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Background: Iron deficiency and iron deficiency anemia cause a huge disease 
burden worldwide. Diet is an important factor affecting the iron levels. This 
study aims to explore the dietary patterns of school-aged children in rural areas 
of Guangzhou and their association with iron deficiency.

Methods: Data on dietary surveys, lifestyle, demographic and laboratory tests were 
gathered from rural school-age children in Guangzhou. Factor analysis was applied 
to derive dietary patterns. Robust Poisson regression and subgroup analysis were 
used to analyze the association between dietary patterns and iron deficiency.

Results: A total of 2,530 children and adolescents aged 9–17  years were 
enrolled. The prevalence of iron deficiency was 13.36%. Four dietary patterns 
were identified including snack and fast-food pattern, fruit and vegetable 
pattern, cereal and tuber pattern and meat and offal pattern. Both children and 
adolescents in the Q4 group (the highest propensity) of snack and fast-food 
pattern and cereal and tuber pattern had a higher risk of iron deficiency than 
the Q1 group (the lowest propensity). Both children and adolescents in the Q4 
group of meat and offal pattern and fruit and vegetable pattern had a lower risk 
of iron deficiency than the Q1 group. The results of stratified analysis showed 
the negative effect of snack and fast-food pattern and the protective benefits 
of meat and offal pattern are more obvious for boys, and the negative effect of 
cereal and tuber pattern were obvious for girls. The negative effect or protective 
benefits of the four dietary patterns were obvious for children aged 9–13.

Conclusion: Females, older children, and those with shorter sleep duration 
are at higher risk of iron deficiency. Snack and fast-food pattern and cereal 
and tuber pattern are risk factors for iron deficiency, and fruit and vegetable 
pattern and meat and offal pattern are protective factors for iron deficiency. The 
impact of diet on body iron levels is more obvious in boys and younger children. 
The findings of this study can provide evidence for formulating prevention 
and control measures on children and adolescents iron deficiency and iron 
deficiency anemia.
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1 Introduction

Iron is an essential trace element in the human body, which 
participates in the transportation of oxygen and tissue respiration, 
maintains normal hematopoietic function, and maintains immune 
function. Iron deficiency (ID) is a common micronutrient deficiency (1), 
which refers to a state of reduced or depleted iron reserves in the body 
(2). According to the World Health Organization (WHO), 280 million 
children worldwide suffer from anemia, and ID is one of the main causes 
of anemia (3). In addition, the United Nations Millennium Development 
Goals (MDGs) also emphasize the severity of micronutrient deficiency, 
pointing out that more than 2 billion people lack essential minerals such 
as iron, which are essential for their growth, development and healthy 
life (4). From 2000 to 2020, the prevalence of anemia among Chinese 
children aged 0–14 years was 19.9% (5). A survey conducted in seven 
cities and two townships in China showed that ID detection rate in child 
was 35.5% and the anemia rate was 9.2% (6).

ID has a slow onset and is easily overlooked in the early stages. 
In its incipient stages, ID can impair enzyme activity and disrupt 
neurotransmitter synthesis and transmission, potentially resulting 
in symptoms such as mental depression and diminished appetite. As 
the condition progresses, it can develop into iron deficient anemia 
(IDA). School-aged Children are more prone to developing ID due 
to increased nutritional needs during their growth and development 
stages, leading to anemia, which in turn leads to delayed growth and 
development, decreased immune function, and brain development 
damage (7). Therefore, evaluating the iron reserves in school-aged 
children can move the key to preventing IDA forward, take timely 
intervention measures, and reduce the harm caused by 
related diseases.

The iron level in the body is influenced by various factors, including 
digestive system diseases, physiological status, chronic diseases, and diet. 
Diet is one of the main causes of ID, and ID can occur when there is 
insufficient iron intake or dietary factors interfere with absorption (8). 
Therefore, a thorough understanding of children’s dietary habits is 
crucial for preventing ID. Dietary patterns refers to the types, quantities, 
and proportions of various foods in daily diet (9), which provides a more 
comprehensive perspective for dietary analysis, helping to determine the 
impact of diet on the short-term and long-term health of the population. 
An investigation in Brazil found a correlation between vegetarian dietary 
patterns and diminished serum ferritin levels (10), while a study 
conducted in South Africa on children aged 5–12 also showed a positive 
correlation between plant protein and carbohydrate-rich diets and ID 
(11). Guangzhou is famous for Cantonese cuisine, which is a typical 
representative of the Eastern healthy dietary model and the South China 
dietary model (12). Our previous research found that the fast-food 
pattern was a risk factor for anemia in children and adolescents, while 
the meat and egg pattern was a protective factor (13), but the relationship 
between dietary patterns and iron reserve level in the body is still unclear. 
This study aims to explore the association between dietary patterns and 
ID among rural school-aged children and adolescents in Guangzhou, 
China, in order to support the MDGs 2.2 to eliminate malnutrition.

2 Materials and methods

2.1 Participants

This cross-sectional study was conducted from June 2022 to May 
2023. A multi-stage stratified cluster random sampling method was 
used to select research participants (1). Five primary schools, five 
middle schools and two high schools were randomly selected in rural 
areas of Guangzhou (2). Three grades were selected from each primary 
school, three grades were selected from each middle school, and one 
grade was selected from each high school (3). Two to four classes of 
students were randomly selected from each grade for primary schools, 
two to five classes of students were randomly selected from each grade 
for middle schools, and five to six classes of students were randomly 
selected from that grade for high schools.

The sample size was calculated using the formula: 

N=deff
P Pm

d
a /2
2

2

1-( ) (14). The meanings and values of each
 

parameter are as follows: the confidence level is taken as 95%, and 
ma / .2 1 96= . Because the definition criteria of ID in China are not 
clear and unified, the limits of each study for determining ID are 
different. Through the comprehensive judgment of multiple research 
literatures (2, 6, 15–17) and taking the average of multiple results, 
the ID detection rate of children and adolescents aged 6–17 years 
old in China is about 15%; the value of the design efficiency deff  is 
taken as 2; the relative error r = 20%, δ = 20% × 15%. The sample size 
was 1,088 students according to the above formula. Considering the 
invalid questionnaires and rejection rate, the actual sample size was 
expanded by 10%, so at least 1,197 students were required for the 
survey. The screening process of the research participants is shown 
in Figure 1.

This study conducted a survey of 2,596 students. We excluded 28 
students without the laboratory test results, 16 students with more 
than 10% missing dietary data (In the selected food items, data on 
consumption frequency or intake amounts were missing for more 
than 10%), and 21 students with incomplete basic information and 
lifestyle data. Ultimately, data from 2,530 students were included in 
the final analysis.

2.2 Survey content

Children and adolescents were interviewed face to face by the 
uniformly trained investigators. The survey content included 
questionnaires, physical examinations, and laboratory tests.

 (1) Questionnaires: ① Demographic information, including age, 
gender, education level of parents. ② Lifestyle factors: 
boarding, smoking, alcohol consumption, moderate-intensity 
exercise, sleep duration and breakfast habits. ③ Dietary 
survey: a semi-quantitative food frequency questionnaire 
(FFQ) was used to investigate the frequency of food 
consumption and intake food consumed by children and 
adolescents in the past month. Food models and atlas were 
used to help participants assess their food intake. This FFQ was 
based on the food frequency questionnaire derived from the 
China National Chronic Non-Communicable Disease and 
Nutrition Surveillance in 2015 (18), which was partially 

Abbreviations: ID, Iron deficiency; IDA, Iron deficiency anemia; FFQ, Food frequency 

questionnaire; BMI, Body mass index; SF, Serum ferritin; TRF, Serum Transferrin; 

CRP, C-reactive protein; KMO, Kaiser–Meyer–Olkin.
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adapted to the dietary characteristics of children and 
adolescents in Guangzhou by a panel of experts in the fields of 
epidemiology and nutrition. There was study has shown that 
the FFQ has fair reliability and validity (19), and it also has 
good consistency in a dietary survey of Guangzhou (20). 
According to the Chinese Food Composition Table Standard 
Edition (6th edition) (21), 66 types of food across 16 categories 
were included in this FFQ.

 (2) Physical examinations: height and weight were measured by a 
mechanical height meter and an electronic scale, with 
measurements accurate to 0.1 cm and 0.1 kg, respectively. The 
testing instruments and procedures adhered to the Chinese 
national standard of anthropometric measurement methods in 
health surveillance (22). The nutritional status of children and 
adolescents was indicated by the Body Mass Index (BMI), 
calculated as BMI = weight (kg)/ height (m2) (23).

 (3) Laboratory tests: serum ferritin (SF) was measured by the 
Latex-enhanced Immunoturbidimetric Assay. Serum 
transferrin (TRF) and C-reactive protein (CRP) was measured 
by the Immunoturbidimetric Assay.

2.3 Iron deficiency definition

Serum ferritin deficiency is assessed according to the Expert 
Consensus on Nutritional Prevention and Treatment of Iron 
Deficiency Anemia (24), in conjunction with CRP levels. For 
participants aged 5 years and older, CRP ≤ 5 mg/L and SF < 25 μg/L or 
CRP > 5 mg/L and SF < 32 μg/L is defined as SF deficiency, which was 
defined as iron deficiency.

Serum transferrin was used as an auxiliary indicator. According 
to the National Health Industry Standards of the People’s Republic of 
China (25), TRF > 3.6 g/L was defined as TRF over-standard, 
suggesting the reduction of iron in body.

2.4 Dietary pattern establishment

Dietary patterns were constructed through the exploratory factor 
analysis, 66 food items were classified into 16 food categories, as shown 
in Supplementary Table S1. The correlation matrix between the 16 food 
categories was statistically tested, with the Kaiser–Meyer–Olkin 
(KMO) test yielding >0.8 and the Bartlett’s sphericity test yielding a 
significant p (p < 0.001), indicating that the correlation between 
variables was sufficient for factor analysis. Principal component 
analysis was used to determine the common factors, and factor rotation 
was performed to minimize the correlation between factors. Factors 
used to describe different dietary patterns were identified based on the 
eigenvalue (>1), the scree plot, their professional significance and 
interpretability. Factors with absolute factor loadings >0.3 (26) were 
retained as components of dietary patterns (27) in this study. 
Composite factor scores were grouped into quartiles, with Q1, Q2, Q3, 
and Q4 representing scores from lowest to highest, respectively.

2.5 Statistical analysis

The questionnaires were coded uniformly. Epidata version 3.1 was 
used for double data input to establish the original database. Factor 
analysis was used to construct dietary patterns. Data were described 
as mean (95% CI) for continuous variables and described as n (%) for 
categorical variables. Continuous variables were tested for normality 
and compared by Mann–Whitney U test. Categorical variables were 
compared by chi-square test and chi-square trend test.

Due to the prevalence of ID was greater than 10% in this cross-
sectional study, the relationship between ID and independent variables 
may be overestimated if the odds ratio (OR) is continued to be used to 
report the parsed results. In this case, prevalence ratio (PR) is the best 
indicator of association. Therefore, robust Poisson regression analysis 
was fitted to identify predictors of ID. PR and 95% CI were calculated, 
while the linear trend of PRs was estimated. A univariate analytical 

FIGURE 1

Flowchart of the selection of research participants.
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model and a multivariate analytical model were developed for each 
dietary pattern. The univariate analytical model was unadjusted. Based 
on the survey and references, the multifactor analytical model was 
adjusted for age, gender, BMI, smoking (28), moderate to high 
intensity exercise (29). And other factors that need to be adjusted were 
determined based on the results of the single-factor analysis.

Based on the existing studies, the prevalence of ID in girls was higher 
than in boys (30, 31), gender was selected as a stratification variable. 
Additionally, recognizing the nutrient needs of children at different stages 
(31) and the differences in mental development. Age was used as another 
stratification variable and high school entrance age (14 years old) (32) as 
the grouping criterion. Because SF was the main indicator, stratified 
analysis was conducted only on it. The detailed stratification process is 
shown in Figure 2. SPSS version 26.0 was used for all computations, and 
a p-value (two-sided) < 0.05 was considered to be statistically significant. 
GraphPad Prism 9.5 and Office 2021 were used for graphs.

3 Results

3.1 Participant characteristics

A total of 2,530 children and adolescents with complete data 
(53.79% male, n = 1,361; 46.21% female, n = 1,169) were included in 
this study. The age range of the children and adolescents was between 
9 and 17 years with a mean age of 12.94 years. The prevalence of SF 
deficiency was 13.36%, with 5.80% in boys and 22.16% in girls. 
Compared with non-SF-deficient counterparts, the children and 
adolescents with SF deficiency were more likely to be female, older, 
and have shorter sleep duration (p < 0.05). The ratio of serum 
transferrin over-standard was 32.06%, as shown in Table 1. Compared 
with the normal group, the children and adolescents with TRF over-
standard were more likely to be female, higher BMI, have less breakfast 
and the high school of education level of mother (p < 0.05).

3.2 Dietary patterns

Dietary patterns, determined by principal component analysis, 
as depicted in Table 2 and Supplementary Figure S1. Four dietary 
patterns were generated and explained by factor loading and 
component analysis. Factor analysis selected four major dietary 
patterns from the 16 food groups, accounting for 13.06% (snack and 
fast-food pattern), 12.41% (fruit and vegetable pattern), 10.88% 
(cereal and tuber pattern) and 9.32% (meat and offal pattern) of 
variance, which together accounted for 45.66% of the total variance. 
The factor loading matrix of the food groups was obtained by the 
varimax rotation, as shown in Table 3. Snack and fast-food pattern 
mainly includes snack food, fast food, beverages and candy. Fruit and 
vegetable pattern mainly includes fresh fruits, fresh vegetables, 
mushrooms, algae, and nuts. Cereal and tuber pattern mainly 
includes grains, potatoes, beans, bean products and eggs. Meat and 
offal pattern mainly includes poultry, offal and red meat.

3.3 Characteristics of quartiles (Q) of 
dietary patterns in study participants

The characteristics of the Q1 (the lowest propensity) and Q4 
(the highest propensity) quartiles of the four dietary patterns are 
shown in Supplementary Table S2. The analyses found that children 
and adolescents in Q4 group of snack and fast-food pattern were 
more likely to be older, males, have lower BMI, be boarding, have 
low parental education level, have the experience with smoking 
and alcohol, do more moderate to high intensity exercise, have 
shorter sleep duration and have less times of breakfast. Children 
and adolescents in Q4 group of fruit and vegetable pattern were 
more inclined to be  younger, be  boarding, have high parental 
education level, less drink and smoking, and have longer sleep 
duration. Children and adolescents in Q4 group of cereal and tuber 

Stratifying the students and 

adolescents by gender

Final analytical participants

Stratifying the students and adolescents 

by high school entrance age

Males 

(n=1361)

Females 

(n=1169)

Children 

aged 

9-13

years old 

(n=1744)

Adolesce

nts aged 

14-17

years old 

(n=786)

FIGURE 2

Flowchart of the establishment of stratified analysis subgroups.
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pattern were more likely to be older, males, have a higher BMI, do 
more moderate to high intensity exercise and have more times of 
breakfast. Children and adolescents in Q4 group of meat and offal 

pattern were more likely to be older, males, have a higher BMI, 
be boarding, have high parental education level, have shorter sleep 
duration, and drink alcohol.

TABLE 1 Demographic information and lifestyle characteristics of the children and adolescents aged 9–17  years in rural Guangzhou between June 
2022 and May 2023.

Variable Total Serum ferritin deficiency P Transferrin over-standard P

Yes No Yes No

Age in years, mean 

(95% CI)

12.94 (12.86, 13.02) 13.46 (13.30,13.63) 12.86 (12.78,12.95) <0.001 12.92 (12.79, 13.05) 12.95 (12.85, 13.05) 0.713

Sex, n (%)

Male 1,361 79 (5.80) 1,282 (94.20) <0.001 396 (29.10) 965 (70.90) 0.001

Female 1,169 259 (22.16) 910 (77.84) 415 (35.50) 754 (64.50)

BMI, mean (95% CI) 18.91 (18.76, 19.05) 18.72 (18.43, 19.00) 18.93 (18.78, 19.09) 0.194 19.41 (19.15, 19.68) 18.67 (18.50, 18.83) <0.001

Boarding, n (%)

Yes 1,239 169 (13.64) 1,070 (86.36) 0.685 400 (32.28) 839 (67.72) 0.809

No 1,291 169 (13.09) 1,122 (86.91) 411 (31.84) 880 (68.16)

Education level of father, n (%)

Primary or below 86 11 (12.79) 75 (87.21) 0.173 20 (23.26) 66 (76.74) 0.238

Middle school 1,034 156 (15.09) 878 (84.91) 331 (32.01) 703 (67.99)

High school 732 96 (13.11) 636 (86.89) 226 (30.87) 506 (69.13)

College or above 612 70 (11.44) 542 (88.56) 210 (34.31) 402 (65.69)

Unknown 66 5 (7.58) 61 (92.42) 24 (36.36) 42 (63.64)

Education level of mother, n (%)

Primary or below 133 20 (15.04) 113 (84.96) 0.14 32 (24.06) 101 (75.94) 0.024

Middle school 1,105 164 (14.84) 941 (85.16) 337 (30.50) 768 (69.50)

High school 613 82 (13.38) 531 (86.62) 221 (36.05) 392 (63.95)

College or above 620 67 (10.81) 553 (89.19) 206 (33.23) 414 (66.77)

Unknown 59 5 (8.47) 54 (91.53) 15 (25.42) 44 (74.58)

Tried smoking, n (%)

Yes 146 13 (8.90) 133 (91.10) 0.114 40 (27.40) 106 (72.60) 0.214

No 2,384 325 (13.63) 2059 (86.37) 771 (32.34) 1,613 (67.66)

Alcohol consumption, n (%)

Yes 367 57 (15.53) 310 (84.47) 0.182 120 (32.70) 247 (67.30) 0.776

No 2,163 281 (12.99) 1882 (87.01) 691 (31.95) 1,472 (68.05)

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

Less 3 times a week 1,146 150 (13.09) 996 (86.91) 0.716 389 (33.94) 757 (66.06) 0.064

3 times a week and more 1,384 188 (13.58) 1,196 (86.42) 422 (30.49) 962 (69.51)

Sleep duration, mean 

(95% CI)

9.13 (9.08, 9.19) 8.76 (8.62, 8.89) 9.19 (9.14, 9.25) <0.001 9.06 (8.97, 9.15) 9.17 (9.10, 9.23) 0.067

Breakfast habits, n (%)

0–3 times a week 194 22 (11.34) 172 (88.66) 0.582 86 (49.33) 108 (55.67) <0.001

4–6 times a week 387 56 (14.47) 331 (85.53) 133 (34.37) 254 (65.63)

1 time a day and more 1949 260 (13.34) 1,689 (86.66) 592 (30.37) 1,357 (69.63)

Total 2,530 338 (13.36) 2,192 (86.64) 811 (32.06) 1719 (67.94)

Data are shown as number of cases (%) for categorical variables and mean (95% CI) for continuous variables. Mann–Whitney U test and Chi-square trend test were used for analysis. The bold 
p-value means “<0.05”.

https://doi.org/10.3389/fnut.2024.1443849
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Fu et al. 10.3389/fnut.2024.1443849

Frontiers in Nutrition 06 frontiersin.org

3.4 Association analysis between dietary 
patterns and iron deficiency

3.4.1 Analysis of dietary patterns and serum 
ferritin

As shown in Table  3, the results of the Mantel–Haenszel 
chi-square test showed that the level of tendency for snack and 
fast-food pattern, fruit and vegetable pattern, and meat and offal 
pattern were all found to have a linear relationship with the risk of 
SF (p < 0.05). The results of the Pearson correlation showed that in 
snack and fast-food pattern r = 0.044, with a p < 0.05, which 
suggested that the higher the tendency toward this pattern, the 
more prevalent of SF deficient. Additionally, the results of the 
Pearson correlation showed that in the fruit and vegetable pattern 
r = −0.048, and in the meat and offal pattern r = −0.093, both with 
p < 0.05. These suggested that the higher the tendency toward fruit 
and vegetable pattern and meat and offal pattern, respectively, the 
less severe the lack of SF.

Robust Poisson regression analysis showed that after adjusting 
for age, gender, BMI, moderate to high intensity exercise, sleep 
duration and smoking, children and adolescents in the Q4 group 
(the highest propensity) of snack and fast-food pattern had a 
higher risk of SF deficiency than the Q1 group (the low propensity) 
(PR = 1.467, 95%CI: 1.110 ~ 1.937, p = 0.007). Children and 
adolescents in the Q4 groups of cereal and tuber pattern had a 
higher risk of SF deficiency than the Q1 group (PR = 1.352, 95%CI: 
1.027 ~ 1.779, p = 0.032). Conversely, Children and adolescents in 
the Q4 groups of fruit and vegetable pattern had a lower risk of SF 
deficiency than the Q1 group (PR = 0.717, 95%CI: 0.538 ~ 0.956, 
p = 0.023). And both children and adolescents in the Q4 and Q3 
groups of meat and offal pattern had a lower risk of SF deficiency 
than the Q1 group (PR = 0.617, 95%CI: 0.458 ~ 0.831, p = 0.001), 
(PR = 0.682, 95%CI: 0.522 ~ 0.891, p = 0.005).

3.4.2 Analysis of dietary patterns and serum 
transferrin

As shown in Table 4, the results of the Mantel–Haenszel chi-square 
test showed that the level of tendency for meat and offal pattern was 
found to have a linear relationship with the risk of TRF (p < 0.05). The 
results of the Pearson correlation showed that in meat and offal pattern 
r = −0.051, with a p < 0.05, which suggested that the higher the tendency 
toward this pattern, the lower the degree to the TRF over-standard.

Robust Poisson regression analysis showed that after adjusting for 
age, gender, BMI, moderate to high intensity exercise, smoking, 
education level of mother and breakfast habits, children and 
adolescents in the Q4 groups of meat and offal pattern had a lower risk 
of TRF over-standard than the Q1 group (PR = 0.841, 95%CI: 
0.714 ~ 0.992, p = 0.040).

3.4.3 Analysis of dietary patterns and serum 
ferritin of different genders and ages

The results of stratified analysis were shown in Figure  3. After 
stratifying by gender, boys in Q4 group of snack and fast-food pattern 
had a higher risk of SF deficiency than the Q1 group (PR = 2.569, 95%CI: 
1.324 ~ 4.984, p = 0.005). Whereas, boys in Q4 and Q3 groups of meat 
and offal pattern had a lower risk of SF deficiency than the Q1 group 
(PR = 0.279, 95%CI: 0.138 ~ 0.565, p < 0.001), (PR = 0.414, 95%CI: 
0.222 ~ 0.774, p = 0.006) (Figure 3A). Meanwhile, girls in Q4 group of 
cereal and tuber pattern were more likely to SF deficiency (PR = 1.420, 
95%CI: 1.054 ~ 1.912, p = 0.021) than the Q1 group (Figure 3B).

After stratifying by age, children aged 9–13 years in Q4 group of 
snack and fast-food pattern were more likely to SF deficiency than the 
Q1 group (PR = 1.501, 95%CI: 1.046 ~ 2.154, p = 0.028). Children aged 
9–13 years in Q4 group of cereal and tuber pattern were more likely to 
SF deficiency than the Q1 group (PR = 1.725, 95%CI: 1.210 ~ 2.459, 
p = 0.003). Whereas children aged 9–13 years in Q4 group of fruit and 
vegetable pattern were less likely to SF deficiency than the Q1 group 

TABLE 2 Factor loadings and dietary patterns for 16 food groups obtained by factor analysis.

Food group Snack and fast-
food pattern

Fruit and vegetable 
pattern

Cereal and tuber 
pattern

Meat and offal 
pattern

Snack food 0.669

Fast food 0.662

Beverages 0.650 0.317

Candy 0.623

Fresh fruits 0.747

Fresh vegetables 0.699

Mushrooms and algae 0.527 0.325

Nuts 0.357 0.454

Aquatic products 0.410

Grain and potatoes 0.677

Beans and bean products 0.666

Eggs 0.507

Milk and dairy 0.369

Poultry 0.705

Offal 0.675

Red meat 0.556

PCA (principal component analysis) was used for analysis. Factor loadings of < 0.3 in absolute terms were excluded for simplicity.
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(PR = 0.637, 95%CI: 0.436 ~ 0.933, p = 0.021). Children aged 9–13 years 
in Q4 and Q3 group of meat and offal pattern were less likely to SF 
deficiency than the Q1 group (PR = 0.669, 95%CI: 0.464 ~ 0.963, 
p = 0.031), (PR = 0.611, 95%CI: 0.429 ~ 0.869, p = 0.006) (Figure 3C).

4 Discussion

Iron deficiency and iron deficiency anemia have caused a huge 
disease burden worldwide, threatening the lives and health of billions 
of people, and are also one of the five major causes of disease burden 
worldwide (2). In this study, the overall prevalence of ID among the 
participants was 13.36%, with rates of 5.8% in boys and 22.16% in 
girls. And the rate of transferrin over-standard was 32.06%. This 
prevalence of ID was similar to that of 12.60% among children aged 
12–17 reported in Beijing (17). In addition, it is higher than the 
prevalence of 8.19% reported in a survey of children aged 6–12 years 
in Guangzhou (16), but lower than the prevalence of 18.64% in 
children aged 8–12 years in Lanzhou, China (15). And it also lower 
than the prevalence of 20.9% in adolescents aged 10–19 years in India 
(30). This difference may be caused by the different economic levels 
and demographic differences in population in different regions. 
However, the ratio of TRF over-standard was higher than prevalence 
of ID, possibly because in diagnosing ID, TRF has a higher sensitivity 
and a lower specificity than SF (2).

This study observed a higher prevalence of ID among girls 
compared to boys. This phenomenon may be attributed to the gradual 
maturation of sexual development in girls, leading to increased iron loss 
during menstruation (33). Furthermore, the prevalence of ID was 
higher among the older children and adolescents. This could 
be attributed to the accelerated growth and development during puberty 
(34), which leads to increased nutritional requirements and increases 
the possibility of nutritional deficiency. The results were in line with the 
findings from a previous study (31). The study also found that longer 
sleep duration was negatively correlated with ID, which was consistent 
with findings from a study in the United States linking ID to poor sleep 
quality (35).

Moreover, higher BMI and less breakfast were all associated with 
the higher rate of transferrin over-standard. Obesity was associated 
with higher levels of inflammation, which would affect the iron levels 
in body (36). And skipping breakfast might cause inadequate 
nutritional intake, which would lead to ID (37). The study also 
indicated a positive correlation between maternal education level and 
TRF over-standard. This was attributed to the fact that mothers with 
higher education levels typically prioritize career advancement, 
leading to an inadequate balance between work and family. 
Consequently, they had relatively less time to prepare home-cooked 
meals or tend to rely more on convenience foods (38). Prolonged 
consumption of these low-iron foods by children increases the 
likelihood of ID in body.

TABLE 3 Analysis of the correlation between dietary patterns and serum ferritin of the children and adolescents aged 9–17  years in rural Guangzhou 
between June 2022 and May 2023.

Dietary 
pattern

SF Deficiency P r Model 1 Model 2

Yes No PR (95%CI) P PR (95%CI) P

Snack and fast-food pattern, n (%)

Q1 68 (10.7) 565 (89.3) 0.028 0.044 1 1

Q2 90 (14.2) 542 (85.8) 1.326 (0.987,1.780) 0.061 1.252 (0.946,1.659) 0.116

Q3 81 (12.8) 552 (87.2) 1.191 (0.880,1.613) 0.258 1.107 (0.825,1.485) 0.498

Q4 99 (15.7) 533 (84.3) 1.458 (1.093,1.946) 0.010 1.467 (1.110,1.937) 0.007

Fruit and vegetable pattern, n (%)

Q1 93 (14.7) 540 (85.3) 0.016 −0.048 1 1

Q2 94 (14.9) 538 (85.1) 1.012 (0.777, 1.319) 0.928 0.932 (0.726,1.198) 0.583

Q3 86 (13.6) 546 (86.4) 0.926 (0.706,1.215) 0.580 0.826 (0.636,1.074) 0.153

Q4 65 (10.3) 568 (89.7) 0.699 (0.519,0.941) 0.018 0.717 (0.538,0.956) 0.023

Cereal and tuber pattern, n (%)

Q1 92 (14.5) 541 (85.5) 0.107 −0.032 1 1

Q2 96 (15.2) 536 (84.8) 1.045 (0.803,1.361) 0.743 1.162 (0.904,1.494) 0.242

Q3 70 (11.1) 563 (88.9) 0.761 (0.569,1.018) 0.065 0.945 (0.713,1.252) 0.693

Q4 80 (12.7) 552 (87.3) 0.871 (0.659,1.151) 0.331 1.352 (1.027,1.779) 0.032

Meat and offal pattern, n (%)

Q1 110 (17.4) 523 (82.6) <0.001 −0.093 1 1

Q2 97 (15.3) 535 (84.7) 0.883 (0.688,1.134) 0.330 0.888 (0.698,1.130) 0.335

Q3 73 (11.6) 559 (88.4) 0.665 (0.505,0.875) 0.004 0.682 (0.522,0.891) 0.005

Q4 58 (9.2) 575 (90.8) 0.527 (0.391,0.711) <0.001 0.617 (0.458,0.831) 0.001

Chi-square trend test and robust Poisson regression analyses were used. Q1 is the reference group, model 1: unadjusted for covariates; model 2: adjusted for age, gender, BMI, moderate to high 
intensity exercise, sleep duration and smoking. The r is the Pearson correlation coefficient. The bold p-value means “<0.05”.
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In this study, four dietary patterns were identified, including snack 
and fast-food pattern, fruit and vegetable pattern, cereal and tuber 
pattern, and meat and offal pattern. Notably, the cumulative 
contribution rate of snack and fast-food pattern was the highest 
(13.06%), which indicates that the eating habits of children and 
adolescents at this stage are significantly influenced by Western 
dietary culture (39). On the contrary, the other three dietary patterns 
reflected many characteristics of Cantonese cuisine. Cantonese cuisine 
forms a significant component of the Lingnan dietary pattern (40). 
Thus, this study holds crucial practical significance for providing 
nutritional guidance to children and adolescents with iron deficiency 
or insufficiency in Guangzhou and even the Lingnan region.

In this study, we found that both snack and fast-food pattern and 
cereal and tuber pattern were positively associated with the risk of 
ID. Snack and fast-food pattern was characterized by a higher intake 
of snack food, fast food, and beverages; cereal and tuber pattern was 
characterized by a higher intake of grains, potatoes and beans. The 
common feature of these two dietary patterns is that the food they 
contain either has low iron content or may interfere with iron 
absorption. For example, all foods of snack and fast-food pattern were 
generally of lower nutritional value, mainly in the form of higher 
energy density and saturated fat content, as well as higher added 
sugars and salt. Prolonged consumption of these foods could impair 
the ability of liver cells to absorb iron (41). And the sugary beverages 
could negatively affect iron metabolism, thereby reducing ferritin 
levels in the body (42). Moreover, these types of foods are actually low 

in iron. A study in Poland (43) showed that fast foods provided only 
4% of the body’s recommended daily iron intake. At the same time, 
fast foods on the market were mainly composed of white meat such as 
fried chicken breast and chicken nuggets, which could not provide 
enough iron (12). In addition, the effect of cereal and tuber pattern 
was also consistent with the results in the existing studies, such as diet 
based on rice and wheat or whole wheat bread led to the development 
of ID (44–46). This might be cause by the fact that most of the food in 
this dietary pattern was the staple food. However, these plant foods 
contained anti-nutritional factors such as phytic acid and tannin, 
which could form insoluble complexes with iron, thus reducing the 
bioavailability and intestinal absorption of iron. Moreover, iron in 
plant foods was mainly non-heme iron, and its bioavailability was 
lower than that of heme iron in animal foods (47). Therefore, even if 
the intake was high, the actual amount of iron absorbed and utilized 
by the human body might be insufficient.

Conversely, we found that both fruit and vegetable pattern and 
meat and offal pattern were negatively associated with the risk of 
ID. Fruit and vegetable pattern, which was characterized by a higher 
intake of fresh fruits and vegetables; meat and offal pattern, which was 
characterized by a higher intake of offal, red meat, and poultry. Both 
of the two dietary patterns contained foods that were high in iron or 
contained ingredients that facilitated iron absorption. For example, 
fresh fruits and vegetables were naturally rich sources of vitamin C, 
which played an important role in the absorption of iron. It not only 
enhanced the absorption of non-heme iron (48), but also promoted 

TABLE 4 Analysis of the correlation between dietary patterns and serum transferrin of the children and adolescents aged 9–17  years in rural 
Guangzhou between June 2022 and May 2023.

Dietary 
pattern

Transferrin Over-standard P r Model 1 Model 2

Yes No PR (95%CI) P PR (95%CI) P

Snack and fast-food pattern, n (%)

Q1 194 (30.6) 439 (69.4) 0.450 0.015 1 1

Q2 209 (33.1) 423 (66.9) 1.079 (0.918,1.268) 0.356 1.098 (0.935,1.289) 0.254

Q3 197 (31.1) 436 (68.9) 1.015 (0.861,1.197) 0.855 1.052 (0.894,1.238) 0.543

Q4 211 (33.4) 421 (66.6) 1.089 (0.928,1.279) 0.297 1.142 (0.972,1.341) 0.106

Fruit and vegetable pattern, n (%)

Q1 211 (33.3) 422 (66.7) 0.607 −0.010 1 1

Q2 199 (31.5) 433 (68.5) 0.945 (0.806, 1.108) 0.483 0.949 (0.810,1.111) 0.514

Q3 199 (31.5) 433 (68.5) 0.945 (0.806,1.108) 0.483 0.901 (0.769,1.056) 0.197

Q4 202 (31.9) 431 (68.1) 0.957 (0.817,1.122) 0.590 0.920 (0.786,1.078) 0.302

Cereal and tuber pattern, n (%)

Q1 201 (31.8) 432 (68.2) 0.914 0.002 1 1

Q2 209 (33.1) 423 (66.9) 1.041 (0.888,1.221) 0.617 1.096 (0.935,1.286) 0.258

Q3 193 (30.5) 440 (69.5) 0.960 (0.815,1.131) 0.627 1.030 (0.874,1.214) 0.721

Q4 208 (32.9) 424 (67.1) 1.036 (0.884,1.216) 0.660 1.147 (0.971,1.354) 0.107

Meat and offal pattern, n (%)

Q1 222 (35.1) 411 (64.9) 0.010 −0.051 1 1

Q2 212 (33.5) 420 (66.5) 0.956 (0.821,1.114) 0.567 0.986 (0.848,1.146) 0.850

Q3 194 (30.7) 438 (69.3) 0.875 (0.747,1.025) 0.098 0.905 (0.773,1.059) 0.213

Q4 183 (28.9) 450 (71.1) 0.824 (0.701,0.969) 0.019 0.841 (0.714,0.992) 0.040

Chi-square trend test and robust Poisson regression analyses were used. Q1 is the reference group, model 1: unadjusted for covariates; model 2: adjusted for age, gender, BMI, moderate to high 
intensity exercise, smoking, education level of mother and breakfast habits. The r is the Pearson correlation coefficient. The bold p-value means “<0.05”.
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the export of iron from the gut into the circulatory system by altering 
the expression of hepcidin RNA in cells (49). A study also had shown 
that girls who did not eat enough fruit were at higher risk of low 
serum iron levels, and that eating green leafy vegetables such as 
amaranth could significantly increase serum hepcidin levels in girls, 
which could help prevent ID (50). What’s more, the foods such as meat 
and offal are rich in iron (8, 51), predominantly in the form of heme 
iron. Heme iron was a kind of stable iron combined with porphyrin 
in hemoglobin and myoglobin, which could be directly absorbed by 
intestinal mucosal epithelial cells. Therefore, it was less affected by 
other dietary factors and showed high bioavailability. A study 
conducted in Britain (52) was also indicated that increased 
consumption of animal foods would reduce the risk of ID. Moreover, 
the transferrin over-standard was only negatively associated with meat 
and offal pattern, providing further evidence that this pattern was 
protective for ID.

However, the three Pearson correlations between dietary patterns 
and SF and the one Pearson correlation between dietary patterns and 
TRF were weak in this study. This could be explained by two main 
factors. Firstly, the mechanisms of iron storage and release in the body 
involved multiple physiological processes, which were not a simple 

linear process. Secondly, the composition of the daily diet was 
complex, with components that both affected and promoted iron 
absorption. These two factors might be in a dynamic equilibrium state, 
which made the association between diet and iron reserves weak.

The multivariate analysis on the association between dietary 
pattern and TRF indicated that only meat and offal pattern was 
correlated with TRF. Children and adolescents who were more 
inclined toward meat and offal pattern had a lower risk of TRF over-
standard. This was consistent with the effect of dietary patterns on SF, 
both indicated that meat and offal pattern was associated with a lower 
incidence of ID. And it implied that meat and offal pattern had the 
most pronounced effect on iron levels in the body, which was also in 
line with previous research (8) stating that meat and offal were good 
sources of iron intake.

In addition, the results of the stratified study showed that the 
negative effect of snack and fast-food pattern and the protective 
benefits of meat and offal pattern are more obvious for boys. Boys were 
more likely to choose fast foods and meat as food sources because they 
were more physically active and had higher energy expenditure. These 
foods were usually high in calories and protein, which could help them 
recover quickly and maintained the energy level needed for daily 

A B

C D

FIGURE 3

Layered analysis of serum ferritin among children and adolescents aged 9–17 years in rural Guangzhou between June 2022 and May 2023. PR (95% CI) 
for the highest propensity group (Q4), the third group (Q3), and the second group (Q2) compared to the lowest propensity group (Q1) for the four 
dietary patterns using robust Poisson regression analysis. (A) males, n  =  1,361; (B) females, n  =  1,169; (C) 9–13  years of age, n  =  1744; (D) 14–17  years of 
age, n  =  786. All models were adjusted for variables such as age or sex and BMI, moderate to high intensity exercise, sleep duration and smoking. “*” 
means p-value <0.05. The detailed tables are in Supplementary Table S3.

https://doi.org/10.3389/fnut.2024.1443849
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Fu et al. 10.3389/fnut.2024.1443849

Frontiers in Nutrition 10 frontiersin.org

activities. A study conducted in Canadia (53) also indicated that men 
consumed fast foods more frequently than women. And the negative 
effect of cereal and tuber pattern was more obvious for girls. It was 
speculated that some girls might choose a vegetarian diet to maintain 
a slim figure, however, long-term vegetarian diet might lead to 
inadequate iron intake, which in turn affected iron reserves in the body 
(54). The negative effect or protective benefits of the four dietary 
patterns were obvious for children aged 9–13. This phenomenon might 
be  related to the weak self-control ability and low cognitive 
development level of children in this age group (55). They might 
be more susceptible to the temptation of instant gratification and chose 
to eat more of their preferred foods. In addition, the cognitive abilities 
of children aged 9–13 were still developing compared with older 
children (56), which might affect their understanding of the importance 
of healthy diet. This result also indicated that early nutrition and health 
education for children is better.

However, the present study had several limitations. Firstly, the dietary 
data were collected based on the dietary intake of children and adolescents 
over the past month, and recall bias cannot be avoided. Secondly, the 
study only utilized two indicators for ID, which may not provide a 
comprehensive assessment. Further research could be  conducted by 
incorporating additional indicators. Thirdly, the participants of this study 
were children and adolescents from the rural areas of Guangzhou. 
Therefore, the results need to be extrapolated with caution due to the 
potential differences in population structure and the dietary habits 
characteristic of the local area. Finally, the cross-sectional design of the 
study could not confirm causation. Prospective cohort studies are needed 
to clarify the relationship between dietary patterns and ID.

5 Conclusion

To sum up, the situation of iron deficiency among rural school-age 
children and adolescents in Guangzhou remains a significant concern. 
Four dietary patterns were identified in this study, including snack and 
fast-food pattern, fruit and vegetable pattern, cereal and tuber pattern, 
and meat and offal pattern. Snack and fast-food pattern and cereal and 
tuber pattern are risk factors for ID, and fruit and vegetable pattern 
and meat and offal pattern are protective factors for ID. The impact of 
diet on body iron levels is more obvious in boys and younger children. 
The findings of this study can provide evidence for formulating 
prevention and control measures on adolescent iron deficiency and 
iron deficiency anemia.
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