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Anemia is a global public health problem, especially common among children in developing countries, which affects their physical
and mental health development. However, there is currently a lack of research on the relationship between anemia and academic
performance. The objective of this study was to explore the association between anemia and academic performance, and the
possible factors mediating this association among Chinese children. The data for this study came from the baseline survey of the
Chinese Education Panel Survey Elementary School Cohort. The cohort was conducted from September 2018 to June 2019 in 160
elementary schools, covering 20 provinces and 40 counties/districts throughout China. Paper-based questionnaires were used,
completed by 4t grade students, parents, head teachers, main teachers, and principals. The data used included questionnaire
responses, physical measurements, and academic performance of 17,695 students. Based on students’ hemoglobin levels and
school altitude data, we grouped them into anemia and nonanemia categories using WHO criteria. The anemia group had 1,154
individuals, while the nonanemia group had 16,541 individuals. An ordinary least squares regression and mediation effect analysis
were conducted. Our findings found the prevalence of anemia was 6.52% among Chinese Grade 4 students. Students without
anemia had a higher average test score for three academic subjects than students with anemia (P <0.001); their test scores for
Chinese, Mathematics, and English were also higher (P <0.05). Multivariate regression analysis showed a negative association
between anemia and average test scores as well as individual test scores for the three subjects. Mediation analysis found that
anemia affected academic performance directly (P < 0.05), and indirectly by decreasing the cognition score (P < 0.05). The indirect
effect was 19.9% of the total effect. Findings highlighted anemia affected academic performance both directly and indirectly.
Nutrition-related interventions should be implemented to prevent a decrease in academic performance among students with
anemia.

1. Introduction

Anemia is a worldwide public health problem and especially
affects people in developing countries. The most susceptible
populations are children and women(1, 2], with relatively few
studies focusing on children with anemia. According to WHO
estimates, the prevalence of anemia among children under
5years old in China was 18.8% in 2019 [3], which is lower
than the global prevalence of 39.8% for children under 5 [4].
However, this rate is lower compared to developing countries
like South Africa (44.4%) and India (53.4%), but higher
compared to developed countries like the United States

(6.1%), Germany (15.1%), and Japan (16.7%). Social and
economic development in China has brought about a decrease
in the prevalence of anemia in recent years [5]; however, there
are regional differences among the population. Survey results
indicate that the prevalence of anemia among children is
higher in Western China and in the female population [6].
The prevalence of anemia in children decreases with age
before puberty and increases during puberty [5]. School-
going age is a key period of physical and mental develop-
ment for children and an important period for acquiring new
knowledge. Anemia may cause irreversible impairment of
learning ability in children. As estimated by the World Health
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Organization, iron deficiency anemia is the primary cause of
loss of disability-adjusted life years among 10-14-year-old
children [7].

However, childhood anemia, which is common, has not
received enough attention in China, particularly in rural
areas. With the recent slowdown in China’s economic de-
velopment and the particularly challenging job market for
young people, exacerbated by the COVID-19 pandemic, the
pressure on education and the rapid devaluation of edu-
cational qualifications has extended to primary schools and
even kindergartens. This has intensified parents’ focus on
students’ academic performance and investments in edu-
cation. The main objective of this research is to draw more
attention from parents to the potential health issue of
childhood anemia in China through examining its re-
lationship with academic performance. It also aims to
provide an explanation and possible solutions for children
with poor academic performance due to anemia. By
addressing the issue of childhood anemia and its impact on
academic performance, we strive to support effective in-
terventions and strategies that can improve both the health
and educational outcomes of affected children. In the long
run, it is also beneficial for the accumulation of human
resources and the promotion of sustainable socioeconomic
development.

There is a long history of academic performance research
among children, but only a limited number of studies have
been devoted to investigating the relationship between
anemia and academic performance. Based on the literature
published in the past, although there were differing results
regarding the relationship between anemia and academic
performance, more studies tended to lean towards an as-
sociation between the two, especially in recent research. For
instance, a recent study systematically reviewed the re-
lationship between iron status, anemia, iron interventions,
cognition, and academic performance in adolescents aged
10-19 years [8]. This review included 50 relevant publica-
tions that were published prior to 2020, consisting of
26 cross-sectional observational studies and 24 iron in-
tervention studies. It indicated that in certain contexts, iron
status and anemia were related to academic performance,
and iron supplementation during adolescence might im-
prove academic performance and attention. However, the
review found that the quality rating of all cross-sectional
studies was poor, and almost all supplementation trials
showed a bias towards medium to high risk. Additionally, it
was also found that there was no evidence of a relationship
between iron status or anemia and attention, intelligence, or
memory among adolescents. On the other hand, a different
conclusion was reached in a more recent meta-analysis [9].
Based on 13 randomized controlled experiments, this study
found that iron supplementation significantly improved
intelligence, attention, and memory in children aged
6-12 years, though no relationship was observed between
iron supplementation and academic performance. Given the
higher prevalence of anemia in middle- and low-income
countries, researchers conducted a meta-analysis focusing
on these settings [10]. Based on 9 studies from 5 countries,
this analysis demonstrated that increasing iron
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supplementation dosage could improve intelligence test
scores, but had no effect on attention, short-term memory,
long-term memory, or academic performance. Moreover,
there were two large-scale observational studies, one cross-
sectional and one longitudinal, which supported an asso-
ciation between anemia and academic performance in ad-
olescents [11, 12].

Regarding studies conducted in China on the relation-
ship between anemia and academic performance, the lit-
erature was relatively scarce. A survey conducted in the
1980s involved 478 middle school students aged 13-15 in
Shanghai, and it did not find a relationship between iron
deficiency anemia and IQ or academic performance [13].
However, recent studies have shown positive associations.
One study included 2,646 students aged 7-14 in Taiyuan,
and the results showed a positive correlation between aca-
demic performance and hemoglobin levels [14]. Another
study conducted in Gansu province in Western China in-
cluded 45,549 students from grades 1-5. Using instrumental
variable estimation, the study found a significant negative
impact of iron deficiency on children’s academic perfor-
mance [15]. Furthermore, a study conducted in Henan
province, located in central China, surveyed 493 fourth-
grade students and found that anemic students were more
likely to have poor scores on standard math exams [16]. The
few studies published to date regarding anemia and aca-
demic performance in children in China have been limited
by (1) relatively small sample sizes [13, 16] that were con-
centrated in specific regions of China [13-16]. This resulted
in low statistical power, and the results could not be ex-
trapolated to the general children population throughout
China; (2) some surveys using an age range for children that
was too wide, with relatively small sample sizes for certain
ranges. This provided insufficient data to explain the re-
lationship between anemia and academic performance
among children of specific ages [16]; and (3) some studies
focusing on the relationship between anemia and academic
performance or cognition, without exploring the mechanism
or mediation analysis between them [13-16]. Exploring the
relationship between anemia status and academic perfor-
mance would provide valuable insight.

This study involved four mediating variables, namely
cognition, BMI, sleep duration, and CESD score. Currently,
there was no literature reporting the mediating effects of
these variables on the relationship between anemia and
academic performance. The notion of mediating variables
was more commonly utilized in the fields of sociology or
psychology, while epidemiological research predominantly
focused on establishing the connection between anemia and
academic performance, with little exploration of potential
mechanisms. However, based on existing published litera-
ture, these four variables had the potential to play significant
roles in the relationship between anemia and academic
performance. In short, firstly, there had been numerous
reports, especially recently, both domestically and in-
ternationally, on the relationship between anemia and
cognition [17-19]. Moreover, there was a general consensus
that iron supplementation improved cognitive levels [9, 10].
Furthermore, many studies investigating the relationship
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between anemia and academic performance also simulta-
neously discussed cognitive levels [9, 10], and the association
between cognition and academic performance was evident.
Therefore, cognition level was the first mediating variable to
be considered. Secondly, there was evidence from meta-
analyses demonstrating the relationship between childhood
obesity and dual burden of micronutrient deficiency, as well
as the relationship between obesity and anemia [20]. Sim-
ilarly, meta-analyses had also shown a negative correlation
between BMI and academic performance [21]. Therefore,
BMI might have exerted a mediating effect. Thirdly, as
primary school students, sleep duration played a crucial role
as a measure of their health behaviors. Previous population
studies indicated a relationship between anemia and sleep
duration in adults [22, 23], and studies on children found an
association between sleep and academic performance [24].
This suggested that sleep duration might have had a medi-
ating effect on the association between anemia and academic
performance. Lastly, among the main symptoms caused by
anemia were fatigue, lethargy, and depression [25]. The
relationship between depression and academic performance
had been reported in cross-sectional studies [26], and it had
been found that this association could persist long term [27].
Therefore, depression might have also acted as a mediating
variable. In light of this, the hypotheses to be tested in this
study were as follows: (1) Anemia was negatively correlated
with academic performance. (2) Anemia was negatively
correlated with cognitive levels, and cognition mediated the
relationship between anemia and academic performance. (3)
Anemia was positively correlated with BMI, and BMI me-
diated the relationship between anemia and academic
performance. (4) Anemia was positively correlated with
sleep duration, and sleep duration mediated the relationship
between anemia and academic performance. (5) Anemia was
positively correlated with depression, and depression me-
diated the relationship between anemia and academic
performance (see Figure 1).

This study used the baseline data of primary school
students who completed the China Education Panel Survey
in 2018 to analyze the relationship between anemia and
academic performance and further explored the mediation
effect of health-related factors. The goal was to provide
scientific evidence for the relationship between anemia and
academic performance and the possible factors mediating
this association.

2. Materials and Methods

2.1. Survey Introduction. This study was based on primary
school student cohort data from the China Education Panel
Survey. The fieldwork of the cohort was conducted by the
National Survey Research Center at the Renmin University
of China from September 2018 to June 2019. The survey’s
main goal was to elucidate the effects of family, school,
community, and social structure on educational attainment,
as well as educational influence on a child’s life course. A
probability proportional to the size sampling method in four
stages was used to sample students. The baseline survey
sample covered all fourth-grade students in 160 primary

schools located across 40 counties within 20 provinces
throughout China. A paper-based, self-administered survey
with instruction from a supervisor was conducted for all
respondents; respondents included students, their fathers or
mothers, head teachers, main teachers, and school masters.
The student questionnaire included information on de-
mographics, physical and mental health status, life experi-
ence, parents’ involvement, Hukou and immigration,
learning at school, after-school activities, parents’ educa-
tional expectations, relationships with teachers and class-
mates, social behavior, and family members’ information.
The survey tested students’ cognition and collected the re-
sults of the previous mid-term and final examinations. The
physical parameters measured included height, weight, vi-
sual acuity, and hemoglobin levels. All physical measure-
ments were performed by medical staff trained by the
Chinese Center for Disease Control and Prevention.

Student assent and parental consent were obtained be-
fore conducting the survey. Informed consent was provided
and the strict confidentiality of information was guaranteed.
The study was approved ethically by the Biomedical Ethics
Review Board of the Chinese Center for Disease Control and
Prevention and conducted in accordance with the Decla-
ration of Helsinki and its later amendments.

2.2. Study Variables

(1) The dependent variables were the final examination
results from the previous semester for the subjects
Chinese, Mathematics, and English; the average
score of all the three subjects was calculated. To
adjust for different test contents in different schools,
the standardized scores for each student were cal-
culated by school and the standardized scores were
normalized back in the final data analysis.

(2) The main independent variable was anemia. The
existence of anemia was determined by measuring
hemoglobin levels in blood samples taken from the
fingerstick blood test, adjusted by local altitude [28].
The hemoglobin test was performed using the
Hemocue Hb 301 analyzer (origin: Sweden, manu-
facturer: HemoCue AB). The test result was written
on a form in the field and entered into a database
after the survey fieldwork. Students identified as
having anemia were classified into the anemia group,
and those without anemia were classified into the
nonanemia group.

(3) The main study covariates were the socioeconomic
characteristics of student’s age, sex (male/female),
Hukou type (rural/urban), only child (yes/no),
parents’ educational expectations (senior high school
or lower/bachelor/master or higher/do not care),
self-assessed family economic status (very difficult/
relatively difficult/middle income/relatively wealthy/
very wealthy), the highest educational attainment of
parents (primary school or lower/junior high school/
senior high school/college or higher), and number of
books in the family (<10/10-49/50-149/>150).
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Figure 1: Hypothetical model diagram of the study.

(4) Secondary covariates included learning pressure,
relationships with other students, and relationships
with teachers. Learning pressure contained difficulty
levels of learning Chinese, Mathematics, and English.
The difficulty level for each subject was categorized
into four types: very difficult (3 points), slightly
difficult (2 points), not too difficult (1 point), and not
difficult at all (0 points). The total score for learning
pressure was calculated by adding the difficulty
scores of all three subjects. The question posed to
elucidate the nature of their relationships with other
students was whether the student was kind to me or
not, and the five options were totally unfit, not quite
fit, not sure, relatively fit, and totally fit. The mea-
surement of teacher-student relationships used 16
questions [29]: 6 regarding satisfaction, 6 regarding
assistance, and 4 regarding conflict. All the questions
had five options: totally unfit (0 points), not quite fit
(1 point), not sure (2 points), relatively fit (3 points),
and totally fit (4 points). The total score was the sum
of the 16 questions’ score, in which the conflict score
was reversed as totally unfit (4 points), not quite fit (3
point), not sure (2 points), relatively fit (1 points),
and totally fit (0 points): the higher the average score,
the better the relationship.

(5) Mediation variables were health-related, including
body mass index (BMI; kg/m?®), sleep duration
(hours), degree of depression, and the results of
cognition tests. BMI was calculated based on height
(m) and weight (kg) measurements. Sleep duration
was defined as the usual amount of time spent
sleeping at night. Degree of depression was measured
using a short version of Center for Epidemiologic
Studies Depression Scale that included five questions
regarding physical symptoms, five regarding de-
pression, and three regarding positive emotions [30].
All questions had four options: none (0 points),
a little (1 point), some (2 points), and quite a lot (3
points). The total score was the sum of the 13
questions, in which the scores for the questions
regarding positive emotions was reversed as none (3
points), a little (2 point), some (1 points), and quite
alot (0 points): a higher score indicates a more severe
state of depression. The cognition test—charac-
terized by international comparability and national

standardization [31]—focused on logical thinking
and problem-solving capacity. Graphic reasoning
was tested with 30 questions that had to be answered
within 25 minutes. Ten questions relating to an ex-
panded graph had to be answered within 15 minutes.
According to the number of correct responses, the
score ranged from 0 to 80, with higher values in-
dicating better cognition.

2.3. Statistical Analysis. For descriptive analyses, continuous
variables were expressed as means and standard deviations.
The t-test, analysis of variance, or nonparametric test was
used to compare students with anemia and students without
anemia. Categorized variables were expressed as percent (%)
and the Chi-square test was administered to compare be-
tween the two groups.

Ordinary least squares (OLS) regression was used to
analyze the relationship between anemia and academic
performance, and multivariate analysis was adjusted by sex,
age, Hukou type, only child or not, family socioeconomic
status, the highest educational attainment of parents, number
of books in the family, parents’ educational expectations,
learning pressure, student-student relationships, and teacher-
student relationships. The fixed effect of school was con-
sidered in the regression analysis to control for the school
effect after the academic performance was standardized.
Analyses stratified by sex and age grouping were likewise
performed in the multivariable OLS regression analyses.

Mediation analysis was used to explore the possible
health-related factors mediating the association between
anemia and academic performance [32]. The mediators
included the cognition score, BMI, sleep duration, and
degree of depression. Briefly, there were several steps for the
mediation analysis. Firstly, the previous statistical re-
lationship analysis (model 3) between each test score and
anemia was the basis for further mediation exploration.
Secondly, models 13 were constructed based on model 3 by
adding four mediators, respectively. The mediation effect
was examined using “sgmediation” code in Stata. The
bootstrap method was used to calculate the confidence in-
tervals of the associated products of the mediation analyses.
Finally, the direct and indirect effect sizes were calculated.
When examining the mediating effects in the analysis, sex,
age, Hukou type, only child or not, self-assessed economic
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status, the highest educational attainment of parents,
number of books in the family, parents’ educational ex-
pectations, learning pressure scores, relationships with other
students, teacher-student relationship scores, and school
fixed effect were controlled.

All statistical analyses were performed using Stata sta-
tistical software (version 16.0, College Station, TX, USA).

3. Results

3.1. Social Demographic and Health-Related Characteristics.
The study involved a total of 36,826 respondents, but 18,543
students did not participate in the hemoglobin measure-
ment. After excluding 588 students who were not 10 or
11years old, a total of 17,695 fourth-grade students were
ultimately used for this study (see Figure 2). Table 1 presents
the social demographic and health-related characteristics of
the study population. The prevalence of anemia was 6.52%,
with no difference in prevalence between males and females
(P>0.05). Anemia was more prevalent among rural Hukou
children. Higher family economic status, larger number of
books in the family, and higher parents’ educational ex-
pectations were associated with a lower prevalence of anemia
in children, as were better student-student or teacher-
student relationships. High learning pressure was associ-
ated with a high prevalence of anemia. Children with upper
quantile cognition scores or body mass indices had the
lowest prevalence of anemia. Longer sleep duration and
higher CESD score were associated with a higher prevalence
of anemia (all P <0.05).

3.2. Test Score Distribution. The average test scores of the
three subjects was 54.34+0.18 and 51.04+0.71 in the
nonanemia and anemia groups, respectively, as shown in
Table 2. On average, children in the nonanemia group had
higher average scores than those in the anemia group within
categories of sex, age, Hukou type, only child. As shown in
Figure 3, there was a left-skewed distribution with the
nonanemia group having a higher proportion of higher
scores than the anemia group.

The test scores for Chinese, Mathematics, and English,
were higher for children in the nonanemia group than for
children in the anemia group by subtotal, sex, age, Hukou
type, and only child (see Figure 4 and Table 2); the distri-
bution was almost similar to the average test score of the
three subjects (see Figures S1-S3 in the supplementary
material).

3.3. Multivariate Analysis. As shown in Table 3, univariate
and multivariate OLS regression analysis found that anemia
status was negatively associated with the average test score of
the three subjects after they were adjusted by sex, age, Hukou
type, only child or not, self-assessed economic status, the
highest educational attainment of parents, number of books
in the family, parents’ educational expectations, learning
pressure scores, relationships with other students, and
teacher-student relationship scores. This negative associa-
tion was also found with each of the three subjects.

Univariate and multivariate OLS regression analyses
were conducted on the association between anemia status
and academic performance according to sex and age
grouping. Anemia status was associated with a decrease of
average, Chinese and Mathematics test score in female
students within multivariate OLS regression analyses
(P <0.01), but not in male students. After stratifying by age
group, the association between anemia status and average,
mathematics and English test score remained in the sub-
populations aged 11 years (P < 0.05), but lack of association
was found in students aged 10 years.

3.4. Mediation Analysis. Models 13-16 shown in Table 4
used the average test score as the dependent variable and
added the independent variables of cognition score, BMI,
sleep duration, and CESD score to explore the direct effect of
anemia and the indirect effect of the four independent
variables. The results showed that anemia had a direct effect
on the average test score (P <0.05), and it affected the av-
erage test score indirectly by decreasing the cognition score
(P <0.05); the indirect effect accounted for 19.9% of the total
effect. No indirect effect on the average test score was found
for BMI, sleep duration, and CESD score. In addition, the
mediation models were conducted for test scores of Chinese,
Mathematics, and English respectively, and the results were
almost similar to the average test score of the three subjects
(see Tables S1-S3 in the supplementary material).

4. Discussion

This study utilized a large-scale nationally representative
dataset to analyze the prevalence of anemia among fourth-
grade primary school students in China in 2018. It revealed
the current situation of anemia among fourth-grade students
in China and reported differences in anemia prevalence
among different socioeconomic statuses. Additionally, this
study provided empirical evidence from a large population
survey for the hypothesis that anemia affects academic
performance, which has not only direct but also indirect
effects through cognition score. This study not only provides
fundamental data for researching the prevalence of anemia
among children in China but also offers valuable insights
into the factors influencing children’s academic perfor-
mance. It serves as a valuable reference for future policy-
making related to the prevention and control of anemia
among children.

This study showed that the prevalence of anemia is 6.52%
in Chinese Grade 4 students, which is similar to the results of
other current national surveys on the prevalence of anemia
in China. The China Nutrition and Health Surveillance data
showed that the prevalence of anemia was 4.01% and 3.25%
in children aged 10 and 11 years, respectively [33]. Data from
the Chinese National Survey on Student Constitution and
Health revealed that the prevalence of anemia in children
aged 9 and 12 years was 6.8% and 9.6%, respectively [34]. The
reasons for the different results may be associated with
different survey sampling and methods for testing for
anemia, as well as diagnostic criteria. In addition, surveys
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FIGURE 2: Sample selection process diagram for analysis in this study (China, 2018).

conducted in the poorer or western regions of China re-
ported a higher prevalence of anemia than other regions. A
2019 nutritional improvement program survey for com-
pulsory education for students in rural areas showed that the
prevalence of anemia was 8.3% among 11 to 13-year-old
children [35]. The prevalence of anemia among girls was
higher than that among boys. According to data from the
2015-2017 China Nutrition and Health Surveillance, the
prevalence of anemia was 8.5% among girls aged 10-17 years
old [36].

The current study found that the average test score of
children without anemia was higher than that of children with
anemia, and each individual subject had similar results (all
P <0.05). Anemia was negatively associated with average test
score adjusted by sex, age, Hukou type, only child, self-
assessed family economic status, highest educational attain-
ment of parents, number of books in the family, parents’
educational expectations, learning pressure scores, and good
relationships with other students. On average, the average test
score of children with anemia was 1.96 points lower than that
of children without anemia. A negative association between
anemia and test scores was also found individually for the
subjects Chinese, Mathematics, and English. These results
indicated we detected total effects of anemia status on aca-
demic performance. These total effects were found only in
female or subpopulation aged 11 years, which meant anemia
status may mainly affect the girls and children in puberty. Our
findings were similar to those of other studies in China and
abroad [15, 16, 37] and provided new evidence for the re-
lationship between anemia and academic performance.

According to current studies, the negative impact of
anemia on academic performance may be associated with
brain dysfunction. Anemia can decrease the oxygen satu-
ration of blood in the brain [38] and cause silent infarcts [39]
as well as cognitive dysfunction, which manifests as pallor,
listlessness, behavioral disturbances, impaired performance

in some cognitive tasks, et cetera [40]. All these syndromes
affect academic performance in children. It is worth men-
tioning that the current study mainly focused on children
aged 10 and 11 years, but the age at which onset of anemia
occurred was difficult to determine. Onset of iron deficiency
anemia at a young age increases the possibility of mental
retardation in later life [41].

To explore the mechanism underlying the relationship
between anemia and academic performance, this study an-
alyzed the mediating effects of cognition, BMI, sleep duration,
and CESD score. After mediation analysis, anemia was shown
to affect academic performance directly (P <0.05) and, by
decreasing the cognition score, indirectly (P <0.05). The
indirect effect was 19.9%. The results provide statistical
support for the causal chain of anemia-cognition dysfunction-
decreasing academic performance. This result was similar to
other studies in China and abroad [42-44]; however, addi-
tional high quality research to confirm it is required.

The study had several advantages: (1) it was the first
nationwide study to explore the association between anemia
and academic performance in China. Except for age, the
study population had a high level of heterogeneity and thus
the results are generalizable to the entire Chinese pop-
ulation. The heterogeneity also provided the study with
stronger evidence with higher statistical power; (2) it was
based on a survey that focused on Grade 4 students, which
narrowed the age range of the study population. This narrow
range was valuable in removing any interference that age
may have imposed on the results, thus benefitting the ex-
ploration of the association between anemia and academic
performance; and (3) it first explored the mediating effect of
cognition on the relationship between anemia and academic
performance based on nationwide survey data. Although the
results were still statistically significant, this provided
a possible explanation for the relationship between anemia
and academic performance.
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TaBLE 2: Comparison of test score distribution between nonanemia and anemia groups by social and demographic characteristics (China,

2018).
. Nonanemia group, Anemia group,
Test score Variable Group N=16,541 mean (SE) N=1,154 mean (SE) t P
Subtotal — 54.34+0.18 51.04+0.71 4.7788 <0.001
Sex Male 51.29+0.26 48.34+1.01 2.9845 0.003
Female 57.70+0.25 53.93+0.98 4.0524 <0.001
Ace 10 years 54.69+0.25 51.72+0.98 3.1563 0.002
Average test score 8 11years 53.98+£0.26 50.33£1.04 3.6268 <0.001
Urban region 55.52+0.26 51.56 +1.21 3.4859 <0.001
Hukou type ¢ ral region 53.44+0.26 50.81 +0.88 3.0020  0.003
Only child Yes 56.16+0.33 52.70+1.48 2.4878 0.013
Y No 53.84+0.22 50.74+0.81 3.9139 <0.001
Subtotal — 54.40+0.20 51.21+0.79 4.0903 <0.001
Sex Male 49.58£0.29 46.64+1.10 2.6345 0.008
Female 59.75+0.27 56.11+1.10 3.5057 <0.001
Ace 10 years 54.64+0.28 51.06 +1.08 3.3277 0.001
Chinese test score 8 11 years 54.17+0.29 51.36+1.15 2.4767 0.013
Hukou tvpe Urban region 55.55+0.30 51.79+1.35 2.8520 0.004
P Rural region 53.56+0.27 50.93 +£0.97 2.6909 0.007
Only child Yes 55.93+0.38 53.38+1.72 1.5209 0.128
Y No 54.02+0.24 50.84 +0.89 3.5957 <0.001
Subtotal — 54.47 £0.20 51.62+0.79 3.6638 <0.001
Sex Male 53.86+0.28 52.77+1.10 0.9925 0.321
Female 55.14+0.28 50.40+1.13 4.3137 <0.001
Ace 10 years 54.63 +0.28 51.92+1.08 2.5598 0.010
Mathematics test score 8 11 years 54.31+0.28 51.31+1.16 2.6389 0.008
Hukou tvpe Urban region 55.16+0.29 51.68 +1.32 2.6990 0.007
P Rural region 53.96+0.27 51.59+0.98 2.4070 0.016
Only child Yes 56.14+0.36 51.47+1.70 2.8922 0.004
Y No 54.00 £0.24 51.75+0.89 2.5376 0.011
Subtotal — 54.10£0.22 50.54+0.86 4.2314 <0.001
Sex Male 50.18 £0.32 46.19 +1.22 3.3048 0.001
Female 58.42+0.30 5522+1.18 2.8315 0.005
Ace 10 years 55.14+0.31 52.48+1.18 2.3026 0.021
English test score g 11 years 53.06 +0.32 48.50+1.26 3.7230 <0.001
Hukou tvpe Urban region 55.90 +0.32 51.71+1.42 3.0317 0.002
P Rural region 52.71+0.31 50.01 £1.08 2.5265 0.012
Onlv child Yes 56.42+0.40 53.27+1.79 1.8374 0.066
Y No 53.42+0.27 49.91+0.98 3.6296 <0.001
02 1 7
54‘34 54‘47
> .015 + 0 ¢ 51.04 .
g § 40 t
~ .01 H
* 005 E
' E 20|
01 T . . . . 10
0 20 40 60 80 100
Average test score
N X Average Chinese Mathematics English
on-anemia Non-anemia
***** Anemia = Anemia

FIGURE 3: Average test score distribution for the nonanemia and
anemia groups (China, 2018).

F1GURE 4: Comparison of the average and individual test score of three
subjects between the nonanemia and anemia groups (China, 2018).
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TaBLE 4: Mediation effect analysis of factors mediating the association between anemia and average test score (China, 2018).

Mediation analysis

Variable

Model 13 Model 14 Model 15 Model 16
Anemia -1.57 (-2.93, -0.22)* -1.92 (-3.33, -0.50)* -2.00 (-3.43, —0.58)b -2.17 (-3.59, —0.75)b
Cognition 0.50 (0.46, 0.53)° — — —

Body mass index (kg/m?) —
Sleep duration —
CESD score —

~0.16 (~0.28, —0.05)° — —
— —0.67 (~1.00, —0.34)° —

—0.52 (~0.58, —0.46)°

Mediation effect estimation

Total effect
Indirect effect
Percent of indirect effect

~1.96 (~3.35, —0.28)
—0.39 (=0.78, —0.00)
19.9%

~1.90 (-3.25, —0.35)
0.02 (-0.01, 0.08)
1.0% 0.5% 0.9%

—2.02 (~3.56, —0.50)
—0.01 (—0.08, 0.03)

—2.20 (=3.61, —0.54)
~0.02 (—0.25, 0.24)

Models 13-16 were based on the dependent variable of average test score, adjusted for factors such as sex, age, Hukou type, only child, self-assessed economic
status, highest educational qualification of parents, number of books in the family, parents’ educational expectations, learning pressure score, good re-
lationships with other students, teacher-student relationship score, and fixed effects at the school level. This table only reported the coefficients of the variables

related to anemia and mediation. *P < 0.05; P < 0.01; P < 0.001.

The study’s limitations are that (1) the sample population
was Grade 4 students of 10 to 11 years old, so the findings
can only be representative of children in this age group and
cannot be extrapolated to other age groups; (2) the analysis
used baseline data from the China Education Panel Survey
for primary school students, so the association between
anemia and academic performance shows a cross-sectional
relationship, not a causal effect. More data from a follow-up
survey are needed to provide stronger evidence for this
relationship; and (3) it only explored health-related medi-
ation factors such as cognition score, BMI, sleeping dura-
tion, and CESD score. Other factors might have been missed
that also could have mediated the relationship between
anemia and academic performance.

5. Conclusions

This study analyzed the data of primary school students who
participated in the China Education Panel Survey. The findings
showed that the prevalence of anemia in children aged 10 and
11years was 6.52%, and the prevalence was different among
students with different characteristics. This indicates that
anemia is a very important health issue among Grade 4 stu-
dents in China, even in heterogeneous populations. Analyses
showed that, in the study population, anemia was associated
with academic performance, and that it affects academic
performance both directly and indirectly. More nutrition-
related interventions are needed to reduce the prevalence of
anemia among children to ensure a healthy population base
and guarantee human capital accumulation in China [45].

Data Availability

The datasets analyzed during the current study are not publicly
available due to them containing information that could
compromise the privacy of the participant but are available
from the corresponding author on reasonable request.

Additional Points

What Is Known About This Topic? (i) Although children
anemia was one of the public health problems faced by

China, it did not receive enough attention in the country. (ii)
China lacked research on the relationship between child-
hood anemia and academic performance, especially large-
scale empirical analysis based on nationally representative
data. (iii) The mechanisms of childhood anemia and aca-
demic performance in China were unclear, and there were
almost no relevant published studies on this topic. What This
Paper Adds? (i) The prevalence of anemia was 6.52% among
Grade 4 students in China. (ii) In China, Grade 4 students
without anemia exhibited higher academic performance
than students with anemia. (iii) Anemia directly impacted
the academic performance of Grade 4 students in China, as
well as indirectly through lower cognitive levels.
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