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Abstract

Aims: Using the reliable change index (RCI), we aimed to examine the effect of a multicomponent
exercise program on the individual level.

Methods: Overall, 270 adults (mean age, 78 years) completed a multicomponent physical exercise
program (strength, aerobic, gait, and balance) for 40 min, 1-2 times per week, continued up to 1 year
at a daycare center. Effectiveness was assessed using grip, ankle, knee, and hip strength; Timed Up
& Go (TUG); Berg Balance Scale (BBS); gait speed; and 6-min walking distance. These were
measured at baseline and every 3 months thereafter. We calculated the RCI using the data between
two time points (baseline and at 3, 6, 9, or 12 months) in each participant and then calculated the
mean RCI value across the participants. A paired t-test was also employed to evaluate the effect of
the intervention as an average-based statistics.

Results: The highest mean RCI values were on ankle plantar-flexion strength, followed by gait speed,
hip abduction strength, BBS, knee extensor strength, 6-min walk distance, grip strength, and finally
TUG. Paired t-test also revealed significant improvement with moderate effect sizes for ankle plantar-
flexion strength (0.504), gait speed (0.413), hip abduction strength (0.374), BBS (0.334), knee
extensor strength (0.264), and 6-min walk distance (0.248). A significant but small effect size was
seen on TUG (0.183).

Conclusion: The RCI is a convenient method of comparing the effect between different assessments,

especially at an individual level. This index can be applied to the use of personal feedback.
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Introduction

Outpatient daycare rehabilitation is expected to lead to long-term care prevention in older adults.'
A multicomponent training program including resistance exercises, endurance training, and balance
and gait retraining exercises is usually provided as the outpatient daycare rehabilitation from one to
three times per week according to the frailty status of the participant [1,2]. Participation in a
multicomponent training program has been shown to be effective for older adults [3] in terms of
muscle strength [4,5], physical function [4-6], and aerobic capacity [7]. Improvements in muscle
strength in conjunction with balance and cardiovascular endurance contribute to improved mobility
in older adults [6,8]. In addition, these training programs, which are supervised by rehabilitation
specialists such as physiotherapists, are more effective than unsupervised programs such as home
exercise [9].

The effects of the exercise intervention, and not only for outpatient daycare rehabilitation, are
assessed by comparing pre—post data of physical function tests [6,10]. For multicomponent exercise
programs, a variety of physical function tests is used. For example, strength is evaluated as a muscle
force measured by a handheld dynamometer, balance function is evaluated as the time needed to
perform a balance task (e.g., Timed Up & Go [TUG] test, one-leg standing time), and gait function is
evaluated as the gait speed and/or distance walked within a limited period (e.g., 6-minute walking
distance).

The pre—post changes in these evaluations cannot be compared directly with each other because of
the different distributions and scale units of the data. The amount of change of a certain evaluation
test would not indicate the amount of effect itself. The percentage change calculation also has a
problem in estimating the effect of an intervention. Even with the same improvement value, the
percentage change would be different if the value of the pretest is different. For example, increasing
1 kg for grip strength means a 10% increase for an individual with a baseline of 10 kg, in contrast to
a 5% increase for an individual with a baseline of 20 kg [11].

Thus, we focused on the reliable change index (RCI) developed by Jacobson and Truax [12] as an
3



index to determine which physical function component is more effective after participating in a
multicomponent exercise intervention, not for a group but rather for each individual. The RCI
represents whether the amount of change between pre- and postintervention is statistically large or
small; in other words, “Is the change from pretest to posttest meaningful or due to random error? [13]”
The RCl is calculated using the individual change and standard error of the measurement for the test.
It provides a measure of the change in standardized units, the direction of that change, and whether it
is reliable [14]; thus, the RCI is capable of examining the effect of the intervention in each individual.

The effects of the pre—post intervention of the multicomponent exercise program have been
examined using the average-based change approach, which evaluates whether a group, as a whole,
experiences reliable change [15]. The purpose of this study was to examine the effect of the
multicomponent exercise program by the individual-based change approaches such as the RCI, which
identifies the specific individual who showed change. We hypothesized that the effect seen from the
point of RCI was not different from the effect seen from the point of average-based statistics. We also

aim to demonstrate the application of personal feedback to participants using the merit of the RCI.

Methods
Study design and participants

To determine the effects of outpatient daycare rehabilitation on physical function, we
retrospectively reviewed records of regular assessments of physical function during outpatient
daycare rehabilitation conducted at Kansai Medical University Kori Hospital. This study was
approved by the Ethics Committee of the Kansai Medical University (2018251).

Participants were individuals who began attending the daycare center using long-term care
insurance between April 2018 and March 2020. The timing of participation varied depending on the
participants; however, they continued the multicomponent exercise program for at least 3 months and
not more than 1 year. The assessments were performed by experienced physiotherapists (MW, RK,

and TK).



Physical function assessment

We used eight different function tests. To assess muscle strength, we used grip strength, strength
of hip abduction, knee extension, and ankle plantar-flexion. The Berg Balance Scale (BBS) and the
TUG test were used to measure balance function and gait speed, and the 6-minute walking distance
was used to evaluate gait function. All tests were assessed at baseline (pretest) and at 3-month
intervals after the intervention (a total of 1 year from pretest: 3, 6, 9, and 12 months).
Grip strength: Grip strength was measured using a digital dynamometer (YC III, Tsutsumi, Ltd.,
Tokyo, Japan). Participants were asked to stand; however, those who were unable to stand were
permitted to sit in a relaxed position on a chair without armrests. Measurements were taken once on
both the left and right sides while holding the dynamometer with the elbow extended. The maximum
values of the left and right sides were used for further analysis.
Hip abduction strength: We measured hip abduction strength using a handheld dynamometer (HHD;
uTas F-1, Anima, Tokyo, Japan). With the participant in a supine position with the knee extended, the
HHD was positioned 5 cm proximal to the lateral malleolus. The examiner held the HHD, and the
participant then exerted maximal force against the HHD [16]. We asked the participant to perform
two maximal hip abductor voluntary contractions. The maximal isometric force was used as the
representative value for the participant.
Knee extensor strength: Similar to hip abduction strength, we measured knee extensor strength
using an HHD. The participant sat on the treatment bed, and the HHD was secured by the belt to the
legs of the bed so that the HHD was located at the end of the participant’s leg [17]. The participant
was asked to perform two maximal knee extensor voluntary contractions. We used the maximal
isometric force for further analysis.
Ankle plantar-flexion strength: The participant was in a supine position with the knee extended.
The examiner held the HHD and placed it on the plantar surface of the metatarsal head. The
participant was then asked to perform two maximum voluntary contractions from a neutral ankle

position. The maximum value was used for analysis.
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TUG: The TUG test consisted of measuring the time to perform the task of standing up from a chair
without hand support, walking 3 m as fast as possible, walking around a cone, returning to the chair,
and sitting down again [18]. We used a digital stopwatch to count the time required for participants
to complete the task.

BBS: The BBS consisted of 14 items assessing balance tasks such as transfer, unsupported standing,
rising from a chair, tandem standing, and one-legged standing. Each task was scored based on a five-
point ordinal scale, ranging from 0—4, with 0 indicating the lowest level of function and 4 the highest
level of function. The maximum total score of the test is 56 [19].

Gait speed: The participants were asked to walk at the participants’ comfortable and safe pace along
a 12-m or 6-m walkway. We measured the time at which the participants passed between the 1-m and
11-m marks or between the 1-m and 5-m marks. The participants wore their regular footwear. Two
successful trials were recorded, and the faster one was used to calculate the gait speed.

6-minute walking distance: The 6-minute walking distance test is used to measure the distance a
person walks as far as possible in 6 min [20]. Two cones were placed 12-m apart, and participants

were asked to walk between the cones as long as possible for 6 min.

Multicomponent exercise interventions

A detailed program provided as an outpatient daycare rehabilitation has been published previously
[21]. Briefly, the multicomponent exercise program includes lower-limb strengthening exercises (by
machine, hip adduction/abduction, leg press), aerobic training (using an ergometer), and task-specific
training (gait practice using a single treadmill and gait balance using a dual-belt treadmill [22])
(Supplementary Table 1). Participants were requested to perform a combination of 2 of the 4 types of
exercise in one training class. Under the long-term care insurance system, participants attended the
training class one to three times a week in the daycare center. The total class time was 40 min and

continued for up to 3, 6, 9, or 12 months.



RCI calculation

The RCI is used to evaluate the statistical significance of an individual change between pre- and
posttreatment [12,23]. It is based on the standard error from pre- and posttreatment [12,23]. In
addition to the original formula proposed by Jacobson, there are several available versions. In the

version we used, the equality of the pre- and posttest variances was not assumed [15,23].

D;

RCI = —~ —
\/(Spre [T=Rpre—post) +(Spost,/T=Rpre—post)

(1)

The D describes the individual change in performance of the person undergoing the test. Sy is the
standard deviation pretest, and Sposr is the standard deviation posttest. In addition, Rprepos: is the
correlation coefficient between the pre- and posttest.

An RCI value >1.96 indicates reliable improvement at the p < 0.05 level, and a value <—1.96
indicates a reliable deterioration. The individual change in performance was calculated based on the
measure to obtain the comparative RCI, namely, “pretest minus posttest” in measures aimed at
reducing the preintervention score (e.g., TUG), and “posttest minus pretest” in measures aimed at
increasing the preintervention score (e.g., grip strength or BBS). We calculated the mean value of the
RCI across the participants and the number of participants who showed reliable improvement, reliable
deterioration, and no change.

We also calculated %RCI as a readable indicator of reliable change (%RCI = RCI/1.96 x 100). A
value greater than 100% indicates reliable improvement, and less than —100% indicates reliable

deterioration.

Statistical analysis

For the pre- and postintervention evaluation, we used a paired ¢ test for outcomes with normally
distributed data and the Wilcoxon rank-sum test for outcomes with nonnormally distributed data. We
reported means and standard deviations for normally distributed data and medians and interquartile

ranges for nonnormally distributed data. Normality was checked using the Shapiro—Wilk test.
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The effect size was used to evaluate the impact of the intervention on the outcome [24]. We used
the effect size correlation res, which can be calculated by the 7 value of the ¢ test or the z score of the

Wilcoxon rank-sum test [25].
Tes m (2)

Tes =75 3)

The ¢ describes the ¢ value of the ¢ test, df'is the degree of freedom, Z is the z score of the Wilcoxon
rank-sum test, and the NV is the number of samples. The effect size res suggested that the » < 0.2 would
be considered a small effect size, 0.2 < » < 0.5 moderate, and >0.5 large [24].

To compare the RCI value among physical functions, we used the Kruskal-Wallis test followed by
the post hoc Dunn multiple comparisons test. The chi-square test was used for comparisons, with the
number of people categorized as “improvement,” “deterioration,” or “no change.” We performed
these statistical calculations using SPSS version 26 (IBM Corp., Armonk, NY, USA). The

significance level was set at 5%.

Results

A total of 293 individuals began using the daycare center between April 2018 and March 2020. Of
those, 270 participants (113 men) completed the pretest and posttest. The mean age of participants
was 78 years (SD = 8 years; range, 43-95 years). The mean length of time from pretest to posttest
was 9 months (SD = 4 months), with 3 months for 60 participants (33 men), 6 months for 44
participants (12 men), 9 months for 44 participants (20 men), and 12 months for 122 participants (48
men).

Table 1 summarizes the changes between pre- and posttest for the eight types of physical function
assessment. Significant improvements were observed in most functions except for grip strength. The
effect sizes ranged from 0.112—0.504. Ankle plantar-flexion strength had a large effect size (0.504),

and gait speed (0.413), hip abduction strength (0.374), BBS (0.334), knee extensor strength (0.264),
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and 6-minute walk distance (0.248) demonstrated a moderate effect size.

Table 2 summarizes the comparison of the RCI among physical functions and number of people
who showed “improved,” “deteriorated,” and “no change” on each physical function assessment. The
highest mean RCI values were for ankle plantar-flexion strength, followed by gait speed, hip
abduction strength, BBS, knee extensor strength, 6-minute walk distance, grip strength, and finally
the TUG test. The mean RCI of the TUG test was significantly small compared with most other
assessments. Similarly, the number of people who were classified as “improved” was greater than the
number of people who were classified as “deteriorated” in most assessments except for the TUG.
Only two people were classified as “improved,” in contrast, five people were classified as
“deteriorated” for the TUG test (chi-square test; p <0.05).

Figure 1 shows an example of the results of an individual change between pre- and posttest
expressed using %RCI. In this example, the value for the knee extensor strength, BBS, and 6-minute
walk distance exceeded +100, which indicates a significant improvement. The value of the TUG test
also showed a positive value, but the degree of the value was not as high as the value of the other

assessments.

Discussion

We have introduced here an outcome evaluation using the RCI for individuals who participated in
a multifunctional exercise program. Most parameters of physical functions showed improvement
from both the point of individual-based statistics, such as RCI and average-based statistics. The RCI
provides the same information as derived from average-based statistics and allows it to use as personal
feedback for the participants. The RCI would be a convenient method to provide functional
information for both providers and participants.

Among the eight physical function tests, only the TUG was not so improved from the RCI. The

mean value of the RCI across the participants was small (Table 2). This low effect on TUG was also



confirmed by the effect size as an average-based statistics, even though the p-value was lower than
0.05. A p-value itself does not measure the size of an effect or the importance of a result [26]. Thus,
both statistical results were not quite different. This close relationship between individual-based
statistics and average-based statistics has already been pointed out [15].

Why did the TUG test show less improvement than the other functional assessments? The TUG
test is a comprehensive test that assesses the ability to stand up, balance, gait, and agility, which
reflects muscle strength. Muscle strength (ankle, knee, and hip), balance (BBS), and gait (gait speed
and 6-minute walking distance) showed moderate improvement by the effect size, and significant
different effects between the TUG and other assessments were also confirmed by the mean RCI values.
Considering this, the TUG should have improved alongside the improvement of strength, balance,
and gait. Previous studies have confirmed the smaller effect for the TUG test by the exercise program
[5,6,27,28]. This finding might be associated with differences in baseline data and/or the training
program itself. The lack of functional activity training such as standing up from a chair and turning
direction when walking may have resulted in the discrepancy between the effect of TUG and other
assessments. The RCI would have the advantage of evaluating whether a provided exercise program
is beneficial by comparing values between the assessments.

We believe that the use of the RCI is convenient for determining whether the change between the
pre- and posttest is considered to be large or not so large for each individual. For example, as shown
in Figure 1, participants showed positive values of %RCI for all kinds of assessments. However, three
assessments exceeded 100, which indicates reliable improvement. An index that makes it easy to
understand the magnitude of the change between pretest and posttest would help participants
understand their outcome. The %RCI could be applied to use tailored feedback for those who are not
specialists.

The RCI has the advantage of being able to show the effects of the intervention for each individual
in an easy to understand manner. However, this means a statistically reliable effect, not a clinically

meaningful effect. The lower value at the baseline assessment, the larger the margin for improvement;
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conversely, the higher the function at the baseline assessment, the smaller the margin for improvement.
Thus, participants who demonstrated higher function tended to show a smaller RCI value. If the RCI
is used for personal feedback, the rater should take this into consideration to avoid misunderstanding
of his or her results.

In conclusion, the RCI, same as effect size, showed a different effect on eight kinds of physical
assessment after a multicomponent exercise program. This can be used to evaluate outcomes, not only
for a group but also for each individual. The RCI can be used for personal feedback to enable to

individual to understand what is improved, is deteriorated, or has no change.
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Table 1: Comparing pretest and posttest measures of physical function.

Mean or Median (SD or IQR) Mean or Median (SD or IQR)  Efect size
Physical function Pre-test Post-test r palue
Grip strength (kg, n = 266) 20.5 (16.1,25.0) 20.5  (17.0,25.5) 0.112 0.068
Hip-abdominal strength (Nm, n =267) 17.0 (13.5,21.6) 189  (15.6,22.8) 0.374 <0.001
Knee-extension strength (Nm, n = 264) 323 (26.3,39.2) 34,5 (27.6,40.5) 0.264 <0.001
Ankle plantar-flexion strength (Nm, n =263) 62.0 (19) 71.0 (20.1) 0.504 <0.001
TUG (seconds, n = 246) 13.1 (10.1,16.9) 12.2 (9.5,16.3) 0.183 0.004
BBS (point, n = 267) 48 (43,52) 50 (44,54) 0.344 <0.001
Gait speed (cm/s, n =259) 823 (25.1) 91.6 (29.5) 0.413 <0.001
6-minute walk distance (m, n = 244) 250 (86) 264 97) 0.248 <0.001

SD, standard deviation; IQR, interquartile range; TUG, Timed Up & Go test; BBS, Berg Balance Scale.
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Table 2: Comparison of reliable change indices and frequency of improved, deteriorated, and no change on physical function measurement

6-minute
Grip strength Hip strength  Knee strength ~ Ankle strength TUG BBS Gait speed walking
(kg, n=266) (Nm, n=267) (Nm, n =264) (Nm, n =263) (seconds, n = 246) (point, n =267) (cm/s, n=259) distance
(m, n =244)
RCI Mean 0.142bc 0.395 0.294 0.584 e 0.011 fehiik 0.301 0.460 0.260
%RCI Mean 7.2 20.1 15.0 29.8 0.6 15.3 23.4 13.3
Improved N 7 15 17 24 5 12 22 11
% 2.6 5.7 6.4 9.1 2.0 4.5 8.5 4.5
Deteriorated N 2 2 1 0 2 2 2 2
% 0.8 0.8 0.4 0.0 0.8 0.7 0.8 0.8
No change N 257 247 246 239 239 253 235 231
% 96.6 93.6 93.2 90.9 97.2 94.8 90.7 94.7

RCI, reliable change Index; %RCI, RCI normalized by significant level. Superscripts indicate significant pairwise comparisons in Dann—Bonferroni
post hoc analyses.

aGrip vs. knee strength.

®Grip vs. ankle strength.

“Grip vs. gait speed.

dAnkle strength vs. knee strength.
¢Ankle strength vs. 6-minute walking distance.
'TUG vs. hip strength.

£TUG vs. knee strength.

"TUG vs. ankle strength.

'TUG vs. BBS.

ITUG vs. gait speed.

KTUG vs. 6-minute walking distance.
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Fig1.  Example of the results of an individual change between pre- and posttest. This image was
made as a feedback sheet for a participant. Large-size figures indicate %RCI; the plus

indicates “improvement,” and the minus sign indicates “deteriorated.” A score of >100

means significant improvement
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