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Effects on Physical Function
Sarah C. Marshall, Katherine Berg

ABSTRACT

Purpose: The objectives of this study were (1) to examine the effects of a 12-week exercise cessation period separating two 12-week exercise sessions on
physical variables in an elderly institutionalized population and (2) to explore overall programme effectiveness.

Methods: The functional mobility of 25 elderly institutionalized adults participating in an existing exercise programme was examined using a one-group,
interrupted time-series design. Functional mobility was evaluated at four time points during two cycles of a 12-week exercise programme, alternating with
a 12-week period of no formal exercise.

Results: The primary outcome was the change in functional mobility scores, assessed at baseline, 12, 24 and 36 weeks. In both the higher-functioning
(HF) group and the lower-functioning (LF) group, the cessation of exercise was associated with deterioration in physical function. The overall non-
continuous nature of the programming under study also seemed to be detrimental to the physical function of the LF group.

Conclusions: Findings of this small-sample study support the need to modify common practices in exercise programming for older, institutionalized people.
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RESUME

Objectif : Les objectifs de cette étude étaient (1) de se pencher sur les effets d’une cessation de la pratique d’exercice physique durant 12 semaines sur
des variables physiques au sein d’une population d’ainés en institution; et (2) d’explorer I'efficacité globale d’un programme d’exercices sur cette clientéle.
Meéthode : La mobilité fonctionnelle de 25 ainés en institution dans le cadre d’'un programme d’exercices a été étudiée en ayant recours a un modele a un
seul groupe, avec temps d’interruption. La mobilité fonctionnelle des sujets a été mesurée a quatre reprises au cours de deux cycles de 12 semaines pour
le programme d’exercices, en alternance avec des périodes de 12 semaines sans période d’exercices organisée.

Résultats : Le premier résultat observé a été un changement dans les mesures de la mobilité fonctionnelle au début de I'étude, puis apres 12, 24 et 36
semaines. Dans le groupe a haut fonctionnement (HF) comme dans le groupe a faible fonctionnement (FF), I'arrét des séances d’activité physique a été
associé a une détérioration de la fonction physique. La nature globale non continue du programme auquel s’est intéressée cette étude a également semblé
nuire a la fonction physique du groupe FF.

Conclusions : Les conclusions de cette étude réalisée sur un petit échantillon appuient la nécessité de modifier les pratiques usuelles liées aux
programmes d’exercices pour les ainés en institution.

Mots clés : ainés en institution, cessation de I'exercice, classe d’exercice, fonction physique, personnes dgées, programme d’exercices

INTRODUCTION seniors, ageing is generally associated with a deteriora-
tion in physical and bio-psychosocial domains.®~12 It
appears that environmental factors such as institutional-
ization negatively influence the trajectory of decline in
function of the elderly; the trajectory of decline seems
more pronounced in institutionalized populations than

There is a wealth of evidence in the literature to sup-
port the role of exercise in the well-being of community-
dwelling elderly people.!~¢ Exercise and physical activity
have been recognized by public-health organizations as
necessary for physical and mental health and well-being
through the lifespan, including in the elderly.”® In
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in community-dwelling elderly people.'!* Rolland et
al.> demonstrated less decline in activities of daily living
(ADL) associated with subjects who exercised than with
those who did not exercise. Recent studies have shown
the benefits of exercise and physical activity for short-
ness of breath and continence!®'” as well as for fall pre-
vention.’® Formal recommendations by the American
College of Sports Medicine (ACSM) and the American
Heart Association (AHA) have existed since 1995 and
have been updated in recent years,”-'° but these primar-
ily address exercise prescription for community-dwelling
older adults.

Despite the abundance of research supporting the
value of exercise in elderly community-dwelling popula-
tions, there remains relatively little research examining
the role of exercise and, specifically, the effect of exercise
cessation in the institutionalized elderly. Exercise may
slow the deterioration in physical and psychosocial
domains in the elderly,*'%2°-23 but exercise strategies
in nursing homes and other long-term care facilities are
not standardized.>*

Research has suggested that available programming
should be increased substantially relative to what is
recommended by guidelines.?> Gaps in availability of
exercise programming are apparent in institutional
settings. Non-continuous exercise programmes are com-
mon in both community and institutional settings; many
exercise programme interventions that are offered to
the institutionalized elderly are not run continuously
throughout the year, contrary to current thought on
training and wellness.?¢ Current research seems to indi-
cate that exercise sessions of 8 to 12 weeks’ duration
can result in strengthening effects even in populations
of quite elderly institutionalized people; however, a
marked heterogeneity exists in the literature in how pro-
grammes themselves have been assessed as well as in
the choice of specific outcome measures. Therefore, the
purpose of this study was to answer the following re-
search question and its corollary: In an institutionalized
elderly population, is stopping an existing exercise
programme associated with a deterioration in physical
function? And, if so, are these losses regained with
subsequent retraining? The null hypothesis proposed
for this study was that there would be no significant
deterioration in physical functional measures following
exercise cessation of 12 weeks’ duration.

Ste-Anne’s Hospital (SAH) is a long-term care institu-
tion located in a suburb of Montreal that had a popula-
tion in 2002 of approximately 500 resident veterans. An
exercise intervention programme had been adopted con-
sisting of 12 weeks of exercising in one of two groups
(higher-functioning and lower-functioning), followed by
a 12-week period with no formal exercise, followed in
turn by another 12 weeks of exercise. This programming
had been initiated based on literature available at the
time. The objective of this study was to examine the

effects of the 12-week exercise cessation period separat-
ing two 12-week exercise sessions on physical variables
in SAH’s elderly institutionalized population. The study
also served to explore overall programme effectiveness
related to physical performance.

METHODS

Research Design

This was a prospective observational study, using a
one-group, interrupted time-series design for each of
two exercise groups.?’ Physical measures were taken at
baseline and every 12 weeks over a 36-week period (i.e.,
four measurement sessions). This modified repeated-
measures design mimics current clinical practice of
assessing and reassessing patient status before and after
therapeutic interventions.

Participants

The participants were all residents of SAH. A con-
venience sample of 29 residents was recruited for the
study; 25 completed all four testing sessions. This sam-
ple represented 100% of the participants of two existing
exercise groups that had run in previous years. The
sample was divided according to functional mobility:
residents who were able to walk independently with or
without a mobility aid, such as a cane or a walker, were
registered in the higher-functioning (HF) group (n =9);
residents who required physical assistance to ambulate
with a mobility aid such as a walker were assigned to
the lower-functioning (LF) group (n =20). The mean
age of participants in the HF group was 80.1 years
(SD = 2.8 years), while the mean age of participants of
the LF group was 84.7 years (SD = 4.0 years); see Table 1
for baseline characteristics of the participants. Inclusion
criteria were physician referral to the exercise group, age
greater than 70 years at the start of the study, consent of
the resident to participate in the exercise group, and
ability to understand oral or written instructions in
either French or English. Exclusion criteria were cogni-
tive impairment precluding participation in a group
exercise setting or completion of testing, blindness, or
acute or terminal illness. The study protocol was ap-
proved by the research ethics committees of SAH and
McGill University, and participants signed an informed
consent (in the case of cognitive impairment, partici-
pants assented to participate in the study and their health
care proxy signed the informed consent). Sample-size
and power calculations were deferred because of the
preliminary nature of this small-sample study.

Content of the Exercise Intervention

The exercise group was held twice weekly for both
categories of resident abilities (HF and LF) for two 12-
week periods. The content of the classes was unchanged
from that of previous years; each session was approxi-
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Table 1 Baseline Characteristics of Study Participants
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HF group (n=9)
Mean + SD orn (%)

LF group (n = 20)
Mean + SD orn (%)

Age (years)

BMI39:40 At risk (< 23.9)
Healthy range (24.0-27.0)
Overweight (> 27.1)
History of falls None in the past 180 days

Fell within the past 30 days

Fell between 1 and 6 months ago

Physical Measures

2MWT (m)

Gait speed (m/s)

TUG (sec)

BBS (/56)

PFMP (/63 = %)

Activities of daily living* 0

1-3
4-7
8-21
22-28

Daily decision making* 0 (independent)
1-2 (modified independence)
3-4 (moderately impaired)

5-6 (severely impaired)

80.12 + 2.75 84.72 + 3.95
3 (33.3) 4 (20.0)
3 (33.3) 9 (45.0)
3 (33.3) 7 (35.0)
8 (88.9) 12 (60.0)
0 (0.0) 7 (25.0)
1(11.1) 1 (5.0)
88.9 + 25.2 n/a

0.72 + 0.2 n/a
16.93 + 5.06 n/a
46.33 + 4.8 n/a

n/a 75.88 +15.2
4 (44.4) 5 (25.0)
3 (33.3) 7 (35.0)
1(11.1) 1(5.0)
1(11.1) 5 (25.0)
0 (0.0) 1 (5.0)

3 (37.5) 2 (11.8)
5 (62.5) 11 (64.7)
0 (0.0) 3 (17.6)
0 (0.0) 1.9

BMI = Body Mass Index; 2MWT = 2-minute walk test; TUG = timed up-and-go; BBS = Berg Balance Scale; PFMP = Physiotherapy Functional Mobility Profile

* From Minimum Data Set (MDS); lower scores indicate less problematic results.

mately 75 minutes in duration and included seated
warm-up exercises of the upper and lower extremities,
resisted exercises of the upper and lower extremities in
a seated position, and group interactions with a soft ball
(ball toss) or an inflated balloon (wheelchair badminton)
using the dominant hand and the non-dominant hand.
Guided breathing exercises were also part of the group
intervention; for those residents able to do so, super-
vised or assisted sit-to-stand movements were some-
times offered, depending on staff resources. In the HF
group, supervised agility work and a four-step staircase
were used when possible, again depending on resources.

Data Collection

Physical performance measures were selected for
the subjects in the two groups relative to their abilities.
Objective measures for participants in the HF group
included the 2-minute walk test 2MWT)?® and gait
speed.?® Physical function was assessed for the partici-
pants in the LF group using the Physiotherapy Func-
tional Mobility Profile (PFMP) as well as a measure of
activities of daily living (MDS-ADL long format) from
the Minimum Data Set (MDS). Data were collected prior
to commencing the exercise sessions at baseline (T1),
after the first 12-week exercise intervention (T2), after
the 12-week period of exercise cessation that followed
(T3), and after the second and final 12-week exercise
intervention (T4).

Outcome Measures

Higher-Functioning Group

The 2MWT is widely used in clinical practice and has
demonstrated reliability and validity when used with
elderly populations.?® The 2MWT has shown a moderate
relationship with physiologic measures such as VO,max
(r=0.45) and VO,/kg (r=0.55), as well as with gait
speed (r = —0.61).28

Gait speed has been used extensively to describe
walking ability in heterogeneous populations similar to
those residing at SAH;?® it has been strongly recom-
mended as an indicator of mobility and falls?® and has
been recommended as a criterion measure for other
mobility tests. Interrater and test-retest reliability esti-
mates for gait speed are good to excellent (r=0.94-
0.99; ICC = 0.90-0.99).%8

Lower-Functioning Group

The PFMP was developed by a team of clinicians as
a measure of global mobility in adult institutionalized
populations. It scores nine mobility items of increasing
difficulty, progressing from bed mobility to unsupported
sitting, standing, transfers, propelling a wheelchair, walk-
ing, and the ability to manage stairs. Items are scored
from 1 (requiring total assistance) to 7 (independent),
for a maximum possible score of 63. The measure has
demonstrated high intrarater reliability (ICC = 0.99).3%-31
Interrater reliability estimates of the PFMP were very
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strong (ICC = 0.97) for raters who were trained thera-
pists,3? as was the case in this study. At the time of this
study, the PFMP was the predominant measure of func-
tional mobility used in the physical therapy department
of SAH. Although the PFMP has been shown to be valid
in acute and subacute mobility evaluations in geriatric
populations upon admission to hospital,?® further psy-
chometric studies have not yet been forthcoming on the
specific validity of this practical tool in the long-term
care setting. The scale has been shown to be reliably
scored, and its validity has also been examined relative
to existing measures.3°

The MDS-ADL scale has been validated in the litera-
ture as an appropriate outcome measure for institu-
tionalized populations.3233 It is a 28-point ordinal scale
summing seven items (bed mobility, transfers, locomo-
tion, dressing, eating, toilet use, and personal hygiene)
scoring degree of assistance required and frequency of
assistance required each day. It is scored through obser-
vation of daily activities and care, by a trained clinical
professional; scores range from 0 to 28, higher scores
indicating greater dependence.3?

Data Analysis

Physical measures across the four different testing
times were compared separately for HF and LF groups
using two single-factor repeated-measures analyses of
variance (ANOVAs) with one independent variable (time).
When significant differences were found, post hoc paired
t-tests were performed. The analyses were performed on
the scores of the 2MWT and gait speed for the HF group
and on PFMP and MDS-ADL scores for the LF group. All
tests were two-tailed, and the critical level of significance
was 0.05. Analyses were completed using SPSS software
(SPSS Inc., Chicago, IL).

RESULTS

Twenty-five participants completed all four evalua-
tions. Reasons for non-completion were an acute psycho-
tic episode (n = 1, HF group) and death (n = 3, LF group).
In general, these participants were similar to the other
members of their groups, although the participant who
withdrew because of his psychosis was younger (75.8
yrs) than the mean of his group, while the three par-
ticipants from the LF group who died were older (mean
87.1 yrs) than others in their group. The participants in
the two groups differed as anticipated with respect to
baseline characteristics, given the criteria for assignment
to each of the two groups (see Table 1). Participants in
the HF group showed fewer signs of frailty, such as
requiring assistance with ADL (12.5% of HF participants
required physical assistance in ADL, vs. 29.4% of LF par-
ticipants) and decision making (none of the participants
in the HF group had moderate or severe impairments in

daily decision making, whereas 23.5% of participants in
the LF group were ranked in these categories). There
were no women in the HF group; the LF group had three
female participants (88.0% of participants were male).

Physical Measures

Higher-Functioning Group

Functional ambulation abilities, as measured by the
distance walked in 2 minutes (2MWT) (see Figure 1) and
by gait speed (see Figure 2), were monitored in study
participants from the HF group. On average, HF partici-
pants walked 85.9 m at baseline, 95.9 m after the first
exercise period, 85.3 m after 12 weeks without the class,
and 95.0 m at the end of the second exercise period.
Repeated-measures ANOVA (RM-ANOVA) confirmed that
the mean within-subject change over time was greater
than could be expected to occur by chance across the
four time points (F(3,21) =4.39, p = 0.015). Post hoc
tests indicated that the 10 m improvements from T1 to
T2 and from T3 to T4 were both greater than expected
by chance: T1 to T2 (F(1,7) = 10.93, p = 0.013) and T3
to T4 (F(1,7) =9.91, p =0.016). The decrease in mean
scores from T2 to T3 was not significant (F(1,7) = 5.2,
p = 0.06).

As shown in Figure 2, the direction of the changes in
gait speed followed the same pattern as the direction of
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Figure 1 The distance walked in 2 minutes was measured in HF group
participants.
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Figure 2 The speed of ambulation (gait speed) was measured in HF
group participants.
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changes in the 2MWT: results improved with exercise
and declined without exercise. RM-ANOVA of the gait
speed scores suggested that the within-subject change
was greater than that expected to occur by chance
(F(3,21) = 4.97, p = 0.009). The improvement from T1 to
T2 was 0.04 m/s (F(1,7) = 7.23, p = 0.031), and the im-
provement from T3 to T4 was 0.07 m/s (F(1,7) = 8.86,
p =0.021). Gait speed at T3 was 0.07 m/s slower
after the period of exercise cessation (F(1,7) =6.09,
p = 0.043).

Lower-Functioning Group

The physical performance of participants in the LF
group was monitored using the PFMP (see Figure 3) and
the MDS-ADL scale (see Figure 4). RM-ANOVA suggested
that although sphericity could not be assumed, the
PFMP scores did demonstrate within-subject differences
greater than those expected to occur by chance (lower-
bound F(3,48) = 6.78, p < 0.019).

Post hoc comparisons illustrated that the deteriora-
tion in PFMP scores related to exercise cessation (T3 vs.
mean of T1 and T2) was significant (F(1,16) =7.52,
p=0.014). At the end of the 36-week study period,
PFMP scores recorded after retraining (T4) as compared
with the mean of the previous three measurement times

100.0

90.0

d 77.92
80.0 77.69

PFMP 70.0
Score 60.0
(%)

67.12
68.23

50.0
40.0
30.0
20.0
10.0

0.0

™ T2 T4

T3
Measurement Time
Note: Higher scores indicate better performance

Figure 3 Scores of the PFMP were compared in LF group participants.
14
12

ADL 10

Score

(0-28) 8

T T2 T3 T4
Measurement Time

Note: Lower scores indicate better performance (less assistance required)

Figure 4 Scores on the ADL scale were examined in LF group
participants.
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(T1, T2, T3) were lower than expected by chance
(F(1,16) = 6.13, p = 0.025).

The MDS-ADL scores followed a similar pattern to the
PFMP scores over time. RM-ANOVA of the MDS-ADL
scores supported the anticipated deterioration following
cessation of exercise: the score at T3 (after cessation),
when compared with the previous two measurement
times (T1 and T2), indicated that a significant deteriora-
tion (F(1,16) = 4.51, p = 0.05) occurred following a 12-
week period of cessation of exercise. Tests of within-
subject contrasts indicated that the differences between
T2 and the two later measurement times were also
significant (F(1,16) = 9.27, p =0.008), indicating that
the score after the first training session was the highest
and that participants’ scores deteriorated thereafter.

DISCUSSION

Results of this study suggest that a 12-week period of
exercise cessation during a 36-week exercise programme
is detrimental to the physical functioning abilities of
older adults residing in institutions. However, higher-
functioning participants differed from lower-functioning
participants in their response to exercise cessation, to
exercise itself, and to the overall non-continuous nature
of exercise programming.

For participants in the HF group, physical function
improved following exercise and deteriorated follow-
ing exercise cessation. The available literature, which
for the most part documents studies of younger elderly
community-dwelling populations, supports this find-
ing.1234-38 The observed deterioration in functional
status was both statistically and clinically important. For
example, HF participants walked an average of 10 m less
in 2 minutes following the 12-week cessation period; in
practical terms, 10 m represented the distance between
bed and toilet for two-thirds of SAH residents at the
time of the study.

HF participants appeared able to recover the physical
abilities lost during exercise cessation following the
second 12-week retraining session. In the first 12-week
exercise training period, seven of the HF group partici-
pants attended at least 60% of the scheduled classes; in
the second 12-week exercise period, eight participants
attended at least 60% of the scheduled classes.

In contrast to the HF group, participants in the LF
group did not display improvement in physical function
following either of the two 12-week exercise sessions;
however, their physical function deteriorated following
exercise cessation. The physical decline of LF partici-
pants was measured by a drop of close to 7 points
(10.8%) in functional mobility (PFMP) scores. Although
this decrease did not speak directly to specific functional
decline, it illustrated an alarming trend. Unlike partici-
pants in the HF group, participants in the LF group
appeared unable to recover from the 12-week exercise
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cessation period; for this frailer group, physical perfor-
mance deteriorated following the cessation period, and
that decline persisted following the second 12-week
retraining session. In the first 12-week exercise training
period, 10 of the LF group participants attended at least
60% of the scheduled classes; in the second 12-week
exercise period, only 6 participants attended at least
60% of the scheduled classes. This suggests that in-
creased support for more dependent populations may
be required in order to achieve optimal adherence to
exercise programming. These findings also suggest that
for more frail populations, continuous exercise may be a
critical factor in maintaining physical abilities.

LIMITATIONS

The selection of participants for this study was based
on convenience, and the sample was representative of
institutionalized residents in an existing exercise pro-
gramme intervention. We examined potential confound-
ing variables for the relationship of interest; however, the
small number of participants did not permit multivariate
analysis.

This study was completed using testing protocols and
equipment that are readily available in most clinical
physical therapy settings in North America, permitting a
greater degree of applicability for practising clinicians.
However, the challenge to this clinical approach was
that the protocols and equipment used may have lacked
the refinement and precision of tools available in a non-
clinical setting such as a laboratory.

An additional challenge was that the primary re-
searcher had no influence on the content of the exercise
programme or its frequency. Canada’s physical activity
guidelines for older adults?® recommend more frequent
exercise than that provided in the two exercise groups;
the exercise content, frequency, and adherence were
likely suboptimal. It is therefore not surprising that a
decline in physical function was observed in both HF
and LF groups.

CONCLUSION

The findings of this study should be considered tenta-
tive and should be interpreted in light of the small con-
venience sample. Nonetheless, the results appear to
support a relationship between enhanced physical per-
formance and exercise and between decreased physical
performance and exercise cessation.

KEY MESSAGES
What Is Already Known on This Subject

Exercise and physical activity are necessary for physi-
cal health and wellness through the lifespan, including in

the elderly. Non-continuous intermittent exercise pro-
grammes are commonly offered to the institutionalized
elderly. Published research on the effectiveness of exer-
cise programming in institutionalized elderly popula-
tions is limited.

What This Study Adds

We measured physical function in a sample of elderly
institutionalized veterans who participated in a non-
continuous, intermittent exercise programme. The re-
sults of this study suggest that decline in physical
function is related to exercise cessation and that the
more frail segment of this population is more at risk
than the less frail elderly for decline in physical perfor-
mance with intermittent programming.
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