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Abstract

Adolescents with intellectual and developmental disabilities (IDD) are less physically active and 

have lower cardiovascular fitness compared with their typically developing peers. This population 

faces additional barriers to participation in moderate-to-vigorous physical activity (MVPA) such as 

reliance on parents, lack of peer-support, and lack of inclusive physical activity opportunities. 

Previous interventions to increase MVPA in adolescents with IDD have met with limited success, 

at least in part due to requiring parents to transport their adolescent to an exercise facility. We 

recently developed a remote system to deliver MVPA to groups of adolescents with IDD in their 

homes via video conferencing on a tablet computer. This approach eliminates the need for 

transportation and provides social interaction and support from both a health coach and other 

participants. We will conduct a 18-mo. trial (6 mos. active, 6 mos. maintenance, 6 mos. no-contact 

follow-up) to compare changes in objectively assessed MVPA in 114 adolescents with IDD 

randomized to a single level intervention delivered only to the adolescent (AO) or a multi-level 

intervention delivered to both the adolescent and a parent (A+P). Our primary aim is to compare 

increases in MVPA (min./d) between the AO and A+P groups from 0 to 6 mos. Secondarily we 

will compare changes in MVPA, sedentary time, cardiovascular fitness, muscular strength, motor 

ability, quality of life, and the percentage of adolescents achieving the US recommendation of 60 
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min. MVPA/d across 18 mos. We will also explore the influence of process variables/participant 

characteristics on changes in MVPA across 18 mos.

Keywords

intellectual and developmental disability; technology; physical activity; parent support; remote 
delivery

INTRODUCTION

Approximately 1–3% of the US population is diagnosed with an intellectual or 

developmental disability (IDD) defined as a disability originating before the age of 10, 

characterized by significant limitations in both intellectual functioning (IQ < 75) and 

limitations in 2 or more adaptive behaviors (1). Both typically developing adolescents and 

adolescents with IDD have low levels of moderate-to-vigorous physical activity (MVPA) (2, 

3) However, compared to their typically developing peers, adolescents with IDD have even 

lower daily MVPA (3). Phillips and Holland reported no adolescents with IDD achieved the 

recommended 60 min. of daily MVPA (4). In a previous trial by our group, MVPA, assessed 

by accelerometer of adolescents with IDD (n=20), was only 23 min./d (5). Low MVPA is 

associated with reduced cardiovascular fitness (6, 7), reduced muscular strength and 

endurance (8, 9), and high prevalence of overweight and obesity in adolescents with IDD 

(10, 11).

Several trials have evaluated the impact of exercise training on cardiovascular fitness and 

chronic disease risk factors in individuals with IDD (12–14). However, few interventions 

have been designed specifically to evaluate strategies to improve PA in adolescents with 

IDD. A 2019 review identified only five PA trials in adolescents with IDD, most of which 

were unsuccessful (15). Thus, there is a need to develop and evaluate effective intervention 

to increase PA in adolescents with IDD.

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

can shape the PA behavior of adolescents through direct modeling, providing support and 

positive reinforcement, enforcing household rules that encourage or discourage PA, and 

creating a home environment supportive of PA (16, 17). In typically developing children/

adolescents, interventions to increase PA by targeting parenting practices have been 

minimally effective (18, 19). However, adolescents with IDD are more dependent on their 

parents than typically developing adolescents. Thus, interventions that include a parent 

component may be effective for increasing PA in this group. Several cross-sectional studies 

have shown an association between greater parental support and higher parent/caregiver 

proxy reported PA in adolescents with IDD (20–22). Curtin et al. (23) randomized 

overweight adolescents with Down syndrome (DS) to a 6-mo. intervention designed to 

improve nutrition and MVPA with (n=11) or without parental training/support (n= 10). On 

average 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. 

(24) reported no change in PA assessed by parent self-report in a 10-wk. school-based, 

single-arm trial in 22 adolescents with IDD that included a family educational component.
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The limited information available and the potential health benefits of increased MVPA 

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

both intra (adolescent) and interpersonal levels (parents and peers) to promote increased 

MVPA in adolescents with IDD. This need led to the development of the current randomized 

trial designed to compare two remotely delivered intervention strategies to increase MVPA 

in adolescents with IDD; a single level intervention delivered to the adolescent only and a 

multi-level intervention delivered to both the adolescent and a parent.

METHODS AND MATERIALS

Overview of study design (Table 1)

One hundred fourteen adolescents with mild to moderate IDD and one of their parents will 

be randomized to an 18-mo. trial with 6 mos. active intervention period, a 6 mos. 

maintenance period, and a 6 mos. no-contact follow-up to compare changes in objectively 

assessed MVPA (ActiGraph LLC, Pensacola, FL) in adolescents with IDD randomized to a 

single level intervention delivered to the adolescent only (AO), or a multi-level intervention 

delivered to both the adolescent and a parent (A+P). Adolescents in both intervention groups 

will be asked to attend three 40-min., home-based, group MVPA sessions/wk. (5–7 

adolescents, 0–6 mos.) and one 40-min. education/support session/wk. during mos. 7–12. 

Group sessions will be conducted by a trained health coach using video conferencing 

software (Zoom™ Video Conferencing Inc., San Jose, CA). Adolescents will be asked to 

complete a weekly activity homework assignment that in conjunction with the remote 

sessions will help them achieve a target of 300 min. of MVPA/wk. Parents of adolescents in 

the AO group will receive a reminder phone call if the adolescent misses more than 3 

consecutive scheduled sessions. Parents of adolescents in the A+P group will be asked to 

participate in the group video MVPA sessions and homework activity, and to attend 

education/support sessions with their adolescent and health coach. These sessions will 

inform parents regarding the role of MVPA in health and function and provide strategies for 

increasing MVPA in both their adolescent and themselves. The primary aim is to compare 

changes in MVPA (min./d) between the AO and A+P groups across 6 mos. Our secondary 

aims are to compare changes between the AO and A+P groups on the following variables 

across 18 mos.:1) MVPA (min/d) and sedentary time (adolescents and parents), 2) 

cardiovascular fitness, 3) muscular strength, 4) motor ability, 5) quality of life. We will also 

compare the percentage of adolescents achieving an average of 60 min/d of MVPA (US 

recommendation) across 18 mos. Lastly, we will examine the influence of the following 

process variables/participant characteristics to identify salient factors impacting change in 

MVPA across 18 mos.: attendance at group video (AO-adolescent; A+P-adolescent/parent) 

and education/support sessions (A+P only), self-monitoring of PA (AO-adolescent; A+P-

adolescent/parent), parental use of Facebook page (A+P only), peer interactions/support 

during group PA sessions, adolescent self-efficacy, social support and barriers for PA, 

parental MVPA, parental beliefs and attitudes toward PA, parental time constraints, 

adolescent age, sex, and IDD diagnosis.
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Methodological Justification

Theoretical Model.—The proposed intervention is based on Social Cognitive Theory 

(25). Specifically, we will employ participant and parent goal setting (weekly MVPA goals), 

self-monitoring of MVPA (Fitbit), stimulus control (strategies to decrease cues for sedentary 

behavior, and increase cues for more desirable PA behaviors), prompts (iPad calendar 

reminders), scheduling time for MVPA, environmental cues, modeling (by parents and other 

adolescents), positive reinforcement (Fitbit feedback, positive reinforcement from group 

session leader, incentive system) social support (group session leader, parents, other 

adolescents), and other self-regulatory techniques in both intervention arms. Social support 

(26, 27), parent support (21, 22), self-efficacy for exercise (26), and motor fitness (20) have 

all been associated with higher levels of PA in individuals with IDD. Additionally, our 

intervention will address both the intrapersonal and interpersonal components of the Social 

Ecological model for behavioral change (28, 29).

Use of Technology Delivered Sessions.—Adolescents with IDD face several barriers 

which increase the complexity of developing interventions to increase PA for this group. The 

limited information on barriers to PA suggests adolescents with IDD perceive that physical 

activities are too difficult to learn, lack a partner for PA, have to rely on a parent for 

transportation to facilities for PA, and are unaware of the potential health benefits of PA 

(30). This suggests that alternative strategies for delivery of PA interventions, such as remote 

delivery, which eliminates the transportation barrier, should be implemented. Interventions 

using real-time video conferencing have been used to improve health and modify behaviors 

in typically developing children and adolescents who are overweight or obese, or have health 

conditions such as asthma or diabetes (31, 32). Interventions to increase MVPA, delivered 

via video conferencing to groups of adolescents with IDD in their homes, represent a 

potentially effective approach for increasing MVPA in this group. This approach requires no 

travel commitment for parents, since the need for transportation to a YMCA, community 

center, etc. is eliminated, and offers the potential for peer support and socialization, which 

may be important for initiation and maintenance of MVPA. Technology, including 

computers and tablets, has been used to teach academic subjects and improve social and 

daily life skills in individuals with IDD across the age spectrum (33, 34). Results from a 

single arm, short-term (12 wks.) pilot trial (n= 31) conducted by our group showed the 

feasibility of delivering an intervention to increase MVPA in adolescents with IDD via video 

conferencing (35). Real-time exercise sessions were delivered 3 times/wk. by a health coach, 

trained by a specialist in adapted physical education, to groups of 5–7 adolescents in their 

homes via video conferencing (Zoom™ software) on an iPad mini. Twenty-nine participants 

completed the trial (94%). Participants attended 77% of scheduled video sessions. Daily 

steps increased significantly from week 1 (6853 steps/d) to week 12 (8554 steps/d, 25%, 

p=0.046). Self-efficacy for exercise (p =0.07) and enjoyment for exercise (p=0.046) 

increased from baseline to 12 wks. This approach promoted interactions between both the 

health coach and participants (24/session), and between individual participants (12/session). 

This is in contrast to low levels of social interaction reported in groups of adolescents with 

IDD while engaging in leisure time activities (36). Parents indicated that the video 

conferencing approach was attractive because it provided an opportunity for their adolescent 

Ptomey et al. Page 4

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



to participate in PA, and for social interaction with their peers in a non-threatening home 

environment.

Participant eligibility.

Primary care physician (PCP) clearance will be required for both adolescents and the 

participating parent. To enhance generalizability, adolescents with congenital heart disease, 

or other chronic diseases, will be allowed to participate with PCP clearance. Inclusion/

Exclusion criteria are presented in Table 2.

Recruitment Procedures/Randomization.

Organizations and community agencies serving individuals with IDD will be mailed/emailed 

an information brochure that describes the project. Additionally, we will use email list serves 

and media advertising (print, radio, internet) to target families living in the recruitment area. 

Potential participants will be asked to contact a member of the study team to obtain details 

about the program and complete the initial eligibility screening. Home visits will be 

scheduled with parents/adolescents deemed to be initially eligible to describe the project, 

answer questions, verify eligibility, and obtain parental consent for participation by the 

adolescent, as well as a separate parental consent. Adolescents age 18 and over, who are 

their own legal guardian, will sign their own consent. Project staff will fax/email a form to 

the potential participant’s PCP, which describes the eligibility criteria, study requirements, 

and request for clearance for participation. Parents of adolescents found to be ineligible will 

be provided with written materials describing available resources for assisting their 

adolescent with increasing PA. Cohorts of ~10–20 adolescent/parent dyads will be recruited 

and computer randomized. Adolescents will be stratified by sex and the presence or absence 

of DS, and sequentially randomized by the study statistician with equal allocation to the AO 

or A+P arms.

Intervention Components

The intervention components for the AO and A+P arms are identical with the exception of 

the parental involvement component.

MVPA recommendations

Current US guidelines recommend a minimum of 60 min. of MVPA each day for children/

adolescents with or without disabilities (37). However, as described the limited available 

data suggest that few adolescents with IDD currently meet this recommendation (4, 38). 

Therefore, the recommended daily MVPA, which will be identical for both groups, will 

progress from ~15 min./d during wk. 1, and gradually increase 10 min./d every 2 wks. 

during the active intervention to ~ 60 min./d at wk. 11, and remain at 60 min./d through mo. 

18.

PA Self-Monitoring.

Participants in both arms will be asked to wear a Fitbit Charge 3™ (35.5 mm x 28 mm) 

activity tracker on their non-dominant wrist over the duration of the 18-mo. trial. Real-time 

data from the Fitbit is automatically transferred, via the web, to cloud storage maintained by 
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Small Steps Labs LLC (Fitabase, San Diego, CA). Immediate participant feedback via a 

graphic display of daily steps, minutes of sedentary time, time spent in light, moderate and 

vigorous PA, and heart rate relative to pre-set goals will be available on the iPad. This data, 

accessible to health coaches, will be used only to provide motivation and feedback during 

intervention sessions. Outcome data for MVPA and sedentary time will be assessed by 

accelerometer. Participants will be reminded to wear and charge the Fitbit during group 

exercise sessions, and will receive automatic reminder messages via the iPad using the iCal 

app.

Introduction to Materials

After each participant’s baseline testing appointment (described in detail below), a member 

of the study team will outline study requirements and distribute all equipment, iPads, Fitbits, 

resistance bands, etc. The health coach will describe and demonstrate the Zoom™ software 

and the Fitbit, and will allow time for practice and questions.

Zoom Orientation

Each cohort of adolescents and parents in both intervention arms will be asked to attend an 

orientation session (~30 min.) led by their health coach. These sessions will be conducted on 

a Zoom conference call one week before the start of the intervention. This meeting is 

designed to establish rapport between the health coach and participants, and between 

participants themselves, prior to initiating the group video conference exercise sessions. 

Additionally, basic stretching exercises, the use of the resistance bands, and simple dance 

movements will be demonstrated and practiced.

Remote Group Physical Activity Sessions

Schedule.—Group exercise sessions will be scheduled between 4 and 8 p.m., on 3 

days/wk. from baseline to 6 mos. and 1 day/wk. during mos. 7–12. Participants in each 

cohort will be offered the choice between 2 session times each day. This meeting frequency 

and time were selected based on the preferences of parents of adolescents with IDD that 

participated in our pilot trial(35). Prompts reminding participants in both intervention groups 

of upcoming sessions will be sent via the iPad.

Delivery.—Group exercise sessions will be delivered using an iPad tablet computer 

provided to all participants. The iPad will be pre-loaded with video-conferencing software 

(Zoom™) which allows participation by multiple users. Participants will be provided with 

an iPad/HDMI adaptor, which allows video conference sessions to be displayed on a larger 

TV screen, if desired. Tutorials describing trouble shooting for common technical problems, 

e.g., internet connectivity etc., will be loaded on the iPad. Participants with technical issues 

during the intervention can also contact research staff by phone or email. Access to non-

study related materials, e.g., web browsing, app store etc., will be blocked on all iPads until 

completion of the maintenance intervention (12 mos.). The iPads for both groups will also 

be pre-loaded with the Fitbit, Zoom, Dropbox, and Rooster Money applications.

Content.—Each session will include a warm-up (~5 min.), moderate-to-vigorous intensity 

aerobic and resistance exercise (~30 min.), and cool-down/stretching (~5 min.). The 
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resistance exercise component may be especially relevant for adolescents with DS who have 

reduced muscle strength compared with adolescents with other forms of IDD, as well as 

their typically developing peers (9). All exercise sessions will be conducted by a health 

coach experienced in working with adolescents with IDD. The aerobic/resistance exercises, 

accompanied by music, will include walking/jogging in place, dancing, imitating animal 

movements, vertical/horizontal jumps, squats, and Thera-Band exercises for major muscle 

groups. Activities will be modified for participants having difficulty with specific 

movements. The intensity of the initial sessions will be light-to-moderate, with intensity 

increasing to moderate-to-vigorous at ~ 6 weeks. During each session, health coaches will 

encourage interactions between participants in support of their peer’s efforts to increase 

MVPA, and provide participant feedback relative to their level of weekly MVPA as assessed 

by the Fitbit. As the intervention progresses, adolescent participants will be asked to 

volunteer to create and lead the group in a brief (3–5 min.) exercise bout. Adolescents will 

also be encouraged to interact with each other by performing activities such as tossing an 

imaginary ball to other participants, or challenging other participants to complete a skill 

such as 10 hops on one leg etc. All group sessions will be video recorded, and will be 

available on a Dropbox folder on the iPad for use by participants and/or parents across the 

18-mo. trial.

Homework assignments

Adolescents who participate in all 3 weekly exercise sessions will have the potential to 

accumulate ~90 min. of MVPA/wk. (~13 min./d). Thus, MVPA outside these sessions will 

be required to meet weekly recommendations. Health coaches will provide weekly 

challenges in the form of meeting a goal for increased steps, trying a new activity, or 

creating and performing their own exercise routine etc. Scheduled group sessions will be 

reduced to 1/wk. during mos. 7–12, thus the volume of MVPA to be completed outside the 

group session, i.e., “homework” will increase to meet the recommended daily MVPA. 

Participants will be provided Dropbox access to previous exercise sessions they can 

complete on their own to meet weekly MVPA goals, if desired. Information regarding 

increasing PA, available from the National Center on Health, Physical Activity and 

Disability (NCHPAD) and the Special Olympic athletes home training guide, and similar 

material appropriate for parents, will also be loaded on the iPads of both intervention arms.

Parental Involvement

AO Arm.—One parent/guardian will be asked to attend the orientation session, monitor 

MVPA across the intervention, and complete survey instruments at baseline, 6, 12, and 18 

mos. (See assessments). By design, parental involvement in the AO group will be limited to 

reminder contacts (phone/text/email) from the health coach if their adolescent misses 2 

consecutive exercise sessions. Contact attempts will be limited to 3 for each occurrence.

A+P Arm.—One parent/guardian will be asked to attend the orientation session, monitor 

MVPA across the intervention, and complete survey instruments at baseline, 6, 12, and 18 

mos. In additional that parent will be asked to participate in the group video exercise 

sessions, and attend 30-min. education/support sessions with their adolescent (1 session/mo., 

0–12 mos.) delivered remotely on the iPad using FaceTime™. These sessions, led by the 
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health coach, will be designed to educate and support parents in assisting their adolescent 

with meeting their 300 min./wk. goal for MVPA, and to assist parents with meeting their 

own weekly MVPA goal (150 min./wk.) (37). Each session will include a review of PA self-

monitoring data, goal setting, strategies to increase and support MVPA, and discussion of a 

topic relevant to MVPA. Topics will include the importance of MVPA for health and 

function, how to include MVPA in the daily schedule, how to reduce barriers to PA, 

appropriate types of activity, creating a safe environment for PA, alternative activities for 

inclement weather, importance of hydration, etc. Session outlines and materials will be 

preloaded on the iPad where they can be accessed by adolescents/parents at any time. We 

will also create a private Facebook page for parents of adolescents in the A+P arm. Health 

coaches will post weekly helpful tips for adolescents/parents relative to increasing their 

MVPA, and provide information on community events and resources relative to PA (e.g., 

walk/running events, recreation center activities, etc.). Parents will also be encouraged to 

exchange information regarding opportunities for PA in their area, form support or activity 

groups, and post questions for the health coach to be answered during education/support 

sessions, etc.

Health Coach Training

We currently have 3 health coaches with experience in delivering group exercise using video 

conferencing to groups of adolescents with IDD. If needed, new health coaches will be 

trained, and will shadow an experienced health coach for a minimum of 3 mos. prior to 

delivering the intervention on their own. We will conduct weekly meetings with all health 

coaches to discuss issues relative to intervention delivery. The same health coach will deliver 

both the AO and A+P interventions in each cohort to reduce the potential for health coach 

effects.

Participant Incentives

Positive behavioral support programs have been successful in promoting behavioral change 

in individuals with IDD. Reinforcement systems are common practice in working with 

adolescents with IDD and widely used by schools, community organizations, and parents in 

the home setting. These strategies provide modest incentives to motivate participants to meet 

their goals. For this study participants will be able to earn stars which can later be exchanged 

for money. Participants will be able to earn up to 2 stars each week, one for completing self-

monitoring of PA on 5 of 7 days of that week, and one for attending 2 of the 3 scheduled 

exercise sessions during mos. 0–6 or the one session scheduled session during mos. 7–12. 

The allowance iPad app, Rooster Money (Rooster Money LLC, London, England), will be 

used to distribute stars to participants. Participants will get a notification on their iPad every 

time they receive a star as well as a note for what goal they achieved to get the star, and how 

many stars they currently have. Participants will receive $10 each time they obtain 10 stars. 

Additionally, adolescents and parents will both receive $50 for completion of each of the 4 

outcome assessments. As an additional incentive, participants will be allowed to keep the 

iPad and the Fitbit on completion of the active intervention (12 mos.).
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Outcome Assessments

With the exception of our primary outcome, MVPA, all outcomes will be assessed at either 

our Lawrence, or Kansas City, KS laboratories, based on participant preference at 0, 6, 12 

and 18 mos. These assessments will be completed by trained staff blinded to intervention 

conditions. Staff will receive refresher training and complete reliability assessments for all 

physical measures 2–3 times/yr.

MVPA

MVPA and sedentary time (secondary outcome) in both adolescents and parents will be 

assessed at baseline (mo. 0), 3, 6, 9, 12, 15, and 18 mos. using an ActiGraph model wGT3x-

BT tri-axial accelerometer. The ActiGraph provides valid and reliable assessments of PA in 

typically developing adolescents (39, 40) and in adolescents with IDD (41, 42). Participants 

will be asked to wear the ActiGraph on a belt over the non-dominant hip at the anterior 

axillary line during waking hours for 7 consecutive days, with the exception of bathing, 

swimming, and contact sports. Research staff will distribute and demonstrate proper 

placement of the ActiGraphs at laboratory visits scheduled at baseline 6, 12, and 18 mos. 

ActiGraphs will be distributed by mail for the 3, 9, and 15 mo. assessments. Daily reminders 

to comply with the ActiGraph protocol will be sent to participants’ iPads each morning 

during the 7-day monitoring period. ActiGraphs will be initialized and downloaded using 

ActiLife Software version 6.13.3 or higher (ActiGraph Corp, Pensacola, FL) and set to 

collect in the raw data mode from all 3 axes at 60 Hz. For the participants younger than 18 

years of age, we will use the age-specific cut-points for children/adolescents proposed by 

Freedson et al. (39, 43). Data will be aggregated over 60-sec epochs to mirror the collection 

interval on which the Freedson age-specific cut-points were developed (39, 43). For parents 

and adolescents over 18 years old, accelerometer data will be processed using the protocol 

for adults used in the 2003–2004 and 2005–2006 cycles of NHANES (2, 44).

Cardiovascular Fitness

Cardiovascular fitness will be assessed using a modified Balke treadmill test (45). The 

treadmill will initially be set at 2.6 m.p.h., 0% grade. The speed will remain constant and 

grade will increase 1% each min. until the participant reaches 75% age predicted maximal 

heart rate (HRmax). HRmax for participants without DS will be predicted using the equation 

for typically developing children and adolescents (208– 0.7*(age in years)) (46). HRmax for 

participants with DS will be predicted as 210–0.56*(age in years)– 15.5*(DS), where DS=2, 

as suggested by Fernhall et al. (47) to account for the lower HRmax associated with DS (6, 

48). Submaximal treadmill protocols have been previously validated in individuals with IDD 

(49, 50).

Muscular Strength

Lower body muscle strength will be assessed using a standard 5-repetition maximum 

protocol (51) on a Cybex plate-loaded leg press calculated with the Brzycki, et al. 1-

repetition maximum prediction equation (52). Participants will begin 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 will be selected with the goal of 
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achieving 5-repetiton maximum. Weight will continue to be increased until the goal is 

reached, with 60 sec. rest between each attempt. Predicted 1-repetition maximum 

assessments have been used successfully in adolescents with IDD (53). We will use grip 

strength as an indicator of upper body strength. Grip strength will be measured using a hand 

dynamometer (Model: Jamar Plus Electronic, Patterson Medical, Warrenville, IL). 

Participants will be asked to stand straight with their elbows flexed at 90° and instructed to 

clench the handle as strong as possible. We will collect 3 measures from both their dominant 

and non-dominant hand, and scores from each hand will be averaged. Grip strength has been 

successfully used in individuals with IDD (54, 55).

Motor ability

Motor ability will be assessed by the Gross Motor Quotient and Percentile obtained from 

Test of Gross Motor Development-second edition (TGM-2) (56). The TGM-2 requires ~20 

min. to administer and has been used in the NHANES National Youth Fitness Survey (57), 

and in individuals with IDD (58, 59).

Quality of life

Quality of life will be assessed with the Personal Well-Being Index-Intellectual Disability 

(60, 61). Cronbach alpha of 0.76, and 1- to 2-wk. test-retest reliability of 0.58 have been 

reported in individuals with IDD (60).

Self-Efficacy and Social Support

Self-efficacy and social support will be assessed using the Self-Efficacy for Activity for 

Persons with Intellectual Disabilities Scale, and the Social Support for Activity for Persons 

with Intellectual Disabilities Family Scale (62). Chronbach’s alpha in individuals with IDD 

was 0.73 for both scales. Barriers for PA will be assessed using the 12-item Barriers to and 

Support for PA questionnaire (63).

Parent’s Beliefs/Attitudes Towards PA

Parent’s beliefs/attitudes toward PA will be assessed with an adapted version of the Healthy 

Buddies Parent Nutrition and Physical Activity Survey, which has been previously used with 

parents of adolescents with IDD (64).

Parent Time Constraints

Parent time constraints will be assessed with the Leisure Time Satisfaction Scale (65). This 

scale was developed to assess the impact of caregiving on caregivers’ leisure time 

satisfaction, which will be used as a proxy for parental time constraints.

Descriptive Outcomes

To characterize our study sample, we will measure weight, height, and waist circumference 

in adolescents and parents at baseline, 6, 12, and 18 mos. Weight will be measured in light 

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

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

Plastics Limited, Leicester, UK). BMI will be calculated as weight (kg)/height (m2). BMI 
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percentile for adolescents will be obtained using the CDC calculator (http://

apps.nccd.cdc.gov). Waist circumference will be assessed using the procedures described by 

Lohman et al.(66).

Process variables

Intervention fidelity.—Study staff will review recordings from all scheduled exercise 

sessions and parent/participant meetings (A+P group). The content delivered will be 

compared with a checklist of scheduled activities/topics. Feedback will be provided to all 

health coaches, and those covering <80% of scheduled activities/topics will receive 

additional training and will be dismissed if the problem recurs.

Session attendance—for both group exercise and adolescent/parent education/support 

sessions will be obtained from records maintained by the health coach, and expressed as the 

percent of possible sessions from 0–6 mos. and 7–12 mos.

Self-monitoring of PA—will be assessed as the percentage(total days worn/ total days 

enrolled in the intervention) of days with Fitbit data over a minimum of 8 hrs. between 6 am 

and midnight (0–6, 7–12, 13–18 mos.).

Parental use of the Facebook page—(A+P group) will be tracked as the frequency of 

posting, i.e., posts/d (initial and replies) averaged over 3 time periods: (0–6, 7–12, 13–18 

mos.).

Peer interactions/support.—Staff will review video recordings of a random sample 

(33%) of group exercise sessions to identify and classify both peer-to-peer and health coach 

to adolescent interactions. Interactions will be quantified and coded as verbal/non-verbal 

(waving, pointing, shaking head in agreement/disagreement), and as positive, neutral or 

negative, and relative to support, using a checklist.

Exit Interview

We will conduct structured interviews by phone with a 20% random sample of participants 

and parents from both intervention arms to gather information that might be useful for 

improving the intervention and/or implementing the intervention in settings serving 

adolescents with IDD. Topics will include preference for the AO or A+P interventions, 

reasons for missing scheduled sessions for both the parent and participant, intervention 

length, difficulties with compliance, suggestions for improvements and overall satisfaction 

with the intervention, parent’s enjoyment of the exercise and educational sessions, health 

coaches, PA recommendations etc.

Analysis plan and statistical power

Power.—This trial is powered to detect a between arm difference (AO vs. A+P) in the 

change of MVPA (0–6 mos.) of 10 min./d. This represents an additional 70 min. of 

MVPA/wk. An increase in MVPA of this magnitude is associated with improved adiposity 

and cardiovascular fitness in typically developing adolescents (67, 68), and potentially in 

adolescents with IDD, a group with low baseline levels of MVPA (69, 70). Statistical power 
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to detect a significant effect on MVPA across 6 mos., the primary aim in the proposed 2-arm 

randomized design, depends on the following parameters: the number of participants in each 

arm (J), the number of measurements (n = 21; 7 days at 0, 3, and 6 mos.), correlations 

among repeated measures (r), and effect size (f). Assuming a conservatively large standard 

deviation for change in MVPA in both arms (35 min./d), corresponds to a small to moderate 

effect size (f = 0.14). The correlation between repeated measures of MVPA (3 mo. interval) 

in our pilot trial was r = 0.22. To be conservative, we assumed a higher correlation (r = 0.25) 

for this sample size calculation. Based on these assumptions, power analysis using G*Power 

3.1.9.2 shows a sample of 114 adolescents (J = 57/arm) would provide 81% power to test 

overall between arm differences across time, i.e., group effect. This sample size would also 

provide ≥80% power to detect a group difference in change, i.e., time-by-group interaction, 

as small as f = 0.09. Missing data will be fully recovered via multiple imputation as 

discussed subsequently, which will remove or minimize (if present) confounding effects of 

missingness on our statistical power. The secondary aims were not powered to detect 

between group differences.

Baseline equivalence.—We will compare baseline characteristics, e.g., age, sex, race/

ethnicity, BMI, IDD diagnosis, etc., between the AO and A+P arms using independent-

samples t-test for continuous variables and chi-square/Fisher test for categorical variables, to 

assess the degree to which randomization resulted in equivalent groups. Variables that 

demonstrate a significant nonequivalence will be controlled for in our analytic models to 

improve the accuracy in estimates of the intervention effect. Prior to modeling, missing data 

for each outcome will be imputed as described subsequently.

Primary aim analysis.—Our primary aim, to compare changes in MVPA (min./d) 

between the AO and A+P arms from 0 to 6 mos., will be evaluated using general mixed 

modeling for repeated measures. Specifically, the model will examine linear/nonlinear 

change over time (21 measurements = 7 days at each of 0, 3, and 6 mos.); i.e., time effect, 

overall group difference across time, i.e., group effect, and group difference in change, i.e., 

time-by-group interaction, controlling for day of the week (weekday/weekend) and baseline 

characteristics imbalanced between the groups. For example, a significant interaction will 

indicate that adolescents in the A+P arm achieve more minutes of MVPA compared to 

adolescent in the AO arm, and this difference becomes greater across time. A proper error 

covariance structure will be determined based on relative model fit, e.g., Akaike information 

criteria, adjusted Bayesian information criteria.

Secondary Aim analysis.—Our secondary aim, to compare changes between the AO 

and A+P arms on the following variables across 18 mos.: 1) MVPA (min./d) and sedentary 

time (adolescents and parents), 2) cardiovascular fitness, 3) muscular strength, 4) motor 

ability, and 5) quality of life, will be evaluated using a similar general mixed modeling 

approach. The models will examine linear/nonlinear change over time (7 days at each of 0, 

3, 6, 9, 12, 15, and 18 mos. for MVPA and sedentary time; 0, 6, 12, and 18 mos. for all other 

outcomes), overall group difference across time, and group difference in change. We will 

also longitudinally compare the percentage of adolescents achieving the 60 min./d MVPA 

(US recommendation) using generalized mixed modeling for repeated binary measures 
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(yes/no in each observed day). In a secondary analysis, we will fit a general mixed model 

that includes cardiovascular fitness, muscular strength, motor ability, and quality of life as 

time-varying covariates, and assess their association with MVPA aggregated across months 

controlling for group.

Exploratory aims.—If there are no between arm differences in the longitudinal change in 

MVPA across 18 mos., general mixed models will be fitted for the two arms combined to 

examine the association for the process variables/participant characteristics with MVPA. 

These variables include: attendance at group video (AO-adolescent; A+P-adolescent/parent) 

and education/support sessions (A+P only), self-monitoring of PA (AO-adolescent; A+P-

adolescent/parent), parental use of Facebook page (A+P only), peer interactions/support 

during group PA sessions, adolescent self-efficacy, social support and barriers for PA, 

parental MVPA, beliefs and attitudes toward PA and parental time constraints, age, sex, and 

IDD diagnosis. However, if there is a significant group difference in MVPA, we will 

determine whether the previously listed process variables/participant characteristics explain/

attenuate the intervention effect, i.e., moderation, by testing a 2-way interaction with the 

group effect and/or a 3-way interaction with the group-by-time interaction term. Some 

covariates will be measured only at baseline (age, sex, IDD diagnosis), some will be 

summarized across the trial (attendance at group video and education/support sessions, self-

monitoring of PA, parental use of Facebook page, peer interactions/support during group PA 

sessions), while others will be assessed at specific time points (BMI, adolescent self-

efficacy, social support and barriers for PA, parental MVPA, beliefs and attitudes toward PA 

and parental time constraints). Thus, we will carefully design our models to assure the 

appropriateness of the analysis. All analyses will be conducted using R and SAS 9.4 or 

higher.

Missing data.—Missing due to either attrition, e.g., participant dropout or nonresponse, 

will be handled by multiple imputation, in which an expectation-maximization (EM) 

algorithm supplies prior estimates of missing values for a subsequent Monte Carlo Markov 

Chain (MCMC) procedure (71). A sufficient number of imputed datasets will be created to 

ensure accurate recovery of missing data; and analysis results from each imputed dataset 

will be combined to make valid statistical inferences. All measured variables will be 

incorporated into the imputation process as auxiliary variables, thereby satisfying the 

missing at random (MAR) assumption (72).

DISCUSSION

Adolescents with IDD represent a sizeable and underserved segment of the population with 

low levels of MVPA. Low MVPA is associated with reduced cardiovascular fitness (6, 7), 

reduced muscular strength and endurance (8, 9), and high prevalence of overweight and 

obesity in adolescents with IDD (10, 11). Low cardiovascular fitness in adolescence is 

associated with increased risk of chronic disease and premature mortality in adulthood (73, 

74), while obesity in adolescence increases the probability of becoming an obese adult (75). 

Increased rates of chronic disease in individuals with IDD reduce quality of life, and 

increase the burden on families, care providers, and disability services (76). Similar to 

typically developing adolescents, increased MVPA in adolescents with IDD increases 
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cardiovascular fitness (20) and muscular strength and endurance (77), and reduces chronic 

disease risk (13). Thus, an accessible, effective intervention to increase PA in adolescents 

with IDD has the potential for significant public health impact.

Adolescents with IDD face several barriers which increase the complexity of developing 

interventions to increase PA for this group. Barriers, which make the initiation and 

maintenance of PA difficult for typically developing adolescents, are amplified in 

adolescents with IDD as a result of cognitive impairment, which may result in difficulty with 

planning, delaying rewards, taking initiative, and understanding abstract information (78). 

Additionally, adolescents with IDD face several unique challenges to engaging in MVPA. 

These include not enjoying being active on their own, being self-conscious about 

participating in PA with their typically developing peers, and dependence on parents for 

transportation to a gym or community center to participate in PA. Remote group delivery, as 

we have proposed, eliminates these barriers and allows interaction between participants, 

which has the potential to increase accountability, social support, and rapport in a group with 

a high potential for social isolation. Results from our pilot trial in adolescents with IDD, 

using the group exercise approach, showed a 25% increase in daily PA over 12 wks. In 

contrast, previous trials in adolescents and adults with IDD by our group (5) and others (79), 

which included recommendations for self-directed PA with minimal support, have shown 

small, clinically irrelevant increases in MVPA. Thus, we chose to use remote group MVPA 

in both intervention groups, and evaluate the role of parental support on changes in MVPA.

We designed this as an 18-mo. trial, including a 6-mo. active intervention, a 6-mo. 

maintenance intervention, and a 6-mo. no contact follow-up to allow comparison of the 

impact of our interventions on adoption and maintenance of MVPA in adolescents with IDD, 

as well as the sustainability of any increases in MVPA following completion of the 

interventions. The assessment of MVPA following completion of active intervention (6 

mos.) will allow a between group comparison of short-term sustainability of any intervention 

effects. Improvements in motor ability, cardiovascular fitness, muscular strength, self-

efficacy and social support in adolescents in both intervention arms, and increased parental 

MVPA, parental education on strategies to support MVPA, continued access to videos from 

group exercise sessions, and parental support from social media (Facebook™) in the A+P 

group may contribute to continued short and long-term sustainability of increased MVPA.

Design and methodologic strengths of this trial include: 1) Randomized design with equal 

allocation to groups with concealed allocation of group assignments. 2) Adequate statistical 

power to address the primary aim. 3) Strategies to ensure the recruitment of sufficient 

participants to achieve our desired sample size. 4) Retention/incentive strategies to reduce 

loss to follow-up. 5) Secondary and exploratory aims to maximize the use of data; e.g. 

analysis to examine the impact of process variables/participant characteristics on change in 

MVPA. 6) The use of a theory-based intervention delivered by trained health coaches. 7) 
Delivery of both intervention arms by the same health coach to cohorts of participants to 

minimize health educator effects. 8) Review of recordings of all scheduled exercise and 

parent/participant meetings to ensure intervention fidelity. 9) Assessments completed by 

trained staff blind to intervention arm. 10) Evaluation of staff inter-rater reliability for all 
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physical assessments (2–3 times/yr.). 11) Exit interviews with participants to obtain 

information for improving and/or implementing the intervention.

Adolescents with IDD represent a sizeable and underserved segment of the population with 

low levels of MVPA, which results in significant negative health, social, and financial 

consequences. Options for increased MVPA in this group are limited. Information on the 

impact of parental support and education on adoption and maintenance of MVPA in 

adolescents with IDD is limited to short-term trials, in small samples, that have produced 

conflicting and unimpressive results. This trial will determine the effectiveness of a single 

level intervention delivered to the adolescent only and a multi-level intervention delivered to 

both the adolescent and a parent to increase MVPA in adolescents with IDD. Both 

intervention arms have the potential to increase MVPA using a scalable and sustainable 

format, which could be used by community agencies or others to efficiently deliver PA to 

adolescents with IDD in their homes.

Funding:

Eunice Kennedy Shriver National Institute of Child Health and Human Development (HD094704)

Abbreviations:

MVPA moderate to vigorous physical activity

IDD intellectual and developmental disabilities

AO adolescent only

A+P adolescent and a parent

REFERENCES

1. American Association on Intellectual and Developmental Disabilities. Definition of Intellectual 
Disabilities Washington, D.C.2012 [cited 2012 April 16th]. Available from: http://www.aaidd.org/
content_100.cfm?navID=21.

2. Troiano RP, Berrigan D, Dodd KW, Masse LC, Tilert T, McDowell M. Physical activity in the 
United States measured by accelerometer. Med Sci Sports Exerc. 2008;40(1):181–8. [PubMed: 
18091006] 

3. Frey GC, Stanish HI, Temple VA. Physical activity of youth with intellectual disability: review and 
research agenda. Adapted physical activity quarterly : APAQ. 2008;25(2):95–117. [PubMed: 
18493087] 

4. Phillips AC, Holland AJ. Assessment of objectively measured physical activity levels in individuals 
with intellectual disabilities with and without Down’s syndrome. PLoS One. 2011;6(12):e28618 
Epub 2011/12/30. doi: 10.1371/journal.pone.0028618. [PubMed: 22205957] 

5. Ptomey LT, Sullivan DK, Lee J, Goetz JR, Gibson C, Donnelly JE. The use of technology for 
delivering a weight loss program for adolescents with intellectual and developmental disabilities. J 
Acad Nutr Diet. 2015;115(1):112–8. Epub 2014/12/03. doi: 10.1016/j.jand.2014.08.031. [PubMed: 
25441960] 

6. Fernhall B, Mendonca GV, Baynard T. Reduced work capacity in individuals with Down syndrome: 
A consequence of autonomic dysfunction? Exercise and sport sciences reviews. 2013;41(3):138–47. 
[PubMed: 23558694] 

Ptomey et al. Page 15

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.aaidd.org/content_100.cfm?navID=21
http://www.aaidd.org/content_100.cfm?navID=21


7. Fernhall B, Pitetti KH, Rimmer JH, McCubbin JA, Rintala P, Millar AL, Kittredge J, Burkett LN. 
Cardiorespiratory capacity of individuals with mental retardation including Down syndrome. Med 
Sci Sports Exerc. 1996;28(3):366–71. [PubMed: 8776225] 

8. Mercer VS, Lewis CL. Hip Abductor and Knee Extensor Muscle Strength of Children with and 
without Down Syndrome. Pediatr Phys Ther. 2001;13(1):18–26. [PubMed: 17053646] 

9. Croce RV, Pitetti KH, Horvat M, Miller J. Peak torque, average power, and hamstrings/quadriceps 
ratios in nondisabled adults and adults with mental retardation. Archives of physical medicine and 
rehabilitation. 1996;77(4):369–72. [PubMed: 8607761] 

10. Rimmer JH, Yamaki K, Davis-Lowry BM, Wang E, Vogel LC. Obesity and obesity-related 
secondary conditions in adolescents with intellectual/developmental disabilities. Journal of 
Intellectual Disability Research. 2010;54(9):787–94. [PubMed: 20630017] 

11. Curtin C, Anderson SE, Must A, Bandini L. The prevalence of obesity in children with autism: a 
secondary data analysis using nationally representative data from the National Survey of 
Children’s Health. BMC Pediatr. 2010;10:11 Epub 2010/02/25. doi: 
10.1186/1471-2431-10-11.1471-2431-10-11[pii] [PubMed: 20178579] 

12. Stanish HI, Temple VA. Efficacy of a peer-guided exercise programme for adolescents with 
intellectual disability. Journal of applied research in intellectual disabilities : JARID. 2012;25(4):
319–28. Epub 2012/06/20. doi: 10.1111/j.1468-3148.2011.00668.x. [PubMed: 22711480] 

13. Wallen EF, Mullersdorf M, Christensson K, Marcus C. A school-based intervention associated with 
improvements in cardiometabolic risk profiles in young people with intellectual disabilities. 
Journal of intellectual disabilities : JOID. 2013;17(1):38–50. Epub 2013/01/17. doi: 
10.1177/1744629512472116. [PubMed: 23322342] 

14. Harris K, Byrd K, Engel M, Weeks K, Ahlers-Schmidt CR. Internet-Based Information on Long-
Acting Reversible Contraception for Adolescents. J Prim Care Community Health. 2015 Epub 
2015/12/09. doi: 10.1177/2150131915621058.

15. Hassan N, Landorf K, Shields N, Munteanu S. Effectiveness of interventions to increase physical 
activity in individuals with intellectual disabilities: a systematic review of randomised controlled 
trials. Journal of Intellectual Disability Research. 2019;63(2):168–91. [PubMed: 30407677] 

16. Trost SG, McDonald S, Cohen A. Measurement of general and specific approaches to physical 
activity parenting: a systematic review. Childhood obesity (Print). 2013;9 Suppl:S40–50. Epub 
2013/08/24. doi: 10.1089/chi.2013.0027. [PubMed: 23944923] 

17. Edwardson CL, Gorely T. Parental influences on different types and intensities of physical activity 
in youth: A systematic review. Psychology of Sport and Exercise. 2010;11(6):522–35.

18. O’Connor TM, Jago R, Baranowski T. Engaging parents to increase youth physical activity a 
systematic review. American journal of preventive medicine. 2009;37(2):141–9. Epub 2009/07/11. 
doi: 10.1016/j.amepre.2009.04.020. [PubMed: 19589450] 

19. Brown HE, Atkin AJ, Panter J, Wong G, Chinapaw MJ, van Sluijs EM. Family-based interventions 
to increase physical activity in children: a systematic review, meta-analysis and realist synthesis. 
Obesity reviews : an official journal of the International Association for the Study of Obesity. 
2016;17(4):245–360. Epub 2016/01/13. doi: 10.1111/obr.12362.

20. Izquierdo-Gomez R, Martinez-Gomez D, Fernhall B, Sanz A, Veiga OL. The role of fatness on 
physical fitness in adolescents with and without Down syndrome: The UP&DOWN study. 
International journal of obesity (2005). 2016;40(1):22 Epub 2015/08/22. doi: 10.1038/ijo.
2015.164. [PubMed: 26293232] 

21. Pitchford EA, Siebert E, Hamm J, Yun J. Parental Perceptions of Physical Activity Benefits for 
Youth With Developmental Disabilities. American journal on intellectual and developmental 
disabilities. 2016;121(1):25–32. Epub 2015/12/25. doi: 10.1352/1944-7558-121.1.25. [PubMed: 
26701072] 

22. Lin J-D, Lin P-Y, Lin L-P, Chang Y-Y, Wu S-R, Wu J-L. Physical activity and its determinants 
among adolescents with intellectual disabilities. Research in developmental disabilities. 
2010;31(1):263–9. [PubMed: 19836197] 

23. Curtin C, Bandini LG, Must A, Gleason J, Lividini K, Phillips S, Eliasziw M, Maslin M, Fleming 
RK. Parent support improves weight loss in adolescents and young adults with Down syndrome. 

Ptomey et al. Page 16

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The Journal of pediatrics. 2013;163(5):1402–8.e1. Epub 2013/08/24. doi: 10.1016/j.jpeds.
2013.06.081. [PubMed: 23968742] 

24. Hinckson EA, Dickinson A, Water T, Sands M, Penman L. Physical activity, dietary habits and 
overall health in overweight and obese children and youth with intellectual disability or autism. 
Res Dev Disabil. 2013;34(4):1170–8. Epub 2013/02/13. doi: 10.1016/j.ridd.2012.12.006. 
[PubMed: 23400004] 

25. Bandura A Social Foundations of Thought and Action: A Social Cognitive Theory. Englewood 
Cliffs, New Jersey: Prentice-Hall; 1986.

26. Temple VA. Factors associated with high levels of physical activity among adults with intellectual 
disability. Int J Rehabil Res. 2009;32(1):89–92. Epub 2008/12/17. doi: 10.1097/MRR.
0b013e328307f5a0. [PubMed: 19077725] 

27. Shields N, Taylor NF. A student-led progressive resistance training program increases lower limb 
muscle strength in adolescents with Down syndrome: a randomised controlled trial. Journal of 
physiotherapy. 2010;56(3):187–93. [PubMed: 20795925] 

28. McLeroy KR, Bibeau D, Steckler A, Glanz K. An ecological perspective on health promotion 
programs. Health Education & Behavior. 1988;15(4):351–77.

29. Golden SD, Earp JAL. Social ecological approaches to individuals and their contexts twenty years 
of health education & behavior health promotion interventions. Health Education & Behavior. 
2012;39(3):364–72. [PubMed: 22267868] 

30. Stanish HI, Curtin C, Must A, Phillips S, Maslin M, Bandini LG. Physical Activity Enjoyment, 
Perceived Barriers, and Beliefs Among Adolescents With and Without Intellectual Disabilities. 
Journal of physical activity & health. 2015;13(1):102–10. Epub 2015/04/02. doi: 10.1123/jpah.
2014-0548. [PubMed: 25830443] 

31. Nourse SE, Olson I, Popat RA, Stauffer KJ, Vu CN, Berry S, Kazmucha J, Ogareva O, Couch SC, 
Urbina EM, Selamet Tierney ES. Live Video Diet and Exercise Intervention in Overweight and 
Obese Youth: Adherence and Cardiovascular Health. J Pediatrics. 2015;167(3):533–9. Epub 
2015/07/15. doi: 10.1016/j.jpeds.2015.06.015.

32. Harris MA, Hood KK, Mulvaney SA. Pumpers, skypers, surfers and texters: technology to improve 
the management of diabetes in teenagers. Diabetes, obesity & metabolism. 2012;14(11):967–72. 
Epub 2012/03/27. doi: 10.1111/j.1463-1326.2012.01599.x.

33. Ramdoss S, Machalicek W, Rispoli M, Mulloy A, Lang R, O’Reilly M. Computer-based 
interventions to improve social and emotional skills in individuals with autism spectrum disorders: 
a systematic review. Developmental neurorehabilitation. 2012;15(2):119–35. Epub 2012/04/13. 
doi: 10.3109/17518423.2011.651655. [PubMed: 22494084] 

34. Kagohara DM, van der Meer L, Ramdoss S, O’Reilly MF, Lancioni GE, Davis TN, Rispoli M, 
Lang R, Marschik PB, Sutherland D, Green VA, Sigafoos J. Using iPods((R)) and iPads((R)) in 
teaching programs for individuals with developmental disabilities: a systematic review. Res Dev 
Disabil. 2013;34(1):147–56. Epub 2012/09/04. doi: 10.1016/j.ridd.2012.07.027. [PubMed: 
22940168] 

35. Ptomey LT, Willis EA, Greene JL, Danon JC, Chumley TC, Washburn RA, Donnelly JE. The 
feasibility of group video conferencing for promotion of physical activity in adolescents with 
intellectual and developmental disabilities. American journal on intellectual and developmental 
disabilities. 2017;122(6):525–38. [PubMed: 29115872] 

36. Buttimer J, Tierney E. Patterns of leisure participation among adolescents with a mild intellectual 
disability. Journal of intellectual disabilities : JOID. 2005;9(1):25–42. Epub 2005/03/11. doi: 
10.1177/1744629505049728. [PubMed: 15757870] 

37. United States Department of Health and Human Services. Physical activity guidelines advisory 
committee report to the Secretary of Health and Human Services, 2008 2008:http://
www.health.gov/PAGuidelines/committeereport.aspx.

38. Esposito PE, MacDonald M, Hornyak JE, Ulrich DA. Physical activity patterns of youth with 
Down syndrome. Intellectual and developmental disabilities. 2012;50(2):109–19. Epub 
2012/05/31. doi: 10.1352/1934-9556-50.2.109. [PubMed: 22642965] 

39. Freedson PS, Pober D, Janz KF. Calibration of accelerometer output for children. Medicine & 
Science in Sports & Exercise. 2005;37(11 (Suppl)):S523–S30. [PubMed: 16294115] 

Ptomey et al. Page 17

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.health.gov/PAGuidelines/committeereport.aspx
http://www.health.gov/PAGuidelines/committeereport.aspx


40. Rowlands AV, Rennie K, Kozarski R, Stanley RM, Eston RG, Parfitt GC, Olds TS. Children’s 
physical activity assessed with wrist- and hip-worn accelerometers. Med Sci Sports Exerc. 
2014;46(12):2308–16. Epub 2014/05/02. doi: 10.1249/mss.0000000000000365. [PubMed: 
24781890] 

41. McGarty AM, Penpraze V, Melville CA. Accelerometer use during field-based physical activity 
research in children and adolescents with intellectual disabilities: a systematic review. Res Dev 
Disabil. 2014;35(5):973–81. Epub 2014/03/19. doi: 10.1016/j.ridd.2014.02.009. [PubMed: 
24629542] 

42. Hinckson EA, Curtis A. Measuring physical activity in children and youth living with intellectual 
disabilities: a systematic review. Res Dev Disabil. 2013;34(1):72–86. Epub 2012/09/04. doi: 
10.1016/j.ridd.2012.07.022. [PubMed: 22940161] 

43. Freedson PS, Sirard J, Debold E, Pate R, Dowda M, Trost S, Sallis J. Calibration of the Computer 
Science and Applications, Inc. (CSA) accelerometer. Med Sci Sports Exerc. 
1997;29(5):Supplement (p. 45). [PubMed: 9000155] 

44. Matthews CE, Chen KY, Freedson PS, Buchowski MS, Beech BM, Pate RR, Troiano RP. Amount 
of time spent in sedentary behaviors in the United States, 2003–2004. American Journal of 
Epidemiology. 2008;167 (7):875–81. [PubMed: 18303006] 

45. Balke B, Ware RW. An experimental study of physical fitness of Air Force personnel. United States 
Armed Forces Medical Journal. 1959;10(6):675–88. [PubMed: 13659732] 

46. Mahon AD, Marjerrison AD, Lee JD, Woodruff ME, Hanna LE. Evaluating the prediction of 
maximal heart rate in children and adolescents. Res Q Exerc Sport. 2010;81(4):466–71. Epub 
2011/01/28. doi: 10.1080/02701367.2010.10599707. [PubMed: 21268470] 

47. Fernhall B, McCubbin JA, Pitetti KH, Rintala P, Rimmer JH, Millar AL, De Silva A. Prediction of 
maximal heart rate in individuals with mental retardation. Med Sci Sports Exerc. 2001;33(10):
1655–60. [PubMed: 11581548] 

48. Pitetti K, Baynard T, Agiovlasitis S. Children and adolescents with Down syndrome, physical 
fitness and physical activity. Journal of Sport and Health Science. 2013;2(1):47–57.

49. Fernhall B, Pitetti K, Stubbs N, Stadler L Jr. Validity and reliability of the 1/2-mile run-walk as an 
indicator of aerobic fitness in children with mental retardation. Pediatric Exercise Science. 
1996;8(2):130–42.

50. Baynard T, Pitetti KH, Guerra M, Fernhall B. Heart rate variability at rest and during exercise in 
persons with Down syndrome. Archives of physical medicine and rehabilitation. 2004;85(8):1285–
90. [PubMed: 15295754] 

51. Reynolds JM, Gordon TJ, Robergs RA. Prediction of one repetition maximum strength from 
multiple repetition maximum testing and anthropometry. Journal of strength and conditioning 
research. 2006;20(3):584–92. Epub 2006/08/30. doi: 10.1519/r-15304.1. [PubMed: 16937972] 

52. Brzycki M Strength testing—predicting a one-rep max from reps-to-fatigue. Journal of Physical 
Education, Recreation & Dance. 1993;64(1):88–90.

53. Elmahgoub SS, Calders P, Lambers S, Stegen SM, Van Laethem C, Cambier DC. The effect of 
combined exercise training in adolescents who are overweight or obese with intellectual disability: 
the role of training frequency. The Journal of Strength & Conditioning Research. 2011;25(8):
2274–82. [PubMed: 21734606] 

54. Chen C-CJ, Ringenbach D, Snow M. Treadmill walking effects on grip strength in young men with 
Down syndrome. Research in Developmental Disabilities. 2014;35(2):288–93. [PubMed: 
24317185] 

55. Rimmer JH, Heller T, Wang E, Valerio I. Improvements in physical fitness in adults with Down 
syndrome. American Journal on Mental Retardation. 2004;109(2):165–74. [PubMed: 15000673] 

56. Ulrich DA. Test of Gross Motor Development-2(TGM-2). 2nd Edition ed. Austin TX: ProEd, Inc.; 
2000.

57. Borrud L, Chiappa MM, Burt VL, Gahche J, Zipf G, Johnson CL, Dohrmann SM. National Health 
and Nutrition Examination Survey: national youth fitness survey plan, operations, and analysis, 
2012. Vital and health statistics Series 2, Data evaluation and methods research. 2014(163):1–24.

Ptomey et al. Page 18

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



58. Staples KL, Reid G. Fundamental movement skills and autism spectrum disorders. Journal of 
autism and developmental disorders. 2010;40(2):209–17. Epub 2009/08/18. doi: 10.1007/
s10803-009-0854-9. [PubMed: 19685284] 

59. Capio CM, Eguia KF, Simons J. Test of gross motor development-2 for Filipino children with 
intellectual disability: validity and reliability. Journal of sports sciences. 2016;34(1):10–7. Epub 
2015/04/19. doi: 10.1080/02640414.2015.1033643. [PubMed: 25888083] 

60. McGillivray J, Lau AY, Cummins R, Davey G. The utility of the Well-being Intellectual Disability 
Scale in an Australian sample. Journal of Applied Research in Intellectual Disabilities. 2009;22(3):
276–86.

61. Cummins R, Lau AL, Davey G, McGillivray J. Measuring subjective well-being: The Personal 
Well-Being Index - Intellectual Disability In: Kober R, editor. Enhancing the Quality of Life of 
People with Disability. New York, NY: Springer, Inc.; 2010 p. 33–46.

62. Peterson JJ, Andrew Peterson N, Lowe JB, Nothwehr FK. Promoting Leisure Physical Activity 
Participation among Adults with Intellectual Disabilities: Validation of Self-Efficacy and Social 
Support Scales. Journal of applied research in intellectual disabilities. 2009;22(5):487–97.

63. Must A, Phillips S, Curtin C, Bandini LG. Barriers to Physical Activity in Children With Autism 
Spectrum Disorders: Relationship to Physical Activity and Screen Time. Journal of physical 
activity & health. 2015;12(4):529–34. [PubMed: 25920014] 

64. George VA, Shacter SD, Johnson PM. BMI and attitudes and beliefs about physical activity and 
nutrition of parents of adolescents with intellectual disabilities. Journal of intellectual disability 
research : JIDR. 2011;55(11):1054–63. Epub 2011/07/06. doi: 10.1111/j.1365-2788.2011.01437.x. 
[PubMed: 21726317] 

65. Stevens A, Coon D, Wisniewski S, Vance D, Arguelles S, Belle S, Mendelsohn A, Ory M, Haley 
W. Measurement of leisure time satisfaction in family caregivers. Aging & mental health. 
2004;8(5):450–9. [PubMed: 15511743] 

66. Lohman TG, Roche AF, Martorell R. Anthropometric Standardization Reference Manual. 
Champaign, Ill: Human Kinetics Books; 1988 1988.

67. Fletcher E, Leech R, McNaughton S, Dunstan D, Lacy K, Salmon J. Is the relationship between 
sedentary behaviour and cardiometabolic health in adolescents independent of dietary intake? A 
systematic review. obesity reviews. 2015;16(9):795–805. [PubMed: 26098509] 

68. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, Goldfield G, Gorber 
SC. Systematic review of sedentary behaviour and health indicators in school-aged children and 
youth. International Journal of Behavioral Nutrition and Physical Activity. 2011;8(1):1. [PubMed: 
21194492] 

69. Izquierdo-Gomez R, Martinez-Gomez D, Acha A, Veiga OL, Villagra A, Diaz-Cueto M. Objective 
assessment of sedentary time and physical activity throughout the week in adolescents with Down 
syndrome. The UP&DOWN study. Res Dev Disabil. 2014;35(2):482–9. Epub 2014/01/01. doi: 
10.1016/j.ridd.2013.11.026. [PubMed: 24374601] 

70. Shields N, Dodd KJ, Abblitt C. Do children with Down syndrome perform sufficient physical 
activity to maintain good health? A pilot study. Adapted physical activity quarterly : APAQ. 
2009;26(4):307–20. [PubMed: 19893069] 

71. Enders CK. Applied missing data analysis. New York, NY: Guilford Press; 2010.

72. Schafer JL, Graham JW. Missing data: Our view of the state-of-the-art. Psychological Metods. 
2002;7:147–77.

73. Hogstrom G, Nordstrom A, Nordstrom P. High aerobic fitness in late adolescence is associated 
with a reduced risk of myocardial infarction later in life: a nationwide cohort study in men. 
European heart journal. 2014;35(44):3133–40. Epub 2014/01/09. doi: 10.1093/eurheartj/eht527. 
[PubMed: 24398666] 

74. Hogstrom G, Nordstrom A, Nordstrom P. Aerobic fitness in late adolescence and the risk of early 
death: a prospective cohort study of 1.3 million Swedish men. International journal of 
epidemiology. 2015 Epub 2015/12/22. doi: 10.1093/ije/dyv321.

75. Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan SR, Berenson GS. The relation of 
childhood BMI to adult adiposity: the Bogalusa Heart Study. Pediatrics. 2005;115(1):22–7. 
[PubMed: 15629977] 

Ptomey et al. Page 19

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



76. Krahn GL, Hammond L, Turner A. A cascade of disparities: health and health care access for 
people with intellectual disabilities. Mental retardation and developmental disabilities research 
reviews. 2006;12(1):70–82. Epub 2006/01/26. doi: 10.1002/mrdd.20098. [PubMed: 16435327] 

77. Shields N, Taylor NF, Wee E, Wollersheim D, O’Shea SD, Fernhall B. A community-based 
strength training programme increases muscle strength and physical activity in young people with 
Down syndrome: a randomised controlled trial. Research in developmental disabilities. 
2013;34(12):4385–94. [PubMed: 24120754] 

78. Ewing G, McDermott S, Thomas-Koger M, Whitner W, Pierce K. Evaluation of a cardiovascular 
health program for participants with mental retardation and normal learners. Health education & 
behavior : the official publication of the Society for Public Health Education. 2004;31(1):77–87. 
Epub 2004/02/11. doi: 10.1177/1090198103259162. [PubMed: 14768659] 

79. Brooker K, van Dooren K, McPherson L, Lennox N, Ware R. A systematic review of interventions 
aiming to improve involvement in physical activity among adults with intellectual disability. 
Journal of physical activity & health. 2015;12(3):434–44. Epub 2014/05/09. doi: 10.1123/jpah.
2013-0014. [PubMed: 24809870] 

Ptomey et al. Page 20

Contemp Clin Trials. Author manuscript; available in PMC 2020 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ptomey et al. Page 21

Table 1.

Design Overview for the Active 18-Month Weight Management Intervention

Interventions Groups

Adolescent Only (AO) Adolescent + Parent (A+P)

MVP A recommendation 60 min/d 60 min/d

MVP A group sessions via video conferencing Yes Yes

Session Participants Adolescent Only Adolescent + Parent

Session frequency

 0–6 mos. 3 d/wk. 3 d/wk.

 7–12 mos. 1 d/wk. 1 d/wk.

 13–18 mos. 0 d/wk. 0 d/wk.

Session intensity ≥ 4 METs ≥ 4 METs

Session duration 40 min 40 min

Session content Stretch/aerobic activity/RE Stretch/aerobic activity/RE

Provide access to PA resources Yes Yes

MVP A Self-monitoring Parent contacts Fitbit Fitbit

Participants NA Parent + Adolescent

Purpose NA Education/support/feedback

Format NA FaceTime™

Session Frequency

 0–6 mos. NA 1 d/mo.

 7–12 mos. NA 1 d/mo.

 13–18 mos. NA 0 d/mo.

Duration NA 30 min

Parent Facebook group NA Yes

Note: MVPA= Moderate-to-Vigorous Physical Activity, RE = resistance exercise
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Table 2:

Participant Eligibility Criteria for an 18-month Physical Activity Intervention in Adolescents with Intellectual 

and Developmental Disabilities

Inclusion

Residential Status: Living at home with a parent or guardian who is willing to participate in the intervention, with no plans to change this 
living situation and/or to leave the study area in the next 18 mos.

Age: 10–21 years

Diagnosis: Mild to moderate IDD as verified by their PCP

Ambulatory: Must be able to participate in physical activity.

Health status: Must provide physician clearance to participate.

Communication: Sufficient functional ability to understand directions, communicate preferences, wants, and needs through spoken 
language

Internet: Internet access in the home

Exclusion

Parent health concerns: If the parent who will participate in the intervention with the participant has a serious medical risk, such as cancer, 
recent cardiac event, i.e., heart attack, stroke, angioplasty, or cannot participate in physical activity.

Pregnancy: Pregnancy during the previous 6 mos., currently lactating or planned pregnancy in the following 24 mos. 
Participants who become pregnant will be removed from the study and referred to appropriate agencies for 
consultation.
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