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Background: Autism spectrum disorders (ASDs) are a set of complex neurobiological disorders. Growing evidence
has shown that the microbiota that resides in the gut can modulate brain development via the gut-brain axis.
However, direct clinical evidence of the role of the microbiota-gut-brain axis in ASD is relatively limited.
Methods: A case-control study of 71 boys with ASD and 18 neurotypical controls was conducted at China-Japan
Friendship Hospital. Demographic information and fecal samples were collected, and the gut microbiome was
evaluated and compared by 16S ribosomal RNA gene sequencing and metagenomic sequencing.

Results: A higher abundance of operational taxonomic units (OTUs) based on fecal bacterial profiling was
observed in the ASD group. Significantly different microbiome profiles were observed between the two groups.
At the genus level, we observed a decrease in the relative abundance of Escherichia, Shigella, Veillonella, Akker-
mansia, Provindencia, Dialister, Bifidobacterium, Streptococcus, Ruminococcaceae UCG 002, Megasphaera, Eubac-
terium_coprostanol, Citrobacter, Ruminiclostridium 5, and Ruminiclostridium 6 in the ASD cohort, while
Eisenbergiella, Klebsiella, Faecalibacterium, and Blautia were significantly increased. Ten bacterial strains were
selected for clinical discrimination between those with ASD and the neurotypical controls. The highest AUC value
of the model was 0.947.

Conclusion: Significant differences were observed in the composition of the gut microbiome between boys with
ASD and neurotypical controls. These findings contribute to the knowledge of the alteration of the gut micro-
biome in ASD patients, which opens the possibility for early identification of this disease.

Introduction

Autism spectrum disorders (ASDs) are a set of complex neurobio-
logical disorders that impair social interactions and communication and
lead to restricted, repetitive, and stereotyped patterns of behavior, in-
terests, and activities [1]. The prevalence of ASD has been steadily
increasing in recent years, which may to some extent be due to greater
awareness of the disease by health and education professionals and
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changes in diagnostic criteria. Treatments and educational interventions
usually last for the entire lives of those who are diagnosed with ASD [2].
This represents a serious public health problem due to its increasing
prevalence and huge financial costs.

ASD are etiologically heterogeneous. However, the exact causes of
ASD are unclear and are believed to involve a combination of genetic
and environmental risk factors. Many studies highlight the possibility of
environmental risk factors and associated medical comorbidities that
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contribute to the disease. Some studies have even observed an associa-
tion between ASD severity and gastrointestinal (GI) symptoms, such as
constipation, diarrhea, and alternating constipation/diarrhea [3,4].

In recent years, growing evidence has shown that the microbiota that
resides in the gut can modulate brain development via the gut-brain axis
[5]. As far as this concept is concerned, increasing interest has devel-
oped focusing on the potential effects of the microbiota-gut-brain axis
in neurodevelopmental disorders, especially in the etiology and patho-
genesis of ASD.

In an attempt to clarify the role of gut microbiota in the appearance
and development of ASD, some clinical studies have reported that
compared with neurotypical controls, subjects with autism suffer from
altered profiles and abundances of gut microbiota [6-8]. The human gut
harbors up to 100 trillion microorganisms, including at least 1000
different species of known bacteria [9]. Colonization of the gut micro-
biota starts at the moment of birth, when the newborn is exposed to a
complex microbiota during delivery [10]. Many ASD-affected children
undergo extensive oral antibiotic treatment before 3 years of age [11],
which is thought to cause the proliferation of anaerobic bacteria,
destabilize gut microbiota [12] and provide opportunities for competi-
tive potential pathogens to contribute to ASD [13,14]. Bacteroidetes,
Clostridia, and Desulfovibrio are common bacteria that may promote GI
symptoms and autistic behaviors. In addition to altering the intestinal
immune system, these bacteria also produce certain potent neurotoxins
that directly contribute to the pathologies of ASD.

Several findings support a microbiota-gut-brain connection in a
mouse model of ASD. However, direct clinical evidence for the role of
the microbiota-gut-brain axis in ASD is relatively limited, and
consensus across studies has not yet been established. The sample size of
previous studies has been relatively small since recruitment is difficult.
To better understand the microbial profiles associated with ASD in the
context of the Chinese diet, we conducted this case-control study
including 71 ASD children and 18 neurotypical controls, representing
the largest sample size of the gut microbiota of children with autism in
China.

Methods and materials
Participants

This study was reviewed and approved by the Institutional Review
Board of China-Japan Friendship Hospital. All written informed consent
was obtained from the parents. The parents and the enrolled participants
visited the Department of Pediatrics, China-Japan Friendship Hospital,
and were provided the questionnaire data sheets. The fecal samples were
obtained within three days after the visit.

According to the results of the Autism Behavior Checklist (ABC)
screening tool of ASD and the Diagnostic and Statistical Manual, Fifth
Edition (DSM-V) diagnostic criteria [15], the neuropsychiatric status of
the affected subjects was established by two experienced experts in the
Department of Pediatrics of China-Japan Friendship Hospital. The con-
trols were evaluated in the same manner as the ASD subjects to exclude
those with any developmental disturbances, including ASD.

Enrollment criteria
Autism group

1) Age 3to 6.

2) Male.

3) ASD diagnosed according to the ABC screening tool and DSM-V
criteria.

4) No usage of any type of antibiotic medications or probiotics within at
least one month prior to the sample collection.
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Control group
1) Age and sex-matched neurotypical healthy subjects.
Exclusion criteria

1) Treated with anti-inflammatory or antioxidant drugs.

2) Diagnosed with neurological diseases, severe head injuries, and
gastrointestinal diseases such as celiac disease, chronic diarrhea, and
chronic constipation, etc.

Sample collection, DNA extraction, and sequencing

Fecal specimens from participants were collected with sterilized 2-ml
tubes containing pure ethanol, aliquoted, and frozen at 80 °C until DNA
extraction. Total DNA extraction from fecal samples (250 mg, wet
weight) was performed using a PSP Spin StooL DNA Kit/PSP Spin StooL
DNA PLus Kit according to the manufacturer’s instructions. Bacterial
16S rRNA amplicon sequencing of the V1-V2 gene region [16,17] was
performed on the Illumina MiSeq platform for identification and relative
quantification of bacterial taxa.

Metagenomic sequencing was also performed in this study [18],
which can analyze the genetic composition and function of the microbial
population in a specific environment and identify which strains are
contained in the mixed environment. Metagenomic sequencing and
technical advances have enabled culture-free, high-resolution strain and
subspecies analyses at high throughput and in complex environments
[19]. During metagenomic sequencing, 20 pg of microbial metagenomic
DNA was taken, and a sequencing library was constructed using the
NEXTflex® Rapid DNA Sequencing Kit (Bioo Scientific, USA,
NOVA-5144-02) and following the manufacturer’s instructions. After
the library was constructed, Qubit 2.0 was used for preliminary quan-
tification, the library was diluted to 2 ng/pL, Agilent 2100 was used to
detect the insert size of the library, and the QPCR method [20] was used
to accurately quantify the effective concentration of the library (the li-
brary was effective concentration> 3 mmol/L) to ensure the quality of
the library. The constructed library was sequenced on the Illumina
HiSeq 2500 platform. The study utilized MOCAT [21] preprocessing to
filter low-quality sequences, sequences that were too short, and error
sequences to obtain clean data. Starting from the clean data after quality
control of each sample, metagenomic assembly was carried out [22].
Starting from the gene catalog, bowtie was used to compare the
sequence with the MicroNR library to obtain the species annotation
information of unigenes, and the gene abundance table was combined to
obtain the species abundance table of different classification levels.

Statistical analysis

All statistical analyses were performed using SPSS 20.0. Several
types of statistical analyses were carried out, depending on the research
question being addressed. Continuous data among the groups were
analyzed by using ANOVA (generalized linear model). Frequencies were
calculated, and a chi-square test was performed to examine the fre-
quency differences among the groups. The calculation of P values was
performed with Kruskal-Wallis H-tests and Welch’s t-tests. The P values
were corrected by false discovery rates (FDRs) to control for multiple
hypothesis testing. Principal coordinates were computed for the un-
weighted distance matrices and used to generate principal coordinate
analysis (PCoA) plots using evenly sampled OTU abundances. According
to the QIIME (Quantitative Insights into Microbial Ecology) tutorial
(http://qiime.org/), high-throughput sequencing analysis of bacterial
rRNA genes was processed using the QIIME (version 1.9.1) software
suite [23].

Alpha diversity metrics from the final OTU table without singletons
were obtained within the QIIME pipeline. Linear discriminant effect size
(LEfSe) analysis was used to explore potential bacterial biomarkers


http://qiime.org/
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Table 1
Demographics of the children with ASD and the controls.
ASD group (n = Control group (n = P-value
71) 18)
Sex (Male/Female) 71/0 18/0 1.000
Age (years, mean + 4.28 +1.52 4.62 +1.29 P=
SD) 0.792
ABC score 79.82 + 13.10 8.77 £7.29 P<0.001

associated with different groups. LEfSe combines the Kruskal-Wallis test
pairwise Wilcoxon rank-sum test with linear discriminant analysis
(LDA). It ranks features by effect size, which places features that explain
most of the biological differences at the top. Relative operating char-
acteristic (ROC) curves and area under the curve (AUC) values were
used to evaluate the performance of the predictive model.

To further distinguish between ASD and their comparisons, we used
a machine learning method based on the random forest algorithm to
build a classifier from the same input feature set. Random forest clas-
sifier is a kind of ensemble learning algorithm belonging to bagging. It
can establish an unbiased estimate of the error during the generation of
the tree. Random forest classifier was found to be more accurate than
both the alternative cross-validation-based estimator of the underlying
algorithm’s error [24].

Species relative abundances and patient profiles were analyzed using
the random forest package in R [25,26]. A forest was trained by su-
pervised learning. In the forest, each tree finds an ideal split for a set of
randomly chosen features that predict the outcome of each sample as the
expected outcome. The data partition split by every tree in a forest is
used to vote on a predicted overall outcome of each sample. Every tree
was used to vote on an outcome to prevent any single tree that may have
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memorized the data from having a dominant prediction. In this study,
outcomes were children with ASD or neurotypical children. For all an-
alyses, differences were considered statistically significant when the
FDR corrected P value was <0.05.

Results
Demographics of the children with ASD and the controls

This study enrolled a total of 71 children with ASD and 18 controls.
The demographic characteristics of the study participants are listed in
Table 1. Age and sex were not significantly different between the two
groups (P > 0.05).

Altered gut microbiome profile

We compared the alpha diversity of the gut microbiota in the two
groups. As shown in Fig. 1, significant increases in bacterial richness,
including observed species and the Shannon and Simpson diversity
indices (all P values < 0.05), were observed in the ASD group; no sig-
nificant variations between the two groups were observed for the Chaol
diversity index.

The total distribution of bacteria demonstrated that the taxonomy
was significantly different at the phylum level, with increases in Firmi-
cutes, Proteobacteria, and Actinomycetes and decreases in Bacteroidetes in
the ASD group (all P values < 0.05). Notably, the Bacteroidetes/Firmi-
cutes ratio was significantly lower in the ASD group (P value < 0.001).

LEfSe analysis showed significantly different microbiome profiles in
the two groups. A histogram of the LDA scores was computed, which
indicated the effect size of each differentially abundant taxon. At the
genus level, significantly higher Escherichia, Shigella, Veillonella,
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Fig. 1. Comparison of diversity index of two groups on the OTU profile.
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Fig. 2. LEfSe analysis between two groups.

Akkermansia, Provindencia, Dialister, Bifidobacterium, Streptococcus,
Ruminococcaceae UCG_002, Megasphaera, Eubacterium_coprostanol, Cit-
robacter, Ruminiclostridium_5, and Ruminiclostridium_ 6 were observed in
the control group, while Eisenbergiella, Klebsiella, Faecalibacterium, and
Blautia were higher in the ASD group (all P value < 0.05) as shown in
Fig. 2.

We further performed PCoA analysis of the bacterial beta diversity.
As shown in Fig. 3, based on weighted UniFrac distances, the micro-
biome of the ASD group was distinct from that of the control group.

Consistent with the 16S rRNA analysis at the genus level, most of the
identified differential species belonged to the genus Clostridium. We
constructed a stochastic forest machine algorithm to build a prediction
model of the identified bacterial strains for clinical discrimination (ASD
vs. comparison group). Ten bacterial strains, namely, Prevotella buccae,
Bifidobacterium longum, Streptococcus thermophilus, Enterobacter cloacae,
Klebsiella oxytoca, Eubacterium hallii, Clostridium ramosum, Erysipelo-
trichaceae bacterium 6_1_45, Eubacterium siraeum, and Lautropia mirabilis,
were selected to predict the risk of ASD in children (Fig. 4). The ROC
curves are presented in Fig. 4 (Right). The highest AUC value was 0.947,
with a sensitivity of 0.818 and specificity of 0.948.
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Fig. 3. PCoA of bacterial diversity based on weighted distance.

We utilized sample from an independent cohort to verify the random
forest classifier derived from this study. The independent cohort include
15 asd children, with a mean age 4.17 + 0.89 (range 3-6). Results
showed that the Streptococcus , Ruminiclostridium_5 , Dialister ,
Escherichia Shigella was significantly lower in affected group than those
in control group, which was consistent with the results of this study
population, as shown in Fig. 5.

Discussion

ASD is a complex neurodevelopmental disorder. The microbiota
plays a key role in regulating normal host metabolism, physiology,
nutrition, and even brain function. Emerging evidence has revealed that
the gut microbiota profile [6-9] in individuals with ASD is different
from that in neurotypical populations. To explore the profile of gut
microbiota in ASD children, the current study enrolled 71 ASD children
and 18 neurotypical controls. The sample size of this study is the largest
of its kind in China.

Existing studies have revealed alterations in gut microbiota in ASD
individuals compared with neurotypical controls. Consistent with pre-
vious clinical studies [27-29], the results of this study demonstrated a
higher abundance of OTUs in fecal bacterial profiling in ASD patients.

The alterations in gut microbiota were related to the intensity of
autistic symptomatology, indicating that bacterial metabolites may be
involved in the development and severity of ASD [6]. To some extent,
these findings verified the “gut-brain microbiome axis” concept, which
assumes that there is a bidirectional interaction between gut microbiota
and the brain. However, it is considered that this interaction is caused by
hormones and neurotransmitters from the gut endocrine system. How-
ever, the specific underlying mechanisms have not yet been elucidated.

Consistent with the most recently published articles on the gut
microbiome of Chinese ASD children [30], ASD patients exhibited a
decreased Bacteroidetes/Firmicutes ratio.

Consistent with a previous study, Ruminococcus and Faecalibacterium
were more abundant in ASD children than in the controls [31]. Studies
have revealed that Faecalibacterium is related to the up- and down-
regulation of some genes involved in the expression of interferon (IFN)
gamma. IFN is a cytokine related to ASD that is exposed during fetal
development [32]. As an underlying mechanism, IFN-gamma may play
an indirect role in brain plasticity and synapse formation [33]. However,
its connection with the pathogenesis of autism remains to be further
investigated.

The percentage of Dialister was higher in neurotypical children, in
line with previous studies. However, the evidence from a previous study
was not enough to observe a statistically significant difference [34]. This
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Fig. 5. Fold change of mean relative abundance for ASD versus HC.

study reported a lower abundance of protective bacteria, such as Bifi-
dobacterium. A number of studies have shown that some species of
Bifidobacterium produce GABA (gamma aminobutyric acid) [35], the
concentrations of which have been found to be low in ASD children.
GABA is highly related to glutamate metabolism, which is the main
excitatory neurotransmitter in the central nervous system [36]. Some
studies have revealed that lower glutamate concentrations correlate
with the severity of social and behavioral symptoms of ASD [37].
Consistent with recent studies, higher Veillonella, Akkermansia, and
Provindencia were observed in neurological children than in the ASD
group. Veillonella colonizing the intestine may supplement the Cori cycle
by providing another lactic acid treatment method, thereby converting
systemic lactic acid into SCFAs and re-entering the circulation [38].
Akkermansia induces immunoglobulin G1 (IgGl) antibodies and
antigen-specific T cell responses, metabolic modulation, immune regu-
lation and gut health protection [39]. Studies have shown that Akker-
mansia muciniphila can be a next-generation probiotic [40]. Members of
the Provindencia family have been considered pathobionts, with the
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Providencia stuartii species being the dominant taxon. These strains
swarm on semisolid (viscous) surfaces and adhere to and invade host
cells, determining the specificity of disease pathogenesis and therapy
[41].

The current study found an increase in Faecalibacterium and Klebsi-
ella. Faecalibacterium prausnitzii is a late colonizer of the healthy human
gut and a major butyrate producer [42,43]. Klebsiella is gaining recog-
nition as a cause of several human infections. Recent studies of
carbapenemase-producing and colistin-resistant strains demonstrate a
potential reservoir of multidrug-resistant genes [44].

To our knowledge, this is the first study using the random forest
algorithm to build a classifier to identify the characteristics of the gut
microbiome of children with ASD, which is important for the early
assessment of ASD risk. In addition, the new approach of diagnosis
classifiers based on the AUC value makes it possible to plan personalized
treatment and prevention strategies for ASD via microbiota modulation.
Restoring the balance of the microbiota—gut-brain axis offers promising
beneficial therapeutic effects on autistic deficits; however, direct clinical
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evidence for a role of the microbiota—gut-brain axis in ASD is relatively
limited. In the future, more randomized double-blind clinical studies are
required to determine the role of the microbiota—gut-brain axis in the
etiology of ASD. As a potential mediator of risk factors in ASD, the
microbiota is positioned at the intersection between the environment
and genes. The composition and function of the microbiome are
dependent on genetic background and influenced by environmental
factors, including feeding patterns, age, infection, antibiotic treatment,
etc. Further study could focus on the mediating effect of the microbiome
on the development of ASD.

Conclusions

Significant differences were observed in the composition of the gut
microbiome between boys with ASD and neurotypical controls. These
findings contribute to knowledge of the alteration of the gut microbiome
in ASD patients, which opens the possibility for early identification of
this disease.
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Adherence to Screen Time and Physical Activity Guidelines is Associated
with Executive Function in US Toddlers Participating in the STRONG Kids 2
Birth Cohort Study

Arden L. McMath, MS', Samantha Iwinski, MS?, Sa Shen, PhD*, Kelly F. Bost, PhD>*, Sharon M. Donovan, PhD, RD"®,
and Naiman A. Khan, PhD, RD"°

Objective To test the hypothesis that healthy weight status and adherence to American Academy of Pediatrics
(AAP) guidelines for diet and physical activity would extend to greater executive function (EF) at age 24 months.
Study design Parents of 24-month-old children from the STRONG Kids 2 cohort study (n = 352) completed the
Behavioral Rating Inventory of Executive Function for Preschoolers (BRIEF-P) and reported physical activities, diet,
and screen time. Toddlers met AAP guidelines if they consumed at least 5 servings of fruits and vegetables, were
physically active, refrained from sugar-sweetened beverages, and limited daily screen time to <60 minutes. Rela-
tionships between EF, 24-month weight status, and meeting AAP guidelines were tested independent of child sex,
ethnicity, socioeconomic status, weight status at birth, and maternal pregnancy weight status.

Results Weight-for-length z-score had no effect on EF. Toddlers meeting the screen time guideline had greater EF (83,
—0.125; 95% Cl, 0.234 to —0.008), inhibitory self-control (3, —0.142; 95% CI, —0.248 to —0.029), and emergent meta-
cognition (3, —0.111; 95% ClI, —0.221 to 0.002), indicated by lower BRIEF-P scores. Those with more minutes of screen
time had poorer overall EF (8, 0.257; 95% CI, 0.118-0.384), inhibitory self-control (3, 0.231; 95% CI, 0.099-0.354),
cognitive flexibility (3, 0.217; 95% ClI, 0.082-0.342), and emergent metacognition (3, 0.257; 95% ClI, 0.120-0.381). Daily
physical activity was associated with greater emergent metacognition (3, —0.116; 95% Cl, —0.225 to —0.005).
Conclusions Meeting AAP guidelines for physical activity and screen time was related to greater EF in a demo-
graphically homogenous sample of toddlers. Future randomized control trials and more diverse samples are
needed to confirm the directionality of this relationship. (J Pediatr 2023;252:22-30).

Clinical trial registration ClinicalTrials.gov, NCT03341858.

xecutive function (EF), defined as neurocognitive processes pertinent to the regulation of goal-directed behaviors,' is
linked to overweight and obesity in childhood.” Low EF is implicated in lower academic success as early as preschool
age,” as well as in poorer physical health (including overweight), financial instability, criminal offenses, and substance
dependence in adulthood.” Inhibitory control is a domain of EF that allows one to regulate behavior, attention, thoughts, and
emotions' and has been heavily studied in regard to weight status. This is likely due to its role in the regulation of energy intake
and subsequently, prevention of excess weight gain.” Indeed, several longitudinal
studies have observed poor performance on various aspects of inhibitory control
in preschool ages to be predictive of body mass index (BMI) z-scores throughout

childhood.™ Few studies have explored the relationship between early-life From the "Division of Nutritional Sciences, University of
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with these important predictors of success across the lifespan,
we add to the understanding of the possible impact of obesity
on cognitive development.

Because the prevalence of overweight and obesity tends to
rise with age,” it is also important to consider how habits of
diet and play that emerge around toddlerhood could influ-
ence EFs directly and indirectly through their effects on
weight status. The American Academy of Pediatrics (AAP)
provides evidence-based guidelines for the prevention of
childhood obesity in the form of the Bright Futures initiative,
which encourages (1) 5 or more servings of fruits and vege-
tables per day; (2) reduced or eliminated intake of sugar-
sweetened beverages (SSB); (3) less than 1 hour of screen
time daily; and (4) participation in daily physical activity
or at least 60 minutes of moderate-to-vigorous physical activ-
ity daily."” Emerging evidence in older children suggests that
adherence to these guidelines positively impacts cognitive
function. Specifically, the amount of screen time'"'? and
physical activity,'” as well as various aspects of diet quality,"*
have been linked to EF in school-aged and adolescent chil-
dren, although not independently of weight status. A better
understanding of the interrelationships among these factors
in toddlerhood is needed, as that stage marks a sensitive
period of cognitive development' and rapid brain growth.'®

The primary aim of the present analysis was to examine how
toddler weight status is related to EF. A secondary aim was to
address the possible direct and indirect (through weight status)
relationships among adherence to childhood obesity preven-
tion guidelines, health behaviors, and better EF at 24 months
of age (24-moa). A sub-aim of these analyses was to explore
the impact of additional early-life factors, delivery mode, and
feeding mode at 3 months of age (3-moa) as covariates of the
relationship between weight status and EF. Determining the re-
lationships among weight status, health behaviors, obesity pre-
vention guidelines, and EF in toddlers could inform
interventions aimed at improving adherence to guidelines.

Data were obtained for mothers and 24-moa dyads enrolled in
the STRONG Kids 2 birth cohort study (ClinicalTrials.gov:
NCT03341858)."” This study was approved by the University
of Illinois Institutional Review Board (13 448). Women were
recruited during their third trimester of pregnancy between
May 2013 and January 2017 from the Francis Nelson Center
in conjunction with Carle Foundation Hospital (Champaign,
IL), Christie Clinic (Champaign, IL), Decatur Memorial Hos-
pital (Decatur, IL), Provena United Samaritans Medical Cen-
ter, and Danville Polyclinic (Danville, IL) at prenatal visits or
birthing classes provided by the sites. For birthing classes,
recruitment was conducted by STRONG Kids research staff.
For prenatal visits, recruitment materials were distributed by
trained clinic or hospital staff. In addition, participants were
recruited through local newsletters and other media outlets
in the Champaign-Urbana, Danville, and Decatur areas.
Interested mothers were contacted by trained research staff to
schedule a meeting during their next prenatal visit to discuss
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further details of the study and to confirm or decline enrollment.
In either case, mothers were provided with a $15 gift card for
their time. Online informed consent forms were completed by
all participant parents or guardians. Infants with birth condi-
tions that affect feeding or who were born prematurely
(<37 weeks) or with a low birth weight (<2.5 kg) were excluded
from the cohort study. After using these exclusionary criteria and
addressing missing data a final sample of 356 children was re-
tained for analyses (see the EF Measurement section and
Figure 1; available at www.jpeds.com).

Measures

Demographics. Caregivers responded to a survey that pro-
vided their highest level of education, maternal prepregnancy
height and weight, childbirth mode, child’s birth weight and
length, child’s ethnicity/race, and household income at 24-
moa. Mother’s level of education and household income
were used to compute composite socioeconomic status
(SES) scores, which were divided into low, medium, and
high SES. Some caregivers failed to disclose socioeconomic
(n = 32), ethnicity (n = 16), prepregnancy weight (n = 13),
birth weight (n = 7), and delivery mode (n = 1). There was
no significant difference in child sex (mean difference, 0.03;
95% CI, —0.14 to 0.07), ethnicity (mean difference, 0.07;
95% CI, —0.16 to 0.03), 24-moa Weight-for-length z-score
(WFLZ) (mean difference, 0.02; 95% CI, —0.21 to 0.24),
age (mean difference, 0.01; 95% CI, —0.04 to 0.03), and 6-
week high SES (mean difference <0.00; 95% CI, —0.10 to
0.10) or low SES (mean difference, 0.02; 95% CI, —0.04 to
0.08) between families lost to follow-up by 24-moa.

Anthropometrics. All 24-moa measurements were ob-
tained during home visits by trained research personnel. Af-
ter requesting that shoes and any excess, heavy clothing be
removed, the average of 2 measurements of height and
weight obtained with a portable stadiometer (Seca 213)
and a digital scale (HealthOmeter 349KLX), respectively,
were recorded. WFLZ was computed using the World
Health Organization’s child growth standards. Children
were classified as obese (23.0), overweight (=2.0), normal
weight (—2.0 to <2.0), and underweight (<-2.0) based on
established criteria.'® Maternal prepregnancy height and
weight were self-reported and BMI was used to classify
mothers as underweight (BMI <18.5 kg/m?*), normal weight
(18.5< BMI <25), overweight (255 BMI <30), or obese
(BMI 230). Twenty-three participants at 24-moa had
missing height and weight measurements.

EF. Parents completed the Behavioral Rating Inventory of
EF for Preschoolers (BRIEF-P),'” which consists of 63 ques-
tions on a single-rating scale of frequency—never (1), some-
times (2), or often (3)—of everyday behaviors at home or
daycare. A lower score is indicative of better EF—that is,
the child exhibits lower frequency of behavioral problems
related to EF. Scoring was completed based on
recommendations from the survey authors. In brief, the
responses were aggregated to compute 5 clinical subscales
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representing various dimensions of EF (Inhibit, Shift,
Emotional Control, Working Memory, and Plan/Organize).
According to the scoring recommendations, clinical scales
consisting of 3 broader indices were then created: Inhibitory
Self-Control (composed of Inhibit and Emotional Control
scales), Cognitive Flexibility of Shift and Emotional Control,
Emergent Metacognition of Working Memory, and Plan/
Organize, along with Overall Executive Function (composed
of all 5 scales).

In adherence to the BRIEF-P manual instructions, toddlers
missing >12 items overall or >2 items on a scale were
excluded from the analyses, and the remaining missing values
(0.5%) on this survey were imputed with the response
“never,” at the guideline provided by the BRIEF-P manual.
Survey results were assessed for validity using Negativity
and Inconsistency indices.'” Raw index scores were converted
to T-scores and percentiles as instructed in the BRIEF-P
manual for descriptive purposes. Raw scores are used in all
analyses, as several of our toddlers fell just below 24-moa
(n = 183; minimum age, 23.41 months).”’ Age was not asso-
ciated with any BRIEF-P index and thus was not included as a
covariate in the models.

Physical Activity. Parents reported the number of days per
week that their child participated in various physical activ-
ities for at least 15 minutes using the Sports, Play, and Active
Recreation for Kids (SPARK) survey.Z] Total activities re-
ported were summed and used to determine weekly physical
activity. Those reporting 1 activity per day were classified as
meeting the AAP guideline for toddlers to engage in active
play every day. In this case, it was assumed that if at least 7
activities were reported in a week, the child was participating
in at least 1 activity per day. Thirteen participants failed to
complete the SPARK survey.

Screen Time. The Common Sense Media Survey was used
by parents to report their child’s screen time.”” This survey
consists of both ratings and open-ended questions to deter-
mine the frequency and duration of various types of media,
respectively. Minutes of media use that involved screens
(ie, TV, DVD, shows on a computer or cellphone, games
on a console, computer, cellphone, handheld device, and
other uses of apps and computers) were summed to deter-
mine total screen time. Qutlier values for screen time, as
determined by those 3 SD above the mean (2075 minutes/
day), were winsorized to the next highest value within 3 SD
(685 minutes/day). Those reporting no more than 60 minutes
of screen time were classified as meeting the AAP guideline
for screen time. One participant failed to complete the Com-
mon Sense Media Survey.

Dietary Intake. At 3-moa, mothers completed survey items
on feeding mode (ie, exclusive breastfeeding, formula feeding,
or both) from the CDC Survey on Infant Feeding Practices
Study IL.** At 24-moa, parents completed the NutritionQuest
Child Block Food Frequency Questionnaire (FFQ) for Ages 2-
7, consisting of 90 questions pertaining to the child’s usual
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eating habits in the previous 6 months. Food lists developed
by NutritionQuest were obtained from National Health and
Nutrition Examination Survey II dietary recall data, which
provided approximate daily servings of fruits and vegetables
and kcal from sugary beverages.”* Children above
(1602 kcal) or below (396 kcal) 2 SD of the mean for total
kcal were considered outliers (n = 7) and were excluded, based
on typical energy intake of ~1470 kcal for age 2-5 years.”
Children who consumed at least 5 servings of fruits and vege-
tables were classified as meeting the AAP guideline for fruit
and vegetable servings. The AAP recommends limited con-
sumption of sugary beverages'’; thus, children who did not
consume any energy from sugary beverages were classified as
meeting the guideline. Fifty-one participants failed to com-
plete the FFQ, and 8 did not complete the CDC Survey on In-
fant Feeding Practices Study II.

Statistical Analyses

A path analysis with the structural equation modeling tech-
nique was performed with MPlus version 8.4 to assess the
direct and indirect relationships between AAP guidelines
and heath behaviors with EF (Figures 2 and 3). Direct
effects were tested to examine AAP guidelines and
continuous health behavior relationships with BRIEF-P
indices. Indirect effects were tested to explore the possible
mediating effect of WFLZ at 24-moa on the relationships
of AAP guidelines and continuous health behaviors with
BRIEF-P indices. All path coefficients were freely estimated
in the models. A threshold of P = .05 was considered
significant. P values were corrected for multiple
comparisons using a Benjamini-Hochberg procedure with
a false discovery rate of 0.1 to determine significance after
correction. Because individual testing was the primary
interest of this study (ie, to determine relationships
between individual components of EF with specific AAP
guidelines or continuous health behaviors), P values were
considered the primary indicator for hypothesis testing.”®
The full information maximum likelihood approach was
used to handle missing data. Unlike traditional maximum
likelihood estimation, which requires complete data, this
method uses all observed variables for each case, allowing
computation of parameter estimates even in the presence
of missing data. The full information maximum likelihood
approach has been shown to produce unbiased parameter
estimates and standard errors when data are at least
missing at random.?” Selection of the covariates—child sex,
SES, birth WFLZ, ethnicity, and maternal pre-pregnancy
weight status—was based on a priori expected association
with EF and WFLZ at 24-moa.'”'>” The independent-
samples t-test and ANOVA were used to examine these
relations in our sample. These analyses and descriptive
statistics were conducted in SPSS 28.0 (IBM). Direct and
indirect effects were tested using a bootstrap estimation
approach with 5000 samples. Bootstrap SEs and Cls of the
direct and indirect effects were calculated. Post hoc power
analysis revealed that our model was sufficiently powered
(95.4%) to detect an effect on overall EF, based on number

McMath et al



January 2023

ORIGINAL ARTICLES

WFLZ at 24-
months®d¢

Meeting AAP Guidelines:
« Be physically active every day?®
 Limit screen time to no more
than 60 minutes per day®
« Consume at least 5 servings of
fruits & vegetables per day

A

BRIEF-P indexes at 24-
months:
 Overall executive function®®
« Inhibitory self-control¢
« Cognitive flexibility

« Limit sugar-sweetened beverage
intake

> » Emergent metacognition®®

Covariates:

* Sex®
« Ethnicityd

* Socioeconomic status

* Weight-for-length status at birth
* Maternal pre-pregnancy weight status®

/

Figure 2. Path model A. Direct and indirect effects (through weight status) of AAP guidelines for physical activity, screen time,

and fruit, vegetable, and SSB intakes on EF.

of predictors included in the model (n = 10), observed R? of
6.7%, probability level of .05, and sample size of 356.”%’
Additionally, post hoc power analyses were performed to
evaluate the sufficiency of meeting the guideline for fruits
and vegetable consumption and 24-moa WFLZ groups
owing to their uneven group sizes.”

Participant recruitment and data analysis flow can be
found in Figure 1. Demographic data, weight status, and
EF percentiles standardized for age and sex are presented
in Table I. Adherence to AAP guidelines can be found in
Table II. Eight percent of toddlers met none of the
guidelines, 25% met 1 guideline, 38% met 2 guidelines,
28% met 3 guidelines, and 1% met all 4 AAP guidelines.
Note that EF scores were all below the 50th percentile for
frequency of problematic behaviors related to poorer EF
(Table I). Toddlers of mothers with obesity or
overweight prior to conception had higher WFLZ at 24-
moa (mean difference, 0.73; 95% CI, 0.39 to 1.07) and

toddlers who had a higher WFLZ at birth (22.0) exhibit
higher WFLZ at 24-moa (mean difference, 0.82; 95% CI,
—1.63 to 0.01). The t-test showed no significant
difference in EF by any covariate or in WFLZ at 24-mo
by 3-moa feeding mode, delivery mode, ethnicity, or SES
in this sample (Table III; available at www.jpeds.com).
Sex, ethnicity, SES, WFLZ at birth, and maternal
pregnancy weight status were included as covariates in
subsequent analyses.

Model A Results: Adherence to AAP Guidelines and
EF

Adherence to guidelines was not associated with WFLZ. Tod-
dlers adhering to the screen time guideline had significantly
greater emergent metacognition (8, —0.111; 95% CI,
—0.221 to 0.002), inhibitory self-control (8, —0.142; 95%
CI, —0.248 to —0.029), and overall EF abilities (3, —0.125;
95% CI, —0.234 to —0.008), indicated by lower BRIEF-P
scores. Those who met the guideline of daily physical activity
had greater emergent metacognition (3, —0.116; 95% CI,
—0.225 to —0.005). Those meeting the guideline to limit

‘WFLZ at 24-
months>¢de

Health behaviors:

Number of physical activities
Screen time?
Sugar-sweetened beverage
intake

A

BRIEF-P indexes at 24-
months:
* Overall executive function®
« Inhibitory self-control®¢

Fruit & vegetable intake®

> + Cognitive flexibility?
« Emergent metacognition?

Covariates:

« Socioeconomic status

* Sex¢
« Ethnicity?

« Weight-for-length status at birth
* Maternal pre-pregnancy weight status®

Figure 3. Path model B. Direct and indirect effects (through weight status) of physical activity, screen time, and fruit, vegetable,

and SSB intakes on EF.
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Table I. Maternal and child characteristics and Table II. Adherence to AAP guidelines (%) and mean
demographics participant physical activities, screen time, and fruit,
Characteristics Total N Values vegetable, and SSB intakes
Child sex, n (%) 356 Reported
Male 177 (49.7) frequency, o % adherence
Female 179 (50.3) Measures N mean (SE) Guidelines (n)
Child race, n (%) 340 Physical activities, 343 10.8 (0.5) Physically active  75.5 (259)
Caucasian 255 (75.7) n/wk every day
Asian 18(53) Screen time, min/d 355 98.2(6.4)  No more than 54.1 (192)
Black 18 (5.3) 60 minutes
American Indian or Alaskan Native 1(0.3) of screen time
Multiple races 45 (13.4) daily
SES, n (%) 324 Fruits and 305 2.8(01) Atleast5servings 3.9 (12)
Low 15 (4.6) vegetables, of fruits and
Medium 121 (37.3) servings/d vegetables
High 188 (58.0) daly
Child age, mo, mean + SE 356 24.1(0.03) SSB, keal/d 305 11.5(1.7) Limit SSB 68.9 (210)
Delivery mode, n (%) 355 . J
Cesarean 83 (23.4) *Includes only those who reported any SSB intake (n = 95).
Vaginal 272 (76.6)
Feeding mode at 3-moa, n (%) 348 variance in overall EF, inhibitory self-control, and
Exclusively breastfed 238 (68.4) .. . .
Mixed feeding 61 (17.5) emergent metacognition, respectively. Male children (8,
Exclusively formula-fed 49 (14.1) —0.127; 95% CI, —0.237 to —0.023), children of Caucasian
Chg?nméi e e 249 ethnicity (8, 0.125; 95% CI, 0.007 to 0.242), and mothers
Undew?/eight gony. % 36 (10.3) with overweight or obesity prior to pregnancy (8, 0.232;
Normal weight 299 (85.7) 95% CI, 0.121 to 0.351) had higher WFLZ at 24-moa.
Overweight 14 (4.0) s ohihg . _ .
24-month weight category, n (%) g Miles also had poorer inhibitory self co.ntrol (8, 0.1.17,
Underweight 12 (3.6) 95% CI, —0.223 to —0.018). Correction for multiple
Normal weight 254 (76.3) comparisons abrogated all significant relationships with EF
Overweight 67 (20.1) : Table I
Maternal prepregnancy weight status, n (%) 343 and WFLZ in the model (Table IV).
Normal weight 168 (49.0) I . .
Overweight 85 (24.8) Model B Results: Associations of Physical Activity,
Obese . 90 (26.2) Screen Time, and Diet with EF
Stag\(li:rr:lllzgg FFEELESL I () 3% 72017) Toddlers consuming more servings of fruits and vegetables
Inhibitory self-control 45.1 (1.5) had significantly higher WFLZ at 24-moa (8, 0.131; 95% CI,
\(i\;)grllitive flexibility 24; g gg 0.006-0.252). Although not statistically significant, toddlers
orking memory A . . . . oc0
Raw EF scores”, mean (SE) 356 with more screen time had hlgher WF.LZ.(B, 0.116; 95 /.o CI,
Overall EF 91.3(1.0) —0.012 to 0.233). Screen time was significantly associated
glhibi_tt(_)fy zelf'-lf'??;ml ggg Eggg with each BRIEF-P index, such that toddlers with more screen
ognitve Tiexipili . b . . 0, _
T 38.8 (0.5 time had poorer overall EF (8, 0.257; 95% CI, 0.118 0.384?,
\ / inhibitory self-control (8, 0.231; 95% CI, 0.099-0.354), cogni-

*WFLZ characterized by weight category using the following World Health Organization stan-
dard cutoffs: <-2.0, underweight; —2.0 to <2.0, normal weight; >2.0 to <3.0, overweight;
>3.0, obese.

tData are average percentile scores standardized for sex and age (SE). Lower than 50th
percentile indicates reporting fewer problems related to EF relative to the BRIEF-P standard
population mean.

fData are average raw scores (SE) used in analyses.

SSB had numerically greater emergent metacognition
(8, —0.118; 95% CI, —0.240 to 0.001), inhibitory
self-control (8, —0.107; 95% CI, —0.232 to 0.020), and over-
all EF (8, —0.113; 95% CI, —0.237 to —0.010), although the
differences were not statistically significant. There was no sig-
nificant difference in BRIEF-P indices for those meeting the
guideline for fruit and vegetable intake. WFLZ at 24-moa
was not associated with any BRIEF-P index, nor did it have
any mediating effects on the relationships between AAP
guidelines and BRIEF-P (Table IV; available at www.jpeds.
com). AAP guidelines and covariates explained 10.9% of
the variance in WFLZ at 24-moa. AAP guidelines, WFLZ,
and covariates explained 6.7%, 6.8%, and 6.8% of the
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tive flexibility (8, 0.217; 95% CI, 0.082-0.342), and emergent
metacognition ({8, 0.257; 95% CI, 0.120-0.381). Intake of SSB,
consumption of fruit or vegetables, and physical activity were
not associated with any BRIEF-P index. SSB and number of
physical activities also were not associated with WLZ at 24-
moa (Table V; available at www.jpeds.com). WFLZ at 24-
moa had no effect on any BRIEF-P index, nor did it have
any mediating effect on the relationships between health
behaviors and BRIEF-P. Health behaviors, WFLZ, and
covariates explained 8.1%, 7.9%, 5.8%, and 7.7% of the
variance in overall EF, inhibitory self-control, cognitive
flexibility, and emergent metacognition, respectively, and
health behaviors and covariates explained 11.7% of the
variance in WFLZ at 24-moa. Male children (8, —0.120;
95% CI, —0.230 to —0.021), children of Caucasian ethnicity
(8, 0.121; 95% CI, 0.005-0.240), and mothers with
overweight or obesity prior to pregnancy (8, 0.213; 95% CI,
0.101-0.329) had higher WFLZ at 24-moa. Males also had
poorer inhibitory self-control (8, —0.106; 95% CI, —0.209
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to —0.007). After correction for multiple comparisons, all
effects remained significant in the model except for the
direct association between fruit and vegetable servings with
higher WFLZ at 24-moa (Table V).

The current study expands on prior findings of poorer EFs
linked to higher weight status™”* and factors influencing
weight regulation in older children,”'''* by addressing these
relationships in a large cohort of toddlers for each EF domain
individually and as a composite score. The results suggest
that associations between health behaviors and EFs may pre-
cede observed relationships between EFs and weight status.
Toddlers meeting the guideline to limit screen time to no
more than 1 hour per day had better inhibitory self-control
and emergent metacognition, as well as overall EF. Lower to-
tal screen time also was predictive of higher overall EF and
each domain of EF. Meeting the guideline to be physically
active every d was associated with greater emergent metacog-
nition. Although associations specific to meeting guidelines
was abrogated on correction for multiple comparisons, this
should be interpreted with caution, owing to the interest in
individual testing of relationships between EFs and guide-
lines. Alternatively, this result may be simply a further indi-
cator (aside from effect sizes) of the weaker association of
EFs with guidelines compared with continuous variables,
which had greater variability. Overall, these findings suggest
that obesity risk factors are relevant, and that adherence to
guidelines for daily physical activity and screen time limita-
tions may be advantageous not only for weight regulation,
but also for cognitive development.

Although much of the work surrounding EFs and weight
status has focused on the causal relationship of the former
on the latter, this relationship is likely to be birectional.
Indeed, up-regulation of inflammatory cytokines and other
obesity-associated biomarkers may have consequences for
brain growth and development.”>”* A study of 9- to 11-
year-olds showed that the relationship between increased
BMI and lower EF was mediated by cortical thickness of
the prefrontal cortex, the maturation of which has been
linked to EF development.” Despite these previous observa-
tions in older children, there was no association between
weight status and any domain of EF in the current sample
of toddlers; however, a high proportion of the current sample
was of healthy weight at 24-moa. Post hoc power analyses re-
vealed low power (17%) to detect an effect on overall EF,
based on a Cohen d value of 0.110.

Therefore, our results may indicate that the relationship
between greater weight status and EF emerges later in child-
hood; toddlers must rely heavily on their caregiver for dietary
intake, but this reliance tends to decrease throughout child-
hood as they naturally become more independent. In this
sample, toddlers of mothers with overweight or obesity prior
to conception had higher WFLZ at 24-moa. Although
noncausal, this may suggest a role for caregiver weight status
on weight management in early childhood and may be a
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reflection of the relevance of family-wide interventions for
promoting optimal health behaviors in young children. Lon-
gitudinal work in this area could elucidate the age at which
relationships between EF and weight status emerge, and
whether parent weight status and behaviors continue to track
with child weight status throughout early life.

Although a priori covariates were implemented for regres-
sion analyses, we also explored other early-life associations
with EF in an effort to promote the generalizability of our re-
sults, regardless of diet and delivery mode during infancy.
Comparing groups who were exclusively breastfed to those
who were formula-fed or mixed-fed at 3-moa revealed no sig-
nificant differences in any domain of EF. In contrast, a recent
study reported that each month of exclusive breastfeeding
was associated with a decreased risk of clinically defined
working memory deficit in 6-year-olds, even after adjusting
for SES, among other factors; however, no relationship was
found for inhibition or overall EE.** It is possible that the
relationship between breastfeeding and EF is not observable
until the child is older (6 years vs 2 years). On the other
hand, previous work in a large sample of infants
(n =11 134) suggested that the negative relationship of deliv-
ery via cesarean with cognitive outcomes may be rescued by
age 3 years.35 Consistent with this work, our results showed
no relationship between infant delivery mode and EF. The
present study sample demonstrated an especially high pro-
portion of exclusively breastfed infants at 3-moa (68%) and
vaginally delivered infants (77%), whereas only 40% of in-
fants aged <6 months are exclusively breastfed worldwide,”
and ~68% of children in the US are delivered vaginally.””
Considering this and the cross-sectional nature of the present
study, longitudinal analyses exploring relationships of early-
life feeding and delivery mode with EFs throughout child-
hood in a more diverse sample are needed.

Many parents and guardians in this sample reported
toddler SSB intake, screen time, and physical activities in
meeting AAP guidelines similar to previous findings in a na-
tional, cross-sectional analysis of the 2008 Feeding Infants
and Toddlers Study (FITS) of >600 2-year-olds (defined as
age 24-35.9 months). In the FITS, ~70% of the toddlers
did not meet the recommended 5 servings of fruits and veg-
etables per day, ~55% consumed SSB on a daily basis, ~20%
exceeded 2 hours of screen time per day, and only 30%
engaged in active play outside for at least 1 hour per day.”
Our current sample yielded an especially low adherence
rate (5%) for consumption of 5 servings of fruits and vegeta-
bles per day. Surprisingly, post hoc power analyses indicated
that the power to detect a significant difference between those
meeting and not meeting the guideline for fruits and vegeta-
bles for overall EF was likely sufficient (74.4%), based on a
Cohen d of 0.301. However, no significant relationships
were found between EFs and fruits and vegetable guideline
or intake. Regardless, it is still possible that low adherence
and lack of variability in the current sample impacted these
findings, possibly owing to imprecise assessment in serving
sizes for toddlers, given that the Block FFQ Ages 2-7 does
not inquire about food serving sizes (only beverages).

Adherence to Screen Time and Physical Activity Guidelines is Associated with Executive Function in US Toddlers 27

Participating in the STRONG Kids 2 Birth Cohort Study



THE JOURNAL OF PEDIATRICS . www.jpeds.com

Furthermore, as young children tend to meet recommenda-
tions for daily fruit servings but not for vegetable servings
(and especially nonstarchy vegetables),” a less crude analysis
of diet quality is likely required to detect an effect and should
be considered in future analyses.

Even on inquiry of beverage portions, SSB also was not
related to EFs, even though those meeting the guideline for
SSB exhibited trend toward better EF. Many parents reported
no intake of SSB, and those who did report intake of SBB re-
ported very little (11.5 kcal/day). Recent NHANES data sug-
gest that males and females aged 2-5 years consumed 65 kcal
and 59 kcal from SSB daily, respectively, an average that is
likely skewed by the older ages, because intake of SSB tends
to increase across childhood age groups. Even for children
aged 6-11 years, the daily kcal from SSB almost doubles, to
133 kcal in males and 104 kcal in females.”® Therefore,
considering our highly educated sample of families and the
young age of our sample, it is possible that these kcal estima-
tions of SSB are fairly accurate but are not necessarily gener-
alizable. Regardless of study limitations, the lack of
relationship between diet and EF was surprising, given the ev-
idence in older children showing relationships between SSB,
fruit and vegetable intake, and diet quality (of which these are
a hallmarks) and EF."*

Limiting screen time to no more than 60 minutes per day
was not associated with cognitive flexibility, and the relation-
ships with the other indices were not as strong as those with
the continuous screen time variable. Although noncausal,
this may indicate that more than 60 minutes of screen time
by toddlers negatively impacted EF. Because the emotional
control subscale overlaps for cognitive flexibility and inhibi-
tory self-control, the lack of association between limiting
screen time and cognitive flexibility also may indicate greater
influence of the inhibition subscale in the relationship be-
tween screen time and inhibitory self-control (composed of
inhibit and emotional control subscales). Mechanisms for
the relationship between screen time and EFs are unclear,
however. Nathanson and Fries proposed two mechanisms:
one dependent on the specific content, some of which may
alter the child’s perception of the social world (eg, fast-
paced, fantasy television that requires and rewards inefficient
information processing),'” and the other involves the indi-
rect effect of screen time on EF through other behaviors. In
fact, screen time has been negatively correlated with both
physical activity and sleep time in toddlerhood.'**'

Our results showing greater working memory in toddlers
who were more physically active supports observations that
physical activity interventions can improve EF in school-
aged children;'””®** however, these findings are novel in sug-
gesting that this relationship begins in toddlerhood and may
be specific to emergent metacognition. Physical activity has
numerous health benefits relevant to development, including
the up-regulation of important neurodevelopmental growth
factors.”’” In fact, magnetic resonance imaging studies
comparing school-aged children, characterized by their
fitness level and/or involvement in a physical activity inter-
vention, exhibited functional®* and structural changes,"’
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respectively, in areas of the brain associated with EF, along
with better performance on cognitive control tasks.

This sample of toddlers was a highly homogenous demo-
graphic representation, and future studies should aim to re-
cruit a more ethnically and socioeconomically diverse
sample. Given the greater risk for high screen use, obesity,
low physical activity, and poor diet in children of non-
Caucasian ethnicities/races and lower SES,*®*” this is espe-
cially important to address in future studies. Another limita-
tion of the present study was the methods of assessment for
physical activity and diet. Measurement of physical activity
was through parental report of number of activities engaged
in for at least 15 minutes per week. As a result, actual time
spent doing physical activity could not be determined, and
the actual AAP Bright Futures guideline for 60 minutes of
moderate-to-vigorous physical activity per day could not be
determined. Diet was assessed through FFQ, which intro-
duces bias related to assumption of serving sizes and reliance
on parent memory of diet over the last 6 months. Future work
should aim to collect time spent doing physical activities and
more precise measures of SSB, fruit, and vegetable intake.

Toddlers with less screen use who meet the AAP guidelines
for both screen time and physical activity exhibited better EF,
suggesting a potential role of these health behaviors in cogni-
tive development. Based on observations in older children,
these study results suggest that relationships between more
sedentary and less active play with poorer EF emerges earlier
in life compared with weight status. However, owing to the
aforementioned limitations and the cross-sectional study
design, these results should be interpreted with caution. In
addition, a majority (67%) of toddlers met multiple guide-
lines, suggesting that health behaviors in toddlerhood tend
to coincide. Future studies should explore interactions and
coincidence of health behaviors, as well as their effects on
EF development. Exploring the interplay of these factors
and growth trajectories over time could be foundational to
the understanding of their impact on early-life cognitive
development. Regardless of limitations, this work is among
the few studies to explore multiple EF domain relationships
with weight status and health behaviors in a large sample of
toddlers, emphasizing the need for future, robust studies to
determine the significance of building healthy habits from a
young age to promote early EF development. B
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The Continued Importance of the Meckel Scan
Jaros R, Schussheim A, Levy LM. Preoperative diagnosis of bleeding Meckel’s diverticulum utilizing 99m technetium pertechnetate
scinti-imaging. J Pediatr 1973;82:45-9.

M eckel diverticulum results from incomplete obliteration of the vestigial vitelline duct and is the most common
congenital abnormality of the gastrointestinal tract, affecting approximately 2% of the population.’ Meckel diver-
ticulum is located in the ileum and usually contains ectopic gastric mucosa, which can cause ulceration of the adjacent
ileal mucosa and rectal bleeding but also can contain pancreatic, duodenal, or colonic mucosa. Fifty years ago, children
with rectal bleeding of unknown etiology would undergo an exploratory laparotomy in search of a Meckel diverticulum
or other cause. In 1973, *’technetium pertechnetate scintigraphy, now known as the Meckel scan, was first used in pe-
diatric patients perioperatively to diagnose Meckel diverticulum with ectopic gastric mucosa. Jaros et al used the tech-
nology in 5 children with rectal bleeding of unknown etiology. Two of these children had positive scans and subsequently
had surgery to excise a Meckel diverticulum; 3 children had normal scans and avoided unnecessary laparotomies.

Although most patients remain asymptomatic, a recent study of 945 children with Meckel diverticulum found that
60% presented with bowel obstruction including intussusception, 36% presented with bleeding, and 8% presented
with inflammation, which can appear as appendicitis-like symptoms in a patient with a normal appendix.” Many im-
aging modalities, including angiography, video capsule endoscopy, and small-bowel enteroscopy, can detect a Meckel
diverticulum but are not commonly used for this purpose. Although there have been technical advances to the scan
since 1973, when Polaroid films augmented a 90-minute digital recording, it maintains the same underlying technol-
ogy. Now, premedication with H, antagonists often is used to enhance tracer uptake into gastric tissue, and a Meckel
scan has high sensitivity and specificity, both approaching 100%.” Today, the Meckel scan remains the study of choice
in hemodynamically stable patients with rectal bleeding and should be used for prompt recognition and differentiation
of this congenital anomaly from other conditions with similar clinical presentations.

Y. Dana Neugut, MD, MS
Inna Novak, MD
Division of Pediatric Gastroenterology
Department of Pediatrics
Children’s Hospital at Montefiore/Albert Einstein College of Medicine
Bronx, NY
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Figure 1. Study recruitment and data analysis flow.
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Table IV. Path model A: Standardized regression coefficients of the direct and indirect effects of adherence to AAP
guidelines on BRIEF-P indices, with WFLZ at 24-moa as a mediator variable
Variables Point estimate (95% Cl) SE P value Adjusted P value*
Direct path from guidelines to WFLZ
Physically active every day —0.005 (—0.116 to 0.106) 0.057 .94 1.0
No more than 60 minutes of screen time —0.055 (—0.166 to 0.053) 0.057 .33 .637
At least 5 servings of fruits and vegetables 0.096 (—0.032 to 0.219) 0.065 14 .392
Limit SSB 0.107 (—0.028 to 0.234) 0.066 11 A11
Direct path from WFLZ to BRIEF-P indices
Overall EF —0.003 (—0.123 t0 0.112) 0.06 .96 1.0
Cognitive flexibility —0.033 (—0.152 to 0.086) 0.061 .58 .902
Inhibitory self-control 0.006 (—0.116 to 0.124) 0.060 .93 1.0
Emergent metacognition 0.011 (—0.108 t0 0.123) 0.059 .86 1.0
Effects of guidelines on overall EF
Physically active every day
Total —0.082 (—0.190 to 0.029) 0.056 14 413
Direct —0.082 (—0.190 to 0.029) 0.056 14 436
Indirect 0.00002 (—0.007 to 0.008) 0.003 .997 .997
No more than 60 min of screen time
Total —0.125 (—0.233 to —0.008) 0.057 .03 .56
Direct —0.125 (—0.234 to —0.008) 0.057 .03 42
Indirect 0.0002 (—0.009 to 0.010) 0.005 .97 1.0
At least 5 servings of fruits and vegetables
Total —0.053 (—0.154 to 0.046) 0.051 .30 622
Direct —0.053 (—0.156 to 0.047) 0.052 .31 .62
Indirect —0.0003 (—0.016 to 0.014) 0.007 .97 1.0
Limit SSB
Total —0.114 (—0.237 t0 0.010) 0.064 .08 373
Direct —0.113 (—0.237 t0 0.010) 0.065 .08 407
Indirect —0.003 (—0.017 to 0.014) 0.008 .97 1.0
Effects of guidelines on cognitive flexibility
Physically active every day
Total —0.044 (—0.155 to 0.065) 0.056 43 .753
Direct —0.044 (—0.155 to 0.065) 0.056 43 730
Indirect 0.0002 (—0.008 to 0.009) 0.004 .97 1.0
No more than 60 min of screen time
Total —0.090 (—0.202 to 0.027) 0.059 12 .395
Direct —0.092 (—0.205 to 0.026) 0.059 12 420
Indirect 0.002 (—0.007 to 0.014) 0.005 .71 1.0
At least 5 servings of fruits and vegetables
Total —0.056 (—0.148 to 0.034) 0.047 .23 .56
Direct —0.053 (—0.148 t0 0.040) 0.048 .27 630
Indirect —0.003 (—0.020 to 0.011) 0.007 .66 .999
Limit SSB
Total —0.090 (—0.226 to 0.046) 0.069 19 .507
Direct —0.086 (—0.224 to 0.051) 0.070 22 .560
Indirect —0.004 (—0.023 t0 0.010) 0.008 .66 973
Effect of guidelines on inhibitory self-control
Physically active every day
Total —0.044 (—0.153 t0 0.071) 0.057 A4 725
Direct —0.044 (—0.154 t0 0.071) 0.058 A4 .704
Indirect —0.00003 (—0.007 to 0.008) 0.004 .99 1.0
No more than 60 min of screen time
Total —0.143 (—0.248 to —0.029) 0.056 .01 .560
Direct —0.142 (—0.248 to —0.029) 0.056 .01 .280
Indirect —0.0003 (—0.010 to 0.010) 0.005 .95 1.0
At least 5 servings of fruits and vegetables
Total —0.047 (—0.146 to 0.049) 0.050 .35 632
Direct —0.047 (—0.148 t0 0.051) 0.051 .35 .653
Indirect 0.001 (—0.014 to 0.016) 0.007 .94 1.0
Limit SSB
Total —0.107 (—0.231 t0 0.019) 0.064 .10 400
Direct —0.107 (—0.232 to 0.020) 0.065 10 431
Indirect 0.001 (—0.017 to 0.016) 0.008 .94 1.0
Effects of guidelines on emergent metacognition
Physically active every day
Total —0.116 (—0.224 to —0.004) 0.056 .04 448
Direct —0.116 (—0.225 to —0.005) 0.056 .04 373
Indirect 0.001 (—0.008 to 0.007) 0.004 .99 1.0
No more than 60 min of screen time
Total —0.112 (—0.222 to 0.002) 0.057 047 .376
Direct —0.111 (—0.221 to 0.002) 0.057 .049 .343
(continued)
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Table IV. Continued
Variables Point estimate (95% CI) SE Pvalue Adjusted P value*
Indirect —0.001 (—0.010 to 0.010) 0.005 .90 1.0
At least 5 servings of fruits and vegetables
Total —0.053 (—0.148 to 0.045) 0.049 .28 627
Direct —0.054 (—0.150 to 0.046) 0.050 .28 603
Indirect 0.001 (—0.013 to 0.016) 0.007 .88 1.0
Limit SSB
Total —0.117 (—0.239 t0 0.003) 0.062 .06 373
Direct —0.118 (—0.240 to 0.001) 0.063 .06 .336
Indirect 0.001 (—0.015 to 0.016) 0.007 .88 1.0
v

Statistics in bold type denote a significant result (P < .05) before correction for multiple comparisons. Covariates included in the model were child sex, SES, ethnicity, WFLZ at birth, and maternal

prepregnancy weight status.

*Pvalues are corrected for multiple comparisons using a Benjamini—Hochberg procedure with a false discovery rate of 0.1 to determine significance after correction.
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Table V. Path model B: Standardized regression coefficients of the direct and indirect effects of health behaviors on
BRIEF-P indices, with WFLZ at 24-moa as a mediator variable
Variables Point estimate (95% Cl) SE P value Adjusted P value*
Direct path from health behaviors to WFLZ
Number of physical activities —0.024 (—0.148 to 0.086) 0.060 .69 .991
Screen time 0.116 (—0.012 to 0.233) 0.062 .06 .336
Fruit and vegetable servings 0.131 (0.006-0.252) 0.062 .04 .249
SSB kcal —0.091 (—0.229 to 0.014) 0.062 14 713
Direct path from WFLZ to BRIEF-P indices
Overall EF —0.032 (—0.154 to 0.088) 0.062 .60 1.0
Cognitive flexibility —0.061 (—0.179 to 0.059) 0.061 .32 .943
Inhibitory self-control —0.015 (—0.139 to 0.110) 0.062 .82 937
Emergent metacognition —0.021 (—0.143 to 0.096) 0.061 73 973
Effects of health behaviors on overall EF
Number of physical activities
Total —0.028 (—0.168 to 0.088) 0.065 .67 .987
Direct —0.029 (—0.170 to 0.088) 0.065 .66 .999
Indirect 0.001 (—0.008 to 0.012) 0.005 a7 .680
Screen time
Total 0.254 (0.114-0.378) 0.067 <.001 .008
Direct 0.257 (0.118-0.384) 0.067 <.001 .056
Indirect —0.004 (—0.023 to 0.011) 0.008 .65 1.0
Fruit and vegetable servings
Total —0.067 (—0.179 to 0.056) 0.059 .26 971
Direct —0.063 (—0.179 to 0.063) 0.061 .30 .988
Indirect —0.004 (—0.026 to 0.013) 0.009 .65 1.0
SSB kcal
Total —0.045 (—0.169 to 0.125) 0.075 .54 1.0
Direct —0.048 (—0.172 to 0.125) 0.075 .52 1.0
Indirect 0.003 (—0.009 to 0.022) 0.008 .70 .98
Effects of health behaviors on cognitive flexibility
Number of physical activities
Total —0.035 (—0.171 to 0.075) 0.063 .57 1.0
Direct —0.037 (—0.175 to 0.075) 0.063 .56 1.0
Indirect 0.001 (—0.009 to 0.014) 0.005 .78 .929
Screen time
Total 0.210 (0.076-0.336) 0.067 .002 .014
Direct 0.217 (0.082-0.342) 0.067 .001 .028
Indirect —0.007 (—0.026 to 0.008) 0.009 A .998
Fruit and vegetable servings
Total —0.031 (—0.142 to 0.090) 0.060 .60 1.0
Direct —0.024 (—0.139 to 0.100) 0.061 .70 .956
Indirect —0.008 (—0.030 to 0.008) 0.010 40 1.0
SSB kcal
Total —0.031 (—0.144 to 0.126) 0.068 .65 1.0
Direct —0.037 (—0.151 t0 0.123) 0.068 .59 1.0
Indirect 0.006 (—0.006 to 0.028) 0.008 .51 1.0
Effects of health behaviors on inhibitory self-control
Number of physical activities
Total —0.005 (—0.133 to 0.101) 0.059 .93 .93
Direct —0.005 (—0.134 t0 0.101) 0.059 .93 .964
Indirect 0.0004 (—0.008 to 0.011) 0.004 .93 947
Screen time
Total 0.229 (0.098-0.351) 0.064 <.001 .019
Direct 0.231 (0.099-0.354) 0.064 <.001 .014
Indirect —0.002 (—0.020 to 0.015) 0.008 .84 922
Fruit and vegetable servings
Total —0.088 (—0.200 to 0.032) 0.059 14 .653
Direct —0.086 (—0.202 to 0.039) 0.061 .16 .689
Indirect —0.002 (—0.021 to 0.016) 0.009 .83 .93
SSB kcal
Total —0.025 (—0.162 to 0.163) 0.082 .76 .946
Direct —0.027 (—0.166 to 0.166) 0.083 .75 977
Indirect 0.001 (—0.011 to 0.019) 0.007 .86 .926
Effects of health behaviors on emergent metacognition
Number of physical activities
Total —0.039 (—0.181 t0 0.072) 0.065 .54 1.0
Direct —0.040 (—0.183 to 0.074) 0.065 .54 1.0
Indirect 0.001 (—0.008 to 0.011) 0.004 91 .962
(continued)
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Table V. Continued
Variables Point estimate (95% CI) SE Pvalue Adjusted P value*
Screen time
Total 0.255 (0.118-0.012) 0.066 <.001 011
Direct 0.257 (0.120-0.381) 0.067 <.001 .009
Indirect —0.002 (—0.021 to 0.012) 0.008 .76 .925
Fruit and vegetable servings
Total —0.062 (—0.171 to 0.062) 0.058 29 1.0
Direct —0.059 (—0.172 to 0.067) 0.059 32 .996
Indirect —0.003 (—0.172 t0 0.014) 0.009 .76 .967
SSB keal
Total —0.059 (—0.172 to 0.094) 0.068 .38 1.0
Direct —0.061 (—0.175 to0 0.092) 0.068 37 1.0
Indirect 0.002 (—0.010 to 0.020) 0.007 79 922
\, v

Statistics in bold type denote a significant result (P < .05). Covariates included in the model were child sex, SES, ethnicity, WFLZ at birth, and maternal prepregnancy weight status.

*P values are corrected for multiple comparisons using a Benjamini—Hochberg procedure with a false discovery rate of 0.1 to determine significance after correction.
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Abstract

Emerging research shows that Acceptance and Commitment Therapy (ACT) may improve mental health for caregivers.
Parents of autistic children, adolescents, and adults (N=54) were randomly assigned to either complete a brief group-
based ACT intervention or remain on the waitlist. Participants completed surveys immediately prior to randomization,
and 3-, 7-, and |7-weeks post-randomization. The primary outcome was depression symptoms and secondary outcomes
included stress, goal attainment, positive affect, ACT psychological processes, child mental health, and family functioning.
Mixed effects linear models testing Group X Time interaction indicated the Treatment group (n=27) demonstrated
greater post-intervention improvements than the Waitlist group (n=27) in parent depression (p=.03, d= —0.64) and
family distress (p=.04, d= —0.57). Treatment group parents also reported greater short-term gains in positive affect
(p=<.001, d=0.77) and personal goal attainment (p=.007, d=0.80), compared to the Waitlist group. Although there
was no significant Group X Time interaction for other outcomes, stress (b=—-2.58, p=.01), defusion (b= -3.78, p=.001),
and experiential avoidance (b= —4.22, p=.01) showed improvement for the Treatment group, but not the Waitlist
group, at post-intervention. All Treatment group improvements were maintained at follow-up. Results suggest that a
brief ACT group intervention is efficacious for improving some aspects of mental health for parents of autistic children.

Lay abstract

Parents of autistic children commonly experience difficulties with their own mental health. This study looked at the
effects of a brief group-based Acceptance and Commitment Therapy program, developed for parents of autistic children,
youth, and adults. ACT focuses on increasing psychological flexibility, which is the ability to be mindful and accepting
of difficult thoughts and experiences, shown to be important for mental wellness. Participants included 54 parents
of autistic people, ages 3—34. Parents were randomly divided into two groups: a Treatment group that received the
intervention right away, and a Waitlist group that completed the program after the Treatment group completed the
trial. All parents filled out questionnaires right before the program began, and at 3, 7, and 17 weeks after randomization.
Compared to the group that was waiting to participate in the program, parents in the Treatment group reported greater
improvements in depression and family distress, and these improvements were still present 4 months later. Parents in
the Treatment group also reported short-term improvements in their positive feelings and personal goals, compared to
those waiting. Results showed that ACT may help improve some aspects of mental health for parents of autistic children,
but further research is recommended.
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Parents of autistic children' commonly experience greater
levels of stress, anxiety, and depression compared to par-
ents of children who do not have a disability, and their lev-
els of chronic stress have been shown to surpass levels
experienced by parents of children with other develop-
mental disabilities (Bitsika & Sharpley, 2004; Estes et al.,
2009). Given the high stress experienced by parents of
autistic children (Hayes & Watson, 2013), it follows that
parents would experience their own challenges that require
parent-focused support.

Acceptance and Commitment Therapy (ACT) has
emerged as an intervention with a strong evidence base
supporting its use for caregivers (Han et al., 2021). The
ACT framework focuses on helping individuals improve
psychological flexibility, which involves increasing open-
ness and mindful awareness in the present moment, and
acceptance of difficult experiences (Hayes et al., 2006).
The overall aim of ACT is not to decrease psychological
distress, but to increase one’s effectiveness in pursuing val-
ues that are personally meaningful, even in the context of
difficult symptoms or circumstances (Harris, 2006). In
addition to rewards and positive impacts of raising an autis-
tic child that many parents report (Kayfitz et al., 2010), par-
ents of autistic children also describe making significant
adjustments to their lives to support their child’s care, such
as career changes, or devoting very limited time to social or
personal activities (Meirsschaut et al., 2010). They may
have difficulty navigating inaccessible care systems, unsup-
portive social systems, or adjusting to a parenting experi-
ence that can involve a high level of daily childcare
demands (Meirsschaut et al., 2010). As a result, parents
may experience difficult thoughts and feelings in response
to these real challenges and stressors. Acceptance, there-
fore, may be a more appropriate framework than treatment
modalities that focus on problem-solving. The use of psy-
chological acceptance has also been shown to be an impor-
tant protective factor in the well-being of parents of autistic
children (Jones et al., 2014; Weiss et al., 2012). In addition,
parents of autistic children report that they employ more
avoidance coping (i.e. cognitive distancing/minimizing;
escape behaviors) than parents of children without autism,
which may be related to increased strain on the family sys-
tem (Sivberg, 2002). Avoidance coping, although some-
times adaptive in the short term, is associated with increased
stress and mental health problems over time (Hastings
et al., 2005). As such, these parents may benefit from inter-
ventions that help decrease the use of psychological avoid-
ance and promote psychological acceptance.

There is a growing literature demonstrating the effec-
tiveness of ACT among parents of autistic children. In the
first published study of ACT for parents of autistic chil-
dren, Blackledge and Hayes (2006) delivered a 2-day
workshop to 20 parents. Participants demonstrated post-
intervention improvements in self-reported depression,
distress, experiential avoidance, and cognitive fusion. In
another study, two 4h ACT workshops were delivered to

five mothers of children with intellectual and developmen-
tal disabilities who displayed high levels of challenging
behavior (Reid et al., 2016). Analysis of post-intervention
interviews revealed that parents reported a better ability to
cope with stress, increased emotional wellbeing for them-
selves and their child, and the ability to take a more mind-
ful perspective on their difficulties. In a multiple baseline
repeated measures analysis of three mothers of autistic
children who participated in six 90-min sessions of ACT,
parents increased in their use of values-guided behaviors
(Gould et al., 2018) post-training and 6 months later.

In India, Poddar and colleagues (2015) delivered ACT
individually to five mothers of autistic children over 10
sessions. Improvements in parent self-reports of depres-
sive and anxious symptoms, psychological flexibility, and
quality of life were noted post-intervention. In Iran, an
8-week group ACT intervention provided to 12 mothers
was superior to 8 weeks of individual counseling for reduc-
ing self-reports of depression and experiential avoidance,
although group assignment was not random (Joekar et al.,
2016).

In a study with a slightly larger sample, Lunsky and
colleagues (2018) delivered a brief ACT workshop to 29
mothers of autistic children and young adults. In addition
to having ACT expertise, facilitators were also parents of
autistic children. Post-intervention, improvements were
seen in parents’ self-reports of depression, stress, per-
ceived physical health, and social isolation, and improve-
ments in all but social isolation were maintained at
follow-up. A second study of this cohort reported that
mothers also indicated improvements in cognitive fusion,
psychological flexibility, and values-consistent action,
which were maintained at follow-up (Fung et al., 2018a).

One of the only randomized controlled trials (RCTs) of
ACT for parents focused on parents of children with cere-
bral palsy, where researchers added a 4h ACT training for
parents who were already receiving a parenting interven-
tion, compared to a randomly assigned waitlist control
group and a parent training only group. The addition of
ACT training resulted in improved parent reports of child
quality of life and reduced parental depression and stress,
compared to the waitlist group (Whittingham et al., 2015).
This study did not compare receiving only ACT to a con-
trol condition, making it difficult to determine the relative
impact of ACT on the improvements observed. In the only
RCT to date testing the efficacy of ACT for parents of
autistic children (age 5—13), nine parents receiving Applied
Behavior Analysis (ABA) participated in a 4h ACT work-
shop, compared to nine parents who received ABA only
(Hahs et al., 2018). The ACT group demonstrated signifi-
cantly greater improvements compared to the ABA-only
group in self-reports of mindfulness, experiential avoid-
ance, cognitive fusion, consistency toward personal val-
ues, and depression, but no follow-up was employed.

ACT has yet to be evaluated in parents of autistic chil-
dren using both a randomized controlled design and a large
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enough sample to increase generalizability to the larger
population of parents of autistic children. Further, while
there is evidence that in families of autistic children, par-
ent-focused interventions can also serve to improve child
behavior and mental health (Neece, 2014; Singh et al.,
2006, 2014) and family adjustment (Tonge et al., 2006), no
studies have examined child and family outcomes follow-
ing ACT interventions for parents. Finally, as ACT is meant
to improve psychological flexibility and positive function-
ing while not necessarily decreasing symptoms, it is essen-
tial that evaluations of ACT include outcome measures that
assess positive aspects of parent functioning as well, rather
than focusing only on reduction of problems.

Aim

The current study tested the efficacy of a brief, manualized
group-based ACT workshop developed for parents of chil-
dren, adolescents, and adults> with neurodevelopmental
disabilities, including autism. A randomized controlled
design compared a Treatment group that completed the
program immediately to a Waitlist control condition. The
primary outcome was reduction in parent depression, and
secondary outcomes included other aspects of parent men-
tal health, positive functioning, and goal attainment. We
also investigated the extent to which the intervention
impacted the mental health of children of participating par-
ents, and overall family functioning. We predicted that
parents who were offered the ACT program would report
improvements in their mental health, positive functioning,
goal attainment, and in their child’s mental health and fam-
ily’s functioning, relative to the waitlist condition.

Method

Participants

Participants included 54 parents of autistic children, ado-
lescents, and adults ages 3 to 34 years. To be included in
the study, parents had to provide documentation of their
child’s autism diagnosis from a health care practitioner
qualified to diagnose autism in Ontario, Canada (i.e. clini-
cal psychologist, pediatric/general practitioner physician,
or psychiatrist). Additional inclusion criteria were the abil-
ity to speak English and identify therapy goals, and no
prior exposure to ACT.

Program description

The intervention was a three-session workshop, developed
by Fung and colleagues (2018b) and described in detail by
Lunsky and colleagues (2018). The first session involved a
3h introduction to the ACT processes, and participants
were introduced to mindfulness through an experiential
guided imagery exercise. The second full-day session
occurred the following day and included didactic,

experiential, and mindfulness activities to demonstrate the
concepts of ACT, and linked material to the experience of
parenting an autistic person. Guided activities were inter-
spersed with paired sharing, group discussion, and videos.
At the end of session 2, participants committed to engag-
ing in one action that aligned with their values. A 3h
refresher session was conducted 1 month later.

Measures

Sample characteristics. The parent-report Social Communi-
cation Questionnaire—Lifetime version (SCQ; Rutter et al.,
2003) was used to measure autism symptoms. The parent-
report Scales of Independent Behavior—Revised Short
Form (SIB-R; Bruininks et al., 1996) measured adaptive
functioning. The SIB-R uses a standard score (M=100,
SD=15, Range: 0-200).

Primary outcome

Depression. Symptoms of depression were measured
using the 7-item Depression subscale of the Depression
Anxiety Stress Scale-21 (DASS-21; Lovibond & Lovib-
ond, 1995). Item responses reference the past week and use
a 4-point scale (0=Never to 3=Almost Always). Subscale
scores can fall into the ranges of normal, mild, moderate,
severe, or extremely severe. These severity labels charac-
terize the range of scores in the population; a mild score
does not indicate mild level of disorder and is below the
typical severity of those seeking help (Lovibond & Lovi-
bond, 1995). Therefore, a “moderate” score (7 or higher)
was used to define depression of clinical concern. Internal
consistency for Depression was good in the current sample
(a=0.89).

Secondary outcomes

Parent mental health and positive functioning. The 7-item
Stress subscale of the DASS-21 was used to measure
symptoms of stress. Internal consistency was a=0.84 in
the current sample.

Two subscales of the Parenting Stress Index—Fourth
Edition (PSI-4; Abidin, 2012) were used. The 6-item
Isolation subscale measures perceived social isolation and
the 5-item Health subscale measures perceived physical
health in relation to parenthood. Parents were asked to ref-
erence the past week. Items were rated on 5-point scale
(1=Strongly Agree to 5=Strongly Disagree). The PSI-4
has been previously used with parents of autistic children
(Feinberg et al., 2014; Lunsky et al., 2018; Thullen &
Bonsall, 2017). In this sample, internal consistency was
acceptable (Isolation a=0.76, Health a=0.70).

The Positive & Negative Affect Schedule (PANAS;
Crawford & Henry, 2004) is a 20-item measure that
assesses respondents’ experiences of different positive and
negative emotions over the past week. Only the positive
affect subscale was used, which has items that include 10
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positive (i.e. active, determined) mood words, and
respondents report the extent to which they experienced
each mood over the last week (1=Not at all to
S5=Extremely). The PANAS demonstrated excellent inter-
nal consistency in the current sample (o.=.90 for Positive
Affect) and in previous studies with parents of autistic
children the Positive Affect subscale has been associated
with other positive parental outcomes (e.g. optimism, psy-
chological well-being; Ekas et al., 2010).

To assess goal attainment, at screening, participants
identified three goals they hoped to attain through com-
pleting the workshop. At baseline, goals were refined with
the assistance of a clinically-trained graduate student to
ensure they were Specific, Measurable, Attainable,
Relevant, and Timed, and Goal Attainment Scaling, a pro-
cedure typically used in rehabilitation intervention, was
used to track progress (Bovend’Eerdt et al., 2009). For
each goal, operationalized definitions were created to
describe the participant’s target behaviors if their goal was
achieved (0), slightly exceeded (+1), greatly exceeded
(+2), not quite achieved (—1) or nowhere near (—2), to cre-
ate an individualized reference guide. At each assessment
time point, participants were electronically sent their
guide, which they referenced to select the number that rep-
resented their progress toward each goal.

For the analysis, participants’ highest goal attainment
score at each time point was used (i.e. the goal for which
the participant indicated the highest achievement rating
could differ between time points). We analyzed partici-
pants’ highest achieved goal (and thus the goal they were
prioritizing) rather than totaling achievement of all goals,
as the three goals may not have been considered equally
important to participants. Focusing on one priority goal
allowed for the examination of what meaningful change in
one area could look like. Other research using goal attain-
ment scaling has found utility in selecting the highest-
ranking goal for analysis (Jennings et al., 2018; McGarrigle
& Rockwood, 2020). To capture the effect of the program
on whether goals were attained or not, the resulting values
were dichotomized into 0 (not quite achieved or nowhere
near achieved) and 1 (achieved or slightly exceeded or
greatly exceeded). Past research on goal scaling has also
analyzed reports in this manner (e.g. Chiarello et al., 2020;
Jennings et al., 2018).

ACT process measures. The Acceptance & Action Ques-
tionnaire-11 (AAQ-1I; Bond et al., 2011) was used to meas-
ure psychological flexibility and acceptance. The AAQ-II
is a 7-item questionnaire on which items are rated on a
7-point scale to provide an overall score. Higher scores
indicate greater levels of acceptance and less experiential
avoidance. The AAQ-II showed excellent internal consist-
ency, 0.=.92. The AAQ and AAQ-II have been used previ-
ously in studies of parents of autistic children (Blackledge
& Hayes, 2006; Hahs et al., 2018 respectively).

The Valued Living Questionnaire (VLQ; Wilson et al.,
2010) is a two-part questionnaire that measures the extent
to which respondents are in contact with their chosen val-
ues in everyday life. First, the participant indicates the
importance they place on 10 life areas (e.g. friendship,
work, spirituality), on a 10-point scale from Not at all
important to Very important. In the second part, they indi-
cate how consistent their actions currently are in each val-
ued area on a 10-point scale, ranging from Completely
inconsistent to Completely consistent. In this sample, the
VLQ demonstrated acceptable internal consistency
(Importance a=.69, Consistency a.=.83, Valued Living
Composite aa=.76). The VLQ has been used in other stud-
ies with parents (Fung et al., 2018a).

The Cognitive Fusion Questionnaire (CFQ; Gillanders
et al., 2014) is a 7-item measure used to assess the degree
to which respondents report currently feeling distressed
by, getting caught up with, or struggling to let go of
thoughts. Statements are rated on a 7-point Likert-type
scale (1=Never true to 7=Always true). Internal consist-
ency was excellent in the current sample, a=.93. The CFQ
has been used in studies of parents of autistic children
(Fung et al., 2018a; Hahs et al., 2018).

The Bangor Mindful Parenting Scale (BMPS; Jones
et al., 2014) is a 15-item questionnaire that measures par-
ents’ degree of mindfulness in their parenting and interac-
tions with their children. Respondents rate items on a
4-point scale (0=Never true to 3=Always true). It has
been used previously in studies of parents of children with
autism and other disabilities (Lunsky et al., 2015). Internal
consistency for the total score was a.=.79 in the current
sample.

Youth mental health and family functioning. The Strengths
& Difficulties Questionnaire (SDQ; Goodman, 2001)
assesses mental health difficulties broadly in children and
youth. In line with SDQ guidelines, when administered at
baseline, parents were asked to reference the past 6 months,
and at subsequent time points the reference period was the
past 1 month. The measure has subscales for Emotional
Symptoms, Conduct Problems, Hyperactivity-Inattention,
Peer Problems, Prosocial Behavior, Impact, and Total Dif-
ficulties. Respondents provided item ratings on a 3-point
scale (1 =Not true to 3=Certainly true). Internal consisten-
cies were acceptable for most subscales of the SDQ in the
current sample, ranging from o=.69 to .72, except Peer
Problems (o.=.46). The SDQ is often used in studies of
autistic children (Allik et al., 2006; Chalfant et al., 2007).

The Brief Family Distress Scale (BFDS; Weiss &
Lunsky, 2011) was used to obtain a measure of the current
level of crisis parents perceive in their family. Respondents
indicate, on a scale from 1 to 10, which numbered state-
ment most accurately represents the state of their family’s
current distress. Statements range from 1=everything is
fine, my family and I are not in crisis at all, 5=things are
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very stressful, but we are getting by with a lot of effort,
10=we are currently in crisis, and it could not get any
worse. The BFDS has been used in other studies of parents
of children with developmental disabilities (Hastings,
2016; McKenzie et al., 2017).

The General Functioning subscale of the McMaster
Family Assessment Device (FAD; Epstein et al., 1983) was
used as a measure of family functioning over the past 2
weeks. Responses for each of the 12 items are provided on
a 4-point scale, ranging from Strongly agree to Strongly
disagree. This tool has been used in parents of children
with disabilities (Brown et al., 2015) and had good internal
consistency (o.=.82) in the current sample.

Procedure

Recruitment. The study was approved by ethics boards at
York University, the Centre for Addiction and Mental
Health, and Surrey Place in Toronto, Ontario. This study
was registered prior to data collection with the ISRCTN
registry (97093664). See Supplemental Table 1 for the
Consolidated Standards of Reporting Trials (CONSORT)
Checklist. Participants were recruited from postings on
websites of child autism community agencies, autism ser-
vice e-newsletters, and referrals from the community
between January-November 2019. Interested parents were
invited to participate in a telephone screening interview to
assess eligibility. For participants who met screening crite-
ria, study procedures were explained, and written informed
consent was obtained. As shown in Figure 1, 77 partici-
pants were screened, with 7 excluded for not meeting inclu-
sion criteria, and 7 declining to participate. Power analyses
using G*Power 3.1 indicated that a sample size of 55 would
be sufficient to detect medium effects. No participants
reported experiencing harm from participation in the trial.

Randomization. Following the baseline appointment, the
first author randomized parents into either the Treatment
or Waitlist group using online randomization software
(Urbaniak & Plous, 2015). Participant randomization was
stratified by gender, to ensure approximately equal num-
bers of males and females in each group. Sixty-three par-
ticipants were randomized. If partners participated
together, one was randomly excluded from the analysis
(n=9), leaving 27 in each group. Parents in the Treatment
group participated in their assigned ACT workshop within
2 weeks. Waitlisted parents participated in the intervention
after the follow-up time point.

Study design. Following participant screening, baseline
data were collected within 2 weeks prior to the commence-
ment of the workshop. Parents completed demographic
and evaluation measures online, and goals were defined
during a phone appointment. Child social communication
abilities and adaptive functioning were assessed at

baseline; the SCQ was administered online, and the SIB-R
was completed during the phone appointment in interview
format.

All outcome measures (DASS-21, PANAS, PSI-4,
AAQ-II, VLQ, CFQ, BMPS, BFDS, FAD, SDQ, goal
attainment) were administered online at 7weeks post-
baseline (post-refresher/ Time 3) and 17 weeks post-base-
line (follow-up/Time 4). The primary outcome measure
(DASS-21 Depression), as well as four additional brief
measures (DASS-21 Stress, PANAS, BFDS, goal attain-
ment) were re-administered at the mid-point of treatment
(3weeks post-randomization/Time 2). These measures
were selected to obtain a brief snapshot of four areas of
functioning (i.e. mental health, positive functioning, fam-
ily distress, and behavior change) immediately after the
first two intervention sessions/wait. Following Time 4 data
collection, the Waitlist group participated in the
intervention.

Community involvement

Families of autistic individuals were involved in this study.
Parents of autistic people designed the intervention (Fung
et al., 2018b) and co-facilitated every workshop, working
in partnership with clinicians. No autistic people were
involved in the research process.

Data analysis

Using SPSS version 27, we performed a series of linear
mixed effects regression analyses at each post-treatment
time point of the relationship between Group and each out-
come measure (DASS-21 Depression, DASS-21 Stress,
PANAS, PSI-4, AAQ-II, VLQ, CFQ, BMPS, BFDS, FAD,
SDQ). As fixed effects, we entered Group (Treatment/
Waitlist), Time (two levels: Baseline and Time 2 or 3), and
Group X Time interaction into the model. The interaction
directly tested whether Treatment and Waitlist groups
showed a different pattern of change in outcome measures
at the different study time points. As random effects, we
included an intercept for subjects to account for repeated
measurements. Mixed effects models accommodate for
missing values using the maximum likelihood method, and
therefore, this analysis included all randomized partici-
pants (N=54 [9 partners excluded]).

Cohen’s d effect sizes were calculated using the differ-
ence in change scores between Treatment and Waitlist
groups, divided by the pooled standard deviation at base-
line. Effect size magnitudes were defined as: negligible
(<0.20), small (0.20-0.49), medium (0.50-0.79), and
large (=0.80) (Cohen, 1992).

Differences between the Treatment and Waitlist groups
in their goal attainment (i.e. goal achieved/not achieved)
were tested using Pearson chi-square analyses. Missing
goal attainment values were imputed in SPSS using
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Figure I. CONSORT flow diagram.

multiple imputation, including all demographic variables,
baseline scores, and variables in the analysis as predictors.
Chi-square values from 10 imputed datasets were pooled
in R using the micombine.chisquare function from
miceadds (Enders, 2010). This function produces a com-
bined statistic, which is approximately F-distributed. Odds
ratio was used as the effect size measure.

Two analyses included treatment completers only from
the Treatment group (n=18), who completed the full 3-day
intervention with refresher, in addition to all Waitlist par-
ticipants (n=27). First, for depression, the number of par-
ticipants in each group who moved from the clinical to
non-clinical range was calculated at Time 2 and Time 3.
The interaction between Group and improvement to the
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non-clinical range was tested using Pearson chi-square
analyses. Second, to assess whether improvements were
maintained at 4-month follow-up (only possible for the
Treatment group), linear mixed effects regression analyses
were performed on treatment completers (n=18) with
Time (two levels: Time 3 and Time 4) as the fixed effect,
and subjects’ intercept as a random effect.

Results

Baseline demographics

There were no significant differences in participant char-
acteristics at baseline (see Table 1). Participants were 83%
female, two thirds had completed university, and approxi-
mately one third were currently taking psychotropic medi-
cation. All 54 participants completed the survey at Time 1.
At Time 2, 48 participants completed the survey (88.9%),
at Time 3, 45 participants (83.3%), and at Time 4, 46 par-
ticipants (85.2%).

Primary outcome

Depression. At Time 2 (mid-point), following the main
2-day workshop, parents in the Treatment group demon-
strated significant reductions in depression scores (b=
—3.21, p=.001), whereas these improvements were not
seen for the Waitlist group (b=0.46, p=.51), with a large
Time X Condition interaction (see Table 2). At Time 3
(post-refresher), the Treatment group showed sustained
reductions in depression scores (b=—2.60, p=.03) and the
Waitlist continued to show no reduction in depression
(6=0.08 p=.88), with a medium Time X Condition effect.

In the Treatment group, 18 participants completed the
full 3-day intervention, including the refresher.
Improvements observed in the Treatment group were
maintained at 4-month follow-up, with no differences
among treatment completers between Time 3 and Time 4
depression scores (b= —0.14; p=.90; see Supplemental
Table 3 for Time 4 analyses).

Improvement from clinical to non-clinical range. Out
of 18 treatment completers, 12 had depression scores in
the moderate or higher range at baseline. Of the 12, 10
parents entered the non-clinical range for depression by
Time 2 (83%), and 8 remained non-clinical by Time 3
(67% improvement). In the Waitlist group, none of the
10 participants who were in the clinical range at baseline
moved to the non-clinical range at Time 2, and 3 became
non-clinical by Time 3 (30%). At Time 2, there was a sig-
nificant interaction between Group and moving to the non-
clinical range (3 (1)=15.28, p=<.001), which attenuated
by Time 3 (%* (1)=2.93, p=.09). By Time 3, two Waitlist
participants originally in the non-clinical range moved to a
clinical score on the depression subscale, as did one Treat-
ment group participant.

Secondary outcomes

Parent mental health and positive functioning. Values for
between-group analyses for all secondary outcomes can be
found in Supplemental Table 2. There was no significant
Time X Condition effect for stress at Time 2 or Time 3. At
Time 2, while the Treatment group did not have a signifi-
cant reduction in stress from baseline, there was a trend
toward reduction (b= —1.67, p=.07), which was not
observed in the Waitlist group (6=0.22, p=.80). At Time
3, significant improvements in stress from baseline were
observed in the Treatment group (b= —2.58, p=.01), but
not for the Waitlist group (b= —0.99, p=.17). At follow-
up, maintenance of the improvements in stress between
baseline and Time 3 was seen, with no significant changes
from Time 3 to Time 4 for treatment completers (b=0.67,
p=.43).

At Time 2, there was a significant Time X Condition
interaction for positive affect, with a small effect size. The
Treatment group showed an increase in positive affect
(b=2.76, p=.02), whereas the Waitlist group had lower
positive affect at Time 2 (b=—2.95, p=<.001). At Time 3,
there was no treatment effect observed for positive affect.

At Time 3, there was no significant Time X Condition
interaction for parenting stress-related health, but there
was a trend toward more improvement in the Treatment
group (b=-0.89, p=.16) than the Waitlist group (b=0.84,
p=.20). For isolation, there was no Time X Condition
effect, nor any within-group change for either group.

Goal attainment. At Time 2, 81.9% of the Treatment
group had met at least one of their goals, compared to 43.0%
of the Waitlist group, and there was a significant association
between Group and goal attainment, F(1, 461.41)=7.47,
p=.007, d=0.80. Based on the odds ratio, the odds of
achieving or exceeding one’s goal was 5.99 times higher
if in the Treatment group than in the Waitlist group (95%
confidence interval:1.73, 20.70). This association was not
present at Time 3, F(1, 394.16)=1.45, p=.23, d=0.33 or
at Time 4, F(1, 637.51)=0.12, p=.73, d=0.09. At Time 3,
75.2% of the Treatment group was achieving or exceeding
their goal, compared to 58.1% for the Waitlist group.

ACT process measures. There was no Time X Condition
effect for any ACT process measures. Looking at within-
group change for each group, improvements were observed
in the Treatment group for experiential avoidance (b=
—4.22, p=.01) and cognitive fusion (b= —3.78, p=.001),
whereas none were observed for the Waitlist group (b=
—0.86, p=.56 and b= —2.03, p=.11 respectively). There
was no significant within-group change for valued living
or mindful parenting at Time 3 for either group. At 4-month
follow-up, maintenance of the Treatment group’s improve-
ments between baseline and Time 3 was seen for experien-
tial avoidance. While not significant, there was also a trend
toward further improvement (b= —2.76; p=.07). There
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Table I. Group differences in parent and child characteristics at baseline.

Variable Treatment n=27 Waitlist n=27 t or y? p
Parents
Age M (SD) 47.11 (7.66) 49.56 (9.80) t=-1.02 31
Range 36-66 32-69
Sex n (%) 12=1.20 27
Female 24 (88.9%) 21 (77.8%)
Male 3(11.1%) 6 (22.2%)
Marital status n (%) 12=0.91 .34
Married/common law 19 (70.4%) 22 (81.5%)
Single/divorced/separated 8 (29.6%) 5(18.5%)
Current sleep/psychotropic medication r2=4.21 12
Yes 6 (22.2%) 12 (44.4%)
No 20 (74.1%) 12 (44.4%)
Missing | (3.7%) 3(11.1%)
Current individual/group/family therapy 12=4.60 .10
Yes 8 (29.6%) 4 (14.8%)
No 10 (37.0%) 16 (59.3%)
Missing 9 (33.3%) 7 (25.9%)
Ethnicity n (%) 12=8.36 40
Chinese 2 (7.4%) 2 (7.4%)
East Asian 0 I (3.7%)
Filipino 0 I (3.7%)
South Asian 0 2 (7.4%)
Black | (3.7%) 0
White 20 (74.1%) 19 (70.4%)
Latin American/Hispanic I (3.7%) 0
Other/Prefer not to answer 3(11.1%) 2 (7.4%)
Education n (%) x2=1.89 26
High school graduate I (3.7%) I (3.7%)
Graduated college 6 (22.2%) 5(18.5%)
Some university 2 (7.4%) 3(11.1%)
Graduated university 10 (37.0%) 7 (25.9%)
Post-graduate degree 8 (29.6%) Il (40.7%)
Household income (CAD) n (%) 2=3.18 .53
<$50,000 2 (7.4%) 2 (7.4%)
$50,000-$99,999 8 (29.6%) 6 (22.2%)
$100,000-$149,999 5 (18.5%) 5 (18.5%)
=$150,000 10 (37.0%) 8 (29.6%)
Prefer not to answer 2 (7.4%) 6 (22.2%)
Children
Age M (SD) 15.07 (7.92) 14.07 (7.77) t=0.47 .64
Range 3-34 3-27
Sex n (%) x2=1.03 31
Female 7 (25.9%) 4 (14.8%)
Male 20 (74.1%) 23 (85.2%)
Years since autism diagnosis M (SD) 7.26 (7.80) 835 (7.11) t=-0.47 .64
Range 0-33 1-22
Ethnicity n (%) x2=5.02 .66
Indigenous 0 I (3.7%)
Chinese I (3.7%) I (3.7%)
South Asian 0 2 (7.4%)
Black I (3.7%) 0
White 22 (81.5%) 21 (77.8%)
Other/prefer not to answer 3(11.1%) 2 (7.4%)

(Continued)
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Table I. (Continued)

Variable Treatment n=27 Waitlist n=27 tory? p

SIB-R Standard Score M (SD) 75.63 (27.75) 63.41 (36.64) t=1.38 A7
Range 12-118 0-124

SCQ Total Score M (SD) 18.56 (6.81) 19.78 (5.73) t=-0.71 48
Range 6-32 11-29

SD: standard deviation; SIB-R: Scales of Independent Behavior—Revised; SCQ: Social Communication Questionnaire.

Table 2. Primary outcome for treatment and waitlist groups from baseline using linear mixed effects model.

Measure EMM (SE) Time X Condition Effect p d

Treatment Waitlist

DASS-21 Depression

Baseline 7.12 (0.95) 5.48 (0.57)

Time 2 3.91 (0.57) 5.95 (0.87) F(l,48.31)=10.53 .002 —0.87

Time 3 4.53 (0.97) 5.56 (0.82) F(1, 48.08)=5.02 .03 —0.64

SE: standard error; DASS-21: Depression Anxiety Stress Scale; EMM: estimated marginal mean.

was a change observed in cognitive fusion, indicating fur-
ther improvements since Time 3 for the Treatment group
(b=-2.44, p=.04).

Family functioning and youth mental health. Between base-
line and Time 2, being in the Treatment group was associ-
ated with reductions in family distress (b= —1.09,
p=<.001), not seen for the Waitlist group (b= —0.31,
p=.13). The Time X Condition effect was significant with
a small effect size. At Time 3, a medium Time X Condition
effect was seen for family distress, with parents in the
Treatment group (b=—1.00, p=.001) demonstrating greater
improvement compared to the Waitlist group (b= —0.10,
p=.77). At 4-month follow-up, maintenance of the
improvements in family distress between baseline and
Time 3 was seen, with no significant changes from Time 3
to Time 4 for treatment completers (b=0.05, p=.77). There
was no within-group change or Time X Condition effect
for general family functioning or youth mental health.

Discussion

The current study used an RCT design to test the efficacy
of a brief, group-based ACT intervention for mothers and
fathers of autistic children, adolescents, and adults.
Overall, the intervention resulted in gains for parents, with
the greatest treatment effects observed for parent depres-
sion and family distress, which were maintained at the
4-month follow-up. Parents also reported short-term gains
with respect to personal goal attainment, and small changes
in positive affect. Although there was no significant Group
X Time interaction for stress, cognitive fusion, and experi-
ential avoidance, all these outcomes showed improvement,

with small effect sizes, for the Treatment group at post-
intervention, while the Waitlist group did not improve;
these within-group changes were also maintained at fol-
low-up. Parents did not report any significant improve-
ments with respect to mindful parenting, valued living,
overall family functioning, or child mental health.

Parent mental health and positive functioning

The most consistent treatment effect was seen for parent
depression. These findings align with previous studies of
ACT for parents of autistic people (Blackledge & Hayes,
2006; Jockar et al., 2016; Lunsky et al., 2018; Poddar
et al., 2015), wherein parent self-reports of depression
decreased post-intervention. In our study, 67% of
Treatment condition participants with clinical levels of
depression were in the normal range at Time 3, compared
to only 30% of those in the Waitlist condition. While
Blackledge and Hayes had some evidence for cognitive
defusion as a mediator for depression improvements, and
studies of ACT in other populations also show post-treat-
ment defusion mediating changes in depression (Zettle
et al., 2011), our sample showed less change in defusion
than found in prior research. Fung and colleagues (2018)
did report that post-ACT intervention improvements in
mental health for mothers of autistic children were medi-
ated by improvements in values-consistent action.
Although our sample did not show change in their reports
of how consistently they acted in accordance with their
values, they did in action toward individually-set goals,
which could underlie the changes in depression observed.
Additional research with a larger cohort of participants
would help to better elucidate the relationship between
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valued living, goals, cognitive fusion, and depression in
parents of autistic youth.

Conversely, no significant differences between groups
for stress were reported. Parents of autistic children can
experience chronic stressors, including high levels of men-
tal health problems in their autistic youth (e.g. Simonoff
et al., 2008). Indeed, in the current study, the average child
mental health problems score was in the “very high” range,
including specific conduct problems ranging from “raised”
to “high,” and the overall impact of these problems in the
“very high” range. These family characteristics may
require targeted interventions before pronounced differ-
ences are seen in parents’ personal experience of stress.

Parents who participated in ACT had greater increases
in positive affect compared to the Waitlist group at Time 2,
though the effect was small and dissipated by Time 3. The
link between positive affect and perceived social support
in parents of children with disabilities has been repeatedly
demonstrated (Findler et al., 2016; Smith et al., 2012), and
it follows that positive affect would increase immediately
after an intensive workshop designed to allow parents with
similar experiences to connect. This may not have been
maintained as time passed, without sustained social con-
nections or ongoing engagement with the material.

Goal attainment, similarly, showed a large group differ-
ence at Time 2, which was no longer apparent at Time 3. At
Time 2, the Treatment group was six times more likely to
report achieving or exceeding one of their goals, with 82%
of the Treatment parents and only 43% of the Waitlist par-
ents indicating goal achievement. Recent research on goal
attainment indicates that ongoing progress is most likely
when goals are set just slightly out of reach, balancing
challenge while preventing discouragement (Chevance
etal., 2021). Further, ACT encourages parents to shift their
behavior to align with their most closely held values. Since
many Treatment group participants had already achieved
or exceeded their highest-rated goal just after the work-
shop weekend, they might have benefited from re-setting
their goals higher after reaching them, or based on values
they identified and prioritized in the workshop. Last, as the
highest-rated goal may have differed at different time
points, we cannot say whether attainment of a particular
goal was maintained for each participant at subsequent
measurement times, only that many reported attaining at
least one of their goals.

ACT psychological processes

In terms of the four ACT psychological processes, cogni-
tive fusion and experiential avoidance showed small
improvements in the Treatment group only, though not to a
degree that resulted in a Group X Time interaction, and
there was no change in mindful parenting or valued living.
As shown in other studies of ACT interventions, some

process-related changes take several months to become
evident, particularly with respect to behavior change
(Gonzalez-Menéndez et al., 2014; Kohtala et al., 2017).
Further, for mindfulness-based interventions, there is a
strong relation between degree of mindfulness practice at
home and amount of improvement in mindfulness and
wellbeing (Carmody & Baer, 2009; Greenberg et al., 2018;
Parsons et al., 2017). Published ACT manuals emphasize
the importance of home practice (Hayes, 2005), and it is
generally established that practice is beneficial to maxi-
mize effects of psychotherapy in general (Hoet et al.,
2018). A weekly format with regular homework check-ins,
or individual support, might support more practice and
therefore greater change in behavior.

Family functioning and child mental health

More distal outcomes of family functioning and child
mental health were also assessed. There were strong con-
sistent treatment effects for family distress (BFDS).
Although the intervention is not intended to attenuate fam-
ily crises, participants in ACT are encouraged to change
their relationship to their internal and external experiences.
The BFDS asks parents to provide a broad appraisal of
how difficult their current situation is and post-interven-
tion, parents might have appraised their circumstances in a
different light. It is also possible that reductions in distress
occurred following experiences that were not sufficiently
captured in our process measures. For instance, partici-
pants engaged in positive, supportive, and relaxing activi-
ties, possibly providing a sense of greater ability to cope
with stressors or a temporary sense of relief, translating
into shifts in their experience of distress. Further, through
engaging with fellow group members in similar situations,
and sharing experiences of distress, it is possible that par-
ticipants received important informal social support that
helped them to manage the stressors in their lives. Results
do not support the hypothesis that a brief ACT workshop
would result in changes in more general family function-
ing and child mental health. The factors affecting mental
health problems are complex and multifaceted, with many
unrelated to parenting behavior or parent mental health,
and require more direct management to result in improve-
ment (White et al., 2018).

Strengths and limitations

This study had many strengths. This was one of only two
RCTs testing the efficacy of ACT for improving well-being
in parents of autistic children, allowing us to elucidate the
treatment effects of ACT while controlling for time and
repeated measurements. In addition, the inclusion of a fol-
low-up assessment ensures that longer-term program
effects are captured. The heterogeneity of the sample, in
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terms of including fathers, as well as parents of autistic
children spanning a range of ages, socio-communication
functioning, and adaptive skills, is also a strength, and
improves generalizability of findings to more parents of
autistic people.

There are also key limitations to our study. Participants
were recruited mainly through autism service agencies,
and many were already receiving supports and services for
their child, which may limit generalization to families who
do not have any support, or who are unwilling to poten-
tially wait 4 months to receive the program. Twenty-two
Treatment group participants completed the main inter-
vention weekend, and four were unable to attend the
refresher one month later, leaving only 18 full “treatment
completers.” In addition, all outcomes were assessed
through subjective parent report, which could potentially
influence the validity of results or limit some effects of the
intervention being captured. Further, the high average
level of household income and parent education, limited
racial/ethnic diversity, and relatively low levels of parent
mental health problems in this cohort limit the conclusions
that can be drawn regarding the effect of ACT for parents
with less education, with varying cultural backgrounds, or
with greater need.

Conclusion

Given the higher levels of distress experienced by parents
of autistic individuals compared to parents who do not
have a child with a disability (Keenan et al., 2016), it is
crucial to identify brief, effective and accessible supports.
This study aligns with the growing body of research that
suggests that ACT can benefit parents across multiple
domains. Important next steps are to understand more
about parents’ experiences in the workshop to learn which
aspects of the intervention are most useful. This might
include a measure of social connection in the group. Future
trials might also compare different modes of intervention
delivery (i.e. weekly vs brief intensive format, in-person
vs virtual delivery) as well as the effect of practice or
longer-term support, on outcomes. In addition, studies
may consider implementing assessments of children and
families from a secondary reporter, such as a teacher or
other parent, or youth self-report. Finally, it would be
important to include a longer follow-up time point in addi-
tional RCTs of ACT.
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Notes

1. We recognize that there are many viewpoints with respect to
selecting language to describe autism and other disabilities.
We use identity-first language to reflect the preference of
many autistic adults and their family members (Botha et al.,
2021; Kenny et al., 2016).

2. The term children will subsequently be used to refer to par-
ticipating parents’ autistic children, regardless of the age of
the child, adolescent, or adult.
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ABSTRACT

Literature reports the challenges of parenting a child with Autism Spectrum Disorder (ASD),
and its impacts on emotional and psychosocial wellbeing, both generally and specifically in the
Hong Kong context. Positive parenting experiences are less well defined; however, research
and theory in the positive psychology field suggests that people living with adversity can find
and create meaning, positivity and happiness. This study aimed to investigate Hong Kong
parents’ experiences and perceptions of happiness and well-being in raising their children with
ASD. Eight parents (2 fathers; 6 mothers) were interviewed in-depth about their parenting-
related perceptions and experiences of happiness and well-being. A thematic analysis generated
four themes: A Growth Mindset, Connectedness, Self-Care, and A Better Me, each comprising
several related sub-themes. Findings indicated that happiness was crucial for these parents,
despite the challenges of raising a child with ASD in Hong Kong, and that they actively sought
out activities to enhance their happiness, satisfaction and meaning. Results are in keeping with
positive psychology theory, add specific detail relating to this group and could be extended with
further research. Findings could also inform policy makers and support services in the
development of welfare plans, educational resources and social support for this group of
vulnerable families in future.

KEYWORDS: Autism spectrum disorder, happiness, parenting, qualitative, thematic analysis.

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder defined by deficits
in socio-emotional communication and restricted or repetitive behaviors, which continue
throughout the lifespan (American Psychiatric Association, 2013). ASD is estimated to affect 1
in 44 children globally (Center for Disease Control and Prevention [CDC], 2021). ASD children
may experience learning difficulties, such as speech delay and language impairments (Sun et
al., 2019). There may also be difficulties with social reciprocity (A. Huang et al., 2017) and
adaptive functioning (Towle et al., 2014). Around half of the ASD population also meets the
diagnostic criteria for Attention-Deficit Hyperactivity Disorder (ADHD; Dellapiazza, 2021;
Murray, 2010). Dellapiazza (2021) noted that the concurrence and severity of ASD and ADHD
in children were positively correlated with social impairments, externalizing problems (e.g.,
aggressive and oppositional behaviors) and internalizing behaviors (e.g., anxiety and mood
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disorders). Complex ASD symptoms seriously affect children’s developmental performance,
social communication, and behavior.

Parenting can bring emotional rewards (Schoen et al., 1997), life satisfaction, and a
sense of meaning (Nelson et al., 2014). However, parenting a child with ASD is more complex
and challenging, and recent research from a variety of geographical and cultural contexts
suggests these parents often experience significant levels of stress, anxiety, and depression
when compared with parents of neurotypical children (e.g., Al-Oran et al., 2021; C. Huang et
al., 2013; Lai et al., 2015; Tsermentseli & Kouklari, 2021). Papadopoulos (2021) conducted a
Greece-based qualitative study of mothers’ experiences of raising their ASD children and
reported high levels of emotional, family, and social burden. Mothers’ experiences were
characterized by feelings of vulnerability, frustration about the child's future, the fear of
stigmatization which reduced their confidence in engaging with the social world, and a sense
of isolation from their wider family due to the caregiving responsibilities for their ASD
child(ren). Parents suffer from self-blame, low satisfaction in the parent-child relationship,
difficulty in managing their ASD child’s behaviors (Lai et al., 2015), and worry about peer
bullying (Cappadocia et al., 2011; Forrest et al., 2019). Aktan et al. (2020) found that burnout
was negatively related to life satisfaction and quality of life in parents of children with
disabilities.

Focusing on the Hong Kong context, the number of students diagnosed with ASD has
increased rapidly in the past 10 years (Education Bureau of the Government of the Hong Kong
Special Administrative Region, 2019). More than 10,000 ASD students are studying in local
mainstream schools, with numbers increasing every year. A survey conducted by the Education
University of Hong Kong (The Education University of Hong Kong [EAUHK], 2016) revealed
the condition of parents of ASD children in Hong Kong. The survey focused on investigating
the discrimination situation and well-being of parents of ASD children. The findings reported
that 90% of participants claimed to encounter discrimination and that 60% were suffering from
depressive symptoms. A concerning 21.3% of participants reported having thoughts of suicide
or self-harm (EAUHK, 2016). The social stigma of ASD in Hong Kong proved very stressful to
these parents and may be linked to traditional Chinese culture and values.

Chinese society is considered a collectivist culture that advocates conformity and
activities that benefit the group over individual interests; it highly values group cooperation,
social support, self-discipline, and respect to others (Crisp, 2020; Trafimow et al., 1991). The
cultural norm for parenting is raising a child who can achieve great success in every aspect of
their life (Tait et al., 2015). An old Chinese idiom, ‘Nurturing children to become dragons’ (¢
f-H%#HE) summarizes Chinese parents’ expectations of parenting and of their children. Many
parents set high expectations for their children and try to mold them into dragons, the symbol
of mastery or the elite (Ng et al., 2014). A child with ASD does not conform to these hopes and
expectations, resulting in parental self-stigma and self-blame (Mak & Kwok, 2010; Tait et al.,
2015). Ng et al. (2014) noted that Hong Kong Chinese parents (especially mothers) tended to
link their own worth and value to their children’s performance more strongly than parents of
other cultural backgrounds. Children’s academic and behavioral performances became parents’
report cards, reflecting the success—or otherwise—of the parents (Chao, 1994). The social
stigma was particularly strong in more traditional Chinese families in Hong Kong, with
‘abnormal’ children regarded as a family scandal (Tait et al., 2015), resulting in embarrassment,
shame, fear of disclosing the ASD diagnosis, and difficulties in accepting their children. High
levels of avoidance-style coping and parental anxiety have been found in this population
(Voliovitch, 2021). Parents of ASD children in Hong Kong also experience a lack of
professional support from the existing health system (Y1 et al., 2020). Yi et al. (2020) described
delays in screening and diagnosis, causing frustration and confusion and a lack of professional
mental health support for parents. Parents reported feeling hopeless, abandoned, and distressed
at the diagnostic and post-diagnostic stages and facing enormous internal and external pressures
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which greatly impacted their mental health and also affected their children’s intervention and
improvement (Reed & Osborne, 2012).

Existing research, both globally and within Hong Kong, clearly articulates the complex
challenges and relational burdens associated with parenting a child with ASD. There is a
relative lack of research capturing a more balanced, nuanced picture of the experience.
However, a few isolated studies have considered the positive, happiness-related experiences of
this group. For example, Rafferty et al. (2020) interviewed fathers with ASD children,
describing experiences of love, pride, hope, joy, empathy, gratitude, and personal growth. These
accounts are reminiscent of the positive focus and findings within the positive psychology field,
which expands our understanding of individuals’ encounters with adversity beyond distress into
meaning, sense-making, positivity, and happiness (Ivtzan et al., 2015).

According to some, finding happiness is one of the most important goals for human
beings (Frey & Stutzer, 2010; Veenhoven & Ehrhardt, 1995), and people’s choices, priorities,
and behaviors can be determined by the goal of happiness (Huta, 2016). Happiness has been a
topic of discussion within the positive psychology field for several decades (Boniwell et al.,
2019; Seligman, 2004), and measures of happiness have been developed (Boniwell et al., 2019;
Boyle et al., 2014); however, as a concept, happiness is not easy to define. Huta (2016)
summarized happiness as well-being, including both hedonic and eudemonic experiences.
Hedonic experiences involve enjoyment, pleasure, and comfort, and focus on meeting personal
desires and a subjective experience of well-being in the moment. Eudaimonia is a broader,
abstract, and more psychological concept involving, for example, meaning, purpose, value,
personal growth, ethics, and autonomy. Pioneer of positive psychology, Seligman (2004)
advocated authentic happiness which referred to a pleasurable life, an engaged life, and a
meaningful life. In 2011, Seligman described the ‘flourish’ concept, the notion that people could
act deliberately to achieve a flourishing life characterized by five elements: (1) positive
emotions, (2) engagement, (3) relationships, (4) meanings, and (5) accomplishment. Seligman
(2011) suggested that people could achieve, review, and evaluate happiness using his PERMA
model.

Positive psychology has been criticized from existential and humanist perspectives
(Yakushko & Blodgett, 2021), with a common criticism being its oversimplification of the
dimension of emotion. It is argued that, in the real world, emotion cannot be polarized into
positive or negative but is often mixed (Boniwell et al., 2019). Held (2002, 2004) rejects the
simplification and polarization which views positivity as good and negativity as bad, arguing
that it is impractical to ask people to reject negativity in life and work to foster positive thoughts
and attitudes in pursuit of happiness, health, and wisdom. Furthermore, Held (2002) felt this
could develop into a tyranny of positive thinking which blamed someone who failed to display
optimism and virtue. A deeper discussion about the “dark side” of life emerged in the second
wave of positive psychology (Ivtzan et al., 2015) which suggested that negative can be positive.
This perspective suggests that embracing the negativity of life and accepting distress permits
learning, the development of agile mindsets, skills for success and life fulfillment. Ivtzan et al.
(2015) recognized that people who confront adversity in life underwent positive changes and
transformational growth, similar to Calhoun and Tedeschi’s (2004) concept of Post-Traumatic
Growth (PTG).

Research suggests that having a child diagnosed with ASD is often interpreted by
parents as a life crisis or trauma (Carmassi, 2021; Casey et al., 2012). Waizbard-Bartov et al.
(2018) investigated crisis-related growth—developed from Tedeschi and Calhoun’s (2004)
concept of PTG—in parents with ASD children. They concluded that parents had experienced
growth in areas that included mastery, personal strength, new perspectives on the value of life,
ethics and spirituality, interaction with others, and using their newly acquired parenting
knowledge in professional and political contexts. Other studies have reported similar findings
(Ooi et al., 2016; Zhang et al., 2015). Two Chinese research teams (Liu & To, 2020; Zhang et
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al., 2015) found that PTG was evident in the population of Chinese parents with ASD children
with positive impacts on their ability to cope with stress. Waizbard-Bartov et al. (2018)
investigated personal growth in parents with ASD children and concluded that parents had
crisis-related growth in the forms of enhanced mastery of personal strength; constructing new
perspectives on the value of life; ethics; interpersonal interaction and professional or political
application of parenting knowledge. However, these studies found that the PTG Spiritual
Change dimension, which focuses on spiritual beliefs and living with gratitude, was not evident
among Chinese parents. Waizbard-Bartovet al. (2018) suggested that cultural influences, such
as parents’ perception that having an ‘abnormal child’ was shameful, might act to restrict
personal growth in this area.

Existing evidence about parents of ASD children in Hong Kong paints a bleak picture.
There is scope to develop a richer, more balanced, and nuanced representation of these parents’
experiences by focusing in greater detail on parents’ happiness and well-being experiences.
These insights will help raise awareness and enrich understanding of this group’s lived
experience. They may also help in addressing the stigma of ASD and in informing the
development by researchers and policymakers of supportive or educational interventions for
parents and families. Much of the evidence that exists is quantitative, applying measures of
happiness that may influence, prime, or restrict participant responses (Husser & Fernandez,
2017). Therefore, the current study aimed to explore qualitatively and in-depth the happiness
and well-being experiences of parents of ASD children in Hong Kong.

Method
Study Design

The research employed a qualitative research design guided by critical realist
ontological and epistemological assumptions (Bhaskar, 1978), which recognize that reality has
stable and enduring features that exist independently of human perception but that individuals
have different experiences of the real. Individual accounts reflect those experiential differences
(Fiske & Taylor, 1991) and are appropriately accessed via semi-structured, in-depth qualitative
interviews.

Participants

Parents were considered eligible if they had children aged 10-20 with an ASD diagnosis,
were of Chinese ethnicity, had raised their children and lived in Hong Kong for at least five
consecutive years, and could communicate in Cantonese. Participants who met the study criteria
were recruited by an ASD children’s trainer who worked in a local private training provider in
Hong Kong. The trainer introduced the study, and interested parents were sent a detailed
information sheet, and provided contact details for the researcher, who explained the
information and answered questions over the phone. Signed consent forms were required.

Table 1 provides participant details. Eight parents participated, 6 mothers and 2 fathers.
Age ranged from 36 to 58, with a mean of 47 years. All parents were of Chinese ethnicity and
spoke Cantonese as their first language, and all were raised and educated in Hong Kong. All
participants were married but one was in the process of divorce. All had high school or above
level of education. Most were described themselves as middle socio-economic status.

The average age of the participants’ children (all male) was 15.5 years; one participant
had twin boys with ASD. All children were diagnosed with ASD by private psychiatrists or
psychiatrists from the Hospital Authority (public health system) in Hong Kong. Children in this
research had mild to moderate ASD symptoms; seven out of nine boys with a speech delay at
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an early age. Four children had an additional diagnosis (e.g., Attention Deficit and Hyperactive
Disorder, Global Developmental Delay and Oppositional Defiant Disorder).

Table 1

Participant Demographics

No Pseudonym Gender Age Highest No.of  Ageof Children’s
education ASD ASD ASD

level children children severity
P1 Ann Female 50s Secondary 1 18 Mild
P2 Belle Female  40s Tertiary 2, twins 12 Mild
P3  Chris Male 50s Secondary 1 20 Moderate
P4  Diana Female 50s Secondary 1 18 Moderate
P5 Ethen Male 40s Tertiary 1 11 Mild
P6 Faye Female  40s Secondary 1 11 Moderate
P7  Grace Female 30s Secondary 1 12 Mild
P8 Heather Female  40s Tertiary 1 10 Mild

Data Collection

Each parent participated in semi-structured interviews via Zoom (an online meeting
platform) between May and July 2021, which were audio-recorded for transcription with
consent. The interviewer (first author) was a psychology graduate student fluent in both
Cantonese and English. Interviews lasted between 35 and 70 minutes.

Clarke and Braun (2013) defined an interview as a professional conversation aimed at
gathering participants’ experiences and perspectives. The interview schedule was designed to
help parents consider and describe their personal, individual definition and experiences of
happiness and its meaning and function in parenting their ASD child(ren).

In response to Husser et al. (2017)’s observation that questions about happiness can be
priming and limiting, we ensured our interview questions were open-ended. The interview
guide was pre-prepared, but it was expected that unanticipated issues might arise. Spontaneous
and unplanned questions related to the topic were asked, as determined by participants’
responses and to follow the train of their thoughts (Clarke & Braun, 2013).

Interview questions were first piloted with three parents with neurotypical children.
Changes were made to the wording of some questions based on feedback, and additional
retrospective questions were added, for example, how parents felt about hearing about their
child’s diagnosis and changes in thoughts, feelings, and well-being along their parental journey.
In the resulting final schedule, interview questions were designed first to address the
participant’s general background, and then their understanding of the notion of happiness.
Subsequent questions were based on relevant theoretical and empirical literature about
emotions, relationships, parental roles, and journeys, and how they derived happiness through
their experiences.

Member Checking

Interviews were conducted in Cantonese, the participants’ first language. Audio
recordings were transcribed verbatim, pseudonymized, and translated into English by the first
author. The second author proofread the English transcripts and corrected grammatical errors.
Transcripts in Cantonese were sent to participants, who were asked to check and approve the
contents. They were offered the opportunity to add or make amendments. None made
amendments, but one participant provided further detailed comments.
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Ethical Considerations

Ethical approval was granted by the University Ethics Committee (AM/RKT/PSP-PF-
2/2014-15). Processes of approach, recruitment, informed consent, and data protection
complied fully with the ethical principles of respect, competence, responsibility, and integrity,
as set out by The British Psychological Society (BPS, 2021).

Data Analysis

Transcripts were analyzed using reflexive thematic analysis (Braun & Clarke, 2021;
Clarke & Braun, 2013), an inductive process of identifying themes and patterns of meaning
across a dataset from the bottom up. The data analysis process followed Braun and Clarke’s
(2021) and Clarke and Braun’s (2013) six steps, including familiarization with the data, coding,
searching for themes, reviewing themes, defining, and naming themes, and writing up. The first
author read transcripts several times to familiarize and immerse herself in the data. Complete
coding involved a review of the entire dataset to identify data relevant to the research aims,
during which the researcher moved through and beyond description and summary to conceptual
analysis, which is crucial for reflexive thematic analysis. In this process, both explicit and
implicit meanings were considered, which involves the researcher in conceptualizing and
actively interpreting the meaning of participants' responses. Searching for themes was a process
of searching for patterns, identifying similarities and overlaps between codes, creating
groupings, developing themes, and considering any ungrouped codes. Reviewing themes was
a careful process of refining themes, which meant reviewing, checking, merging, and splitting
initial groupings to make better sense of the data and organizing concepts. The aim was to
capture all relevant data into the most meaningful and coherent thematic groupings. Defining
and naming themes involved creating definitions that clearly characterized and demonstrated
the distinctiveness of each theme, naming themes in order to best represent the story of that
theme, with sub-themes to reflect nuances. Writing up involved representing the participants’
experiences and setting out the themes, sub-themes, data extracts and analytic process in a
logical and accessible way for the reader.

Reflexive thematic analysis involves an interpretive process guided by the researchers’
stance, disciplinary knowledge, epistemology, and lens (Clarke & Braun, 2013). It
acknowledges the active engagement between the researcher and their data in order to develop
themes conceptualized from codes. The first author is a Hong Kong University academic in the
field of nursing; she conducted the first three steps of the analysis process independently, then
considered the resulting initial themes with the second author, following which steps four and
five included a collaborative process of discussion and refinement. The second author is a UK
University academic, chartered psychologist, and qualitative researcher in the fields of social,
health, and counseling psychology; she is also an integrative psychotherapist with a practice
underpinned by relational, existential-humanistic principles.

Results

Four themes were generated: a growth mindset, connectedness, self-care, and a better
me. These are presented with sub-themes in Table 2.
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Table 2
Themes and Their Associated Sub-Themes Derived from Parents’ Happiness Experiences
Themes Sub-themes

1. Growth - Redefining the Meaning of Happiness
Mindset - Using Knowledge to Combat Anxiety
- Never Compare with Others
2. Connectedness - Life Satisfaction

- Stress Coping Strategies

- Fueling Up with Recognition
3. Self-Care - Relaxation

- ‘Me’ Time

- Self Compassion
4. A Better Me - Embracing Suffering

- Making Sacrifices

- Gratitude

- Living with Purpose

Theme 1: A Growth Mindset

The Growth Mindset theme represented data from all eight parents and reflects the belief
that personal development was possible even in the most difficult times. Most of these parents
went through a difficult period when they received their children’s ASD diagnosis. They spoke
about the overwhelming impact of this news, with some characterizing it as the biggest crisis
of their lives. Many described responses of shock, denial, depression, and anxiety based on a
lack of knowledge about the disorder and anxiety about their children’s future. For most
participants, the hardest moment in parenting was during and immediately after the diagnostic
period.

1 wanted the world to stop, time to stop. I did wish they would stop
growing up. If they grew up, there would be even bigger difficulties we’d
have to face in life. (Belle, speaking of her 12-year-old twin sons)

Beyond the initial shock and distress, parents went on to respond positively and with
resilience to the challenges posed by this significant event in their lives. This response seemed
to reflect a growth mindset, based on Dweck (2006)’s concept of quality. The growth mindset
allowed individuals to flourish and achieve despite challenges through personal resilience,
determination, and a willingness to learn and grow. Three sub-themes reflected the responses
which characterized these parents’ growth mindset: (1) Redefining the meaning of happiness,
(2) being knowledgeable to combat anxiety, and (3) never comparing with others.

Re-defining the Meaning of Happiness

This was a commonly recurring theme in participants’ accounts. Re-defining happiness
involved changing the source of happiness from ‘self’ to ‘self and children.” The change was
evident when parents were asked about their happiness experiences before and after becoming
a parent. Before becoming a parent, parents experienced happiness through personal successes
in the form of career achievements and fulfillment of personal desires, for example, through
leisure activities. With parenthood, participants found happiness through their children. The
assertion, “The child’s happiness is my happiness” was a frequent response of parents to the
question, “What is the definition of happiness to you now?” When they saw their children living
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happily, becoming more independent in handling their schoolwork and daily life, these were
authentic happiness experiences for parents.

Before I became a dad (apparently forced smile), happiness, haha, er
er, happiness at that time would be related to my career, job satisfaction,
er, er, achieving something. But now, after becoming a dad, I spend
more time with my family, especially with my son - and my wife.
Especially with my son, I will think about how to be with him and help
him. Mainly, my happiness is related to my son's improvement, such as
what I have given to him, and his improvement is my reward. (Chris)

Parents expressed the sense that they were now clearer about what was important to
them in life. Parenthood, and the challenges they had faced as parents of neurodiverse children
with ASD, had offered them a deeper understanding of the purpose and meanings of life. After
parents had accepted their children's condition and faced some of the challenges, as observed
by Heather, they found new perspectives on life goals and happiness. Heather mentioned: “If
someone has never faced any difficulties in their life - so if you interviewed me 20 years ago, |
may not have been able to give you a real answer about happiness.”

Redefining the meaning of happiness was the building block which enabled parents to
see their children differently and enjoy their company more. As described by two other mothers,
authentic happiness came from witnessing their children grow. The meaning of happiness
changed when their identities changed. This change was accompanied by an increase in
enjoyment and a decrease in negative emotions, characteristic of parents’ growth mindsets.

Before being a mom, my happiness came from being with my friends.
Being with them gave me so much pleasure and happy moments. We
spent time together, eating, drinking, playing and having fun. We
sometimes got drunk. (Laugh) [...] After being a mom, the happiest
moment is seeing my son grow up, no matter if he gets sick or learns
new things at school. I get satisfaction from seeing him learning. (Grace)

Just like other Hong Kong girls, I loved to go on dates with my friends.
We played together, shopped, and did some traveling. After becoming a
mom, I changed completely. Witnessing the efforts my son and I make
is what makes me happy. This is really wonderful and precious. (Diana)

Using Knowledge to Combat Anxiety

Parents sometimes experienced a sense of hopelessness about their children’s future.
Parents were anxious that their children’s behavioral, emotional and academic performance
would always be inferior to others and were unsure how to help. However, parents also
confronted the situation; they accepted their children’s condition and started to think about
taking action. By doing this, parents gained some control over the situation and strengthened
their abilities to work with it. Actions included gaining knowledge about ASD traits and
learning how to train and communicate with their children using special techniques. This
process involved searching and finding varied resources, such as online or face-to-face courses
provided by local health systems and private ASD children’s training centers.
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As we were unfamiliar with this disease, I looked for relevant resources
and information to learn more. On the contrary, at that time, 1 had
feelings of sadness but ‘the sadness’ motivated me to find more
information. [...] I also geared myself up by taking on a lot of courses,
especially about psychology and counseling. (Belle)

With their new-found knowledge, parents’ anxiety and worries gradually shrank over
time. Parents mentioned that they began to take a more balanced approach to think about and
evaluate their family’s situation and future needs. With this mindset change, parents strove for
a better future for their children.

When I gained more knowledge, the catastrophic feelings I’d had about
my son disappeared little by little over time. I no longer catastrophized
the situation. Maybe by taking this action, I found that my son was not
‘incurable’. I used to think that his problems would last for the rest of
his life but in reality, it is not like that. After fixing the catastrophizing
issue, I could find the way out. (Heather)

Never Comparing with Others

All parents strongly stated that they had given up comparing their ASD children with
neurotypical peers. They perceived that comparing their children with others was pointless and,
instead, believed that parents should be aware of their children’s limitations while taking
satisfaction from small gains and signs of progress. They appreciated examples of their
children’s competence and mastery rather than focusing on academic and performance
achievements. Many parents reported being surprised that their children’s performance
exceeded their expectations, which brought them great joy and satisfaction. Chris explained,
“When my son reaches standards that I didn’t expect, I feel very happy. For example, my son’s
learning journey, we rarely need to push him to study. He is a self-disciplined person.”

Furthermore, parents valued their children’s positive character traits, such as being
studious and willing to listen to parents’ advice and showing self-discipline, kindness, and
honesty. All parents believed that they experienced happiness no less than parents of
neurotypical children and that every child has strengths and weaknesses, whether neurotypical
or neurodiverse. Parents considered that it was their responsibility to discover their children’s
strong points and avoid blaming them for any limitations, as explained by Chris and Grace.

As parents, we should always see and help children to use their
strengths but not patronize them. [...] Parents with normally developed
children may place higher expectations on their children. [...] But for
us, we know our kid's limitations, he may not live as a normal person,
and we need to adjust our expectations. (Chris)

First, you have to accept that your children have deficits. Second, you
need to adjust your mindset. If you do not do that, how can you ask
others to accept your child? You need to learn how to help and support
your children. You need to understand your child’s condition well so as
to teach your child to understand themselves too. [...] It is important
that you and your child accept the ASD condition. This is the key to
being happy. (Grace)
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Theme 2: Connectedness

Connectedness reflected parents’ thoughts about engaging with the social world and the
functions it served for them. Data suggested that they tended to categorize their social contacts
and networks into three tiers: intimate, external, and professional. Each of these played a
different role in maintaining happiness. Three sub-themes reflected these functions: (1) life
satisfaction, which reflected the function of the intimate and close family; (2) Stress coping
strategies, which reflected the benefits of connecting with friends, work colleagues, church, and
support groups; and (3) fueling up with recognition, reflecting the support offered by connecting
with health professionals, teachers, and therapists.

Life Satisfaction

Intimate sources of connection and support included parents’ immediate family
relationships with children and spouses. For the parents in this research, their immediate
families were held in the highest regard, had the greatest importance, and were seen as the core
of their lives. For some, parenthood fulfilled their childhood dreams. These parents were greatly
influenced by the high importance placed on Chinese traditional values of consanguinity. They
felt that raising a child was the extension of their lives to the next generation, therefore, simply
being a parent was a source of life satisfaction.

I have loved children since I was a small girl. [...] Taking care of
children and being a housewife to take care of my own children are my
dream jobs. [...] I feel that I wanted to have a child to extend my life in
the future. (Grace)

Contributing to their family members, seeing them happy, and spending time with them
were vital to parents’ sense of purpose and personal contentment.

My family is my first priority and I see them all the time. My family
refers to my wife and my children. If they are happy, I will be happy too.
[...] Their happiness is the source of my happiness. (Ethen)

Like some others in this sample, Ethen found both happiness in his children and a way
to pass on what he had learned, his core values and life experience, which was a source of real
satisfaction to him:

We (he and his son) discussed a lot of things and people around us when
we were alone. We talked about people around us and judged whether
their behavior was appropriate. This is a good approach - talking to
him and sharing my way of thinking with him would make him more
accepting of what I suggest. (Ethen)

Parents expressed contentment when seeing their children happy and making gains.
Parents received love, a sense of status and respect from their children, and experienced
satisfaction and happiness through being valued by their family members. Fathers also
appreciated their wives and mentioned wanting and valuing time alone with them. They
cherished the intimate relationship with their wives which acted as a powerful source of support
and satisfaction for them. Chris said, “I have just jogged with my wife, and we saw the sunset,
this is also a kind of happiness that you do not really need to chase after.”
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Stress Coping Strategies

Parents’ external networks referred to people they connected with outside their
immediate families, such as friends, the workplace, church, and parent support groups. Parents
indicated that these networks were the core of their interpersonal relationships before they
became parents. However, the importance of these forms of friendship now varied among
parents. Some preferred to keep their worries within the intimate family and resisted sharing
these externally. Others continued to value their external network, which allowed them to
connect to the world. Speaking with others, getting information, and hearing their views and
experiences offered new ideas to help them cope with stress. Although these differences might
reflect personality trait differences (e.g., along the introversion—extraversion spectrum), in this
study, differences seemed gender-related or linked to church membership.

Mothers typically said that when under stress, they spoke with members of their external
network. Sharing was an important stress moderator for mothers as they enjoyed sharing their
worries and benefited from advice from their peers. In return, they showed their love and care
to their friends in order to maintain the relationship.

When my son does something that makes me really angry or if I
encounter family problems, when these unhappy events happen, I will
talk to them (her friends). Even though they may not comfort me, they
listen to me, and we exchange our opinions. This makes me feel better
straight away. I do not need to face the problems alone. I do not need
to hide; I do not like to hide my feelings. (Ann)

However, this aspect was different for fathers in this study. Fathers knew that friends
could provide new perspectives and information on the issues that they were facing, but
preferred to share their worries with their wives, seldom proactively talking about serious issues
with their external networks. Though fathers rarely shared worries beyond the immediate family,
they reported finding it acceptable to share with peers in parent support groups, whom they
knew would understand their ASD children's difficulties. Support groups helped them release
stress, share, and compare their experiences with others in similar positions, and changed their
perspectives on their own children’s situation in a positive direction. Chris added, “During
training, I met some other parents and kids, we shared our experiences and our kids’ situation.
This changed my mindset, and I became less pessimistic. Escaped from my (pessimistic) world.”

Some parents had reduced both the effort to maintain their pre-parenthood external
networks and the amount of time they spent with them. For example, the only non-Christian
participant claimed that she had almost no external contacts outside of her immediate family.
However, for some of the parents describing themselves as Christian, the fellowship group at
church and its weekly gatherings were an important external source of contact and support,
including during the COVID-19 pandemic restrictions. Belle explained, “I did online worship
so I did not need to physically go to the church. This gave me more opportunities to connect
with other people, communicate and interact [...] I think this is one of the things makes me

happy.”
Fueling Up with Recognition

Parents had many opportunities to meet the professionals working in their children’s
learning and health services, such as teachers, therapists, psychologists, and doctors. The
relationship between parents and helping professionals was defined as a professional network.
Most parents initially struggled to adapt and accept their ASD children’s traits and diagnosis,
but these parents’ stories demonstrated that stress and frustration characterized their whole
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parenting journey. Parents whose children showed a serious developmental delay early in life
expressed not wanting to miss any opportunity to ensure they received the support they needed
at the “golden” period for training, that is, before six years old. They saw themselves as fully
responsible for their children’s future and determined to do their best for them. Parents invested
a great deal of time, money, and hope in engaging with various forms of training with their
children.

We took him for a lot of training, a lot of intensive training every day.
He had attention deficits, his eye-motor coordination was weak. The
training helped him a lot, we took him for horse riding, piano lesson
and table tennis. Therefore, it was really busy. (Chris)

Parents received strong support from the helping professionals in the hospitals, training
centers, and schools. The relationship between parents and helping professionals was essential
to parents. Parents valued this relationship as they needed professional advice to raise their
children and monitor their development progress. Not only did professionals support their
children, but their involvement was also rewarding and reassuring for parents:

My son's therapists gave me and my son an award to praise our efforts
in the training program. They said that I was a hardworking mom and
willing to listen to their explanations. I received professional advice
from them and this helped me to demystify the situation. (Heather)

The extract from Heather’s interview reflected the importance of professional
recognition of her work and achievements. This validation was a very positive experience that
contributed greatly towards her well-being, reinforced her involvement in their children’s
program, and increased her willingness to face challenges and difficulties.

Theme 3: Self-Care

Activities in which parents actively engaged to maintain their happiness and well-being
along the stressful parenting journey formed the Self-Care theme. Three sub-themes within this
theme were: (1) relaxation, (2) ‘me time,” and (3) self-compassion.

Relaxation

Parents spoke about feeling relaxed and happy with their children. They also enjoyed
being with them when undertaking shared activities such as traveling, watching football
matches, and enjoying the beauty of nature.

Most of the happy moments are about play. We watched football,
basketball matches, we hiked. My son loves sports, er, as he has ASD,
he has the privilege to go to the theme park for free. So, we always go
there to spend time there. We have the same hobbies, so, always, I go
out with him after work, we play together and spend time together.
These are unforgettable moments to me. (Chris)

For example, we cannot go traveling (to other countries) now. Maybe

we will go to the countryside together and have experiences that we
share together. We also discover new things; for example, we (with her
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children) enjoy having a day trip to the local island. [...] these
experiences are really valuable to me. (Heather)

‘Me Time’

All parents agreed that they needed ‘me time,” which was time for being alone. Parents
took pleasure in many different activities when alone, including watching TV and movies,
enjoying good food, reading books, and meditation. Parents tried to squeeze some leisure time
into their routine every day, which offered them a brief escape andan opportunity to destress.
Heather said, “I like being alone in a quiet place. I like to think deeply about things for a long
time. I like to go to the seaside. I feel relaxed when I hear the waves.” Similarly, Ethen added,
“Even though the movie is not that appealing, in that hour I can escape from reality. On the
other hand, it is too much of a luxury for me to spend a lot of time on a hobby.”

As Ethen explained, however, participants found that their opportunities for personal
hobbies were few, given the needs of their families. Some had previously enjoyed hiking and
outdoor activities, but as these activities were considered too time-consuming, they had given
them up since the birth of their child(ren).

Self-Compassion

Self-compassion was related to nurturing oneself with kindness and gentleness (Neff et
al., 2003). Parents described engaging in concrete efforts to treat themselves better and support
their positive emotional well-being. One mother said she would dress-up and have a manicure
because enhancing her appearance was a way of showing love and caring for herself. Other
deeper self-compassion activities included using self-talk to bring comfort when under stress,
avoiding self-blame when making mistakes, and accepting and reframing their difficult
situations, as demonstrated in the following extracts. Chris said, “I told myself, ‘This is not the
end of the story; many things are still uncertain.” Grace added,

They (Her husband’s family) thought my son wasjust stupid. They did
not pay attention and were not willing to understand more about my son
and ASD. They just thought he was stupid just like his father. His father
was a slow learner. [...] I talk to myself: it is no use being angry or
thinking too much about something that has distressed you. I tell myself
to allow myself some space to adapt to the fact. [ will do something else.
[ talk to myself: when I am unhappy, I would cry. This is an emotion.
(Grace)

Theme 4: A Better Me

This theme reflected participants’ inner strength, which allowed them to maintain a good
life and find a “better me.” Under this theme, there were four sub-themes: (1) embracing
suffering, (2) making sacrifices, (3) gratitude, and (4) living with purpose.

Embracing Suffering

Experiencing and overcoming difficulties was considered a meaningful experience that
contributed to the happy experiences of parents. Heather explained:
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1 encountered some obstacles in my life. The obstacles were very
difficult to overcome, difficulties I could never have imagined. When I
reached the lowest point in my life, I then bounced back. I finally
understood that this is the feeling of happiness.

In the current study, seven out of eight participants were Christians. Though there were
a lot of difficulties and painful experiences when raising their ASD children, parents’
interpretations of these experiences were influenced by their Christian faith. For example, they
believe that suffering in life is not purely negative but has meaning.

1 think I have humbled myself to follow God's will. All the sufferings are
arranged by God and he wants to test me. He wants me to learn the God
of love through life experience. Therefore, I always try my best to live

according to God's commandments when making decisions in my life.
Through this, 1 find peace of mind. (Faye)

Many participants believed that their faith had brought them hope in difficult times and
that God had helped them overcome their difficulties. They also perceived their unique
parenting experiences as tools they could use to help others. They participated in voluntary
work to share their experiences and help other less experienced parents and gained happiness
through helping others. Participants also expressed that parenting their special needs children
had given them a deeper life experience, greater empathy, and understanding of others’ feelings.
Diana added, “I learned to ‘play it by ear’, I find God is so good to me. [...] Be kind to others,
help others, keep doing these things can sustain happiness.”

Making Sacrifices

Most parents considered parenthood an exceptional and extraordinary opportunity to
experience and find the meaning of life. A key meaning of parenthood was to make sacrifices
based on responsibility or love. Parents were willing to sacrifice based on the responsibility of
parenthood. When parents were asked whether they created happiness for themselves, half
responded that they did not really think in that way. Instead, mindful of their new
responsibilities, they put aside their own desires and put others ahead of themselves.

If I visualize the situation now, I am at the center of this picture. Other
subjects in this picture are drawn from the center, the center is me. After
I became a mom, there were more people in this picture. These people
were brought by me, I need to be responsible for my choices. Therefore,
I need to respect this picture. (Heather)

The love parents experienced through the parent-child relationship led them to make
sacrifices for their children. Examples of love and sacrifice could be found in the accounts of
several mothers whose experience of pregnancy and parenthood had been complicated by
suffering from depression. They all agreed that without love, they could not go through those
difficult times.

I think I can bear witness to love. (sobbing...) I never imagined being a
mom could be so harsh. (sigh...) When | look back on the time of my
pregnancy, | had expected that it would be tough but it was way beyond
what | could have possibly imagined. [...] | felt very uncomfortable,
extremely uncomfortable. I remembered | suffered from depression
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during pregnancy. [...] I never imagined that | would have such a great
love for overcoming all these difficulties. [...] | discovered that being a
mom means sacrificing so much and the love | feel is so great. This is
what | feel about being a mom, a mom is really great. (Belle)

Gratitude

All parents expressed that gratitude was very important for maintaining a positive
mindset. Many explained this concept using the same metaphor, ‘The glass is half full or half
empty.” They preferred to consider what they possessed rather than what they did not. The
simple things in their everyday lives brought them peace and life satisfaction because they were
grateful for what they had.

Ann said, “I am satisfied with my life, [ have a place to live, food to eat. That’s enough.”

Positive thinking is like the metaphor of the half-full glass of water. You
can keep yourself positive by being grateful all the time because | am a
religious person. Always being kind to others is very important, this
builds up the interaction among people. (Diana)

Living with Purpose

Many parents defined happiness as living with purpose. They explained that they
enjoyed achieving or, even better, exceeding the goals and purpose they had set for themselves
and others. For example, purpose included achieving career goals, raising children, or adapting
to a new life after immigration. These participants made plans to help them achieve their goals,
bringing them life satisfaction and happiness.

Happiness is related to having a purpose and goal. It is hard to be
happy without a purpose and a goal, regardless of whether | have an
ASD child or not. During the process of raising my own child, | need to
find my purpose and goals as a parent. (Heather)

Discussion

This study aimed to gather the lived happiness experiences and meanings of Hong Kong
parents of children with ASD. The experiences, perceptions, and meaning of happiness for our
participants formed four themes: a growth mindset, connectedness, self-care, and a better
me. Parents considered happiness to be a crucial element in their life, so, despite the challenges
of raising a child with ASD in Hong Kong, they actively sought it out. They engaged actively
in activities to enhance the sense of happiness, satisfaction, or meaning in their life.

Consistent with existing literature (C. Huang et al., 2013; Lai et al., 2015; Papadopoulos,
2021; Tsermentseli & Kouklari, 2021), parents in the current study spoke of their anxiety about
their children’s future and developmental delay during the diagnostic period. Most spoke of a
‘dark period’ following their children’s diagnosis with ASD, which was a traumatic experience
for most and led them to depressive symptoms and catastrophizing thought patterns. Some
parents reported themselves as suffering from depressive symptoms, which also aligns with the
existing evidence that parents of ASD children have poor psychological outcomes, including
self-stigma, distress, and low levels of happiness (Al-Oran et al., 2020; Aktan et al., 2020;
EdUHK, 2016). One mother described experiencing significant stigma within her wider family,
in keeping with previous research demonstrating the social stigmatization of ASD children and
families (Tait et al., 2015). In fact, most parents in our research did not explicitly raise the issue

182



AMERICAN

RESEARCH

of stigma; however, the preference of some to reduce sharing their worries outside the
immediate family may implicitly reflect this. It is also possible that these parents achieved a
degree of protective personal resilience and growth (Calhoun & Tedeschi, 2004).

Despite, and perhaps because of, their challenges and difficulties, our parents had gone
on to experience PTG or personal growth and development, leading them to achieve the
authentic happiness they described and maintain a positive well-being. Waizbard-Bartov et al.
(2018) noted that when parents of ASD children become conscious that the original, traditional
parenting schema does not fit their own family’s situation, they need to alter their mindset in
order to be resilient in the face of the crisis that having a child with ASD represents. Our
findings suggested that many of these parents had indeed undergone that mindset change and
developed some resilience to the various challenges they had faced. The parental adjustments
evident in the current study were resonant with the adjustments described by Calhoun and
Tedeschi (2004) in their model of PTG, including an appreciation for life, changes in perception
of what is important, meaningful relationships with others, sense of personal strength, new
opportunities and spiritual or existential development.

The current research also extended Waizbard-Bartov et al.’s (2018) hypothesis that the
notion of PTG is adaptable to the cultural context in its capacity to change core values and fixed
parental roles. For instance, these Hong Kong parents were rooted in traditional Chinese culture
and values, which set demanding parental roles and high expectations of children (Chao, 1994;
Chen, 2015; Ng et al., 2014; Tait et al., 2015). Reconstructing and reorganizing the parental
schema brought these parents a new perspective on and expectations for their children. Most
became less concerned with or influenced by the pressure to raise an elite child. Besides,
parents’ openness led them to be more appreciative of their children’s abilities outside academic
achievement, focusing instead on their kindness, conduct, determination, and filial piety (3%
JIE). This shift in perception could buffer the effects of self-stigma and social stigma on raising
children with disabilities in Chinese society.

The findings were also reminiscent of concepts encapsulated within the PERMA model
(Seligman, 2011). One concept within the PERMA model was positive emotion, which was
evident in various themes in the current study. In the Connectedness theme, parents spoke about
the positive contributions of others to their positive emotions. In the self-care theme, parents
found ways to destress and show themselves compassion. In the a better me, the gratitude sub-
theme, parents spoke about feeling grateful for what they had and resisting focusing on what
was missing, leading to greater satisfaction with their children and their life. Similarly,
Timmons et al. (2017) found that mothers of ASD children who proactively embraced
thankfulness and gratitude experienced enhanced child-parent relationships and appreciation of
their children. This is in keeping with literature that demonstrates an association between
positive emotions in parenting and parental fulfillment, gratitude, and pride (Nelson et al., 2014;
Rafferty et al., 2020). Positive emotion also enhances adaptive coping (Lai et al., 2015), helping
parents to accept difficulties or limitations in their ASD children’s social functioning,
communication (G. Lee, 2009; Ling et al., 2010; Rao & Beidel, 2009) learning (L. Lee et al.,
2007) and behavior (Lecavalier et al., 2006; C. Huang et al., 2013). Positive emotion, therefore,
plays a significant role in mitigating parental stress.

A second relevant PERMA concept was meaning (Seligman, 2011). The notion of
meaning was significant to these parents and was reflected in the a better me theme. Parents
saw meaning in the distress and difficulties they had encountered in the parenting journey with
their children with ASD. The meaning of these experiences lay in accepting suffering, growing
stronger as people, developing greater empathy, and helping others. Wang et al. (2007) found
that recognizing meaning and purpose in life reduces stress and suicidal behavior. Although
parents spoke about the importance of meaning, and there was the sense that this contributed to
their overall happiness, quantitative research would be required to support a clear or causal link.
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This study has provided novel insights into the experiences and meaning of happiness
among parents of children with ASD in Hong Kong. The small sample and qualitative design
mean that the findings may not be generalizable to other parents. Additional quantitative
research with larger samples could be conducted to investigate possible links which emerged.
For example, there seemed to be differences between male and female participants in
preferences for and impact on the happiness of sharing outside the family and for spending time
with spouse. For the male participants, the couple’s intimacy was an invaluable source of
happiness, but female participants rarely mentioned their partner’s importance to them and the
family. Numerous quantitative studies (Higgins et al., 2005; Hoseinnejad et al., 2020) have
found that couples with ASD children have lower levels of marital happiness and relationship
satisfaction compared with control group couples. The importance of couple satisfaction as a
predictor of family functioning (Gau et al., 2012; Greenlee et al., 2022; Pedro et al., 2015) and
quality of life (Benson, 2014; Brisini & Solomon, 2020) is well established. Johnson and
Piercy’s (2017) qualitative study specifically explored the couple intimacy experiences of
parents with ASD children and led to the development of a new process model of how couples
raising children with ASD negotiate intimacy. This model highlighted the cognitive and
relational shifts couples had to make in negotiating couple intimacy. These shifts included
changing expectations, consenting to find moments for intimacy, making conscious efforts
towards intimacy, and sharing childcare to facilitate Me and couple time. Relationship intimacy
mitigated stress and enhanced family functioning. Recent studies on fathers’ perspectives in
ASD families consistently report a lack of couple intimacy-related and ‘me time,’ as well as
fathers taking on the traditional breadwinner role and taking less of a parenting role (e.g., Cook
et al., 2005; Lewington et al., 2021; Lien et al., 2021; Rafferty et al., 2020). Similarly, in our
Self-Care theme, parents described having very limited time for themselves, giving up previous
hobbies, or feeling guilty about personal interests, and in the Connectedness theme, some
parents had not maintained their earlier close friendships. Future research on gender differences
associated with marital satisfaction, couple intimacy, and happiness in Hong Kong families with
ASD children would help develop our understanding of psychological well-being within this
group.

The research also has implications. Because of the apparent relevance of the PERMA
model to parenting experiences within this participant group, the model could be considered an
educational tool to support parents in focusing on or developing skills and attitudes to boost
their well-being. Its impact on well-being could be measured using, for example, the
Satisfaction with Life Scale (Diener et al., 1985) or the General Health Questionnaire (Goldberg
et al., 1997). These findings could be helpful to researchers and policymakers in developing
welfare policy and social support for these vulnerable families and parents.

This is the first study to capture the happiness experiences of Chinese ethnic parents of
children with ASD in Hong Kong. It adds to the small existing body of knowledge and research
in the area and highlights the relevance of existing theoretical frameworks, such as the PERMA
model (Seligman, 2011), PTG, and crisis-related growth (Calhoun & Tedeschi, 2004; Waizard-
Bartov et al., 2018) in parents of ASD children. Current interventions to support children within
the local health system (Yi et al., 2020) could be accompanied by parental support and
education, helping parents to enhance their psychological well-being, and through family-
related counseling based on theoretical concepts from the PERMA model and PTG ideas. This
could fill the current policy and support gap and address the unmet psychological support needs
for this minority group.
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Background: Prolonged time on sedentary behavior, especially screen-based sitting
time, is associated with unfavorable health indicators in children and adolescents.
However, the effects of sedentary behavior on cognitive function remain to be elucidated.

Objective: The purpose of this systematic review was to synthesize the evidence on the
associations of sedentary behavior with executive function in children and adolescents.

Methods: Four electronic databases (i.e., PubMed, Web of Science, PsycINFO,
and SPORTDiscus) were searched for studies examining the associations between
sedentary behavior and executive function in children and adolescents. Study quality
was assessed by the NIH Quality Assessment Tool for Observational Cohort and
Cross-Sectional Studies.

Results: A total of 1,151 records were initially identified through database searches
and other searches. Twelve cross-sectional and four longitudinal studies met the
inclusion criteria. Of the 16 studies, seven studies found significant negative associations
between sedentary behavior and executive function, and two studies presented
positive associations. Eight studies measured sedentary time using accelerometers and
showed varied associations between objectively measured sedentary time and executive
function. Nine studies measured screen-based sedentary behavior, of which five studies
found negative associations of sedentary time with executive function.

Conclusion: The available evidence on the associations between sedentary behavior
and executive function is not conclusive in children and adolescents. However,
screen-based sedentary behavior may be negatively associated with executive function.

Keywords: sedentary behavior, screen time, executive function, children, adolescents

INTRODUCTION

Sedentary behavior is a distinct construct from physical activity, referring to any waking behaviors
with an energy expenditure of <1.5 metabolic equivalent units (METs) while in a sitting,
reclining, or lying posture (1). Common sedentary behaviors include prolonged sitting, screen-
based behaviors (e.g., TV viewing, computer/tablet using, video gaming), etc. Time spent on
sedentary behaviors can be self/parent-reported or be objectively monitored by wearable devices
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such as accelerometers. Currently, sedentary time remains high
in children and adolescents, and the trend continues to increase
over the past few decades in some countries. According to the
Global School-based Student Health Survey among 97 countries,
about 25% of boys and girls aged 13-15 years old reported sitting
longer than 3 h per day, in addition to sitting at school and for
homework (2). From 2007 to 2016, the estimated total sitting time
increased from 7h per day to 8.2h per day among adolescents
in the United States (3). In China, an increasing trend of the
prevalence of screen-based viewing time was also observed in
school-age children (4).

Accumulating evidence showed that sedentary behavior,
especially prolonged TV viewing, have been linked with increased
risk of a variety of chronic diseases, such as obesity (5), type
2 diabetes (6, 7), cardiovascular diseases (8), and certain types
of cancer (9). In children and adolescents, sedentary behaviors
have also been linked with unfavorable health indicators, such
as lower physical fitness (10), higher fatness (11), clustered
cardiometabolic risk scores (12), and lower self-esteem (13). Even
worse, emerging evidence has shown that excessive sedentary
behaviors are associated with mental illness and poorer cognitive
function (14, 15). However, the findings on the relationship
between sedentary behavior and cognitive function are mixed.
A systematic review included eight studies examining the
associations of sedentary behavior with cognitive function in
adults older than 40 years (15). It concluded that greater amounts
of sedentary behaviors were associated with poorer cognitive
function over the lifespan. A more recent systematic review
including 13 cross-sectional and longitudinal studies suggested
inconsistent evidence on the direction of the association of
sedentary behavior with cognitive function in older adults with
a mean age of 65+ years (16). Another systematic review
in young children (<5 years) found that different types of
sedentary behavior may exert different influences on cognitive
development (17). Screen time, particularly TV viewing, was
either not associated with or negatively associated with cognitive
skills. However, no existing studies have critically reviewed the
literature of the association between sedentary behavior and
executive function in children and adolescents.

Previous studies have shown that physical activity and fitness
have beneficial effects on cognitive function in children and
adolescents (18, 19). The effects are disproportionately larger
for executive function (20). Executive function refers to a
set of top-down mental processes needed for goal-directed
behaviors, such as inhibitory control, working memory, cognitive
flexibility, planning (21). Executive function is critical for school
readiness, academic performance, and future career success (21,
22). However, evidence on the effects of sedentary behavior
on executive function remains conflicting in children and
adolescents. Some studies showed that sedentary behavior is not
associated with executive function in childhood (23-25), whereas
other studies found negative (26, 27) or positive associations
(28). No existing systematic reviews have addressed this research
gap. In addition, a preview review suggested a type-specific
association between sedentary behavior and health indicators in
children and adolescents (29). Another gap in the literature is the
lack of the associations between type-specific sedentary behaviors
and executive function.

Therefore, the current systematic review is aimed to synthesize
the literature on the association of sedentary behavior (both
objectively measured sedentary time and self/parent-reported
screen-based behaviors) with executive function in children
and adolescents.

METHODS

This systematic review was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement (30).

Search Strategy

Two authors (SL and JG) independently searched PubMed, Web
of Science, PsycINFO, and SPORTDiscus from inception to
April 2021. The combinations of the following three groups of
retrieval items were used: (1) sedentary behavi*, screen time,
sitting time, sedentary time, TV viewing, video gam®, computer
use; (2) executive function, cognitive control, working memory,
inhibitory control, cognitive flexibility, planning; (3) children,
adolescents. The specific search strategy was slightly adjusted
according to the search builder of each database.

Study Selection

Two authors (SL and JG) screened all the retrieved titles
and abstracts to exclude duplicate or irrelevant studies. The
two authors screened the full text of the remaining studies
after removing duplicate and apparently irrelevant studies. Any
disagreements about the study selection were discussed with
a third author (TH) until a consensus was reached. The two
review authors also searched the bibliographies of all included
articles to ensure that all relevant studies were captured. Only
the longitudinal result was extracted for the cohort studies that
conducted both cross-sectional and longitudinal analyses in the
same population.

Inclusion and Exclusion Criteria

The studies must meet the following inclusion criteria to
be included: (1) studies with cross-sectional or longitudinal
design examined the associations between sedentary behavior
and executive function; (2) sedentary behavior was self/parent-
reported (e.g., prolonged sitting, TV viewing, computer use,
video gaming) or objectively monitored by wearable devices (e.g.,
accelerometers); (3) executive function was objectively assessed
(paradigms including Flanker task, Stroop color-word test, N-
back task, Tower of London task, Trail making task, etc.); (4)
the participants were apparently healthy children and adolescents
aged 5-17 years; (5) studies must be published in peer-reviewed
journals; (6) English full text must be available.

Studies were excluded if the sedentary behaviors were not
clearly classified or measured. Studies focusing on specific screen-
based or non-screen contents (e.g., violent films, educational
programs), screen-based active behavior (e.g., active video
gaming), or specific learning behavior (e.g., reading, puzzles)
were excluded. Studies were also excluded if the executive
function was parent- or teacher-reported.
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FIGURE 1 | PRISMA flow diagram of study selection.

Data Extraction

Data collection was conducted independently by two authors (SL
and JG). Publication year, country, study design, sample size,
covariates, measurement of sedentary behavior, assessment of
executive function, and results were extracted from each included
study and recorded.

Methodological Quality

The two authors assessed the quality of studies by the NIH
Quality Assessment Tool for Observational Cohort and Cross-
Sectional Studies (31). This tool includes 14 items, and the
reviewer could select “yes,” “no,” “cannot determine,” or “not
reported” on each item. The score for longitudinal studies ranges
from 0 (the lowest quality) to 14 (the highest quality). For cross-
sectional studies, three items are not applicable (items 10, 12,
13). The classifications of methodological quality are rated as
“strong” (>80%), “good” (70-79%), “fair” (60-69%), or “poor”
(<60%) based on the percentage scores which are calculated as
the number of “yes” responses divided by the total number of
applicable items (32, 33). All discrepancies between reviewers
were resolved through discussion among the reviewers or with

a third reviewer if needed. The items of assessment tool are listed
in Supplementary Table 1.

RESULTS

Search Results and Study Characteristics
A total of 1,149 records were identified through database
searches, and additional two records were identified through
reference list searches (see Figure 1). After removing duplicate
records, 962 records remained. Following the screening of titles
and abstracts, 37 articles were obtained for further full text
review. Sixteen articles met the inclusion criteria after detailed
assessment of the full-text, including 12 cross-sectional studies
and four longitudinal studies.

Sedentary behaviors were measured by subjective assessment
(self-reported or parent-reported) and objective assessment
(accelerometer). Eight studies objectively measured sedentary
time using accelerometers (25, 27, 28, 34-38). Nine studies
surveyed a variety of screen-based behaviors as proxies of
sedentary behaviors (i.e., total screen time, TV viewing, computer
gaming, other computer use, general computer use, etc.) (23, 24,
26, 37, 39-43).
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Across these 16 studies, a total of 21 cognitive tasks were
used, measuring various aspects of executive function, including
inhibitory control, working memory, cognitive flexibility, and
planning. Study sample sizes ranged from 77 to 1,001. The
participants were aged 5-17 years old. The countries of study
locations were Norway, China, South Africa, Canada, Spain,
United States, United Kingdom, Finland, and the Netherlands.

Study Findings

Of the included 16 studies with objectively measured sedentary
time or screen-based sedentary behavior, seven studies (44%)
found a negative association between sedentary behavior and
executive function (23, 24, 26, 27, 40, 41, 43), while two studies
(13%) found a positive association between sedentary bahavior
and executive function (28, 34).

Objectively Measured Sedentary Time and Executive

Function

Of the eight studies with objectively measured sedentary time
(25, 27, 28, 34-38), one study (13%) found that more sedentary
time was associated with poorer inhibitory control (27). Two of
the eight studies (25%) demonstrated a positive association of
sedentary time with one or more aspects of executive functions
(inhibitory control, working memory, and planning) (28, 34),
including one longitudinal study (28). Six studies (75%) observed
no associations between objectively measured sedentary time and
certain aspects of executive functions (25, 27, 35-38).

Screen-Based Sedentary Behavior and Executive
Function

Nine studies investigated the associations of screen-based
sedentary behaviors (ie., total screen time, TV viewing,
computer/video gaming, other computer use) with executive
function (23, 24, 26, 37, 39-43). Of the nine studies, five
studies (56%) found negative associations between screen-based
sedentary behavior and certain aspects of executive function
(26, 37, 40, 41, 43). Of note, one of them employed longitudinal
study design (26). Eight studies (89%) observed no associations
between screen-based sedentary behavior and certain aspects of
executive functions (23, 24, 26, 37, 39-42).

Of the nine studies, three studies assessed the total screen
time (26, 37, 39). Two of these studies (66%) showed that total
screen time was not associated with executive function (working
memory, cognitive flexibility) (37, 39). Only one study (33%)
observed a negative association between total screen time and
N-back performance in girls (26). Seven studies examined the
associations between TV viewing and executive function (23,
24, 26, 37, 40, 41, 43). Of them, two studies (29%) found that
more time on TV viewing was associated with poorer executive
function (40, 43), and five studies (71%) did not find any
associations between TV viewing and executive function (23,
24, 26, 37, 41). Three studies examined the association between
general computer usages with executive function (40-42). One
study found a positive association (40) and one study found a
negative association (41). Two studies examined the associations
between computer/video gaming and executive function (26, 37).

Both of them found that spending more time on computer/video
gaming was related to worse working memory.

Methodological Quality of Included Studies
The average score of cross-sectional studies was 6.67
(Table 1). The average score of longitudinal studies was 10.
Detailed scores of quality assessment are also available in
Supplementary Table 1.

DISCUSSION

The present study was aimed to critically review the evidence
on the association between sedentary behavior and executive
function in children and adolescents. Out of the 16 studies, seven
studies (44%) found a negative association between sedentary
behavior and executive function, while two studies (13%)
presented positive associations. Eight studies measured sedentary
time using an accelerometer, and showed varied associations
of objectively measured sedentary time with executive function.
Nine studies measured screen-based sedentary behavior, of which
five studies (56%) found negative associations of sedentary time
with executive function.

Eight of the included studies objectively measured sedentary
time. The current review presented mixed results regarding the
associations between objectively measured sedentary time and
executive function in children and adolescents. It is impossible to
conclude of the direction of the association between objectively
measured sedentary time and executive function. Our findings
are inconsistent with a systematic review in older adults, which
indicated that shorter objectively assessed sedentary time was
associated with better global cognitive function (44). Although
the accelerometer-based measurements provided an objectively
assessed sedentary time, they cannot distinguish the types of
sedentary behavior. Children and adolescents may engage in
cognitively active sedentary behavior, such as reading, and
learning, benefiting cognitive development (45). A study further
supports this idea. Brain connectivity was positively correlated
with reading time and negatively correlated with screen-based
media time (46). Therefore, when it comes to the associations
between sedentary behavior and executive function in childhood,
the types of sedentary behavior should be considered.

In this systematic review, nine included studies surveyed
screen-based sedentary behavior, which provided some evidence
on the association between type-specific sedentary behavior and
executive function in children and adolescents. The majority of
evidence suggests that screen-based sedentary time has either no
effects or a detrimental effect on executive function in children
and adolescents. Recent evidence found that the deleterious
effects of sedentary behavior on cardio-metabolic health are
most notable for screen-based behaviors (47). Regarding mental
health, a study showed that only leisure screen-based sedentary
behaviors are linked to worse perceived stress and anxiety (48). In
the current study, the negative associations of sedentary behavior
with executive function are mainly observed in the included
studies that measured screen-based sedentary behaviors (i.e., TV
viewing, computer use, video games, total screen time). These
findings are in line with the systematic review in early childhood.
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TABLE 1 | Characteristics and resullts table for included studies.

References,
Country

Sample

(1) N (% girls)
(2) Age (years)

Measurement of
sedentary behavior

Measurement of executive
function

Adjusted covariates

Results

Cross-sectional studies

Aadland et al.
(34)
Norway

Chetty-Mhlanga et al.
39
South Africa

Fairclough et al.
38)
United Kingdom

Mora-Gonzalez et al.
(25)
Spain

Mora-Gonzalez et al.
(35)
Spain

Mora-Gonzalez et al.
(36)

Spain

Ribner et al.

43

United States

Rosenqyist et al.
(40)
United States

Syvaoja et al.
@7
Finland

(1) 697 (51%)
©) 10.2+0.3

(1) 1,001 (53%)

@ 11+17

(1) 359 (51%)
© 11.5+1.4

(1) 79 (45%)
©) 10.2 £ 1.1

(1) 100 (42%)
@ 101 +1.1

(1) 84 (44%)
@) 10.1£1.1

(1) 807 (50%)
© 57+03

(1) 381 (55%)
© 84+23

(1) 224 (57%)
@ 122+06

Accelerometer
-Sedentary time

Self-reported
-Total screen time

Accelerometer
-Sedentary time

Accelerometer
-Sedentary time

Accelerometer
-Sedentary time

Accelerometer
-Sedentary time

Parent-reported
-TV viewing

Parent-reported
-TV viewing
-General computer use

Self-reported

-TV viewing
-Computer/video
gaming

-Computer use (other
than playing)
Accelerometer
-Sedentary time

Stroop color-word test
-Inhibitory control

Digit span test

-Working memory

Verbal fluency & Trail making
test

-Cognitive flexibility

Spatial working memory test
(CANTAB)

-Working Memory
Multi-tasking test (CANTAB)
-Cognitive flexibility

Spatial working

memory test

(CANTAB)

-Working memory
Multi-tasking test (CANTAB)
-Inhibitory control
Intra-Extra dimensional set
shift task (CANTAB)
-Cognitive flexibility

Delayed
non-matched-to-sample task
-Working memory

Stroop color-word test
-Inhibitory control

Z00 map task

-Planning

Design Fluency test and Trail
making task

-Cognitive flexibility

Flanker task

-Inhibitory control

Hearts and flowers task
Dimensional change card sort
Flanker task

-Working memory

-Cognitive flexibility

-Inhibitory control

NEPSY-II

-Inhibitory control

Spatial span test

-Working memory
Intra-Extra dimensional set
shift task

-Cognitive flexibility

Age; body fat; pubertal status;

birth weight; SES

Age; sex; area; head injury;
smoke; alcohol; drugs; farm

Time on sedentary behavior was
positively associated with working
memory in girls, but with inhibitory
control and cognitive flexibility in
boys.

Total screen time was not
associated with working memory

residence; SES; mobile phone and cognitive flexibility.

ownership; mother
employment; mother
education; home language;
household size; government
grant; repeated grade

Age; sex; BMI z-score; IMD
decile

Sex; age; wave of
participation; peak height
velocity; BMI; parent
education; 1Q

Sex; peak height velocity;
BMI; wave of participation;
parent education; 1Q; MVPA

Sex; peak height velocity;
BMI; parent education; IQ

Age; sex;
performance on Raven’s
progressive matrices

Age; sex; maternal education;
other media variables

Parental education; remedial
education; gender; MVPA

Sedentary time was not
associated with inhibitory control
and cognitive flexibility.

Sedentary time was not
associated with working memory.

Sedentary time was not
associated with inhibitory control,
planning, and cognitive flexibility.

Sedentary time was not
associated with inhibitory control.

TV viewing was negatively
associated with composite
executive function.

General computer use was not
associated with inhibitory control.
Negative association was
observed between TV viewing
and inhibitory control.

Objective sedentary time, total
screen time or TV viewing were
not associated with any measures
of executive functions.
Computer/video game playing
was negatively associated with
working memory, but not with
cognitive flexibility.

Computer use was negatively
associated with cognitive
flexibility.

(Continued)
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TABLE 1 | Continued

References, Sample Measurement of Measurement of executive Adjusted covariates Results
Country sedentary behavior function
(1) N (% girls)
(2) Age (years)
van der Niet et al. (1) 77 (55%) Accelerometer Stroop color-word test Sex; age; SES More time spent in sedentary
27) (2 89+1.0 -Sedentary time -Inhibitory control behavior was associated with
Netherland Visual memory span test worse inhibitory control, but not to
-Working memory other aspects of executive
Trail making task functions.
-Cognitive flexibility
Tower of London task
-Planning
Verburgh et al. (1) 168 (0%) Self-reported Stop signal task Age; BMI; 1Q General computer use was
(41) (2) 8-12 -TV viewing -Inhibitory control negatively associated with
Netherland -General Computer use Digit span task inhibitory control, but not with
-Working memory working memory and cognitive
Flanker Task flexibility. TV viewing was not
-Executive attention associated with any aspects of
executive functions.
Xu et al. (1) 3871 (47%) Self-reported Stop signal task Age; general cognitive ability; General computer use was not
(42) @ 122 +1.0 -General computer use -Inhibitory control family SES associated with any aspects of

United Kingdom and
China

Longitudinal studies
Dubuc et al.

(26)

Canada

Lépez-Vicente et al.
(24)
Spain

O’Connor et al.
(23)

Spain

Wickel,

(28)

United States

(1) 187 (62%)

(2) baseline age: 13.1
+1.0
Follow-up age: 16.1

(1) 307 (51%)
(2) baseline age: 6
follow-up age: 14

(1) 278 (49%)
baseline age: 6, 9

(2) follow-up age: 14

(1) 699 (48%)

(2) baseline age: 9
follow-up age: 15

Self-reported

-Total screen time
-TV viewing
-Computer/video
gaming

-Computer use (other
than game playing)

Parent reported
-TV viewing
-Other sedentary
behaviors

Parent-reported
-TV viewing

Accelerometer
-Sedentary time

Figure matching task
-Cognitive flexibility
Spatial span task
-Working memory
Tower of Hanoi task
-Planning

Flanker task
-Inhibitory control
N-back task
-Working memory

N-back task
-Working memory

N-back task
-Working memory

Weinberger adjustment
inventory

-Inhibitory control
Operation span task
-Working memory
Tower of London task
-Planning

Age; pubertal status;
socioeconomic status;
ethnicity

Age; sex; maternal education

Age; sex; BMI; parental

education; parental social

class
Ethnicity;
change in PA;
BMI z-score;
SES

executive functions.

In female students, changes in
total screen time and time on
video games were negatively
associated with changes in
N-back accuracy.

In male students, changes in
screen time was not associated
with performance on Flanker task
and N-back task.

TV viewing was not associated
with working memory.

Other sedentary behaviors were
negatively associated with
working memory.

TV viewing was not associated
with working memory.

The increase in sedentary time
from 9 to 15 years predicted
higher inhibitory control, working
memory, and planning.

BMI, body mass index; CANTAB, Cambridge Neuropsychological Test Automated Battery; IMD, Indices of Multiple Deprivation; 1Q, intelligence quotient; PA, physical activity; MVPA,
moderate to vigorous physical activity; SES: socioeconomic status.

Specifically, the systematic review concluded that screen time was
either not associated with or had detrimental associations with
cognitive function in young children (17).

The biological plausibility for the observed negative
association of screen-based sedentary behavior with executive
function is not clear. There might be several potential
explanations. First, most digital screens are backlit and
emit blue light wavelengths. It can suppress melatonin secretion

to influence sleep quality (49, 50), which may, in turns,
affect brain health (51, 52). Second, sedentary behavior may
increase the risk of some aspects of mental problems, such
as depression (14), which may negatively influence cognitive
development (53). Third, recent neuroimaging studies have
linked screen-based sedentary behavior with brain structure
and integrity, which further supports a detrimental effect
of screen-based sedentary behavior. A study indicated that
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prolonged time on TV viewing was associated with lower
gray matter volume in six brain regions in children (54).
Increased screen-based media use was also associated with lower
microstructural integrity of brain white matter in preschool-aged
children (55).

Most of the included studies were of low to moderate quality.
Of the 16 studies, four studies employed longitudinal study
design, and only one study was rated as strong quality. Therefore,
more studies with stronger design are warranted to further
ascertain the effects of sedentary behavior on cognitive function
in childhood. In addition, previous studies have suggested that
physical activity and exercise were positively associated with
executive function in children and adolescents (18, 56). Sedentary
behavior may also correlate with physical activity considering the
24-h movement continuum. However, of the 16 studies, most
studies did not consider physical activity as a potential covariate.
The results may have been subjected to residual confounding.
Future studies should consider physical activity as covariates
or investigate the combined effects of sedentary behavior and
physical activity.

Although the conflicting results exist, this systematic review
provided preliminary evidence which supports a negative
association between screen-based sedentary behavior and
executive function in children and adolescents. Therefore,
from the perspective of children’s physical health and cognitive
development, families, schools, and policymakers should
consider interventions for reducing and limiting screen-based
sedentary behavior in childhood.

To the best of our knowledge, this study is the first
to systematically review the associations between sedentary
behavior and executive function in children and adolescents.
However, this study also has its limitations. First, a meta-analysis
cannot be carried out due to the heterogeneities in study design
and outcome measurements of the included studies. Second, all
of the included studies were observational in design, and there
was no intervention study. Therefore, the causal relationship
between sedentary behavior and executive function cannot be
inferred. Third, the searching language was limited to English,
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