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Background: Emotional and behavioral problems are common in children with
autism spectrum disorder (ASD). It's still unclear whether children with ASD
have abnormal sugar-sweetened beverages (SSBs) and milk intake and whether
this abnormality will affect their emotions and behavior remains unclear. The
current study aims to investigate the association of SSBs and milk intake
with emotional and behavioral problems in children with autism spectrum
disorder (ASD).

Methods: 107 children with ASD and 207 typical developing (TD) children
aged 6-12 years old were recruited for the study. The frequency of SSBs and
milk intake was assessed by a self-designed questionnaire. Emotional and
behavioral problems were assessed by Strength and Difficulties Questionnaire
(SDQ). Then, the linear regression model was produced to evaluate the
association of SSBs and milk intake with emotional and behavioral problems.

Results: In the current study, there was no difference in frequency of SSBs
intake between children with ASD and TD children (p > 0.05), and children with
ASD consumed less milk compared to TD children (p < 0.05). After adjusting
sex, age, maternal and paternal education, and monthly family income, we
found a significant difference in each subscale score of SDQ in the two groups
(p < 0.05). In children with ASD, higher frequent SSBs intake was positively
associated with the scores of the emotional problem (p for trend < 0.05), and
lower frequent milk intake was inversely associated with the scores of prosocial
behavior (p for trend < 0.05). No interactive effects were found on SSBs and
milk intake with emotional and behavioral problems (p for trend > 0.05).

Conclusion: In children with ASD, frequency of SSBs and milk intake was
associated with the emotional problem and prosocial behavior, respectively.
Children with ASD should increase the frequency of milk intake and decrease
the frequency of SSBs intake.

sugar sweetened beverages, milk, autism spectrum disorder, emotional and behavioral
problems, children

01 frontiersin.org


https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://www.frontiersin.org/journals/nutrition#editorial-board
https://doi.org/10.3389/fnut.2022.927212
http://crossmark.crossref.org/dialog/?doi=10.3389/fnut.2022.927212&domain=pdf&date_stamp=2022-08-04
mailto:lixh@mail.sysu.edu.cn
mailto:jingjin@mail.sysu.edu.cn
https://doi.org/10.3389/fnut.2022.927212
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fnut.2022.927212/full
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tan et al.

Introduction

(ASD) is a
characterized by

Autism  spectrum  disorder serious

neurodevelopmental  disorder social
communication deficits and repetitive behaviors (1). Children
with ASD are more likely to develop substantial comorbidities,
including emotional (e.g., depression and anxiety mood) and
behavioral (e.g., hyperactivity and opposed behavior) problems
(2). Literature showed that 72~86% of children with ASD had
at least one emotional or behavioral problem (3). Emotional
and behavioral problems may discourage the development of
social communication and interaction in children with ASD.
Moreover, it also leads to isolation, interferes with educational
and therapeutic intervention, and limits participation in
social and community activities (4). Therefore, emotional and
behavioral problems are non-negligible problems in children
with ASD.

Interestingly, some studies showed that there was a
relationship between SSBs intake with emotional and behavioral
problems in typically developing (TD)children (5), such
as depression (6), and hyperactivity/inattention (7). Sugar-
sweetened beverages (SSBs) refer to beverages with added
artificial sugar or sugar content of more than 5% added in the
process, such as tea drinks, carbonated drinks, sweetened milk
tea, coffees, sweetened fruit juices, and sports drinks (8). It
has been well documented that SSBs intake has harmful effects
on children health, such as obesity, dental caries, high blood
pressure, metabolic syndromes, diabetes and cardiovascular
diseases (9), and emotional and behavioral problems (5). Some
studies have shown that compared to TD children, children
with ASD tend to intake more SSBs and sugars due to refuse
bitter taste during the period of preschool and primary school
(10, 11). Unfortunately, children with ASD were vulnerable to
diet (12), so we speculated that higher frequent SSBs intake was
positively associated with emotional and behavioral problems in
the children with ASD.

In addition, literature studies have indicated that SSBs intake
was associated with milk intake (13), but the association was
inconsistent. Some studies showed that increased SSBs intake
was associated with reduced milk intake in TD children aged
3-13 years (14-16), while another study showed that SSBs
intake was positively associated with milk intake among low
family income preschool-age children (17). Milk is considered
beneficial for child growth and development as it is an excellent
source of essential nutrients (18). Previous studies showed that
milk intake might reduce the risk of chronic diseases such as
overweight and obesity (19), metabolic syndrome (20), high-
blood pressure (21), as well as improve bone health (22) and
sleep satisfaction (23). A few studies showed that compared
to TD children, children with ASD aged 4-10 years have less
frequent milk intake (24, 25). Two studies indicated that meeting
recommendations for milk and alternative in childhood was
associated with fewer health care encounters for mental illnesses,
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such as depressive episodes, mood disorder, general anxiety
disorder, attention-deficit/hyperactivity disorder (ADHD), and
so on (26, 27). Therefore, it's reasonable to speculate that milk
intake was negatively associated with emotional and behavioral
problems, and there were interactive effects between SSBs and
milk intake on emotional and behavioral problems in children
with ASD.

In summary, the present study aimed to explore: (1)
compared TD children, whether children with ASD had a
different frequency of SSBs and milk intake; (2) whether there
was an association between SSBs and milk intake with emotional
and behavioral problems in children with ASD; (3) whether
there were interactive effects between SSBs and milk intake on
emotional and behavioral problems in children with ASD.

Materials and methods

Study population and procedure

The data in the current study were from the baseline
data of an ongoing study “the Guangzhou Longitudinal Study
of Children with ASD”, which examined the developmental
trajectories of 6- to 12-year-olds children with ASD in
Guangzhou, China. In this study, the children with and
without ASD were diagnosed by the Childhood Autism Rating
Scale (CARS), and two professional child psychiatrists further
confirmed their diagnosis using the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Revision (DSM-5) criteria.
The additional inclusion criteria for both groups were as follows:
(1) chronological age was from 6 years 0 months to 12 years
11 months; (2) children’s parents voluntarily participated in the
study; (3) all participants reported without dyslexia, seizures,
head trauma, cerebral palsy, or other movement disorders; (4) all
participants reported without known genetic or chromosomal
abnormalities or severe visual or hearing impairment. All
children came from different families. Finally, a total of 107
children with ASD (90 boys and 17 girls) and 207 TD children
(113 boys and 94 girls) were enrolled in this study (the flow chart
of subject screening is shown in Supplementary Figure S1).

Sugar-sweetened beverages and milk
intake

The question about SSBs and milk frequency was designed
according to a parent-reported Food Frequency Questionnaire
(FFQ). The average Intraclass Correlation Coefficient (ICC)
for test-rest reliability of the questionnaire was 0.398 (28).
The questions included: “In the past 7 days, how many times
did your child drink SSBs/milk?” if they answered more than
one time, they were further asked about cups of SSBs/milk
each time consumed from the question “How many cups of
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SSBs/milk did your child drink per time on average? (One cup
is equal to 250 mL)”. All of these questions were responded
to by parents of children. Total weekly SSBs/milk intake was
calculated as (weekly times of SSBs or milk intake) x (cups of
SSBs or milk intake each time). Finally, the frequency of SSBs
intake was categorized as: “0 times/week”, “1-2 times/week”,
“> 2 times/week”, and the frequency of milk intake was
also categorized as, “0-3 times/week”, “4-7 times/week”, “>7
times/week”.

Strengths and difficulties questionnaire

The Difficulties
Questionnaire (SDQ) was used to assess children’s emotional

parent-reported  Strengths  and
and behavioral problems (29). The parent-reported SDQ is
widely used to screen multidimensional mental health for
children aged 3-16 years. The SDQ consists of 25 items and
is divided into five sub-scales, including emotional symptoms,
conduct problems, hyperactivity/inattention, peer relationship
problems, and prosocial behavior. Based on the child’s
performance in the last 6 months, each item was answered
on a three-point response scale (0= not true,l= somewhat
true, 2= certainly true). The higher scores for difficult parts
mean having serious emotional and behavioral problems,
except for the prosocial behavior subscale, where lower scores
indicated greater difficulties. Previous studies demonstrated
that the internal consistency of the sub-scales of SDQ was good
(Cronbach’s o, 0.50-0.74) (30).

Covariates

The covariates were collected in the current study, including
individual factors and family factors (31). Individual factors
included sex (boys and girls), age (years), physical activity
(intensity of exercise: high, moderate, low), full scale intelligence
quotient (FSIQ) (score), screen times (< 2h/day, > 2h/day),
body mass index (BMI) (underweight, normal, overweight);
family factors included maternal education (high school or
below, university or above), paternal education (high school
or below, university or above) and monthly family income
(<8,000 RMB/month, >8,000 RMB/month), which indicated
the family socioeconomic status. Owing to the “females protect
effect”, where females would require the greater etiologic load
to manifest the same degree of affectedness as males (32),
females had lower autism prevalence than males (33). Thus, we
controlled the sex as covariates in the following analysis. All of
the demographic information was collected from the children’s
parents. The FSIQ of the participants was measured by the
Chinese version of the Wechsler IV Intelligence Test (34).

Physical activity was assessed by the International
Physical Activity Questionnaire (IPAQ) short format (35).
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All participants were asked to report the days and times
in which they performed physical activity during the last 7
days at three intensities: high, moderate, and low. Examples
of high activities like heavy lifting, digging, aerobics, or
fast bicycling, moderate activities included carrying light
loads, bicycling at a regular pace or doubles tennis, and
low activities included walking. Metabolic Equivalent
of Tasks (METs) is a standard unit of measurement for
expressing the intensity of physical activity. The total weekly
physical activity was calculated as a continuous variable
by weighting the time performing each activity intensity
with its metabolic equivalent (MET). Based on the total
METs, the participants were classified into low (0 < METs <
600), moderate (600 < METs < 3000), and high (METS >
3,000) groups.

The BMI was estimated by dividing weight (kg) by height?
(m?), and the measurements of weight and height were
taken by trained staff according to the standard procedure
of anthropometric procedures and data collection developed
by the World Health Organization (WHO). We adopted
the age- and gender-specific BMI cutoff points for Chinese
school-age children and adolescents released by the National
Health and Family Planning Commission in 2018, underweight
and overweight were defined as <5th percentile and >85th
percentile, then classified BMI into underweight, normal, and
overweight (36).

Statistical analysis

R core team version 4.0. was used for the statistical analysis.
Data were presented as mean + standard deviation (SD) for
continuous variables and percentage for categorical variables.
Next, in order to assess the differences between the children
with ASD and TD children, the two-sided ¢ test and chi-square
tests were used for consecutive data and categorical variables,
respectively (37). Then, we adopted a linear regression model to
construct three models to analyze the association of SSBs, milk
intake, and their interactive effect on SDQ sub-scales. Owing
to the interactive effects of SSBs intake within the group, milk
intake in the group was significant, we further analyzed the
association of SSBs intake and SDQ sub-scales, milk intake, and
SDQ sub-scales in the group of children with ASD and TD
children respectively. The 0 time/week and 0-3 times/week were,
respectively, treated as a reference for SSBs and milk intake,
and model estimates were presented by estimates () and 95%
confidence interval (CI). We performed trend tests by entering
the median value of SSBs/milk intake as continuous variables
in the models. The adjusted model included demographic
factors, such as sex, age, physical activity, FSIQ, screen times,
BMI, family income, and maternal and paternal education.
All criteria for statistical significance were set at a two-tailed
p < 0.05.

frontiersin.org


https://doi.org/10.3389/fnut.2022.927212
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Tan et al.

TABLE 1 Demographic characteristics of the study participants.
ASD TD Total  p-value

(N=107) (N=1207) (N=314)

Age,y 7.72+130 7.77+£132 7.75+1.31 0.791

Sex, % <0.001

Boys 90 (84.11) 113 (54.59) 203 (64.65)

Girls 17 (15.89) 94 (45.41) 111 (35.35)

Maternal education, % 0.003

High school or below 44 (41.12) 51 (24.64) 95 (30.25)

University or above 63(58.88) 156 (75.36) 219 (69.75)

Paternal education?, % 0.054

High school or below 40 (37.38) 73 (35.44) 113 (36.10)

University or above 67 (62.62) 133 (64.56) 200 (63.90)

Monthly family income, % <0.001

<RMB 8000 61 (57.01) 52(25.12) 113 (35.99)

>RMB 8000 46 (42.99)  155(74.88) 201 (64.01)

FSIQP 92.01 & 112.88 + 10651+ <0.001

18.76 12.77 17.67

BMI®, % 0.059

Underweight 10 (9.35) 26 (12.75) 36 (11.58)

Normal 68 (63.55) 146 (71.57) 214 (68.81)

Overweight 13 (12.15) 19 (9.31) 32(10.29)

Obesity 16 (14.95) 13 (6.37) 29 (9.32)

Screen time, % <0.001

<2 h/day 57(53.27) 181(87.44) 238 (75.80)

>2 h/day 50 (46.73) 26 (12.56) 76 (24.20)

Physical activity, % 0.003

High 38(35.51) 109 (52.66) 147 (46.82)

Low 23(21.50) 21(10.14) 44 (14.01)

Moderate 46 (42.99) 77 (37.20) 123 (39.17)

21 TD children with missing data on the paternal education.

516 children with ASD failed to complete the Wechsler IV intelligence test due to their
low cognitive ability.

€3 TD children with missing data on the BMI (body mass index).

ASD, Autism Spectrum Disorder; TD, Typical Developing; FSIQ, Full Scale Intelligence
Quotient; BMI, Body Mass Index.

Result

The demographic characteristics of all
participants

Table 1 the
of the participants. From a total of 314 participants, 107
were diagnosed with ASD (90 boys, 84.11%) and 207
were normal controls (113 boys, 54.59%). Compared to
children with TD, children with ASD were more likely
to be boys, a mother with lower education degrees, a

summarized demographic characteristics

family with lower monthly incomes, lower FSIQ, longer
screen time,
p < 0.05).

and lower frequent physical activity (all
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TABLE 2 The comparison of SSBs and milk intake and SDQ scores
between ASD and TD.

ASD TD Total  p-value
(N=107) (N=207) (N=314)

SSBs intake, % 0.274
0 time/week 36 (33.64)  83(40.10) 119 (37.90)

1-2 times/week 51 (47.66) 98 (47.34) 149 (47.45)

>2 times/week 20 (18.69) 26 (12.56) 46 (14.65)

Milk intake, % 0.033
0-3 time/week 32(29.91)  37(17.87) 69 (21.97)

4-7 times/week 54 (50.47) 112(54.11) 166 (52.87)

>7 times/week 21(19.63) 58(28.02) 79 (25.16)
Emotional symptom?® 2.78 (1.80) 2.39(2.01) 2.52(1.95) 0.007
Conduct problem® 2.59(1.99) 2.06(1.41) 2.24(1.65) 0.037
Hyperactivity/Inattention® 6.64 (2.29) 4.49 (2.59) 5.22(2.69) <0.001
Peer relationship problem? 5.21(1.91) 1.82(1.45) 2.98(2.28)  <0.001
Prosocial behavior® 4.57(2.26) 6.68 (2.11)  5.96 (2.38) <0.001

2The comparison of SDQ scores was adjusted for the following covariates: sex, age,
maternal education, paternal education, monthly family income.

SSBs, Sugar-sweetened Beverages; ASD, Autism Spectrum Disorder; TD, Typical
Developing; SDQ, Strength and Difficulty Questionnaire.

SSBs, milk intake and emotional and
behavioral problems (Strength and
Difficulties Questionnaire Scores)

As shown in Table2 (Supplementary Figure S2),
approximately half of the children in both the ASD and
TD children consumed at least one time of SSBs each week
(66.35 and 59.9%, respectively), there was no significant
difference between the two groups in SSBs intake. However,
compared to TD children, children with ASD consumed less
times of milk (p < 0.05). In children with ASD, the scores of
the other subscales of SDQ except for prosocial behavior were
higher than TD children (p<0.05). The distribution of SSBs,
milk intake, and SDQ sub-scales scores in children with ASD
and TD children were shown in Supplementary Figures S2, S3.

Association of SSBs, milk intake, and their
interactive effects on emotional and
behavioral problems among all
participants

As shown in Table 3, higher frequent milk intake was
positively associated with prosocial behavior (p for trend <0.05)
among all participants. The interactive effects of SSBs intake
and group in emotional symptom (8 = —1.58, 95%CI: —2.93,
—0.23, p = 0.022) and conduct problem (8 = —1.21, 95%
CL. —2.35, —0.07, p = 0.038) among all participants was
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TABLE 3 Adjusted model of association of SSBs, milk intake and their interactive effects on emotional and behavioral problems among all

participants.

Adjust model Emotional Conduct Hyperactivity/ Peer relationship Prosocial
symptom problem Inattention problem behavior
B (95%CI) B (95%CI) B (95%CI) B (95%CI) B (95%CI)
SSBs

SSBs intake (N = 314) 2
1-2 times/week

>2 times/week

p for trend

Group (N= 314)°

p value

SSBs*Group (N = 314)°¢
1-2 times/week*Group times/
week*Group

p-value

>2 times/week*Group
p-value

Milk

Milk intake (N = 314)¢
4-7 times/week

>7 times/week

p for trend

Group (N= 314)°
p-value

Milk*Group (N = 314)°®
4-7 times/week*Group times/
week*Group

p-value

>7 times/week*Group
p-value

SSBs*Milk

SSBs*Milk (N = 314)
p-value

Group (N = 314)°
p-value
SSBs*Milk*Group (N = 314)f

p-value

—0.14 (—0.97, 0.69)
1.04 (—0.04, 2.12)
0.857
—0.42 (—1.26,0.43)
0.332

—0.15 (—1.15, 0.85)

0.769
—1.58 (—2.93, —0.23)
0.022

—0.16 (—1.01, 0.70)
—1.02 (—2.10, 0.06)
0.514
—0.71 (—1.75, 0.34)
0.185

—0.46 (—1.59, 0.66)

0.418
1.00 (—0.36, 2.37)
0.149

—0.01 (—0.08, 0.06)
0.762
—0.35(—1.48,0.77)
0.538
0.09 (—0.00, 0.18)
0.061

0.69 (—0.01, 1.38)
0.89 (—0.02, 1.80)
0.830
—0.27 (—=0.99, 0.44)
0.450

—0.39 (—1.23, 0.45)

0.365
—1.21 (—2.35, —0.07)
0.038

0.70 (—0.02, 1.43)
0.31 (—0.62, 1.23)
0.954
—0.12 (—1.01,0.77)
0.794

—0.81 (—1.76,0.15)

0.099
—0.48 (—1.64, 0.68)
0.418

0.01 (—0.05, 0.07)
0.780
—0.14 (—1.10, 0.82)
0.776
0.03 (—0.05,0.11)
0.447

0.11 (—0.96, 1.18)
0.02 (—1.38,1.42)
0.727
—1.90 (—2.99, —0.80)
0.001

0.33 (—0.96, 1.63)

0.616
0.49 (—1.26,2.24)
0.583

—0.10 (—1.21, 1.00)
0.06 (—1.34, 1.47)
0.513
—1.03 (—2.39,0.32)
0.136

—0.65 (—2.10, 0.81)

0.385
—0.80 (—2.57, 0.96)
0.373

0.03 (—0.06, 0.13)
0.459
—1.31(—2.76,0.14)
0.076
0.02 (—0.10, 0.14)
0.740

—0.25 (—0.96, 0.45)
0.10 (—0.82, 1.03)
0.436
—3.33 (—4.05, —2.60)
<0.001

0.36 (—0.50, 1.22)

0.410
—0.24 (—1.39,0.92)
0.688

—0.02 (—0.75,0.71)
—0.70 (—1.62,0.23)
0.358
—3.30 (—4.19, —2.41)
<0.001

—0.10 (—1.06, 0.86)

0.844
0.65 (—0.52,1.81)
0.275

—0.01 (—0.07, 0.05)
0.803
—3.11 (—4.06, —2.15)
<0.001
0.07 (—0.01, 0.14)
0.095

0.56 (—0.38, 1.49)
—0.35 (—1.57, 0.86)
0.960
2.27(1.32,3.22)
<0.001

—0.92 (—2.05,0.21)

0.110
0.39 (—1.14, 1.91)
0.621

0.20 (—0.75, 1.15)
1.68 (0.47, 2.89)
0.022
2.73 (1.57, 3.90)
<0.001

—0.77 (—2.03, 0.48)

0.227
—1.69 (—3.21, —0.17)
0.029

0.01 (—0.06, 0.09)
0.716
2.19(0.93, 3.44)
0.001
—0.07 (—0.18, 0.03)
0.164

B value (95% Confidence Interval) from linear regression represented the correlation between variables and emotional and behavioral problems. Adjusted model was adjusted for sex, age,
physical activity, FSIQ, screen time, BMI, maternal education, paternal education, monthly family income.
20 time/week of SSBs intake is the reference group.

b ASD group is the reference group.

€0 time/week Group is the reference group.

40-3 times/week of milk intake is the reference group.

€0-3 times/week’ Group is the reference group.

fSSBs milk” Group is the reference group.

SSBs, Sugar-sweetened Beverages; FSIQ, Full Scale Intelligence Quotient; BMI, Body Mass Index; ASD, Autism Spectrum Disorder.
The bold values indicate statistically significant association between variables and emotional and behavioral problems.

significant, and the interactive effects of milk and group in

prosocial behavior (8

-1.69, 95% CI: —3.21, —0.17, p

= 0.029) among all participants was significant. Thus, we

further analyzed the association of SSBs, and milk intake with
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emotional and behavioral problems in the group of children
with ASD and TD children respectively. Besides, the crude
model showed the same results as the adjust model (See

Supplementary Table S1).
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TABLE 4 Association of SSBs, milk intake and their interactive effects on emotional and behavioral problems in children with ASD.

Conduct
problem
B (95%CI)

Emotional
symptom
B (95%CI)

SSBs intake
Crude model (N = 107)?
1-2 times/week

—0.18 (—0.94, 0.57) 0.72 (—0.12, 1.56)

>2 times/week 0.91 (—0.06, 1.88) 0.87 (—0.21, 1.94)

p for trend 0.045 0.260
Adjusted model (N = 107)2

—0.08 (—0.85, 0.70)
0.98 (—0.05, 2.00)

0.048

0.58 (—0.29, 1.45)
0.92 (—0.23, 2.08)
0.146

1-2 times/week

>2 times/week

p for trend

Milk intake

Crude model (N = 107)°
4-7 times/week —0.31 (—0.94, 0.57)
—0.99 (—1.98, 0.00)

0.054

0.78 (—0.09, 1.65)
0.30 (—0.79, 1.39)
0.687

>7 times/week

p for trend

Adjusted model (N = 107)°
4-7 times/week

—0.22 (—1.14, 0.70) 0.21 (—0.99, 1.41)

>7 times/week —0.89 (—1.31, 1.55) 0.12 (—1.99,0.21)

p for trend 0.071 0.616
Interaction

Crude model (N = 107)

SSBs*Milk —0.00(—0.03,0.03) 0.02(—0.02,0.05)
p value 0.936 0.372
Adjusted model (N = 107)

SSBs*Milk —0.00 (—0.04,0.03) 0.02 (—0.02,0.05)
p-value 0.834 0.433

Hyperactivity/ Peer relationship Prosocial
behavior

B (95%CI)

Inattention
B (95%CI)

problem
B (95%CI)

0.10 (—0.88, 1.08) —0.21 (—1.03, 0.61) 0.58 (—0.38, 1.54)

0.32 (—0.94, 1.58) 0.35 (—0.70, 1.40) —0.36 (—1.59, 0.87)

0.614 0.692 0.824
0.08 (—0.99, 1.15)
0.05 (—1.36, 1.47)

0.957

—0.15 (—1.04, 0.73)
0.06 (—1.11, 1.23)
0.876

0.47 (—0.56, 1.50)
—0.66 (—2.02, 0.70)
0.259

0.01 (—1.00, 1.03) —0.09 (—0.93, 0.75)

—0.80 (—1.85,0.25)

0.18 (—0.78, 1.15)

—0.25 (—1.53,1.03) 1.60 (0.38, 2.82)

0.704 0.126 0.009

0.56 (—0.49, 1.60) 0.16 (—0.83, 1.16) 0.38 (—0.73, 1.50)

0.12 (0.43, 3.10) —0.60 (—1.79, 0.59) 1.76 (—1.13, 1.37)

0.969 0.213 0.006

—0.00(—0.04,0.04)
0.967

—0.01(—0.04,0.03)
0.698

0.01 (—0.04,0.05)
0.775

—0.01(—0.06,0.03)
0.638

—0.02 (—0.06,0.02) 0.01 (—0.04,0.05)

0.368 0.721

p value (95% Confidence Interval) from linear regression represented the correlation between variables and emotional and behavioral problems. Adjusted model was adjusted for sex, age,
physical activity, FSIQ, screen time, BMI, maternal education, paternal education, monthly family income.

20 time/week of SSBs intake was the reference group.
b0-3 times/week of milk intake was the reference group.

SSBs, Sugar-sweetened Beverages; ASD, Autism Spectrum Disorder; FSIQ, Full Scale Intelligence Quotient; BMI, Body Mass Index.

The bold values indicate statistically significant association between variables and emotional and behavioral problems.

Association of SSBs, milk intake and their
interactive effects on emotional and
behavioral problems in children with ASD

The relationship between SSBs, milk intake, and their
interactive effects on emotional and behavioral problems
in children with ASD was presented in Table 4. More
frequent of SSBs intake was significantly associated with
emotional symptoms in children with ASD, and there were
significant dose-response relationships between SSBs intake
and emotional symptoms (all p for trend <0.05). The
crude model estimates (95% CI) for emotional symptom
across the SSBs categories were —0.18 (—0.94, 0.57) for
1-2 times of SSBs per week, 0.91 (—0.06, 1.88) for >2
times per week. After adjusting covariates, the dose-response
relationships between SSBs intake and emotional symptoms
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still remained, the estimates (95% CI) for emotional symptoms
across the SSBs categories were —0.08 (—0.85, 0.70) for 1-
2 times of SSBs per week, 0.98 (—0.05, 2.00) for >2 times
per week.

Less frequent milk intake was positively associated with
prosocial behavior. In children with ASD, there were significant
dose-response relationships between milk intake and prosocial
behavior (all p for trend <0.05). The crude model estimates
(95%CI) for prosocial behavior across the milk categories were
0.18 (-0.78, 1.15) for 4-7 times of milk intake per week, 1.60
(0.38,2.82) for >7 times per week. After adjusting covariates, the
dose-response relationships between milk intake and prosocial
behavior still remained, the estimates (95% CI) for prosocial
behavior across the milk categories were 0.38 (—0.73, 1.50) for 4-
7 times of milk intake per week, 1.76 (—1.13, 1.37) for >7 times
per week.
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TABLE 5 Association of SSBs, milk intake and their interactive effects on emotional and behavioral problems in TD children.

Emotional
symptom
B (95%CI)

Conduct
problem
B (95%CI)

Hyperactivity/

Inattention
B (95%CI)

Peer relationship

problem
B (95%CI)

Prosocial
behavior
B (95%CI)

SSBs intake

Crude model (N = 207)2
1-2 times/week

>2 times/week

p for trend

Adjusted model (N = 203)2
1-2 times/week

>2 times/week

p for trend

Milk intake

Crude model (N = 207)°
4-7 times/week

>7 times/week

p for trend

Adjusted model (N = 203)P
4-7 times/week

>7 times/week

p for trend

Interaction

Crude model (N = 107)
SSBs*Milk

p-value

Adjusted model (N = 107)
SSBs*Milk

—0.29 (—0.88, 0.29)
—0.47 (—1.36, 0.41)
0.288

—0.32(—0.92,0.29)
—0.60 (—1.55, 0.35)
0.218

—0.83 (—1.58, —0.08)
—0.34 (—1.17, 0.50)
0.927

—0.70 (—1.48, 0.08)

—0.04 (—0.91, 0.84)
0.435

0.00 (—0.03, 0.02)
0.730

0.00 (—0.03, 0.02)

0.32 (—0.09, 0.73)
—0.34 (—0.95, 0.28)
0.308

0.30 (—0.12, 0.72)
—0.42 (—1.09, 0.23)
0.217

0.78 (—0.09, 1.65)
0.30 (—0.79, 1.39)
0.953

—0.13 (—0.69, 0.43)
—0.19 (—0.82, 0.43)
0.583

0.00 (—0.01, 0.02)

0.964

0.00 (—0.02, 0.01)
0.798

p-value 0.717

0.57 (—0.19, 1.33)
0.62 (—0.51, 1.76)
0.616

0.43 (—0.33,1.18)
0.33 (—0.86, 1.52)
0.580

—0.07 (—0.61, 0.47)
—0.05 (—0.64, 0.55)

0.450

—0.78 (—1.76,0.21)
—0.78 (—1.89,0.32)

0.320

0.02 (—0.01, 0.04)

0.264

0.01 (—0.02, 0.04)
0.604

0.12 (—0.31, 0.55)
0.14 (—0.50, 0.78)
0.669

0.05 (—0.39, 0.49)
—0.20 (—0.89, 0.49)
0.569

—0.10 (—0.65, 0.46)
—0.04 (—0.65, 0.57)
0.993

—0.12 (—0.69, 0.45)
—0.02 (—0.66, 0.62)
0.909

0.01 (—0.00, 0.03)

0.162

0.00 (—0.01, 0.02)
0.623

0.30 (—0.92, 0.32)
0.08 (—0.86, 1.01)
0.877

—0.31 (—0.96, 0.33)
0.11 (—0.90, 1.13)
0.835

—0.74 (—1.54,0.06)
—0.21 (—1.09,0.67)
0.738

—0.64 (—1.47,0.20)
0.00 (—0.94, 0.93)
0.454

—0.01 (—0.03, 0.01)

0.321

—0.01 (—0.04, 0.01)
0.349

p value (95% Confidence Interval) from general linear models represented the correlation between variables and emotional and behavioral problems. Adjusted model was adjusted for sex,

age, physical activity, FSIQ, screen time, BMI, maternal education, paternal education, monthly family income.

SSBs, Sugar-sweetened Beverages; TD, Typical Developing; FSIQ, Full Scale Intelligence Quotient; BMI, Body Mass Index.

20 time/week of SSBs intake was the reference group.
b0-3 times/week of milk intake was the reference group.

We further assessed the interactive effects of SSBs and milk
intake on emotional and behavioral problems in children with
ASD. However, no significant interactive effects of SSBs and milk
intake on emotional and behavioral problems were observed.

Association of SSBs, milk intake, and their
interactive effects on emotional and
behavioral problems in TD children

Table 5 provided detailed information about the association
of SSBs, milk intake, and their interactive effects on emotional
and behavioral problems in TD children. The results showed
no significant differences both in SSBs and milk intake with
emotional and behavioral problems. At the same time, there
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were no interaction effects of SSBs and milk intake on emotional
and behavioral problems in TD children.

Discussion

We found that compared to TD children, children with ASD
had a higher frequency of milk intake, more serious emotional
symptoms, conduct problems, hyperactivity/inattention, peer
relationship problems, and less prosocial behavior. Among
all participants, the interactive effects of SSBs intake with
the group, and milk intake with the group were significant.
Thus, we further analyzed the association of SSBs, and
milk intake with emotional and behavioral problems in
the two groups respectively. In children with ASD, higher
frequent SSBs intake was associated with more serious
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emotional symptoms, and higher frequent milk intake was
associated with better prosocial behavior, while there were
no significant interactive effects of SSBs and milk intake on
emotional and behavioral problems in children with ASD
and TD. It was the first study to explore the relationships
between SSBs and milk intake with emotional and behavioral
problems in children with ASD, which could provide an
important basis for clinical nutritional intervention for children
with ASD.

In the current study, there was no significant difference
in the frequency of SSBs intake between children with ASD
and TD children. Inconsistent with our study, some studies
showed that compared to TD children, children with ASD
tended to intake more SSBs and sugars (10, 11, 38). A study
with a large sample among Chinese children aged 6-17 years
showed that only 24.50% of the children consumed SSBs
<1 time /week, and 25.90% consumed SSBs >5 times/week
(39). However, in the current study, approximately 40.10% of
children with TD never consumed SSBs in the past week, and
12.56% consumed >2 times/week. Most of the population in
the current study were from the urban area of Guangzhou
in China. Studies showed that due to the warm and humid
climate and cultural differences, most people in Guangzhou tend
to consume less strong flavored food, which may result in a
lower frequency of SSBs intake in the current study population
(40). Furthermore, compared to other studies conducted in
China, the parental education level in the current population
was relatively higher (5). Studies showed that a higher parental
education level was associated with a lower frequency of SSBs
intake (41).

Interestingly, we found that a higher frequency of SSBs
intake was positively associated with emotional problems in
children with ASD. A growing body of persuasive evidence
posed a positive correlation between SSBs intake and emotional
and behavioral problems (5), common mental disorders, and
depression (6, 42). Several potential biological mechanisms
might explain the association. Because SSBs were the principal
source of added sugar in diets (43), it was reasonable to
propose that the mechanism for explaining the association
between SSBs intake and the emotional symptom was relevant
to sugar content. First, several studies indicated that sugar
intake resulted in a high risk of inflammation (44, 45). A
cohort study indicated that long-term inflammation increased
the risk of common mental disorders (46), such as depression.
What’s more, studies showed that inflammation was positively
associated with psychological problem and autism symptoms
(47). Thus, sugar intake triggered inflammation in children
with ASD, which might be responsible for the association
between SSBs intake and emotional symptom. Additionally,
additives in SSBs, such as artificial food colors (AFCs) and
caffeine, might somewhat explain the association between
SSBs intake and emotional problem. Researches showed that
AFCs had deleterious effects on children’ s behavior (48)
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and caffeine intake was positively correlated with the severity
of depression and insomnia in adolescents (49). In TD
children, we found no association between SSBs intake with
emotional and behavioral problems, however, there was no
significant difference in SSBs intake between children with
ASD and TD children. The results showed that compared
to TD children, children with ASD were more vulnerable
to the SSBs. Literature indicated that as one of the major
environmental factors influencing children with ASD, diet
may influence gastrointestinal microbiota composition and
nutrients deficiency, then lead to the disorder of intestinal brain
axis (50).

Unfortunately, consistent with previous studies (24, 25,
51, 52), results of our study indicated that children with
ASD displayed lower milk intake than TD children. It
unclear why children with ASD had lower milk intake than
TD children. Potential explanations might be included: first,
compared to TD children, the children with ASD had lower
socioeconomic status (parental education, monthly family
income) in this study. Studies showed that higher family
income and parental education levels have a positive relationship
with milk intake (53, 54). Second, the literature showed
that approximately 90% of children with ASD experienced a
string of feeding-related problems (55), and they were more
likely to experience food allergies including milk/dairy, nuts,
and fruits (56). Therefore, the parents of children with ASD
might take the initiative to reduce their milk intake for
autistic children.

The current study showed that higher frequent milk intake
was positively associated with better prosocial behavior in
children with ASD but not in TD children. The positive
association between milk intake and prosocial behavior might
be explained by several mechanisms. First, milk is an important
source of macronutrients and micronutrients in the diets of
children and adolescents, including protein, vitamins, and
minerals (57), and plays important role in meeting multiple
nutrient recommendations (58). Compared to TD children,
children with ASD had less frequent milk intake, which might
further result in a lack of macronutrients and micronutrients in
these children. Children with ASD have impaired development
and are more vulnerable to nutrient deficiencies (59). A
meta-analysis showed that vitamin/mineral supplementation
can reduce anti-social behavior (60). Secondly, calcium and
dairy products in milk may decrease inflammation in children
with ASD. Evidence from mice and human demonstrated
that dietary calcium decreased oxidative and inflammatory
stress in vivo and dairy products contain additional factors,
such as angiotensin-converting enzyme inhibitors, which
might further suppress oxidative and inflammatory stress
(61). In addition, studies indicated that higher frequent milk
intake was associated with better perceived happiness, and
sleep satisfaction (62), which may help children increase
prosocial behavior. We found that higher frequent milk
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intake showed relatively lower risk of prosocial problem
in children with ASD, while there were no significant
correlation between milk intake and prosocial problem in TD
children. Future studies may be needed to further explore
the benefits of milk for children and the effects of dietary
patterns on emotional and behavioral problems in addition
to milk.

Several studies showed the association between SSBs and
milk intake, reporting that the increased frequency of SSBs
intake was coupled with the decreased intake of milk among
school-aged children (14, 63). The current study showed that
there were no interactive effects of SSBs and milk intake
on emotional and behavioral problems in children with ASD
and TD, which suggested that SSBs and milk intake have
independent effects on emotional and behavioral problems.
It was the first study conducted on the interactive effects of
SSBs and milk intake on emotional and behavioral problems
in children with ASD and TD, more researches need to further
explore the interactive effects of SSBs and milk intake on
emotional and behavioral problems in the future.

However, this study had several limitations. First, the
current study was cross-sectional and cannot verify a causal
relationship between SSBs and milk intake with emotional
and behavioral problems. Future studies should investigate the
longitudinal effects of SSBs and milk intake on emotional
and behavioral problems in children with ASD. Secondly,
the data concerning the SSBs and milk intake, SDQ, and
questionnaire-based sociodemographic factors were reported by
parents and guardians, which might be influenced by recall bias.
Furthermore, there were many factors influencing SDQ and we
only have explored a part of them, so further researches need to
pay attention to other factors.

In summary, this study suggested that compared to TD
children, children with ASD have less frequent milk intake
and worse performance on all SDQ subscales. Furthermore, in
children with ASD but not in TD children, higher frequency
of SSBs intake was positively associated with an emotional
problem, higher frequent milk intake was associated with better
prosocial behavior, and there were no interactive effects of SSBs
and milk intake on emotional and behavioral problems both
in children with ASD and TD. We speculated that compared
to TD children, the emotional problem and prosocial behavior
of children with ASD were more vulnerable due to the SSBs
and milk intake. However, the current study was a cross-
sectional design, and prospective research is needed to verify our
hypothesis in the future.
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