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Abstract

Introduction: Although correlates of PA have been extensively examined in both children and 

adolescents who are typically developing, little is known about correlates of moderate to vigorous 

physical activity (MVPA) and sedentary time in adolescents with intellectual and developmental 

disabilities (IDD). Therefore, we examined intrapersonal, interpersonal, and environmental factors 

and their association with device-based MVPA and sedentary time in adolescents with IDD.

Methods: MVPA and sedentary time was assessed using a hip-worn ActiGraph model wGT3x-

BT tri-axial accelerometer across a 7-day period in adolescents with IDD and one of their parents. 

Pearson and point-biserial correlations, were calculated to inspect the associations of PA (MVPA, 

sedentary time) with intrapersonal factors (demographic characteristic, BMI, waist circumference, 

motor ability, muscle strength, grip strength, cardiovascular fitness, and self-efficacy for PA), 

interpersonal factors (parent demographics, parent BMI, parent MVPA and sedentary time, family 

social support for PA, parent barriers and support for PA, parent’s beliefs/attitudes towards PA, 

and number of siblings), and environmental factors (meteorologic season, COVID-19). Ordinary 

least squares regression was used to estimate the unique contributions of key factors to PA after 

controlling for participants’ age, sex, race, waist circumference, and total wear time.

Results: Ninety-two adolescents (15.5 ± 3.0 yrs. old, 21.7% non-white, 6.5% Hispanic, 56.5% 

female) provided valid accelerometer data. Average sedentary time was 494.6 ± 136.4 min./day 

and average MVPA was 19.8 ± 24.2 min./day. Age (r=0.27, p=0.01), diagnosis of congenital 

heart disease (r=-0.26, p=0.01), and parent sedentary time (r=0.30, p=0.01) were correlated with 

sedentary time. BMI (r=-0.24, p=0.03), waist circumference (r=-0.28, p=0.01), identifying as 

white (r =−0.23, p=0.03), and parent MVPA (r=0.56, p<0.001) were correlated with MVPA. 
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After adjusting for the adolescent’s age, sex, race, waist circumference, and total wear time, the 

association between parent and adolescent MVPA remained significant (b=0.55, p<0.01, partial 

η2=0.11).

Conclusion: The results of this study provide evidence that race, waist circumference, and 

parental MVPA may influence the amount of MVPA in adolescents with IDD. The limited 

available information, and the potential health benefits of increased MVPA, highlight the need 

to evaluate the effectiveness of multi-component interventions targeting both intrapersonal and 

interpersonal levels to promote increased PA in adolescents with IDD.
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INTRODUCTION

Sedentary time is defined as any waking time characterized by an energy expenditure 

<1.5 metabolic equivalents (METs) while in a sitting, reclining, or lying posture. Common 

sedentary behaviours include TV viewing, video game playing, computer use, driving 

automobiles, and reading (Tremblay et al., 2017). Conversely moderate-to-vigorous physical 

activity (MVPA) is defined as activity with an intensity equivalent to 3–8.7 METs (Garber 

et al., 2011). Levels of MVPA are low in both adolescents who are typically developing 

and adolescents with intellectual and developmental disabilities (IDD) (Troiano et al., 2008, 

Frey et al., 2008). Physical activity (PA), assessed by both device-based (accelerometer, 

pedometer) and subjective measures (proxy self-report), demonstrate that sedentary time is 

higher and MVPA is lower in youth with IDD (age ≤ 18 yrs.) compared with their peers 

who are typically developing (Frey et al., 2008, Matute-Llorente et al., 2013, Esposito et al., 

2012). In a 2017 review, 4 of 7 studies that assessed MVPA by accelerometry in adolescents 

with IDD reported that no subjects met the PA guidelines (Piercy et al., 2018) of 60 min. 

of MVPA/day, and in the other 3 studies the percent of adolescents meeting the guidelines 

ranged from 12–66% (Leung et al., 2017).

Decreased MVPA in adolescents with IDD has been shown to continue through the 

transition to adulthood (Shields et al., 2009). Additionally, increased MVPA, and associated 

increases in both cardiovascular and muscular fitness, may be especially important for 

adolescents with IDD as they transition to adulthood where their employment emphasises 

physical rather than cognitive skills (Shields et al., 2008). Thus, adolescence represents an 

important period for interventions to improve long-term participation in PA. However, a 

2018 systematic review and meta-analysis identified only 5 relevant interventions aiming to 

increase PA in adolescents with IDD (McGarty et al., 2018). Three of those studies were 

multi-component weight management interventions (Hinckson et al., 2013, Ptomey et al., 

2015, Gephart and Loman, 2013), one was a single component PA intervention (Shields 

et al., 2013), and one was a skill development training program (Ulrich et al., 2011). The 

meta-analysis showed a lack of effectiveness in increasing PA to a level that would decrease 

chronic disease risk. Thus, interventions developed specifically for targeting increased 

MVPA and decreased sedentary time in adolescents with IDD, are warranted. In accordance 

with the behavioural epidemiological framework, one of the first steps in developing 
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effective interventions is understanding the factors that are associated with the behaviour 

of interest (Sallis et al., 2000). According to the socioecological model, which is commonly 

used to guide behaviour change, there are multiple levels of influence on PA, namely, 

intrapersonal (e.g. sex, age, fitness, motor skills), interpersonal (e.g. parent demographics, 

parent support, parent PA), and outdoor/environmental factors (e.g. meteorologic season, 

Coronavirus (COVID-19) Pandemic) (Golden and Earp, 2012).

Correlates of PA have been extensively examined in children and adolescents who are 

typically developing (Sterdt et al., 2014); however, little is known about correlates of PA 

in adolescents with IDD. In 2021, Sutherland et al (Sutherland et al., 2021) completed a 

systematic review of correlates of physical activity in children and adolescents with IDD 

which included 15 studies published between 2010 and 2019. However, all the included 

studies focused on intrapersonal-level correlates, and no interpersonal-level correlates were 

included in more than one study. The results of this review concluded that future research 

should aim to understand the relationships between wider socioecological factors and PA in 

children and adolescents with IDD. Therefore, to address this gap in the literature, this study 

examined intrapersonal, interpersonal, and environmental factors and their association with 

MVPA and sedentary time in adolescents with IDD.

METHODS

Overview

This is a secondary analysis using baseline data from a PA trial in adolescents (10–21 

yrs.) with IDD (Ptomey et al., 2019). Each participant was required to have one parent 

who agreed to participate in the study with them. All data were collected in the Kansas 

City Metropolitan Area between 2019–2021. This study was approved by the University of 

Kansas Medical Center’s Institutional Review Board and informed consent and assent were 

obtained from participants and their parent/legal guardians.

Participants

Participants were living at home with a parent or guardian, 10–21 yrs. of age, with mild 

to moderate (IQ 40–74) IDD that was verified by a primary care physician. Additional 

inclusion criteria were sufficient functional ability to understand directions, able to 

communicate through spoken language, internet access in the home, and had a parent who 

agreed to be involved in the study. Participants were excluded if they or their parent had a 

serious medical risk, such as cancer or a recent cardiac event, or were unable to participate 

in MVPA. Participants were recruited using flyers, list-serves, and social media posts by 

local organizations that provide services adolescents with IDD in the community. Parents of 

potential participants were asked to contact the study coordinator who answered questions 

about the study and administered an initial participant eligibility screener. A home visit 

was scheduled with those remaining interested and potentially eligible to determine final 

eligibility, and to obtain parental consent and adolescent assent.
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MVPA and Sedentary Time

MVPA and sedentary time were assessed using an ActiGraph model wGT3x-BT tri-axial 

accelerometer (3.3 × 4.6 × 3.5 cm, wt. = 19 g, dynamic range = ± 8 g). The ActiGraph 

provides valid and reliable assessments of PA in adolescents (Freedson et al., 2005) and 

adults (Trost et al., 2005), and has been widely used to describe PA levels in youth with 

IDD (McGarty et al., 2014, Hinckson et al., 2013). Participants were given instructions (both 

verbal and written) to wear the ActiGraph on an elastic belt over their non-dominant hip 

at the anterior axillary line during waking hours for 7 consecutive days, with the exception 

of bathing, swimming, and contact sports. The hip rather than the wrist location was used 

due to the lack of comparable data and established protocols for the assessment of MVPA 

using wrist-worn ActiGraphs (Chandler et al., 2016). ActiGraphs were initialised to collect 

raw data from all 3 axes at 60 Hz and downloaded using ActiLife Software version 6.13.3 

(ActiGraph Corp, Pensacola, FL). All accelerometer data processing was completed using 

custom SAS/R programs. There is currently no validated wear time criterion for adolescents 

with IDD. Poor accelerometer compliance has been previously demonstrated in individuals 

with IDD (Leung et al., 2017, Melville et al., 2011, Spanos et al., 2015, Ptomey et al., 

2017) and studies in adults with IDD have used modified wear time criteria (Melville et 

al., 2011, Spanos et al., 2015). For example, Melville et al. (Melville et al., 2011) used 

a 3-day/6-hr wear time criterion and obtained data for 83% of participants at baseline. 

Thus, in order to maximise our sample size, we choose a wear time criterion of 8 hours of 

wear time on at least 3 days (with at least 1 weekend day) for inclusion in this analysis. 

This wear time criterion has previously been used in adolescents with IDD (Boddy et al., 

2015, Izquierdo-Gomez et al., 2014, Izquierdo-Gomez et al., 2015b, Izquierdo-Gomez et al., 

2015c) and in youth who are typically developing (Mattocks et al., 2008)

Accelerometer data processing for participants < 18 yrs.—There are currently no 

validated PA intensity cut-points for adolescents with IDD. The cut-points that are closest to 

being specific to adolescents with IDD are those developed by McGarty et al. which were 

developed for youth (ages 8–11 yrs.) with IDD (McGarty et al., 2016). However, reviews 

have cautioned against using cut-points in individuals outside of the age range for which 

they were developed (Yun and Ulrich, 2002). Thus, we chose the age-specific cut-points 

for children/adolescents proposed by Freedson et al. (Freedson et al., 2005, Freedson et al., 

1997), which have been shown to provide excellent accuracy for classification of MVPA 

and are the only cut-points validated for adolescents up to the age of 17. Additionally, the 

cut-points from Freedson et al. have been shown to be the most accurate for classifying 

MVPA in children and adolescents with typical development participating in PA in free- or 

natural-play environments (Howe et al., 2018). Data was aggregated over 60-sec epochs to 

mirror the collection interval on which the Freedson age-specific cut-points were developed 

(Freedson et al., 2005, Freedson et al., 1997). Sedentary time was defined as ≤ 100 counts/

min. (Trost et al., 2011) and non-wear time was ≥ 60 consecutive min. of 0 counts, with an 

allowance for 1–2 min. of counts between 0 and 100 (Troiano et al., 2008)

Accelerometer data processing for participants ≥ 18 yrs. and parents.—
Accelerometer data was processed with the protocol for adults used in the 2003–2004 

and 2005–2006 cycles of NHANES (Troiano et al., 2008, Matthews et al., 2008). Data 
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was aggregated over 60-sec epochs. The following PA intensity cut-points described by 

Troiano et al. were used: light (1.01–2.99 METs; 101–2019 counts/min.), moderate (3.0–5.9 

METs; 2020–5988 counts/min.) and vigorous (≥ 6.0 METs; ≥ 5,999 counts/min.) (Troiano 

et al., 2008, Matthews et al., 2008). Thresholds described by Matthews et al. were used 

for determining sedentary time (≤ 1.0 MET; ≤ 100 counts/min.) and non-wear time (≥ 60 

consecutive min. of 0 counts, with an allowance for 1–2 min. of counts between 0 and 100) 

(Matthews et al., 2008).

Correlates of Physical Activity

The following intrapersonal and interpersonal factors were selected for inclusion in this 

analysis. All data were collected in a laboratory setting by trained staff familiar with 

working with individuals with IDD.

Intrapersonal Factors

Demographic Characteristics.—Demographic characteristics (age, sex, race (white vs 

non-white), ethnicity (Hispanic vs non-Hispanic), level of intellectual disability (mild vs 

moderate), diagnosis (Down syndrome (DS) vs Autism Spectrum Disorder (ASD) vs other 

IDD), and congenital heart disease (CHD) diagnosis (CHD vs non-CHD)) were selected and 

self-reported by parents of the participants using a screening questionnaire.

BMI, BMI Z-score, and Waist Circumference.—Weight was measured in light 

clothing on a calibrated scale (Model #PS6600, Belfour, Saukville, WI) to the nearest 0.1 

kg. Standing height was measured with a portable stadiometer (Model: #IP0955, Invicta 

Plastics Limited, Leicester, UK). BMI was calculated as weight (kg)/height (m2). BMI-Z 

scores were calculated subsequently for those < 19 yrs. of age, using the CDC Growth 

Charts (Kuczmarski et al., 2002). Waist circumference was assessed using the procedures 

described by Lohman et al (Lohman et al., 1988).

Motor Quotient.—Motor ability was assessed by the Gross Motor Quotient and Percentile 

obtained from Test of Gross Motor Development-second edition (TGM-2) (Ulrich, 2000).

Muscular Strength.—Lower body muscle strength was assessed using a standard 5-

repetition maximum protocol (Reynolds et al., 2006) on a Cybex plate-loaded leg press 

calculated with the Brzycki, et al. 1-repetition maximum prediction equation (Brzycki, 

1993). Participants began with a brief warm-up (~5 min.) on the treadmill followed by 

instruction on proper leg press form. After one light warm-up set (~10 repetitions) to ensure 

proper form, weight was selected with the goal of achieving 5-repetiton maximum. Weight 

continued to be increased until the goal was reached, with 60 sec. rest between each attempt.

Grip Strength.—Grip strength was measured using a hand dynamometer (Model: Jamar 

Plus Electronic, Patterson Medical, Warrenville, IL). Participants were asked to stand 

straight with their elbows flexed at 90° and instructed to clench the handle as strong as 

possible. Measures were collected from both their dominant and non-dominant hand in 

triplicate and averaged.
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Cardiovascular Fitness.—Cardiovascular fitness was assessed using a modified Balke 

treadmill test (Balke and Ware, 1959). The treadmill was initially set at 2.6 m.p.h., 0% 

grade. The speed remained constant, and grade increased 1% each min. until the participant 

reached 75% age predicted maximal heart rate (HRmax), measured by a Polar chest strap. 

HRmax for participants without DS was predicted using the equation for children and 

adolescents with typical development (208–0.7*(age in yrs.)) (Mahon et al., 2010). HRmax 

for participants with DS was predicted as 210–0.56*(age in yrs.)–15.5*(DS), where DS=2, 

as suggested by Fernhall et al. (Fernhall et al., 2001) to account for the lower HRmax 

associated with DS (Fernhall et al., 2013).

PA Self-Efficacy.—Self-efficacy was assessed using the Self-Efficacy for Activity for 

Persons with Intellectual Disabilities Scale (Peterson et al., 2009).

Interpersonal Factors

Parent and Home Demographic Characteristics.—The following demographic 

characteristics for the participant’s parent, who agreed to participate in the study, were 

self-reported by using a questionnaire: age, sex, race, ethnicity, education level, marital 

status, household income, and number of siblings in the home.

Parent BMI.—Weight was measured in light clothing on a calibrated scale (Model 

#PS6600, Belfour, Saukville, WI) to the nearest 0.1 kg. Standing height was measured with 

a portable stadiometer (Model: #IP0955, Invicta Plastics Limited, Leicester, UK). BMI was 

calculated as weight (kg)/height (m2).

Parent PA.—Parent PA was assessed using an ActiGraph model wGT3x-BT tri-axial 

accelerometer using the wear and data processing protocol described previously for the 

adolescent participants. Thresholds and cut-points for non-wear time, sedentary time, and 

light, moderate, and vigorous intensity PA were the same as described for adolescent 

participants ≥18 yrs. old (Troiano et al., 2008, Matthews et al., 2008).

Family Social Support for PA.—Social support was assessed using the Social Support 

for Activity for Persons with Intellectual Disabilities Family Scale (Peterson et al., 2009).

Parent Barriers and Support for PA.—Parent perceived barriers and support for PA 

was assessed using the 12-item Barriers to and Support for PA questionnaire (Must et al., 

2015).

Parent’s Beliefs/Attitudes Towards PA.—Parent’s beliefs/attitudes toward PA was 

assessed with an adapted version of the Healthy Buddies Parent Nutrition and Physical 

Activity Survey (George et al., 2011).

Environmental Factors

Meteorologic Season.—The accelerometer wear time period was classified as summer 

(June 21st-September 20th), spring (March 21st-June 20th), fall (September 21st-December 

20th), or winter (December 21st-March 20th).
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COVID-19 Pandemic.—The accelerometer wear time period was classified as pre-

pandemic (Before March 17th, 2020) or Pandemic (March 17th, 2020 and beyond). March 

17th was selected as the cut-off day as this is when the executive lockdown order became 

effective in our region.

Statistical Analysis—Descriptive statistics, including Pearson and point-biserial 

correlations, were calculated to inspect the associations of PA (MVPA, sedentary time) with 

the intrapersonal, interpersonal, and environmental factors. Fisher’s z-test was performed 

to compare the correlations between participant subgroups (e.g., ASD vs. DS vs. other). In 

the case of nominal factors with two or more categories (e.g., gender, seasonality), t-test 

or analysis of variance (ANOVA) compared the variables of PA between the categories 

(e.g., male vs. female; winter vs. spring vs. summer). Lastly, ordinary least squares 

(OLS) regression was used to estimate the unique contributions of key factors to PA after 

controlling for participants’ age, sex, race, waist circumference, and total wear time. All 

analyses were performed using SAS 9.4, and statistical significance was determined at 0.05 

alpha level.

RESULTS

One hundred and sixteen adolescents enrolled in the study and 92 (79.3%) met the minimum 

wear time criterion to be included in this analysis. Demographic characteristics of the 92 

participants are presented in Table 1. Adolescents were 15.5 ± 3.0 yrs. old, 56.5% female, 

53.3% had a diagnosis of DS, and 26.1% reported a race/ethnicity other than non-Hispanic 

white. Mean wear time was 789.2 ± 139.5 min./day. Average sedentary time was 494.6 

± 136.4 min./day (62.3 ± 11.1% of total wear time) and average MVPA was 19.8 ± 24.2 

min./day (2.5 ± 2.9% of total wear time). There were no significant differences in min./day 

of sedentary time for sex, race, ethnicity, or diagnosis. There were no significant differences 

in min/day of MVPA for sex, ethnicity, or diagnosis. However, white adolescents showed 

a significantly lower MVPA than those identifying as a race other than white (p=0.03, 

d=0.16).

Intrapersonal-level physical activity correlates are shown in Table 2. Age had a positive 

correlation with sedentary time (r=0.27, p=0.01). A negative correlation with sedentary time 

was seen in those who had CHD (r=-0.26, p=0.01). Being white (r=-0.23, p=0.03) and 

having a higher BMI (r=-0.24, p=0.03) and waist circumference (r=-0.28, p=0.01) were 

negatively correlated with min./day of MVPA in adolescents with IDD.

Interpersonal-level sedentary time and MVPA correlates are represented in Table 3. Parent 

sedentary time (n=82; 550.9 ± 101.1 min./day) was positively correlated with adolescent 

sedentary time (r=0.30, p=0.01), and parent MVPA (n=82; 16.7 ± 19.1 min./day) was 

positively correlated with adolescent MVPA (r=0.56, p<0.001). The association between 

parent MVPA and adolescent MVPA was significantly greater in adolescents with ASD 

(r=0.90) and DS (r=0.72) when compared to those with other IDDs (r=-0.46, both p<0.001).

Linear regressions were used to further evaluate and quantify the effect of parent activity 

levels on adolescent sedentary time and MVPA. After adjusting for the adolescent’s age, 
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sex, race, waist circumference, and total wear time (covariates), the positive association 

between parent and adolescent MVPA remains significant (b=0.55, p<0.01, partial η2=0.11) 

(Table 4). After controlling for the covariates, the association between parent and adolescent 

sedentary time was no longer statistically significant (b=0.01, p=0.93, partial η2=0.00).

The two environmental factors examined were meteorological season and the COVID-19 

pandemic. There were no significant differences in sedentary time (p=0.56, partial η2=0.01) 

or MVPA(p=0.25, partial η2=0.03) between seasons. Additionally, the COVID-19 pandemic 

was not significantly associated with sedentary time (r=0.08, p=0.46) or MVPA (r=-0.10, 

p=0.32).

DISCUSSION

The results of the current study are in partial agreement with previous literature in 

adolescents with IDD which also indicates that sex (Boddy et al., 2015, Izquierdo-Gomez 

et al., 2015b, Downs et al., 2013), age (Esposito et al., 2012, Boddy et al., 2015, Wouters 

et al., 2019), and diagnosis of DS (Wouters et al., 2019, Lin et al., 2010) are not associated 

with MVPA. However, in contrast with previous research in youth with IDD (Esposito et 

al., 2012, Izquierdo-Gomez et al., 2015a, Pitchford et al., 2018) which found no associations 

between BMI and MVPA, we observed a negative association between BMI and MVPA 

as well as waist circumference and MVPA, suggesting that increased adiposity may be 

associated with decreased MVPA. However, these previous studies were conducted only 

in adolescents with DS, who are genetically predisposed to higher BMI and fat mass 

(Bertapelli et al., 2016). Interestingly, while our results were in contrast with previous 

studies in adolescents with DS, they are consistent with meta-analyses in adolescents with 

typical development showing negative correlations between waist circumference and MVPA 

(Ekelund et al., 2012). Our results suggest that in adolescents with non-DS related IDD, the 

relationship between waist circumference and MVPA may be similar to adolescents who are 

typically developing.

We are unaware of previous studies that have examined the association of race on MVPA, 

but our study suggests that adolescents who identify as non-white may engage in more 

daily MVPA than those who identify as white. This finding is in agreement to the literature 

in typically developing adolescents, which suggest that adolescents who are non-white 

obtain more minutes of MVPA/day compared to a non-Hispanic white counterparts (Belcher 

et al., 2010). However, given that our sample was comprised of only 21% non-white 

adolescents, future research is needed better explore the association between race and 

MVPA in adolescents with IDD.

We found no statistically significant association between MVPA and motor development 

which contrasts with previous studies in youth with IDD (Eguia et al., 2015, Wouters et al., 

2019). However, these previous studies had some methodologic differences from the current 

study, and thus our results are not directly comparable. Eguia et al (Eguia et al., 2015) 

assessed PA using step counts/pedometers, rather than accelerometers, and Wouters et al 

(Wouters et al., 2019) only included youth with moderate-to-severe ID rather than those with 

mild-to-moderate disabilities that were included in the current study. In adolescents with 
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typical development, the meta-analyses have demonstrated a positive correlation between 

motor competence, including skill composite scores and motor coordination (Barnett et al., 

2016). Motor development represents integration of several physiologic systems including 

musculoskeletal, cardiorespiratory, sensory, and neurologic systems (Lopes et al., 2021). 

Although we did not observe a statistically significant association between MVPA and motor 

development, studies have shown that motor development/skills are a key factor in the 

promotion of physically active lifestyles across the lifespan and may be an area of future 

research in adolescents with IDD (Lopes et al., 2021, Stodden et al., 2008).

We found no statistically significant associations between MVPA and cardiovascular fitness 

or strength. Of the two previous studies that assessed cardiovascular fitness, Matute-Llorente 

et al. (Matute-Llorente et al., 2013) reported positive correlation with MVPA, while 

Izquierdo-Gomez et al. (Izquierdo-Gomez et al., 2015a) reported no correlation with MVPA. 

However, both previous studies were conducted only in adolescents with DS, and used 

different protocols to measure cardiovascular fitness, than the submaximal assessment used 

in the current study. Izquierdo-Gomez et al. (Izquierdo-Gomez et al., 2015a) used a field-

based test and Matute-Llorente et al. (Matute-Llorente et al., 2013) used a maximal treadmill 

test. In youth who are typically developing, studies have reported weak associations between 

overall PA and fitness, though the association becomes stronger with greater proportions of 

vigorous intensity PA (r=0.15–0.29)(Gutin et al., 2005). Similarly, lower body strength has 

been associated with only vigorous intensity PA in adolescents who are typically developing 

(Moliner-Urdiales et al., 2010).

Previous studies examining correlates of sedentary time in adolescents with IDD are limited. 

The results of our study suggest that age was positively associated with increased sedentary 

time meaning that adolescents increased their sedentary min./day as they aged. These 

findings are in agreement with a study by Izquierdo-Gomez et al. (Izquierdo-Gomez et 

al., 2015c) which reported that age was positively associated with sedentary time in 98 

adolescents with DS, as well as studies in typically developing adolescents that sedentary 

time progressively declines in those 16–19 yrs. old (Carson et al., 2015). The results of our 

study also suggested that adolescents with CHD, typically seen in those with DS, have less 

sedentary time than those without CHD. This is in slight contrast with previous research 

in adolescents with DS which suggests that adolescents with DS have higher levels of 

sedentary time compared with to those with non-DS related IDD (Matute-Llorente et al., 

2013, Izquierdo-Gomez et al., 2014). However, these previous studies did not specifically 

examine CHD as an intrapersonal factor.

There is a paucity of previous research examining the interpersonal factors related to 

sedentary time and MVPA in adolescents with IDD. The results of our study suggest 

that interpersonal factors, mainly parental MVPA and sedentary time, are highly correlated 

with PA and sedentary time in adolescents with IDD. While several cross-sectional studies 

have shown an association between parental support and parental beliefs in the benefits of 

PA and higher parent/caregiver proxy reported PA in adolescents with IDD (Pitchford et 

al., 2016, Lin et al., 2010), we are only aware of one previous study that examined the 

association between parental PA and MVPA, assessed by accelerometer, in adolescent’s 

with IDD. Izquierdo-Gomez et al (Izquierdo-Gomez et al., 2015b) examined correlates of 
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MVPA in 98 adolescents with DS, and reported that paternal PA, assessed by self-report 

(i.e., Do you do vigorous PA at least three times per week or moderate PA at least five 

times per week? (Yes/No)), was negatively associated with adolescent MVPA (-7 min./day), 

but found no association with maternal PA. The results of the current study suggest that 

when controlling for age, sex, race, wear-time, and waist circumference, that adolescents 

with IDD achieved ~6 min. of MVPA for every 10 min. of MVPA that parents achieved. 

Interestingly, the correlation between parental MVPA and adolescents MVPA was higher 

in adolescents with DS and ASD compared to those with other IDDs. Our findings are 

consistent with longitudinal observations in adolescents with typical development where 

parental engagement in PA and parental modeling of PA positively predicted MVPA for both 

males and females (Zeinstra et al., 2007).

The only interpersonal factor associated with adolescent sedentary time was parent 

sedentary time. However, when controlling for age, sex, race, wear time, and waist 

circumference, this relationship was no longer significant. Izquierdo-Gomez et al. 

(Izquierdo-Gomez et al., 2015c) also examined sedentary time in 98 adolescents with 

DS, and although they did not examine the association between parent sedentary time to 

adolescent sedentary time, they reported that socioeconomic status, mother’s age, mother’s 

work status, mother’s education, and mother’s TV viewing time were positively associated 

with sedentary time in 98 adolescents with DS. Together these results suggest that parents 

may have some impact on sedentary time in adolescents with IDD. This is similar to 

the literature in adolescents who are typically developing, where parental sedentary time 

(Garriguet et al., 2017) and parental education (Olds et al., 2010) have been associated with 

adolescent sedentary time.

The only environmental factors examined were meteorological season and the COVID-19 

pandemic, and neither were found to have a significant association with sedentary time or 

MVPA. The study was conducted in a geographical climate known for having hot summers 

(~31.6 °C) and cold winters (~3.8 °C). While we did not find a significant association with 

season, it should be noted that adolescents obtained 11 additional min./day of MVPA in 

the summer compared to the winter. Only one previous study by Sit et al. examined the 

association seasonality and MVPA obtained in school settings in 270 youth with disabilities 

(74.8% with IDD) living in Hong Kong, and reported that season (winter/summer) was 

correlated with MVPA, but with students more physically active at school in winter than in 

summer (Sit et al., 2019). We are unaware of previous literature examining the impact of 

the COVID-19 pandemic on device-based sedentary time or MVPA in adolescents with IDD. 

However, qualitative data from the UK and South Korea suggest that adolescents with IDD 

became more sedentary during the pandemic (Theis et al., 2021, Kim et al., 2021). Future 

research is needed to assess additional environmental factors (e.g. Accessibility of facilities, 

rurality, neighborhood safety) that may influence physical activity in adolescents with IDD.

The results of our study demonstrate that interventions that include a parent component may 

be effective for increasing MVPA in adolescents with IDD, especially in those with DS 

or ASD. Interventions targeting interpersonal factors (e.g., parental or caregiver education/

support) can shape the PA behaviour of adolescents through direct modeling, providing 

support and positive reinforcement, and creating a home environment supportive of PA 
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(Trost et al., 2013). In children/adolescents who are typically developing, the literature 

regarding the association of parental PA and adolescent PA is mixed (Sterdt et al., 2014), and 

interventions to increase PA by targeting parenting practices have been minimally effective 

(Brown et al., 2016). However, adolescents with IDD, by the nature of the condition, are 

more dependent on parents than adolescents who are typically developing. The literature 

regarding the role of parents in physical activity interventions is limited, and inconsistent. 

Curtin et al. (Curtin et al., 2013) randomized overweight adolescents with DS to a 6-mo. 

intervention designed to improve nutrition and MVPA with parent training/support (n=11) or 

without parental training/support (n= 10). Mean MVPA (accelerometer) increased 18 min./d 

(p=0.01) with parental training/support and decreased 7 min./d (p=0.30) without parental 

training/support. However, Hinckson et al. (Hinckson et al., 2013) reported no change in 

walking, swimming, or active play assessed by parent self-report in a 10-wk. school-based, 

single-arm trial in 22 adolescents with IDD that included n family educational component. 

However, none of these interventions directly focused on improving parental MVPA or 

decreasing sedentary time. Thus, future research is warranted to explore the role of parents 

on changes in MVPA and sedentary time across time.

This study benefits from the use of device-based assessments of PA and sedentary time 

in both adolescents with IDD and parents, as well as a relatively large and diverse (e.g. 

57% females, 26% minorities, 55% with DS) sample of adolescents with IDD. However, 

it is limited as all participants were from a sample of adolescents with IDD who had 

agreed to participate in a program focused on the promotion of PA, and PA data was 

only collected from one parent (primarily mothers); thus, we are unable to account for 

MVPA and sedentary time habits of the entire family. Additionally, there are limitations 

regarding the use of accelerometers in this population. First, accelerometers, were developed 

to capture walking on a single axis, and thus they may not accurately capture non-walking 

activities. Secondly, no intensity cut-points have been developed for adolescents with IDD. 

This is especially relevant as there is concern that the lower levels of fitness reported in 

adolescents with IDD, and the altered gait patterns, decreased energy expenditure, and 

decreased exercise capacity of individuals with Down syndrome, included within the IDD 

population, may produce inaccurate physical activity data if accelerometer data are analyzed 

using cut-points developed for typically developing adolescents (McGarty et al., 2014, Pitetti 

et al., 2001, Agiovlasitis et al., 2011). Finally, the heterogeneity of accelerometer protocols 

(i.e., multiple accelerometer manufacturers, variability in accelerometer cut-points methods, 

and inclusion criteria for wear time, etc.) limits our ability to directly compare our results to 

previous studies.

In summary, the results of this study provide evidence that race, waist circumference, and 

parental MVPA influence the amount of MVPA in adolescents with IDD. The limited 

available information, and the potential health benefits of increased MVPA, highlight 

the need to evaluate the effectiveness of multi-component interventions targeting both 

intrapersonal (adolescent) and interpersonal levels (parents) to promote increased MVPA 

in adolescents with IDD.
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Table 1.

Sample characteristics and activity levels for adolescents with intellectual and developmental disabilities

Characteristics
Sedentary 

a
MVPA 

a

n (%) M ± SD p 
b

ES 
b M ± SD p 

b
ES 

b

Gender 0.17 0.29 0.82 0.05

Male 40 (43.5%) 516.9 ± 149.0 19.1 ± 20.1

Female 52 (56.5%) 477.4 ± 124.7 20.3 ± 27.1

Race 0.96 0.02 0.03 0.16

White 72 (78.3%) 495.0 ± 136.8 16.9 ± 19.8

Other 20 (21.7%) 493.3 ± 138.4 30.1 ± 34.5

Ethnicity 0.76 0.02 0.71 0.16

Hispanic / Latino 6 (6.5%) 508.8 ± 112.3 16.2 ± 11.9

Not Hispanic / Latino 86 (93.5%) 493.6 ± 138.4 20.1 ± 24.9

Diagnosis 0.19 0.04 0.92 0.00

ASD 22 (24.7%) 532.7 ± 134.3 18.4 ± 24.6

DS 49 (55.1%) 472.2 ± 122.1 20.2 ± 21.6

Other IDD 18 (20.2%) 502.8 ± 145.0 21.6 ± 32.3

Season 0.56 0.01 0.25 0.03

Winter 38 (41.3%) 508.4 ± 109.8 15.5 ± 13.8

Spring 32 (34.8%) 495.8 ± 167.3 20.4 ± 27.5

Summer 22 (23.9%) 469.0 ± 130.7 26.3 ± 31.7

COVID-19 Pandemic 0.46 0.01 0.32 0.15

Pre-Pandemic 42 (45.7%) 483.1 ± 122.6 22.6 ± 25.5

Pandemic 50 (54.3%) 504.3 ± 147.6 17.5 ± 23.1

a
Measured in minutes per valid day

b
Independent-samples t-test results (p, Cohen’s d) are reported for gender, race, ethnicity, and COVID-19 pandemic; Analysis of Variance 

(ANOVA) results (p, partial η2) are reported for diagnosis and season.
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Table 2.

Intrapersonal correlates of sedentary time and moderate-to-vigorous physical activity in adolescents with 

intellectual and developmental disabilities

Intrapersonal-level Correlates
Sedentary 

a
MVPA 

a

n (%) / M ± SD r p r p

Participant age (yrs.) 15.5 ± 3.0 0.27 0.01 −0.07 0.50

Gender: Female 52 (56.5%) −0.14 0.17 0.02 0.82

Race: White 72 (78.3%) 0.01 0.96 −0.23 0.03

Ethnicity: Hispanic 6 (6.5%) 0.03 0.79 −0.04 0.71

BMI (kg/m2) 26.6 ± 6.4 0.01 0.96 −0.24 0.03

BMI Z-score 1.2 ± 1.1 −0.11 0.33 −0.11 0.34

Waist circumference (cm) 82.5 ± 14.5 0.13 0.26 −0.28 0.01

IDD Severity: Moderate 31 (33.7%) 0.08 0.44 −0.15 0.17

Congenital heart disease 40 (43.5%) −0.26 0.01 −0.02 0.88

Motor quotient 77.9 ± 20.2 0.05 0.62 0.12 0.24

Muscular strength 150.8 ± 63.2 0.06 0.65 −0.04 0.77

Grip strength: dominant hand 
b 58.9 ± 20.5 0.16 0.18 0.12 0.32

Grip strength: nondominant hand 
b 60.7 ± 24.0 0.09 0.48 −0.01 0.96

Cardiovascular fitness 5.9 ± 4.9 0.22 0.07 0.08 0.54

PA self-efficacy 8.6 ± 2.6 −0.07 0.48 0.07 0.52

Note. Sample size is 92 adolescents except for parent BMI and BMI Z-score (n=83), Waist circumference (n=75), muscular strength (n=69), grip 
strength: dominant hand (n=71), grip strength: nondominant hand (n=70), and cardiovascular fitness (n=68).

a
Measured in minutes per valid day

b
Percent of predicted dominant or non-dominant hand grip strength
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Table 3.

Interpersonal correlates of sedentary time and moderate-to-vigorous physical activity in adolescents with 

intellectual and developmental disabilities

Interpersonal-level Correlates
Sedentary 

a
MVPA 

a

n (%) / M ± SD r p r p

Parent age (yrs.) 48.1 ± 7.1 0.09 0.37 −0.02 0.82

Parent gender: Female 84 (91.3%) −0.15 0.15 0.01 0.91

Parent race: White 79 (85.9%) 0.02 0.83 −0.24 0.02

Parent ethnicity: Hispanic 5 (5.4%) −0.04 0.71 −0.07 0.48

Parent marital status: Married 74 (80.4%) −0.04 0.68 −0.06 0.57

Education level −0.01 0.93 0.16 0.12

< 9th grade 0 (0.0%)

9th –12th grade 1 (1.1%)

High school graduate / GED 2 (2.2%)

Some college 10 (10.9%)

Associate’s Degree 10 (10.9%)

Bachelor’s degree 39 (42.4%)

Graduate Degree 30 (32.6%)

Household income 0.03 0.81 −0.09 0.41

< $30,000 4 (4.4%)

$30,000 – $39,999 4 (4.4%)

$40,000 – $49,999 7 (7.7%)

$50,000 – $74,999 15 (16.5%)

$75,000 – $99,999 14 (15.4%)

≥ $100,000 47 (51.6%)

Parent BMI (kg/m2) 32.9 ± 17.8 −0.07 0.58 0.02 0.87

Parent physical activity

MVPA 
a 16.7 ± 19.1 0.10 0.38 0.56 <0.001

Light PA 
a 275.7 ± 67.1 −0.05 0.65 −0.04 0.73

Sedentary time 
a 550.9 ± 101.1 0.30 0.01 0.00 0.99

Activity counts/min. 257.1 ± 112.0 −0.01 0.94 0.43 <0.001

Adolescent Social Support for PA b 11.4 ± 2.9 −0.01 0.91 −0.08 0.46

Parent Barriers and Support for Physical Activity

Community-level 1.7 ± 1.2 −0.05 0.62 −0.12 0.27

Social-level 3.5 ± 1.5 0.02 0.87 −0.06 0.56

Child / family-level 4.9 ± 2.1 −0.05 0.65 −0.19 0.07

Parent’s Beliefs/Attitudes Towards PA 5.7 ± 1.5 −0.18 0.08 −0.05 0.63

Number of siblings 1.3 ± 1.0 −0.14 0.18 0.03 0.76

Note. Sample size is 92 adolescents and parents except for household income (n=91), parent BMI (n=59), parent physical activity (MPVA, light PA, 
sedentary time, and activity counts/min.; n=82), and number of siblings (n=91).

a
Measured in minutes per valid day
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Table 4.

Regression models examining factors associated with minutes of sedentary time and moderate-to-vigorous 

physical activity in adolescents with an intellectual and developmental disability

Sedentary time 
a

MVPA 
a

Parameter b SE p partial η2 b SE p partial η2

Intercept −297.41 104.76 <0.01 42.36 25.07 0.10

Age (Yrs.) 11.35 3.51 <0.01 0.15 0.12 0.94 0.90 0.00

Gender: Female 28.59 21.85 0.20 0.03 −1.88 5.64 0.74 0.00

Race: White −36.07 24.58 0.15 0.03 6.05 6.33 0.34 0.01

Wear time 
a 0.72 0.09 <0.001 0.53 0.00 0.02 0.97 0.00

Waist (cm) 0.42 0.77 0.59 0.00 −0.42 0.20 0.04 0.07

Parent Sedentary time 
a 0.01 0.11 0.93 0.00 — — —

Parent MVPA 
a — — — 0.55 0.20 <0.01 0.11

a
Measured in minutes per valid day
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