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Abstract
Objective: To investigate the prevalence of mental health problems among pre-
schoolers in rural China and examine the relationship between dietary diversity
and mental health.
Design: A cross-sectional survey analysis was performed. Child mental health was
assessed with the Strengths and Difficulties Questionnaire (SDQ). Child dietary
diversity was assessedwith the dietary diversity score (DDS), whichwas calculated
based on nine food groups using a 24-h recall method. Data were analysed using
unadjusted and adjusted logistic regression models.
Setting: Two nationally designated poverty counties in Hunan Province of China.
Participants: Preschoolers (n 1334) aged 3–5 years, preschools (n 26).
Results:Of 950 preschoolers with data on both dietary diversity and mental health,
663 (70 %) were classified as having at least one kind of mental health problem.
The prevalences of emotional symptoms, conduct problems, symptoms of
hyperactive/inattention, peer relationship problems and poor prosocial behaviour
were 39, 27, 23, 12 and 26 %, respectively. Male preschoolers showed higher risks
of having mental health problems than their female counterparts on each SDQ
subscale except for conduct problems. Moreover, a higher DDS was significantly
associated with a lower likelihood of having symptoms of hyperactivity/inatten-
tion, peer relationship problems and prosocial behaviour problems after adjust-
ment for confounders (preschoolers’ age, gender, cognitive ability, parental
migration status, primary caregiver’s education and household socio-economic
status).
Conclusions: The prevalence of mental health problems was high among pre-
schoolers in rural China. Improving child dietary diversity might be an important
strategy to consider in the design of interventions to improve child mental health.
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Mental health problems in adults can originate as early as
childhood(1). It is estimated that, globally, mental health
problems affect 10–20 % of children and adolescents(2),
and they have been found to have a serious impact on
children’s and adolescents’ future life behaviours, such as
school dropout, substance abuse, family violence and even
suicide(3). Beyond the impact on individuals, the economic
loss (e.g. human capital loss) resulting from mental disor-
ders also results in enormous disadvantages to societal

development(4). Studies also show that, compared with
their urban peers, rural children are more likely to suffer
frommental problems(5,6). Therefore, effective and efficient
interventions to reduce mental health problems in rural
children are urgently needed(7).

Diet has been shown in many studies to be an essential
factor that may affect mental health(8,9). In a systematic
review, children and adolescents with healthy dietary pat-
terns or consumption of a high-quality diet were found to
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have lower levels of depression or better mental health(10).
One study showed that children with high scores for a ‘var-
ied Norwegian’ eating pattern were less likely than those
with low scores to have indications of any psychiatric dis-
orders and hyperactivity-inattention disorders(11). The role
of the Mediterranean dietary pattern with regard to the pre-
vention of depressive disorders has also been reported(12).
Dietary diversity, an integrated indicator for measuring
nutrition adequacy and diet quality(13–15), refers to the
intake of various food items from different food groups(15).
In the past few years, several studies have identified the
association of dietary diversity with anxiety and depressive
symptoms among adult women(16–18). To the best of our
knowledge, however, few studies have examined the rela-
tionship between dietary diversity and mental health in
children.

The present study aimed to fill the gap mentioned
above. To do so, the prevalence of mental health problems
among preschoolers in rural China was investigated. Then,
the association between dietary diversity andmental health
in preschoolers was examined.

Method

The baseline data of a preschool nutrition pilot programme
were used, which were collected in September 2018 as part
of launched by the government of Xiangxi Prefecture, with
support from theWorld Food Program. The baseline survey
was carried out in two nationally designated poverty
counties (Longling County and Yongshun County) in
Xiangxi Prefecture, Hunan Province, in central-southern
China. Because the baseline survey was conducted before
any intervention associated with the pilot programme was
implemented, the intervention can be ignored here. The
sample included twenty-six preschools, which were ran-
domly sampled from fifteen townships across the two
project counties. Of these preschools, ten were located
in Longling County, and the remaining sixteenwere located
in Yongsun County. Within each sample preschool, all chil-
dren aged 3 or 5 yearswere included in the sample. Primary
caregivers of the children (mostly grandparents or parents)
were asked in advance to complete the questionnaire and
interview in person. A total of 1334 caregivers of pre-
schoolers were surveyed at baseline. In analysis, those pre-
schoolers with missing data for dietary intake, mental
health problems or other confounding variables were
excluded. In total, 384 caregivers were excluded from
the study and 950 (71 %) were included for further analysis.

The mental health of preschoolers was assessed with
the parent-reported Mandarin Language Strengths and
Difficulties Questionnaire (SDQ)(19). As a reliable and valid
behavioural screening questionnaire(19–21), the SDQ has
been extensively used by researchers and clinicians in their
studies worldwide, such as in Europe(22,23), the Middle
East(24), Australia(25), China(3) and USA(26). The

questionnaire contains twenty-five items to assess emo-
tions, behaviours and relationships among young chil-
dren(19). Specifically, there are five subscales within the
SDQ, namely, emotional symptoms, conduct problems,
symptoms of hyperactivity/inattention, peer relationship
problems and prosocial behaviour. Each subscale includes
five items. The score of each subscale ranges from 0 to 10,
with higher scores indicatingmore problems, except for the
prosocial behaviour subscale, for which a lower score indi-
cates more problems. Each SDQ subscale was further
divided into three categories according to the
categories described in an earlier study from China(21):
‘normal’, ‘borderline’ and ‘abnormal’. The cut-off values
to differentiate the three categories are shown in Table 1.
Children with any of the problems listed in the SDQ are cat-
egorised in either the ‘borderline’ or ‘abnormal’ group.

According to the Guidelines for Measuring Household
and Individual Dietary Diversity provided by the Food
and Agriculture Organization of the United Nations(27),
children’s dietary diversity was assessed with the dietary
diversity score (DDS) based on nine food groups.
Detailed food group classification and example food items
in each group were reported in a previous study(28).
Specifically, trained enumerators used two questionnaires
to collect detailed information on dietary intake among
children. A 24-h recall method was used in both question-
naires. One questionnaire asked primary caregivers what
their children had eaten at home as well as what food they
had eaten at restaurants or other shops over the past 24 h.
The other questionnaire asked preschool kitchenmanagers
what the children had eaten at the preschools over the past
24 h. As such, detailed information on the food consump-
tion of each child both at home and at preschool over the
past 24 h was collected, which allowed us to measure the
children’s total dietary consumption within the past 24 h.
The DDS was calculated by counting the number of food
groups that a child had consumed in the past 24 h without
consideration of a minimum quantity requirement for any
food group. Each individual food item in each food group
consumed by a child earned one point for the child’s DDS,
but different individual food items consumed in the same
group were not counted repeatedly. Therefore, the DDS
ranged from 0 to 9.

Table 1 Cut-offs of the Strengths and Difficulties Questionnaire
subscales*

Mental health problems
Normal
range

Borderline
range

Abnormal
range

Emotional symptoms 0–3 4 5–10
Conduct problems 0–2 3 4–10
Symptoms of hyperactivity/

inattention
0–6 7 8–10

Peer relationship problems 0–4 5 6–10
Prosocial behaviour

problems
10–6 5 4–0

*Adapted from Du et al.(21).
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Information on factors that might potentially confound
the relationship between DDS and mental health was also
collected in the questionnaire by trained enumerators.
In the examination of the associations, the following factors
were adjusted: children’s age, gender, left-behind status,
BMI, time spent on TV/mobile (<60 min v. >60 min),
parental education level (junior high school or below
v. senior high school or above), primary caregiver’s educa-
tion level (junior high school or below v. senior high school
or above) and household socio-economic status (SES).
Considering that measuring SES in poor settings can be
difficult and inaccurate due to income instability or report-
ing bias(29), the possession of durable goods from a list
of thirteen items was recorded to represent the SES
of each household. Household SES was divided into three
categories: lowest tertile, middle tertile and highest tertile.
Moreover, child cognitive function was measured using
two indexes from the Wechsler Preschool and Primary
Scale of Intelligence, Fourth Edition: working memory
index and verbal comprehension index. Both the working
memory index and verbal comprehension index were cat-
egorised into ‘normal’, ‘borderline’ and ‘abnormal’.

Statistical methods
Wald tests were used to test differences between male and
female preschoolers in all measured correlates. Logistic
regression models were used to estimate odds, with 95 %
CI, of the prevalence of mental health problems across
the socio-demographic subgroups (DDS, age, gender, eth-
nicity, BMI for age z-score, cognitive function, time spent
on TV/mobile, parental education level, left-behind status,
primary caregiver’s education level and household SES).
Adjusted logistic regression models were used to the esti-
mate odds, with 95 % CI, of the prevalence of mental health
problems across the sociodemographic subgroups that
were significant in the unadjusted logistic regression mod-
els. Significance levels were set at a two-tailed P-value
≤0·05 for all tests. All analyses were performed using
Stata/Se 15.1 (Stata Corporation).

Results

No statistically significant difference in DDS, SDQ score or
other confounders (preschoolers’ age, gender, cognitive
ability, parental migration status, primary caregiver’s edu-
cation or household SES) between children who were
included in the present analysis and those who were
excluded was found. Our main analytical sample included
950 preschoolers for analysis and there were slightly more
males (50·4 %) than females (49·6 %) (see Table 2). The
mean ages of the male and female participants were 4·02
(1·00) and 4·15 (0·99) years, respectively. There were no
significant gender differences found in this study for age,
BMI for age z-score, cognitive test performance, time spent

on TV/mobile, left-behind status, parental or primary care-
givers’ education and household SES. The mean DDS for
boys and girls were 5·79 (SD 1·20) and 5·81 (SD 1·27),
respectively, indicating that there was no significant differ-
ence in the intrahousehold food allocation between boys
and girls. A total of 663 (70 %) children in our sample
had at least one mental health problem. The prevalence
of mental health problems in the overall sample population
was 39 % for emotional symptoms, 12 % for peer relation-
ship problems, 23 % for symptoms of hyperactive/inatten-
tion, 27 % for conduct problems and 26 % for poor
prosocial behaviour. Our study results indicated that boys
were more likely than girls to have emotional problems,
symptoms of hyperactivity/inattention and peer relation-
ship problems and less likely to show prosocial behaviour.

In the univariable analyses (see Table 3), 5-year-olds
were less likely to have any of the problems listed in the
SDQ subscales than younger children. Female gender
was associated with a lower likelihood of conduct prob-
lems and symptoms of hyperactivity/inattention and a
higher likelihood of prosocial behaviour. In addition, those
who had poor performance on the working memory index
and verbal comprehension index had a higher possibility
for the presence of mental health problems than those
who performed well. Moreover, left-behind children were
more likely to have emotional symptoms than those
who were taken care of by both parents at home, but
they had fewer conduct problems than non-left-behind
children. The results also revealed that children whose pri-
mary caregivers had higher education levels tended to be
less likely to have emotional symptoms. Interestingly, the
results indicated that children from households in the high-
est SES tertile were more likely to have peer relationship
problems than those from households in lower SES tertiles.

The univariable analysis showed significant differences
in dietary diversity based on the presence or absence of
mental problems, except for emotional problems and con-
duct problems (see Table 3). In the unadjusted analysis,
children with medium and high DDS were less likely to
have symptoms of hyperactivity/inattention than children
with low DDS. Similarly, children with high DDS were also
less likely to have peer relationship problems and prosocial
behaviour problems than children with low DDS.

Adjusting for additional confounding variables did
not alter our findings. The association between DDS and
mental health problems was similar in the unadjusted
model and adjusted model (see Table 3). However, the
associations of mental health problems with left-behind
status were no longer statistically significant in the adjusted
model.

Discussion

The mean DDS for a sample of preschoolers in rural China
was 5·80 (SD 1·23), which is relatively low compared with
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the results from other studies among Chinese children(30,31).
The prevalence of mental health problems was 70 %
among these children, which is much higher than previous
estimates in China(32) and other countries(33,34). DDS was
significantly associated with several mental health problems,
including symptoms of hyperactivity/inattention, peer rela-
tionship problems and poor prosocial behaviour, after
adjustment for confounders.

A potential reason why the mean DDS in this study
was lower than that in previous studies is the higher cost
and limited accessibility of a diverse diet(35) given the geo-
graphical disadvantages of our sampling areas. Similarly,
given the poor access to social and educational facilities
in the sample areas, the high prevalence of mental health
problems among the sample children might be explained
by their exposure to negative environmental stress(36).
Older children had a lower risk of each SDQ subscale
problem than their younger peers, which was consistent
with the results of a study showing that younger children

had a higher prevalence of psychological and behaviou-
ral problems than older children(37). A potential reason for
the age difference might be that younger children are
not as good as older children in dealing with such
problems(37). Child cognitive ability was found to be
negatively associated with the risks of mental health
problems, which is similar to the finding that having a
cognitive delay may place children at risk of having
behaviour problems(38). Other socio-economic risk fac-
tors for mental health problems among the study popula-
tion included left-behind status, primary caregiver
education and household SES. Children who had at least
one parent who had emigrated were at high risk of having
emotional symptoms and conduct problems. The find-
ings from a similar Chinese study showed that left-behind
children had more symptoms of hyperactivity and less
prosocial behaviour(39). It is not clear why left-behind sta-
tus has an impact on different mental health problems in
these studies, but the risk of having any kind of mental

Table 2 Characteristics of the study participants by gender (n 950)*

Characteristics Category

Male (n 479) Female (n 471)

Pn % n %

Dietary diversity score Low (1–4) 75 15·66 67 14·23 0·302
Medium (5–6) 265 55·32 261 55·41
High (7–9) 139 29·02 143 30·36

Age (years) 3 236 49·27 200 42·46 0·151
5 243 50·73 271 57·54

Ethnicity Han 64 13·36 49 10·40 0·172
Non-Han 415 86·64 422 89·60

BMI for age z-score (–2,2) 451 94·15 452 95·97 0·179
≥2, or ≤–2 28 5·85 19 4·03

WMI Normal 369 77·04 376 79·83 0·540
Borderline 84 17·54 71 15·07
Abnormal 26 5·43 24 5·10

VCI Normal 331 69·10 324 68·79 0·947
Borderline 96 20·04 98 20·81
Abnormal 52 10·86 49 10·40

Time spent on TV/mobile <60min 163 34·03 169 35·88 0·763
≥60min 316 65·97 302 64·12

Parental education level Junior high school or below 364 75·99 361 76·65 0·917
Senior high school or above 115 24·01 110 23·35

Left-behind status Both parents at home 140 29·23 137 29·09 0·672
At least one parent emigrated 339 70·77 334 70·91

Primary caregiver’s education level Junior high school or below 441 92·07 422 89·60 0·168
Senior high school or above 38 7·93 49 10·40

Household SES Lowest tertile 156 32·57 153 32·48 0·700
Middle tertile 153 31·94 164 34·82
Highest tertile 170 35·49 154 32·70

Emotional problems No 286 59·71 296 62·85 0·043
Yes 193 40·29 175 37·15

Conduct problems No 337 70·35 357 70·35 0·308
Yes 142 29·65 114 24·20

Symptoms of hyperactivity/inattention No 358 74·74 373 79·19 0·037
Yes 121 25·26 98 20·81

Peer relationship problems No 413 86·22 420 89·17 0·012
Yes 66 13·78 51 10·83

Prosocial behaviour problems No 334 69·73 371 78·77 0·025
Yes 145 30·27 100 21·23

WMI, working memory index; VCI, verbal comprehension index; SES, socio-economic status.
*Sample with complete data on both diet and mental health problems. A total of 1334 caregivers of preschoolers were surveyed at baseline. Those preschoolers with missing
data for dietary intake, mental health problems or other confounding variables were excluded. In total, 384 caregivers were excluded from the study and 950 (71%) were
included for further analysis.
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Table 3 Dietary diversity and sociodemographic characteristics: association with mental health problems*

Emotional problems Conduct problems Symptoms of hyperactive/inattention Peer relationship problems Prosocial behaviour problems

Unadjusted
OR 95% CI

Adjusted
OR 95% CI

Unadjusted
OR 95% CI

Adjusted
OR 95% CI

Unadjusted
OR 95% CI

Adjusted
OR 95% CI

Unadjusted
OR 95% CI

Adjusted
OR 95% CI

Unadjusted
OR 95% CI

Adjusted
OR 95% CI

Dietary diversity score
Low Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Medium 1·40 1·01, 1·94 1·41 0·98, 2·03 0·98 0·69, 1·38 1·02 0·70, 1·50 0·58 0·36, 0·92 0·57 0·34, 0·94 0·95 0·49, 1·84 0·83 0·40, 1·72 0·66 0·44, 0·99 0·65 0·42, 1·00
High 1·14 0·80, 1·63 1·35 0·91, 2·01 0·87 0·59, 1·28 0·87 0·57, 1·32 0·48 0·27, 0·86 0·23 0·15, 0·34 0·69 0·50, 0·91 0·40 0·20, 0·82 0·32 0·16, 0·67 0·29 0·12, 0·73

Age (years)
3 Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
5 0·61 0·48, 0·77 0·58 0·45, 0·74 0·61 0·47, 0·78 0·73 0·55, 0·96 0·76 0·58, 0·99 0·77 0·59, 1·00 0·58 0·41, 0·83 0·72 0·49, 1·06 0·57 0·44, 0·74 0·70 0·52, 0·93

Gender
Male Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Female 1·00 0·81, 1·26 0·09 0·59, 0·96 0·77 0·59, 1·01 0·77 0·60, 0·99 0·78 0·60, 1·03 0·95 0·69, 1·32 0·66 0·52, 0·85 0·66 0·50, 0·86

Ethnicity
Han Ref. Ref. Ref. Ref. Ref.
Non-Han 1·33 0·92, 1·90 1·16 0·78, 1·70 0·89 0·60, 1·31 1·06 0·63, 1·79 0·80 0·55, 1·15

BMI for age z-score
(-2,2) Ref. Ref. Ref. Ref. Ref.
≥2, or ≤–2 1·11 0·65, 1·91 1·52 0·87, 2·63 0·91 0·49, 1·72 1·29 0·62, 2·68 0·79 0·42, 1·49

WMI
Normal Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Borderline 1·57 1·16, 2·11 1·38 0·95, 1·98 1·50 1·09, 2·06 1·27 0·87, 1·86 1·08 0·77, 1·52 1·74 1·16, 2·62 1·37 0·83, 2·26 1·71 1·24, 2·34 1·25 0·85, 1·83
Abnormal 1·55 0·93, 2·59 1·54 0·84, 2·80 1·64 0·96, 2·79 1·47 0·81, 2·65 1·24 0·70, 2·18 2·32 1·24, 4·33 2·13 1·05, 4·33 1·79 1·05, 3·05 1·24 0·68, 2·25

VCI
Normal Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Borderline 1·23 0·93, 1·62 1·37 1·01, 1·85 1·23 0·88, 1·73 0·98 0·71, 1·35 1·66 1·13, 2·43 1·74 1·13, 2·69 1·40 1·03, 1·90 1·22 0·87, 1·72
Abnormal 1·20 0·83, 1·74 1·59 1·08, 2·33 1·14 0·72, 1·82 1·00 0·65, 1·52 1·35 0·79, 2·28 0·97 0·51, 1·83 2·05 1·40, 3·00 1·67 1·06, 2·63

Time spent on
TV/mobile
<60min Ref. Ref. Ref. Ref. Ref.
≥60min 0·94 0·75, 1·18 1·12 0·87, 1·44 0·92 0·71, 1·19 1·38 0·97, 1·96 1·09 0·84, 1·41

Parental education level
Junior high

school or
below

Ref. Ref. Ref. Ref. Ref.

Senior high
school or
above

0·90 0·68, 1·20 0·79 0·58, 1·08 0·97 0·70, 1·34 1·15 0·77, 1·71 0·84 0·61, 1·16

Left-behind status
Both parents at

home
Ref. Ref. Ref. Ref. Ref. Ref. Ref.

At least one
parent
emigrated

1·32 1·03, 1·69 1·29 0·97, 1·71 0·70 0·54, 0·91 0·78 0·59, 1·04 0·90 0·69, 1·19 1·06 0·75, 1·52 1·18 0·90, 1·54

Primary caregiver’s
education
Junior high

school or
below

Ref. Ref. Ref. Ref. Ref. Ref.

Senior high
school
or above

0·54 0·35, 0·84 0·53 0·32, 0·88 1·10 0·72, 1·68 1·17 0·75, 1·83 1·08 0·61, 1·91 0·87 0·55, 1·37

Household SES
Lowest tertile Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Middle tertile 0·86 0·66, 1·13 0·88 0·65, 1·18 1·19 0·89, 1·59 1·02 0·75, 1·38 1·11 0·73, 1·69 1·37 0·85, 2·22 0·90 0·67, 1·21
Highest tertile 0·64 0·49, 0·84 0·68 0·50, 0·92 0·81 0·60, 1·09 0·96 0·71, 1·31 1·64 1·11, 2·23 2·03 1·29, 3·21 1·00 0·74, 1·34

WMI, working memory index; VCI, verbal comprehension index; SES, socio-economic status.
Bold values represent they are statistically significant.
*Adjusted means for sociodemographic variables that were significant in the unadjusted logistic regression models.
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health problem may vary for children exposed to distinct
environmental stressors.

The presence of mental health problems was higher
among boys than girls, which is consistent with a study
in Sichuan, China(32), and studies among children at similar
ages but from other cultures(35,36). Male preschoolers were
shown to be more vulnerable to emotional symptoms,
symptoms of hyperactivity/inattention, peer relationship
problems and poor prosocial behaviour, which is partially
consistent with studies showing that boys have a higher risk
of having conduct problems and symptoms of hyperactiv-
ity/inattention(35,36). However, the results from a previous
study showed no indications of gender differences at pre-
school age(40), which contradicted our findings.

Recent studies have mainly focused on the relationship
between dietary patterns or quality andmental health prob-
lems(22,23). For example, a British study linked an unhealthy
dietary pattern (e.g. junk food consumption) with hyperac-
tivity among children(22). Another Germany study indicated
that higher diet quality was related to fewer emotional
symptoms and symptoms of hyperactivity/inattention(23).
These findings all provide evidence that dietary diversity,
as a key element of a healthy diet and a proxy of diet qual-
ity, has an independent impact onmental health. Regarding
the association between DDS and mental health problems,
there aremany potential biological mechanisms bywhich a
varied diet promotes mental health in children(41). First,
dietary diversity may reflect diet quality and nutritional
adequacy among children(42), which have been linked with
mental health issues. For example, the intake of multiple
nutrients, such as Zn, folate and Mg, is related to fewer
depressive disorders(43). Second, a poor diet may nega-
tively impact human biological functioning, including oxi-
dative processes, immune response and levels of salient
brain proteins, all of which might elicit mental health
problems(42).

This study makes a notable contribution. To the best of
our knowledge, this study is the first to examine the rela-
tionship between dietary diversity and child mental health.
Existing studies have paid much attention to the role of diet
quality or a healthy diet in promoting mental health, while
few studies have focused on the role of dietary diversity.
This study provided evidence that a varied diet is related
to a lower likelihood of symptoms of hyperactivity/inatten-
tion, peer relationship problems and prosocial behaviour
problems among young children and thus is very likely
to be taken into account for designing interventions.

However, our study has several limitations. First, the
causal relationship between the DDS and mental health
could not be determined because of the cross-sectional
design. Since children with behavioural problems tend to
consume less varied diets, especially diets with fewer serv-
ings of fruits and vegetables(25), the possibility of reverse
causality cannot be excluded. Second, information about
some potential confounders, such as child physical activity,
total energy intake, household food security and family

financial stress, was not obtained due to data unavailability
or difficulty for measurement. Therefore, the relationship
between DDS and mental health problems in the present
study might have been driven by these confounding
effects.

Conclusion

The prevalence of mental health problems was relatively
high in this study. More attention should be paid to rural,
poor areas where children are more likely to have mental
illness. Improving child dietary diversitymight be an impor-
tant strategy to consider in the design of interventions
to improve child mental health in poor rural areas. The pos-
sible causal effect of dietary diversity on childmental health
and the mechanism involved should be examined in future
prospective studies.
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