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ARTICLE INFO ABSTRACT

Keywords: Objective: and Rationale: Obesity is a health challenge for adults with Down syndrome. Therefore,
Down syndrome a physical activity promotion program is required to prevent or reduce obesity in adults with this
BMI

condition. However, there is a lack of evidence of useful risk reduction initiatives. The objective
of this study was to suggest a rationale for behaviors that should replace time of inactivity to
reduce obesity in Japanese adults with Down syndrome.

Methods: The participants were adults with Down syndrome, aged 18-48 years, living in Japan.
The snowball sampling method was used. To detect an effect size of 0.20 for body mass index
using an F-test, 80 participants were required, generating a statistical power of 0.8 and a risk level
of 0.05. Survey items included sex, age, height, weight, body mass index, and physical activity
(min/d). Physical activity was categorized by intensity and further divided into ambulatory and
non-ambulatory activities. The body mass index categories were compared using analysis of
covariance. An isotemporal substitution model was used to confirm the interdependence of
behaviors.

Results: Half of the participants were obese, with a body mass index of 25 kg/m? or higher. The
obese group had significantly fewer light physical activity, moderate-to-vigorous physical activ-
ity, and ambulatory moderate-to-vigorous physical activity times than the non-obese group.
Replacing 10 min of sedentary behavior with ambulatory moderate-to-vigorous physical activity
was significantly associated with a lower body mass index.

Conclusions: This study suggests a rationale for behaviors that should replace time of inactivity to
reduce obesity in adults with Down syndrome. Specifically, replacing 10 min of sedentary
behavior with ambulatory moderate-to-vigorous physical activity time may contribute to obesity
reduction.

Physical activity
Sedentary behavior
Isotemporal substitution model
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Adults with Down syndrome living in Japan: n = 101

A4

Not collected: n =2

Returned: n = 99
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> Declined: n=1

A4

Not measured: n = 3

Insufficient number of measurement

A4

days (less than 3 on weekdays and 1

on day of the weekend)2: n =5

Participants analyzed: n = 88

(41 men, 47 women)

Fig. 1. Participant inclusion criteria flow diagram.
We accepted days in which more than 600 min (10 h) of wear time had accrued.

1. Introduction

Down syndrome is a congenital disorder caused by trisomy 21. It is characterized by short stature, hypotonia, and mild intellectual
disabilities [1,2]. Obesity is a health challenge in children and adults with Down syndrome [3-5]. Moreover, as the life expectancy of
individuals with Down has increased [6-8], efforts to prevent obesity at an early age have become increasingly important [9-11].

Promoting physical activity (PA) is important in reducing obesity. According to the WHO guidelines on PA and sedentary behavior
[12], adults living with disabilities should engage in at least 150-300 min/week (21-43 min/d) of moderate physical activity (MPA), at
least 75-150 min/week (11-21 min/d) of vigorous physical activity (VPA), or an equivalent combination of moderate-to-vigorous
physical activity (MVPA) for substantial health benefits. However, studies quantitatively assessing PA in adults with Down syn-
drome are limited [13-15]. In some studies, adults with Down syndrome do not meet the guideline recommendations [13,14], and
obesity in adults with Down syndrome is associated with light physical activity (LPA) [14].

Programs promoting PA aimed at reducing obesity in adolescence and adulthood are needed to promote lifelong health. However,
there is a lack of evidence for such useful initiatives.

Previous studies reporting the association between the duration of PA or inactivity and health point to the need to consider the
interdependence of behaviors [16,17]. The day is finite (24 h) and performing one behavior (e.g., exercise) requires a reduction in
another behavioral time (e.g., sedentary behavior). Recent studies in adults employing a statistical method called the isotemporal
substitution (IS) model to test for interdependence suggest that substitution of sedentary behavior (SB) with PA is effective for body
composition and coronary artery disease risk factors such as body mass index (BMI) [18-21]. Previous studies in Japanese adults have
also suggested that replacing 30 min of SB with MVPA is associated with improved mental health in office workers [22]. Thus, showing
that replacing SB with physical activities reduces obesity in Japanese adults with Down syndrome can help provide a PA program plan
for health promotion.

We hypothesized that adults with Down syndrome are more likely to be obese, that their obesity is associated with more SB time or
less MVPA time, and that replacing SB time with more active time may reduce obesity.

The objective of this study was to suggest a rationale for behaviors that should replace time of inactivity to reduce obesity in
Japanese adults with Down syndrome. Specifically, this study will identify obesity among Japanese adults with Down syndrome,
identify differences in activity time by PA intensity between the obese and non-obese groups, and identify the interdependence of BMI
replacing sitting time and other PA intensity times. The interdependence of BMI on sedentary time and other PA intensity times.
Furthermore, these results can be used to plan PA promotion programs to reduce obesity in adults with Down syndrome.



E. Yamanaka et al. Heliyon 10 (2024) 29294
2. Materials and methods
2.1. Research design
The research design is a cross-sectional study.
2.2. Participants and research procedures

The participants consisted of 101 adults with Down syndrome (aged 18-48 years) living in Japan who belong to the Japanese Down
Syndrome Society [23]. Of these, 88 participants (41 men and 47 women) were included in the analysis, excluding two whose data had
not been returned, two who were not age-eligible, one who had requested to withdraw from the study, three who had faulty equip-
ment, and five who had an insufficient number of days. A flowchart of the participants is shown in Fig. 1.

The survey period was set to run from September 2021 to December 2022, and the sampling method was snowball sampling. The
survey was conducted in cooperation with the Japanese Down Syndrome Society [23], which is organized by individuals with Down
syndrome living in Japan and their families. Because it is a voluntary organization, not all individuals with Down syndrome living in
Japan are registered. There are 50 chapters throughout Japan, and members belong to the chapter in their area of residence.

The recruitment process was initially via telephone or email from the branch heads of prefectural chapters of the Japanese Down
Syndrome Society. Additionally, branch managers who expressed interest in the research were briefed on the survey via the web and
telephone and branch managers recruited other branch members to participate in the survey. Two researchers visited and held in-
formation sessions in the three regions with the highest numbers (TY, NR, and NG). Parents (i.e., family members) and participants
attended the information sessions. Measurement kits (e.g., study instructions, consent form, activity meter, cloth cover, belt, safety pin,
activity recording form, and return envelope) were distributed to participants. The purpose of the study and measurement methods
were explained, informed consent was obtained, and participant and parental consent forms were also obtained. If the participant was
unable to complete the consent form, a guardian (e.g., a family member) completed the consent form as a surrogate after confirming
the participant’s willingness to participate. In areas where it was difficult to meet as a group, parents (i.e., family members) who
wished to participate were asked to disclose their contact details, and the date and time were set up for an individual phone call or
email explaining the study. Arrangements were made for the measurement kits (ibid.) to be delivered to the participants before the
explanation process. The purpose of the study was explained and informed consent was obtained via the web or telephone at the
appointed date and time. The parent/guardian then explained the situation to the participant and written informed consent was
obtained from the participant and parent/guardian. If the participant was unable to complete the consent form, a guardian (e.g., a
family member) completed the consent form as a surrogate after confirming the participant’s willingness to participate.

2.3. Measurement items and methods

2.3.1. Physical characteristics

In cases where the description was provided at a group venue, the height and weight were measured immediately by two re-
searchers. In cases where individual explanations were provided, participants were asked to report their height measured within the
past year at a hospital or facility with medical staff. Weight was measured at the hospital or in a facility with medical staff within one
month before and after the activity measurement, or a scale was sent directly to the patient’s home, and the patient’s weight was
reported.

Researchers calculated the BMI (kg/m?). In Japan, a person with a BMI of 25 kg/m? or higher is considered obese [24]. Obesity was
determined according to the Japanese criteria for obesity and classified into two groups: BMI of 25 kg/m? or more (obese group) and
BMI of less than 25 kg/m? (non-obese group).

2.3.2. Sedentary behavior and physical activity

Sedentary behavior and PA were measured using a validated [25,26] triaxial accelerometer (Active style Pro HJA-750C; Omron
Healthcare, Inc., Kyoto, Japan). The triaxial accelerometer was placed on a special cover and worn on the lower back using a safety pin.
The wearing period was two consecutive weeks. The wearing time excluded activities in which they could not be worn, such as
swimming, changing clothes, bathing, and sleeping. The triaxial accelerometer data were imported into a computer once the device
returned at the end of the monitoring period. Data were analyzed only if it was available for more than 3 weekdays and more than 1
day of the weekend, during which the device was worn for at least 600 min/d (and removed for less than 60 min).

Physical activity was measured every 10 s and totaled daily. Activity intensity was classified into SB (PA < 1.6 METs), LPA (1.6
METs < PA < 3.0 METs), MPA (3.0 METs < PA < 6.0 METs), VPA (6.0 METs < PA), and MVPA (3.0 METs < PA). Behavioral patterns
were classified into ambulatory and non-ambulatory activities for each intensity category [26] and expressed in min per day. Interval
measures are presented as the mean (standard deviation: SD). No data were missing.

2.4. Statistical analysis
The sample size was enough to detect an effect size of 0.20 for BMI using an F-test. Eighty participants were required to obtain a

statistical power of 0.8 and a risk level of 0.05.
Physical characteristics were analyzed using the interval scale as mean (SD) and the nominal scale as counts (percentage). Physical



E. Yamanaka et al. Heliyon 10 (2024) 29294

activity (min/day) according to intensity was tabulated using macros provided free of charge by the Japan Physical Activity Research
Platform [27]. The average values were calculated by weighting 5 weekdays and 2 weekend days {weighted data = [(average for
weekdays x 5 days) + (average for weekend days x 2 days)]1/7} (SD).

Physical activity was compared using analysis of covariance (ANCOVA) in the BMI categories (obese and non-obese groups).
Moreover, BMI and PA were covariates, as they were influenced by sex and age.

Multiple regression analyses with single-factor, partition, and IS models were conducted to examine the association of SB, LPA, and
MVPA times, and their replacements with BMIL. The independent variables were behavioral variables with a 10-min unit to facilitate
the interpretation of the results. Sex and age were used as the covariates. The variance inflation factor (VIF) was calculated to confirm
multicollinearity among variables. A VIF greater than 5 indicates moderate or high multicollinearity; none of the variables in this study
exceeded this threshold.

2.4.1. Single-factor model
In the single-factor model, the time of SB, ambulatory and non-ambulatory LPA, ambulatory and non-ambulatory MVPA, accel-
erometer wearing time, and covariates were fed into the model to check the overall relevance of each behavior.

2.4.2. Partition model
In the partition model, all action times and covariates for SB, ambulatory and non-ambulatory LPA, and ambulatory and non-
ambulatory MVPA were fed into the model to confirm the independent association of each action variable.

2.4.3. IS model

In the IS model, SB, ambulatory and non-ambulatory LPA, and ambulatory and non-ambulatory MVPA action times were fed into
the regression model with the exception of SB, and acceleration attachment times and covariates were further fed into the model. For
example, when examining the relationship between SB replacement and ambulatory LPA/BMI, ambulatory and non-ambulatory LPA,
ambulatory and non-ambulatory MVPA, time spent wearing the accelerometer, and covariates were fed into the model. This allowed us
to examine the association with BMI when 10 min of SB per day was replaced with 10 min of ambulatory LPA.

Statistical analysis was performed using IBM SPSS Statistics (version 23.0; IBM Co., Tokyo, Japan), with a statistical significance
level of 5 %.

3. Ethics statement
This study was approved by the Ethics Committee of the University of Nagano (E21-10).
4. Results

The physical characteristics of the participants are presented in Table 1. Overall, 44 participants (50.0 %) had a BMI of 25 kg/m?2.
Sixteen of the 41 men (39.0 %) and 28 of the 47 women (59.6 %) had a BMI of 25 kg/mz.

SB and intensity category-specific PA time and its breakdown (e.g., ambulatory and non-ambulatory) for the participants as a whole
and for the obese and non-obese groups by group are shown in Table 2. Overall, MVPA time was 73.4 min/d.

The comparison between the two groups showed no significant differences in SB or VPA times; however, LPA (p = 0.040), MPA (p
= 0.004), and MVPA times (p = 0.009) were significantly shorter in the obese group than in the non-obese group.

Table 1
Participants physical characteristics (n = 88).

All (Men 41, Women 47)

Mean (SD)
Age 27 (7.0)
Height (cm) 147.4 (8.8)
Weight (kg) 55.4 (10.5)
BMI” (kg/m?) 25.6 (5.1)
n (%)
BMI categoryb -1 3 (3.4)
0 41 (46.6)
+1 26 (29.5)
42 13 (14.8)
+3 5 (5.7)
+4 0 -

Results are presented as mean (SD) for interval scale and as number (%) for Age category and body mass index category.
@ BMI: body mass index (kg/m?).
b BMI category: —1 = BMI<18.5, 0 = 18.5 < BMI < 25, +1 = 25 < BMI < 30, +2 = 30 < BMI < 35, +3 = 35 < BMI <
40, +4 = 40 < BML
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Table 2
Physical activity (min/d) in obesity and non-obesity groups of people with Down syndrome in adulthood (n = 88).
Physical activity status in intensity Alln = 88 Obesity group n = 44" Non-obesity group n = 44"
specific categories® Mean (SD) Mean (SD) Mean (SD) p!
SB (min/d) 512.3 (92.7) 530.3 (84.9) 494.3 (97.5) 0.096
LPA (min/d) 259.4 (82.0) 240.3 (83.6) 278.6 (76.6) 0.040
Ambulatory (min/d) 44.0 (21.2) 39.3 (16.9) 48.7 (24.1) 0.043
Non-ambulatory (min/d) 215.4 (70.4) 201.0 (74.4) 229.8 (63.7) 0.075
MPA (min/d) 70.4 (33.6) 59.2 (28.2) 81.6 (35.0) 0.004
Ambulatory (min/d) 31.8 (19.4) 24.7 (16.9) 39.0 (19.2) 0.003
Non-ambulatory (min/d) 38.6 (21.5) 345 (17.8) 42.6 (24.2) 0.061
VPA (min/d) 3.0 3.7) 3.2 (4.8) 2.7 (2.0) 0.423
Ambulatory (min/d) 1.8 2.9 1.9 3.7) 1.6 (1.8) 0.330
Non-ambulatory (min/d) 1.2 2.1) 1.3 (2.9 1.1 (0.8) 0.950
MVPA (min/d) 73.4 (35.4) 62.4 (31.7) 84.3 (35.9) 0.009
Ambulatory (min/d) 33.6 (20.7) 26.6 (19.3) 40.6 (19.8) 0.010
Non-ambulatory (min/d) 39.8 (22.6) 35.8 (20.0) 43.7 (24.5) 0.076
Steps (steps/d) 5336 (2487) 4446 (2301) 6225 (2367) 0.002
Wearing times (min/d) 845.0 (75.0) 832.9 (71.9) 857.2 (76.8) 0.222

Results are presented as mean (SD) for interval scale. The table shows unadjusted values.
@ Obesity group is body mass index (BMI) > 25 kg/m?. There were 25 men and 19 women.
b Non-obesity group is BMI< 25 kg/m? There were 16 men and 28 women.
¢ SB: Sedentary behavior: physical activity (PA) < 1.6METs. LPA: light physical activity: 1.6METs < PA< 3.0METs. MPA: moderate physical ac-
tivity: 3.0METs < PA< 6.0METs. VPA: vigorous physical activity: 6.0METs < PA. MVPA: moderate-to-vigorous physical activity: 3.0METs < PA.
4" Analysis of covariance with sex and age as covariates.

When PA was divided into ambulatory and non-ambulatory activities, the obese group had significantly shorter ambulatory LPA (p
= 0.043), ambulatory MPA (p = 0.003), and ambulatory MVPA times (p = 0.010) than the non-obese group.

In the IS model, BMI was significantly lower when 10 min of SB per day was replaced with equal-time ambulatory MVPA (p =
0.005). The LPA time showed no 10-min replacement effect in either ambulatory or non-ambulatory patients.

5. Discussion

This study aimed to suggest a rationale for actions that should replace physical inactivity time to reduce obesity in Japanese adults
with Down syndrome. We found that replacing 10 min of SB with MVPA may reduce obesity. To our knowledge, this is the first report
of behavioral interdependence that suggests that replacing 10 min of SB with MVPA in adults with Down syndrome has the benefit of
reducing obesity. These results provide useful evidence-based resources for planning PA promotion programs to maintain BMI and
reduce obesity in adults with Down syndrome.

As shown in Table 1, more adults with Down syndrome were obese (BMI of 25 kg/m?) than their Japanese peers. In the National
Health and Nutrition Examination Survey of Japan [28], 26.7 % of men and 12.6 % of women aged 20-39 years had a BMI of 25 kg/m?
or higher, indicating that men are more likely to be obese than women. In contrast, the results of this study suggest that it may be
necessary to raise more awareness about obesity in adults with Down syndrome among women than among men. In any case, men and
women with Down syndrome are at high risk of obesity, and there is an urgent need to prevent or ameliorate this problem.

As shown in Table 2, although the study participants had a high risk of obesity, their PA was not necessarily low. The WHO
guidelines on physical activity and sedentary behavior (2020) [12] recommend that adults living with disabilities perform at least
150-300 min/week (21-43 min/d) of MPA, at least 75-150 min/week (11-21 min/d) of VPA, or an equivalent combination of MVPA.
However, previous studies have reported that individuals with Down syndrome may have difficulty achieving the PA volume
guidelines. In a report by Oreskovic et al. [14] of individuals with Down syndrome attending a general hospital in Massachusetts, USA
(aged 18-60 years, n = 52, mean BMI = 30.2 kg/m?, 75 % with BMI 25 kg/m? or higher), MPA averaged 10.1 (SD, 13.5), VPA averaged
1.7 (SD, 9.8), and MVPA averaged 11.7 (SD, 22.4) min/d. In addition, Shields et al. [15] reported the PA of adults with Down syndrome
living in Australia (aged 18-48 years, n = 12, mean BMI = 33.7 kg/m?, all with BMI >25 kg/m?); MPA averaged 22.3 (IQR 11.5-38.7)
min/d, VPA averaged 5.0 (IQR 1.4-13.6) min/d, and MVPA averaged 27.2 (IQR 13.7-53.5) min/d. The participants in this study
reached the PA guidelines for MPA (70.4 min/d) and MVPA (73.4 min/d), but not for VPA (3.0 min/d). Furthermore, when differences
were checked by obesity status, there were not only significantly less LPA and MPA in the obese group, but also significant differences
in ambulatory rather than non-ambulatory PA. In a previous study, Dodd et al. [13] reported an association between PA and BMI in two
groups of people with Down syndrome living in Kansas, USA: obese people with a BMI of 30 kg/m? or more (n = 43) and others (n =
35). There were no significant differences in SB, LPA, or MVPA between the two groups, and no association was observed between BMI
and PA. One factor that may have contributed to the different results from our study is the difference in the cutoff values for BMI.
However, as many of the participants in our study were physically active, it cannot be said that the difference in cutoff values was the
only factor. Given the physical characteristics of muscle hypotonia, maintaining BMI or improving obesity by promoting PA in adults
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Table 3
Associations between BMI" and sedentary behavior, physical activity using single, partition and isotemporal substitution models by multiple
regression analysis (n = 88).

Models SB" Ambulatory LPA® Non-ambulatory LPA® Ambulatory MVPA® Non-ambulatory MVPA!
B (95%CI) p B (95%CI) p B (95%CI) p B (95%CI) p B (95%CI) p

Single 0.223 (0.017, 0.023 —0.148 0.137 —0.152 (—0.260, 0.148 —0.252 (—1.081, 0.009 —0.110 0.244
0.228) (—0.822, 0.114) 0.040) —0.161) (—0.669, 0.172)

Partition —0.123 0.332 —0.089 0.395 —0.317 (—0.414, 0.015 —0.335 (—1.333, 0.002 0.064 (—0.393, 0.593
(—0.206, 0.070) (—0.709, 0.283) —0.045) —0.317) 0.684)

Isotemporal substitution

Replace Dropped —0.061 0.567 —0.223 (—0.339, 0.074 —0.307 (—1.276, 0.005 0.094 (—0.290, 0.402

SB (—0.647, 0.357) 0.016) —0.238) 0.716)

The independent variables were behavioral variables with a 10-min unit to facilitate the interpretation of the results . Sex and age were used as the
covariates.

& BMI: body mass index (kg/mz).

b SB: Sedentary behavior: physical activity (PA) < 1.6 METs.

¢ LPA: light physical activity: 1.6 METs < PA < 3.0 METs.

4 MVPA: moderate-to-vigorous physical activity: 3.0 METs < PA.

with Down syndrome requires the planning of specific programs that focus on MPAs, especially those involving walking. This can be
practiced without difficulty in daily life, rather than VPA.

In this study, the time difference in PA between the obese and non-obese groups was approximately 40, 20, and 10 min for LPA,
MVPA, and ambulatory MVPA, respectively (Table 2). To examine the benefits of increasing PA by 10 min, given the physical
characteristics of low muscle tone in adults with Down syndrome and in light of feasibility, we examined the replacement of time for
each activity category within the total time of SB, LPA, and MVPA (within the wearing time) (Table 3). The results revealed that
replacing 10 min of SB with ambulatory MVPA may be associated with lower obesity. Previous studies on the general adult population
have also suggested that replacing SB time with other PA times may have a favorable effect on BMI [18-21] and reported that MVPA
was associated with a lower BMI in 445 healthy Caucasian individuals of European origin (49.6 % female, mean age: 66 + 6 years,
mean BMI: 25.9 + 4.1 kg/m?) when 10 min of SB was replaced with MVPA. The duration of SB replacement, as shown in this study and
related to the BMI, was 10 min. The Japanese Active Guide (Health Japan 21) [29] recommends to “move your body for 10 min more
every day than you do now.” In adults with Down syndrome, 10 min is a highly feasible and important resource for planning specific PA
promotion programs.

This study had some limitations. First, this was a cross-sectional study, meaning that causal relationships could not be established.
Second, the sample size was small, which limited the number of control variables; additionally, there is a possibility of residual
confounding. Third, there was participant bias because the participants were adults with Down syndrome living in Japan who came
forward and were willing to participate. However, the fact that the study was not biased toward one region and was conducted with the
cooperation of parent associations in various parts of Japan, likely contributes to the usefulness of the results. Thus, although gen-
eralizations should be made with caution, this is the first report to consider the behavioral interdependence of the benefits of replacing
10 min of SB with ambulatory MVPA to reduce obesity in adults with Down syndrome.

Children with Down syndrome are physically active at school and are less obese [30-32]. However, adults with Down syndrome are
more likely to be obese. Therefore, a program that promotes PA and prevents or improves obesity is required. A program to promote PA
based on the results of this study would encourage an increase in daily activities that involve walking for 10 min, at least three METs, in
the daily routine. People with Down syndrome are said to have characteristics such as love for social interactions, friendliness, and a
good sense of music [1,23]. An example of a device that can encourage participation and continuity is the substitution of daily ac-
tivities, such as walking to work or shopping (i.e., behavior substitution method) or placing a favorite game console in a separate room
and performing activities that would otherwise require standing and walking at home (i.e., nudge theory). Other possible approaches
include game-like activities such as aiming to achieve a target number of steps with peers or encouraging individuals to dance while
listening to music. The use of application tools to promote PA and the creation of community-based mechanisms involving surrounding
supporters and others are also expected to be sustainable. The verification of the usefulness and effectiveness of the program developed
based on the results of this study will be the focus of future research.

6. Conclusions
Adults with Down syndrome may be at higher risk of developing obesity than their Japanese counterparts. The PA of adults with

Down syndrome suggests that those with obesity may engage in less LAP, MPA, and MVPA, as well as less activity involving walking
than those who are not obese. Replacing 10 min of SB with walking-based MVPA may reduce obesity.
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