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Background: Early childhood is a critical period for cognitive development,
heavily influenced by nutrition. Despite significant economic advancements,
malnutrition and micronutrient deficiencies persist in many low- and middle-
income countries, including China, where dietary diversity remains suboptimal.
Existing research predominantly relies on correlational data, underscoring the
need for more rigorous empirical evidence. This study aims to fill that gap
by providing stronger empirical evidence on the relationship between dietary
diversity and developmental outcomes in rural Chinese children.

Methods: We conducted a longitudinal cohort study of 1,207 children aged
6-23 months, drawn from 100 villages across 22 counties in rural China, with
three follow-up rounds extending until the children reached 51-83 months of
age. Cognitive and non-cognitive development, as well as key health indicators,
were evaluated. Cognitive development was measured using the Bayley Scales
of Infant and Toddler Development and the Wechsler Preschool and Primary
Scale of Intelligence Fourth Edition. Non-cognitive development was assessed
via the Ages and Stages Questionnaire: Social-Emotional and the Strengths
and Difficulties Questionnaire. Health indicators included anemia, frequency of
illness in the past 2 weeks, and four key anthropometric measures (height-
for-age z-scores, weight-for-age z-scores, weight-for-height z-scores, and
body mass index-for-age z-scores). Multiple linear regression models were
applied to analyze the relationship between dietary diversity scores (DDS) and
developmental outcomes, incorporating child fixed effects and adjustments for
time-variant confounders. We accounted for the hierarchical structure of the
data by clustering standard errors at the village level, which also reflects the
township level.

Results: The regression analysis identified significant positive associations
between DDS and cognitive (p < 0.01), as well as reduced illness incidence
(p < 0.001) in children aged 6-54 months. Additionally, DDS demonstrated a
strong positive effect on non-cognitive development (p < 0.001) in children 2
years and older. The associations between DDS, non-cognitive development (p
< 0.01), and illnesses reduction (p < 0.001) remained robust under two-way fixed
effects models.

Implications: To promote sustainable improvements in child development and
health, policymakers should prioritize nutrition-focused interventions in rural
areas. Community-based programs offering caregivers training and nutritional
support, integrated within healthcare and social services infrastructures, are vital
for ensuring families have the necessary resources enhance child wellbeing and
long-term developmental outcomes.
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1 Introduction

The first 5 years post-birth are crucial for shaping children’s
cognitive functions, characterized by rapid brain growth and neural
plasticity (1, 2). While genetics factors lay the foundation for
developmental potential, external influences such as nutrition play
a critical role in determining whether this potential is fully realized
(3). Insufficient nutrition during infancy and early childhood may
lead to micronutrient deficiencies, impair immune function, and
have enduring consequences on growth, development, human
capital accumulation, with repercussions that may extend into adult
earnings and economic productivity (4).

Malnutrition remains a major challenge in many low- and
middle-income countries, contributing to 45% of global deaths
in children under five (5). In China, despite its status as the
world’s second-largest economy and a leading agricultural nation,
the problem persists. The prevalence of severe anemia among
infants aged 6-12 months in rural areas stands at 48.3%, and
although it decreases after 18 months, it remains high at 23.3%
for children aged 24-30 months (6). This nutrition deficiency
not only impedes health and development but also undermines
China’s broader efforts to make substantial contributions to global
development goals.

Suboptimal nutritional outcomes are often linked to poor
complementary feeding practices, emphasizing the importance of
dietary diversity (7). Food and Agriculture Organization (FAO)
recognizes dietary diversity as a key predictor of diet quality and
a reliable indicator of micronutrient adequacy, especially for young
children (8). The World Health Organization (WHO) recommends
that children aged 6-23 months consume a diverse diet comprising
five or more food groups daily to ensure sufficient micronutrient
intake (9).

Globally, however, most children fall short of this dietary
diversity standard. Over two-thirds of children aged 6-23 months
(69%) do not receive an adequately varied diet during early
childhood (10). This problem is particularly pronounced in low-
and middle-income countries, where children’s diets often rely
heavily on starchy staples, with limited access to animal products
and vitamin A-rich fruits and vegetables (11, 12). Several factors,
including children’s age, maternal education, household wealth,
geographical location, are strongly associated with dietary diversity
(13, 14). Research consistently show that children of higher-
educated mothers and those from wealthier households have
greater access to a diverse range of foods (15).

A diverse diet has been shown to enhance physical wellbeing
(1), reduce illness (16), and support overall child development.
A longitudinal study tracking 117 children aged 6-23 months
over a 6-month period found that greater dietary diversity was
associated with significant improvements in both cognitive and
non-cognitive development, as well as growth, without showing
differences across various subgroups (17). However, findings in
this area are not unanimous. For instance, a large cross-sectional
study by Bliznashka et al., which included 12,126 children aged
36-59 months across 15 low- and middle-income countries, found
no significant association between dietary diversity and cognitive,
socio-emotional, or physical development (18).

Despite the substantial body of research on dietary diversity
in low- and middle-income countries, there remains a paucity of
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evidence from rural China. This gap is notable given the ongoing
high level of undernutrition among children in these areas. Existing
studies in this context predominantly employ a correlational
approach. For example, Li et al. reported a positive correlation
between dietary diversity and cognitive performance based on
cross-sectional data from 1,334 children aged 3-5 years in rural
Hunan Province (19). Similarly, Zhao et al. found an association
between minimum dietary diversity and reduced developmental
delays using cross-sectional survey data from 1,534 infants aged 6—
23 months in six rural Chinese counties (20). While these studies
shed light on important health-related outcomes (21-23), they
often lack the depth needed to fully explore the multidimensional
relationship between dietary diversity and child development,
particularly cognition and non-cognition.

This study aims to fill these gaps by utilizing panel data to
explore the relationship between dietary diversity and cognitive,
non-cognitive, and health outcomes in rural China. We first
document the dietary diversity patterns among children aged 6-83
months and then explore the associations between dietary diversity
and various dimensions of child development.

2 Methods
2.1 Study design

This study was conducted in 100 villages across 22 counties
in the rural Qinba Mountain area of northwest China. The per
capita disposable income of rural residents in the sample area
was $1,395 (RMB 8,689) in 2015, lower than the national average
of $1,834 (RMB 11,422) for rural residents in national poverty-
stricken areas (24).

A multistage cluster sampling design was employed to select
children at the household level. First, 20 nationally designated
poverty counties (classified as “poverty counties” in 2015) were
randomly selected from three cities in the Qinba areas. Since
counties are smaller administrative units governed by city
administrations, this allowed for a geographically diverse sample.
Next, 100 townships were selected from the forementioned 22
counties, excluding townships located at the county centers
(considering their tendency to be wealthier and more urban),
and townships without any villages with population of at least
800 people. One village was then randomly selected from each
township, resulting in a total of 100 surveyed villages. The baseline
survey included 1,709 children and their families.

Following the baseline survey in 2015, three follow-up surveys
were conducted until 2021, covering children at four different
age intervals: 6-23, 16-42, 29-54, and 51-83 months. Missing
data for dietary diversity, child development, and control variables
from 2015 to 2021 were excluded from the analysis. Ultimately,
1,207 children and their caregivers participated in the baseline
survey (wave 0), 1,654 in the first follow-up (wave 1), 1,248 in
the second follow-up (wave 2), and 1,350 in the third follow-up
(wave 3; Table 1). It is important to note that the baseline survey
initially included 1,709 children aged 6-23 months. However, due
to incomplete data on breastfeeding practices (one key variable),
the final baseline sample size was adjusted to 1,207. Despite this
reduction, subsequent follow-up surveys were based on the full
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TABLE 1 Frequency or mean =+ standard deviation of dietary diversity score at 6—23, 16—-42, 29-54, and 51-83 months.

Dietary diversity score 6-23 months 16-42 months 29-54 months 51-83 months Full sample
Full (0-9) 338+ 1.58 471+ 1.62 473+ 1.65 534+ 177 458+ 1.79
Low (0-4; n = 2,624) 75.6 45.2 44.7 30.1 48.1
Adequate (5-9; n = 2,835) 24.4 54.8 55.3 69.9 51.9
Observations 1,207 1,654 1,248 1,350 5,459

The mean dietary diversity score for children aged 6-23 months is on a scale of 0-8 according to the World Health Organization and United Nations Children’s Fund guidelines. Results are

given as mean =+ standard deviation or as %.

original cohort of 1,709 children, leading to larger sample sizes in
later waves.

Informed written consent was obtained from all participating
parents. We would like to thank all the children and their
families who participated in this study. All procedures conducted
involving human participants complied with the ethical standards
established by the appropriate institutional and/or national
research committees, as well as the 1964 Helsinki Declaration and
its later amendments or comparable ethical guidelines. The study
was approved by the appropriate Biological and Medical Ethics
Review Committee under relevant grant provisions.

2.2 Data collection

In this study, we utilized three types of collected information:
(1) data on children and household characteristics; (2) child
development status encompassing cognition, non-cognition, and
health; and (3) dietary diversity scores (DDS).

2.2.1 Children and household characteristics
Data on children and household
systematically

characteristics were

collected using a structured questionnaire.
Child-level characteristics included the childs age, gender,
mode of delivery (natural or otherwise), premature birth status,
breastfeeding history, and the presence of siblings. Household-level
characteristics comprised the grandmother’s health status, mother’s
age, father’s education level, household asset index, government
welfare receipt, and the primary caregiver’s attributes (i.e., age,

educational attainment, and relationship to the child).

2.2.2 Child cognitive development status

Cognitive development was assessed using age-appropriate
tools. For children under 42 months, cognitive and language
performances were evaluated using the Bayley Scales of Infant
and Toddler Development (Bayley-III), widely recognized as the
gold standard for early child development assessment (25). The
BSID-III has been formally adapted to the Chinese language
and environment, demonstrating its suitability for application in
numerous studies across rural China (26). For children aged 42
months and older, cognitive and verbal functioning were assessed
using the Mandarin language version of the Wechsler Preschool
and Primary Scale of Intelligence Fourth Edition (WPPSI-IV).
The Chinese adaptation of the WPPSI-1V, tailored to the Chinese
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language and environment in 2010, has been widely employed
in studies conducted throughout China (27, 28). To ensure
comparability, all BSID-IIT and WPPSI-IV scores were normalized
to have a mean of zero and a standard deviation of one, considering
the child’s age in months.

2.2.3 Child non-cognitive development status

Non-cognitive development was assessed using the Ages and
Stages Questionnaire: Social-Emotional (ASQ: SE) for children
under 66 months old. The ASQ: SE is a widely used tool
that evaluates socio-emotional development across skills like
self-regulation, compliance, communication, adaptive functioning,
autonomy, affect, and interaction with others (29, 30). For ease
of interpretation, ASQ: SE scores were reversed, so higher scores
indicate better development, while scores below zero suggesting a
risk of delays. For children aged 66 months and older, the Strengths
and Difficulties Questionnaire (SDQ) was employed (31, 32). This
SDQ is behavioral screening tool, assessing five domains: conduct
problems, emotional problems, hyperactivity, peer problems, and
prosocial behavior (33). Each subscale score ranged from 0 to
10, with higher scores indicating more problems, except for the
prosocial behavior subscale, where higher scores reflected fewer
problems. To ensure comparability, ASQ: SE and SDQ scores were
normalized to have a mean of zero and a standard deviation of one
within the child’s age in months and within each survey wave.

For both the Child Cognitive Development and Non-Cognitive
Development Status, our examiners underwent professional
training. The recruited examiners were undergraduate and
graduate students with strong learning abilities and a responsible
attitude toward the research. They were trained extensively in the
necessary testing skills. Most of the testers are in early childhood
education-related majors, so as to interact well with children. All of
the enumerators are native Chinese speakers and can understand
the local accent.

Specifically, members of our team obtained certifications for
the Bayley Scales of Infant and Toddler Development, Third
Edition (Bayley-III) and the Wechsler Preschool and Primary
Scale of Intelligence Fourth Edition (WPPSI-IV), the Mandarin
language version. Certified personnel then trained our recruited
examiners, which involved thorough explanations of the test
content, watching videos of expert examiners training, and
simulating actual testing procedures. Only those who successfully
passed a final assessment were allowed to conduct evaluations.
Both cognitive assessments were play-based to engage children and
provide accurate measurements of their developmental levels. Both
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assessments were administered one-on-one in the household using
aset of standardized toy kit and a detailed record form. The primary
caregiver was required to present for holding or supporting the
child during test administration, and, when needed, for soothing or
reassuring the child and helping the enumerator to communicate
test instructions to the child.

For the Non-Cognitive Development status, we utilized
the Ages and Stages Questionnaire: Social-Emotional (ASQ-SE)
and the Strengths and Difficulties Questionnaire (SDQ). These
assessments were completed by primary caregivers of the children.
To ensure accuracy, interviewers read the questions aloud to the
caregivers, guiding them through the recall process and ensuring
that they reported accurately on the child’s non-cognitive behaviors.

Addition, we conducted a pilot survey following the training
to ensure consistency in the understanding and application of the
assessment tools among all examiners.

2.2.4 Child health status

Four key health indicators were collected: height, weight, illness
episodes in the past 2 weeks, and hemoglobin concentrations.

Height and weight were measured using standard instruments,
and growth indicators (height-for-age z-scores, weight-for-age z-
scores, weight-for-height z-scores, and body mass index-for-age
z-scores) were calculated according to World Health Organization
(WHO) standards (34).

Caregivers reported the number of illness episodes occurring in
the 2 weeks preceding each survey. To enhance the accuracy of their
recall, we implemented a comprehensive training program for our
interviewers, equipping them with strategies to facilitate detailed
recollections of each illness episode. For instance, if a caregiver
noted that their child experienced two colds in the past 2 weeks,
the interviewer would probe further, inquiring whether medical
care was sought or medication purchased without a healthcare visit.
We systematically documented the specific questions posed, which
included: “In the past 2 weeks, how many times did your child
exhibit symptoms of illness, such as a cold or cough?” and “For each
episode, did you seek medical attention, or purchase medication
without a healthcare provider?” Additionally, we inquired about
the caregiver’s expenditures, asking, “How much did the infant or
toddler spend on medical care? What was the most serious illness
the infant had? How much did the infant or toddler pay for the
most serious illness?” By encouraging caregivers to reflect on these
specific events and actions, we aimed to significantly improve the
reliability of the reported data.

Hemoglobin level was measured by qualified nursing
personnel. Anemia in children aged 6 to 23 months is defined as
a hemoglobin concentration of <105 g/L. For children aged 24 to
59 months, the threshold is set at a hemoglobin concentration of
<110 g/L. In children aged 60 months or older, anemia is indicated
by a hemoglobin concentration of <115 g/L (35).

2.2.5 Dietary diversity score

The Dietary Diversity Score (DDS) was based on caregivers’
24-hour recall of the childs dietary intake, following guidelines
from WHO and United Nations Children’s Fund (UNICEF),
and FAO (7, 36). Trained enumerators conducted face-to-face
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TABLE 2 Definition, food groups, and categorization of dietary diversity
score by age.

24 months and
above

6-23 months

(1) Breast milk (1) Starchy staples

(2) Grains, roots, and tubers (2) Dark-green leafy

vegetables

(3) Legumes and nuts (3) Other vitamin A-rich

fruits and vegetables

(4) Dairy products (milk, yogurt,
cheese)

(4) Other fruits and vegetables

(5) Flesh foods (including fish, poultry,
and liver/organ meats)

(5) Organ meat

(6) Eggs (6) Meat and fish

(7) Vitamin A-rich fruits and vegetables (7) Eggs

(8) Other fruits and vegetables (8) Milk and milk products

(9) Legumes, nuts, and seeds

interviews with caregivers using the multiple-pass method to
enhance recall accuracy. This method involved three steps: first,
caregiver provided an unprompted list of all foods and drinks the
child consumed in past 24 h; second, the enumerators probed for
specific details regarding food types, portion sizes, and preparation
methods to obtain more accurate data; third, a review was
conducted to ensure no food items were missed or inaccurately
recorded. This structured approach enabled us to gather reliable
data on the diversity of the child’s diet.

Children aged 6-23 months were assessed using eight food
groups, with the minimum dietary diversity requirement met if
they consumed at least five food groups (Table 2, Column 1). For
children aged 24 months and older, nine food groups were utilized.
A DDS below 5 was considered low, while a score of 5 or higher
was adequate (19, 37) (Table 2, Column 2). In summary, DDS was
categorized into two groups: low (0-4) and adequate (5 and above).
We standardized these DDS values to have a mean of zero and
a standard deviation of one within the child’s age in months and
within each wave, ensuring a rigorous normalization process.

2.3 Statistical analysis

All statistical analyses were performed using Stata software,
version 17.0. We employed one-way analysis of variance (ANOVA)
to determine whether there were statistically significant differences
in child, household, health, and development characteristics based
on low and adequate DDS. Categorical variables are presented as
proportions; continuous variables as means and standard deviation
(Means =+ SD).

For the main analysis, we use Ordinary Least Squares
(OLS) regression to estimate the impact of dietary diversity on
early childhood development. To address potential endogeneity
concerns, such as omitted variable bias or sample selection bias,
we incorporated child fixed-effects specification and accounted
for clustering effects at the village level in all model settings. We
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assessed the robustness of the findings using four models, detailed

as follows:
Outcomeyy = a + B1DDS; + B2Xit + sit + &it (1
Outcomejy = o + B1DDSj + wi + sit + &it 2)
Outcomejr = a + B1DDSy + B2Xie + Wi + si¢ + it (3)
Outcomej; = o + B1DDS;; + B2Xj¢ + Outcome_lag;
+ wi+sit +&ir (4)

Outcomejr = o + B1DDS;¢ + B2Xie + Mi + wi + st + it (5)

Where i and t represent the child and the survey period,
where Outcome;; is dependent variables for the child, including
children’s cognition, verbal comprehension, difficulties score,
prosocial behavior score, anemia, times ill in past 2 weeks,
height-for-age z-scores, weight-for-age z-scores, weight-for-height
z-scores, and body mass index-for-age z-scores; DDS;; denotes
main independent variables, which has two forms, a continuous
variable ranging from 0 to 9, and a categorical variable indicates
two DDS groups: low and adequate DDS, we choose low DDS as
the omitted reference category; The coeflicient of interest is S, is
interpreted as the effect of consuming diverse diets. w; are survey
wave indicators, s;; are fixed effect for enumerators designed to
capture measurement error; €; is an error term. Standard errors
were clustered at the village level to account for correlation within
villages as well as serial correlation over time.

Table 4 uses Model 1, which includes control variables Xj;,
enumerator fixed effects ¢j, and error term &;. Models 2-5
(presented in Tables 5, 6) incrementally incorporate child and
household-level control variables, lagged terms for the dependent
variables (Outcome;jag;), and child fixed effects (1;).

All statistical analyses were conducted using Stata software
version 17.0. Statistical significance was considered at p < 0.05, with
standard errors adjusted for clustering at the village level.

3 Results

3.1 Variation of dietary diversity score by
age of children

Table 1 presents a comprehensive overview of children’s dietary
diversity score across the four survey waves, showing a consistent
upward trend over time. At 6-23 months of age, only approximately
a quarter of children (24%) meet the minimum dietary diversity
criteria, with a mean DDS of 3.38. The prevalence of adequate
DDS increased significantly as the infants grew older. Notably, at
51-83 months (wave 3), 70% of surveyed children are classified
as having adequate dietary diversity, with a mean DDS of 5.34,
which is associated with an increased probability of adequate
micronutrient intake. This represents a marked increase of about
58% in mean DDS from ages 6-23 to 51-83 months. The variations
in both the mean DDS and the proportions of the DDS categories
across different age groups indicate a discernible improvement in
children’s diet quality with advancing age (38).
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3.2 Sample characteristics and
development outcomes by DDS category

We present descriptive statistics to characterize DDS during
early childhood, comparing the characteristics of children and
households with low and adequate DDS (Table 3).

Three notable findings emerge. First, at baseline, a substantial
fraction of children in our sample are delayed and malnourished.
Specifically, among children aged 6-23 months, 56.7% exhibit
cognitive delays, and 64.1% show delays in language development.
Additionally, almost 48% of children are at risk of social-emotional
delays, and nearly one-third are anemic. These statistics are
consistent across both low DDS and adequate DDS groups.

Second, we find positive associations between adequate DDS
and favorable child outcomes, as well as characteristics of children
and households. Children with high dietary diversity scores tend to
have higher cognitive (p < 0.01) and language (p < 0.001) scores,
less frequent illness (p < 0.001), and better socio-emotional skills (p
<0.01).

Third, children with high dietary diversity scores are more
likely to come from wealthier households (p < 0.001) and to
be cared for by mothers with higher levels of education (p <
0.01). Moreover, children who were ever breastfed exhibit greater
dietary diversity (p < 0.01), and the grandmothers of children
with higher DDS tend to be healthier (p < 0.01). Notably, no
significant differences in DDS categories were found regarding
other characteristics of children and households.

3.3 Relationship between DDS and
childhood development

The primary results regarding the impact of dietary
diversity score on childhood development are shown in Table 4.
Comprehensive regression analysis reveals a substantial positive
correlation between dietary diversity and the cognitive and
language development of children aged 6-23 months (wave 0, p
< 0.01). As children advance to 16-54 months (wave 1-wave 2),
the influence of dietary diversity extends beyond cognitive and
language skills to positively affect non-cognitive abilities (p <
0.001). Particularly noteworthy is the correlation between elevated
dietary diversity and superior non-cognitive capabilities among
children aged 51-83 months (wave 3, p < 0.001).

Regarding health outcomes, our findings indicate that
heightened dietary diversity is correlated with a reduced frequency
of illnesses among children aged 6-54 months, with the association
being statistically significant (p < 0.001). Furthermore, among
children aged 51-83 months (wave 3), increased dietary diversity
is significantly associated with a reduction in the incidence of
illnesses, as assessed by the World Health Organization (39).
Additionally, it is possible that children consuming higher quality
diets are at less risk for excess weight gain.

Table 5 presents the results of multivariate analysis to check
the robustness of the above findings. The estimated effect of
dietary diversity score is shown across different models: Model 1
(Column 1, Pooled OLS) displays estimates from ordinary least
squares (OLS) regressions, controlling only for the survey wave
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TABLE 3 Sample characteristics and development outcomes by low and adequate dietary diversity score in the baseline survey.

Characteristics Full sample Low DDS Adequate DDS P-value
Child characteristics

Dietary diversity score 3.38 £1.58 2.72+1.15 5.44 £ 0.66 <0.001
Age of child (months) 12.87 +4.86 12.48 £+ 4.92 14.11 = 4.46 <0.001
Male (1 = yes, 0 = no) 52.0 53.3 48.0 0.11
Premature birth (1 = yes, 0 = No) 4.6 4.7 44 0.84
Mode of delivery (1 = natural, 0 = otherwise) 75.4 74.8 77.2 0.41
Ever-breastfeeding (1 = yes, 0 = no) 91.6 90.3 95.9 0.002
Having siblings (1 = yes, 0 = no) 34.9 34.9 34.7 0.94
Observations 1,207 913 294

Household characteristics

Grandmother’s health status (1 = health) 26.1 24.1 32.3 0.005
Mother is the primary caregiver (1 = yes, 0 = no) 79.7 77.5 86.4 0.001
Primary caregiver’s education (1 = high school or above) 16.4 14.7 21.8 0.004
Age of mother above 27 (1 = yes, 0 = no) 50.4 50.5 50.0 0.89
Father’s education (1 = high school or above) 17.4 17.0 18.7 0.50
Asset index —125+1.33 —1.36 £1.34 —0.91£1.25 <0.001
Government welfare recipient (1 = yes, 0 = no) 11.4 10.8 13.3 0.26
Observations 1,207 913 294

Child development

Child cognition and non-cognition

Cognitive score 95.28 £ 12.70 94.63 +12.82 97.29 £ 12.11 0.002
Cognition delay (1 = yes, 0 = no) 56.7 58.5 51.2 0.03
Language score 91.63 £ 13.51 90.80 & 13.31 94.22 +13.81 <0.001
Language delay (1 = yes, 0 = no) 64.1 66.5 56.7 0.002
Observations 1,206 913 293

Social-Emotional delay (1 = yes, 0 = no) 48.0 50.7 38.5 0.003
Observations 830 643 187

Child health

Anemia (1 = yes, 0 = no) 35.66 34.97 37.86 0.379
Observations 1,158 878 280

Times of illness in the past 2 weeks 3.4513.87 3.68 +3.96 2.74 £3.48 <0.001
Observations 1,207 913 294

Height for age z-scores 0.32+£1.26 0.34 £ 1.30 025+ 1.13 0.25
Stunting (1 = yes, 0 = no) 2.70 2.89 2.10 0.47
Observations 1,187 901 286

Weight for age z-scores 0.61 £0.98 0.64 £ 1.00 0.53 £0.90 0.12
Underweight (1 = yes, 0 = no) 0.58 0.78 0.00 0.13
Observations 1,190 902 288

Weight for height z-scores 0.44 £ 1.06 0.47 £ 1.06 0.37 £ 1.06 0.20
Wasting (1 = yes, 0 = no) 0.94 1.02 0.70 0.63
Observations 1,165 881 284

BMI for age z-scores 0.57 & 1.10 0.59 +1.10 0.51 & 1.12 0.31
Observations 1,165 881 284

DDS, dietary diversity score; BMI, body mass index.

Results are given as mean =+ standard deviation or as %.
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and enumerator dummies; Model 2 (Column 2, Pooled OLS With ki
Controls) adds additional time-variant control variables (child g(\, %’
and household covariates); Model 3 (Column 3, LDV) reports é‘g » R i i Ed
the Lagged Dependent Variable (LDV) Model which additionally 5 38 Qg % 5% % §§ % E
accounts for lagged outcomes. The LDV model can address LS 3 i 7 7= g
autocorrelation issues, specifically the correlation between the E.E };
dependent variable and its lagged value. Finally, Model 4 (Column ;
4, Fixed Effects) incorporates child fixed effects, time-variant :‘5 g
control variables, as well as wave and enumerator dummies. -g I S N é §
In the first column of Pooled OLS, we observe a positive o 52 8 §§ € glé 3 ; é
and significant association between child dietary diversity and < .§ §
various aspects of child development, including cognitive score, g%
language score, prosocial behavior, difficulty score, height for ) i%
age z-score, and times of illness in the past 2 weeks. In gg “— o -— o B é
Column 2, after controlling for additional child and household § S Eé % §§ % §§ % §§ § ?0"&3
characteristics, similar results are maintained, although the = z = = = = %3
height-for-age z-score is no longer significantly correlated with E= i: —F:;
DDS. When further controlling for lagged child development P £
variables in Column 3, most positive correlations persist; 29 § o . . . jg‘ 'E
however, the coefficient for the language standard score becomes 269 38 8 82 3 g8| ¢ §§ € % g
insignificant, while the coefficient on height for age z-score =0 z ST e T e T TR T ER
becomes positively significant again. Conversely, the estimated E %;
effect of dietary diversity score on anemia, weight for height " %ié
z-scores, and body mass index for age z-scores becomes .é :.f-,g 28 g 0B w 25 gz =5 g é §
significantly negative. ] 59 s3 % 28 % s Z 22 2 5 3
Our main estimates using two-way fixed effects are presented =8 N & £
in Column 4, where the associations remain statistically significant E % i
after adjusting for time-invariant heterogeneity. Specifically, DDS E, § 9 g "é
is associated with a 0.066-point increase in prosocial behavior score ; = gg gg 2 85 2 g2 8 §§ z “_i s
(P < 0.01), a 0.068-point increase in difficulty score (P < 0.01), £ ,%m o S S R e s e %’ E“
and about 7-days decrease in times of illness in the past 2 weeks £ [&= . é i
(P < 0.001). When regarding DDS as a binary categorical variable, é - g é
consistent results are observed, as shown in Table 6. E g S0 [ fol —lia ol il o g .g
T PERElel 89 2 K3 8 a8 ] g3 & =
5°e”§e~§s~§eﬂ ¢
4 Discussion 5 23
Appropriate feeding practices ensure the adequate provision E o g ;f; ;“;
of nutrients from the early stages of life, which are crucial for 2 -S g b e T I SN I N i ?}’
healthy physical and mental development, as well as long-term .S ggg éigi 3 %g € §§, 4 52 7 5; §
health. Despite the significant impact of dietary diversity on the 'é £8%2 ° < © £
development of children and adult health, a substantial portion § % §°_§
of children (69%) fail to meet dietary diversity standards (10). 5 EE =2
Utilizing panel data from 1,207 infants and their families across g ¢s ? -j:g’
four waves of surveys, this study investigates the impact of dietary 2 [ g it s L2 ¢ 23 5 a2 s “2 &
diversity on mitigating poor infant health, malnutrition, and early ¢ [ é; 418 2 g8 = S8 g ﬁ
childhood development challenges in rural China, a representative ?, Sa g g jg
low- and middle-income country. ‘; ‘é _q:, g
The study found that the majority of children did not meet & [k L L R _ g %: ::2
the dietary diversity standard before the age of two. However, as "g Eg %E g é‘g g ‘Zgg § 82 8 E; Z E
children grew older, there was a significant improvement in dietary £ §.§ S B e I I I g :: »g
diversity. This finding aligns with results from other low- and 3 5 ;"é
middle-income countries, where 75% children failed to achieve § g s E
dietary diversity before the age of two (17, 20, 40). Moreover, % g &g ;‘2
several studies conducted among children and adolescents indicate E ?5 z :;f £ E g '% g 5 £ £
higher proportions achieving dietary diversity. For instance, 31% <« - § : § : § H § g 538 E ;:%
of 1,066 children aged 24-59 months in rural Burkina Faso (41), = é _é’f é é“f é’ é’f é _é’f b S 9 \ég 2
85% of 3-5-year-old preschoolers in rural China (19), 57% of 5- to = EaftE2
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TABLE 5 Effect of dietary diversity score on children’s cognition, non-cognition, and health outcomes.

Pooled OLS Pooled OLS with controls Fixed effects

(1) (2) (4)

Child cognition

Cognitive standard score

Dietary diversity score 0.107*** 0.069*** 0.047* 0.011
(0.016) (0.016) (0.022) (0.015)
Observations 5,388 5,388 2,598 5,388

Language standard score

Dietary diversity score 0.118* 0.073* 0.034 —0.002
(0.015) (0.015) (0.020) (0.016)
Observations 5,388 5,388 2,598 5,388

Child non-cognition

Prosocial behavior standard score

Dietary diversity score 0.145*** 0.124* 0.099*** 0.066™*
(0.017) (0.017) (0.021) (0.022)
Observations 5,021 5,021 2,493 5,021

Difficulty standard score

Dietary diversity score 0.154*** 0.127*** 0.099*** 0.068"*
(0.018) (0.017) (0.019) (0.021)

Observations 5,021 5,021 2,493 5,021

Child health

Anemia

Dietary diversity score —0.010 —0.008 —0.035"* —0.016
(0.007) (0.008) (0.013) (0.010)

Observations 3,739 3,739 1,353 3,739

Times of illness in the past 2 weeks

Dietary diversity score —0.426"* —0.486™"* —0.445"* —0.522"*
(0.055) (0.059) (0.100) (0.102)
Observations 4,109 4,109 1,572 4,109

Height for age z-scores

Dietary diversity score 0.048"* 0.030 0.033* 0.019
(0.017) (0.017) (0.014) (0.016)
Observations 5,246 5,246 2,470 5,246

Weight for age z-scores

Dietary diversity score 0.016 0.001 —0.007 —0.004
(0.014) (0.013) (0.013) (0.012)
Observations 5,261 5,261 2,490 5,261

Weight for height z-scores

Dietary diversity score —0.021 —0.030 —0.046* —0.031
(0.016) (0.016) (0.019) (0.016)
Observations 5,100 5,100 2,372 5,100

BMI for age z-scores

Dietary diversity score —0.023 —0.031 —0.047* —0.031
(0.017) (0.017) (0.019) (0.017)
Observations 5,100 5,100 2,372 5,100
Characteristics of child and No Yes Yes Yes
household
Examiner fixed effects Yes Yes Yes Yes
(Continued)
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TABLE 5 (Continued)

10.3389/fpubh.2024.1485548

Pooled OLS Pooled OLS with co Fixed effects

Wave fixed effects Yes Yes Yes Yes
Lagged outcomes No No Yes No
Child fixed effects No No No Yes

BMI, body mass index.

*p < 0.05.

*p < 0.01.

*p < 0.001.

The table shows coefficients and standard errors, and all standard errors account for clustering at the village level standard errors. Column 1 displays estimates from ordinary least squares (OLS)
regressions controlling only for the survey wave and tester fixed effects. Column 2 shows coefficients from pooled OLS regressions additionally controlling for child and household covariates

including the child’s age, gender, premature birth, natural birth, ever-breastfeeding, whether he/she has siblings, grandmother’s health status, whether the mother is the primary caregiver,
primary caregiver’s education level, age of mother, father’s education level, asset index, whether the household receives government welfare. Column 3 reports the Lagged Dependent Variable
Model (LDV), which incorporates the previous period’s various developmental scores. Column 4 is a two-way fixed effects model, which includes controls for child and household characteristics,

as well as wave, tester, and child fixed effects.

12-year-old schoolchildren in South Africa (42), and 58% of 365
high school adolescents in Ethiopia (43) exhibited high DDS. This
improvement in older children may be attributed to various factors,
including the introduction of complementary foods, a shift toward
consuming family diet, increased opportunities to access a wider
variety of foods, and improved appetites (12).

Although dietary diversity generally increases with age, notable
disparities exist among families. We found that infants whose
primary caregivers and mothers with more than 9 years of
education exhibit higher DDS. These results are consistent with
many studies linking parental education levels to elevated DDS
(13, 44). The dietary quality of children during their early
years primarily depends on the behaviors and decisions of
their primary caregiver. One possible explanation is that higher
education enhances awareness of healthy dietary practices through
improvements in health knowledge, literacy, wealth, and prenatal
care utilization (45). Furthermore, mothers or grandmothers with
good health could contribute to higher DDS among the children in
our sample. And household financial resources play a pivotal role
in determining the affordability and accessibility of food, thereby
shaping dietary patterns (46, 47).

We also found that DDS is significantly associated with infant
health and nutrition in rural China. The research revealed that
dietary diversity effectively reduces the frequency of illnesses in
children across all age groups, yielding consistent and robust
outcomes. Using in-depth panel data allows for the longitudinally
tracking of infants and addresses endogeneity concerns through
child fixed effects. Similar conclusions have been reported in other
studies surveyed in rural China (22), where higher dietary diversity
is linked to elevated micronutrient intake among children (41, 48),
consequently reducing illness frequency (49, 50).

Our findings revealed that dietary diversity contributes to
the enhancement of non-cognitive abilities in children aged
over the age of 2 years. Nevertheless, while dietary diversity
effectively promotes cognitive abilities in children aged 6-54
months, this effect does not extend to those aged 51-83 months.
This discrepancy might be attributed to the rapid development
of cognitive abilities during early stages, where ample stimuli can
effectively foster children’s cognitive growth (51, 52). In contrast,
in older children, brain development progresses at a slower pace,

Frontiersin Public Health

leading to reduced nutritional requirements to support cognitive
functions such as working memory and inhibition (53, 54).

Moreover, the development of non-cognitive abilities is closely
linked to early cognitive capabilities. Our findings suggest that
dietary diversity plays a vital role in enhancing non-cognitive
abilities in later stages of childhood. This aligns with conclusions
from other studies. For instance, research among preschoolers in
rural China established an association between healthy dietary
diversity and a decreased likelihood of presenting symptoms
related to hyperactivity/inattention, peer relationship problems,
and prosocial behavior (55, 56). Furthermore, higher dietary quality
or diversity has been correlated with improved non-cognition
functions in adolescents, adults, and older individuals (57-59).
These findings highlight the importance of promoting dietary
diversity across all age groups.

Our study has four limitations that should be addressed in
future research. First, as our survey is limited to a rural region
in northwestern China, we cannot claim that our results are
representative of rural China as a whole. Given the potential
variations in the utilization of dietary diversity and its correlations
with infant health, nutrition, and development outcomes across
different regions, further studies in other areas of China and
other low- and middle-income countries are recommended.
Second, many factors related to early childhood development
extend beyond infant feeding. Essential considerations include
interactive parenting inputs, the availability of play materials
and books at home, early childhood education, and attendance
at kindergarten and primary school. Future studies should
analyze the relative importance of parenting practices and
nutrition across different age groups to delineate their combined
effects on health, nutrition, and early childhood development.
By integrating these factors, researchers can gain a more
comprehensive understanding of the determinants of cognitive
outcomes in children, leading to more effective interventions
and policies tailored to specific developmental stages. Third,
our study utilized only one dietary diversity assessment tool,
and we alternative tools might yield different results. Therefore,
incorporating additional assessment methods in future research is
recommended to ensure comprehensive and comparable findings.
Lastly, while we acknowledge the importance and relevance of
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TABLE 6 Robustness test of the effect of low and adequate dietary diversity score on children’s cognition, non-cognition, and health outcomes.

Pooled OLS

Pooled OLS with controls

Fixed effects

Child cognition

(1)

(2)

(4)

Cognitive standard score

Frontiersin Public Health
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Low DDS Ref Ref Ref Ref

Adequate DDS 0.194** 0.134%* 0.109** 0.018
(0.033) (0.033) (0.040) (0.028)

Observations 5,388 5,388 2,598 5,388

Language standard score

Low DDS Ref Ref Ref Ref

Adequate DDS 0.211%* 0.139%* 0.074 0.000
(0.031) (0.030) (0.041) (0.032)

Observations 5,388 5,388 2,598 5,388

Child non-cognition

Prosocial behavior standard score

Low DDS Ref Ref Ref Ref

Adequate DDS 0.281%* 0.246** 0.241"* 0.152%*
(0.037) (0.035) (0.043) (0.042)

Observations 5,021 5,021 2,493 5,021

Difficulty standard score

Low DDS Ref Ref Ref Ref

Adequate DDS 0.260*** 0.216* 0.163™* 0.109*
(0.038) (0.036) (0.042) (0.042)

Observations 5,021 5,021 2,493 5,021

Child health

Anemia

Low DDS Ref Ref Ref Ref

Adequate DDS —0.008 —0.001 —0.065" 0.015
(0.015) (0.015) (0.027) (0.024)

Observations 3,739 3,739 1,353 3,739

Times of illness in the past 2 weeks

Low DDS Ref Ref Ref Ref

Adequate DDS —0.609"** —0.682"** —0.660""* —0.657""*
(0.116) (0.125) (0.189) (0.185)

Observations 4,109 4,109 1,572 4,109

Height for age z-score

Low DDS Ref Ref Ref Ref

Adequate DDS 0.050 0.033 0.044 0.008
(0.034) (0.034) (0.030) (0.031)

Observations 5,246 5,246 2,470 5,246

Weight for age z-score

Low DDS Ref Ref Ref Ref

Adequate DDS 0.001 —0.010 —0.022 —0.014
(0.029) (0.027) (0.025) (0.022)

Observations 5,261 5,261 2,490 5,261

Weight for height z-score

Low DDS Ref Ref Ref Ref

(Continued)
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TABLE 6 (Continued)

Pooled OLS Pooled OLS with c Fixed effects
(1) (2) (4)
Adequate DDS —0.052 —0.055 —0.064 —0.040
(0.034) (0.034) (0.036) (0.034)
Observations 5,100 5,100 2,372 5,100
BMI for age z-score
Low DDS Ref Ref Ref Ref
Adequate DDS —0.053 —0.056 —0.065 —0.038
(0.036) (0.036) (0.037) (0.036)
Observations 5,100 5,100 2,372 5,100
Characteristics of child and No Yes Yes Yes
household
Examiner fixed effects Yes Yes Yes Yes
Wave fixed effects Yes Yes Yes Yes
Lagged outcomes No No Yes No
Child fixed effects No No No Yes
DDS, dietary diversity score; BMI, body mass index.
*p < 0.05.
**p < 0.01.
¥ p < 0.001.

The table shows coefficients and standard errors, and all standard errors account for clustering at the village level standard errors. Column 1 displays estimates from ordinary least squares (OLS)
regressions controlling only for the survey wave and tester fixed effects. Column 2 shows coefficients from pooled OLS regressions additionally controlling for child and household covariates
including the child’s age, gender, premature birth, natural birth, ever-breastfeeding, whether he/she has siblings, grandmother’s health status, whether the mother is the primary caregiver,
primary caregiver’s education level, age of mother, father’s education level, asset index, whether the household receives government welfare. Column 3 reports the Lagged Dependent Variable
Model (LDV), which incorporates the previous period’s various developmental scores. Column 4 is a two-way fixed effects model, which includes controls for child and household characteristics,
as well as wave, tester, and child fixed effects.

heterogeneity and interaction analyses, we opted not to perform  between DDS and non-cognitive development intensifies after age
extensive interaction analyses in this study due to the limited  two, indicating a longer-lasting effect in this domain.

sample size and our primary research objectives. However,
we fully recognize the value of exploring potential subgroup

6 Implications for research and

effects and suggest that future research with larger and more ;
diverse samples examine these heterogeneity effects to further praCt|Ce

elucidate the complex relationship between dietary diversity and

child development. Based on the study’s findings, it is crucial for policymakers to
adopt a more strategic approach to improving child development
and feeding practices in rural areas. Beyond merely raising
awareness, targeted interventions should be implemented, such
as the establishment of community-based programs that provide
hands-on training and support for caregivers. These programs

5 Conclusion

Early nutrition plays a crucial role in shaping both childhood could involve local healthcare workers, educators, and community

and long-term developmental outcomes. Our findings reveal leaders in delivering accessible and culturally relevant guidance
on effective child-rearing and feeding practices. Additionally,
integrating nutritional support into existing healthcare and social
services would ensure that families receive both the knowledge

and resources necessary to improve children’s health, cognitive,

that most children under the age of two fail to meet the
recommended dietary diversity standards, though there is some
improvement beyond this age. Additionally, our study underscores
the significant influence of socio-economic factors on DDS, with
wealthier households exhibiting higher DDS. Ever-breastfeeding

> i ) and non-cognitive outcomes. By embedding these practices
also emerged as a key determinant of higher DDS, showing a

into a broader policy framework and allocating appropriate

ositive correlation. . . . .
P resources, long-term, sustainable improvements in early childhood

Moreover, the impact of dietary diversity on child development .
) ] ) ) / ) o N development can be achieved.

is both immediate and sustained, influencing cognitive abilities in

the short term and non-cognitive skill over time. While higher DDS

is associated with better cognitive and non-cognitive outcomes Data avallablllty statement

and reduced illness incidence, the strength of these relationships

varies. Specifically, DDS demonstrates a strong initial correlation The original contributions presented in the study are included
with cognitive development outcomes, but this link diminishes as  in the article/supplementary material, further inquiries can be

children reach preschool age. Conversely, the positive association  directed to the corresponding author.

Frontiersin Public Health 11 frontiersin.org


https://doi.org/10.3389/fpubh.2024.1485548
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qin et al.

Ethics statement

The studies involving humans were approved by Biological
and Medical Ethics Committee, Minzu University of China. The
studies were conducted in accordance with the local legislation
and institutional requirements. Written informed consent for
participation in this study was provided by the participants’ legal
guardians/next of kin.

Author contributions

Data
Validation, Writing - original draft, Writing - review & editing.

YQ: Conceptualization, curation, Investigation,
AY: Data curation, Funding acquisition, Investigation, Project
administration, Resources, Writing - original draft, Writing —
review & editing. YZ: Conceptualization, Data curation, Formal
analysis, Investigation, Writing — original draft, Writing — review
& editing. XZ: Data curation, Investigation, Writing - review &
editing. YG: Data curation, Investigation, Software, Writing -
review & editing. SL: Data curation, Investigation, Methodology,
Writing - review & editing. QS: Data curation, Investigation,
Visualization, Writing - review & editing. NQ: Investigation,
Project administration, Supervision, Writing — review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This project
was carried out with the technical and financial support of several
projects and institutions, including the National Social Science

References

1. Johnson MH. Functional brain development in humans. Nat Rev Neurosci. (2001)
2:475-83. doi: 10.1038/35081509

2. Black MM, Trude ACB, Lutter CK. All children thrive: integration of
nutrition and early childhood development. Annu Rev Nutr. (2020) 40:375-
406. doi: 10.1146/annurev-nutr-120219-023757

3. Walker SP, Wachs TD, Gardner JM, Lozoff B, Wasserman GA, Pollitt E, et al. Child
development: risk factors for adverse outcomes in developing countries. Lancet. (2007)
369:145-57. doi: 10.1016/50140-6736(07)60076-2

4. Hoddinott J, Maluccio JA, Behrman JR, Flores R, Martorell R. Effect of a nutrition
intervention during early childhood on economic productivity in Guatemalan adults.
Lancet. (2008) 371:411-6. doi: 10.1016/S0140-6736(08)60205-6

5. World Health Organization. Malnutrition (2023). Available at: https://www.who.
int/news-room/fact- sheets/detail/malnutrition (accessed February 26, 2024).

6. Yi C, Jiagi G, Ai Y, Lei T, Renfu L, Rozelle S. Early childhood development
and risk factors in rural China: a cohort study. Chin J Pediatr. (2018) 56:103-9.
doi: 10.3760/cma.j.issn.0578-1310.2018.02.006

7. Kennedy PG, Ballard T, Dop M. Guidelines for Measuring Household and
Individual Dietary Diversity. Rome: Food and Agriculture Organization of the United
Nations (2013).

8. Molani-Gol R, Kheirouri S, Alizadeh M. Does the high dietary diversity
score predict dietary micronutrients adequacy in children under 5 years old? a

systematic review. J Health Popul Nutr. (2023) 42:1-11. doi: 10.1186/s41043-022-00
337-3

9. World Health Organization. Infant and Young Child Feeding (2023). Available at:
https://www.who.int/news-room/fact- sheets/detail/infant-and- young- child-feeding
(accessed February 26, 2024).

Frontiersin Public Health

10.3389/fpubh.2024.1485548

Foundation of China (Grant No. 22BGL212, 2022), the 111
Project (Grant No. B16031, 2015), the National Natural Science
Foundation of Shaanxi (Grant No. 2024JC-ZDXM-05, 2024), the
HuPan Modou Foundation, the Shaanxi Province Postdoctoral
Science Foundation (Grant No. 2023BSHEDZZ197, 2023), and
the Comprehensive Reform and Practice Project of Graduate
Education in Shaanxi Province (YJSZG2023051).

Acknowledgments

The authors would like to thank all respondents who
participated in this study and the enumerators for data collection
efforts. Most data are derived from these.

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 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.

10. United Nations Children’s Fund. Global Annual Results Report 2022: Goal Area
1 (2023). Available at: https://www.unicef.org/documents/nutrition-annual-results-
2022 (accessed February 26, 2024).

11. Zhao W, Yu K, Tan S, Zheng Y, Zhao A, Wang P, et al. Dietary diversity scores:
an indicator of micronutrient inadequacy instead of obesity for Chinese children. BMC
Publ Health. (2017) 17:440. doi: 10.1186/s12889-017-4381-x

12. Molani Gol R, Kheirouri S, Alizadeh M. Association of dietary diversity with
growth outcomes in infants and children aged under 5 years: a systematic review. J
Nutr Educ Behav. (2022) 54:65-83. doi: 10.1016/j.jneb.2021.08.016

13. Anane I, Nie E Huang J. Socioeconomic and geographic pattern of food
consumption and dietary diversity among children aged 6-23 months old in Ghana.
Nutrients. (2021) 13:20603. doi: 10.3390/nu13020603

14. Haque S, Salman Md, Hossain MdS, Saha SM, Farquhar S, Hoque MdN, et al.
Factors associated with child and maternal dietary diversity in the urban areas of
Bangladesh. Food Sci Nutr. (2024) 12:419-29. doi: 10.1002/fsn3.3755

15. Rakotonirainy NH, Razafindratovo V, Remonja CR, Rasoloarijaona R, Piola
P, Raharintsoa C, et al. Dietary diversity of 6- to 59-month-old children in rural
areas of Moramanga and Morondava districts, Madagascar. PLoS ONE. (2018)
13:€0200235. doi: 10.1371/journal.pone.0200235

16. Liu Y, Chang C. The relationship between early childhood development and
feeding practices during the dietary transitional period in rural China: a cross-sectional
study. Front Public Health. (2023) 11:1202712. doi: 10.3389/fpubh.2023.1202712

17. George CM, Coglianese N, Bauler S, Perin J, Kuhl J, Williams C, et al. Low
dietary diversity is associated with linear growth faltering and subsequent adverse
child developmental outcomes in rural Democratic Republic of the Congo (REDUCE
program). Matern Child Nutr. (2022) 18:¢13340. doi: 10.1111/mcn.13340

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1485548
https://doi.org/10.1038/35081509
https://doi.org/10.1146/annurev-nutr-120219-023757
https://doi.org/10.1016/S0140-6736(07)60076-2
https://doi.org/10.1016/S0140-6736(08)60205-6
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://www.who.int/news-room/fact-sheets/detail/malnutrition
https://doi.org/10.3760/cma.j.issn.0578-1310.2018.02.006
https://doi.org/10.1186/s41043-022-00337-3
https://www.who.int/news-room/fact-sheets/detail/infant-and-young-child-feeding
https://www.unicef.org/documents/nutrition-annual-results-2022
https://www.unicef.org/documents/nutrition-annual-results-2022
https://doi.org/10.1186/s12889-017-4381-x
https://doi.org/10.1016/j.jneb.2021.08.016
https://doi.org/10.3390/nu13020603
https://doi.org/10.1002/fsn3.3755
https://doi.org/10.1371/journal.pone.0200235
https://doi.org/10.3389/fpubh.2023.1202712
https://doi.org/10.1111/mcn.13340
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Qin et al.

18. Bliznashka L, Perumal N, Yousafzai A, Sudfeld C. Diet and
development among children aged 36-59 months in low-income countries.
Arch  Dis  Child. (2022) 107:719-25. doi:  10.1136/archdischild-2021-3
23218

19. Li S, Chen K, Liu C, Bi J, He Z, Luo R, et al. Association of dietary
diversity and cognition in preschoolers in rural China. Nutrition. (2021) 91-
2:111470. doi: 10.1016/j.nut.2021.111470

20. Zhao C, Guan H, Shi H, Zhang J, Huang X, Wang X. Relationships between
dietary diversity and early childhood developmental outcomes in rural China. Matern
Child Nutr. (2021) 17:e13073. doi: 10.1111/mcn.13073

21. Zou S, Liu Y, Zheng A, Huang Z. Associations between dietary patterns and
anaemia in 6- to 23-month-old infants in central South China. BMC Public Health.
(2021) 21:699. doi: 10.1186/s12889-021-10699-8

22. Hu B, Tang S, Wang Z, Chen Y, Chen X, Zhao Q, et al. Dietary diversity is
associated with nutrient adequacy, blood biomarkers and anthropometric status among
preschool children in poor ethnic minority area of Northwest China. Front Nutr. (2022)
9:948555. doi: 10.3389/fnut.2022.948555

23. Yang W, Li S, Guo Y, Bai Y, Liu C. Association between diet quality and
health outcomes among children in rural areas of northwest China. IJERPH. (2022)
19:7803. doi: 10.3390/ijerph19137803

24. National Bureau of Statistics of China. 2015 & [H R & fitt & X B4 it
AR (Statistical Communiqué of the People’s Republic of China on National Economic
and Social Development in 2015) (2016). Available at: https://www.stats.gov.cn/sj/zxfb/
202302/t20230203_1899041.html (accessed February 27, 2024).

25. Rubio-Codina M, Araujo MC, Attanasio O, Mufoz P, Grantham-
McGregor S. Concurrent validity and feasibility of short tests currently used to
measure early childhood development in large scale studies. PLoS ONE. (2016)
11:¢0160962. doi: 10.1371/journal.pone.0160962

26. Wang L, Liang W, Zhang S, Jonsson L, Li M, Yu C, et al. Are infant/toddler
developmental delays a problem across rural China? J Comp Econ. (2019) 47:458-
69. doi: 10.1016/j.jce.2019.02.003

27. Zhu Z, Chang S, Cheng Y, Qi Q, Li S, Elhoumed M, et al. Early
life cognitive development trajectories and intelligence quotient in middle
childhood and early adolescence in rural western China. Sci Rep. (2019)
9:18315. doi: 10.1038/541598-019-54755-1

28. Wu W, Zhe Y, Kim JH, Yue A. Effects of Early Childhood Climate on Cognitive
Development and Home Environment. Bonn: IZA Institute of Labor Economics (2023).

29. Squires J, Bricker D, Twombly E. Ages ¢ Stages Questiannaires®: Social-
Emotional (ASQ: SE): A Parent-Completed, Child-Monitoring System for Social-
Emotional Behaviors. Towson, MD: Brookes Publishing (2012).

30. Bian X, Xie H, Squires J, Chen CY. Adapting a parent-completed, socioemotional
questionnaire in China: the ages & stages questionnaires: social-emotional. Infant Ment
Health J. (2017) 38:258-66. doi: 10.1002/imhj.21626

31. Stokholm JR, Lykke K. The strengths and difficulties questionnaire is a usable
way to address mental health at well-child visits in general practice - a qualitative study
of feasibility. BMC Fam Pract. (2020) 21:126. doi: 10.1186/s12875-020-01156-3

32. Gilstrap LL, Nazeer A, Ather M, Shahwar D, Shaffeeullah I, Magbool A, et al.
Validation of the Arabic strengths and difficulties questionnaire in Qatar. Middle East
Curr Psychiatry. (2023) 30:1-7. doi: 10.1186/s43045-023-00380-8

33. Goodman R. The strengths and difficulties questionnaire: a research note.
J Child Psychol Psychiatry. (1997) 38:581-6. doi: 10.1111/j.1469-7610.1997.tb0
1545.x

of a
Bull

34. De Onis M. Development
school-aged children and adolescents.
85:660-7. doi: 10.2471/BLT.07.043497

35. World Health Organization. Guideline on Haemoglobin Cutoffs to Define
Anaemia in Individuals and Populations. Geneva: World Health Organization (2024).

WHO growth reference for
World Health Organ. (2007)

36. World Health Organization. Global Nutrition Monitoring Framework:
Operational Guidance for Tracking Progress in Meeting Targets for 2025 (2017).
Available ~ at:  https://www.who.int/publications-detail-redirect/9789241513609
(accessed February 27, 2024).

37. Ganpule-Rao AV, Bhat D, Yajnik CS, Rush E. Dietary diversity scores, nutrient
intakes and biomarkers vitamin B12, folate and Hb in rural youth from the Pune
Maternal Nutrition Study. Br J Nutr. (2021) 126:236-43. doi: 10.1017/S00071145200
04018

38. Stein AD. 90th anniversary commentary: dietary diversity is the cornerstone of
good nutrition. ] Nutr. (2018) 148:1683-5. doi: 10.1093/jn/nxy128

Frontiersin Public Health

13

10.3389/fpubh.2024.1485548

39. World Health Organization. Healthy Diet. Available at: https://www.who.int/
news-room/fact- sheets/detail/healthy- diet (accessed March 4, 2024).

40. Beckerman-Hsu JP, Kim R, Sharma S, Subramanian S. Dietary variation
among children meeting and not meeting minimum dietary diversity: an empirical
investigation of food group consumption patterns among 73,036 children in India. J
Nutr. (2020) 150:2818-24. doi: 10.1093/jn/nxaa223

41. Diop L, Becquey E, Turowska Z, Huybregts L, Marie TR, Gelli A. Standard
minimum dietary diversity indicators for women or infants and young children are
good predictors of adequate micronutrient intakes in 24-59-month-old children and
their nonpregnant nonbreastfeeding mothers in rural Burkina Faso. J Nutr. (2021)
151:412-22. doi: 10.1093/jn/nxaa360

42. Visser M, Zyl TV, Hanekom SM, Baumgartner J, Hoeven M, Taljaard-Krugell
C, et al. Associations of dietary diversity with anaemia and iron status among 5-
to 12-year-old schoolchildren in South Africa. Public Health Nutr. (2021) 24:2554-
62. doi: 10.1017/S1368980020000543

43. Mulu Birru G, Eshete Tadesse S, Hassen Abate K, Mekonnen TC, Genetu Chane
M. Malnutrition in school-going adolescents in Dessie Town, South Wollo, Ethiopia.
Nutr Metab. (2021) 2021:¢4898970. doi: 10.1155/2021/4898970

44, Islam MR, Rahman SM, Tarafder C, Rahman MdM, Rahman A, Ekstrom
EC. Exploring rural adolescents’ dietary diversity and its socioeconomic
correlates: a cross-sectional study from Matlab, Bangladesh. Nutrients. (2020)
12:2230. doi: 10.3390/nu12082230

45. Korir L, Rizov M, Ruto E. Diet diversity, malnutrition and health: evidence from
Kenya. ] Agric Econ. (2022) 2022:12519. doi: 10.1111/1477-9552.12519

46. BiJ, LiuC, LiS, He Z, Chen K, Luo R, et al. Dietary diversity among preschoolers:
a cross-sectional study in poor, rural, and ethnic minority areas of Central South China.
Nutrients. (2019) 11:558. doi: 10.3390/nu11030558

47. Adeomi AA, Fatusi A, Klipstein-Grobusch K. Food security, dietary
diversity, dietary patterns and the double burden of malnutrition among
school-aged children and adolescents in two Nigerian States. Nutrients. (2022)
14:789. doi: 10.3390/nu14040789

48. Meng L, Wang Y, Li T, Loo-Bouwman CA, van, Zhang Y, Man-Yau Szeto
I. Dietary diversity and food variety in chinese children aged 3-17 years: are
they negatively associated with dietary micronutrient inadequacy? Nutrients. (2018)
10:1674. doi: 10.3390/nul0111674

49. Calder P, Carr A, Gombart A, Eggersdorfer M. Optimal nutritional status for
a well-functioning immune system is an important factor to protect against viral
infections. Nutrients. (2020) 12:1181. doi: 10.3390/nul12041181

50. Pecora F Persico F Argentiero A, Neglia C, Esposito S. The role of
micronutrients in support of the immune response against viral infections. Nutrients.
(2020) 12:3198. doi: 10.3390/nul12103198

51. Larson LM, Martorell R, Bauer PJ. A path analysis of nutrition, stimulation,
and child development among young children in Bihar, India. Child Dev. (2018)
89:1871-86. doi: 10.1111/cdev.13057

52. Emmers D, Caro JC, Rozelle S, Sylvia S. Early parenting interventions to
foster human capital in developing countries. Ann Rev Resour Econ. (2022) 14:169-
92. doi: 10.1146/annurev-resource-111220-010215

53. Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B.
Developmental potential in the first 5 years for children in developing countries.
Lancet. (2007) 369:60-70. doi: 10.1016/S0140-6736(07)60032-4

54. Prado EL, Dewey KG. Nutrition and brain development in early life. Nutr Rev.
(2014) 72:267-84. doi: 10.1111/nure.12102

55. Li S, Chen K, Liu C, Bi J, He Z, Luo R, et al. Dietary diversity and
mental health in preschoolers in rural China. Public Health Nutr. (2021) 24:1869-
76. doi: 10.1017/S1368980020003237

56. Jin Q, Liang Y, Miao J, Xiong Y, Liu Z, Xue H, et al. Association between food
intake and mental health problems among preschoolers in China. Front Public Health.
(2022) 10:1003416. doi: 10.3389/fpubh.2022.1003416

57. LiX,Sun M, Yao N, Liu J, Wang L, Hu W, et al. Association between patterns of
eating habits and mental health problems in Chinese adolescents: a latent class analysis.
Front Nutr. (2022) 9:6883. doi: 10.3389/fnut.2022.906883

58. Zhou J, Wang H, Zou Z. Inverse association between dietary diversity score
calculated from the diet quality questionnaire and psychological stress in Chinese
adults: a prospective study from china health and nutrition survey. Nutrients. (2022)
14:3297. doi: 10.3390/nu14163297

59. Yang C, Liu P, Huang W, Zhou Y, Liu C, Gao T, et al. Relationship between
three dietary indices and health-related quality of life among rural elderly in China:
a cross-sectional study. Front Nutr. (2023) 10:1259227. doi: 10.3389/fnut.2023.1259227

frontiersin.org


https://doi.org/10.3389/fpubh.2024.1485548
https://doi.org/10.1136/archdischild-2021-323218
https://doi.org/10.1016/j.nut.2021.111470
https://doi.org/10.1111/mcn.13073
https://doi.org/10.1186/s12889-021-10699-8
https://doi.org/10.3389/fnut.2022.948555
https://doi.org/10.3390/ijerph19137803
https://www.stats.gov.cn/sj/zxfb/202302/t20230203_1899041.html
https://www.stats.gov.cn/sj/zxfb/202302/t20230203_1899041.html
https://doi.org/10.1371/journal.pone.0160962
https://doi.org/10.1016/j.jce.2019.02.003
https://doi.org/10.1038/s41598-019-54755-1
https://doi.org/10.1002/imhj.21626
https://doi.org/10.1186/s12875-020-01156-3
https://doi.org/10.1186/s43045-023-00380-8
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://doi.org/10.2471/BLT.07.043497
https://www.who.int/publications-detail-redirect/9789241513609
https://doi.org/10.1017/S0007114520004018
https://doi.org/10.1093/jn/nxy128
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://www.who.int/news-room/fact-sheets/detail/healthy-diet
https://doi.org/10.1093/jn/nxaa223
https://doi.org/10.1093/jn/nxaa360
https://doi.org/10.1017/S1368980020000543
https://doi.org/10.1155/2021/4898970
https://doi.org/10.3390/nu12082230
https://doi.org/10.1111/1477-9552.12519
https://doi.org/10.3390/nu11030558
https://doi.org/10.3390/nu14040789
https://doi.org/10.3390/nu10111674
https://doi.org/10.3390/nu12041181
https://doi.org/10.3390/nu12103198
https://doi.org/10.1111/cdev.13057
https://doi.org/10.1146/annurev-resource-111220-010215
https://doi.org/10.1016/S0140-6736(07)60032-4
https://doi.org/10.1111/nure.12102
https://doi.org/10.1017/S1368980020003237
https://doi.org/10.3389/fpubh.2022.1003416
https://doi.org/10.3389/fnut.2022.906883
https://doi.org/10.3390/nu14163297
https://doi.org/10.3389/fnut.2023.1259227
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Dietary diversity and development among early childhood children in rural China
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Data collection
	2.2.1 Children and household characteristics
	2.2.2 Child cognitive development status
	2.2.3 Child non-cognitive development status
	2.2.4 Child health status
	2.2.5 Dietary diversity score

	2.3 Statistical analysis

	3 Results
	3.1 Variation of dietary diversity score by age of children
	3.2 Sample characteristics and development outcomes by DDS category
	3.3 Relationship between DDS and childhood development

	4 Discussion
	5 Conclusion
	6 Implications for research and practice
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


