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Background: Vitamin D deficiency and insufficiency represent critical public 
health concerns on a global scale. Due to the increase in indoor activities, the 
role of dietary intake of vitamin D has become increasingly prominent. However, 
previous studies have focused solely on a single food item.

Objectives: This study aimed to identify dietary patterns among school-aged 
children in rural areas of Guangzhou, China, and to explore their association 
with vitamin D levels.

Methods: A total of 2,346 children aged 6–17 years were included in this cross-
sectional study. Demographic, lifestyle, and dietary data were collected through 
structured questionnaires. Dietary patterns were identified using factor analysis, 
while linear regression and structural equation modeling were employed to 
analyze the relationship between these patterns and vitamin D levels.

Results: Three distinct dietary patterns emerged: a fruits and vegetables 
pattern, high-protein pattern, and snack pattern. Analysis revealed that a higher 
adherence to the fruits and vegetables dietary pattern was associated with lower 
vitamin D levels. Conversely, among girls, a stronger preference for the high-
protein dietary pattern was positively correlated with higher vitamin D levels.

Conclusion: The fruits and vegetables pattern emerged as a risk factor 
for inadequate internal vitamin D levels. In girls, the high-protein pattern 
functioned as a protective factor. These findings offer valuable insights and 
policy recommendations for enhancing the health status of children in rural 
communities.
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1 Introduction

The high prevalence of vitamin D deficiency and insufficiency has 
been reported in numerous countries and is recognized as a major 
public health issue worldwide (1). Vitamin D deficiency has been 
linked to a range of acute and chronic conditions (2), such as rickets, 
osteomalacia, pre-eclampsia (3), impairments in immune function 
(4), and metabolic or cardiovascular diseases (5). Additionally, it is 
closely associated with children’s growth and development (6), 
infectious diseases, and autism spectrum disorders (7). This deficiency 
not only affects children’s immediate health but may also have long-
term implications for the risk of future diseases in both children and 
adults, such as autoimmune diseases and cardiovascular diseases and 
obesity (8). It may even affect the development of children’s cardio-
cerebral vascular systems, leading to abnormal psychological and 
behavioral development in children (9). The standard biomarker for 
assessing vitamin D nutritional status is the serum level of 
25-hydroxyvitamin D (25(OH)D). The classification of vitamin D 
status—whether deficient, insufficient, sufficient, or excessive—is 
primarily based on the concentration of 25(OH)D. It is important to 
note that the optimal 25(OH)D level remains a subject of debate, with 
varying guidelines and organizations proposing different thresholds 
for defining vitamin D deficiency (10).

25(OH)D levels below 30, 50, and 75 nmol/L have been associated 
with median prevalence rates (95% CI) of 15.7% (13.7–17.8), 47.9% 
(44.9–50.9), and 76.6% (74.0–79.1), respectively, across global 
participants (11). A study involving 1,006 adolescents from 10 cities in 
nine geographically diverse European countries found that 
approximately 27% had 25(OH)D levels between 50 and 75 nmol/L, 
indicative of vitamin D insufficiency, while 15% exhibited levels below 
50 nmol/L, signifying vitamin D deficiency (12). According to the 
“2015–2017 China National Nutrition and Health Status Monitoring 
Report,” the rate of serum vitamin D deficiency among children and 
adolescents aged 6–17 years in China was 18.6% during 2016–2017. A 
meta-analysis by Na et al. (13) revealed that the prevalence of vitamin 
D deficiency in Chinese children reached 24.03%, with an insufficiency 
rate of 28.71%, which increased with age. In rural areas, particularly 
those that are impoverished, the prevalence of vitamin D deficiency 
among school-age children significantly exceeds the national average 
(14). Thus, the current landscape of vitamin D deficiency and 
insufficiency, especially in rural regions, is critically concerning.

Various factors influence the body’s vitamin D levels, including 
reduced cutaneous synthesis, impaired absorption, and both acquired 
and genetic metabolic disorders (15). Dietary intake is a significant 
determinant of vitamin D status; in Denmark, 25(OH)D3 constitutes 
24% of the dietary intake among children aged 4–17 years (16). A 
strong correlation exists between dietary vitamin D intake and vitamin 
D status in children (17). In Brazil, findings suggest that dietary protein 
intake may interact with genetic predispositions, affecting vitamin D 
levels (18). Jingrong et al. (19) discovered that daily consumption of fish 
and eggs, with an intake of ≥30 grams, can lower the risk of vitamin D 
insufficiency. Additionally, a 2-year prospective randomized trial 
demonstrated that a daily intake of 200 g of milk and 50 grams of eggs 
significantly improved growth and reduced vitamin D deficiency in 
children (20). The rise in indoor activities has led to decreased sunlight 
exposure for vitamin D synthesis (21), underscoring the growing 
importance of dietary intake for vitamin D nutritional levels. However, 
the majority of existing studies, which focus on the impact of single 

nutrients or foods on health, ignoring their complex interactions within 
the human body, which can influence bioavailability and absorption 
(22), providing relatively limited explanations for health outcomes.

Guangzhou, a prominent city in South China, is celebrated for its 
traditional Cantonese cuisine. However, research on the Lingnan 
dietary pattern and its health outcomes is relatively scarce, particularly 
among children. Additionally, in rural areas of Guangzhou, the issue 
of vitamin D deficiency in children is more pronounced due to factors 
such as economic conditions (23), the extent of nutritional knowledge 
dissemination, and lifestyle habits. Given that the proportion of urban 
infants and young children taking vitamin D supplements is 
significantly higher than that in rural areas, and considering that rural 
children may not meet the minimum dietary intake and dietary 
diversity (24), investigating the dietary patterns of children in rural 
areas is crucial for addressing the problem of vitamin D deficiency. 
Thus, this study aimed to establish dietary patterns encompassing 
various dimensions, including food types, nutrient composition, and 
their interactions. It can comprehensively consider the possible 
interactions between various foods and nutrients, and may detect the 
cumulative effects of multiple nutrients, which is more conducive to 
implementing nutritional interventions and has greater public health 
significance. The findings provide new insights into childhood 
micronutrient inadequacy and offers scientific evidence and policy 
recommendations to improve children’s health outcomes.

2 Materials and methods

2.1 Participants

This study was conducted according to the guidelines laid down in 
the Declaration of Helsinki, and all procedures involving human 
subjects/patients were approved by the Ethics Committee of Guangzhou 
Center for Disease Control and Prevention (ethics number 2018027 and 
GZCDC-ECHR-2022P0038). All subjects and their guardians signed an 
informed consent form prior to being included in the survey. The cross-
sectional study was conducted from May 2022 to June 2023. Participants 
were recruited using a multi-stage stratified cluster random sampling 
method: (1) five primary schools, five secondary schools, and two high 
schools were randomly selected from rural areas of Guangzhou. (2) 
Stratified sampling was employed, wherein 2–3 grades were randomly 
selected from each primary school, 2 grades from each secondary school, 
and 1 grade from each high school. (3) Additionally, 2–3 classes of 
students were randomly selected from each grade. The sample size was 

calculated using the following formula N = deff
( )2

2
2

u P 1 Pα −

δ
 (25). The

 

meanings and values of each parameter are as follows: a confidence level 
of 95% (two-sided), /2u 1.96α = . The deficiency rate of vitamin D 
among Chinese children aged 6–17 years was noted to be 18.6% (26), 
with the probability P set at 19%. The design effect (deff) was set to 3, and 
the relative error (r) was determined to be 15%, yielding δ = 15% × 19%. 
Using these parameters, the initial calculation indicated a required 
sample size of 2,184 students. To account for invalid questionnaires and 
anticipated refusal rates, the sample size was increased by 10%, resulting 
in a final requirement of at least 2,402 students for participation. The 
selection process for survey participants is illustrated in Figure 1.
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A total of 2,578 students were surveyed in this study. In alignment 
with the research objectives, cases with missing body measurement 
data and other relevant information were excluded, yielding a final 
sample of 2,346 students for analysis.

2.2 Survey content

In this survey, trained interviewers conducted face-to-face 
questionnaires with the subjects. Physical examination were centrally 
conducted on-site, and blood samples were sent to a unified laboratory 
testing institution for the analysis of serum vitamin D levels.

2.2.1 Questionnaire survey
The questionnaire was segmented into four distinct sections: 

demographic details, lifestyle habits, nutritional knowledge evaluation, 
and dietary intake. It was grounded on the 2015 China National 
Chronic Non-communicable Disease and Nutrition Surveillance food 
frequency questionnaire (27), further refined through extensive expert 
consultations. This resulted in tailored adaptations to suit the local 
culinary preferences and dietary specifics of Guangzhou, integrating 
items that represent regional specialty foods. Throughout the dietary 
survey, precision in food weight estimation was enhanced by the use 
of food atlases and meticulous quality controls were implemented to 
ensure the integrity of data collection.

2.2.2 Physical examination
The techniques for measuring height and weight adhered to the 

standards set forth in the “People’s Republic of China – Human Health 
Monitoring Anthropometric Methods (WS/T424-2013)” (28). These 
measurements primarily facilitated the calculation of body mass index 
(BMI). The assessment of nutritional status leveraged the 2007 World 
Health Organization’s age-specific BMI reference standards to ensure 
accurate categorization (29).

2.2.3 Laboratory examination
The analysis of total serum vitamin D, encompassing D2 and 

D3 fractions, was conducted using the Watershed Acqui (liquid 

phase) liquid chromatography and Xevo-TQ-S mass spectrometry 
systems. This involved a liquid–liquid extraction method for 
analyte isolation, followed by ultra-high-performance liquid 
chromatography to mitigate serum matrix interference. Detection 
and quantification of these analytes, alongside their isotopic 
standards, were performed based on mass-to-charge ratios (m/z) 
using mass spectrometry. The isotopic internal standard method 
provided precise quantification of lipid-soluble vitamin D 
concentrations. Calibration was meticulously carried out using 
analytical standards from BePure, Achemtek, and Alfa, employing 
high-purity reagents like acetonitrile and methanol from Merck, 
n-hexane, and 2,6-di-tert-butyl-4-methylphenol. The coefficient 
of variance of intra- and inter assay were both <10%. The linear 
ranges were 0.78.0–78.41 ng/mL for 25(OH)D2 and 1.20–
79.57 ng/mL for 25(OH)D3.

2.2.4 Vitamin D definitions
Vitamin D status is categorized as deficient for serum 25(OH) 

vitamin D levels below 30 nmol/L, insufficient for levels between 
30 nmol/L and 50 nmol/L, and sufficient for levels exceeding 
50 nmol/L (30).

2.3 Establishment of dietary patterns

The dietary patterns were determined through exploratory 
factor analysis, which classified 126 food items into 15 predefined 
categories (Table 1). A comprehensive description of this analysis is 
available in prior literature (31). In this study, the Kaiser–Meyer–
Olkin (KMO) test yielded a value greater than 0.87, while Bartlett’s 
test of sphericity produced a statistically significant result 
(p < 0.001).

2.4 Structural equation model

Structural equation modeling (SEM) was employed to 
establish, estimate, and test causal relationships among variables 

FIGURE 1

Selection process flowchart for research participants.
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(32). This method consists of two components: the measurement 
model and the latent variable model. In this study, dietary patterns 
are treated as latent variables, whereas the intake levels of various 
food categories, age, sex, BMI, and vitamin D levels serve as 
observed variables. Vitamin D levels are represented by 
logarithmically transformed data, denoted as LnVD. Initially, 
confirmatory factor analysis was conducted to validate the 
measurement model of dietary patterns. Following this, the 
structural model examined the relationship between dietary 
patterns and LnVD. The parameter estimation method employed 
was maximum likelihood robust, with age, sex, and BMI included 
as adjusting variables. Model fit was evaluated using the chi-square 
to degrees of freedom ratio (CMIN/DF), comparative fit index 
(CFI), Tucker-Lewis Index (TLI), and root mean square error of 
approximation (RMSEA).

2.5 Statistical analysis

Details regarding the processing, coding, and validation of the 
questionnaire can be found in the referenced literature (33). Categorical 
variables are presented as n (%), while continuous variables, after 
undergoing normality testing, are described using the median and 
interquartile range (IQR). Linear regression analyses were conducted to 
explore the relationship between dietary patterns and logarithmically 
transformed vitamin D levels. Three models were fitted for each dietary 
pattern: an unadjusted model and two models adjusted for covariates. 
Model 1 represents the unadjusted analysis, Model 2 incorporates age 
and sex, and Model 3 includes age, sex, and BMI. The structural 
equation model was employed to investigate the correlation and degree 
of association between dietary patterns derived from factor analysis and 
logarithmically transformed vitamin D levels. Statistical analyses were 
performed using SPSS 26.0 and Mplus 8.3, with a significance level set 
at p < 0.05 (two-tailed). Data visualization was conducted using 
Microsoft Excel 2019.

3 Results

3.1 Participant characteristics

The study involved 2,346 participants, including 1,267 males 
(54.00%) and 1,079 females (46.00%). Participants’ ages ranged from 
9 to 16 years, with a median age of 13.27 years (IQR: 11.31–
14.38 years; Table 2). The prevalence rates of vitamin D deficiency and 
insufficiency were 13.43 and 46.63%, respectively. Most participants 
had parents with a high school education or lower. The distribution 
of boarding and non-boarding students was approximately equal. 
Regarding physical activity, 62.70% of participants were categorized 
as engaging in moderate to high levels of activity fewer than three 
times per week. Notably, most of the subjects had never experimented 
with smoking or alcohol consumption. Among the students, 60.06% 
reported daily screen time of less than 2 h. Alarmingly, nearly half of 
the students experienced insufficient sleep. The assessment of 
nutritional status revealed a coexistence of malnutrition and 
overnutrition, with rates of malnutrition, overweight, and obesity at 
11.94, 10.66, and 6.94%, respectively.

3.2 Dietary patterns

Factor analysis revealed three primary dietary patterns from the 
15 food groups (Figure  2), accounting for 14.14% (fruits and 
vegetables pattern), 13.83% (high-protein pattern), and 13.41% 
(snack pattern) of the variance, collectively explaining 41.38%. 
Following rotation using the maximum variance method, the factor 
loading matrix for the food groups was established (Table 3). The 
fruits and vegetables pattern was characterized by fresh fruits and 
vegetables, supplemented by some nuts, aquatic products, 
mushrooms, and algae. The high-protein pattern, although primarily 
dominated by cereals and tubers, also included other protein-rich 
foods such as poultry, red meat, eggs, and legumes. The snack pattern 
was characterized by convenience foods, fast foods, beverages, and 

TABLE 1 Food groups used in factor analysis.

Number Food Group Examples of food items

1 Cereal and tuber crops Rice and its products, wheat and its products, corn and its products, potato and its products

2 Beans and its products Soybean, soybean milk, tofu, bean curd, dried bean curd

3 Fresh vegetables Cabbage, tomato, lettuce

4 Mushrooms and algae Mushroom, laver, kelp

5 Fresh fruits and their products Bananas, apples, berries, dried fruits

6 Milk and dairy products Milk, milk powder, yogurt, cheese

7 Red meat Pork, beef, goat, lamb, ham sausage, bacon, animal offal

8 Poultry Chicken, duck, goose

9 Aquatic products Fish, shrimp, crab

10 Eggs and its product Eggs

11 Nuts Peanuts, almonds, walnuts, hazelnuts

12 Candy Sugar, jam, jelly, candies, chocolate, candied fruit

13 Convenience food Instant noodles, instant rice noodles, cookies, cakes, bread, spicy strips, fried puffed snacks.

14 Fast food Hamburger, fried chicken

15 Beverages
Carbonated drinks, prepackaged juice, milk beverages, sweet tea beverages, vegetable protein drinks, sports beverages, 

ice cream
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sweets, predominantly consisting of snacks that are high in energy 
but low in nutritional value.

3.3 Association analysis between dietary 
patterns and vitamin D levels

3.3.1 Analysis of dietary patterns and vitamin D 
levels

A linear relationship exists between the inclination levels of 
dietary patterns and logarithmically transformed vitamin D levels 
(Table 4). The findings indicate that a greater propensity toward the 
fruits and vegetables pattern is associated with lower logarithmically 
transformed vitamin D levels (β = −0.083, p < 0.001). Conversely, a 
stronger inclination toward the high-protein dietary pattern is 
associated with higher logarithmically transformed vitamin D levels 
(β = 0.088, p < 0.001). After univariate analysis, age, gender, and BMI 
were identified as covariates for adjustment. These results remain 
robust after adjusting for age, sex, and BMI. Specifically, the 
logarithmically transformed vitamin D levels show a significant 
negative correlation with the fruits and vegetables pattern (β = −0.103, 
p < 0.001) and a significant positive correlation with the high-protein 
pattern (β = 0.063, p < 0.05).

3.3.2 Structural equation model
The standardized estimates in the SEM diagram illustrate the 

relationships among the three dietary patterns and logarithmically 
transformed vitamin D levels (Figure 3). The goodness-of-fit indices 
for the model indicate a good fit (CMIN/DF = 3.23, RMSEA = 0.033, 
CFI = 0.868, TLI = 0.847), demonstrating a strong alignment between 
the theoretical model and the actual data regarding dietary patterns 
and logarithmically transformed vitamin D levels.

As shown in Figure 3 and Table 5, the fruits and vegetables pattern 
is significantly and inversely correlated with logarithmically 
transformed vitamin D levels (β = −0.373, p < 0.001). By contrast, the 
high-protein pattern exhibits a significant positive correlation with 
logarithmically transformed vitamin D levels (β = 0.358, p < 0.001). 
Covariates including sex, age, and BMI show statistically significant 
differences concerning logarithmically transformed vitamin D levels: 
age demonstrates an inverse correlation (β = −0.170, p < 0.001), while 
BMI is positively correlated (β = 0.094, p < 0.001). Notably, snack 
patterns do not exhibit any statistically significant association with the 
outcome. A pairwise correlation analysis reveals that the strongest 
correlation exists between the fruits and vegetables pattern and the 
high-protein pattern (β = 0.821, p < 0.001).

3.3.3 Vitamin D levels in children of different 
genders based on dietary patterns

The results of the stratified analysis are presented in Tables 6, 7. 
Following stratification by gender, both boys and girls who displayed 
a greater inclination toward the fruits and vegetables dietary patterns 
were found to be  more susceptible to lower vitamin D levels 
(β = −0.075, 95% CI: −0.018 to −0.003, p = 0.006 for boys; β = −0.141, 
95% CI: −0.034 to −0.014, p < 0.001 for girls). Additionally, a positive 
correlation between high-protein dietary patterns and serum vitamin 
D levels was observed exclusively among girls (β = 0.088, 95% CI: 
0.006 to −0.029, p = 0.003), with no corresponding association 
identified in boys.

4 Discussion

The present study showed the prevalence rates of vitamin D 
deficiency and insufficiency of 13.43 and 46.63%, respectively. The 
prevalence of vitamin D deficiency exhibits significant geographical 
variation, with particularly high rates reported in regions such as 
Asia, the Middle East, and Africa (34). In Asia, a widespread 
occurrence of infants with vitamin D levels below 30 nmol/L has 
been documented across several countries (34). For instance, in 

TABLE 2 Demographic and lifestyle characteristics of the study 
participants.

Variable Total

Age, median (IQR) 13.27(11.31, 14.38)

Sex, n (%)

  Male 1,267(54.00)

  Female 1,079(46.00)

Education of father, n (%)

  High school or below 1,726(73.57)

  Junior college or above 560(23.87)

  Unknown 60(2.56)

Education of mother, n (%)

  High school or below 1,718(73.23)

  Junior college or above 574(24.47)

  Unknown 54(2.30)

Boarding, n (%)

  Yes 1,148(48.93)

  No 1,198(51.07)

Moderate-to-high-intensity exercise, n (%)

  <3 times/week 1,471(62.70)

  ≥3 times/week 875(37.30)

Tried smoking, n (%)

  Yes 138(5.88)

  No 2,208(94.12)

Try alcohol consumption, n (%)

  Yes 344(14.66)

  No 2,002(85.34)

Screen time, n (%)

  ≤2 h/day 1,409(60.06)

  >2 h/day 937(39.94)

Sleep duration, n (%)

  Sufficiency 1,212(51.66)

  Insufficiency 1,134(48.34)

BMI, n (%)

  Underweight 280(11.94)

  Normal weight 1,653(70.46)

  Overweight 250(10.66)

  Obesity 163(6.94)
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Turkey, the prevalence in this demographic reaches up to 51%, while 
in Iran, it escalates to 86%, underscoring the acute issue of vitamin 
D deficiency among infants and toddlers (34). Compared with other 
Asian countries, China’s situation is relatively better. A 

meta-analysis conducted by Na et  al. (13) revealed that the 
prevalence of vitamin D deficiency in Chinese children is 24.03%, 
with an insufficiency rate of 28.71%, which shows an increasing 
trend with age. Compared with the results of Na et al.’s study, the 
findings of the present study indicate a significantly lower prevalence 
of vitamin D deficiency but a considerably higher prevalence of 
insufficiency than the national average. This suggests that, while the 
situation regarding vitamin D deficiency among school-age children 
has improved with ongoing socio-economic development (35), 
concerns remain significant.

This study employed dietary patterns to evaluate the nutritional 
status of children, offering a more holistic assessment that considers 
the complex interrelations among various dietary elements and 
nutrients (22). Three distinct dietary patterns were identified: a fruits 
and vegetables pattern, high-protein pattern, and snack pattern. These 
patterns provide a comprehensive framework for analyzing the 
nutritional intake of school-age children. The cumulative contribution 
rates of these three patterns are relatively balanced. Notably, as 
economic conditions improve, dietary patterns in China are gradually 
shifting from a traditional focus on fruits and vegetables to one 
characterized by increased protein intake, particularly from meat (36). 
Furthermore, the snack pattern, which primarily comprises fast food 
and convenience items, has emerged as a result of external cultural 
influences. The dietary patterns identified in this study can serve as 
critical nutritional guidance for children at risk of vitamin D deficiency.

In this study, multiple linear regression analysis indicated that the 
fruits and vegetables pattern was negatively correlated with 
logarithmic vitamin D levels, whereas the high-protein pattern 

FIGURE 2

Radar chart depicting the various dietary patterns derived from factor analysis.

TABLE 3 Factor loadings and dietary patterns for 15 types of food.

Food
Fruits and 
vegetables 

pattern

High 
protein 
pattern

Snack 
pattern

Fresh fruits and its products 0.724

Fresh vegetables 0.657 0.384

Nuts 0.542

Mushrooms and algae 0.530

Aquatic products 0.488

Cereal and tuber crops 0.633

Poultry 0.549

Red meat 0.546

Eggs and its product 0.538

Beans and its products 0.501

Convenience food 0.701

Fast food 0.648

Beverages 0.636

Candy 0.350 0.581

Milk and Dairy products 0.351 0.390
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exhibited a positive correlation. SEM corroborated these findings, 
demonstrating consistency between the two analytical methods and 
affirming the robustness of the results.

A comprehensive evaluation of the fruits and vegetables dietary 
pattern reveals several factors contributing to the observed lower 
levels of vitamin D, warranting careful consideration. First, despite 
including items such as certain seafood with relatively high vitamin D 

content, the overall intake remains low, as the primary constituents of 
this pattern are still predominantly fruits and vegetables. This reliance 
results in limited direct sources of vitamin D. Second, dietary fiber—
particularly the insoluble variety abundant in fruits and vegetables—
can increase intestinal content volume (37). This increase may lead to 
nutrient binding, including vitamin D, potentially reducing its 
solubility and absorption (38). Moreover, the relatively low fat intake 

TABLE 4 Analysis of the association between dietary patterns and Vitamin D level.

Dietary Pattern
Model 1 Model 2 Model 3

β 95%CI β 95%CI β 95%CI

Fruits and vegetables pattern −0.083*** (−0.019, −0.007) −0.103*** (−0.022, −0.010) −0.103*** (−0.022, −0.010)

High protein pattern 0.088*** (0.007, 0.020) 0.062* (0.003, 0.016) 0.063* (0.004, 0.016)

Snack pattern 0.028 (−0.002, 0.011) 0.003 (−0.001, 0.011) 0.032 (−0.001, 0.011)

*p < 0.05, **p < 0.01, ***p < 0.001. Model 1 remained unadjusted, Model 2 was adjusted for age and sex, and Model 3 was adjusted for age, sex, and BMI.

FIGURE 3

Structural equation models. The path standardized coefficients of variables are presented on pathways. CMIN/DF = 3.23, RMSEA = 0.033, CFI = 0.868, 
TLI = 0.847. Rectangles represent observed variables, while ellipses represent latent variables in the model.

TABLE 5 Parameter estimates from the SEM of dietary patterns and Vitamin D.

Path analysis Non-standardized 
coefficient

S.E. C.R. p-value Standardized 
coefficient

Fruits and vegetables pattern → Vitamin D 0.000 0.000 −3.636 0.000 −0.373

Meat and egg pattern → Vitamin D 0.001 0.000 3.095 0.002 0.358

Snack pattern → Vitamin D 0.000 0.000 0.853 0.394 0.042
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associated with this dietary pattern could directly impede the 
solubility and absorption efficiency of vitamin D, as concurrent lipid 
co-transport is essential in the intestinal milieu. Lastly, the impact of 
dietary fiber extends beyond its direct effects; it is known to influence 
the metabolism and absorption of cholesterol and lipids (39), which, 
in turn, can indirectly affect vitamin D absorption by altering the lipid 
environment within the digestive tract. This indirect mechanism may 
further contribute to the reduced bioavailability of vitamin D. In 
summary, the dietary pattern’s reliance on fruits and vegetables, 
coupled with high dietary fiber and low fat intake, presents a 
multifaceted challenge for vitamin D absorption. This is in line with 
the findings of Neufingerl and Eilander (40), who observed that 
vitamin D intake associated with plant-based diets is typically 
inadequate, likely due to the limited number of foods naturally rich in 
vitamin D among fruits and vegetables (41).

By contrast, while cereals and tubers contribute significantly, the 
high protein dietary pattern is overwhelmingly dominant. A 
significant positive correlation exists between adherence to this 
pattern and vitamin D levels in the body, indicating that individuals 
who follow a high protein dietary regimen tend to have higher vitamin 
D levels. This finding can be reasonably attributed to the abundance 
of vitamin D3 sources within this dietary pattern. Specifically, it 
encompasses a variety of foods rich in vitamin D3, such as red meat, 
egg yolk, liver, and dairy products. Fish, particularly liver, contains the 
highest levels of vitamin D, followed by offal, which also provides 
substantial amounts of vitamin D (42, 43). Egg yolk ranks next, while 
red meat and meat products typically contain lower amounts. A 
common characteristic of these foods is their rich vitamin D3 content, 
alongside relatively high lipid levels. Given the fat-soluble nature of 
vitamin D, a high-fat environment enhances its dissolution and 
absorption in the intestine, thereby improving its bioavailability. The 
findings of this study align with existing literature, further reinforcing 
the positive correlation between this dietary pattern and vitamin D 
levels. For instance, a study in Taiwan has clearly indicated a link 
between adequate red meat consumption and a lower rate of vitamin 
D deficiency (44). This observation reflects the high protein pattern’s 
richness in red meat. Additionally, Polzonetti et  al. (45) have 

highlighted the importance of whole milk, cheddar cheese, yogurt, 
butter, egg yolk, and certain mushrooms as significant dietary sources 
of vitamin D, all of which hold a prominent place in the high protein 
dietary pattern.

The gender-stratified analysis revealed a consistent decline in 
vitamin D levels among individuals adopting a fruits and vegetables 
dietary pattern, regardless of gender. This observation suggests that 
the high dietary fiber and phosphate content in fruits and vegetables 
may inhibit vitamin D absorption, indicating a potential universality 
in the mechanisms of action of these bioactive substances across 
genders. Further analysis showed that the high-protein dietary 
pattern exerts a protective effect solely in girls, likely due to the 
following reasons. Firstly, girls tend to engage in fewer outdoor 
activities compared to boys, which may reduce (46) their 
opportunities for sunlight exposure and subsequent vitamin D 
synthesis through ultraviolet radiation. Given the limited 
endogenous pathways for vitamin D synthesis, dietary components 
become particularly crucial for regulating vitamin D levels in girls. 
Secondly, studies have indicated that female intake of high-protein 
foods, particularly dairy products (47), is higher than that of males. 
This dietary preference suggests that girls may have a higher intake 
of vitamin D from food sources compared to boys, thereby 
potentially elevating their serum vitamin D levels. Thirdly, females 
generally have a higher body fat percentage than males (47). Given 
that vitamin D is a fat-soluble vitamin, the body composition of girls 
may facilitate better absorption and storage of vitamin D, enhancing 
the benefits of a high-protein diet that is rich in this nutrient (48). 
Lastly, the intricate role of sex hormones in vitamin D homeostasis 
can be considered. A negative correlation exists between estrogen 
levels and vitamin D status (49), while testosterone levels are 
positively associated with vitamin D concentrations (50). This 
hormone-dependent regulatory mechanism may amplify the 
influence of dietary patterns on vitamin D levels in girls, rendering 
the effects of nutritional interventions, such as high protein intake, 
more pronounced.

Hence, there is a need to place increased emphasis on health 
education for school-age children, offering scientific guidance in 

TABLE 6 Association analysis for boys between dietary patterns and vitamin D levels.

Dietary Patterns
Model 1 Model 2 Model 3

β 95%CI β 95%CI β 95%CI

Fruits and vegetables pattern −0.006 (−0.013, 0.002) −0.076** (−0.018, −0.003) −0.075** (−0.018, −0.003)

High protein pattern −0.001 (−0.009, 0.006) 0.051 (0.000, 0.014) 0.054 (0.000, 0.015)

Snack pattern 0.001 (−0.006, 0.008) 0.031 (−0.003, 0.011) 0.028 (−0.003, 0.011)

*p < 0.05, **p < 0.01, ***p < 0.001. Model 1 remained unadjusted, Model 2 was adjusted for age, and Model 3 was adjusted for age, and BMI.

TABLE 7 Association analysis for girls between dietary patterns and vitamin D levels.

Dietary Pattern
Model 1 Model 2 Model 3

β 95%CI β 95%CI β 95%CI

Fruits and vegetables pattern −0.127*** (−0.031, −0.012) −0.141*** (−0.034, −0.014) −0.141*** (−0.034, −0.014)

High protein pattern 0.090** (0.006, 0.029) 0.088** 0.006, 0.029 0.088** (0.006, 0.029)

Snack pattern 0.021 (−0.007, 0.015) 0.039 (−0.004, 0.018) 0.038 (−0.004, 0.018)

*p < 0.05, **p < 0.01, ***p < 0.001. Model 1 remained unadjusted, Model 2 was adjusted for age, and Model 3 was adjusted for age, and BMI.
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terms of dietary structure, quality, and habits. This approach can 
enhance the understanding of students, parents, and educational 
institutions regarding the importance of proper nutrition and 
balanced diets, modify unhealthy dietary behaviors, and encourage 
outdoor activities, all of which contribute to the healthy development 
of school-age children. In the case of school-age children from 
impoverished regions, taking into account the costs and benefits of 
interventions, the implementation of nutritional supplement programs 
may be  considered as a feasible strategy to improve their 
nutritional status.

To the best of our knowledge, this study is the first to assess the 
effect of dietary patterns on vitamin D levels in school-age children, 
which is one of the most important indoor factors affecting vitamin D 
levels. The study has several strengths, the most important of which is 
its rigorous methodology and quality control. This study performed 
multi-stage cluster random sampling of subjects and multi-step 
quality control in the field data collection process, which enhanced the 
authenticity and validity of the results. Furthermore, multiple methods 
such as multiple linear regression, structural equation modeling, and 
stratified analysis were used to test the stability of the results. However, 
this study has three main limitations. First, the cross-sectional design 
of the research precludes the establishment of a clear causal 
relationship between dietary patterns and vitamin D levels. To validate 
the association, further longitudinal studies or intervention 
experiments are necessary. Second, data on lifestyle behaviors and 
dietary intake were collected through questionnaire surveys, a method 
that may introduce recall bias and social desirability bias. Finally, the 
study sample consists of rural children from the Guangzhou area, and 
the characteristics of this specific population may restrict the 
generalizability of the findings. When extending these results to other 
populations, it is crucial to account for the differences among 
diverse groups.

5 Conclusion

The relationship between dietary patterns and internal vitamin 
D levels merits further investigation. This study identified three 
distinct dietary patterns: the fruits and vegetables pattern, the 
high-protein pattern, and the snack pattern. Using dietary pattern 
factor scores for multiple linear regression and constructing 
structural equation models based on food intake amounts, 
validation of the results from both aspects makes the results more 
convincing. Notably, the fruits and vegetables pattern emerged as 
a risk factor for inadequate internal vitamin D levels. Conversely, 
among girls, the high-protein pattern functioned as a protective 
factor. The study findings provide robust scientific evidence and 
policy recommendations aimed at enhancing children’s 
health outcomes.
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