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Abstract

This systematic review evaluated interventions and relevant outcomes for health promotion and obesity prevention among
children and adolescents with developmental disabilities (DD). Twenty-one studies including randomized control trials (n=
9) and quasi-experimental studies (n=12) published between 2010 and 2021 met inclusion criteria related to participant
characteristics, intervention type, and child obesity-related outcomes. Five types of intervention programs were identified:
aerobic and strength training, sport-based physical activity, aquatic exercise, active video gaming, and diet and lifestyle.
Whereas analysis of intervention outcomes, efficacy, and study rigor showed mixed results and weak evidence of effective
interventions, this review identified gaps in the literature, promising strategies for addressing obesity in children with DD,
and implications for practice and future research.
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According to the Centers for Disease Control and Prevention,
high rates of obesity represent a growing threat to the health
of individuals (CDC, 2021). While obesity spans across all
demographic boundaries, affecting different racial/ethnic
and age groups, people with disabilities are at the higher
end of the risk curve (Ptomey et al., 2020; Rimmer et al.,
2014). Overweight and obesity are significant health concerns
among children and adolescents with disabilities. According
to Bandini et al. (2015), children with disabilities were 59%
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more likely to be obese than their peers without disabilities.
Consistent with trends in obesity observed in children without
disabilities, African American and Latinx children with
disabilities are at a greater risk for obesity compared to White
children with disabilities (Rimmer et al., 2010).

Obesity is linked to a number of medical conditions that
can lead to chronic conditions impacting the person’s qual-
ity of life. These conditions include higher rates of type
2 diabetes, cardiovascular disease, early maturation, gall
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bladder, and liver disease (Chen et al., 2010). Among chil-
dren and adolescents with disabilities, increased body mass
index (BMI) presents a greater risk of secondary conditions,
defined as preventable medical, emotional, or social prob-
lems resulting directly or indirectly from an initial disabling
condition (U.S. Department of Health and Human Services,
Healthy People 2030). Secondary conditions may include
chronic fatigue syndrome, pain, social stigmatization and
isolation, depression, and anxiety (Reinehr et al., 2010; Rim-
mer et al., 2010).

Other factors that place children and adolescents with
developmental disabilities (DD) at greater risk for obesity
include diet and lack of physical activity. Children and ado-
lescents with DD are more likely than without disabilities
to have an unhealthy diet due to food aversions, food sensi-
tivities, and/or allergies (Bandini et al., 2005). Furthermore,
they are likely to face numerous individual, community,
and environmental barriers for engaging in recreational and
physical activity critical to weight management (Rimmer &
Vanderbom, 2016). Typically, school and community-spon-
sored sports and recreation programs are not easily available
or accessible to children and adolescents with DD, because
these programs often lack necessary adaptations and modi-
fications. They also face barriers in other built environments
since coaches and other professionals lack knowledge and
training on how to work with children and adolescents with
disabilities (Rimmer et al., 2011; Suarez-Balcazar, Agudelo
Orozco, et al., 2018a).

Historically, children and adolescents with disabilities
have been excluded from obesity prevention research (Ban-
dini et al., 2015). However, concerns about the high rate
of obesity in this population have stimulated a growing
number of studies focusing mostly on interventions to pro-
mote physical activity and/or reduce weight. While some of
these studies (Li et al., 2013; Maiano et al., 2014) reported
mixed efficacy of physical activity interventions on BMI
and other fitness outcomes of individuals with DD, others
(e.g., McGarty et al., 2018) reported that such interventions
were not effective in increasing physical activity levels when
compared to usual care. This emerging literature has been
synthesized in a few existing reviews, including a review
of behavioral outcomes following exercise interventions for
children and youth with autism spectrum disorder (Bremer
et al., 2016; McGarty et al., 2018), among other system-
atic reviews of studies conducted with adults with DD (e.g.,
Li et al., 2013). Despite the existing reviews and current
mixed evidence, questions remain on the overall effective-
ness of interventions addressing obesity in the popula-
tion of children and adolescents with DD. Scholars have
called for a better understanding of what interventions are
evidence-based, feasible, and acceptable for this population
(Bandini et al., 2015; Suarez-Balcazar, Early, et al., 2018Db).
This systematic review sought to evaluate interventions and
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relevant outcomes for health promotion and obesity preven-
tion among children and adolescents with DD.

Methods
Search Strategy and Study Selection

The objectives of this systematic review were (1) to iden-
tify relevant interventions for health promotion and obesity
prevention among children and adolescents with DD; (2) to
summarize dosage, main components, and adaptations, if
any, for interventions identified; (3) to describe changes in
relevant outcomes; and (4) to appraise the rigor of research
reporting for different types of interventions identified.

We created and registered a detailed protocol with the
International Prospective Register of Systematic Reviews
(PROSPERO) (Suarez-Balcazar et al., 2020). To capture
as many relevant publications as possible, the following
electronic databases were searched: PubMed, Cumulative
Index to Nursing and Allied Health (CINAHL), PsycINFO,
Cochrane Library, Psychology and Behavioral Sciences Col-
lection, Health Source: Nursing/Academic Edition, Web
of Science, Embase, and Scopus. Manual searches were
also conducted with specific journals for relevant articles
related to childhood, health promotion, and obesity. The
following journals were searched: Child: Care, Health and
Development; Health Education; American Journal of
Health Promotion; Childhood Obesity; Research in Devel-
opmental Disabilities; Journal of Intellectual Disability
Research; Disability and Health; Journal of Developmen-
tal and Behavioral Pediatrics; Journal of Physical Activity
& Health; Pediatrics; Preventive Medicine; Public Health
Nutrition; Journal of School Nursing; and Journal of Health
Education and Behavior.

The PICO (patient/population, intervention, comparison,
outcome) strategy was used to guide the identification of
search terms (Aslam & Emmanuel, 2010). Consultation with
a health sciences librarian assisted in refining search terms
and database selection. Search terms describing the patient/
population included child*, youth*, adolesc*, pediatric*,
paedriatic*, student*, school age, disability, intellectual*,
handicap, impair*, development*, mental*, retard*, autis*,
developmental delay*, down syndrome*, cognitive*, and
ASD. To capture obesity-related interventions, we included
the following search terms: health promotion, health inter-
vention, healthy lifestyle, healthy eating, obesity interven-
tion, obesity prevention, intervention, and physical activity.
For outcomes of interest, the following search terms were
used: BMI, body weight, eating behaviors, physical behav-
iors, physical in/activity, dietary intake, sedentary behaviors,
and screen time.
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The research team conducted the initial database and
journal searches from June to July 2020. A sample search
strategy for a database is included in the supplemental mate-
rials (see Online Resource 1). Automatic search alerts were
rerun monthly in each database until the beginning of data
analysis in June 2021 to ensure identification of the latest
studies indexed since the initial search.

Inclusion and Exclusion Criteria

We included studies that (1) focused on children and ado-
lescents (aged 6-17 years) with DD (i.e., autism spectrum
disorder [ASD], Down syndrome [DS], and intellectual dis-
ability [ID]); (2) evaluated interventions targeting obesity-
related outcomes; (3) involved intervention delivery within a
child’s natural environment (home, school, and community);
(4) were peer-reviewed articles with randomized control tri-
als or quasi-experimental designs with group comparisons;
(5) utilized a quantitative or mixed-methods approach; (6)
measured primary outcomes at the level of the child; and (6)
were published between 2010 and 2021.

Studies were excluded if they focused on children who were
non-ambulatory or required assistance for walking (i.e., cerebral
palsy), or if they focused exclusively on parent participation in
the intervention or reported parental outcomes only.

Procedure for Selecting Studies

Two doctoral and two masters level research assistants
worked in pairs to independently screen all articles for eli-
gibility. Authors and journal information was blinded for all
articles during the screening process. Articles were screened
in three stages (title, abstract, and full-text review). They
were excluded if both screeners agreed that an article did
not meet all inclusion criteria or met at least one exclusion
criteria. Interrater agreement rate across the two screening
pairs was high (Cohen’s kappa=92.7%). Disagreements were
resolved by consultation with a third reviewer, who identi-
fied as a senior level researcher.

Data Extraction, Assessment of Study Quality, Rigor,
and Reporting

Data extraction was conducted by six research team mem-
bers who worked in three pairs consisting of a senior level
researcher and a doctoral or masters level research assistant.
Articles included for data extraction were divided between the
pairs. Reviewers in each pair worked independently to extract
data using a standardized form adapted from existing protocols
(Brown et al., 2003; Kaminski et al., 2008; Zaza et al., 2000).
The form included information regarding study design, sample
characteristics, key elements of the intervention, cultural adapta-
tions, outcome measures, and study findings.

We adapted Reichow’s (2011) evaluative method to rate
the rigor of research reporting and determine the overall
level of evidence for each study. Reichow’s (2011) method is
well-established and widely used to evaluate research involv-
ing group comparisons. The method involves three stages.
In the first stage, studies were evaluated on primary quality
indicators (deemed critical for establishing a study’s valid-
ity) and secondary quality indicators (deemed important but
not critical for validity). A scoring sheet was developed to
rate each study on the 14 primary quality indicators under
the following categories: participant characteristics and sam-
ple selection, independent variable, dependent variables,
comparison group, and data analysis. Studies were rated as
“high quality,” “acceptable quality,” and “unacceptable qual-
ity” for each primary indicator category. For example, for
the primary indicator of “data analysis,” studies were rated
as “high quality” if they met all the following criteria: data
analysis was guided by a priori power analysis, p values or
confidence intervals were reported, baseline differences were
addressed, and missing data were accounted for in analyses.
Studies were rated as “acceptable” if at least three of these
criteria were met; and as “unacceptable” if less than three
criteria were met.

The scoring sheet also included nine secondary quality
indicators (fidelity and adherence monitoring, co-interven-
tion effects, blinded raters, assessment of maintenance, attri-
tion effects, effect size reporting, rigorous randomization
procedures, and randomization concealment where appro-
priate). The total number of secondary indicators addressed
by each study was calculated. Each study was independently
rated by the same senior researcher-research assistant pair.
Interrater reliability was calculated as percent agreement
across all indicators scored for that study. The overall inter-
rater reliability was 88%. Disagreements within pairs were
resolved through discussion and, if needed, by consulting
with another senior researcher from the review team.

In the second stage of quality appraisal, overall rigor of
research reporting was determined for each study by synthe-
sizing the study’s ratings on primary and secondary indica-
tors. Using criteria adapted from Reichow (2011), studies
were categorized as “strong” if they received “high quality”
ratings for all primary quality indicators and addressed four
or more secondary quality indicators; “adequate” if they
received “high quality” or “acceptable quality” ratings on
primary quality indicators and addressed at least two second-
ary quality indicators; and “weak” if they received “unac-
ceptable quality” ratings on any primary quality indicator or
addressed less than two secondary quality indicators.

In the third stage of quality appraisal, overall level of
evidence was determined for interventions considering the
rigor of all studies associated with that intervention. Accord-
ing to Reichow’s method (Reichow, 2011), established and
probable EBP interventions must be supported by multiple
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methodologically rigorous studies conducted by at least
two research teams located in different geographical areas.
Reichow (2011) recommends a cutoff Z score of 60 points
for an intervention to be classified as established EBP and a
score of >30 points for a probable EBP based on the follow-
ing Z score formula for group comparison studies:

(Number of studies with strong rigor of research reporting
*30) + (Number of studies with adequate rigor of research
reporting * 15)

Results

Twenty-one studies met the established criteria (see Fig. 1).
Of these, nine were RCTs and 12 were quasi-experimental
studies involving comparisons between non-randomized
groups. Countries/regions where studies were conducted
included the USA (n=5), Belgium (n=2), Brazil (n=1),
China (n=1), Hong Kong (n=2), Serbia (n=1), South Korea
(n=1), Spain (n=2), Sweden (n=2), and Taiwan (n=2). Two
studies did not report countries of origin or geographic loca-
tions. Characteristics of the 21 studies are summarized in
Table 1. Below, we provide an analysis of participant char-
acteristics, types of intervention, study outcomes and inter-
vention efficacy, and study rigor.

Participant Characteristics

The 21 studies included a total of 1211 children. Approxi-
mately half of these children (n=616) received some type
of intervention. Study sample sizes ranged from 12 to
203 children (not accounting for attrition) with an aver-
age sample size of 55 children across studies. Intervention
group sample sizes ranged between 6 and 125 participants.
Most studies (n=19) focused on children with a primary
diagnosis of Down syndrome, ASD, including Asperger’s
and PDD-NQOS, or ID of varying severity with or without
comorbidities.

Children and adolescents’ ages ranged from 5 to 26 years
with most studies (n=13) reporting a mean age between 12
and 17 years. Gender of participants was reported as binary
across studies. Most studies (n=14) reported predominantly
male samples with proportions of male participants rang-
ing from 54 to 100%. Three studies (Curtin et al., 2013;
Ulrich et al., 2011; Wu et al., 2017) reported predominantly
female samples with proportions of female children ranging
from 56 to 81%. Only seven studies reported participants’
race/ethnicity. Of these, three studies (Kong et al., 2019;
Pan, 2011; Wu et al., 2017) reported that participants were
100% Asian, and one study (Fragala-Pinkham et al., 2011)
reported 100% White participants. Three studies (Curtin
et al., 2013; Ptomey et al., 2015; Ulrich et al., 2011) reported
more diverse samples although the proportions of White
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participants ranged from 70 to 95%. Only two of these stud-
ies (Curtin et al., 2013; Ulrich et al., 2011) reported small
proportions (2-5%) of Hispanic/Latinx participants.

Types of Intervention

A wide variety of interventions with varying dosages were
identified. The shortest intervention involved five sessions
over a period of 1 week (Ulrich et al., 2011), while the long-
est involved 108 sessions delivered over 36 weeks (Suarez-
Villadat et al., 2020). Interventions were most commonly
8—12 weeks long (n=9). Target recipients for most interven-
tions (n=15) were children and adolescents with DD only. A
few interventions additionally involved parents (n=4), sib-
lings (n=1), peers (n=1), and peers as well as school staff
(n=1). Interventions were delivered in a variety of settings
including schools (n=8), community-based organizations
(n=2), in-home (n=2), and other sports facilities (n=4). The
remaining five studies did not specify intervention settings.

Four of the 21 studies identified a guiding theoretical
framework for their respective interventions. Theoretical
frameworks included the International Classification of
Functioning, Disability and Health (George et al., 2011),
Bandura’s social learning theory (Lee et al., 2017), princi-
ples of motor learning and physical fitness learning (Pan,
2011), and dynamic systems theory (Ulrich et al., 2011).
Since most studies did not include an intervention theory
or conceptual framework, interventions were categorized
into five broad categories based on their primary focuses
and main components. Each of these categories is described
below (see Table 1 and Online Resource 2).

Aerobic and Strength Training Exercise Programs

Nine studies (Boer et al., 2014; Elmahgoub et al., 2011;
George et al., 2011; Gonzélez-Agiiero et al., 2011; Kim
& Lee, 2016; Kong et al., 2019; Seron et al., 2014; Wu
et al., 2017; Xu et al., 2020) focused on promoting physi-
cal activity through aerobic and/or strength training exer-
cise programs. These interventions comprised a defined
exercise regimen performed under the supervision of quali-
fied trainers including physical therapists, physical therapy
students, certified physical educators or personal trainers,
and a Tai Chi master. Exercise regimens included rhythmic
gymnastics (n=1), Tai Chi (n=1), sprint interval training
(n=1), circuit training (n=3), or a combination of aerobic
(e.g., dancing, treadmill, stationary bike, jumping jacks) and
resistance exercises (e.g., resistance bands, medicine balls,
plyometric jumps) (n=3). Intervention settings, where speci-
fied, included schools and indoor sports centers. Duration
of exercise sessions ranged from 25 to 75 min offered at a
frequency of two to five times per week. Total duration of
interventions ranged from 8 to 21 weeks.
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experimental design with
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram for study screening process

All nine interventions in this category were offered in-
person and all but one focused exclusively on children and
adolescents with DD as intervention recipients. One study
(George et al., 2011) additionally included parent training to
facilitate an exercise program at home. With one exception

(Gonzalez-Agiiero et al., 2011), which was offered one-on-
one, all interventions were offered in group format. Adapta-
tions specific to children and adolescents with DD included
use of sticker charts and positive feedback to incentivize
participation (George et al., 2011; Gonzalez-Agiiero et al.,
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2011), planning sufficient time to become familiar with exer-
cises and equipment (Gonzalez-Agiiero et al., 2011), and
use of visual/verbal/physical cues, modeling, or exagger-
ated demonstrations (George et al., 2011; Xu et al., 2020).
Three studies reported implementation barriers including
decline in participants’ motivation over the course of the
intervention (Elmahgoub et al., 2011), fatigue among inter-
ventionists, children’s refusal to participate in group exercise
(George et al., 2011), and difficulty with completing rigor-
ous exercise regimens due to impaired balance and limited
muscle strength (Wu et al., 2017).

Sports-Based Physical Activity Programs

Three studies addressed physical activity through training
in specific sports skills. Target sports included football and
basketball (Pejc¢i¢ et al., 2019), basketball (Koci€ et al.,
2017), and bike riding (Ulrich et al., 2011). Interventions
in this category focused on training participants in techni-
cal elements of the selected sport(s) such as ball control,
ball passing, ball catching, shooting goals and baskets, self-
launching, braking, and turning a bike. Two studies (Koci¢
etal., 2017; Ulrich et al., 2011) reported adapting the inter-
ventions to the learning and physical needs of children and
adolescents with DD. For example, riding equipment was
adapted to include rear handles so that trainers could better
protect and guide the participants, larger and lower seats to
allow foot contact with the ground, and special rollers to
minimize fear of falling (Ulrich et al., 2011).

Intervention settings were reported in two studies. Of
these, one intervention was school-based and delivered by
school Physical Education (PE) teachers (Pejcic et al., 2019)
and the other was offered by staff at a local community
center (Ulrich et al., 2011). All three sports-based interven-
tions were delivered in-person and focused exclusively on
children and adolescents with DD without parent, sibling, or
peer involvement. Interventions involving ball sports were
conducted in group format during 25- to 35-min sessions
occurring four times per week and over a period of 8-12
weeks (Koci€ et al., 2017; Pejcic et al., 2019). The bike rid-
ing intervention was conducted one-on-one over a 1-week
period involving five consecutive sessions of 75 min each.
No specific implementation barriers were reported by any of
the sport-based physical activity intervention studies.

Aquatic Exercise Programs

Three studies (Fragala-Pinkham et al., 2011; Pan, 2011;
Suarez-Villadat et al., 2020) focused on aquatic exercise
programs involving one of more of the following activi-
ties: pool-based aerobic and endurance exercises, aquatic
skills training, and water games. Programs were adapted
for children and adolescents with DD by incorporating
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strategies such as simplified exercises, physical guidance,
boundary markings to encourage children to stay in the des-
ignated area, and visual schedules using pictures and words
to describe the routine. Props such as pull buoys, shovels,
fins, swim goggles, wet suits, and earmuffs were provided
as needed.

Intervention settings, when reported, included a
community center (Fragala-Pinkham et al., 2011) and
an indoor pool at an unspecified location (Pan, 2011).
Programs were delivered in-person by community center
staff (Fragala-Pinkham et al., 2011), swim coaches
(Suarez-Villadat et al., 2020), and unspecified trained
instructors (Pan, 2011). Two of the three studies in this
category offered the intervention in a group format (Fra-
gala-Pinkham et al., 2011; Suarez-Villadat et al., 2020)
while the third (Pan, 2011) combined group activities
with individualized goal setting support and paired the
children and adolescents with DD with a non-disabled
sibling. None of the studies involved parents or peers.
Sessions were 40—70 min long and conducted 2-3 times
per week. Total duration of the intervention ranged from
14 to 36 weeks. No specific implementation barriers were
reported other than the potential loss of access to aquatic
facilities and ongoing practice after study completion.

Physical Activity Programs Based on Active Video Gaming

Two studies focused on promoting physical activity
among participants through structured engagement in
active video games either in addition to standard PE at
school or as a standalone intervention. Gaming consoles
included Nintendo Wii (Dickinson & Place, 2014) and
Xbox 360 (Lau et al., 2020). Both studies used software
packages focusing on kinetic sports games such as ten-
nis, table tennis, football, baseball, track and field sports,
and aquatic sports. The video gaming interventions were
group-based and delivered in-person by school teach-
ers during regular school hours. Gaming sessions were
15-30 min long and conducted 2-3 times per week over
a period of approximately 12 weeks. Parents and siblings
were not included in these interventions, although Lau
et al. (2020) did involve peers without DD. No specific
adaptations were reported.

One study (Lau et al., 2020) in this category reported
multiple barriers to intervention delivery. Specifically, the
intervention dosage was restricted by rigid school schedules,
children and adolescents with DD had trouble following
instructions and practicing specific sport skills, the com-
petitive nature of sports games triggered emotional distur-
bances among children, and the high teacher to student ratio
precluded customized game selection and problem-solving
(Lau et al., 2020).

@ Springer

Diet and Lifestyle Interventions

Four studies involved diet and lifestyle interventions. Of
these, one was a school-based intervention that focused
exclusively on dietary modifications by removing unhealthy
food items from the school cafeteria, reconfiguring the free
lunch menu with healthy food options, and making healthy
and low-cost breakfast and snack items available to students
during the school day (Wallén et al., 2013). In addition, edu-
cators and lunch staff introduced students to healthy diet
concepts based on the “Plate Model” (Camelon et al., 1998).
The intervention neither involved parents nor included any
home-based components. Frequency, intensity, and duration
of the intervention were not specified.

The remaining three interventions in this category (Cur-
tin et al., 2013; Lee et al., 2017 ; Ptomey et al., 2015) were
behavioral interventions that focused more broadly on
lifestyle modification. Common components of the three
interventions included initial education about nutrition and
physical activity concepts which was provided one-on-one
or in group format. This was followed by setting individu-
alized diet and physical activity goals, alongside support
with problem-solving and goal planning. When specified,
interventionists included therapeutic recreation specialists,
behavioral specialists, and/or dietitians. No specific adap-
tations were reported in the studies focusing on diet and
lifestyle interventions.

One intervention (Curtin et al., 2013) was conducted in-
person at a university center while the other two (Lee et al.,
2017; Ptomey et al., 2015) were delivered in-person either
at home or school with remote follow-up via digital applica-
tions such as WhatsApp and FaceTime. All three interven-
tions included parents, and in one case (Lee et al., 2017) also
peers and school staff. Sessions were 60-90 min long and
conducted once per week. Total duration of interventions
ranged from 8 to 24 weeks. One intervention (Curtin et al.,
2013) included further follow-up over 3 months at a tapered
intensity. Implementation barriers included difficulty with
accommodating participants’ restricted eating and limited
time during sessions to master recommended exercises (Cur-
tin et al., 2013). In one study (Ptomey et al., 2015), portable
tablets (i.e., iPads) were provided to participating families
for the duration of the intervention suggesting limited long-
term sustainability of technology-dependent interventions.

Study Outcomes and Intervention Efficacy

Outcomes evaluated across studies included anthropometrics
(e.g., BMI, body fat percent, waist-hip ratio), changes in
body structures and functions (e.g., leg extension strength),
performance of generic physical skills (e.g., standing long
jump distance, balance) and sports-specific physical skills
(e.g., ball handling and reception skills), physical activity
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participation (e.g., sedentary time, time spent in moderate
to vigorous physical activity [MVPA]), physiological (e.g.,
peak heart rate, peak V02) and performance-based meas-
ures (e.g., Treadmill Stress Test) of cardiovascular fitness,
dietary outcomes (e.g., percent carbohydrates consumed,
Healthy Eating Index), psychosocial outcomes (e.g., snack
choice, self-efficacy in physical activity), and knowledge
tests (e.g., Food Pyramid Test). Parent outcomes were gener-
ally not examined with the exception of one study (Lee et al.,
2017), which measured parents’ cooking preferences. Most
studies measured outcomes before and immediately after the
intervention. Three studies conducted an additional follow-
up at 14 weeks (Pan, 2011), 6 months (Curtin et al., 2013),
and 1 year (Ulrich et al., 2011) post-intervention, respec-
tively. This section summarizes study findings for outcomes
relevant to this systematic review (see Table 1 for details).

Anthropometrics: BMI, Body Fat, and Body Circumferences

Sixteen studies examined changes in BMI and/or weight; fif-
teen examined body fat percentage via bioelectrical imped-
ance, plethysmography, or skin fold measurement; and seven
examined body circumferences. For studies that examined
both BMI and weight, we only report findings related to BMI
as BMI is considered a better indicator of body composition
in growing children (Doak et al., 2013).

Of the nine studies that focused on aerobic and strength
training exercise programs, BMI was examined as an out-
come in seven. Of these, five studies (Boer et al., 2014;
George et al., 2011; Kong et al., 2019; Wu et al., 2017; Xu
et al., 2020) found non-significant differences in evolution
of BMI between usual care/passive control and experimental
conditions. Two studies noted significant improvements in
BMI favoring the experimental interventions. Seron et al.
(2014) found that children who received 12 weeks of aero-
bic exercise training demonstrated improved BMI compared
to children who received resistance training or usual care.
Similarly, Elmahgoub et al. (2011) found that compared with
typical programming, a combined aerobics and strength
training exercise program offered 2-3 times a week over
10-15 weeks showed significant improvement in BMI with
a small effect size.

Seven aerobic and strength training studies examined
body fat percentage. Of these, two studies found non-signif-
icant effects related to customized Tai Chi or aerobic dance
(Kong et al., 2019), and circuit training (Wu et al., 2017).
Four studies found that relative to typical programming,
changes in body fat percentage were significantly better for
children who received sprint interval training or continuous
aerobics training (Boer et al., 2014), circuit training (Kim
& Lee, 2016), aerobic exercise or resistance training (Seron
et al., 2014), and a combined aerobics and strength train-
ing exercise program (Elmahgoub et al., 2011). Effect sizes

where reported (Elmahgoub et al., 2011; Kim & Lee, 2016)
were found to be small. One study (Gonzalez-Agiiero et al.,
2011) found a non-significant difference from typical pro-
gramming for changes in fat mass, but significant difference
for lean mass in favor of a 21-week circuit training program.

Four studies in this intervention category examined
waist circumference or waist-hip ratio. Two of these
(Kong et al., 2019; Seron et al., 2014) found no signifi-
cant intervention effects, while the other two (Boer et al.,
2014; Elmahgoub et al., 2011) found that children who
received interventions such as sprint interval training,
continuous aerobic training, and a combined aerobic plus
strength training program demonstrated significantly bet-
ter outcomes than those in control conditions.

Only one (Ulrich et al., 2011) of the three sports-based
physical activity programs examined BMI as an outcome,
while two (Koci€ et al., 2017; Ulrich et al., 2011) examined
body fat percentage. Kocié et al. (2017) found non-signifi-
cant differences between typical programming and adapted
basketball training for changes in body fat. Ulrich et al.
(2011) found significant improvement in BMI and body fat
with a small effect size in favor of adapted bicycle training
compared with typical programming. None of the studies in
this intervention category examined body circumferences.

Among the three aquatic exercise programs, two
(Pan, 2011; Suarez-Villadat et al., 2020) examined changes
in BMI and body fat percentage; of these, one study (Suarez-
Villadat et al., 2020) additionally examined changes in waist
circumference. Pan (2011) found non-significant differences
in evolution of BMI and body fat between children who
received the 14-week program and those in the waitlist-
control group, whereas Suarez-Villadat et al. (2020) found
that their structured 36-week swimming program conferred
a significant advantage over unstructured water games for
all three anthropometric outcomes with large effect sizes.

The two studies on active video gaming demonstrated
mixed results in relation to BMI and body fat percentage.
Lau et al. (2020) found non-significant effects of active
video gaming compared with typical programming for BMI
and body fat percentage. Dickinson and Place (2014) found
a significant and large effect on BMI after standard PE plus
Nintendo Wii training compared with PE alone. Neither
study in this category examined body circumferences.

All four studies focusing on diet and lifestyle interven-
tions included BMI or weight as an outcome. Two of these
studies (Curtin et al., 2013; Lee et al., 2017) additionally
examined body fat percentage, and two (Lee et al., 2017;
Ptomey et al., 2015) examined body circumferences as
well. Two studies in this intervention category (Lee et al.,
2017; Wallén et al., 2013) found non-significant effects of
the experimental interventions versus typical programming
for BMI. The other two studies were small-scale RCTs that
involved comparisons between two active interventions.
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Ptomey et al. (2015) found non-significant differences in
evolution of BMI and waist circumference between two dif-
ferent diet modification programs with a common element
of diet orientation and lifestyle change. Of note, children in
both programs demonstrated within-group reduction in BMI
and waist circumference from baseline. Similarly, Curtin
et al. (2013) compared two lifestyle modification programs,
one with and the other without support from a behavioral
specialist. They found that participants’ weight reduced sig-
nificantly more when a behavioral specialist was involved
than when no behavioral support was provided. Reduction
in percent fat was also greater in the behavioral intervention
group although this divergence between groups did not reach
statistical significance.

In summary, intervention efficacy for anthropometric out-
comes appeared to be mixed for aerobic and strength training
exercise programs, sports-based physical activity programs,
aquatic exercise programs, and active video gaming. Body
fat percentage was one outcome where aerobic and strength
training exercise programs were more likely to demonstrate
significantly positive intervention effects. Diet and lifestyle
interventions did not perform better than typical program-
ming with regard to anthropometric outcomes, although
within-group improvements were noted in studies compar-
ing two active interventions.

Cardiovascular Fitness

Eleven studies examined physiological or performance-
based measures of cardiovascular fitness. Among these, six
studies focused on aerobic and strength training exercise
programs. Of these, two found non-significant differences
in performance of physical fitness tests between control
participants and those who received a rhythmic gymnastics
program (Xu et al., 2020) or those who received a combined
aerobic and strength training program (George et al., 2011).
Two studies found that compared with control conditions,
aerobic dance exercise (Kong et al., 2019) and circuit train-
ing (Wu et al., 2017) were associated with superior per-
formance or better physiological response during physical
fitness tests, respectively. Two studies in this intervention
category found mixed intervention effects for cardiovascu-
lar outcomes. Boer et al. (2014) found that children who
received sprint interval training demonstrated significant
improvements in peak VO2 and ventilatory threshold com-
pared with those who received continuous aerobic training
or typical programming. The continuous aerobic training
group also performed significantly better than the typical
programming group on these outcomes. On the other hand,
changes in peak heart rate were not significantly different
between groups. Similarly, Elmahgoub et al. (2011) found
significant improvement in peak heart rate, but not in peak
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V02 after combined exercise training compared with typical
programming.

Two (Kocié et al., 2017; Pejci€ et al., 2019) of the three
sports-based physical activity programs examined cardiovas-
cular outcomes. Both studies found significant improvements
in performance of physical fitness tests among children who
received adapted football and/or basketball training com-
pared with children receiving typical programming. Pejc¢ié
et al. (2019) reported a medium to large effect size for this
outcome. Koci¢ et al. (2017) additionally evaluated physi-
ological indicators and found non-significant differences in
evolution of resting and active heart rate.

Among the three aquatic exercise programs, two (Fra-
gala-Pinkham et al., 2011; Pan, 2011) examined changes
in performance of physical fitness tests. Both studies found
non-significant differences between intervention and con-
trol conditions on this outcome. One study on active video
gaming (Dickinson & Place, 2014) found that children who
received Nintendo Wii training in addition to PE showed
significantly better improvement in performance of fitness
tests than those who received standard PE only. None of the
studies focusing on diet and lifestyle interventions evaluated
outcomes related to cardiovascular fitness.

In summary, intervention efficacy for cardiovascular
outcomes appeared to be mixed for aerobic and strength
training exercise programs but showed some promise for
sports-based physical activity programs and active video
gaming. Aquatic exercise programs did not perform better
than control conditions regarding cardiovascular outcomes.

Engagement in Physical Activity

Four studies included accelerometry-based evaluations of
engagement in physical activity, specifically time spent
being sedentary and in moderate to vigorous physical activ-
ity (MVPA). One (Ulrich et al., 2011) of the three sports-
based physical activity programs examined this outcome and
found significant differences in evolution of sedentary and
MVPA time with small effects in favor of an adapted bicycle
riding program compared with typical programming. One
of the two active video gaming studies (Lau et al., 2020)
addressed physical activity and found non-significant dif-
ferences between intervention and control conditions for
changes in sedentary and MVPA time.

Physical activity was examined by two of the four studies
in the diet and lifestyle intervention category. Both stud-
ies compared two active interventions. Ptomey et al. (2015)
found non-significant differences in evolution of sedentary
and MVPA time between two different diet modification
programs with a common element of diet orientation and
lifestyle change. However, both interventions were associ-
ated with a significant within-group reduction in time spent
being sedentary. Curtin et al. (2013) found that time spent
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in MVPA decreased for children who received nutrition and
activity education only, while it increased for those who
received additional behavioral support.

Given the small number of studies in each intervention
category that addressed physical activity engagement, over-
all patterns of efficacy are difficult to determine as only one
study found significant differences in sedentary time and
MVPA.

Dietary Changes

Three studies, all in the diet and lifestyle modification cate-
gory, evaluated changes in dietary intake. One study (Wallén
et al., 2013) found that although percent protein and calories
consumed were not significantly different between children
in the control condition and those who received a school-
based multifactorial diet intervention, consumption of per-
cent fat was significantly lower, and consumption of percent
carbohydrates was significantly higher in the intervention
group.

Two studies compared distinct dietary/lifestyle interven-
tions and found significant differences within or between
groups on some dietary outcomes but not others. Curtin et al.
(2013) compared nutrition and activity education programs
with and without behavioral support. Differences between
groups were non-significant for fruit and treat intake. How-
ever, the group without behavioral support showed sig-
nificant within-group improvement in fruit intake, while
the group that received behavioral support had significant
within-group improvement in treat intake. The behavioral
support group also fared significantly better on vegetable
intake during the intervention and at the 6-month follow-up.
Similarly, Ptomey et al. (2015) found daily energy intake to
be significantly better after the “Enhanced Stop Light Diet”
compared with a conventional reduced energy diet based on
the MyPlate approach. The study also found a significant
reduction in consumption of empty calories for both diet
modification programs, although between-group differences
in overall diet quality were not significant.

Overall, intervention efficacy for dietary outcomes
appeared to be mixed across studies focusing on diet and
lifestyle modification. Furthermore, the use of behavioral
support yielded mixed results.

Study Rigor

Using criteria adapted from Reichow (2011), 15 studies were
assigned a quality rating of “weak,” and six studies were
assigned a quality rating of “adequate” (see Table 1). None
of the studies met the criteria for “high” rigor. Common lim-
itations related to primary quality indicators included pos-
sibility of sample selection bias (n=20), lack of intervention

theory (n=17), inadequate details about intervention settings
(n=16), lack of training of interventionists (n=20), lack of
a standardized intervention manual or protocol (n=9), and
lack of reliability and/or validity indices for measurement of
dependent variables (n=15). Common limitations related to
secondary quality indicators included lack of monitoring for
intervention fidelity and adherence (n=17), lack of follow-
up outcome measures to assess maintenance (n=18), lack
of control for co-intervention effects (n=14), and lack of
blind raters for outcome assessments (n=17). For the nine
RCTs, specifically, additional limitations included lack of
randomization concealment (n=8), and lack of details about
randomization procedures (n=8).

The overall level of evidence of each intervention cat-
egory identified in this review was determined using
Reichow’s criteria (Reichow, 2011). None of the inter-
vention categories met the recommended threshold for
“established” EBP. Aquatic exercise programs approached
Reichow’s (2011) cutoff for “probable” EBP (Z=30) based
on at least two of three group design studies demonstrat-
ing “adequate” rigor. Active video gaming programs also
approached a “probable” level of evidence with both stud-
ies in this category assigned an “adequate” rating for rigor
(Z=30). Diet and lifestyle interventions could be catego-
rized as “not an EBP” at this time as only one of the four
studies in this category was rated as “adequate” (Z=15).
Similarly, only one of nine studies focusing on aerobic and
strength training exercise programs was rated as “adequate.”
Therefore, these types of interventions could also be catego-
rized as “not an EBP” (Z=15). All three studies focusing
on sports-based physical activity programs were rated as
“weak” warranting an overall rating of “not an EBP” for
these interventions.

Discussion

This review identified five types of interventions across 21
studies addressing obesity prevention in children and ado-
lescents with DD. The small number of RCTs and quasi-
experimental studies identified points to the lack of obesity
prevention research involving this population. In contrast,
the body of literature for preventing obesity in non-disabled
children is well-established and is projected to accrue at a
rate of 2000—-4000 records per year (Brown et al., 2019). A
recent systematic review on this topic identified 153 RCTs,
none of which addressed disability (Brown et al., 2019).
Therefore, this systematic review addresses an important
gap in the literature on this topic. Given the relatively small
body of literature, we found for children and adolescents
with DD, nuanced interpretation of intervention efficacy by
age groups was not possible. However, some broad overall
trends were noted.
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Of the five intervention types identified in this review,
four focused on physical activity alone through a range of
exercise interventions including aerobic and strength train-
ing exercise, sports-based exercise, aquatic exercise, and
active video gaming. This finding is in contrast with the
body of literature on obesity prevention among non-disa-
bled children, where the majority of interventions across
age groups use a combination of diet and physical activity
(Brown et al., 2019). Within the fifth category of diet and
lifestyle interventions, one study focused on dietary changes
alone, while the other three focused on changing dietary and
activity behaviors in combination.

Studies in this review that combined diet and physical
activity intervention involved active comparisons. There-
fore, it was not possible to interpret the superiority of these
interventions over typical programming. However, these
interventions showed significant within-group improve-
ment in anthropometrics, physical activity levels, and dietary
changes suggesting some promise. There was also weak and
mixed evidence from a single study that behavioral support
may be a beneficial component of interventions promoting
healthy diet and physical activity (Curtin et al., 2013). This
intervention type did not meet the threshold of EBP and
further research is needed to make conclusive practice rec-
ommendations. Of note, such combined interventions are
aligned with obesity prevention strategies promoted by the
Centers for Disease Control and Prevention which recom-
mends multi-component interventions incorporating engage-
ment in physical activity training and nutrition education
along with behavioral strategies (CDC, 2011; Maiano et al.,
2014). For younger children without disabilities, interven-
tions that combine diet with physical activity have proven to
be more effective in reducing the risk of obesity than those
focusing on diet or physical activity alone (Brown et al.,
2019). For older children without disabilities, interventions
focusing on physical activity alone have proven effective,
while combined interventions have shown promise (Brown
etal., 2019).

In the present review, intervention types focusing on
physical activity alone were found to have mixed effi-
cacy for anthropometric outcomes indicating they might
or might not improve BMI and adiposity in children and
adolescents with DD. Our certainty in these effects is
low for aerobic and strength training programs and
sports-based exercises, which did not meet the threshold
of EBP, whereas for aquatic exercises and active video
gaming, our certainty is moderate as these interventions
approached the threshold for “probable” EBP. This find-
ing of mixed efficacy for physical activity interventions
for reducing obesity risk among children and adoles-
cents with DD is in contrast with the proven efficacy of
such interventions for preteens and adolescents without
disabilities. A possible explanation for the contrasting
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findings could be that children and adolescents with DD
lack the balance, endurance, and motor skills for sus-
tained participation in complex exercise regimens (Wu
et al., 2017) and also struggle with following instruc-
tions and practicing specific sports (Lau et al., 2020).
This speaks to the necessity to adapt obesity prevention
interventions to the needs of children and adolescents
with DD and the local context. Rimmer et al. (2014)
argue that evidence-based health promotion and obesity
prevention programs for children with disabilities should
consider a set of inclusion recommendations and adapta-
tions separated into one of four content domains which
include the built environment, services, instruction, and
equipment. Necessary adaptations support the full inclu-
sion of an individual into an existing health promotion
program addressing implementation barriers reported by
some studies in this review such as lack of participant
engagement, difficulty maneuvering equipment, and chal-
lenges with learning complex sports rules.

Our review also found that sports-based exercise pro-
grams and active video gaming showed promising effects
on cardiovascular fitness outcomes. This finding is con-
sistent with those reported by systematic reviews of phys-
ical activity interventions for youth and adults with DD
(Jeng et al., 2017; Li et al., 2013; Maiano et al., 2014).
However, there is some concern about the acceptability
of such interventions by younger children with DD as
the competitive nature of real and virtual sports games
can trigger emotional disturbances in this population (Lau
et al., 2020).

Another important finding of this review was the lim-
ited involvement of parents in interventions, which was
observed in only four studies. This finding also stands in
contrast with the evidence base for obesity-related inter-
ventions for children without DD (Mehdizadeh et al., 2020;
van der Kruk et al., 2013). Systematic reviews have shown
that involving parents either during the core intervention
or during maintenance resulted in higher improvement in
BMI and other outcomes for children, and that medium- to
high-intensity parental involvement was associated with
effectiveness of long-term childhood obesity interventions
(Mehdizadeh et al., 2020; van der Kruk et al., 2013). These
findings suggest that parental involvement should also be
considered in obesity-related interventions of children and
adolescents with DD. Prevalent disability and rehabilita-
tion frameworks such as the International Classification of
Functioning (WHO, 2001) recognize that parents and fam-
ily are an important part of the environmental context of
children and adolescents with DD. Therefore, it is impor-
tant that future interventions meaningfully engage parents
especially if the goal is to engender sustainable lifestyle
changes that carry over into the home and community life
of children and adolescents with DD.
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Implications for Practice

The body of evidence in this review does not conclusively sup-
port any specific intervention with a high level of certainty.
However, no adverse effects were reported for any intervention
either. Therefore, service providers may offer “probable” EBP
interventions including aquatic exercise programs and active
video gaming as long as the programs are adapted for the safety
and comfort of children and adolescents with DD and that fami-
lies understand existing uncertainties about intervention benefits.
Our review identified some useful strategies for providers to
consider when adapting interventions to the physical and learn-
ing needs of children and adolescents with DD such as verbal
and visual cues, modeling and demonstration of exercises, use
of adapted equipment, and dedicated time to become familiar
with equipment and setup.

Service providers may also be interested in replicating effec-
tive interventions locally. While none of the studies reviewed
examined the cost-effectiveness of interventions, some interven-
tions may be considered more feasible and replicable than oth-
ers. For example, interventions delivered during regular school
hours by teachers or PE instructors or those offered at commu-
nity fitness centers by center staff and swim coaches might be
easier to replicate without significant financial overlays. On the
other hand, interventions involving specialized equipment and
delivered by professionals such as physiotherapists, nutritionists,
and behavioral specialists would entail substantial expenses and
may not be justifiable without additional evidence supporting
their effectiveness. Overall, issues related to sustainability and
cost-effectiveness warrant future research given the lack of exist-
ing evidence.

A final practice consideration would be format of inter-
vention delivery. Most interventions reviewed were deliv-
ered in-person with only two studies involving a remote or
virtual component. With the advent of the COVID-19 pan-
demic, it is important to expand opportunities for virtual
participation of both parents and children. The two studies
that involved a virtual component demonstrated that video
chat platforms such as WhatsApp and FaceTime might be
feasible for this purpose.

Implications for Future Research

Several implications emerge for future research. Future
studies need to include theoretically driven interventions
(McGarty et al., 2018) and incorporate voices of participants
and parents to enhance acceptability and sustainability in the
natural environment, such as at home and in the community
(McGarty et al., 2018). For sustainability of interventions
across settings and time, it is also important to consider nec-
essary adaptations and accommodations to ensure safety and
minimize the risk of injuries (Li et al., 2013).

Methodological rigor and quality of reporting also need to be
improved in future research. This finding is consistent with Jeng
etal.’s (2017) systematic review on exercise training for adoles-
cents with DD, which found a similar lack of methodological
rigor within studies reviewed. Future studies can enhance rigor
by ensuring blinding of outcome evaluation, assessing mainte-
nance through long-term follow-up measures, using valid and
reliable assessments and instruments, standardizing interven-
tions, and evaluating adherence and fidelity. It is also important
that steps taken to enhance rigor be reported in publications.

Future studies should also consider the impact of the
COVID-19 pandemic on the obesity rates of children and
adolescents with DD. This systematic review was conducted
during the COVID-19 pandemic and no study included in the
review was implemented during these unprecedented times. A
CDC report indicates that the rate of increase in BMI almost
doubled in US children and adolescents aged 2—19 years during
the pandemic compared to pre-pandemic. Furthermore, it is
estimated that children and adolescents with DD are at higher
risk for increase in BMI (see https://www.cdc.gov/obesity/
index.html). Therefore, it is important to develop and evaluate
obesity prevention interventions that can be safely and smoothly
delivered to this population under pandemic-related restrictions.

Considerations related to age, gender, racial, ethnic, and
income diversity are also important for future research. This
review included studies with participants spanning a broad age
range. As literature on this topic grows, future reviews should
consider separating analyses by age groups (0-5, 612, 13-18
years). Most studies in this review included predominantly
male samples. Although developmental disabilities are more
prevalent among males, childhood obesity is higher among
females, especially within Black and Latinx communities
(CDC, 2019; Ogden et al., 2020; State of Childhood Obesity,
2020; Zablotsky et al., 2019). Therefore, we need more studies
evaluating the efficacy of interventions for girls with DD. Only
a few (seven) studies in this review reported race and ethnic-
ity. Of these, only three studies identified diverse participants,
a smaller number being from Hispanic/Latinx background.
Given the high rate of obesity among Black and Latinx chil-
dren with disabilities (see Rimmer et al., 2011) in the USA,
future studies based in the USA and other countries with racial
and ethnic diversity need to recruit more diverse samples.
There is also a need for research based in lower and lower-
middle income countries as all studies identified in this review
were conducted in high- and upper-middle-income countries.
Childhood obesity in general is recognized as a global phe-
nomenon and is believed to be growing at a faster rate in many
developing countries. Similarly, prevalence of childhood dis-
ability is high in low- and lower-middle-income countries
(Emerson & Llewellyn, 2021). Therefore, it is important for
international funding bodies to support research on obesity
prevention among children and adolescents with DD in low-
and middle-income countries (Chung, 2017).
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Limitations

This review has a few limitations. We only included peer-
reviewed RCTs and quasi-experimental studies with group
comparisons. Therefore, relevant studies using varied experi-
mental designs and program evaluations published in the gray
literature were possibly missed. A language bias might also
exist as only studies published in English were considered. We
also did not search trial registries to identify unpublished stud-
ies. However, many of the studies in this review had negative
findings, thereby lowering the possibility of publication bias.

Conclusion

The health promotion and obesity prevention interventions
analyzed in this review yielded mixed results. This review
identified intervention strategies and relevant adaptations that
could be incorporated in health promotion programs for children
and adolescents with IDD. Interventions such as sports-based
exercise programs and active video gaming showed promise, but
more research is needed to confirm their effectiveness. Overall,
evidence-based recommendations are hindered by limitations
in rigor of research reporting. This systematic review points to
the need for future research involving theoretically grounded
and rigorous intervention studies designed to address obesity in
children and adolescents with DD.
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