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Knowledge, attitude, and practice
toward pediatric vitamin D
deficiency among parents
Chunli Yu*, Jingjuan Cai, Chunxiang Wang, Yan Luo and
Jian Fang

Pediatric Medicine Department, Chengdu Children’s Specialized Hospital, Chengdu, China
Objective: To investigate the knowledge, attitude, and practice (KAP) towards
pediatric vitamin D deficiency (VitD) among parents and explore the risk
factors of their knowledge, attitude, and practice.
Methods: This cross-sectional study enrolled parents in our Hospital between
November 2022 and January 2023.
Results: A total of 621 valid questionnaires were collected in this study. The
knowledge, attitude, and practice scores were 6.13 ± 3.07 (theoretical score
range: 0–13), 31.13 ±6.20 (theoretical score range: 9–45), and 27.47 ±4.21
(theoretical score range: 9–45), respectively; the mean knowledge score was
<60%, indicating poor knowledge. Commercial and service industry workers and
a monthly income ≥5,000 CNY were independently associated with sufficient
knowledge (all P <0.05). The knowledge score, ethnic minorities, divorced/
widows, and spouses with a master’s degree or above were independently
associated with positive attitudes (all P < 0.05). The attitude score, female, non-
urban, undergraduate education, commercial and service industry worker, and
office worker were independently associated with proactive practice (all P < 0.05).
Those characteristics could help design future KAP interventions on vitD deficiency.
Conclusions: This study demonstrated poor knowledge, positive attitude, and
proactive practice regarding pediatric VitD deficiency among parents. Targeted
interventions and educational programs should be developed to improve
parental knowledge.
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1 Introduction

The main source of vitamin D (VitD) in the human body is the conversion of

7-dehydrocholesterol by ultraviolet radiation from sunlight (1–3). The VitD deficiency rate

in children and adolescents in China is 19.6%–78.1% (4, 5). In addition to its important

relationship with calcium and phosphorus metabolism and bone health, VitD also plays an

important role in immune regulation, protection of central nervous system function, and

prevention of cardiovascular diseases, metabolic diseases, and tumors (1–3). For children,

the potential complications of vitD deficiency also include rickets, bone mass loss,

hyperparathyroidism, and cardiomyopathy (1, 2). Most school-age children have heavy

schoolwork and a short time for outdoor activities, which might result in insufficient

VitD synthesis (6). Since promoting adequate sun exposure and supplementing

exogenous VitD are relatively simple means to avoid VitD deficiency, it is necessary to

popularize relevant views and appeal to parents to pay attention to their children’s

adequate VitD supply (7). Previous studies on the KAP toward VitD were performed
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among adults (8–13); only one previous study reported that general

practitioners had positive attitudes toward vitD supplementation in

infants (14). Furthermore, as highlighted by a meta-analysis on the

VitD status in China, there is a lack of clear and detailed guidelines

on VitD in China, especially regarding children/adolescents (4).

Determining the parental KAP regarding VtiD deficiency could

contribute to determining more precise guidelines.

Therefore, this study aimed to investigate the KAP towards

pediatric VitD deficiency among parents in Chengdu, China, and

explore the risk factors of their knowledge, attitude, and practice.
2 Methods

2.1 Study design and participants

This cross-sectional survey was conducted at Chengdu Children’s

Specialized Hospital between November 2022 and January 2023. The

inclusion criteria were (1) ≥18 years old and (2) parents of children

under 14 years old. Parents with communication impairments or

psychiatric disorders were excluded because of the difficulties in

administering the questionnaire, possible doubts regarding whether

consent to participate was actually informed, possible interference

of the disorders with their perceptions, and possible interference of

medication with such perception. Written informed consent was

obtained from the parents before the survey. The parents were

approached during routine health check-ups or hospitalization of

their children. The study was approved by the Ethics Committee of

Chengdu Children’s Specialized Hospital (202206).

Chengdu Children’s Specialized Hospital is a second-class hospital

in Chengdu, which is responsible for the routine medical treatment of

children in Chengdu, children’s routine health care, and other routine

diagnosis and treatment. Children with special needs or specific

diseases (e.g., cancer, genetic diseases, congenital abnormalities, etc.)

are referred to specialized tertiary hospitals. The average annual

number of visits is more than 300,000 (most of them are common

diseases, frequently-occurring diseases, especially respiratory

infections), of which the average annual number of visits to the child

health department is more than 8,000. Among them, the child health

section undertakes the child health work of the community health

service center. Data collection is performed by each department,

including outpatient departments. The data sample is not much

different from the data sample of the community service center.
2.2 Questionnaire

The questionnaire was designed with reference to relevant

literature studies, guidelines, and expert consensus (15–17). The

questionnaire was reviewed and modified by two experts

(a pediatrician and a pediatric gastroenterologist). The

questionnaire was pre-tested (n = 41) and showed a Cronbach’α

of 0.90, indicating good internal consistency.

The final questionnaire was in Chinese and included 40 items.

There were 15 items about demographic characteristics, 13 items

on knowledge, nine items on attitude sections, and 10 items on
Frontiers in Pediatrics 02
practice. For knowledge items, 1 point was scored for each

correct answer and 0 points for a wrong or unclear answer, with

a possible score range of 0–13 points. For attitude items, a

five-point Likert scale was used, and each item was scored from

5 points to 1 point according to the positive degree, with a

possible score range of 9–45 points. For practice items, practice

item #10 (P10) was to investigate “the ways to learn about VitD

deficiency” and presented by descriptive analysis. The other nine

items were scored from 5 points to 1 point, with a possible

score range of 9–45 points. Knowledge, attitude, and practice

scores ≥ 60% of the theoretical total scores were considered

sufficient knowledge, positive attitude, and proactive practice.
2.3 Quality control and distribution process

The questionnaire was uploaded to the SoJump platform, and a

link to the electronic questionnaire was subsequently output. The

electronic questionnaires were disseminated in outpatient and

inpatient departments, as well as on social platforms such as

WeChat. If questions were encountered during answering,

participants could ask the team members for help. The team

members would provide interpretation to participants in time.

After the data collection, the questionnaire was quality checked

by the team members. Questionnaires with obvious logical errors,

such as the age of 5 years old or a pattern of choosing exactly

the same options, were considered invalid.
2.4 Statistical analysis

Stata 17.0 (Stata Corporation, College Station, TX, USA) was used

for analysis. The continuous variables were presented as mean ±

standard deviation (SD) and were analyzed by Student’s t-test or

one-way ANOVA if meeting a normal distribution or by Wilcoxon-

Mann-Whitney test or Kruskal-Wallis analysis of variance if skewed

distributed. The categorical variables were presented as n

(percentage) and analyzed using the chi-square test. Variables with

P < 0.05 in univariable logistic regression were included in the

multivariable logistic regression. Multivariate logistic regression was

conducted to determine the factors associated with knowledge,

attitude, and practice. Subgroup analyses were performed among

parents whose children were diagnosed with VitD deficiency.

Two-sided P < 0.05 were considered statistically significant.
3 Results

A total of 624 questionnaires were collected, and 3 of them were

excluded due to logical errors, resulting in 621 valid questionnaires

(99.52%). Most parents were female (54.13%), 30–35 years old

(56.04%), Han ethnicity (97.91%), living in urban areas (67.15%),

married (84.22%), and with a bachelor’s degree (46.05%). Among the

parents, 308 (49.60%) reported that their children had a diagnosis of

VitD deficiency, and 317 (51.05%) reported their children had

undergone serum vitamin D testing in the past year (Table 1).
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TABLE 1 Characteristics of the participants.

Characteristics n (%) or mean ± SD Knowledge score Attitude score Practice score

Mean ± SD P Mean ± SD P Mean ± SD P
Total 621 6.13 ± 3.07 31.13 ± 6.20 27.47 ± 4.21

Sex 0.003 0.033 <0.001

Male 260 (41.87) 5.72 ± 3.01 30.44 ± 6.47 26.80 ± 4.35

Female 361 (58.13) 6.42 ± 3.07 31.63 ± 5.95 27.96 ± 4.03

Age 33.99 ± 4.10 0.658 0.293 0.695

<30 75 (12.08) 6.13 ± 3.13 31.33 ± 6.00 27.12 ± 4.04

[30, 35] 348 (56.04) 6.03 ± 3.01 30.77 ± 6.36 27.42 ± 4.39

>35 198 (31.88) 6.28 ± 3.15 31.70 ± 5.97 27.70 ± 3.93

Ethnicity 0.664 <0.001 0.017

Han 608 (97.91) 6.12 ± 3.07 31.35 ± 5.91 27.57 ± 4.09

Other 13 (2.09) 6.31 ± 3.04 21.15 ± 10.30 23.08 ± 6.76

Residence <0.001 0.010 <0.001

Non-urban 204 (32.85) 5.06 ± 3.16 30.13 ± 6.51 26.49 ± 4.57

Urban 417 (67.15) 6.65 ± 2.88 31.63 ± 5.99 27.95 ± 3.93

Marital status <0.001 <0.001 0.003

Married 523 (84.22) 6.48 ± 2.94 32.06 ± 5.36 27.86 ± 3.68

Divorced/widowed 98 (15.78) 4.22 ± 3.03 26.20 ± 7.85 25.43 ± 5.94

Education <0.001 0.195 <0.001

Middle school and below 68 (10.95) 4.40 ± 2.97 29.46 ± 7.42 25.29 ± 5.36

High school/technical secondary school 73 (11.76) 4.38 ± 3.55 30.08 ± 7.40 26.62 ± 5.58

Junior college 113 (18.20) 5.81 ± 3.18 31.76 ± 6.08 26.50 ± 3.68

Bachelor’s degree 286 (46.05) 7.08 ± 2.44 31.74 ± 5.17 28.62 ± 3.26

Master’s degree and above 81 (13.04) 6.21 ± 3.15 30.46 ± 7.04 27.40 ± 4.18

Spouse’s education <0.001 0.445 0.002

Middle school and below 95 (15.30) 4.58 ± 3.01 29.99 ± 6.56 26.17 ± 4.80

High school/technical secondary school 75 (12.08) 5.03 ± 3.58 30.43 ± 7.79 26.51 ± 5.22

Junior college 121 (19.48) 6.36 ± 2.76 31.33 ± 6.05 27.62 ± 3.83

Bachelor’s degree 210 (33.82) 7.04 ± 2.75 31.66 ± 5.75 28.18 ± 3.41

Master’s degree and above 120 (19.32) 6.20 ± 2.95 31.36 ± 5.62 27.73 ± 4.34

Job <0.001 <0.001 <0.001

Professional and technical staff 96 (15.46) 7.90 ± 2.70 33.40 ± 5.17 29.45 ± 3.11

Office worker 201 (32.37) 5.91 ± 2.95 31.74 ± 5.42 27.27 ± 3.90

Commercial and service industry personnel 139 (22.38) 5.68 ± 3.04 30.10 ± 6.28 27.78 ± 3.96

Other 185 (29.79) 5.77 ± 3.09 30.08 ± 7.01 26.44 ± 4.80

Monthly per capita household income 0.003 0.784 0.249

<5,000 43 (6.92) 7.19 ± 3.47 30.81 ± 8.97 27.91 ± 4.29

5,000–9,999 300 (48.31) 6.28 ± 2.81 31.47 ± 5.21 27.79 ± 3.85

0,000–19,999 246 (39.61) 5.96 ± 3.06 31.05 ± 6.00 27.07 ± 4.44

>20,000 32 (5.15) 4.56 ± 4.13 29.03 ± 10.38 27.09 ± 5.24

Number of children 0.008 <0.001 0.088

1 333 (53.62) 6.41 ± 3.13 32.16 ± 6.27 27.72 ± 4.12

2 and above 288 (46.38) 5.80 ± 2.97 29.95 ± 5.91 27.18 ± 4.29

Age of the youngest child 0.260 0.116 0.101

Infancy (≤3 years old) 408 (65.70) 6.03 ± 2.94 31.23 ± 6.13 27.26 ± 4.23

Preschool (3–6 years old) 115 (18.52) 6.11 ± 3.10 30.42 ± 5.66 27.75 ± 4.05

School-age and above (6 years old and above) 98 (15.78) 6.52 ± 3.50 31.56 ± 7.02 28.03 ± 4.25

Diagnosis status of VitD deficiency <0.001 <0.001 0.001

Previously diagnosed and cured of VitD deficiency 226 (36.39) 6.39 ± 2.61 31.05 ± 5.77 27.84 ± 3.77

Currently have VitD deficiency 82 (13.20) 4.90 ± 3.20 29.07 ± 7.15 25.71 ± 5.14

Not previously diagnosed 251 (40.42) 6.63 ± 3.16 32.48 ± 5.53 27.98 ± 3.69

Unclear 62 (9.98) 4.73 ± 3.25 28.73 ± 7.44 26.42 ± 5.44

Has your child been tested for VitD in the last year 0.020 <0.001 0.001

Yes 317 (51.05) 6.17 ± 2.86 31.01 ± 5.39 27.91 ± 3.43

VitD levels in children tested 0.181 0.488 0.123

Deficient [0, 12] 2 (0.99) 10.00 ± 2.83 35.50 ± 6.36 28.50 ± 4.95

Insufficient [12, 20] 2 (0.99) 8.00 ± 1.41 34.50 ± 7.78 32.00 ± 0.00

Sufficient [20, 100] 198 (98.02) 6.65 ± 2.61 30.97 ± 5.19 27.86 ± 3.32

(Continued)
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TABLE 1 Continued

Characteristics n (%) or mean ± SD Knowledge score Attitude score Practice score

Mean ± SD P Mean ± SD P Mean ± SD P
No 241 (38.81) 6.26 ± 3.34 32.24 ± 5.94 27.56 ± 4.42

Unclear 63 (10.14) 5.38 ± 2.92 27.52 ± 9.02 24.97 ± 5.83

Medical insurance type (multiple choice) – – –

New cooperative medical insurance 138 5.74 ± 3.14 30.78 ± 6.24 26.57 ± 4.64

Basic medical insurance for urban employees 474 6.23 ± 3.04 31.18 ± 6.22 27.70 ± 4.05

Commercial insurance 103 7.24 ± 2.96 33.46 ± 6.16 28.41 ± 4.02

No insurance 8 5.38 ± 3.07 28.88 ± 9.45 28.63 ± 3.78

Other medical insurance types 10 4.90 ± 4.36 32.90 ± 5.11 26.40 ± 5.50

Yu et al. 10.3389/fped.2024.1393488
The knowledge score was 6.13 ± 3.07 (47.15%, theoretical score

range: 0–13), indicating poor knowledge. Higher knowledge scores

were observed in females (P = 0.003), urban areas (P < 0.001),

married (P < 0.001), and parents with one child (P = 0.008). There

were two knowledge items with a correct rate lower than 20%: K7

(15.14%; “Winter and spring, high altitude and high latitude are risk

factors for VitD deficiency, and additional VitD supplementation is

required”), K9 (18.20%; “Drinking more milk can prevent VitD

deficiency”) (Supplementary Table S1). The attitude score was

31.13 ± 6.20 (69.18%, theoretical score range: 9–45). Higher attitude

scores were observed in females (P = 0.033), Han ethnicity

(P < 0.001), urban areas (P = 0.010), married (P < 0.001), and parents

with one child (P < 0.001). Most parents agreed that it is very

important for children to maintain normal VitD levels (518, 83.41%)

(Supplementary Table S2). The practice score was 27.47 ± 4.21

(61.04%, theoretical score range: 9–45). Higher practice scores

were observed in females (P < 0.001), Han ethnicity (P = 0.017),

urban areas (P < 0.001), and married (P = 0.003). More than half

of the parents reported that they would follow the doctor’s

instructions to recheck and take VitD supplements if the doctor
FIGURE 1

Access to learn about vitD deficiency (multiple choices).
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recommended (395, 63.61%) (Supplementary Table S3). The parents

were mainly learning about VitD deficiency from medical staff and

networks (Figure 1).

In the results of the subgroup analysis, the knowledge scores of

parents whose children were diagnosed with VitD deficiency were

5.99 ± 2.83 (theoretical score range: 0–13, 46.08%) (Supplementary

Table S4). There were five knowledge items with a correct rate

lower than 20%: K4 (17.53%; “VitD supplements at least 400U

every day are needed for children before the age of three, and no

longer after the age of three”), K5 (17.53%; “Oral VitD

supplements are only needed after children are diagnosed with

VitD deficiency”), K7 (13.96%; “Winter and spring, high altitude

and high latitude are risk factors for VitD deficiency, and

additional VitD supplementation is required”), K9 (14.29%;

“Drinking more milk can prevent VitD deficiency”), and K10

(19.48%; “VitD supplementation alone can prevent rickets

without calcium supplementation”). Most parents agreed that it

is very important for children to maintain normal VitD levels

(253, 82.14) (Supplementary Table S5). More than half of the

parents reported that they would follow the doctor’s instructions
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to recheck and take VitD supplements if the doctor recommended

(183, 59.42%) (Supplementary Table S6).

Commercial and service industry workers (OR = 0.47, 95%

CI: 0.26–0.48, P = 0.010), monthly income of 5,000–9,999

CNY (OR= 0.30, 95% CI: 0.14–0.62, P < 0.01), 10,000–19,999 CNY

(OR = 0.33, 95% CI: 0.16–0.70, P = 0.001), and ≥20,000 CNY

(OR = 0.33, 95% CI: 0.11–0.99, P = 0.049) were independently

associated with sufficient knowledge. The knowledge scores

(OR = 1.18, 95% CI: 1.09–1.28, P < 0.001), ethnic minorities (OR =

0.17, 95% CI: 0.04–0.66, P = 0.011), divorces/widowed (OR = 0.29,

95% CI: 0.16–0.51, P < 0.001), and spouse with master degree or

above (OR= 3.98, 95% CI: 1.41–11.22, P = 0.009) were independently

associated with positive attitude. The attitude scores (OR = 1.05, 95%

CI: 1.02–1.08, P = 0.004), female (OR = 1.49, 95%CI: 1.03–2.16,

P = 0.034), non-urban (OR= 0.66, 95% CI: 0.44–0.98, P = 0.037),

undergraduate education (OR = 2.84, 95% CI: 1.26–6.39, P = 0.012),

commercial and service industry worker (OR = 0.32, 95% CI:

0.15–0.69, P = 0.004), and office worker (OR = 0.31, 95% CI:

0.15–0.65, P = 0.002) were independently associated with

proactive practice (Figures 2–4).
4 Discussion

This study demonstrated the poor knowledge, positive attitudes,

and proactive practice regarding pediatric VitD deficiency among
FIGURE 2

Forest plot of factors associated with good knowledge. References: Sex: m
below; spouse’s education: primary school and below; job: professional a
diagnosed and cured of VitD deficiency.

Frontiers in Pediatrics 05
parents. Parents whose children were diagnosed with vitD

deficiency also had poor knowledge regarding VitD deficiency.

The results of the study may help healthcare providers design

effective interventions to improve the KAP of parents toward

pediatric vitamin D deficiency.

Reaching the target VitD intake is important for children to

avoid developmental issues and complications later in life (1, 2).

China has specific guidelines regarding VitD deficiency (15–17),

but VitD deficiency remains a public health issue, which might

be due to improper parental implementation of prevention (18, 19).

Appropriate knowledge of the risks associated with VitD deficiency

is paramount to implementing VitD deficiency prevention. A

previous study showed that most women in Saudi Arabia show

poor knowledge and unfavorable attitudes toward VitD deficiency

(20). There were no previous studies in China specifically on the

KAP towards VitD deficiency, but a previous study showed that

mothers’ KAP on nutrition, in general, was associated with the 25

(OH)D levels and the incidence of rickets in the children in China

(21). In line with these previous studies, this study also showed

poor parental knowledge of VitD deficiency (even in those with

children diagnosed with VtD deficiency). Regarding attitudes and

practices, Cicek et al. (22) reported poor attitudes and practices

among mothers in Konya (Turkey). Elsobkey et al. (23) reported

poor attitudes and practices regarding VitD deficiency among

mothers of children with cerebral palsy in Egypt, but they also

reported that an education intervention could improve their
ale; location: urban; marriage: married; education: primary school and
nd technical staff; income: 10,000-19,999; VitD deficiency: previously
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FIGURE 3

Forest plot of factors associated with positive attitude. References: location: urban; marriage: married; education: primary school and below; spouse’s
education: primary school and below; job: professional and technical staff; income: 10,000-19,999; number of children: 1; VitD deficiency: previously
diagnosed and cured of VitD deficiency; has the child been tested for VD in the past years: yes.

Yu et al. 10.3389/fped.2024.1393488
attitudes and practices. The present study contradicted these two

studies (22, 23) and showed favorable attitudes and proactive

practice, indicating that even without proper knowledge, the parents

appear to follow the advice they hear from different sources such as

healthcare providers, social networks, and advertising.

Previous studies in Jordan and Egypt showed that maternal

education was associated with knowledge about VitD deficiency

(24, 25), which was observed in the univariable analysis of this

study but not in the multivariable analysis. In the present study,

higher KAP was generally associated with divorced or widowed

but also with working and higher incomes, probably because of

less time the parents can spend learning about VitD deficiency.

The inverse relationship between income and VitD deficiency

knowledge could also be related to better access to better

healthcare. Another reason might also be that families with a

higher income have a higher chance of better nutrition and

adequate VitD intake; thus, being less exposed to the risk of

VitD deficiency, such people would have lower knowledge of

the condition. Higher education was associated with higher

attitude and practice scores. Having had the child tested in the

past year for VitD deficiency was associated with lower attitude

and practice scores, probably because of fewer worries about the

condition. The present study also showed that medical staff,

networks, relatives and friends, and television are the main

sources of information for parents. Thus, the parents could

be reached through these sources for KAP improvements,
Frontiers in Pediatrics 06
but other sources should also be used to reach as many parents

as possible.

A study showed that an education program on VitD deficiency

could improve the knowledge of the disease (25). The present study

highlighted several knowledge areas that were deficient, including

proper VitD supplementation, appropriate blood 25(OH)D levels,

seasons at risk, rickets prevention, and the involvement of VitD

in general health. Future teaching interventions should cover

those areas. Especially parents of children diagnosed with VitD

deficiency should receive proper education to help improve the

condition of their children and avoid recurrence.

The possible confounders in this study are those usually related to

health literacy, i.e., education, non-healthcare jobs, and socioeconomic

status (26–28). They were taken into account in this study, which is a

strength of this study. On the other hand, it is true that information

on comorbidities, physical activity of the children, eating habits, and

diet information is missing. This study had other limitations. It was

performed at a single center. The education of the parents was

high, which may limit the generalization of the findings. The

present study did not collect data about the use of fortification and

vitamin D-fortified foods by the parents of their children. This

study was limited by the social desirability bias, like all KAP studies,

in which the participants can be tempted to respond what they

should respond instead of what they were actually doing (29, 30).

However, the present study could serve as a pilot study to

determine the impact of future interventions.
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FIGURE 4

Forest plot of factors associated with positive practice. References: sex: male; location: urban; marriage: married; education: primary school and
below; spouse’s education: primary school and below; job: professional and technical staff; youngest child’s age: infancy (≤3 years); VitD
deficiency: previously diagnosed and cured of VitD deficiency; has the child been tested for VD in the past years: yes.

Yu et al. 10.3389/fped.2024.1393488
In conclusion, parents demonstrated poor knowledge, positive

attitude, and active practice regarding VitD deficiency in children.

This study identified specific areas in KAP that could be intervened

in future teaching interventions. Interventions should improve the

public health condition of the children in Chengdu, China.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by Chengdu

Children’s Specialized Hospital. The studies were conducted in

accordance with the local legislation and institutional

requirements. The participants provided their written informed

consent to participate in this study.
Author contributions

CY: Conceptualization, Methodology, Project administration,

Resources, Writing – original draft, Writing – review & editing.
Frontiers in Pediatrics 07
JC: Data curation, Project administration, Visualization, Writing –

original draft, Writing – review & editing. CW: Data curation,

Formal Analysis, Writing – original draft, Writing – review &

editing. YL: Formal Analysis, Investigation, Resources, Writing –

original draft, Writing – review & editing. JF: Data curation,

Formal Analysis, Visualization, Writing – original draft, Writing –

review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of

the authors and do not necessarily represent those of
frontiersin.org

https://doi.org/10.3389/fped.2024.1393488
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Yu et al. 10.3389/fped.2024.1393488
their affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made

by its manufacturer, is not guaranteed or endorsed by

the publisher.
Frontiers in Pediatrics 08
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fped.2024.

1393488/full#supplementary-material
References
1. Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney
RP, et al. Evaluation, treatment, and prevention of vitamin D deficiency: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96(7):1911–30.
doi: 10.1210/jc.2011-0385

2. Paxton GA, Teale GR, Nowson CA, Mason RS, McGrath JJ, Thompson MJ, et al.
Vitamin D and health in pregnancy, infants, children and adolescents in Australia and
New Zealand: a position statement. Med J Aust. (2013) 198(3):142–3. doi: 10.5694/
mja11.11592

3. Powell HS, Greenberg D. Tackling vitamin D deficiency. Postgrad Med. (2006)
119(1):25–30. doi: 10.3810/pgm.2006.06.1637

4. Liu W, Hu J, Fang Y, Wang P, Lu Y, Shen N. Vitamin D status in mainland of
China: a systematic review and meta-analysis. EClinicalMedicine. (2021) 38:101017.
doi: 10.1016/j.eclinm.2021.101017

5. Hu Y, Jiang S, Lu J, Yang Z, Yang X, Yang L. Vitamin D Status for Chinese
children and adolescents in CNNHS 2016–2017. Nutrients. (2022) 14(22):4928.
doi: 10.3390/nu14224928

6. Kumar J, Muntner P, Kaskel FJ, Hailpern SM, Melamed ML. Prevalence and
associations of 25-hydroxyvitamin D deficiency in US children: NHANES 2001–
2004. Pediatrics. (2009) 124(3):e362–70. doi: 10.1542/peds.2009-0051

7. Vitamin D supplementation: recommendations for Canadian mothers and
infants. Paediatr Child Health. (2007) 12(7):583–98. doi: 10.1093/pch/12.7.583

8. Sikandar MZ, Haider SMB, Maqbool I, Ain QU, Naeem S, Naeem A, et al.
Knowledge, attitude, and practices regarding vitamin D in middle-aged Pakistani
population and the impact of sun exposure on their Serum vitamin D levels.
Cureus. (2023) 15(9):e46034. doi: 10.7759/cureus.46034

9. Amiri P, Asghari G, Sadrosadat H, Karimi M, Amouzegar A, Mirmiran P, et al.
Psychometric properties of a developed questionnaire to assess knowledge, attitude
and practice regarding vitamin D (D-KAP-38). Nutrients. (2017) 9(5):471. doi: 10.
3390/nu9050471

10. Zhou M, Zhuang W, Yuan Y, Li Z, Cai Y. Investigation on vitamin D knowledge,
attitude and practice of university students in Nanjing, China. Public Health Nutr.
(2016) 19(1):78–82. doi: 10.1017/S1368980015000373

11. Christie FT, Mason L. Knowledge, attitude and practice regarding vitamin D
deficiency among female students in Saudi Arabia: a qualitative exploration. Int
J Rheum Dis. (2011) 14(3):e22–9. doi: 10.1111/j.1756-185X.2011.01624.x

12. Habib SS, Alhalabi HB, Alharbi KS, Alghamdi OS, Alghamdi AI, Ajarem MA,
et al. Knowledge attitude and practices of university students to vitamin D and
vitamin D supplements during times of low sun exposure and post lockdown. Eur
Rev Med Pharmacol Sci. (2021) 25(23):7297–305. doi: 10.26355/eurrev_202112_27423

13. Siddiqee MH, Bhattacharjee B, Hasan M, Shojon M, Hassan M, Rouf RR, et al.
Risk perception of sun exposure and knowledge of vitamin D among the healthcare
providers in a high-risk country: a cross-sectional study. BMC Med Educ. (2023) 23
(1):46. doi: 10.1186/s12909-023-04001-0

14. Babli AI, AlDawood KM, Khamis AH. Knowledge, attitude, and practice of
general practitioners in Dammam, Saudi Arabia towards vitamin D
supplementation to infants. J Family Community Med. (2015) 22(3):135–9. doi: 10.
4103/2230-8229.163025

15. Subspecialty Group of Children Health tSoPCMA, Editorial Board CJoP.
Practical guidelines for clinical issues related to vitamin D nutrition in Chinese
children. Zhonghua Er Ke Za Zhi. (2022) 60(5):387–94. doi: 10.3760/cma.j.
cn112140-20211230-01092
16. Zhang HF, Yu XD, Mao M, Li HQ. Interpretation of practical guidelines
for clinical issues related to vitamin D nutrition in Chinese children. Zhonghua
Er Ke Za Zhi. (2022) 60(5):408–12. doi: 10.3760/cma.j.cn112140-20220128-
00094

17. Day RE, Krishnarao R, Sahota P, Christian MS. We still don’t know that our
children need vitamin D daily: a study of parents’ understanding of vitamin D
requirements in children aged 0–2 years. BMC Public Health. (2019) 19(1):1119.
doi: 10.1186/s12889-019-7340-x

18. Hu Y, Chen J, Wang R, Li M, Yun C, Li W, et al. Vitamin D nutritional status
and its related factors for Chinese children and adolescents in 2010–2012. Nutrients.
(2017) 9(9):1024. doi: 10.3390/nu9091024

19. Liu Y, Li X, Zhao A, Zheng W, Guo M, Xue Y, et al. High prevalence of
insufficient vitamin D intake and Serum 25-hydroxyvitamin D in Chinese
school-age children: a cross-sectional study. Nutrients. (2018) 10(7):822.
doi: 10.3390/nu10070822

20. Bassam SEA, Abd-Elmageed FNM. Mothers’ knowledge, practice, and attitudes
toward vitamin D deficiency among children in the Qassim Region, Kingdom of Saudi
Arabia. J Med Life. (2022) 15(9):1100–4. doi: 10.25122/jml-2021-0384

21. Liang Y, Ren HY, Zuo PX. Associations between maternal nutrition knowledge,
attitude, and practice and 25-hydroxyvitamin D levels and rickets in children in
Xinjiang province, people’s republic of China. Asia Pac J Public Health. (2018) 30
(4):378–86. doi: 10.1177/1010539518768034

22. Cicek Z, Kalkan I, Bilgen B. Determination of the level of knowledge and
attitudes of mothers regarding vitamin D use in Konya. Glob J Adv Pure Appl Sci.
(2015) 7(2):9–18. doi: 10.13140/RG.2.1.2088.2403

23. Elsobkey FA, Amer SAM. Mothers’ health education based on health belief
model to prevent vitamin D deficiency in children with cerebral palsy. Am J Nurs.
(2019) 7(5):879–88. doi: 10.12691/ajnr-7-5-21

24. Al-Qudah SA, Abu-Hussein LAA, Al Sbaihi S. Maternal awareness of vitamin D
deficiency in infants and children up to the age of 6 years: a cross-sectional study in
Jordan. Clin Pediatr (Phila). (2024) 63(3):388–96. doi: 10.1177/00099228231175228

25. Shaheen HM, Tawfeek HM, Alkalash SH. Changes in maternal knowledge
regarding vitamin D and its health importance after application of an educational
program. Menoufia Med J. (2021) 34(2):538–43. doi: 10.4103/mmj.mmj_343_20

26. Svendsen MT, Bak CK, Sorensen K, Pelikan J, Riddersholm SJ, Skals RK, et al.
Associations of health literacy with socioeconomic position, health risk behavior, and
health status: a large national population-based survey among Danish adults. BMC
Public Health. (2020) 20(1):565. doi: 10.1186/s12889-020-08498-8

27. Coughlin SS, Vernon M, Hatzigeorgiou C, George V. Health literacy, social
determinants of health, and disease prevention and control. J Environ Health Sci.
(2020) 6(1). PMID: 33604453.

28. Chiu HT, Tsai HW, Kuo KN, Leung AYM, Chang YM, Lee PH, et al. Exploring
the influencing factors of health literacy among older adults: a cross-sectional survey.
Medicina (Kaunas). (2020) 56(7):330. doi: 10.3390/medicina56070330

29. Bergen N, Labonte R. “Everything is perfect, and we have No problems”:
detecting and limiting social desirability bias in qualitative research. Qual Health
Res. (2020) 30(5):783–92. doi: 10.1177/1049732319889354

30. Latkin CA, Edwards C, Davey-Rothwell MA, Tobin KE. The relationship
between social desirability bias and self-reports of health, substance use, and social
network factors among urban substance users in Baltimore, Maryland. Addict
Behav. (2017) 73:133–6. doi: 10.1016/j.addbeh.2017.05.005
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fped.2024.1393488/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fped.2024.1393488/full#supplementary-material
https://doi.org/10.1210/jc.2011-0385
https://doi.org/10.5694/mja11.11592
https://doi.org/10.5694/mja11.11592
https://doi.org/10.3810/pgm.2006.06.1637
https://doi.org/10.1016/j.eclinm.2021.101017
https://doi.org/10.3390/nu14224928
https://doi.org/10.1542/peds.2009-0051
https://doi.org/10.1093/pch/12.7.583
https://doi.org/10.7759/cureus.46034
https://doi.org/10.3390/nu9050471
https://doi.org/10.3390/nu9050471
https://doi.org/10.1017/S1368980015000373
https://doi.org/10.1111/j.1756-185X.2011.01624.x
https://doi.org/10.26355/eurrev_202112_27423
https://doi.org/10.1186/s12909-023-04001-0
https://doi.org/10.4103/2230-8229.163025
https://doi.org/10.4103/2230-8229.163025
https://doi.org/10.3760/cma.j.cn112140-20211230-01092
https://doi.org/10.3760/cma.j.cn112140-20211230-01092
https://doi.org/10.3760/cma.j.cn112140-20220128-00094
https://doi.org/10.3760/cma.j.cn112140-20220128-00094
https://doi.org/10.1186/s12889-019-7340-x
https://doi.org/10.3390/nu9091024
https://doi.org/10.3390/nu10070822
https://doi.org/10.25122/jml-2021-0384
https://doi.org/10.1177/1010539518768034
https://doi.org/10.13140/RG.2.1.2088.2403
https://doi.org/10.12691/ajnr-7-5-21
https://doi.org/10.1177/00099228231175228
https://doi.org/10.4103/mmj.mmj_343_20
https://doi.org/10.1186/s12889-020-08498-8
https://pubmed.ncbi.nlm.nih.gov/33604453
https://doi.org/10.3390/medicina56070330
https://doi.org/10.1177/1049732319889354
https://doi.org/10.1016/j.addbeh.2017.05.005
https://doi.org/10.3389/fped.2024.1393488
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Knowledge, attitude, and practice toward pediatric vitamin D deficiency among parents
	Introduction
	Methods
	Study design and participants
	Questionnaire
	Quality control and distribution process
	Statistical analysis

	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


