Journal of Geriatric Physical Therapy

Can physical activity make up for the self-care disability effects of too much sitting? A
moderation analysis in octol\%enarians residing in living care facilities

Manuscript Number:
Article Type:
Keywords:

Corresponding Author:

First Author:
Order of Authors:

Manuscript Region of Origin:

Abstract:

anuscript Draft--

JGPT-D-21-00007R6
Simple Article

sedentary time, moderate-to-vigorous physical activity, replacement, self-care
disability, nursing home

Jesus del Pozo-Cruz, Ph.D
Universidad de Sevilla
Sevilla, Andalucia SPAIN

Rosa M Alfonso-Rosa, Ph.D
Rosa M Alfonso-Rosa, Ph.D
Francisco Alvarez-Barbosa, Ph.D
Armando M Raimundo, Ph.D
Soraia Ferreira, MsC.

Borja del Pozo Cruz, Ph.D

Jesus del Pozo-Cruz, Ph.D
SPAIN

Objectives : Physical activity can delay the progression of self-care disability in older
adults residing in living care facilities. Nonetheless, older adults residing in living care
facilities, spend most of their time sedentary and do not meet the physical activity
recommendation, which may result in increasing self-care disability in this population
group. In this study, we aimed to determine whether the association between
sedentary time and self-care disability was moderated by moderate-to-vigorous
physical activity (MVPA) in older adults residing in living care facilities.

Methods : Sedentary time and MVPA were both measured with accelerometers. Self-
care disability was assessed with the Barthel Index. A multivariate regression model
was used to ascertain the effects of the interaction between sedentary time and MVPA
on the self-care disability of participants. The Johnson-Neyman technique was then
used to estimate the exact MVPA threshold at which the effect of sedentary time on
self-care disability became non-significant.

Results : We found a significant effect of sedentary time on self-care disability
(Standardized 3 = -1.66; 95% CI -1.77 to -1.54, P = 0.013). Results indicated that
MVPA moderates the relationship between self-care disability status and sedentary
time (Standardized 3 = 1.14; 95% CI 1.13 to 1.14, P = 0.032). The Johnson-Neyman
technique determined that 51 min/day of MVPA would offset the negative effects of
sedentary time on self-care disability.

Conclusions : Our results suggest physical therapists should focus on reducing
sedentary time alongside physical activity in order to prevent the progression to
dependency in octogenarians residing in living care facilities.
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Dear Editor,

Please find attached the manuscript entitled “Can physical activity make up for the self-
care disability effects of too much sitting? A moderation analysis in octogenarians
residing in living care facilities for consideration in Journal of Geriatric Physical
Therapy.

For the first time, we have applied the Johnson-Neyman technique and moderation
analysis to determine whether or not and to what extent the association between
sedentary time and self-care disability was moderated by moderate-to-vigorous physical
activity in older adults 85+ living in nursing home facilities. We used data from more
than 100 older people assessed with accelerometers. This represents a unique dataset.
We estimated that 51 minutes per day of moderate-to-vigorous physical activity
counterbalanced the negatives consequences of sedentary behaviour on self-care
disability in the population under study.

Our findings are important and future-policy relevant: these results underscore the
importance of engaging in physical activity while also reducing sedentary behaviour to
reduce the self-care disability of older people living in long-term care facilities,
particularly given that 51 min/day of MVPA is largely unfeasible.

We will also take this opportunity to state that this is an original piece of research that
has never been submitted elsewhere. We hope that you consider this submission
positively and look forward to hearing from you in due course.

We thank the Editor’s Review for the insightful comments and suggestions.

This manuscript has been thoroughly reviewed by a native English speaker with
experience in scientific writing. We have further use the editorial comments to
strengthen our manuscript. Thank you.
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Can physical activity make up for the self-care disability effects of too much sitting? A

moderation analysis in octogenarians residing in living care facilities

ABSTRACT:

Objectives: Physical activity can delay the progression of self-care disability in older adults
residing in living care facilities. Nonetheless, older adults residing in living care facilities, spend
most of their time sedentary and do not meet the physical activity recommendation, which
may result in increasing self-care disability in this population group. In this study, we aimed
to determine whether the association between sedentary time and self-care disability was
moderated by moderate-to-vigorous physical activity (MVPA) in older adults residing in living

care facilities.

Methods: Sedentary time and MVPA were both measured with accelerometers. Self-care
disability was assessed with the Barthel Index. A multivariate regression model was used to
ascertain the effects of the interaction between sedentary time and MVPA on the self-care
disability of participants. The Johnson-Neyman technique was then used to estimate the exact
MVPA threshold at which the effect of sedentary time on self-care disability became non-

significant.

Results: We found a significant effect of sedentary time on self-care disability (Standardized
B =-1.66; 95% Cl -1.77 to -1.54, P = 0.013). Results indicated that MVPA moderates the
relationship between self-care disability status and sedentary time (Standardized B = 1.14;
95% Cl 1.13 to 1.14, P = 0.032). The Johnson-Neyman technique determined that 51 min/day

of MVPA would offset the negative effects of sedentary time on self-care disability.
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Conclusions: Our results suggest physical therapists should focus on reducing sedentary time
alongside physical activity in order to prevent the progression to dependency in

octogenarians residing in living care facilities.

Keywords: sedentary time, moderate-to-vigorous physical activity, replacement, self-care

disability, nursing home
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INTRODUCTION

Self-care disability is a physical dependency on others to conduct basic daily activities, such
as going to the toilet, showering, eating, dressing, transfers, or ambulation.! Self-care
disability reduces the quality of life of residents and places considerable constraints on
healthcare professionals and is associated with substantial economic burden.? Investigating
effective interventions to delay or even reverse the progression of self-care disability in this
population group is critical to guide efficient clinical care and ongoing research in living care

facilities.?

The benefits of physical activity, particularly of moderate-to-vigorous physical activity
(MVPA, defined as activities that result in an energy expenditure of at least 3 METs per min)
are well established. Public health guidelines recommend older adults engage in at least 150
min/week of MVPA each week.* Previous experimental research suggested that MVPA is
beneficial for improving the physical functioning of older adults residing in living care
facilities.> Other studies have also acknowledged the benefits of MVPA to prevent self-care

disability in community-dwelling older adults.®

A growing body of evidence suggests that too much time spent in sedentary behaviors
(defined as any waking behavior characterized by an energy expenditure <1.5 METs while in
a sitting, reclining or lying posture) may negatively influence the wider health of individuals,
independent of MVPA 72, Recent evidence also suggests that time spent sedentary may
compromise the ability to perform daily activities in older adults, independent of the amount
of physical activity. For example, Dunlop et al.® reported in a nationally representative US
sample assessed with accelerometers, that self-care disability was associated with time spent

sedentary, independent of the time spent in MVPA. Sedentary behaviour has also associated
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with an increase in self-care disability in a large sample of participants (n = 49,612) in the

Women’s Health Initiative.10

Beyond these associations, a number of studies have suggested that engaging in
MVPA may offset the consequences of too much sitting for a number of outcomes including
cognitive functioning,! frailty,'? or even prevention of early mortality.!3* Whether physical
activity can ameliorate or even eliminate the consequences of sedentary time for older adults
who are self-care dependent and residing in living care facilities remains unknown. Given that
most of the time spent in living care facilities is made up of sedentary activities, an estimation
of the amount of physical activity required to overcome the negative effects of time spent in
these activities could be informative for developing interventions aimed at preventing the
progression to self-care disability in this population group. Therefore, this study aimed to
determine whether or not, and to what extent the detrimental effects of sedentary time on
self-care disability were moderated by MVPA in a sample of older adults residing in living care

facilities.

METHODS

Study design and participants

This observational study considered data from 122 older adults (84 female, 68.85%)
assessed between April 2016 and December 2018. Volunteers for this study came from 4
different living care facilities in Spain and Portugal. Participants were excluded if they were
younger than 80 years,* had a pacemaker or were on hospice care. Other exclusionary
criteria were medical or issues that would it difficult for participants to engage in physical

activity, including total hearing loss and diagnosis of severe dementia. Totally dependent
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older adults (Barthel Index <20) ' were also excluded. Ultimately, the medical staff from the
living care facilities checked the inclusion/exclusion criteria and approved the participant’s
enrollment in the study. The study was approved by the Ethics Committee of the University
of xxxxx and xxx (ref.xxxx) and was conducted in accordance with the declaration of Helsinki.

All participants signed an informed consent form prior to enrollment in the study.

Variables

Self-care disability. The Barthel Index ® was used in this study to assess self-care disability
and dependency. The Barthel Index has demonstrated to be reliable!’ (ICC 0.936) and valid*®
(0.67) in people residing in living care facilities. The Barthel Index assessed different activities
of daily living including going to the toilet, showering, eating, dressing, continence, transfers,
and ambulation. Each dimension is scored based on whether they require physical assistance
to perform the task or can complete the task independently. Items are graded according to
the professional judgment of the assessors. A person scoring O points would be dependent in
all assessed activities of daily living, whereas a score of 100 would reflect independence in

these activities.

Physical activity and sedentary behavior. Physical activity and sedentary behavior
were assessed during 7 consecutive days by accelerometry (ActiGraph wGT3X-BT; ActiGraph,
LLC, Pensacola, FL). Accelerometry has been demonstrated to a reliable (ICC>0.80) and valid
method to assess ambulatory physical activity and sedentary behaviour in older adults'®. All
participants wore the accelerometer on their hip, except while bathing or swimming.
Accelerometers were set to sample in 1-minute epochs. Non-wear time was defined as 60
consecutive minutes or longer of zero-intensity counts, with no more than 2 minutes of

tolerance.?® A valid day was defined as having 600 min or more wear time. Data was only valid

5


https://paperpile.com/c/Hk6b3b/Mn2FJ
https://paperpile.com/c/Hk6b3b/Mn2FJ
https://paperpile.com/c/Hk6b3b/OB59
https://paperpile.com/c/Hk6b3b/bb0i
https://www-sciencedirect-com.ezproxy1.acu.edu.au/topics/medicine-and-dentistry/accelerometry
https://paperpile.com/c/Hk6b3b/tmR0
https://www-sciencedirect-com.ezproxy1.acu.edu.au/topics/medicine-and-dentistry/accelerometer
https://paperpile.com/c/Hk6b3b/Uxwf8

O©CO~NOOOA~AWNPE

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

if participants had at least four valid days?'23. Following Migueles et al?* recommendations,
the vector magnitude was used to calculate time spent in each activity intensity band. The
intensity threshold for sedentary time was <200 cpm, whereas MVPA was defined as 22114
cpm?4. The values were averaged over the number of valid days to derive an estimate of the

mean time (in minutes) spent in sedentary time and MVPA per day.

Covariates. Age and sex were self-reported. Height was measured to the nearest
centimetre using a stadiometer (SECA 711 Scales, Hamburg, Germany), and weight was
measured with a SECA precision scale (SECA 711 Scales, Hamburg, Germany). Individuals
removed their shoes, socks, and heavy clothes prior to being weighed. Body mass index was

calculated as weight (in kilograms) divided by height (in meters) squared.

Statistical analysis

All analyses were conducted using R (version 3.5.2). The alpha level was set at 0.05, two-
tailed. The explanation between sedentary time and self-care disability was ascertained with
a multiple linear regression. The moderation hypothesis was tested by including an
interaction term of sedentary time x MVPA as a predictor of self-care disability. We used the
Johnson-Neyman technique to estimate the statistical MVPA threshold from which the
relationship between sedentary time and self-care disability ceased to be significant. This
approach has been successfully used in other similar studies.? All models adjusted for age,
sex, body mass index, and accelerometer wear time. Additionally, we used the observed
probability level, the number of predictors, the observed R2, and the sample size to

estimate the post-hoc power of our calculations?®.

RESULTS
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The characteristics of the participants are shown in Table 1. Out of the 122 volunteers who
initially gave informed consent, 102 (83.60%) had valid accelerometry data, self-care
disability data, and were included in the analysis (Figure 1). The mean age of participants
included in the analysis was 85 years old and 69.1% (N=84 were women. The Barthel Index
scores indicated that the majority of participants had mild self-care disability. On average,
participants spent 917 min/day (SD, 189.86; range 474.5 to 1191.69) sedentary, and 23

min/day (SD, 26.55; range 0 to 158.51) engaged in MVPA.

The multivariate regression model revealed a statistically significant relationship
between sedentary time and self-care disability in our study sample (Standardized B =-1.66;
95% Cl -1.77 to -1.54 [Standard Error = 0.05], P = 0.013). The sedentary time x MVPA
interaction term contributed uniquely to the model (Standardized p = 1.14; 95% Cl 1.13 to
1.14 [Standard Error = 0.05], P = 0.032). The Johnson-Neyman technique revealed a
significant relationship between sedentary time and self-care disability when MVPA levels
fell below 51.8 min/day (7.84% in our study sample). The strength of the inverse
relationship decreased as MVPA levels increased (see Figure 2). The current post-hoc power

achieved in this study was 0.67.

DISCUSSION

The main finding of our study was that 51 minutes per day of MVPA could theoretically
eliminate the negative association between sedentary time and self-care dependency in a
sample of older adults residing in living care facilities. Given the cross-sectional nature of
our study, establishing causation is not possible. Nonetheless, our findings provide a strong
rationale for longitudinal and intervention studies to determine if our hypotheses are true.

Should these be confirmed, our observations may suggest that physical therapists should
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focus on increasing time spent in MVPA while decreasing time spent sedentary for

individuals living in residential facilities.

To the best of our knowledge, this is the first study examining the association
between sedentary behavior and self-care disability in older adults residing in living care
facilities. Other studies in community-dwelling older adults have consistently reported
increases in dependency and self-care disability with greater time spent in sedentary
activities.>1926 Qur study supports this hypothesis in a sample of older adults residing in
living care facilities. A plausible explanation of our findings is that the lack of movement
accelerates the decline in cognitive and physical functioning reserves of older adults, which

could translate into a reduction in the capacity of performing self-care activities.

The main contribution of this study was the (mathematical) estimation of the
amount of MVPA required to eliminate the detrimental association between sedentary time
and self-care disability in older adults residing in living care facilities (i.e., 51 min/day). In our
sample, 7.84% of the population managed to reach 51 m/day of MVPA. Given the
participants experienced equal environmental conditions, it is plausible that these
participants had higher fitness levels than their counterparts hence their levels of observed

MVPA.

Previous studies have reported the amount of MVPA that individuals are required to
do to offset the detrimental consequences of an excessive sedentary behavior. Mafas et al.
concluded that 27 min/day of MVPA could eliminate the consequences of sitting time on
frailty in a group of 749 community-dwelling older adults!?. Meeting the recommended level
of physical activity was found to effectively eliminate the risk of early mortality in a sample

of 149,077 Australian 45 years and above, particularly in those sitting for 8 hours or more.'3
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In a meta-analysis involving 1,005.791 individuals, Ekelund et al.}* concluded that at least
60-75 min/day of MVPA was necessary to eliminate the (negative) association of sitting time
with the risk of premature death. Remarkably, our study found the amount of MVPA needed
to offset the negative consequences of sedentary time on self-care disability was more than
double the recommended level in public health guidelines (i.e., 150 min/week of MVPA or
22 min/day). Given the study population and self-care disability outcome this finding was
not unexpected yet has important implications. First, 51 min/day of MVPA may be
challenging for many older adults residing in living care facilities. Both environmental and
individual factors (e.g., low levels of fitness) may account for difficulty in reaching the 51-
min/day cut-off point of MVPA in our study sample. Only 7.84% in our study sample met the
51-minute threshold. Therefore, alongside physical activity, other strategies such as breaks
in sedentary time may be effective in preventing the progression of dependency in this
segment of the population.?”?%, Nonetheless, it may be that MVPA is underestimate in
participants with low fitness. The opposite could also be true (i.e., MVPA levels may be
overestimated in participants with higher fitness levels). Experimental studies are needed to
confirm our hypothesis. Both creating environments that encourage movement and making
physical therapy accessible in living care facilities may help older adults become more active
while reducing the burden associated with dependency. Also, encouraging more physically
demanding hobbies and volunteer work may enhance MVPA amongst this population group.

In doing so, staff of long-term care facilities may play a critical role.

A key strength of this study was the use of accelerometers to measure physical
activity and sedentary time. This is important given the challenges faced when undertaking

research with older adults living in long-term care facilities.?® The sample size of this study,
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although small, is comparable3°, or even greater than other studies using objective
measures of physical activity in older adults residing in living care facilities3!. However, the
current post-hoc power achieved in this study (0.67) was below the accepted threshold (i.e.,
0.80). Therefore, our results should be taken with caution and the significant statistical
associations observed may not hold true in fully powered studies. Studies with an
appropriate sample size are therefore required to confirm our observations. The analytical
approach we used allowed us to explore the interactions between two behaviors
traditionally analyzed independently in relation to health outcomes (i.e., physical activity
and sitting time), which assisted in clarifying more concrete recommendations as to what
strategy is best to prevent self-care disability in the study population. Despite the strengths
of our study, there are several limitations. First, accelerometers are not well suited for
distinguishing between standing and sitting, which may potentially bias the estimations in
this study.3? Moreover, the absolute accelerometry cut points used in our study to classify
activity intensity may underestimate the amount of MVPA achieved by older adults with a
lower fitness level. The development of relative (to fitness) accelerometry cut points to
classify activity intensity in older adults residing in living care facilities is highly desirable.
Generalization to other older adults residing in living care facilities is not possible (e.g.,
people with dementia). It is also important to highlight that the 51.8 min/day of MVPA
threshold found in this study is only applicable to older adults 80 years and over. We expect
this threshold to be lower in the younger population, but this assumption needs to be tested
in future studies. Moreover, although lean mass is essential when studying self-care
disability and dependence, this variable was not assessed. Nevertheless, we have included
as a covariate in the study the body mass index of the participants, which is commonly used

in order to assess the body composition in older adults.33 Data on pain, self-reported health,
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sleep quality, and frailty were not available, and are thought to influence physical activity.

Future studies should account for this, and other important variables in the context of our
study population. Lastly, the design used in this study prevents us from making any causal

claim on the associations found. In addition, we cannot rule out the reverse causation (i.e.,
it is plausible that disability explains MVPA). Future studies may want to consider

experimental designs to confirm or contrast our results.

CONCLUSION

Our study found that 51 min/day of MVPA may offset the negative consequences of
sedentary time on self-care disability in older adults residing in living care facilities.
However, participating in 51 min/day of MVPA may be challenging for this segment of the
population. Therefore, alongside physical activity, reducing sedentary time and increasing
light physical activity should be encouraged in order to prevent the progression to
dependency in octogenarians residing in living care facilities. Our results warrant

confirmation under rigorous experimental designs.
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Figure legends
Figure 1. Flow diagram of participants in the study
Figure 2. Conditional effect of sedentary time on self-care disability as a function of

moderate-to-vigorous physical activity.

The dashed blue vertical line (MVPA = 51.8) represents the point where the relationship
between disability status and sedentary time transitions from statistically significant to non-
significant and is determined using the Johnson-Neyman technique. The dashed red vertical
line represents the amount of MVPA required to meet the WHO physical activity
recommendations. The greyed area represents the confidence intervals. SED, sedentary

behavior.
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CLINICAL HIGHLIGHTS

Moderate-to-vigorous physical activity is a moderator in the relationship between sedentary

time and self-care dependency in older adults living in long-term care facilities.
Encouraging moderate-to-vigorous physical activity for at least 51 minutes a day may help
remove the negative consequences of too much sitting in older adults living in long-term care

facilities.

Reducing sedentary time should be encouraged to prevent the slowdown of the progression

to dependency in octogenarians living in long-term care facilities.
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Figure 2

Johnson-Neyman plot
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Table_1

Table 1. Characteristics of the participants in the study (n =102)

Measures Mean (SD) or n Min-Max
(%)
Age (years) 85.02 (7.24) 62-101
Gender, women, n (%) 84 (69.1) NA
Weight (kg) 64.62 (11.23) 39.7-94.1
Height (m) 152.4 (8.1) 137-175
Body mass index (kg/m?) 27.43 (5.37) 20.89-44.2
Waist circumference (cm) 100. 8 (10.9) 81-130
Self-care disability (Barthel Index)
Total dependency (score < 20), n (%) 0 (0) NA
Severe dependency (score 20-35), n (%) 2 (1.96) NA
Moderate dependency (score 40-55), n (%) 5 (4.90) NA
Mild dependency (score. > 60), n (%) 78 (76.47) NA
Independent (score 100), n (%) 17 (16.6) NA

Physical activity

Sedentary time (min/day)
Moderate —to-vigorous physical activity

(min/day)

917.76 (189.86)

23.69 (26.55)

474.5-1191.69

0-158.51

Values are mean (SD) unless otherwise stated. NA, Not applicable



