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Abstract

Background Exercise has the potential to reduce
cognitive decline in people with Down syndrome by
maximising their cognitive function. The aim of the
study was to determine the effect of regular exercise
on cognitive functioning in young people with Down
syndrome.

Method People with Down syndrome were eligible if
aged between 13 and 35 years and enrolled to
participate in an exercise programme (called
FitSkills). The intervention was a 12-week
community-based exercise programme completed
with a student mentor. Outcomes were assessed
before (week 0) and immediately after (week 13) the
intervention. Executive functioning (planning,
response inhibition, attention shifting) was assessed
using Tower of London, Sustained Attention to
Response Task, CANTAB Intra-extra Dimensional
Set Shift Test, Cognitive Scale for Down Syndrome,
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and Behaviour Rating Inventory of Executive Func-
tion (BRIEF). Working memory was assessed using
the CANTAB Paired Associates Learning task, and
information processing speed was assessed using the
Motor Screening Task. Outcomes were analysed
using ANCOVA with the baseline measure as the
covariate.

Results Twenty participants (9 women; mean age
23.6 * 6.6 years) enrolled. Between-group
differences, in favour of the experimental group, were
found for the global executive composite score of the
BRIEF (mean difference —4.77 units, 95% CI —9.30
to —0.25). There were no between group differences
for any other outcome measured.

Conclusion Participation in a 12-week exercise
programme was effective in improving everyday
executive functions in young people with Down
syndrome. These preliminary findings need to be
confirmed in future randomised controlled trials of
community-based exercise with larger sample sizes.

Keywords community, executive function,
intellectual disability, peer mentor, physical activity,
working memory
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Background

Early cognitive decline is a major problem for 5.8
million people with Down syndrome living worldwide
(Ballard et al. 2016). Up to 80% of adults with Down
syndrome experience cognitive decline and at a much
younger age than the general population. Specifically,
adults with Down syndrome are affected by cognitive
deficits (Basten ez al. 2018) including language skills,
processing speed, attention, visuospatial abilities, and
reduced abilities in executive functions (Tungate &
Conners 2021). Executive functions are top-down
mental processes that enable an individual to
concentrate when presented with novel, distracting,
or conflicting task demands, and when automatic or
instinctual processes would be insufficient
(Diamond 2013). These include the ability to
deliberately suppress automatic responses and
override internal or external distractions
(‘inhibition’), to shift between tasks (‘shifting’), and
to track incoming information to determine what is
new or relevant to a task (‘working memory’).
Although executive functions are commonly divided
into these three subdomains, this set of abilities form
the basis for higher-order cognitive processes such as
planning, which is an area of specific weakness for
individuals with Down syndrome (Lee et al. 2015).
These deficits can impact everyday living by reducing
daily activity performance, limiting opportunities to
participate in the community, and make people with
Down syndrome more dependent on others.
Improved life expectancy means an increasing
number of people with Down syndrome are at risk of
cognitive decline. This poses a challenge for services
who support people with Down syndrome. There is
no cure for cognitive decline, and it is unclear if drug
therapies help (Livingstone er al. 2015). A Lancet
commission on dementia (Livingston ez al. 2020)
called for public health programmes and tailored
interventions to increase physical activity, particularly
for groups at high risk of cognitive decline. This is
based on research indicating getting people to change
their lifestyle early in life, such as exercising more,
could prevent or delay up to 40% of dementias in the
general population, even in those with genetic risk
(Lourida er al. 2019). Cross-sectional and
longitudinal studies show people with Down
syndrome who exercise have better executive
functioning and memory than those who do not

exercise (Fleming er al. 2021; Pape er al. 2021). Young
adulthood is when the brain reaches peak health and
is an ideal time to maximise cognitive function. The
transition from adolescence to young adulthood is a
crucial period for shaping long-term physical activity
behaviours because it coincides with a time of natural
decline in physical activity (Shields er al. 2009) and
reduced access to formal services that support
participation.

Exercise interventions have the potential to
improve executive functioning in people with Down
syndrome. Preliminary trials, with small sample sizes,
have reported mixed effects of exercising at home or
in laboratory settings on executive function in those
with Down syndrome. Two small trials (Ptomey
et al. 2018; Perrot et al. 2021) (n = 12 and 27) reported
no effect on executive function after 12 weeks of
exercise in either younger (mean age 28 years) or
older adults (mean age 50 years) with Down
syndrome. However, a third trial (mean age 19 years)
(Ringenbach er al. 2016) (n = 33) reported 8 weeks of
assisted cycling, where a mechanical motor turned the
pedals of a stationary bicycle at a cadence 80% faster
than self-selected speed, resulted in improved
planning (Holzapfel ez al. 2016), inhibition
(Ringenbach ez al. 2016), working memory (Holzapfel
et al. 2016) and reaction time (Ringenbach
et al. 2016), but not short-term memory (Holzapfel
et al. 2016) compared with voluntary cycling at a
self-selected speed. Having Down syndrome and
difficulties with executive functions can make it
harder to exercise. People with Down syndrome
typically do not participate in recommended levels of
exercise (Phillips & Holland 2011) due to
physiological, environmental, social, and attitudinal
barriers related to their disability (Mahy ez al. 2010;
Barr & Shields 2011), including the need for social
support (Mahy ez al. 2010). These barriers, however,
can be successfully navigated in community gym
settings using a mentor model of exercise (Shields &
Taylor 2010, Shields er al. 2013, Shields &

Taylor 2015, Shields er al. 2022).

A limitation of previous studies is the exercise
programmes tested are not readily available in the
community and require specialist equipment or
specialist supervision. Further, previous studies have
investigated the effect of performance-based measures
as executive function outcomes, so it is unknown if
there is an effect on everyday executive functioning.

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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This is important as direct performance-based
assessments may not be representative of the
multidimensional nature of real-world impairments in
executive functions in people with Down syndrome.
Given the importance of executive functions for
everyday life, the beneficial effects of
community-based exercise as an intervention to
maximise executive function warrants further
investigation. Therefore, this study aimed to
determine the effect of exercise in a community
setting with a non-specialist support person on direct
and informant reports of executive functioning in
young adults with Down syndrome.

Methods
Research design

We completed a non-randomised controlled trial
using a convenience sample. Ethics approval was
obtained from the LLa Trobe University Human Ethics
committee. Written informed consent was sought
from the next of kin (parent or guardian) of
adolescents with Down syndrome aged 13 to 17 years.
To respect the developing capacity of these young
people to be involved in decisions about their
participation, they were involved in discussions about
the study, were provided with an information sheet
written in easy to read language, and were invited to
give written consent to take part based on their
parents’ recommendation. Young adults with Down
syndrome aged 18 to 35 years provided their own
written informed consent if they usually provided
their own consent (e.g. if they are their own legal
guardian). For those young adults with Down
syndrome who did not usually provide their own
consent, their legal guardian (usually their parent)
provided written informed consent.

Participants

Adolescents and young adults with Down syndrome
were eligible if they (1) were aged 13 to 35 years; (2)
expressed interest in taking part in either a clinical
trial of community-based exercise for young people
with disability (ACTRN12617000766314) or a fee-for
service exercise programme called FitSkills during
2018 or were a member of a research database
(custodian is DH); and (3) were able to follow simple
verbal instructions in English indicating they would

understand what was required during cognitive
function testing. The intervention group comprised
participants who completed an exercise programme
as part of the clinical trial or the FitSkills programme
during 2018. The control group comprised all other
participants who expressed interest.

Exclusion criteria were: (1) having participated in a
structured exercise program within 3 months prior to
enrolment; (2) having an acute or concurrent medical
condition rendering them unfit to exercise (e.g. a
severe cardiac condition); (3) having a substantial
behavioural problem that would impact community
exercise participation or interfere with performance
on cognitive tests; or (4) showing any six of the items
identified in the National Task Group Early
Detection Screen for Dementia.

Intellectual ability measures at baseline

At baseline, participants completed the Kaufman
Brief Intelligence Test (2nd Edition, KBIT-2), a
measure of verbal and nonverbal intelligence
(Kaufman & Kaufman 2004). The KBIT-2 comprises
three subsets, two which assess verbal IQ (Verbal
Knowledge and Riddles) and one which assess
non-verbal IQ (Matrices). Each subset was started at
item 1 and stopped after four consecutive incorrect
answers. The KBIT-2 provides raw scores for each
subset which are converted into age-based standard
scores (M = 100, SD = 15). As floor effects for IQ
scores were expected, raw scores were used as the
main measure of general cognitive ability. The subset
standard scores combine to give a composite standard
score (IQ Composite), with higher IQ Composite
scores indicative of greater IQ, and scores below 70
on the lower extreme end of IQ levels. The KBIT-2
has demonstrated strong reliability with split-half
reliability coefficients ranging from .80 to .95, and
high correlations with the Weschler Intelligence
Scales for Children (Canivez 1995).

Adaprive functioning at baseline

The Vineland Adaptive Behaviour Scales, Second
Edition — Vineland-II (parent survey) (Sparrow

et al. 2005) was completed at baseline to measure
adaptive functioning. This measure contains 11
subdomains, grouped into four domain composites
(Communication, Daily Living Skills, Socialisation,
Motor Skills). Domains combine to form the

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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Adaptive Behaviour Composite. Subdomain raw
scores were converted into standard scores (M = 100,
SD = 15) based on chronological age. Lower domain
scores are reflective of greater maladaptive behaviour,
with scores two standard deviations below normative
mean (score of 69) indicative of overall lower-level
adaptive functioning. These scales demonstrate
excellent internal consistency (0.97 to 0.99),
test—retest reliability (0.95 to 0.99) and inter-rater
reliability (0.93 to 0.99) (Sparrow & Cicchetti 1989).

Intervention

Participants in the experimental group completed a
12-week exercise programme. Each participant was
matched with a student mentor from their
community, who provided social support, and the
pair exercised together, one-to-one at their local gym.
Both the participant with Down syndrome and their
mentor exercised. Each exercise session ran for an
hour, twice a week for 12 weeks. The programme was
individually tailored and included aerobic training
(e.g. running, cycling); resistance training (e.g.
pin-loaded weight machines); and other exercises
focused on core strengthening and balance.
Programmes were prescribed by a physiotherapist or
exercise physiologist according to international best
practice guidelines. The mentors supported the
participants to document their programmes in an
exercise diary including details of any injuries or
problems (adverse events) and any missed sessions.
The feasibility of this type of programme for young
people with disability has been documented elsewhere
(Shields er al. 2019, Shields ez al. 2022).

Mentors were volunteers enrolled in a
health-related degree (any discipline or year level)
from two universities in Melbourne, Australia. They
completed police and government mandated child
safety checks and were not expected to have
pre-existing knowledge of exercise or Down syn-
drome. Students were invited to become mentors
through advertising flyers and information sessions at
the beginning of lectures and tutorials. They were
matched with a participant with Down syndrome
based on location and in some instances gender. As it
was not a prerequisite for mentors to have experience
of disability, all students completed a 3-hour training
programme comprising knowledge (e.g. motivational
strategies) and practical elements (e.g. orientation to

gym equipment). Mentors maintained contact every 2
to 3 weeks with a member of the research team to
check the exercise programme was proceeding as
planned, and to help address any issues.

Participants in the control group continued with
their usual activities for 12 weeks and were then
invited to complete a 12-week exercise programme
after a follow-up assessment.

Outcomes measures

Outcomes measures designed for people with
intellectual disability were selected. The outcomes
were assessed before (Week 0) and immediately after
(Week 13) the 12-week exercise programme by an
assessor who was not blind to group allocation but
who had no involvement in the intervention.
Assessment order was counterbalanced across
participants to reduce the likelihood of learning or
habituation effects. Demographic data were also
collected (Table 1).

Executive functioning

Everyday cognitive function was assessed using the
Cognitive Scale for Down syndrome (Startin
et al. 2016). This informant-rated questionnaire
assesses everyday abilities relating to executive
function, memory and language, regardless of
cognitive ability. The scale comprises 61 questions
pertaining to executive function (36 questions),
memory (16 questions), and language (9 questions).
Each question is answered on a 3-point Likert scale
(never/rarely true, sometimes true, and often/always
true) which are scored from o to 2 resulting in a
possible score range from o to 122, with higher scores
indicating better cognitive function. For this study,
only the executive function scores were analysed and
reported. This questionnaire is a valid measure of
everyday cognitive function with change in scores
correlating with other informant measures of adaptive
abilities and symptoms associated with dementia in
adults with Down syndrome (Startin ez al. 2019).
Everyday executive functioning behaviour was also
assessed using the Behaviour Rating Inventory of
Executive Function (informant report form). The
adult version (BRIEF-A; 75 items) was used for
participants aged 18—35 years and the child version
(BRIEF-C; 85 items) for participants aged 13—17 years
(Gioia et al. 2000). The BRIEF-A comprises nine

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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Table | Participant characteristics (z = 20)

Characteristic

Exp (n=9) Con(n=11) Comparison
Age (year) mean (SD) 214 (7.1) 25.3 (5.9) tys = 1.323, P =0.203
Age range (year) 13 to 32 14 to 35
Gender, female 3 6
Type of DS, n
Trisomy 21, n 7 10
Translocation, n | |
Mosaic, n | 0
Intellectual ability (K-BIT2)
1Q standard score (SD) 52.7 (15.7) 49.0 (7.1) tag) = —0.693, P = 0.497
1Q standard score (min, max) 40 to 91 40 to 61
Mild, n 6 9
Moderate, n 3 2
Verbal mental age, mean (SD) 8.0 (3.3) 74 (2.2)
Verbal mental age, (min to max) 5to |6 4to Il
Non-verbal mental age, mean (SD) 58 (3.2) 52 (1.2)
Non-verbal mental age, (min to max) 4t 14 4t 8
Adaptive Functioning (Vineland Adaptive Behaviour Scales-Il)
Adaptive Behaviour Composite, mean (SD) 71.0 (14.5) 55.7 (16.6) taey = —1.951, P = 0.069
Communication Domain, mean (SD) 62.2 (24.3) 52.7 (24.8) t7) = —.825, P = 0.421
Daily Living Skills Domain, mean (SD) 75.7 (13.4) 61.4(16.24) taz) =917, P = 0.059
Socialisation Domain, mean (SD) 80.6 (14.0) 61.7 (19.0) ta7) = —2.403, P = 0.029
Motor Skills Domain, mean (SD) 88.3 (16.4) 74.7 (18.1) ta7y = —1.677,P=0.113
Vocational status
Attending school/education, n 4 5
Working at least some of the time, n 2 4
Day programme, n 3 2
Living arrangements
Lives with parents, n 8 10
Lives in group accommodation, n | 0
Lives alone, n 0 |
Health conditions
None documented, n 0 4
Heart defect, n 4 |
Musculoskeletal problems, n 3 4
Hypothyroid, n 3 0
Sleep apnoea, n 2 |
Gastrointestinal conditions, n 2 |
Vision or hearing impairment, n 3 |

Exp, experimental group; Con, control group; SD, standard deviation; n, number.

scales combined to form two indexes (Behaviour with scores above 65 being clinically relevant.
Regulation Index, Metacognition Index), that Psychometric properties for both questionnaires show
produce a T score (with M = 50, SD = 10) based on  high internal consistency (.80 to .98), and high
chronological age, and an overall score representing test-retest reliability ranging (.91 to .94) (Gioia

the global executive composite. The BRIEF-C et al. 2002; Roth & Gioia 2005).

comprises eight subscales, that produce equivalent Higher order planning was assessed using the
indices, T score and overall score. Higher scores Tower of London DX, Second Edition (Culbertson
indicate greater degrees of executive dysfunction, & Zillmer 1998) and validated for use in child and

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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adult populations with developmental and acquired
disorders, including intellectual disability. The test
comprises two wooden peg boards (one each for
participant and assessor) with three vertical pegs of
differing length and three beads (one red, green, and
blue). Participants were asked to recreate the dem-
onstrated configuration of beads on the peg board.
Ten problems are completed in a minimum of two to
four moves. A move involves taking a bead off a peg
and placing it on another. The number of problems
solved with the minimum number of moves
specified is scored. Higher scores are indicative of the
number of configurations the participant completed
within the minimum move and maximum time
allocation. We measured total correct score (how
many problems completed in minimum number of
moves) where a higher score is better, total move
score (sum of all moves across all 10 problems) where
a lower score is better, total initiation time (time
between examiner saying ‘go’ and participant making
first move in milliseconds) where a higher score is
indicative of greater planning, total execution time
(time between first move and last move in millisec-
onds, where a lower score is better) and total time
(total initiation time plus total execution time in
milliseconds, where a lower score is better). This
version is a valid measure with strong correlations
with related neuropsychological measures, and good
internal consistency (o = .75) (Garcia-Alba
et al. 2017).

Response inhibition was assessed using the
Sustained Attention to Response Task (Robertson
et al. 1997). Participants were asked to respond to
non-target digits (e.g. numbers 0—2 and 4—9) and
withhold their response to a target digit (e.g. number
3). The continual response required on the non-target
digits formed an automatic response that was then
inhibited for the target digit. The outcome measure
was total taps on wrong number, with lower scores
indicative of better inhibitory control. This task is a
valid measure with significant correlations with
self-reported attention-related errors in everyday life
(Smilek ez al. 2010).

Attention shifting was assessed using the CANTAB
Intra-Extra Dimensional Set Shift test (Edgin
et al. 2010). This non-verbal test is administered using
an iPad providing immediate feedback and less
reliance on verbal comprehension. Instructions were
given via an automated voice and were designed

specifically for people with intellectual disability.
Participants were required to learn rules about which
was the ‘correct’ of two presented patterns by
listening to audio feedback, which indicated whether
their previous choice was ‘correct’ or ‘incorrect’.
Participants were required to use this feedback to
determine their next choice. Once a rule was
established (6 consecutive ‘correct’ answers)

the rule changed and participants had to discover
the new rule. If a particular stage was not complete
(the rule was not learnt) in a maximum of 5o trials,
the task was terminated. The two scores were (i)
number of stages completed (measure of set-shifting
where a higher score is better) and (ii) total time
adjusted for the number of stage 1 errors (rule
learning measured as the number of trials completed
on all attempted stages with an adjustment for any
stages not reached, where a lower score is better). The
completion of stages 8—9 required an
intra-dimensional shift (stage 1 only required rule
learning). This task has acceptable test—retest
reliability of .70 for total errors to extra-dimensional
shift (Lowe & Rabbitt 1998).

Working memory

Working memory was assessed using the CANTAB
Paired Associates Learning task (Edgin ez al. 2010)
which measures visuospatial memory. After an
instructional script was read by the researcher,
participants were asked to remember the location of
an increasing number of patterns in progressive
stages, hidden behind boxes displayed on an iPad
tablet. After the contents of each box was revealed,
patterns were presented one at a time and participants
were required to indicate in which box they saw each
pattern by tapping on the corresponding box. If a
stage was not completed in a maximum of 10
attempts, the test was concluded. The main scores
were (1) first trial memory score, which is the number
of pattern locations correctly remembered on the first
attempt for each stage and (2) number of patterns
reached which measured the number of patterns
presented on the last stage completed. Higher scores
are indicative of greater visual working memory and
new learning. This measure has good test-retest
reliability quotient of .86 for average number of trials
to success (Lowe & Rabbitt 1998).

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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Processing speed

Information processing speed (reaction time) was
assessed using the CANTAB Motor Screening Task
(Edgin, Mason et al. 2010). An instructional script
was read aloud, and crosses were presented in
different locations on an iPad screen one at a time.
Participants were required to tap the cross on the
screen as quickly and accurately as possible. The
score was the mean time between the display of the
cross on the screen until the participant was able to
tap on the cross, where a lower score indicated better
reaction time.

Data analysis

As this was a pilot study, using a convenience sample,
we did not complete a sample size calculation a priori.
We included as many participants as were willing to
take part.

Statistical analyses were performed using R version
3.6.1 (R Core Team 2013) and significance was
assessed using an alpha level of .05. To ensure
groups were equivalent on potential confounders,
t-tests and the Wilcoxon signed rank tests compared
groups for chronological age and mental age (derived
from the KBIT-2). Analysis of covariance
(ANCOVA) was used to examine differences in
post-intervention (week 13) scores on the outcome
measures of executive function between groups
controlling for baseline (week o) scores (Vickers &
Altman 2001; Vickers 2005). As ANCOVA is a linear
regression analysis with two independent variables
(baseline
and group), the sample size for this study meets
what is often regarded as minimum recommended
size of 10 observations per independent variable
(Harrell 2001). Data were checked to ensure there
was no violation of the assumptions of linearity and
homogeneity of regression slopes (Pallant 2020).
Quantile-Quantile (Q-Q) plots of the residuals
were also checked for violations of normality.

While no obvious model violations were present in
any plots, one or two outliers were observed for a
small number of outcomes. As an extra precaution
against outliers, robust regression analyses using
M-estimators (Huber 2011) from the MASS
package (Venables & Ripley 2013) were conducted,
with no notable changes that affected the conclusions.
Where more than §% of data were missing, a

multiple imputation process was also used as a
sensitivity analysis for the difference between
groups (Table 3). Multiple imputation was
carried out using multivariate imputation by
chained equations via the mice package (Buuren
& Groothuis-Oudshoorn 2010) and 100
imputations.

The mean difference within each group and
between groups and the associated 95% confidence
intervals were calculated. Effect size as omega
squared (w?), which are bias corrected eta squared
values, were also calculated for each dependent
variable. These values can be interpreted as follows:
values of 0.01 represent small effects; values of 0.06
represent medium-sized effects; values of 0.14
represent large effects. Negative values of ®” may
result due to bias correction. While truncation to zero
is possible when reporting bias-corrected effect size
estimates, this is not recommended due to bias and
lack of transparency (Okada 2017).

Results
Participants

Twenty participants (mean age 23.6 years, SD

6.6 years) were recruited (Figure 1 and Table 1). At
baseline, there were no differences between groups
for chronological age or intelligence quotient as
measured by the KBIT-2 (Table 1). Analysis of
baseline adaptive functioning scores showed no
differences between the groups for adaptive behaviour
composite scores or for three of the four domain
composite scores. There was a difference between
groups at baseline for the socialisation domain score
indicating the experimental group had slightly lower
adaptive functioning than the control group, for this
domain.

Compliance with the trial method

Participants in the experimental group attended
177 of 192 scheduled exercise sessions (attendance
rate 92%, SD 12%). Reasons for missed sessions
were holidays (z = 4), death in family (z = 4),
student exams or placement (z = 6), or illness

(n = 1). No major adverse events were reported.
Reasons for missing outcome data are outlined in
Table 2.

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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[ Enrolment ] Sent information about the study (n= 68)

Expressions of interest (n= 29)

Excluded (n= 4)
Out of area (n=1)

Declined to participate (n= 3)

Completed baseline assessment (n= 25)

Allocated to intervention (n= 10)
+ Received allocated intervention (n= 9)
+ Withdrew prior to commencing intervention

Allocated to control group (n= 15)

[ Follow-Up ]

Completed follow-up (n= 9)

Completed follow-up (n= 11)
Lost to follow-up (n= 4)
Scheduling error meant assessment was
missed (n=1)
Withdrew from study (n=3)

[ Analysis ]

Analysed (n=9)

Figure 1. Flow of participants through the trial

Executive functioning

There was a significant between-group difference in
favour of the experimental group for the Global
Executive Composite score (mean difference

—4.77 units, 95% CI —9.30 to —0.25) of the BRIEF.

Analysed (n= 11)

There were no differences between the groups for
either of the two indexes (Behaviour Regulation
Index, Metacognition Index).

There were no differences between the groups for
everyday executive function as measured by the
Cognitive Scale for Down syndrome or for any of the

© 2022 The Authors. Journal of Intellectual Disability Research published by MENCAP and International Association of the
Scientific Study of Intellectual and Developmental Disabilities and John Wiley & Sons Ltd.
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Table 2 Number of participants (out of 20) with missing data at baseline and follow-up

Measure Baseline Follow-up Reasons

Cognitive Scale for Down syndrome | 2 Questionnaire not returned (3)
Behaviour Rating Inventory of Executive Function | 2 Questionnaire not returned (3)
Tower of London 3 | Fatigue (3); test not available (1)
Sustained Attention to Response Task 0 | Fatigue (1)

Intra-extra dimensional set shift test (from CANTAB) | 2 iPad malfunction (2); refused (1)
Paired Associates Learning (from CANTAB) | 3 iPad malfunction (2)

CANTAB, Cambridge Neuropsychological Test Automated Battery.

planning, inhibitory control, or attention shifting
assessments (Table 3).

Working memory

There were no between group differences at follow-up
for working memory (Table 3).

Processing speed

There were no between group differences at follow-up
for reaction time (Table 3).

Discussion

Our findings showed a community-based exercise
programme was effective in improving everyday
executive functioning behaviours (informant
reported) of young people with Down syndrome. We
found those who exercised, twice a week for 12 weeks,
improved their daily executive functioning. This
novel finding is important because the exercise
programme was completed in a mainstream
community venue with non-specialist social support.
However, no corresponding improvement was found
on any other informant or performance-based
measures of executive function across the two
timepoints. Also, our findings were not in line with
previous studies that reported positive effects of
exercise on performance-based measures of executive
function in young adults with Down syndrome
(Holzapfel er al. 2015; Holzapfel er al. 2016;
Ringenbach ez al. 2016; Ptomey et al. 2018) using
similar outcome measures. Together these results
provide preliminary evidence that regular
community-based exercise can have a positive effect

on real-world executive functioning in Down
syndrome.

Our results suggest commonly used informant
rating scales of everyday executive functioning
behaviour (BRIEF-C and BRIEF-A) were sensitive to
improvements in cognitive abilities following exercise.
These scales assess specific executive function
behaviours presenting as a problem over the previous
4 weeks. In contrast, there were no improvements on
a newly developed informant scale of everyday
abilities related to executive function, memory and
language, specific to adults with Down syndrome
(Cognitive Scale for Down Syndrome). However, the
latter scale was developed to capture cognitive decline
over a longer time period (18 to 24 months) (Startin
et al. 2019). Thus, it is possible this scale lacks
sensitivity to short-term changes in executive
functioning in response to an intervention among
younger people with Down syndrome who would be
less likely to experience cognitive decline. However, it
is also possible our study was underpowered to detect
a change in informant reported scores on the
Cognitive Scale for Down Syndrome given our data
suggested a large effect size (0> = 0.6, 95% Cl 0.22 to
0.79) for this outcome.

In contrast to previous studies using similar
performance-based measures of executive functioning
in response to moderate physical activity (Holzapfel
et al. 2016; Ringenbach et al. 2016; Ptomey
et al. 2018), we did not observe positive changes on
neuropsychological measures of executive function in
young people with Down syndrome. The reasons for
this are unclear. Ptomey ez al. (2018) reported a
between-group difference for visuospatial memory
(CANTAB paired associates test) that approached
significance for an exercise programme of similar
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duration to the current study (12 weeks) but led by a
specialist educator to groups of five to eight
participants randomised to receive either one or two
30-min exercise sessions per week. Similarly, a
non-randomised trial, also in young adults with
Down syndrome, with a similar training volume (24
cycling sessions over 8 weeks) found between-group
differences in favour of assisted cycling, for working
memory and reaction time, and between-group
differences, in favour of voluntary cycling, in
set-shifting and fluency, compared with a control
group (Ringenbach, Holzapfel ez al. 2016). It is
possible differences in exercise type, exercise intensity
and exercise progression may provide an explanation
for these discrepancies. This is supported by studies
that indicate a possible dose—response in facilitating
improvements in executive functioning in adults with
Down syndrome in response to exercise (Chen

et al. 2015, Ptomey ez al. 2018).

An important difference between this study and
previous studies is the inclusion of informant reports
of everyday executive function. The discrepancy
between informant report and direct assessments of
executive function might reflect a lack of overlap in
cognitive processes required in structured laboratory
environments versus everyday life. Given
performance-based assessments tap into individual
components of executive function over a short time
period, these single component tests may not be
sensitive to more complex, integrated processes often
demanded in real-world situations (Gioia &

Isquith 2004). Thus, we suggest the current findings
of an improvement in only informant reports of
executive function after exercise is suggestive of
changes in behaviour across multiple settings in
everyday life.

Another difference in the current study is the use of
a student mentor to provide the social support
necessary to facilitate exercise participation for young
people with Down syndrome. It assists with
motivation, ensures participants exercise at the
correct intensity and provides an opportunity for
social interaction. In this study, therefore, the
intervention had two components — exercise and
social support. The improvement in everyday
executive functioning could potentially be driven by
either component. This might particularly be the case
among young adults with Down syndrome who may
be at higher risk of social isolation (van Asselt-Goverts

et al. 2015), and often have smaller social networks
compared with their peers without disability. Hence,
the social support component might have increased
psychological wellbeing (Shields ez al. 2019) and
facilitated additional social interactions that lead to
improvements in everyday executive functioning.
Therefore, future studies need to be designed so they
control for the social aspect of exercise interventions
to determine the extent to which cognitive changes
are the result of a socially motivating community
environment versus positive effects attributed to
exercise only.

There are some study limitations that merit
consideration. First, participants were not
randomised and neither participants nor assessors
were blind to group allocation and therefore potential
bias in informant reports of executive function cannot
be ruled out. Second, the small sample size may have
reduced power to detect changes in
performance-based measures of executive function.
Third, there was no follow-up as to whether the
effects were maintained after the intervention ceased
and whether there were any longer-term outcomes
from engaging in exercise. Fourth, the study design
was unable to determine the optimal dosage of
exercise to attain improvement in executive function.
A future randomised controlled trial should examine
the potential for a dose-response relationship.

In summary, this study provides preliminary
evidence a student-mentored, community-based
exercise programme is effective in improving everyday
executive functions of young people with Down
syndrome. However, a positive effect of exercise on
performance-based measures of executive function
was not found. Given cognitive improvements were
seen in ecologically valid informant ratings, these
findings highlight the importance of
community-based programmes in improving real
world functioning and accessibility to exercise
programmes without the need to attend specialist
clinics. This research paves the way for future trials
with larger sample sizes to determine the effectiveness
of exercise programmes in improving cognitive
function.
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