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children.

Background: Limited information is available concerning the association between dietary patterns and cognitive
ability during adolescence, especially in regards to the epidemiological studies in China. Therefore, this study aimed to
analyze the association between dietary patterns and cognitive ability in Chinese children aged 10-15years.

Methods: The dietary information, cognitive ability and sociodemographic data of 2029 children were retrieved from
the 2010 China Family Panel Studies. Dietary patterns were assessed by principal component analysis. Ordinal logistic
regression models were used to determine the association between dietary patterns and cognitive ability in these

Results: Three dietary patterns were identified, namely,'High protein;'High fat’and ‘High salt-oil’ Following adjust-
ment for gender, age, nationality, household registration, school type, parental education level, family learning
environment, annual household income and family size, we found that an increase in‘High protein’pattern score was
significantly associated with higher mathematics test scores (OR=1.62, Cl: 1.23~2.15; P=0.001), but not with vocab-
ulary test scores (OR=1.21, Cl: 0.93 ~ 1.58; P=10.149). On the contrary, an increase in"High fat’ pattern score was signifi-
cantly associated with lower scores of mathematics (OR=0.76, Cl: 0.59~0.98; P=0.031) and vocabulary (OR=0.77,
Cl:0.61~0.97;, P=0.029) tests. However, there was no significant association between ‘High salt-oil' pattern and the
scores of mathematics (OR=0.99, Cl: 0.77~1.27; P=0.915) and vocabulary (OR=0.93, Cl: 0.73~ 1.18; P=0.544) tests.

Conclusion: The findings of this study demonstrated that ‘High protein’ pattern was positively associated with cogni-
tive ability in Chinese children, while ‘High fat’ pattern exhibited a negative association.

Keywords: Children, Dietary pattern, Cognitive ability, China family panel studies

Background

The cognitive ability of children has always been a key
focus of public health researchers. Children’s school per-
formance usually affects their future education, which
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ultimately determines their socio-economic status. In
turn, education is closely associated with health and
healthy behavior [1]. Hence, more attention should be
paid to the factors that influence academic achievement
during childhood and adolescence.

Adolescence is a key period of brain and cognitive
development, mainly due to its various developmen-
tal stages regulated by some common and independ-
ent biological processes [2]. Nutrition is one of the most

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line

to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-7772-7943
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-021-12209-2&domain=pdf

Wang et al. BMC Public Health (2021) 21:2212

essential and changeable environmental factor that can
affect brain development, cognition ability and academic
performance. Several studies from the United States,
Australia, Fenland and the United Kingdom examined
the effects of healthy dietary consumption on cognitive
function in both children and adolescents, and the results
showed that there was a positive association between
healthier foods (e.g., whole grains [3-5], fishes [5-8],
fruits and/or vegetables [9, 10]) and cognitive function.
However, less-healthy snacks [8—12], sugar-sweetened
beverages [11-13], chocolates [13], pizza and hot dogs
[13] and red/processed meats [5] were inversely associ-
ated with cognitive function. Besides, mushrooms and
nuts [14], dietary fiber [15] and regular meals [13, 16]
were associated with improved cognitive performance.
Children with malnutrition or insufficient nutrient intake
tended to have learning restraints and developmental dis-
abilities compared to those who had an adequate nutri-
ent uptake [17, 18], and the malnourished children often
exhibited lower academic performance in school than
well-nourished children [19].

Generally, people consume a variety of foods rather
than only one food [20]. The evaluation of a single food
or nutrient often ignores their complex interactions,
which may not reflect the total diet consumed by an
individual [20, 21]. Therefore, it is important to assess
the diet as a whole. In the principal components analysis
(PCA), complex diet and multiple food groups are taking
into account for pattern classification, instead of indi-
vidual nutrients, specific foods or food groups. Besides,
dietary pattern can reflect individual’s food preferences
[22]; therefore, dietary pattern analysis may add more
information to reflect the complexity of dietary intake
and provide new insights into the whole foods diet. In
the past decades, the dietary pattern of most Chinese
children and adolescents was mainly consisted of cereal
and plant-based foods, and then gradually changed into
a Western pattern dominated by dessert, fast food, ani-
mal-based food in recent years [23]. Additionally, pickled
foods and fried foods are still preferred in some regions
of China.

Concerning the relationships between diets and cogni-
tion, more and more researchers began to investigate the
effects of dietary patterns on cognitive functions. A previ-
ous study [24] showed that the ‘Snacky’ pattern (potatoes
and other starchy roots, salty snacks, and sugar products)
was negatively associated with the scales of cognitive
ability in a mother-child cohort, while the “Western’ and
the ‘Mediterranean’ patterns were not associated with
child neurodevelopmental scales. Henriksson et al. [25]
assessed the diet quality index, ideal diet score and Medi-
terranean diet score of dietary patterns, and the results
suggested that healthier dietary patterns, as indicated
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by higher diet quality index and ideal diet score, were
positively associated with attention capacity in adoles-
cence. Nurliyana et al. [26] identified four major dietary
patterns among adolescents, which were ‘refined-grain’
pattern, ‘snack-food’ pattern, ‘plant-based food’ pattern
and ‘high-energy food’ pattern, and found that ‘high-
energy food pattern was associated with lower scores
on general cognitive ability. Another prospective cohort
study [27] reported that higher intake of Western foods
at age 14 was associated with diminished cognitive per-
formance 3years later, at 17years old. Northstone et al.
[28] examined the association between dietary patterns
in childhood and intelligence quotient (IQ) later in life,
and found that the ‘processed’ (high fat and sugar con-
tent) pattern of diet at 3years old was negatively associ-
ated with IQ assessed at 8.5 years of age.

Most of the existing studies have focused on the rela-
tionship between dietary pattern and cognition in the
elderly, and only few studies have investigated on both
children and adolescents. Although the above-mentioned
studies reported the associations between dietary pat-
tern and cognitive ability during childhood and adoles-
cence [24—28], the data available on Asia is still extremely
limited, especially on Chinese children and adolescents.
Therefore, in this study, we aimed to investigate the asso-
ciations between dietary patterns (obtained by PCA) and
cognitive ability in Chinese children aged 10-15years.

Methods

Study population

In this cross-sectional study, the dietary information,
cognitive ability and sociodemographic data of 2029
children aged 10-15years were retrieved from the 2010
China Family Panel Studies (CFPS). The CFPS was car-
ried out at Peking University. It is a nearly nationwide,
comprehensive, longitudinal social survey that intends
to serve research needs regarding a large variety of social
phenomena in contemporary China. In that survey, the
participants were recruited form 25 provinces / munici-
palities / autonomous regions, and the questionnaires
included diverse communities, families, adults and chil-
dren, which could reflect the changes of society, econ-
omy, population, education and health [29].

In the present study, we selected children aged
10-15years as target samples. After matching and
screening against children, family and community data-
bases, we excluded the individuals whose index values
were unknown, rejected, not applicable and missing.
Finally, 2029 children with complete information were
recruited in the analyses, and the participation rate
was 85.29%. The flow diagram of subject recruitment is
shown in Fig. 1. The children were approximately divided
by gender (49.3% boys vs. 50.7% girls).



Wang et al. BMC Public Health (2021) 21:2212

Page 3 of 13

2.379 children and adolescents
were recruited

A

104 children were excluded due to
they didn’t finish the cognitive ability
test or their scores were unknown

26 children were excluded for they
didn’t go to school

2.249 children were eligible

134 children were excluded due to the
family’s annual household income
were unknown

86 children were excluded for the
basic information was missing or not
applicable

2,029 children with completed
information

Fig. 1 Flow diagram of subject recruitment

Classification of dietary patterns

The dietary patterns were assessed using a food fre-
quency questionnaire (FFQ) administered by trained
investigators during face-to-face interview. This FFQ was
adapted from a simplified food frequency questionnaire
with good reliability and validity [30, 31]. The foods were
classified into 8 categories: meat, aquatic products, fresh
vegetables and fruits, milk and dairy products, beans and
bean products, eggs, pickled food, and puffed and fried
food. More details can be found in Supplementary File 1.
All participants were exposed to the following ques-
tions: (i) whether you had eaten these eight groups of
foods during the last 3 months, and (ii) the average fre-
quency of foods intake per week in the past 3 months.
Responses to the food intake frequency were ‘never; ‘less
than once; ‘2 times, and ‘more than 2 times’ per week in
the last month. If the answer was ‘never’ or ‘not appli-
cable’ and less than once per week, it was recorded as 0
and 1, respectively. Two times or more than 2 times per
week were recorded according to their respective times.
PCA method was used to identify major dietary pat-
terns, while factor analysis was conducted to assess the
frequency of food groups from FFQ [32]. The analy-
sis was limited by factors with an eigenvalue of >1 and
a standardized loading of >0.40. Variance rotation was
then employed to improve the separation of the factors.

Finally, the factor scores were divided into four quartile
(Q) groups, in which Q1 and Q4 represented the lowest
and highest levels of dietary pattern scores, respectively.

Evaluation of cognitive ability
In the CEPS 2010, all participants aged 10 and older
performed the cognitive ability tests (including vocabu-
lary and mathematics tests) by themselves after receiv-
ing information collection from individual self-answer
questionnaire. The theoretical basis of the CFPS 2010
cognitive ability tests was the design of Guttman Scale in
psychometry, which showed good reliability and validity
[33]. The American psychologist Cattell has divided cog-
nitive ability into two components: fluid intelligence and
crystalized intelligence [34]. Fluid intelligence is on the
basis of neurophysiological development, such as percep-
tion and memory. Crystal intelligence refers to the skills
acquired through the accumulation of acquired knowl-
edge and experience, such as vocabulary, calculation,
speech understanding and common sense. The CFPS
2010 applied both vocabulary and mathematics tests as
measurement tools to collect the crystal intelligence
scores of study participants [29, 35].

The vocabulary test was consisted of 34 Chinese char-
acters drawn from the language textbooks used in pri-
mary and secondary schools and sorted in ascending
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order of difficulty. This test seeks to measure one’s
vocabulary by how difficult he or she can recognizes
a character. To make the test more efficient, all survey
respondents were assigned to one of three entry points,
based on their self-reported highest level of education.
The respondents were asked to recognize the increasingly
difficult characters one by one until they failed to rec-
ognize three consecutive characters. The final test score
was based on the rank order of the last character recog-
nized by each respondent, ranging from 0 (lowest) to 34
(highest). Lastly, the test scores were categorized into
four quartile (Q) groups: 0~17 (Q1), 18 ~22 (Q2), 23 ~26
(Q3) and 27 ~ 34 (Q4).

The mathematics test was consisted of 24 mathematical
questions. The procedures of mathematics test were simi-
lar to vocabulary test. The mathematics test scores were
categorized based on the same rank-order rule as that in
the vocabulary test, which recorded from 0 (lowest) to 24
(highest) [36]. The mathematics test scores were also cat-
egorized into four quartile (Q) groups: 0~8 (Q1), 9~11
(Q2), 12~14 (Q3) and 15~ 24 (Q4). In the statistical anal-
ysis, both mathematics and vocabulary test scores were
used as continuous variables (raw scores) and ordinal cat-
egorical variables (Q1-Q4).

Covariates

Sociodemographic and family characteristics were con-
sidered as covariates, including gender, age, nationality,
household registration, school type, parental educational
level, family learning environment, annual household
income and family size [37, 38]. Nationality was clas-
sified into two categories: Han nationality and minor-
ity nationality. Household registration included urban
and countryside. Parental educational levels were cat-
egorized into three groups: (a) low (completed primary
school or lower); (b) medium (completed junior middle
school but did not undergo the tertiary entrance exam);
and (c) high (took a tertiary entrance exam or higher).
Family learning environment was classified as (a) good,
(b) neutrality, and (c) bad. Annual household income
(per capital) was divided into three groups: <3500RMB,
3500-7000RMB, and >7000RMB. Family size included
3 -6 persons and 7 — 14 persons. The data of family char-
acteristics were obtained from children, family and com-
munity questionnaires.

Statistical analysis

The data were initially analyzed to generate descriptive
statistics. PCA with varimax rotation was used to cat-
egorize the standardized food items. This method has
been described in detail elsewhere [10]. Foods with factor
loadings above 0.4 were thought to be strongly associated
with the component, and were considered as the most
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informative variable for describing the dietary patterns.
Labels were given to different components, even though
these did not perfectly describe each underlying pattern.
Indeed, they facilitated the reporting and discussion of
results. Cognitive ability was assessed using both math-
ematics and vocabulary tests in the 2010 CEPS. Firstly,
we analyzed the association between the covariates and
cognitive ability of children using the chi-square test.
Then, ordinal logistic regression was used to determine
the associations among covariates, dietary patterns and
cognitive ability. Finally, we constructed three models
using the ordinal logistic regression method, and focused
on how dietary patterns influence cognitive ability, inde-
pendent of children’s basic demographic characteristics,
children school type, their parents’ educational level and
family factors. In Model I, we adjusted for gender, age,
nationality and household registration to ensure that the
outcomes were independent of the common characteris-
tics of children and adolescents. In Model II, we further
adjusted for school types and parents’ educational level.
In Model III, apart from the variables included in Mod-
els I and II, we additionally adjusted for family charac-
teristics, family learning environment, annual household
income and family size. All analyses were carried out
using STATA 13.0. P-value <0.05 was considered statisti-
cally significant.

Results

Characteristics of the study subjects

The characteristics of each participant are shown in
Table 1. Approximately half of the participants were girls
(50.7%, n=1001), and most of them were Han national-
ity (88.4%, n=1794). Nearly 60.0% of the participants
(n=1228) came from the countryside.

Dietary patterns of the study participants

The factor loadings of different dietary patterns are pre-
sented in Table 2. Three dietary patterns were identified
and labeled as ‘High protein, ‘High fat’ and ‘High salt-oil’
Foods that loaded highly on the ‘High protein’ dietary
pattern were milk, dairy products, eggs, beans and bean
products. Meat and aquatic products were loaded highly
on the ‘High fat’ dietary pattern. Pickled food as well as
puffed and fried food were loaded highly on the ‘High
salt-oil’ dietary pattern.

Influencing factors of cognitive ability: results

from chi-square test

The chi-square test results for the association between
children’s cognitive ability and its influencing factors
are demonstrated in Table 3. In the cognitive ability test,
there were statistically significant relationships between
mathematics scores and all variables (P<0.05), except for
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Table 1 Descriptive statistics of 2029 participants

Number Percentage (%)

Gender

Girl 1001 50.7

Boy 1028 493
Age

10 342 169

11 348 17.2

12 325 16.0

13 320 158

14 334 16.5

15 360 17.7
Nationality

Minority nationality 235 1.6

Han nationality 1794 884
Household registration

Countryside 1228 60.5

Urban 801 395
School

Common school 1940 95.6

Key school 89 44
Father education level

Low 935 46.1

Medium 973 480

High 121 6.0
Mother education level

Low 1245 614

Medium 693 342

High 91 45
Family learning environment

Bad 195 961

Neutrality 877 43.22

Good 957 47.17
Annual household income (per person)

<3500RMB 680 335

3500-7000RMB 696 343

>7000RMB 653 322
Family size

3-6 1822 89.8

7-14 207 10.2
Mathematics test (score)®

0-8 536 204

9-11 476 235

12-14 536 264

14-24 481 237
Vocabulary test (score)*

0-17 486 24.0

18-22 504 24.8

23-26 462 228

27-34 577 284

2 Education level: low (completed primary school or lower); medium (completed
junior middle school but did not undergo the tertiary entrance exam); and high
(had taken the tertiary entrance exam or higher)
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Table 1 (continued)

5The scores of mathematics test ranged from 0 to 24

“The scores of vocabulary test ranged from 0 to 34

Table 2 Factor loadings of the three dietary patterns®

Food group ‘High protein’® ‘High fat’¢ ‘High salt-oil’¢
Meat 0.0261 0.6531? 0.0189

Aquatic products —0.0321 0.6523° —0.1367
Vegetables and fruits 0.0031 0.3687 0.3287

Milk and dairy products  0.5713? 0.0485 —0.0633

Bean and bean prod- 0.5605° —0.0514  0.0791

ucts

Eggs 0.5851° 00076  —00528
Pickled food —0.0547 —0.0751 0.76322

Puffed and fried food 011 0.0375 0.5266°

2 Dietary pattern factor loadings >0.4

5‘High protein’ dietary pattern (milk and dairy products, bean and bean
products, and eggs)

“’High fat’ dietary pattern (meat and aquatic products)
4'High salt-oil’ dietary pattern (pickled food, and puffed and fried food)

gender (P>0.05). Similarly, there were statistically sig-
nificant relationships between vocabulary scores and all
variables (P<0.05).

Influencing factors of cognitive ability: results

from ordinal-logistic regression

As is shown in Table 4, there was a positive relationship
between ‘High protein’ dietary pattern and mathemat-
ics and vocabulary test scores. The results indicated that
a 1-unit increase in ‘High protein’ dietary pattern scores
was associated with a 1.28-fold (CI: 1.21 ~1.35) increase
in children’s mathematics test scores or a 1.25-fold (CI:
1.18 ~1.32) increase in children’s vocabulary test scores.
In contrast, there were significant inverse relationships
between ‘High fat’ (OR=0.89, CI: 0.83 ~0.96; P=0.002)
and ‘High salt-oil’ (OR=0.91, CI:0.84~0.98; P=0.012)
dietary patterns and vocabulary test scores. For the influ-
encing factors associated with children’s cognitive ability,
the results of Ordinal-Logistic regression were similar to
those of chi-square test.

Association between dietary patterns and cognitive ability
The relationships between cognitive ability and dietary
patterns (both as continuous variables and quartile)
in the three models are demonstrated in Table 5. An
increase in ‘High protein’ dietary pattern score (contin-
uous variable) was associated with higher mathematics
test scores, and the results were similar for crude model
(OR=1.29, CI: 1.21 ~1.37; P<0.001) and fully adjusted
model (OR=1.15, CI. 1.07~1.23; P<0.001). The
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Table 4 Ordinal logistic regression for the association between cognitive ability test scores and covariates in children aged

10-15years obtained from the 2010 CFPS

Variables Mathematics Vocabulary
OR Pvalue 95%ClI OR P value 95%Cl

‘High protein’dietary patterns 1.28 <0.001 (1.21:1.35) 1.25 <0.001 (1.18;1.32)
‘High fat' dietary pattern 0.96 0.287 (0.90;1.03) 0.89 0.002 (0.83;0.96)
‘High salt-oil' dietary pattern 0.96 0.503 (0.90; 1.05) 091 0.012 (0.84;0.98)
Gender

Girl 0 0

Boy 1.02 0.763 (0.88; 1.20) 0.70 <0.001 (0.60; 0.82)
Age

10~15 293 <0.001 (2.73;3.13) 1.73 <0.001 (1.64;1.82)
Nationality

Minority nationality 0 0

Han nationality 223 <0.001 (1.74,2.86) 297 <0.001 (2.31;3.83)
Household registration

Countryside 0 0

Urban 1.65 <0.001 (1.40;1.93) 1.77 <0.001 (1.51,2.08)
School

Common school 0 0

Key school 2.68 <0.001 (1.82;3.94) 4.08 <0.001 (2.66;6.27)
Family learning environment

Bad 0 0

Neutrality 1.56 0.002 (1.18;2.07) 146 0.007 (1.11;1.93)

Good 226 <0.001 (1.71;2.99) 2.38 <0.001 (1.81;3.14)
Father education level

Low 0 0

Medium 1.62 <0.001 (1.38;1.91) 1.79 <0.001 (1.52;2.10)

High 2.56 <0.001 (1.81;3.60) 372 <0.001 (2.60;531)
Mother education level

Low 0 0

Medium 1.71 <0.001 (1.45;2.02) 2.00 <0.001 (1.69; 2.37)

High 2.35 <0.001 (1.59;347) 4.1 <0.001 (2.73;6.16)
Annual household income (per person)

<3500RMB 0 0

3500 7000 RMB 1.46 <0.001 (1.20;1.76) 141 <0.001 (1.16; 1.70)

>7000 RMB 146 <0.001 (1.71;2.53) 2.09 <0.001 (1.72; 2.54)
Family size

714 0 0

36 1.97 <0.001 (1.52;2.55) 1.98 <0.001 (1.53;2.56)

relationships between ‘High protein’ dietary pattern
and vocabulary test scores were statistically significant
in Models I and II, but not in Model III (OR =1.06, CI:
0.99 ~ 1.13; P=0.076). Meanwhile, an increase in ‘High
fat’ dietary pattern score (continuous variable) was
significantly associated with lower mathematics test
scores in the crude model (OR=0.89, CI: 0.82~0.96;
P=0.004) and vocabulary tests in the three models

(OR=0.88, CI: 0.82~0.96; P=0.002 in model III).
However, children with increased scores of ‘High salt-
oil’ dietary pattern (continuous variable) tended to have
lower scores of vocabulary test in Model I (OR=10.90,
CI: 0.83~0.98; P=0.012).

When dividing the ‘High protein, ‘High fat’ and
‘High salt-oil’ dietary patterns into four quartiles, the
obtained results were similar to the above-described
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Table 5 Ordinal logistic regression models describing the association between cognitive ability test scores and dietary patterns in
children aged 10-15years (both as continuous variables and quartiles)

Test Dietary pattern  Quartile ~ Model 1? Model 11 ® Model Ill €
OR Pvalue  95%Cl OR Pvalue  95%Cl OR Pvalue  95%Cl
Mathematics ‘High protein’ 1.29 <0.001 (1.21;1.37) 1.19 <0.001 (1.11;1.27) 1.15 <0.001 (1.07;1.23)
‘High fat’ 0.89 0.004 (0.82;,0.96) 0.93 0.090 (0.86;1.01) 0.94 0.136 (0.86;1.02)
‘High salt-oil’ 094 0182 (0.87;1.03) 1.00 0955 (0.92,1.09) 1.03 0.568 (0.94,1.12)
Vocabulary ‘High protein’ 1.19 <0.001 (1.12;1.26) 1.10 0.005 (1.03;1.17) 1.06 0.076 (0.99;1.13)
'High fat’ 0.85 <0.001 (0.78;0.91) 0.88  0.002 (0.82;0.95) 0.88  0.002 (0.82;0.96)
‘High salt-oil’ 0.90 0.012 (0.83;0.98) 0.95 0.238 (0.88;1.03) 0.96 0372 (0.89;1.05)
Mathematics ~ ‘High protein’ Q1 0 0 0
Q2 120 0.151 (0.94,1.54) 1.10 0449 (0.86;1.42) 1.06 0664 (0.82;1.36)
Q3 2.09 <0.001 (1.63;2.68) 1.80 <0.001 (1.40;2.33) 1.67 <0.001 (1.29,2.16)
Q4 247 <0.001 (1.90;3.20) 1.84 <0.001 (1.41,2.41) 1.62 0.001 (1.23;2.15)
‘High fat’ Q1 0 0 0
Q2 0.74 0.014 (0.58,0.94) 0.84 0.160 (0.66;1.07) 0.86 0.234 (0.67;1.10)
Q3 0.85 0.182 (0.67;1.08) 0.95 0.700 (0.75;1.22) 1.00  0.995 (0.78;1.28)
Q4 0.69 0.002 (0.54,0.87) 0.77 0.042 (0.61,0.99) 0.76 0.031 (0.59,0.98)
‘High salt-oil’ Q1 0 0 0
Q2 0.58 <0.001 (0.45,0.74) 0.66 0.001 (0.52,0.85) 0.73 0.013 (0.56,0.93)
Q3 0.55 <0.001 (0.43,0.71) 0.68 0.003 (0.53;,0.87) 0.75 0.028 (0.59,0.97)
Q4 076 0.028 (0.60,0.97) 091 0431 (0.71;1.16) 099 0915 (0.77,1.27)
Vocabulary ‘High protein’ Q1 0 0 0
Q2 1.18  0.170 (0.93;1.48) 1.07 0580 (0.85;1.35) 1.03 0.776 (0.82;1.31)
Q3 1.29 0.036 (1.02,1.63) 1.10 0.438 (0.87;1.40) 1.03 0.809 (0.81;1.31)
Q4 1.82 <0.001 (1.43;2.33) 1.36 0.017 (1.06;1.75) 1.21 0.149 (0.93;1.58)
‘High fat’ Q1 0 0 0
Q2 0.94 0.622 (0.75,1.19) 1.03 0.778 (0.82;1.31) 1.06 0.624 (0.84;1.34)
Q3 0.85 0.165 (0.68;1.07) 094 0627 (0.75;1.19) 0.97  0.780 (0.76;1.22)
Q4 0.69 0.002 (0.55;,0.87) 0.78 0.036 (0.62;0.98) 0.77 0.029 (0.61,0.97)
‘High salt-oil’ Q1 0 0 0
Q2 0.65 <0.001 (0.51,0.81) 0.75 0.016 (0.59,0.95) 0.80 0.064 (0.63;1.01)
Q3 0.67 0.001 (0.53,0.85) 0.82 0.101 (0.65;1.04) 0.88 0.305 (0.69,1.12)
Q4 0.75 0.014 (0.59,0.94) 0.87 0.269 (0.69;1.11) 0.93 0.544 (0.73;,1.18)

2 Model | includes gender, age, nationality, and household registration

b Model Il includes the variables in model 1+ school type, mother education, and father education

€Model Il includes the variables in model 2 4 family education environment, family income, and family size

relationships between continuous
scores and cognitive ability outcomes.

dietary pattern

Discussion

In the present study, we found that children with higher
scores of ‘High protein’ dietary pattern tended to be associ-
ated with better cognitive ability. However, children with
higher score of ‘High fat’ dietary pattern were associated
with poorer cognitive ability. Thus, it is of great importance
for families to select a proper dietary pattern for children and
adolescents.

Sociodemographic characteristics and cognitive ability

of children

Our findings indicated that parents with higher educa-
tion and lived in a better family learning environment
were related to children’s higher cognition scores. Pre-
vious studies reported that parent’s educational status
could indicate 19% of the variance in children’s intelli-
gence [37], and children whose parents had higher levels
of education were more likely to achieve higher IQ scores
[38, 39]. In addition, parents with higher education usu-
ally paid more attention to early childhood education,
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and they would cultivate their children more concertedly,
thus promoting children’s cognitive development [39].

Besides, this study found that children who lived in the
rural areas and a large family tended to have diminished
cognitive ability. The reason might be that child poverty
is common among rural communities and large families.
In poor household, parents are less engaged in their chil-
dren’s school performance, thus children may suffer from
less educational resources and subsequently have poorer
cognitive outcomes [40, 41]. Our findings of the relation-
ship between annual household income and cognition
ability also supported this view, which were consistent
with studies in Australia and America [42, 43]. In our
study, about half of the parents finished the elementary
school, and 33.5% children whose family annual income
were less than 3500RMB. Above all, the economic status
and educational attainment in our country still need to
be improved substantially.

Association between dietary patterns and cognitive ability
in children

Cognitive ability has been shown to be affected by a good
diet (e.g., fish and milk) [8, 44] and a bad diet (e.g., French
fries, hot dogs, soft drinks and red meat) [45, 46]. These
findings were consistent with our results concerning the
associations between dietary patterns and cognition abil-
ity in children. We found that children with ‘High protein’
dietary pattern (higher intakes of milk, dairy products,
beans, bean products and eggs) often achieved higher
cognitive ability test scores.

Adolescence is an important period of a child’s growth
and development, and the demanding of nutrition is
the highest during this period. Therefore, it is necessary
to meet the intake of protein, especially high-quality
protein. Milk, beans and eggs are the major sources of
high-quality protein, which play an important role in the
daily meals. The analysis of food consumption patterns
in China has revealed that the annual consumption of
milk, bean, eggs and other food is increasing, but there
is still a considerable gap between the actual and recom-
mended dietary intakes of milk, beans and eggs [47, 48].
Previous studies in Kenya and South Korea demonstrated
that higher intake of milk and dairy products was associ-
ated with better academic achievement [44, 49]. Another
study [50] showed that higher milk consumption could
improve overall nutritional status in Korea adolescents,
and the well-nourished children often performed better
than the malnourished children [19]. In addition, higher
consumption of meat or egg during breakfast might con-
tribute to improved cognitive ability in youth [51].

Milk, dairy products, beans, bean products and eggs
are good sources of high-quality protein. A previous

Page 10 of 13

study indicated that there was a positive correlation
between academic performance in elementary and
middle school and frequent consumption of dairy and
eggs [52]. The proteins positively influence hippocam-
pal function and childhood development of higher cog-
nitive processes [53]. An animal research demonstrated
that the tasks mediated through hippocampal function
were mainly affected by protein consumption [54]. Col-
lectively, high intake of protein was significantly related
to better cognition in both children and adolescents.

In addition, this study showed that ‘High fat’ dietary
pattern was associated with poorer cognitive ability,
which might be attributed to the fact that children con-
sumed a large amount of red meat or refined meat. In
the recent years, the contradiction between food sup-
ply and demand in China is not only manifested by the
excessive production of grain and meat, but also the
shortage of milk, beans, eggs, fruits and other food
products. Specifically, the consumption of meat has
approached the maximum recommended intake of 75¢g
according to the Chinese dietary guidelines [47, 48].
A previous study [27] reported that “Western’ dietary
pattern at the age of 14 (high intake of takeout foods,
red and processed meat, soft drinks, fried and refined
foods) exerted a negative impact on the cognitive per-
formance of 17 year-old adolescents in Perth. Besides,
another study reported that a high consumption of sau-
sage, fast food, snacks and sugar sweetened beverages
at the age of 3years was related to poorer academic
achievement at the age of 10 years among children [55].
A study in Malaysia found ‘high-energy’ dietary pat-
tern (high intake of noodle, processed meat, egg and
fish snacks) was associated with lower scores of general
cognitive ability [26].

Red meat, fast food or snacks usually contain more
saturated fatty acids, and excessive intake of saturated
fatty acids may confer a negative effect on cognition
ability. Some reviews suggested that higher intake of
polyunsaturated fatty acids could improve brain and cog-
nitive development [56, 57]. Polyunsaturated fatty acids
are an essential factor for normal brain development as
they regulate cell membrane dynamics and modulate the
endocannabinoid system that, in turn, regulates neuro-
transmission and participates in synaptic plasticity [58].
Moreover, dietary pattern with higher saturated fat may
have adverse effects on synapsin I, growth associated
protein 43, hippocampal brain derived neurotrophic
factor (BDNF) and BDNF-related synaptic plasticity
[59, 60]. Altogether, these studies demonstrated that
a dietary pattern high in meat and saturated fat or low
in PUFAs was related to lower cognition and academic
performance.
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Strengths and limitations

One of the strengths was that we used PCA to iden-
tify dietary patterns, making it possible to analyze
their effects on cognitive ability as a whole, rather
than as a single food or nutrient. In addition, the data
used in this study were retrieved from a large, com-
prehensive and longitudinal survey with excellent
quality control, and the study population was repre-
sentative of the general situation of Chinese children
aged 10-15years. Furthermore, the cognitive ability
test in CFPS 2010 based on the educational level of
the interviewees to choose the corresponding start-
ing point of the answer questions, and the test ques-
tions was based on primary and secondary school
textbooks. The results of these tests were reliable and
could as a means to determine the level of cognitive
ability [33].

A limitation of this study was that, during the pro-
cess of the PCA, some factors (e.g., the number of
dietary patterns and food group classification) were
prone to selection bias. Moreover, we only analyzed
the data of CFPS 2010, which was a cross-sectional
study. When adjusting for several known confound-
ers, we acknowledged that the information on other
variables (e.g., mother’s intelligence) might serve as
important drivers of cognitive ability. Therefore, more
longitudinal and intervention studies with larger sam-
ple size are warranted to on the explore the long-term
effects of dietary patterns on cognitive ability and aca-
demic performance in both children and adolescents.
Despite that, our findings could provide valuable infor-
mation to help develop public health messages and
interventions.

Conclusions

In summary, ‘High protein’ dietary pattern was iden-
tified as a favorable factor for improving the cog-
nitive ability of children, while ‘High fat’ dietary
pattern could serve as a risk factor. Both childhood
and adolescence are the most sensitive periods of
brain development and vulnerability to nutrient defi-
ciency. Therefore, public health policies and health
promotion programs should realize the importance
of targeting food intake patterns during these critical
periods.

Abbreviations
PCA: Principal components analysis; IQ: Intelligence quotient; CFPS: China
Family Panel Studies; FFQ: Food-frequency questionnaire; Q: Quartiles.

Page 11 of 13

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512889-021-12209-2.

Additional file 1: Supplementary file 1. Dietary patterns, food groups
and their components.

Acknowledgements
The authors gratefully acknowledge all the team members of Institute of
Social Science Survey (ISSS) of Peking University.

Authors’ contributions

JZ designed the study; TW and DL performed statistical analyses; QJ collected
the data; TW and FC wrote the original draft; JZ, TW and SC reviewed and
edited the manuscript. All authors read and approved the final manuscript.

Funding

This study was supported by the Philosophy and Social Science Research Pro-
ject of Hubei Education Department (No. 19Y016). The funding body played
no role in the design of the study and collection, analysis, and interpretation
of data and in writing the manuscript.

Availability of data and materials
Publicly available databases were analyzed in this study. The databases for this
study are available from the CFPS at http://www.isss.pku.edu.cn/cfps/.

Declarations

Ethics approval and consent to participate

This study was conducted in accordance with the ethical guidelines laid
down in the Declaration of Helsinki, and all procedures involving human
subjects were approved by the Ethics Committee of Peking University (No.
IRB00001052-14010). Written informed consent was obtained from all sub-
jects. The database used in the study was available for research purposes on
reasonable request from the corresponding author.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details

'School of Public Health, Wuhan University of Science and Technology,
Wuhan 430065, Hubei, China. 2School of Public Health, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan 430030,
China. 3Department of Tuberculosis Control, Wuhan Pulmonary Hospital,
Wuhan 430030, Hubei, China.

Received: 20 October 2020 Accepted: 10 November 2021
Published online: 04 December 2021

References

1. Cutler DM, Lleras-Muney A. Education and health: insights from interna-
tional comparisons. NBER Work Paper No. 17738. 2012; http://www.nber.
org/papers/w17738.

2. Benton D.The influence of dietary status on the cognitive performance
of children. Mol Nutr Food Res. 2010;54:457-70.

3. Chung YC, Park CH, Kwon HK, et al. Improved cognitive performance fol-
lowing supplementation with a mixed-grain diet in high school students:
a randomized controlled trial. Nutrition. 2012;28:165-72.

4. Mahoney CR, Taylor HA, Kanarek RB, et al. Effect of breakfast composition
on cognitive processes in elementary school children. Physiol Behav.
2005;85:635-45.


https://doi.org/10.1186/s12889-021-12209-2
https://doi.org/10.1186/s12889-021-12209-2
http://www.isss.pku.edu.cn/cfps/)
http://www.nber.org/papers/w17738
http://www.nber.org/papers/w17738

Wang et al. BMC Public Health

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

(2021) 21:2212

Haapala EA, Eloranta A, Venéldinen T, et al. Associations of diet quality
with cognition in children - the physical activity and nutrition in children
study. Br J Nutr. 2015;114:1080-7.

Serensen LB, Damsgaard CT, Dalskov S, et al. Diet-induced changes in
iron and n-3 fatty acid status and associations with cognitive perfor-
mance in 8-11-year-old Danish children: secondary analyses of the
optimal well-being, development and health for Danish children through
a healthy new Nordic diet school meal study. Br J Nutr. 2015;114:1623-37.
van der Wurff ISM, von Schacky C, Berge K, et al. Association between
blood omega-3 index and cognition in typically developing Dutch ado-
lescents. Nutrients. 2016;8:13.

Kim JL, Winkvist A, Aberg MA, et al. Fish consumption and school grades
in Swedish adolescents: a study of the large general population. Acta
Paediatr. 2010;99:72-7.

Riggs N, Chou CP, Spruijt-Metz D, et al. Executive cognitive function as a
correlate and predictor of child food intake and physical activity. Child
Neuropsychol. 2010;16:279-92.

Riggs NR, Spruijt-Metz D, Chou CP, et al. Relationships between executive
cognitive function and lifetime substance use and obesity-related behav-
jors in fourth grade youth. Child Neuropsychol. 2012;18:1-11.

. Riggs NR, Spruijt-Metz D, Sakuma KL, et al. Executive cognitive function

and food intake in children. J Nutr Educ Behav. 2010;42:398-403.

Ames SL, Kisbu-Sakarya Y, Reynolds KD, et al. Inhibitory control effects in
adolescent binge eating and consumption of sugar-sweetened bever-
ages and snacks. Appetite. 2014;81:180-92.

Overby NC, Ludemann E, Hoigaard R. Self-reported learning difficulties
and dietary intake in Norwegian adolescents. Scand J Public Health.
2013;41:754-60.

Kim JY, Kang SW. Relationships between dietary intake and cognitive
function in healthy Korean children and adolescents. J Lifestyle Med.
2017,7(1):10-7.

Khan NA, Raine LB, Drollette ES, et al. Dietary fiber is positively associ-
ated with cognitive control among prepubertal children. J Nutr.
2015;145:143-9.

Kim HYP, Frongillo EA. Academic performance of Korean children is asso-
ciated with dietary behaviours and physical status. Asia Pac J Clin Nutr.
2003;12:186-92.

Granthammcgregor S. A review of studies of the effect of severe malnu-
trition on mental development. J Nutr. 1995;125:2233S.

Jukes M. The long-term impact of preschool health and nutrition on
education. Food Nutr Bull. 2005;26:5193-201.

Galler JR, Ramsry FC, Morley DS, et al. The long-term effects of early
kwashiorkor compared with marasmus. IV. Performance on the National
High School Entrance Examination. Pediatr Res. 1990,28:235-9.

Hu, Frank B. Dietary pattern analysis: a new direction in nutritional epide-
miology. Curr Opin Lipidol. 2002;13:3-9.

Jacques PF, Tucker KL. Are dietary patterns useful for understanding the
role of diet in chronic disease? Am J Clin Nutr. 2001,73:1-2.

Cutler GJ, Flood A, Hannan P, et al. Multiple sociodemographic and
socioenvironmental characteristics are correlated with major patterns of
dietary intake in adolescents. J Am Diet Assoc. 2011;111:230-40.

Jiguo Z, Zhihong Z, Feifei H, et al. Changing trends in dietary patterns
among Chinese children and adolescents from 1991-2018. Acta Nutri-
menta Sinica. 2021,43(03):213-7.

Leventakou V, Roumeliotaki T, Sarri K, et al. Dietary patterns in early
childhood and child cognitive and psychomotor development: the Rhea
mother-child cohort study in Crete. Br J Nutr. 2016;115(8):1431-7.
Henriksson P, Cuenca-Garcia M, Labayen |, et al. Diet quality and attention
capacity in European adolescents: the healthy lifestyle in Europe by nutri-
tion in adolescence (HELENA) study. Br J Nutr. 2017;117(11):1587-95.
Nurliyana AR, Mohd Nasir MT, Zalilah MS, et al. Dietary patterns and cog-
nitive ability among 12- to 13 year-old adolescents in Selangor, Malaysia.
Public Health Nutr. 2015;18(2):303-12.

Nyaradi A, Foster JK, Hickling S. Prospective associations between dietary
patterns and cognitive performance during adolescence. J Child Psychol
Psychiatry. 2014;55:1017-24.

Northstone K, Joinson C, Emmett P, et al. Are dietary patterns in child-
hood associated with 1Q at 8 years of age? A population-based cohort
study. J Epidemiol Community Health. 2012;66(7):624-8.

Yu X, Jingwei H. An introduction to the China family panel studies (CFPS).
Chin Sociol Rev. 2014;47:23-9.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Page 12 of 13

Junling W, Wenhua Z. Application of simplified food frequency question-
naires on dietary assessment. Chron Dis Prev Contr China. 2000,01:31-3.
Cheng Z, Shuai P, Qiao Q, Li T. Validity and reliability of a simplified food
frequency questionnaire: a cross sectional study among physical health
examination adults in southwest region of China. Nutr J. 2020;19(1):114.
Melaku YA, Gill TK, Taylor AW, et al. A comparison of principal compo-
nent analysis, partial least-squares and reduced-rank regressions in the
identification of dietary patterns associated with bone mass in ageing
Australians. Eur J Nutr. 2018;57:1969-83.

Qiong W, Peihua L. Analysis of the reliability and validity of the mathemat-
ics test and vocabulary in the China family panel study. China Examin.
2016;000(011):44-50.

Cattell RB. Intelligence: its structure, growth, and action. North Hol-

land; Elsevier Science Publishers B.V.; 1987.

Jingwei H, Yu X, Chunni Z (2014) The China Family Panel Studies: Design
and Practice. Soc Chin J Sociol. 2:1-32

Guoying H, Yu X, Hongwei X. Cognitive ability: social correlates and
consequences in contemporary China. Chin Sociol Rev. 2015;47:287-313.
XueY, Ai Z, JinziW, et al. Intelligence level of preschoolers from 9 areas in
China and its influencing factors. Food Nutr China. 2015;21:85-9.

Hong S,Wen C, Zhen D, et al. Analysis on Raven’s intelligence test and
related factors of rural children aged from 9 to 12. Jiangsu J Prev Med.
2014;25:33-5.

Hongmei L, Jiangen S, Gexiang Z, et al. Analysis on intelligence test and
the effect factors among preschool children. Matern Child Health Care
China. 2011;29:49-50.

Richard L, Helen C. Differences in intelligence across thirty-one regions
of China and their economic and demographic correlates. Intelligence.
2013;41:553-9.

Belmont L, Marolla FA. Birth order, family size, and intelligence. Science.
1973;182:1096-101.

Duncan GJ, Magnuson K, Votruba-Drzal E. Boosting family income to
promote child development. Futur Child. 2014,24:99-120.

Khanam R, Nghiem S. Family income and child cognitive and noncog-
nitive development in Australia: does money matter? Demography.
2016;53:597-621.

Kim SH, Kim WK, Kang MH. Relationships between milk consumption and
academic performance, learning motivation and strategy, and personality
in Korean adolescents. Nutr Res Pract. 2016;10:198-205.

Anett N, Jianghong J, Siobhan H, et al. A Western dietary pattern is
associated with poor academic performance in Australian adolescents.
Nutrients. 2015;7:2961-82.

Park S, Sherry B, Foti K, et al. Self-reported academic grades and other
correlates of sugar-sweetened soda intake among US adolescents. J Acad
Nutr Diet. 2012;112:125-31.

Linan H, Wei L, Yanping L, et al. Analysis of Chinese Residents'food con-
sumption and demand and its prediction. Food Nutr China. 2009;11:36-9.
Zhemin L. Change of Chinese inhabitant’s food consumption and nutri-
tion development in the last 50 years. Res Sci. 2007;29:27-35.

Hulett JL, Weiss RE, Bwibo NO, et al. Animal source foods have a positive
impact on the primary school test scores of Kenyan schoolchildren in

a cluster-randomised, controlled feeding intervention trial. Br J Nutr.
2013;111:875-86.

Kim JH. Analysis of the awareness of the value and the consumption
pattern on Milk of elementary middle and high school students. Biochim
Biophys Acta. 2007;45:182-5.

Liu J,Wu L, Um P, et al. Breakfast Consumption Habits at Age 6 and
Cognitive Ability at Age 12: A Longitudinal Cohort Study. Nutrients.
2021;13(6):2080.

Taras H. Nutrition and student performance at school. J Sch Health.
2005;75:199-213.

Kar BR, Rao SL, Chandramouli BA. Cognitive development in children with
chronic protein energy malnutrition. Behav Brain Funct. 2008;4:1-12.
Valadares CT, Fukuda MTH, Francolin-Silva AL, et al. Effects of postnatal
protein malnutrition on learning and memory procedures. Nutr Neurosci.
2010;13:274-82.

Feinstein L, Sabates R, Sorhaindo A, et al. Dietary patterns related to
attainment in school: the importance of early eating patterns. J Epide-
miol Community Health. 2008;62:734-9.

Patan MJ, Kennedy DO, Husberg C, et al. Supplementation with oil rich in
eicosapentaenoic acid, but not in docosahexaenoic acid, improves global



Wang et al. BMC Public Health

57.

58.
59.

60.

(2021) 21:2212

cognitive function in healthy, young adults: results from randomized
controlled trials. Am J Clin Nutr. 2021;114(3):914-24.

van der Wurff ISM, Meyer BJ, de Groot RHM. Effect of Omega-3 long
chain polyunsaturated fatty acids (n-3 LCPUFA) supplementation on
cognition in children and adolescents: A systematic literature review with
a focus on n-3 LCPUFA blood values and dose of DHA and EPA. Nutrients.
2020;12(10):3115.

Bazinet RP, Layé S. Polyunsaturated fatty acids and their metabolites in
brain function and disease. Nat Rev Neurosci. 2014;15:771-85.

Francis H, Stevenson R. The longer-term impacts of Western diet on
human cognition and the brain. Appetite. 2013;63:119-28.

Gomez-Pinilla F. The combined effects of exercise and foods in prevent-
ing neurological and cognitive disorders. Prev Med. 2011;52:575-80.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 13 of 13

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Association between dietary patterns and cognitive ability in Chinese children aged 10–15 years: evidence from the 2010 China Family Panel Studies
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Study population
	Classification of dietary patterns
	Evaluation of cognitive ability
	Covariates
	Statistical analysis

	Results
	Characteristics of the study subjects
	Dietary patterns of the study participants
	Influencing factors of cognitive ability: results from chi-square test
	Influencing factors of cognitive ability: results from ordinal-logistic regression
	Association between dietary patterns and cognitive ability

	Discussion
	Sociodemographic characteristics and cognitive ability of children
	Association between dietary patterns and cognitive ability in children
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


