

35.06

46.70

2.43

7.96

14.79

27.12

intervention
Therapeutic
intervention
`x±s and percentage (%) were used to describe the continuous and categorical variables,
respectively; P<0.05 was regarded as statistically significant.

Association of Risk Factors with Vitamin D Status
With the logistic regression model, we analyzed the risk factors including gender, age, ethnics, BMI for
age, season, outdoor time and vitamin D intervention for prediction of hypovitaminosis D in all the
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participants. (Table 3). The results showed that among the influential factors, female (OR=1.155, P <
0.001, relative to males), older ages (1≤ age <3, OR=1.534, P < 0.001; 3≤ age <6, OR=5.779, P < 0.001; 6≤
age <12, OR=12.685, P < 0.001; 12≤ age <18, OR=15.932, P < 0.001; relative to those younger than 1
years old), overweight and obesity (OR=1.219, P < 0.001, relative to normal) and winter (OR=1.189, P <
0.001, relative to summer) were associated with an increased risk of hypovitaminosis D. In contrast,
increased outdoor activity time (30–60 min/d, OR=0.756, P < 0.001; >60 min/d, OR=0.482, P < 0.001;
relative to <30 min/d) and vitamin D intervention (supplementation intervention, OR=0.416, P < 0.001;
therapeutic intervention, OR=0.183, P < 0.001; relative to no intervention) were associated with an
decreased risk of hypovitaminosis D.
Table 3. Regression analysis of risk factors for Hypovitaminosis D
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OR (95% CI, n=55925)

P Value

Gender
Male

1

Female

1.155 (1.108, 1.205)

<0.001

Age (years)
0< age <1

1

1≤ age <3

1.534 (1.457, 1.615)

<0.001

3≤ age <6

5.779 (5.437, 6.142)

<0.001

6≤ age <12

12.685 (11.740, 13.707)

<0.001

12≤ age <18

15.932 (13.738, 18.476)

<0.001

Ethnic group
Han

1

Other

1.709 (0.923, 1.260)

0.341

BMI for age
Normal

1

Overweight and obesity

1.219 (1.046, 1.421)

<0.001

Season group
Summer

1

Spring

1.079 (1.017, 1.145)

0.141

Autumn

0.957 (0.903, 1.015)

0.012

Winter

1.189 (1.113, 1.270)

<0.001

Outdoor time
<30 min/d

1

30–60 min/d

0.756 (0.718, 0.797)

<0.001

>60 min/d

0.482 (0.458, 0.508)

<0.001

Intervention
None

1

Supplementation intervention

0.416 (0.396, 0.437)

<0.001

Therapeutic intervention

0.183 (0.173, 0.194)

<0.001
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Association of Intervention Methods with Vitamin D Status
After adjusting for age, sex, BMI for age, season, and outdoor activity time, an inverse association of
vitamin D intervention with hypovitaminosis D was observed. The OR (95% CI) of hypovitaminosis D was
0.423 (0.404, 0.443) in children with supplementation doses and 0.191 (0.180, 0.202) in children with
therapeutic doses compared with children with no supplements (Table 4). After stratification by age
group, the negative association of vitamin D interventions (including supplementation and therapeutic
doses) with hypovitaminosis D existed in each age group (Supplement. Table.1).
Table 4. Association of vitamin D intervention with hypovitaminosis D
Intervention
No intervention
Supplementation
intervention
Therapeutic intervention

Model 1

Model 2

Model 3

1

1

1

0.435 (0.415,

0.435 (0.415,

0.423 (0.404,

0.455)

0.455)

0.443)

0.202 (0.191,

0.202 (0.191,

0.191 (0.180,

0.214)

0.214)

0.202)

Associations were examined with multivariable logistic regression. Model 1: adjusted for age
and sex. Model 2: adjusted for BMI for age on the basis of model 1. Model 3: adjusted for
season and outdoor time on the basis of model 2.

Association of the Intervention Methods with Vitamin D Status in Children with Varying Outdoor Time
We conducted logistic regression to further eliminate the influence of outdoor activity time on the
relationship between intervention methods and serum 25(OH)D level. Both therapeutic and
supplementation intervention reduced the risk of hypovitaminosis D regardless of outdoor time compared
to those with no vitamin D intervention. In children whose outdoor time was > 60 min/d, the OR was 0.196
(0.178, 0.216) in the former way, whereas 0.508 (0.470, 0.550) in the latter way, compared with those who
were not given intervention (Table 5).
Table 5. Logistic regression analysis of the association of vitamin D intervention
methods with hypovitaminosis D in children with varying outdoor time
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Intervention methods

Model 1

Model 2

Model 3

1

1

1

0.508 (0.470,

0.508 (0.469,

0.508 (0.470,

0.549)

0.549)

0.550)

0.196 (0.177,

0.196 (0.177,

0.196 (0.178,

0.216)

0.216)

0.216)

1

1

1

0.362 (0.332,

0.362 (0.332,

0.361 (0.332,

0.394)

0.394)

0.394)

0.183 (0.164,

0.184 (0.164,

0.183 (0.164,

0.205)

0.205)

0.205)

1

1

1

0.376 (0.345,

0.377 (0.346,

0.377 (0.346,

0.411)

0.411)

0.411)

0.176 (0.160,

0.174 (0.159,

0.174 (0.159,

0.194)

0.192)

0.192)

>60 min/d
No intervention
Supplementation
intervention
Therapeutic intervention

30–60 min/d
No intervention
Supplementation
intervention
Therapeutic intervention

<30 min/d
No intervention
Supplementation
intervention
Therapeutic intervention

Associations were examined using multivariable logistic regression. Model 1: adjusted for age
and sex. Model 2: adjusted for BMI for age on the basis of model 1. Model 3: adjusted for
season on the basis of model 2.

Association of Outdoor Time with Vitamin D Status
We found another inverse association of prolonged outdoor time with hypovitaminosis D after age, sex,
BMI for age, season, and intervention methods were adjusted. The OR (95% CI) of hypovitaminosis D was
0.737 (0.701, 0.776) in children with outdoor time of 30–60 min/d and 0.479 (0.456, 0.504) in those with
60 min/d compared to those with less than 30 minutes (Table 6). Besides, after age stratification,
prolonged outdoor time was negatively associated with hypovitaminosis D in all age groups
(Supplement. Table.2).
Table 6. Logistic regression analysis of the association of outdoor time with hypovitaminosis D
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Outdoor time (min/d)
<30

Model 1

Model 2

Model 3

1

1

1

30–60

0.696 (0.663, 0.731) 0.697 (0.663, 0.732) 0.737 (0.701, 0.776)

>60

0.533 (0.508, 0.560) 0.534 (0.508, 0.560) 0.479 (0.456, 0.504)

Associations were examined using multivariable logistic regression. Model 1: adjusted for age
and sex. Model 2: adjusted for BMI for age on the basis of model 1. Model 3: adjusted for
season and intervention methods on the basis of model 2.

Discussion
This observational study was the first to assess circulating 25(OH)D in over 50,000 children by HPLC–
MS/MS, the current gold standard in vitamin D level assessment[20]. Our data showed that (1)
hypovitaminosis D was prevalent (65.60%) among children in Heilongjiang; (2)older ages, winter and
overweight and obesity were risk factors for pediatric hypovitaminosis D. (3) supplementation and
therapeutic vitamin D intervention were inversely associated with the rates of pediatric hypovitaminosis
D; (4) increased outdoor activity time was also linked with a lower risk of hypovitaminosis D, and (5)
vitamin D intervention combined with outdoor time over 60 min/d may be a better way in preventing
hypovitaminosis D among children in North China.
In this study, there was no significant difference of serum vitamin D between Han children and the
minority group. This corresponds with a cross-sectional study involving 14,473 children aged 6~17 years
old from 31 provinces in China (48.1 nmol/L in Han children and 49.3 nmol/L in minority children,

P=0.587)[21]. Overweight and obesity are among the widely accepted risk factors for the serum vitamin D
level. Overweight and obese children tend to live a sedentary life. Moreover, vitamin D through
supplementation or cutaneous synthesis is volumetrically diluted and isolated by adipose tissues,
possible resulting in the low serum vitamin D level in this population.[22]. In addition, we also found that
hypovitaminosis D was prevalent in older children, and infants had the highest level of mean serum
25(OH)D (33.25±13.64 ng/ml). However, childhood vitamin D nutritional status deteriorated with
advancing age, which was in line with Korean and Canadian studies[23, 24]. Generally, outdoor activities
and vitamin D supplementation in children younger than three years old depend on parental support,
whereas those in school children older than six years are limited or encouraged by schools. Thus, we
divided children’s age into three groups and found that vitamin D intervention rate in group of age 0-3
years (66.89%) was higher than that of age 3-6 (42.04%) and above 6 years old (25.81%). The policy of
physical examination by local communities is that regular physical examination free of charge is
provided to children younger than 3 years old every 3-6 months and to those aged 3-6 years old every
year, including screening for rickets and education on vitamin D supplementation. Nevertheless, routine
physical examination is not performed in children older than 6 years old. Different health policy may be
the main cause for high rate of vitamin D supplementation in younger children. Despite varying outdoor
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time and vitamin D interventions in each age group, an increase in outdoor time and vitamin D
intervention present effectiveness in hypovitaminosis D prevention.
Latitude has a clear impact on the vitamin D status in children. However, we still lack of data for the
vitamin D nutriture of children form different latitudes. Previous hospital-based cross‐sectional studies
indicated that 23.28% children in Huzhou (southeastern China, 30°2′–31°1′ N)[25] and 33.60% in
Hangzhou (southeastern China, 29°1′–30°3′ N)[26] were found with hypovitaminosis D, whereas the
prevalence increased to 65.91% in this study, which is consistent with early research focusing on children
in high latitudes. Data from Hutterite communities (Canada, 49°2′–54°8′N) suggested that 76.00% of
children suffered from hypovitaminosis D [27], indicating that hypovitaminosis D might be a common and
serious problem in children in high latitudes. Skin is a key organ in vitamin D synthesis because 80%–
90% vitamin D that the human needs per day is produced in the skin from ultraviolet-B-activated 7dehydrocholesterol[28]. Evidence from Spain (36°0′–43°2′ N) suggested that production of over 1000 IU/d
vitamin D in spring and summer depends on regular sunlight exposure[29], making outdoor activity an
optimal way of getting vitamin D. However, our results showed that still 17.75% and 21.63% of the
enrolled children whose outdoor time was over 60 min/d had a deficient and insufficient vitamin D status,
respectively. Moreover, excessive ultraviolet radiation exposure throughout childhood appears to be
particularly harmful[30]. Children with sun protection by their parents are much less exposed to ultraviolet
radiation[31]. Therefore, vitamin D supplementation might be taken into account to prevent
hypovitaminosis D among children living in Heilongjiang.
Numerous programs or health policies for vitamin D intervention are available in almost all countries to
prevent vitamin D deficiency or hypovitaminosis D in children[32-35]. In the guidelines aforementioned,
some risk factors for vitamin D deficiency are recognized, including vegan diet, malabsorption
syndromes, and reduced sunlight exposure; meanwhile, regular vitamin D supplementation and routine
25(OH)D testing are recommended for children. However, living at high latitude as an identified risk factor
for vitamin D deficiency has not been explicitly mentioned for routine 25(OH)D testing in these guidelines.
Despite of high incidence of hypovitaminosis D among children living in high latitudes was found in
previous studies[36], few of them focused on related improvements. Approximately 30% of the total world
population lives from 40° N to 60°N. Given the vitamin D status of children living at high latitudes, it is
necessary to determine whether they need to be routinely screened for serum 25 (OH) D levels, followed
by appropriate vitamin D intervention as required. In this study, we found that hypovitaminosis D was
prevalent in children living at high latitude, regardless of seasons or outdoor time. The vast majority of
children maintaining adequate vitamin D status took vitamin D supplements. Therefore, despite the
recommendations by some guidelines that populations at high risk of vitamin D deficiency should be
routinely screened, the results of our study support regular vitamin D intervention for local children
regardless of taking the 25(OH)D test. However, more future research is needed to confirm whether all
children living at high latitudes should be given routine vitamin D intervention without 25(OH)D test.
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The pediatric health care system in China has been improved and consists of a proper examination
interval and routine monitor network of serum 25(OH)D levels in children[25, 37]. Prescriptions were given
by health professionals according to vitamin D status and the supplementary recommendation in the
consensus of the Chinese Society of Osteoporosis and Bone Mineral Research. To the best of our
knowledge, this was the first study to describe and evaluate the association of therapeutic intervention on
prevention of hypovitaminosis D among children, and therapeutic intervention had a 2.21-, and 5.24-fold
decreased risk of hypovitaminosis D compared with supplementation intervention and no
supplementation, respectively. Besides, health professionals urge the parents to keep regular vitamin D
supplementation[38]. Minkowitz et al. reported that better adherence of guardians with low serum vitamin
D levels to physicians’ orders to remind their children of daily intake of vitamin supplements[39]. Although
there were some unfavorable factors causing poor response to oral intervention[40], pediatricians could
improve the oral doses according to the follow-up serum 25(OH)D test results until the doses reached
optimum. however, compliance of children with follow-up blood collection varied. No vitamin D
intervention due to guardians’ lack of awareness that might be the main cause[38], was like to expose their
children to the increased risk of hypovitaminosis D and acute and chronic diseases including infectious
diseases, autoimmune disorders and childhood dental caries[41]. Thus, although therapeutic intervention
has shown a better effect in preventing hypovitaminosis D than voluntary supplementation, which
prevention strategy to follow depends on certain factors, in particular the local health policy and
compliance of guardians with blood collection.
This study had several limitations. First, the vitamin D doses in the therapeutic group remained
inconsistent. Individualized vitamin D intervention were prescribed by doctors according to the medical
conditions of healthy children and those with vitamin D deficiency. Second, outdoor time might be a
confounder. However, duration and sun-exposed skin areas of each child was not investigated in this
study. Third, <10%–20% vitamin D that human needed per day was from diet[42], which played an
important role in the vitamin D status of children. However, such information was unavailable in our
study. We assumed that children in the same region had similar dietary patterns. A prospective study is
warranted to explore the role of diet in addition to other confounders. Fourth, as the subjects in this study
were all recruited from the outpatient department instead of the general pediatric population, their parents
might be more concerned about their children’s vitamin D status or health condition, and their health
status may be better. Therefore, demographic characteristics of the participants in this study could not
represent that of the whole population of children living in North China.

Conclusions
In summary, a large number of blood tests in our study demonstrated low vitamin D status in local
children. Supplementation and therapeutic vitamin D intervention were all promising strategies and
prolonged outdoor time was negatively associated with pediatric vitamin D deficiency, the combination of
which might be an optimal way to prevent hypovitaminosis D in children; nevertheless, guardian's
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compliance might be considered for a practical prevention strategy. In addition, regardless of taking a
25(OH)D test, all children living at high latitudes might need routine vitamin D intervention.

Abbreviations
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