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1  | INTRODUC TION

Down syndrome (DS) is a genetic condition characterized by hav-
ing three copies of chromosome 21 and has typically associated 
phenotypic and physiologic manifestations. Individuals with DS 
are at risk for a variety of medical conditions throughout their 
lifespan (Smith, 2001). Currently, there are an estimated 212,000 
people with DS living in the United States (De Graaf, Buckley, & 
Skotko, 2017). The overall prevalence of DS continues to increase as 
lifespan improves due to advances in medical and psychosocial care, 
with many individuals with DS living well into their 60s (Bittles & 
Glasson 2004). As a result, individuals with DS are now reaching the 
age where chronic diseases impacted by decades of lifestyle habits 
often begin to present with complications.

Physical activity is an important modifiable health behaviour 
that holds promise to mitigate several debilitating conditions that 

can co-occur with DS. For example, adults with DS are at increased 
risk for developing obesity and osteoporosis, both conditions known 
to improve with increased physical activity within the neurotypical 
population (Carfì et al., 2017; Rubin, Rimmer, Chicoine, Braddock, & 
McGuire, 1998). Adults with DS also have a substantially increased 
risk for dementia over time, and recent research has shown prom-
ise in using physical activity as a tool for preventing cognitive de-
cline and progression of Alzheimer's type disease in this high-risk 
population (Ptomey et al., 2018). Despite the potential benefits of 
physical activity in DS, previous studies have indicated that individ-
uals with DS have low levels of physical activity compared to the 
general population (Esposito, MacDonald, Hornyak, & Ulrich, 2012; 
Phillips & Holland, 2011; Shields, Plant, Warren, Wollersheim, & 
Peiris, 2018). Many of these studies, however, have been limited to 
children (Esposito et al., 2012) and rely on parent report or self-re-
port (Martin & Choi, 2009; Menear, 2007).
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Abstract
Background: Individuals with Down syndrome (DS) are less physically active than the 
general population, but limited data on objective physical activity patterns in adults 
with DS are available.
Methods: Free-living physical activity was measured by waist-worn accelerometry in 
adults with DS from 2018 to 2020. Data were analysed using descriptive statistics, 
bivariate and regression analyses.
Results: Fifty-two subjects provided valid accelerometer data, with 46% male and 
a majority (75%) overweight/obese. Median (± standard deviation) daily sedentary 
time was 393.5 ± 216.6 min, light activity was 150.7 ± 85.5 min, moderate activity 
was 6.3 ± 13.5 min, and vigorous activity was 0 ± 9.8 min. Subjects had 10.3 ± 4.8 
sedentary bouts per day lasting on average 30.7 ± 62.0 min. Median daily step count 
was 3,050 ± 1,988. Adults living alone had more steps and light physical activity in 
adjusted analyses.
Conclusion: Adults with DS engage in little health-enhancing physical activity and do 
not meet current physical activity recommendations in the United States.
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The national recommendation in the United States is that all 
adults, including adults with disabilities, should do at least 150 to 
300 min a week of moderate-intensity, or 75 min a week of vigor-
ous-intensity aerobic physical activity (U.S. Department of Health 
and Human Services, 2018). Globally, similar recommendations have 
been promulgated by the World Health Organization (World Health 
Organization, 2019). For adults with disabilities, the U.S. guide-
lines also highlight the importance of limiting inactivity, even when 
health-enhancing physical activity is challenging (U.S. Department of 
Health and Human Services, 2018). Individuals with DS face multiple 
barriers to engaging in physical activity, including physical limita-
tions such as poor coordination, impaired behavioural skills and re-
duced aerobic exercise capacity (Baynard, Pitetti, Guerra, Unnithan, 
& Fernhall, 2008; Mendonca, Borges, Wee, & Fernhall, 2018). Social 
barriers, such as access to transportation, competing family and 
caregiver responsibilities, lack of accessible exercise programmes, 
and often a companion preference or requirement can further 
contribute to limited exercise engagement (Barr & Shields, 2011; 
Mendonca et al., 2018).

Despite reports showing that adults with DS can earnestly enjoy 
physical activity (Love & Agiovlasitis, 2016) and the efforts that have 
been taken by organizations such as the Special Olympics to adapt 
sports, relatively few studies have described the physical activity 
patterns and intensity profiles in adults with DS using objective mea-
sures (Shields et al., 2018). The aim of this study was to capture and 
describe the current physical activity levels and patterns of adults 
with DS using objective measures.

2  | METHODS

2.1 | Participants

Adult patients with DS ages 18 years and older followed at the 
Massachusetts General Hospital Down Syndrome Program were 
eligible for enrolment. They were invited to participate during their 
regularly scheduled annual clinical visit between October 2018 
and February 2020. There were no a priori exclusion criteria. The 
Partners HealthCare Human Research Committee approved this 
study, and written consent was obtained from participants or a 
court-appointed guardian prior to enrolment.

2.2 | Physical activity

Physical activity was measured using an Actigraph accelerom-
eter (wGT3x-BT or GT3X; ActiGraph LLC). Actigraph monitors are 
research-grade tri-axial accelerometers that have been widely vali-
dated for providing an objective measure of physical activity (Sirard, 
Melanson, Li, & Freedson, 2000; Trost et al., 1998; Ward, Evenson, 
Vaughn, Rodgers, & Troiano, 2005), with accelerometry considered 
the gold standard method for assessing free-living physical activ-
ity quantity and intensity. Based on prior clinical experience using 

accelerometers to measure physical activity in adults with DS and 
challenges with achieving stringent wear criteria, we tailored wear 
time requirements for this study to maximize protocol adherence 
and promote participant engagement. Each participant was asked to 
wear an accelerometer on an elastic belt around the waist for at least 
4 weekdays and 1 weekend day, and for up to 3 weeks. Weekend and 
weekday schedules often differ, and collecting weekend physical ac-
tivity data helps to better capture a person's total physical activity. 
We requested that the accelerometer only be removed during sleep, 
water activities and contact sports. We did not mandate minimum 
wear criteria. Accelerometer data were cleaned and validated using 
ActiLife software (ActiGraph LLC). Accelerometers were initialized 
to collect data every 60 s. Standard validated adult thresholds classi-
fied sedentary time as <100 activity counts per minute, light activity 
as 100–2,019 counts per minute, moderate activity as 2,020–5,998 
counts per minute and vigorous activity ≥5,999 counts per min-
ute (Troiano et al. 2008). Daily step counts were also recorded. 
Information on sedentary bouts and moderate-to-vigorous physical 
activity (MVPA) bouts was also recorded using the above thresholds 
(with bouts defined as consecutive minutes recorded at a designated 
intensity level without interruption).

2.3 | Other measures

Data on several other factors that were available and that have pre-
viously been described as associated with physical activity were 
collected. Height and weight were measured during the routine 
clinical visit to the Massachusetts General Hospital Down Syndrome 
Program and used to calculate body mass index (BMI) as m/kg2. Data 
were also collected for each participant on whether he/she was ver-
bal (yes/no), whether he/she carried a diagnosis of dementia (no 
dementia/early dementia/dementia) as determined by neuropsychi-
atric assessment, the participant's living arrangement (alone/group 
home/with family), self-reported race and ethnicity, and the season 
when the data were collected.

2.4 | Statistical analysis

Descriptive statistics were calculated for the study sample. We used 
parametric and non-parametric tests to report the distribution of nor-
mal and non-normal physically activity data, respectively. Sedentary 
time data were left skewed, whereas MPVA data right skewed. We 
calculated mean daily step count along with the mean and median 
values for daily sedentary time, light activity, and MVPA. To further 
describe the physical activity and inactivity patterns of adults with 
DS, we also calculated the mean daily number of sedentary bouts and 
mean time in minutes per sedentary bout, as well as the mean daily 
number of MVPA bouts and mean time in minutes per MVPA bout. 
Bivariate analyses using ANOVA and Kruskal–Wallis for parametric 
and non-parametric data, respectively, tested for associations be-
tween demographic characteristic (sex, BMI, verbal status, dementia, 
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living arrangement) and physical activity variables (sedentary time, 
step count, light activity and MVPA, sedentary bout duration, MVPA 
bout duration). Multivariable models were built to include predictor 
and confounding variables based on known and hypothesized bio-
logical plausibility related to physical activity. Verbal status was not 
included given the small number or non-verbal patients, and similarly, 
we combined categories in both dementia and race due to small cell 
numbers. Multivariate linear regression analyses assessed for pre-
dictors of different physical activity levels and bouts, adjusting for 
potential confounders including age, sex, race/ethnicity, body mass 
index, dementia status, living arrangement and season.

3  | RESULTS

While sixty-three participants enrolled in the study, six returned 
the accelerometer without wearing it or with insufficient data for 

analysis, and five participants never returned the device, resulting 
in a final sample of 52 participants. Twenty-four (46%) participants 
were male, 47 (90%) white, with a mean age of 35.1 (SD 10.8) years, 
and a mean BMI of 30.2 (SD 6.5), with 39 (75%) of subjects over-
weight or obese (BMI ≥ 25). About 12% of participants lived alone, 
with 65% living with family and 23% living in group homes. Eleven 
participants (21%) had dementia (Table 1).

Participants provided a mean of 20 days of data (range 6–30), in-
cluding a mean of 6 weekend days (range 2–9). Average daily wear time 
was 576.3 min, with 87% of participants averaging at least 6 hr a day, 
65% averaging at least 8 hr a day, and 46% averaging 10 or more hours 
of daily wear time. Median daily steps were 3,050 (Standard Deviation, 
SD ± 1,988, range 275–10,631). Median daily sedentary time was 
393.5 min (SD ± 216.6, range 60.3–1,381.3), light activity level was 
150.7 min (SD 85.5, range 21.1–413.5, moderate activity 6.3 min 
(SD ± 13.5, range 0.3–88.3), vigorous activity 0 min (SD ± 9.8, range 
0–70.7), and MVPA was 6.3 min (SD ± 22.4, range 0.3–159.0) (Figure 1). 

TA B L E  1   Physical activity by in adults with Down syndrome by patient characteristic and activity intensity (n = 52)

Category
Mean daily sedentary 
time, min (SD)

Mean daily light 
activity, min (SD)

Mean daily moderate 
activity, min (SD)

Mean daily vigorous 
activity, min (SD)

Mean daily 
MVPA, min (SD)

Mean daily step 
count (SD)

All subjects 
(n = 52)

412.7 (216.6) 161.0 (85.5) 10.1 (13.5) 1.7 (9.8) 11.7 (22.4) 3,194 (1,988)

Sex

Male (24) 421.9 (237.0) 168.4 (71.9) 11.7 (17.9) 3.3 (14.4) 14.9 (31.6) 3,452 (2,238)

Female (28) 404.9 (201.6) 154.6 (96.5) 8.7 (8.4) 0.3 (1.1) 9.1 (8.8) 2,973 (1,757)

Race/Ethnicity

White (47) 416.7 (226.6) 157.2 (85.2) 10.4 (14.2) 1.8 (10.3) 12.2 (23.5) 3,196 (2,081)

Black (2) 413.6 (45.4) 256.5 (123.1) 7.6 (1.8) 2.4 (3.4) 10.0 (5.2) 3,541 (252)

Latino (3) 350.2 (90.8) 157.1 (47.7) 6.2 (4.5) 0.0 (0.0) 6.2 (4.5) 2,924 (932)

Verbal

No (4) 364.0 (194.4) 179.1 (162.0) 24.1 (42.9) 17.7 (35.4) 41.8 (78.2) 3,717 (4,813)

Yes (48) 416.8 (219.8) 159.5 (78.9) 8.9 (8.0) 0.4 (1.1) 9.3 (8.3) 3,150 (1,669)

Dementia

No (41) 396.9 (220.9) 151.0 (74.0) 11.5 (14.8) 2.1 (11.0) 13.7 (24.8) 3,217 (2,110)

Early (8) 446.3 (138.1) 227.0 (120.1) 4.3 (3.4) 0.0 (0.0) 4.3 (3.4) 3,148 (1,667)

Yes (3) 540.4 (347.1) 122.4 (63.9) 7.6 (4.5) 0.1 (0.1) 5.4 (5.2) 2,996 (1,383)

Housing

Alone (6) 302.2 (142.4) 167.0 (77.9) 12.4 (13.4) 0.3 (0.7) 12.7 (14.1) 4,198 (2,398)

Family (34) 434.4 (240.4) 169.5 (89.0) 11.3 (15.3) 2.5 (12.1) 13.8 (26.7) 3,290 (2,060)

Group 
Home (12)

406.7 (163.8) 133.8 (79.4) 5.4 (5.9) 0.2 (0.3) 5.6 (6.2) 2,418 (1,316)

BMI

<25 (13) 341.5 (192.6) 130.7 (93.4) 10.8 (23.7) 6.4 (19.4) 17.2 (43.0) 2,622 (2,876)

≥25 (39) 436.5 (221.3) 171.1 (81.5) 9.8 (8.3) 0.1 (0.3) 10.2 (8.6) 3,385 (1,594)

Age

18–29 (19) 355.5 (194.7) 146.6 (72.3) 14.1 (19.7) 3.9 (16.2) 18.0 (35.1) 3,226 (2,308)

30–39 (19) 459.1 (283.8) 154.6 (82.5) 9.3 (9.0) 0.7 (1.6) 10.0 (9.6) 3,281 (2,054)

40–60 (12) 440.9 (112.4) 187.6 (94.6) 6.1 (5.4) 0.1 (0.3) 6.2 (5.6) 2,977 (1,622)

Abbreviations: BMI, body mass index; MVPA, moderate-to-vigorous physical activity; SD, standard deviation.
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Mean values along with standard deviations for sedentary time, light 
activity, MVPA and step count by demographic category are provided 
in the Table 1. One participant was an outlier averaging 159 min of daily 
MVPA—aside from which all other participants achieved under 40 min 
of daily MVPA, with five (10%) participants meeting the 150 min/
week activity recommendation, (Figure 2)—and only 1 (2%) participant 
achieving more than 10,000 steps a day(U.S. Department of Health 
and Human Services, 2018). Adults with DS averaged 9.7 (SD ± 4.8) 
sedentary bouts per day with a mean duration of 30.7 (SD ± 62.0) min-
utes per bout, while averaging 5.5 (SD ± 18.2) MVPA bouts per day 
with a mean duration of 2.1 (SD ± 3.5) minutes per MVPA bout.

Daily recorded MVPA levels were lower in verbal adults than 
non-verbal adults, although the study only included four non-verbal 
adults, one of whom was the outlier participant with unusually high 
MVPA levels. In a sub-analysis with the outlier removed, the differ-
ence in daily MVPA between non-verbal and verbal participants was 
2.7 min versus 9.3 min, respectively. In bivariate analyses, light activity 
was higher in participants with early dementia (227.0 min) compared 
to adults without dementia (151.0 min) or with established dementia 

(122.4 min) (p = .05). No differences were observed in daily seden-
tary time, step count or MVPA by dementia status. There were no 
differences in daily sedentary time, step count, light activity or MVPA 
by BMI or overweight/obesity status, sex, race/ethnicity or living ar-
rangement. Adults with DS who lived alone had longer sedentary bouts 
(83.5 min, SD ± 166.7) than adults living with family (25.0, SD ± 33.9) 
or in group homes (20.4, SD ± 4.9), a difference that approached statis-
tical significance, p = .08. No differences were observed in sedentary 
bout duration by verbal status, dementia status, sex or race/ethnicity, 
nor in MVPA bout duration by any demographic category.

Table 2 presents the results of the adjusted regression models. 
In adjusted analyses, body mass index (p = .03, β=−2.8, SE = 1.3) 
was inversely associated, while living alone (p = .02, β = 69.6, 
SE = 27.9) was positively associated with daily minutes of light ac-
tivity in adjusted models. Living alone (p = .02, β = 1943, SE = 823) 
was associated with having higher daily step counts compared to 
living in a group home. There were no significant predictor vari-
ables in adjusted models for daily sedentary time, MVPA or for 
duration of sedentary or MVPA bouts.

F I G U R E  1   Physical activity by categories in adults with Down syndrome (n = 52)

F I G U R E  2   Sedentary Time and Moderate-to-Vigorous Physical Activity (MVPA) levels in adults with Down syndrome (n = 52)
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4  | DISCUSSION

In this study, we found that by all accounts, our sample of adults 
with DS was not meeting the nationally recommended physical ac-
tivity guidelines. Adults with DS had little health-enhancing daily 
physical activity, low daily step counts and large daily amounts 
of unhealthful sedentary time. Fewer than one in ten adults met 
the moderate-intensity physical activity recommendations, and 
only one person met the vigorous-intensity recommendation. 
Health-enhancing aerobic activity levels were uniformly low, and 
we did not find any individual or clinical characteristics to help 
significantly predict the duration of sedentary or physical activity 
bouts in adults with DS. Living alone seemed to be associated with 
achieving higher levels of daily low-intensity physical activity (light 
activity and step count), while we found no relationship between 
living arrangement and higher level health-enhancing daily physical 
activity (MVPA).

Underlying biological reasons might explain, in part, the uni-
versally low physical activity levels in adults with DS that we 
observed. Low muscle tone and autonomic dysregulation might 
make achieving the recommended activity levels more difficult for 
individuals with DS than the general population. Recent studies 
have shown that adults with DS have a decreased peripheral oxy-
gen uptake ability during exercise, as well as an altered autonomic 
function, which can lead to an attenuated response to exercise 
with a blunted heart rate and reduced peripheral blood flow reg-
ulation (Fernhall, Mendonca, & Baynard, 2013; Hilgenkamp, Wee, 
Schroeder, Baynard, & Fernhall, 2018; Mendonca et al., 2018). 
These physiologic alterations could lead to decreased muscle 
oxygenation and perfusion, resulting in increased lactic acid 
build-up and muscle fatigue. Such anatomic and physiologic ad-
aptations together may limit the ability to increase muscle activ-
ity and may result in muscular pain on exertion. Prior research by 
Agiovlasitis, Beets, Motl, & Fernhall, (2012) have also found that 
step-rate thresholds for MVPA and vigorous activity are lower 
in individuals with DS than in persons without DS, and that at a 
given step rate, adults with DS have a higher metabolic equiva-
lent workload than adults without DS. This may be another ex-
planation why adults with DS have lower physical activity levels 
compared to the general population and may account for the low 
total step counts we observed in this study. Fewer steps in adults 
with DS might be required to achieve MVPA threshold recom-
mendations than those required in the general population. Given 
the increased level of obesity, decreased metabolism, physiologic 
differences and the low recorded levels of physical activity in this 
population, innovative and tailored approaches for increasing 
physical activity may be required to maximize physical activity 
levels in adults with DS.

Three out of four adults with DS in this study were overweight 
or obese, and indeed, we found higher body mass index, a marker 
for adiposity, to be associated with achieving less daily light activ-
ity. Given the increased prevalence of obesity in adults with DS 
and the increased cardiometabolic risks associated with weight TA
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gain, a better understanding of the physical activity patterns in 
adults with DS is essential. Knowledge about activity and inac-
tivity patterns can aid clinicians in better counselling their adult 
patients with DS on energy balance and lifestyle modifications 
for the prevention and management of obesity and other meta-
bolic-associated conditions. Given the recent science showing the 
potential benefit of physical activity in preventing dementia in 
patients with DS, counselling on physical activity in this high-risk 
population may also have additional, non-obesity related medical 
benefits (Ptomey et al., 2018). Encouraging increased physical ac-
tivity among adults with DS may have non-medical benefits as well, 
including providing an opportunity for social interaction and en-
joyment (Barr & Shields, 2011), providing a sense of achievement 
(Love & Agiovlasitis, 2016) and having a positive impact on daily life 
activities (Hardee & Fetters, 2017).

This study included verbal and non-verbal adults with DS, and 
one non-verbal outlier participant had unusually high levels of 
moderate and vigorous daily physical activity recorded by acceler-
ometry. This subject carried a dual diagnosis of autism and DS, had 
a high level of resting movements and was described by his care-
givers as “always on the go.” Given the small number of non-verbal 
patients in our sample, however, we limited our review of their ac-
tivity levels to descriptive reporting only. Despite the patient being 
an outlier in our sample, autism is thought to occur in up to 10% of 
patients with DS (Grieco, Pulsifer, Seligsohn, & Skotko, 2015; Kent 
et al., 1999), and a better understanding of the physical activity 
levels of patients with a dual diagnosis of DS and autism merits 
further investigation.

This study has several limitations. The sample size was rela-
tively small, and all subjects were enrolled at one location, meaning 
that our findings may not be generalizable to the larger adult DS 
population. Any physical activity from swimming and other water 
sports was not captured in the data, although our communication 
with caregivers suggests this accounted for minimal data loss and 
in only one subject. We also did not require 10 hr of valid data per 
day as is common in physical activity studies in the general popula-
tion, given the unique circumstances and challenges of free-living 
accelerometry data collection in adults with DS. However, as the 
mean wear time for our entire sample was just under 10 hr, we 
believe our tailored data collection approach allowed for maximal 
participant engagement while simultaneously providing a reason-
ably reliable depiction of an individual's typical free-living physical 
activity level. Nevertheless, our findings are consistent in direc-
tion with other caregiver-reported and measured physical activ-
ity studies on adults with DS from around the world (Phillips & 
Holland, 2011; Shields et al., 2018a). A recent study in the United 
Kingdom looking at accelerometry measured physical activ-
ity in 79 children and adults with Down syndrome in the United 
Kingdom and found an average daily MVPA of 30 min (Phillips & 
Holland, 2011). Similarly, a recent study in Australia that included 
15 adults with DS measured activity with accelerometry and found 
an average daily MVPA of 27 min (Shields et al., 2018b). Notably, 
both the UK and Australia studies collected activity data over one 

week whereas we measured activity over three weeks, possibly 
providing a more accurate representation of an adult's typical daily 
activity patterns. In addition, whereas the UK study found age 
to be associated with reduced physical activity levels, we found 
no association between age and activity or inactivity levels, pos-
sibly due to our study only including adults, as physical activity 
levels are known to be higher in children than adults (Centers for 
Disease Control & Prevention, 2018). Recent studies on the phys-
iology of exercise in people with DS also support our findings of 
reduced health-enhancing physical activity levels compared to 
those reported in the general population (Hilgenkamp et al., 2018; 
Mendonca et al., 2018). A recent study in adults with DS showed 
that traditional accelerometer step count assessment may un-
derreport actual step count levels by as much as 30% (Bertapelli 
et al., 2019). The study identified waist-worn accelerometers as the 
ideal location to minimize error, which is how data were collected 
in this study. Even assuming a 30% increase in our measured step 
counts, 96% cent of the adults with Down syndrome in our study 
would still fall well below the commonly recommended goal of 
10,000 daily steps.

Strengths of this study are the depth and quality of data pro-
vided on physical activity in addition to the accounting for poten-
tial confounders important in the DS population. With subjects 
providing nearly 3 weeks of objectively measured activity data, 
including sufficient weekday and weekend data to construct their 
typical daily activities, and by collecting contemporaneous infor-
mation on many of the sociodemographic factors that can be bar-
riers or otherwise impact the ability to participate in activity in 
the DS community, such as living arrangement, obesity status, and 
presence of dementia, we are confident that the data accurately 
represent a picture of physical activity and inactivity levels in this 
high-risk population.

In conclusion, this study found that adults with DS achieve low 
levels of health-enhancing forms of physical activity, including ob-
jectively measured daily moderate-to-vigorous physical activity. 
While overall activity levels were low, adults living independently 
had higher daily steps counts and light activity levels. Finding ways 
to maximize health-enhancing forms of physical activity is of critical 
importance in adults with DS, given the known increased associa-
tion of Down syndrome with many health conditions, the existing 
barriers and potential benefits of increasing physical activity in this 
important population.

ACKNOWLEDG MENTS
The authors thank Nora Horick, MS, for her biostatistical assistance.

CONFLIC T OF INTERE S TS
Dr. Skotko occasionally consults on the topic of Down syndrome 
through Gerson Lehrman Group. He receives remuneration from 
Down syndrome non-profit organizations for speaking engage-
ments and associated travel expenses. Dr. Skotko receives annual 
royalties from Woodbine House, Inc., for the publication of his 
book, Fasten Your Seatbelt: A Crash Course on Down Syndrome for 



     |  7
Published for the British Institute of Learning Disabilities  

ORESKOVIC Et al.

Brothers and Sisters. Within the past two years, he has received 
research funding from F. Hoffmann-La Roche, Inc. and LuMind 
Research Down Syndrome Foundation to conduct clinical trials 
for people with Down syndrome. Dr. Skotko is occasionally asked 
to serve as an expert witness for legal cases where Down syn-
drome is discussed. Dr. Skotko serves in a non-paid capacity on 
the Honorary Board of Directors for the Massachusetts Down 
Syndrome Congress and the Professional Advisory Committee for 
the National Center for Prenatal and Postnatal Down Syndrome 
Resources. Dr. Skotko has a sister with Down syndrome. Dr. 
Oreskovic and Dr. Santoro serve in a non-paid capacity on the 
Medical Scientific Advisory Board for the Massachusetts Down 
Syndrome Congress. Dr. Santoro is the Director of Quality 
Improvement Research for the Massachusetts General Hospital 
Down Syndrome Program and receives research funding from 
the National Institutes of Health and LuMind Research Down 
Syndrome Foundation. Dr. Moore, Dr. Nichols, Ms. Cottrell, 
Ms. Torres, and Ms. Patsiogiannis have no conflicts of interest 
to report.

ORCID
Nicolas M. Oreskovic  https://orcid.org/0000-0001-8702-8636 
Stephanie Santoro  https://orcid.org/0000-0002-4172-0288 

R E FE R E N C E S
Agiovlasitis, S., Beets, M. W., Motl, R. W., & Fernhall, B. (2012). Step-rate 

thresholds for moderate and vigorous-intensity activity in persons 
with Down syndrome. Journal of Science and Medicine in Sport, 15(5), 
425–430. https://doi.org/10.1016/j.jsams.2012.03.001

Barr, M., & Shields, N. (2011). Identifying the barriers and facilitators to 
participation in physical activity for children with Down syndrome. 
Journal of Intellectual Disability Research, 55(11), 1020–1033. https://
doi.org/10.1111/j.1365-2788.2011.01425.x

Baynard, T., Pitetti, K. H., Guerra, M., Unnithan, V. B., & Fernhall, B. (2008). 
Age-related changes in aerobic capacity in individuals with mental re-
tardation : A 20-yr review. Medicine and Science in Sports and Exercise, 
40(11), 1984–1989. https://doi.org/10.1249/MSS.0b013 e3181 7f19a1

Bertapelli, F., Curtis, J. S., Carlson, B., Johnson, M., Abadie, B., & 
Agiovlasitis, S. (2019). Step-counting accuracy of activity monitors 
in persons with Down syndrome. Journal of Intellectual Disability 
Research, 63(1), 21–30. https://doi.org/10.1111/jir.12550

Bittles, A. H., & Glasson, E. J. (2004). Annotation Clinical, social, and 
ethical implications of changing life expectancy in Down syndrome. 
Developmental Medicine & Child Neurology, 46, 282–286.

Carfì, A., Liperoti, R., Fusco, D., Giovannini, S., Brandi, V., Vetrano, D. 
L., … Onder, G. (2017). Bone mineral density in adults with Down 
syndrome. Osteoporosis International, 28(10), 2929–2934. https://doi.
org/10.1007/s0019 8-017-4133-x

Centers for Disease Control and Prevention (2018). Trends in Meeting the 
2008 Physical Activity Guidelines, 2008–2018. Retrieved from https://
www.cdc.gov/physi calac tivit y/downl oads/trend s-in-the-preva lence 
-of-physi cal-activ ity-508.pdf

De Graaf, G., Buckley, F., & Skotko, B. G. (2017). Estimation of the num-
ber of people with Down syndrome in the United States. Genetics 
in Medicine, 19(4), 439–447. https://doi.org/10.1038/gim.2016.127

Esposito, P. E., MacDonald, M., Hornyak, J. E., & Ulrich, D. A. (2012). 
Physical activity patterns of youth with Down syndrome. Intellectual 
and Developmental Disabilities, 50(2), 109–119. https://doi.
org/10.1352/1934-9556-50.2.109

Fernhall, B., Mendonca, G. V., & Baynard, T. (2013). Reduced work capac-
ity in individuals with Down syndrome: A consequence of autonomic 
dysfunction? Exercise and Sport Sciences Reviews, 41(3), 138–147. 
https://doi.org/10.1097/JES.0b013 e3182 92f408

Grieco, J., Pulsifer, M., Seligsohn, K., & Skotko, B. (2015). Down Syndrome 
: Cognitive and behavioral functioning across the lifespan. American 
Journal of Medical Genetics Part C: Seminars in Medical Genetics, 149, 
135–149. https://doi.org/10.1002/ajmg.c.31439

Hardee, J. P., & Fetters, L. (2017). The effect of exercise interven-
tion on daily life activities and social participation in individ-
uals with Down syndrome: A systematic review. Research in 
Developmental Disabilities, 62, 81–103. https://doi.org/10.1016/j.
ridd.2017.01.011

Hilgenkamp, T. I. M., Wee, S. O., Schroeder, E. C., Baynard, T., & Fernhall, 
B. (2018). Peripheral blood flow regulation in response to sym-
pathetic stimulation in individuals with Down syndrome. Artery 
Research, 24, 16–21. https://doi.org/10.1016/j.artres.2018.10.001

Kent, L., Clinic, P., Evans, J., Registrar, S., Centre, O., & Oak, S. (1999). 
Comorbidity of autistic spectrum disorders in children with down 
Syndrome. Developmental Medicine and Child Neurology, 1000, 
153–158.

Love, A., & Agiovlasitis, S. (2016). How do adults with down syndrome 
perceive physical activity? Adapted Physical Activity Quarterly, 33(3), 
253–270. https://doi.org/10.1123/APAQ.2015-0042

Martin, J. J., & Choi, Y. S. (2009). Parents' physical activity-related 
perceptions of their children with disabilities. Disability and Health 
Journal, 2(1), 9–14. https://doi.org/10.1016/j.dhjo.2008.09.001

Mendonca, G. V., Borges, A., Wee, S. O., & Fernhall, B. (2018). Oxygen 
uptake efficiency slope during exercise in adults with Down syn-
drome. Journal of Applied Research in Intellectual Disabilities, 31(5), 
897–904. https://doi.org/10.1111/jar.12449

Menear, K. S. (2007). Parents' perceptions of health and physical activity 
needs of children with Down syndrome. Down's Syndrome, Research 
and Practice, 12(1), 60–68. https://doi.org/10.3104/repor ts.1996

Phillips, A. C., & Holland, A. J. (2011). Assessment of objectively mea-
sured physical activity levels in individuals with intellectual disabil-
ities with and without Down's syndrome. PLoS One, 6(12), 6–12. 
https://doi.org/10.1371/journ al.pone.0028618

Ptomey, L. T., Szabo, A. N., Willis, E. A., Gorczyca, A. M., Greene, J. L., 
Danon, J. C., & Donnelly, J. E. (2018). Changes in cognitive function 
after a 12-week exercise intervention in adults with Down syn-
drome. Disability and Health Journal, 11(3), 486–490. https://doi.
org/10.1016/j.dhjo.2018.02.003

Rubin, S. S., Rimmer, J. H., Chicoine, B., Braddock, D., & McGuire, 
D. E. (1998). Overweight prevalence in persons with Down 
syndrome. Mental Retardation, 36(3), 175–181. https://doi.
org/10.1352/0047-6765(1998)036<0175:OPIPW D>2.0.CO;2

Shields, N., Plant, S., Warren, C., Wollersheim, D., & Peiris, C. (2018). Do 
adults with Down syndrome do the same amount of physical activ-
ity as adults without disability? A proof of principle study. Journal 
of Applied Research in Intellectual Disabilities, 31(3), 459–465. https://
doi.org/10.1111/jar.12416

Sirard, J. R., Melanson, E. L., Li, L., & Freedson, P. S. (2000). Field evalua-
tion of the Computer Science and Applications, Inc. physical activity 
monitor. Medicine and Science in Sports and Exercise, 32(3), 695–700. 
https://doi.org/10.1097/00005 768-20000 3000-00022

Smith, D. S. (2001). Health care management of adults with Down syn-
drome. American Family Physician, 64(6), 1031–1038.

Troiano, R. P., Berrigan, D., Dodd, K. W., Mâsse, L. C., Tilert, T., & 
McDowell, M. (2008). Physical activity in the United States mea-
sured by accelerometer. Medicine and Science in Sports and Exercise, 
40(1), 181–188. https://doi.org/10.1249/mss.0b013 e3181 5a51b3

Trost, S. G., Ward, D. S., Moorehead, S. M., Watson, P. D., Riner, W., & 
Burke, J. R. (1998). Validity of the computer science and applications 
(CSA) activity monitor in children. Medicine and Science in Sports and 

https://orcid.org/0000-0001-8702-8636
https://orcid.org/0000-0001-8702-8636
https://orcid.org/0000-0002-4172-0288
https://orcid.org/0000-0002-4172-0288
https://doi.org/10.1016/j.jsams.2012.03.001
https://doi.org/10.1111/j.1365-2788.2011.01425.x
https://doi.org/10.1111/j.1365-2788.2011.01425.x
https://doi.org/10.1249/MSS.0b013e31817f19a1
https://doi.org/10.1111/jir.12550
https://doi.org/10.1007/s00198-017-4133-x
https://doi.org/10.1007/s00198-017-4133-x
https://www.cdc.gov/physicalactivity/downloads/trends-in-the-prevalence-of-physical-activity-508.pdf
https://www.cdc.gov/physicalactivity/downloads/trends-in-the-prevalence-of-physical-activity-508.pdf
https://www.cdc.gov/physicalactivity/downloads/trends-in-the-prevalence-of-physical-activity-508.pdf
https://doi.org/10.1038/gim.2016.127
https://doi.org/10.1352/1934-9556-50.2.109
https://doi.org/10.1352/1934-9556-50.2.109
https://doi.org/10.1097/JES.0b013e318292f408
https://doi.org/10.1002/ajmg.c.31439
https://doi.org/10.1016/j.ridd.2017.01.011
https://doi.org/10.1016/j.ridd.2017.01.011
https://doi.org/10.1016/j.artres.2018.10.001
https://doi.org/10.1123/APAQ.2015-0042
https://doi.org/10.1016/j.dhjo.2008.09.001
https://doi.org/10.1111/jar.12449
https://doi.org/10.3104/reports.1996
https://doi.org/10.1371/journal.pone.0028618
https://doi.org/10.1016/j.dhjo.2018.02.003
https://doi.org/10.1016/j.dhjo.2018.02.003
https://doi.org/10.1352/0047-6765(1998)036%3C0175:OPIPWD%3E2.0.CO;2
https://doi.org/10.1352/0047-6765(1998)036%3C0175:OPIPWD%3E2.0.CO;2
https://doi.org/10.1111/jar.12416
https://doi.org/10.1111/jar.12416
https://doi.org/10.1097/00005768-200003000-00022
https://doi.org/10.1249/mss.0b013e31815a51b3


8  |    
Published for the British Institute of Learning Disabilities  

ORESKOVIC Et al.

Exercise, 30(4), 629–633. https://doi.org/10.1097/00005 768-19980 
4000-00023

U.S. Department of Health and Human Services. (2018). Physical Activity 
Guidelines for Americans, 2nd edition. Retrieved from https://health.
gov/pagui delin es/secon d-editi on/pdf/Physi cal_Activ ity_Guide 
lines_2nd_editi on.pdf

Ward, D. S., Evenson, K. R., Vaughn, A., Rodgers, A. B., & Troiano, R. 
P. (2005). Accelerometer Use in Physical Activity: Best Practices 
and Research Recommendations. Medicine & Science in Sports & 
Exercise, 37(11), S582–S588. https://doi.org/10.1249/01.mss.00001 
85292.71933.91

World Health Organization (2019). WHO Global Strategy on Diet, Physical 
Activity and Health. Retrieved from Physical Activity and Adults web-
site: https://www.who.int/dietp hysic alact ivity /facts heet_adult s/en/

How to cite this article: Oreskovic NM, Cottrell C, Torres A, 
et al. Physical activity patterns in adults with Down 
Syndrome. J Appl Res Intellect Disabil. 2020;00:1–8. https://
doi.org/10.1111/jar.12773

https://doi.org/10.1097/00005768-199804000-00023
https://doi.org/10.1097/00005768-199804000-00023
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://health.gov/paguidelines/second-edition/pdf/Physical_Activity_Guidelines_2nd_edition.pdf
https://doi.org/10.1249/01.mss.0000185292.71933.91
https://doi.org/10.1249/01.mss.0000185292.71933.91
https://www.who.int/dietphysicalactivity/factsheet_adults/en/
https://doi.org/10.1111/jar.12773
https://doi.org/10.1111/jar.12773

