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Abstract

Background: The aim of this study was to determine the relative and absolute reliabilities of 5 key performance-based measures of physical
function in the Canadian Longitudinal Study on Aging (CLSA).

Methods: An age-stratified subsample of 147 participants from the CLSA who were undergoing their 3-year data collection visit participated
in 2 repeat visits (within 1 week). Participants underwent tests of grip strength, 4-m gait speed, Timed Up and Go (TUG), chair rise, and single-
leg stance (left, right, mean, maximum). Intraclass correlation coefficients (ICCs), standard error of measurement, and minimal detectable
change (MDC) values were calculated.

Results: The relative reliability for grip strength was excellent (ICC = 0.95); the TUG and single-leg stance tests had good reliability (ICC = 0.80
or 0.78-0.82, respectively); gait speed and the chair-rise test had moderate reliability (ICC = 0.64 for both) for participants overall. For
participants between 50 and 64 years, TUG and gait speed had poor reliabilities (ICC = 0.38 or 0.33, respectively). For participants aged
75 years and older, the single-leg stance had poor reliability (ICC = 0.30-0.39). The MDC, was about 6 kg for grip strength, 2.3 seconds for
TUG, 0.2 m/second for gait speed, 5.2 seconds for chair rise, and ranged from 22.8 to 26.2 seconds for the single-leg stance.

Conclusions: Among community-dwelling Canadians older than 50 years, the reliabilities of the CLSA measures were moderate to excellent.
The TUG and gait speed in the youngest age group, and the single-leg stance in the oldest age group, showed poor reliability. MDC values can
be used to interpret changes over time.
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Performance-based measures (PBMs) of physical function are com-
monly used to identify older adults at risk for functional decline,
disability, and death and for monitoring change over time (1-4).
Among the most frequently used PBMs are simple tests of walking,
balance, and strength, such as the 4-m gait speed test, Timed Up
and Go (TUG) test, chair-rise test, single-leg stance test, and meas-
ures of grip strength. All these tests are included as part of the core
physical performance battery in the Canadian Longitudinal Study
on Aging (CLSA), a large-scale, 20-year study addressing the com-
plexities of aging in over 50 000 participants. Although there are
many reports on the psychometric properties of PBMs, there remain
knowledge gaps with respect to their reliability and optimal change
thresholds—data that are critical for enabling reliable quantification
of change over time in studies such as the CLSA.

Much of the prior work on test-retest reliability of commonly
used PBMs has been limited to convenience samples involving
narrow age groups and/or specific clinical populations (5-10).
For example, for isometric tests of grip strength, Bohannon and
Schaubert (9) reported an intraclass correlation coefficient (ICC)
for test—retest reliability of 0.91 for the left hand and 0.95 for the
right hand. However, these results were based on a convenience
sample of only 21 community-dwelling older adults (mean age
75 years, range: 65-85 years), and measurements were taken over
a 12-week period. Similarly, although the developers of the TUG (8)
originally reported an ICC of 0.99 for 20 older adults (mean age
80 years, range: 60-90 years) attending outpatient rehabilitation,
Rockwood et al. (10) noted a test-retest reliability of only 0.56 in a
larger sample of older adults with and without cognitive impairment
(7 = 2305, mean age 78 years, range: 69-104 years), and Jette et al.
(7) found an ICC of 0.74 in frail older adults (7 = 105, mean age
78 years, range: 65-94 years) enrolled in a clinical drug trial. For
chair rise, gait speed, and single-leg stance, the ICCs reported have
ranged between 0.67 and 0.99 in previous studies of community-
dwelling people aged 60 years or older (11-16). In addition, al-
though age-related declines in performance on these tests have been
noted from as young as age 50 (17), to the best of our knowledge,
no previous studies have examined the reliability of PBMs stratified
by age, especially included individuals aged 50-64 years. Precise es-
timates of reliability are also needed to determine thresholds of true
and important change for PBMs in community-dwelling adults—an
area with limited research to date despite their widespread use.

The aim of this study was to determine the reliability and min-
imal detectable change (MDC) values of commonly used PBMs in
middle-aged and older adults enrolled in the CLSA. The specific ob-
jectives are to (a) determine the relative and absolute reliabilities of
the TUG, gait speed, grip strength, chair-rise, and single-leg stance
tests in an age-stratified sample of community-dwelling adults
and (b) estimate MDC thresholds for these measures. These data
are critical to be able to adequately characterize changes in phys-
ical functioning among older adults in longitudinal analyses of the
CLSA data.

Method

Study Design and Participants

This was a prospective test-retest reliability substudy of the CLSA
(Hamilton Data Collection Site). The CLSA is a population-based,
20-year, prospective cohort study collecting data every 3 years on
over 50 000 men and women aged 45-85 years at enrollment (18,19).
For the present study, we enrolled an equal number of participants

in 3 age groups: 50-64, 65-74, and 75-90 years. Inclusion criteria
were that participants had to be living at home and have the ability
to understand simple instructions. We excluded participants with
any contraindications to do the performance-based tests (as per
the CLSA protocol [https://www.clsa-elcv.ca/researchers/physical-
assessments]). Participants were consecutively enrolled until the re-
quired sample size was met in each age strata. Participants took part
in a baseline assessment session for this substudy as part of their
routine CLSA visit and were asked to return for repeat testing ap-
proximately 1 week later. The study protocol was approved by the
Hamilton Integrated Research Ethics Board (2018-5280-GRA).

Study Process

Consecutive eligible CLSA participants undergoing their in-home
face-to-face interviews were approached by a member of the re-
search team to determine their interest in participating in the re-
liability substudy, from March to October 2019. Those who
expressed interest were telephoned prior to attending their CLSA
site-based data collection visit to explain the study procedures and
obtain verbal consent. At their data collection visit, participants
who consented underwent the usual CLSA battery of tests (Time I).
Performance on the PBMs was recorded in a separate database for
this substudy. In order to fully describe the sample, the following
information was extracted from the core CLSA data on each par-
ticipant: age, sex, weight, height, income, living situation, educa-
tion, and self-reported physician-diagnosed chronic conditions
(eg, hypertension, cardiovascular disease, diabetes, vision disease,
musculoskeletal disease, neurological disease, and mental health
disease). We also recorded participants’ history of falls in the past
12 months. One week later (Time II), participants returned to the
Data Collection Site and repeated the physical performance battery
with the same order. CLSA research staff or postgraduate students
in rehabilitation administered the tests and raters were not stand-
ardized between visits. Before data collection, all raters (CLSA re-
search staff or postgraduate students in rehabilitation) received at
least one formal training session according to the CLSA standard
operating procedures (https://www.clsa-elcv.ca/researchers/physical-
assessments). Participants were also asked to indicate whether they
had perceived any change in their physical health from Time I to
Time II by the following question: “Since your last visit, how would
you rate your physical health?” with 5 response options: much
worse, slightly worse, about the same, slightly better, much better.

Measures

Five commonly used PBMs: TUG, gait speed, single-leg stance test,
grip strength, and chair-rise test were conducted at Time I (CLSA as-
sessment) and Time II (retest) approximately 1 week later. Tests were
performed according to the CLSA standard operating procedures
(https://www.clsa-elcv.ca/researchers/physical-assessments).

Grip strength is a quantitative measure of isometric muscle
strength of the hand and forearm. Standardized instructions and
positioning were used during testing. Three consecutive trials for the
dominant hand were conducted, and the mean and maximum values
were recorded (20).

The TUG is a commonly used PBM of functional mobility and
balance among older adults (21). Participants were asked to rise from
a chair, walk 3 m, turn around, walk back to the chair, and sit down
(chair height 46 cm). The test was performed by asking participants to
“walk at your normal pace.” Participants were permitted to use the as-
sistive device they typically use in the community. The timer was started
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immediately after the evaluator said the command “go” and stopped
when the participant returned to sitting in the chair.

The chair-rise test, also called the Five-Times-Sit-to-Stand test,
measures lower limb strength and balance (22). Participants were
asked to cross their arms on their chest. The evaluator provided the
following standardized instructions: “I want you to stand up and sit
down 5 times as quickly as you can when I say ‘Go’.” Timing begins
when the evaluator says “Go” and stops when the participant is fully
standing for the fifth time.

The 4-m gait speed test measures walking speed in meters per
second (m/s) (11). Participants were asked to walk 4 m at their usual
pace, according to the following instructions “after I say, ‘ready, set,
g0’ please walk at your usual walking pace until I say to stop.” The
timer was started immediately after the evaluator said “Ready, set,
go” and stopped when the participant was completely across the
finish line.

The single-leg stance test measures an individual’s static balance.
Participants were instructed to stand on one leg for as long as pos-
sible starting with the right leg. The test was then repeated on the left
leg. Timing began when the foot left the ground on the first attempt
and stopped when the foot touched the ground or when the partici-
pant lost balance or touched the wall. Data were recorded from each
trial, as were the mean and maximum of the 2 trials.

Statistical Analysis

To characterize the study participants, number and percentages
were used for describing categorical variables; means, standard devi-
ations and/or median, quartiles (Q1, Q3) were used for continuous
variables depending on the distribution. We assessed the relative
reliability by calculating ICC, | and absolute reliabilities using the
standard error of measurement (SEM) and MDC for each of the
performance-based tests (23,24). The ICC, | estimates and 95% con-
fidence intervals were calculated using “irr” R package based on a
single-rater, absolute-agreement, 2-way random-effects model using
the following formula: ICC, | = (MS, - MS)/[MS, + MS, + 2(MS_ -
MS,)/n]. In the formula, MS, is the mean square for rows (between-
participant variability), MS, is the mean square for error (residual
variability), MS_ is the mean square for columns (between-test vari-
ability), and 7 is the number of participants. Values for ICC greater
than 0.90 indicate excellent reliability, between 0.75 and 0.9 indicate
good reliability, between 0.5 and 0.75 indicate moderate reliability,
and lower than 0.5 indicate poor reliability (23).

For measures that exhibited poor reliability, we conducted a
variance component analysis to estimate the contribution of each
considered variable to the variance of the dependent variable. In
the current context, the variance in the measurement scores might
arise from between-participant variability, between-testing vari-
ability, between-raters variability, and residual variability (errors).
We assumed that the raters and participants in the sample repre-
sent random selections from larger populations. We performed the
variance component analysis using “VCA” R package (25) with the
analysis of variance method by putting age, participants, different
test times (Time I or Time II), and raters as random factors in the
models. Moreover, we used Bland-Altman plots with 95% limits
to visualize agreement between the 2 repeated measurements and
identify extreme values for measures that exhibited poor reliability
(26). If extreme values were found in the Bland-Altman plots, we
excluded extreme values for participants who reported a change in
their physical health between the 2 assessments in order to examine
how these extreme values influenced the ICCs.

The SEM was calculated as SD+v/1 —ICC and the MDC with
90% confidence was calculated as SEM x v2 x 1.65 in each age
5 18 that it is the smallest
change in a measure that can be considered real change beyond

group. The interpretation of the MDC

measurement error with 90% confidence (27). Statistical analyses
and graph construction were performed using the software R 4.0.2
(R Core Team, 2020) in RStudio (version 1.2.1335).

The sample size for the study was based on an expected ICC
value of 0.80 with a 95% CI of =0.1. Fifty participants for each of
the 3 age groups were targeted for a total sample size of 150 parti-
cipants (28).

Results

Study Population and Baseline Characteristics

A total of 151 participants agreed to participate in the substudy. For
this analysis, 4 participants had incomplete data and were excluded,
resulting in a study sample of 147 (76 males and 71 females). For
each PBM, only a few data values were missing at Time I or II (up
to 7 cases) due to safety concerns (high risk of fall), so missing data
were not imputed in our analysis. The mean age of the participants
was 69 (10) years (range 51-90), with 3 age strata: 50-64 years
(1 = 48), 65-74 years (n = 50), and 75 and older (n = 49).

The median time between the 2 tests was 7 days. Table 1 pres-
ents the demographic characteristics of the participants. Most parti-
cipants had a postsecondary degree; few participants used a gait aid
at home and/or in the community. Generally, older participants had
a higher prevalence of fall history in the past year and were more
likely to report living alone, more chronic conditions, and more
medications.

Relative Reliability of Measures
Test-retest reliability values for grip strength, TUG test, gait speed,
chair-rise test, and single-leg stance test for all participants are given
in Table 2. Overall, the ICCs for grip strength (mean and maximum)
were excellent (ICC = 0.95, 95% CI: 0.92-0.97); good for TUG
(ICC = 0.80,95% CI: 0.72-0.86) and single-leg stance tests (ICC for
right, left, mean, and maximum = 0.78-0.82, 95% CI: 0.70-0.87);
and moderate for gait speed and chair-rise test (ICC = 0.64, 95%
CI for gait speed: 0.54-0.73; 95% CI for chair-rise test: 0.45-0.77).
Test—retest reliability values for the PBMs according to age
groups are given in Table 3. Grip strength (mean and maximum) had
excellent reliability across all 3 age groups (ICC = 0.91-0.97). TUG
and gait speed had poor reliability (ICC = 0.38,95% CI: 0.12-0.59;
0.33, 95% CIL: 0.05-0.55, respectively) among participants aged
50-64 years. Single-leg stance test (right, left, mean, and maximum)
had poor reliability among participants aged 75 years and older
(ICC = 0.30-0.39, 95% CI: 0.02-0.61). Bland-Altman plots for the
measures that had poor reliability in specific age groups are shown
in Figure 1. Most of the participants (124/147) reported no change
in their physical health between Time I and Time II, 7/48 participants
reported a change (better or worse) in the 50-64 age group, 9/50 in
65-74 age group, and 7/49 in 75 and older age group. There are 3
extreme values of TUG in those aged 50-64 years (Figure 1A); 2 of
these reported slightly worse physical health at the Time II test com-
pared with their Time I test. After removing the 2 extreme values,
we did not find a substantial increase in the ICC (ICC = 0.43, 95%
CIL: 0.14-0.65). Similarly, this kind of extreme value did not influ-
ence our results for the gait speed test. Although there were several
extreme values for the single-leg stance test, participants with these
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Table 1. Demographic Characteristics of the Participants
50-64 years 65-74 years 75+ years All Participants
N=48 N =50 N=49 N =147
Age (years), mean (SD) 58 (4 69 (3) 81 (4) 69 (10)
Female, 7 (%) 30 (62.5) 21 (42.0) 20 (40.8) 71 (48.3)
Days between 2 tests, median (Q1, Q3) 7(7,9) 8(7,10) 7(7,8) 7(7,9)
Height (¢cm), mean (SD) 170 (9) 170 (9) 167 (10) 169 (10)
Weight (kg), mean (SD) 85 (17) 83 (15) 77 (17) 82 (17)
BMI (kg/m?), mean (SD) 29.1 (4.8) 28.9 (5.3) 27.7 (5.8) 28.6 (5.3)
Use of gait aid, 7 (%) 0 6 (12.0) 5(10.2) 11 (7.4)
Balance/fall history, 7 (%)
Difficulty with balance 10 (20.8) 12 (24.0) 16 (32.7) 38 (25.9)
Fall in the last year 9 (18.8) 11 (22.0) 12 (24.5) 33 (21.8)
Worry about falling 10 (20.8) 15 (30.0) 20 (40.8) 45 (30.6)
Injury due to fall 6 (12.5) 6 (12.0) 8(16.3) 20 (13.6)
Number of medications, median (Q1, Q3) 1(0,3) 2(1,4) 4(2,6) 2(1,4)
Chronic conditions (number of participants), 7 (%)
Hypertension 12 (25.0) 22 (44.0) 27 (55.1) 61 (41.5)
Cardiovascular disease 4 (8.3) 7 (14.0) 25(51.0) 36 (24.5)
Diabetes 6(12.5) 10 (20.0) 8 (16.3) 24 (16.3)
Vision disease (eg, cataracts) 6 (12.5) 18 (36.0) 35(71.4) 59 (40.1)
Musculoskeletal disease (eg, osteoarthritis) 16 (33.3) 22 (44.0) 27 (55.1) 65 (44.2)
Neurological disease (eg, parkinsonism) 15 (31.3) 14 (28.0) 17 (34.7) 46 (31.3)
Mental disease (eg, anxiety) 16 (33.3) 15 (30.0) 12 (24.5) 43 (29.3)
Respiratory disease (eg, COPD) 7 (14.6) 5(10.0) 10 (20.4) 22 (15.0)
Other disease (eg, kidney disease, cancer) 24 (50.0) 26 (52.0) 28 (57.1) 78 (53.1)
Level of education (number of participants), 7 (%)
Less than secondary school 0 2 (4.0) 8 (16.3) 10 (6.8)
Secondary school graduation 6(12.5) 8 (16.0) 5(10.2) 19 (12.9)
Some postsecondary education 11 (22.9) 10 (20.0) 8 (16.3) 29 (19.7)
Postsecondary degree/diploma 31 (64.6) 30 (60.0) 28 (57.1) 89 (60.5)
Household income
<$20 000 0 1(2.0) 4(8.2) 5(3.4)
$20 000 or more, but less than $50 000 5(10.4) 10 (20.0) 12 (24.5) 27 (18.4)
$50 000 or more, but less than $100 000 14 (29.2) 21 (42.0) 21 (42.9) 56 (38.1)
$100 000 or more, but less than $150 000 13 (27.1) 10 (20.0) 5(10.2) 28 (19.0)
$150 000 or more 16 (33.3) 6(12.0) 6(12.2) 28 (19.0)
Unclear 0 2 (4.0) 1(2.0) 3(2.0)
Living alone, 1 (%) 5(10.4) 6 (12.0) 18 (36.7) 29 (19.7)

Note: BMI = body mass index; COPD = chronic obstructive pulmonary disease; SD = standard deviations; Q1 = first quartile = median of the lower half of the

data; Q3 = third quartile = median of the upper half of the data.

extreme values did not report any change in their physical health
between visits.

Variance Components Analysis

We summarized the results of the variance components analysis in
Supplementary Appendix Table S1. The proportions of variability
between raters, different ages of participants, and between measure-
ment times calculated from the variance components analysis were
low for TUG and gait speed in participants aged 50-64 years and
for single-leg stance in participants aged 75 years and older (ran-
ging from 0% to 8.16%). The largest component of variance was
residual variance (random error), the between-rater variance was
very low and the between-participant variability was less than 50%,
indicating that the TUG, gait speed, and single-leg stance may not be
repeatable tests in those age groups.

Absolute Reliability of Measures
Values for SEM and MDC for each of the PBMs are given in Tables
2 and 3. For grip strength (mean and max) and chair rise, the SEMs

and MDCs were greater in participants aged 65-74 years than for
participants in the younger and the older age groups. For TUG and
gait speed, the SEMs were similar across the 3 age groups, and older
participants had a lower MDC value. For single-leg stance (right leg,
left leg, mean and max of 2 trials), the SEMs were larger in the older
age groups; and participants in the 75 and older age group had the
largest MDCs.

Discussion

This study provides estimates of the relative and absolute reliabilities
for grip strength, TUG, 4-m gait speed, chair-rise, and single-leg
stance tests among community-dwelling older adults enrolled in the
CLSA. Our findings indicate that for adults aged 50 and older, grip
strength measures had excellent test—retest reliability; the TUG and
single-leg stance tests had good reliability; and the gait speed and
chair-rise tests had moderate reliability. In our age-stratified ana-
lyses, however, the TUG and gait speed, as well as the single-leg
stance test, had poor test-retest reliabilities in the youngest and
oldest age groups, respectively. Our study also provides some of the


http://academic.oup.com/biomedgerontology/article-lookup/doi/10.1093/gerona/glab175#supplementary-data

2034

Journals of Gerontology: MEDICAL SCIENCES, 2021, Vol. 76, No. 11

Table 2. Relative and Absolute Reliabilities of Measures for All Participants

Time I (baseline) Time II (retest) N ICC (95% CI) SEM MDC,,

Grip strength (mean, kg) Mean (SD) 32.82 (11.71) 34.12 (12.38) 145 0.95(0.92-0.97) 2.62  6.11
Median (Q1,Q3) 30.47(22.72,42.63)  31.63 (22.96, 44.14)

Grip strength (max, kg) Mean (SD) 34.36 (12.12) 35.51 (12.71) 146 0.95 (0.93-0.97) 2.71 6.32
Median (Q1,Q3)  31.50 (24.25,43.93)  32.95 (24.18, 45.33)

TUG (seconds) Mean (SD) 10.47 (2.17) 10.07 (2.20) 147 0.80 (0.72-0.86) 0.97 2.26
Median (Q1,Q3)  10.25 (9.16,11.13) 9.50 (8.79,10.97)

4-m gait speed (m/s) Mean (SD) 0.90 (0.16) 0.91 (0.15) 147 0.64 (0.54-0.73)  0.10  0.23
Median (Q1, Q3) 0.91 (0.80, 1.01) 0.91 (0.83, 1.01)

Chair rise (seconds) Mean (SD) 12.23 (3.74) 10.95 (2.71) 144 0.64 (0.45-0.77) 2.24 5.23
Median (Q1,Q3)  12.01 (9.45,14.24)  10.67 (9.24, 12.49)

Single-leg stance (right, seconds) Mean (SD) 28.79 (23.65) 28.24 (25.06) 140 0.78 (0.70-0.84) 11.09 25.88
Median (Q1,Q3)  18.96 (6.58, 60.00) 19.28 (4.08, 60.00)

Single-leg stance (left, seconds) ~ Mean (SD) 29.33 (23.97) 27.74 (24.46) 140 0.78 (0.71-0.84) 1124  26.23
Median (Q1, Q3)  20.88 (5.78, 60.00) 16.91 (4.74, 60.00)

Single-leg stance (mean, seconds)  Mean (SD) 29.06 (22.98) 27.99 (23.93) 140  0.82 (0.75-0.87) 9.75 22.75
Median (Q1,Q3)  24.00 (7.16, 60.00)  19.44 (4.88, 60.00)

Single-leg stance (max, seconds) Mean (SD) 32.38 (23.26) 31.31 (24.38) 140 0.80(0.72-0.85) 10.40 24.27

( (

Median (Q1, Q3)

28.28 (8.91, 60.00)

25.34 (5.71,60.00)

Note: ICC = intraclass correlation coefficient; SEM = standard error of measurement; MDC = minimal detectable change; TUG = Timed Up and Goj; SD = stand-

ard deviation; Q1 = median of the lower half of the data; Q3 = median of the upper half of the data.

first estimates of MDC, values for each of the PBMs that can be
used for interpreting change in physical function over time.

In our study, grip strength showed the highest test-retest reli-
ability among the PBMs, with ICC values that were consistent with
previous studies conducted in the community setting (9,29). Grip
strength reflects overall muscle strength and is the simplest recom-
mended method for assessing muscle function in clinical practice.
However, methods for assessing grip strength have considerable vari-
ation, including whether the mean or maximum value, from 1, 2, or
3 trials, using the dominant hand only or either hand, is recorded
(30). The results of our study support using 3 consecutive trials for
the dominant hand, with a recording of either the mean or maximum
value. The SEM of grip strength was about 2.5 kg, reflecting the es-
timated measurement error around a single assessment. Importantly,
the MDC,, of grip strength was about 6 kg, which is similar to es-
timates of meaningful changes in grip strength from anchor-based
approaches (5.0-6.5 kg) (31).

The TUG test showed good test-retest reliability overall, similar
to a previous study of community-dwelling older people (n = 20,
mean age = 75 years) (32), but lower than another study in a com-
munity setting (7 = 1200, mean age = 73 years; ICC = 0.93-0.99)
(12), as well as a study that included patients with chronic condi-
tions (7 = 49, mean age = 50 years) (33). One recent study recruited
healthy participants aged 50 years and older (# = 128, median
age = 66 years) in Ireland and found the TUG test had moderate—
good reliability (34). Our study reports a higher test-retest reli-
ability than the previous study (34) (ICC: 0.80 vs 0.75) but yielded
a higher MDC, value (2.26 vs 1.75 seconds). This can be explained
by the larger standard deviations around the baseline scores in our
study (2.17 vs 1.39 seconds), indicating that our data are spread
out over a wider range. Of note, in our age-stratified analysis, we
found that the TUG test had poor test-retest reliability (ICC = 0.38)
for community-dwelling people aged 50-64 years. Unfortunately, it
is difficult to compare these findings with previous studies as we
are the first to examine test-retest reliability specifically for this age
group. Our results suggest that the TUG may have limited utility in
this “younger” adult age range in population-based studies.

The single-leg stance test had good test-retest reliability, which is
consistent with previous studies in community-dwelling older people
(n =25, mean age = 72 years) (35) but lower than the other study in
a community setting (7 = 1200, mean age = 73 years; ICC = 0.93—
0.99) (12) and studies including patients with chronic conditions
(7 =71, mean age = 62 years) (36). Protocols for the single-leg stance
test vary considerably in the literature with tests sometimes allowing
the use of either leg or the preferred leg, from 1-5 trials, and scores
recorded as the mean or maximum value of all trials, or the last of
2 trials (35,37). Our data indicate the mean value of the combined
right leg trial and left leg trial had slightly better test-retest reliability
(ICC = 0.82, MDC,, = 22.75) than either trial on its own, or the
maximum value of the 2 trials (ICC = 0.78-0.80).

In our study, the chair-rise and gait speed tests both had mod-
erate test—retest reliabilities (ICC = 0.64 for both), values that
are lower than those reported in previous studies of community-
dwelling older people (ICC = 0.67-0.89) (11,13,14). It is worth
noting that all 3 prior studies recruited participants aged 65 years
and older; inclusion of younger participants in the current study
likely decreased the between-participant variance and may explain
our lower ICC values. If we consider our results only in participants
aged 65 years and older, our ICC values improve slightly (0.67-0.70
vs 0.64). There are also several different protocol variations for both
the chair-rise test and gait speed test which have different reported
reliabilities (11,38). For example, previous studies reported the test—
retest ICC for 3-m gait speed as 0.80 and 0.93 for the 5-m walk in
older adults (6,7). The protocols with the best reliability for both
chair-rise and gait speed tests need to be further investigated.

The ICC reflects the proportion of between-participant variance
on the total variance (23). In our study, the major variances for the
PBMs with poor reliability in some of the age-stratified analyses are
from error (57%-72%). Although we expected that raters would
play an important role in the source of the variation (34), we did not
find such effects in our variance component analysis. Our variance
component analysis results indicate that different raters collecting
data over time may not be the major source of variance for the meas-
urement results if clear standard operating procedures are followed,
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Table 3. Relative and Absolute Reliabilities of Measures for Different Age Groups
Time I (baseline) Time II (retest) N ICC (95% CI) SEM MDC,,

Grip strength (mean, kg)

50-64 years
Mean (SD) 34.78 (12.32) 36.07 (12.38) 48 0.97 (0.94-0.98) 2.13 4.97
Median (Q1, Q3) 30.57 (26.34, 44.36) 31.87(27.38,44.92)

65-74 years
Mean (SD) 35.33 (12.28) 37.48 (13.04) 49 0.93 (0.84-0.96) 3.25 7.58
Median (Q1, Q3) 33.7 (23.87,46.9) 36.63 (25.12,48.58)

75+ years
Mean (SD) 28.29 (9.08) 34.78 (12.32) 48 0.96 (0.92-0.98) 1.82 4.25
Median (Q1, Q3) 27.63 (19.88,35.75) 28.33 (19.88,38.1)

Grip strength (max, kg)

50-64 years
Mean (SD) 36.65 (12.63) 37.56 (12.84) 48 0.97 (0.95-0.98) 2.19 5.11
Median (Q1, Q3) 31.65 (27.68,46.18) 32.7 (28.8, 46)

65-74 years
Mean (SD) 37.08 (12.79) 39.08 (13.23) 49 0.91 (0.84-0.95) 3.84 8.96
Median (Q1, Q3) 35(25.05,48.4) 38(26.9, 50.55)

75+ years
Mean (SD) 29.41 (9.28) 36.65 (12.63) 49 0.96 (0.93-0.98) 1.86 4.34
Median (Q1, Q3) 29.5 (21.05, 37) 29.3 (20.65, 39.55)

TUG (seconds)

50-64 years
Mean (SD) 9.46 (1.52) 8.93 (1.01) 48 0.38 (0.12-0.59) 1.2 2.8
Median (Q1, Q3) 9.24 (8.68,10.1) 8.89 (8.34,9.48)

65-74 years
Mean (SD) 10.4 (2.47) 10.02 (2.65) 50 0.85(0.75-0.91) 0.96 2.24
Median (Q1, Q3) 10.27 (9.24,10.81) 9.49 (8.71,10.62)

75+ years
Mean (SD) 11.53 (1.92) 11.24 (1.98) 49 0.79 (0.66-0.88) 0.88 2.05
Median (Q1, Q3) 11.31(10.22,12.52) 10.97 (9.69, 13)

4-m gait speed (m/s)

50-64 years
Mean (SD) 0.95 (0.13) 0.98 (0.11) 48 0.33 (0.05-0.55) 0.11 0.26
Median (Q1, Q3) 0.97 (0.91, 1.05) 0.96 (0.89, 1.06)

65-74 years
Mean (SD) 0.91 (0.17) 0.93 (0.15) 50 0.67 (0.48-0.80) 0.1 0.23
Median (Q1, Q3) 0.89 (0.82,1.02) 0.92 (0.86, 1.02)

75+ years
Mean (SD) 0.84 (0.15) 0.83(0.17) 49 0.69 (0.50-0.81) 0.08 0.19
Median (Q1, Q3) 0.84 (0.74, 0.92) 0.83(0.72,0.92)

Chair rise (seconds)

50-64 years
Mean (SD) 11.75 (4.74) 9.94 (2.33) 48 0.55(0.26-0.74) 3.18 7.42
Median (Q1, Q3) 10.49 (8.86,13.53) 9.64 (8.51,11.52)

65-74 years
Mean (SD) 11.59 (3.11) 10.36 (2.42) 48 0.70 (0.38-0.85) 1.7 3.97
Median (Q1, Q3) 11.75 (9.45,13.3) 10.30 (9.36, 12.24)

75+ years
Mean (SD) 13.33 (2.94) 12.56 (2.66) 48 0.67 (0.47-0.80) 1.69 3.94
Median (Q1, Q3) 13.68 (10.64,15.32) 12.44 (10.28, 13.75)

Single-leg stance (right, seconds)

50-64 years
Mean (SD) 46.52 (19.57) 49.12 (19.26) 48 0.78 (0.64-0.87) 9.18 21.42
Median (Q1, Q3) 60.00 (27.08, 60) 60.00 (41.55, 60)

65-74 years
Mean (SD) 25.16 (21.72) 24.68 (23.27) 46 0.73 (0.55-0.84) 11.29 26.34
Median (Q1, Q3) 17.41 (5.5,47.71) 12.38 (4.44, 58.69)

75+ years
Mean (SD) 14 (16.87) 10.4 (14.48) 46 0.30 (0.02-0.54) 14.04 32.76
Median (Q1, Q3) 8.89 (2.33,15.6) 4.06 (2.09, 14.13)

Single-leg stance (left, seconds)

50-64 years
Mean (SD) 46.01 (19.61) 44.82 (21.43) 48 0.73 (0.56-0.84) 10.19 23.78

Median (Q1, Q3)

60.00 (27.2, 60)

60.00 (21.79, 60)
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Table 3. Continued

Time I (baseline) Time II (retest) N ICC (95% CI) SEM MDC,,
65-74 years
Mean (SD) 29.36 (22.97) 27.15 (23.67) 46 0.76 (0.61-0.86) 11.25 26.25
Median (Q1, Q3) 21.07 (6.96, 60) 18.80 (5.29, 60.00)
75+ years
Mean (SD) 11.89 (15.45) 10.86 (14.4) 46 0.38 (0.10-0.60) 12.17 28.4
Median (Q1, Q3) 5.92 (3.15,13.14) 4.84 (1.81,13.62)
Single-leg stance (mean, seconds)
50-64 years
Mean (SD) 46.26 (18.93) 46.97 (19.31) 48 0.78 (0.64-0.87) 8.88 20.72
Median (Q1, Q3) 60.00 (27.35, 60) 60.00 (33.13, 60)
65-74 years
Mean (SD) 27.26 (21.21) 25.91 (22.07) 46 0.80 (0.67-0.89) 9.49 22.14
Median (Q1, Q3) 25.97 (7.69,40.2) 16.44 (6.23,44.57)
75+ years
Mean (SD) 12.95 (15.01) 10.63 (14.05) 46 0.39 (0.11-0.61) 11.72 27.35
Median (Q1, Q3) 7.25 (3.54,15.31) 3.91(2.31,13.08)
Single-leg stance (max, seconds)
50-64 years
Mean (SD) 48.63 (17.08) 50.17 (18.04) 48 0.76 (0.60-0.86) 8.37 19.53
Median (Q1, Q3) 60.00 (39.87, 60) 60.00 (42.78, 60)
65-74 years
Mean (SD) 31.62 (22.39) 30.67 (23.27) 46 0.83 (0.71-0.90) 9.23 21.54
Median (Q1, Q3) 28.41 (9.87, 60) 24.35 (8.31, 60)
75+ years
Mean (SD) 16.21 (17.77) 12.69 (14.86) 46 0.31 (0.03-0.55) 14.76 34.44

Median (Q1, Q3)

9.39 (5, 18.16)

5.59 (3.09, 17.94)

Note: ICC = intraclass correlation coefficient; SEM = standard error of measurement; MDC = minimal detectable change; TUG = Timed Up and Go; SD = stand-
ard deviation; Q1 = median of the lower half of the data; Q3 = median of the upper half of the data.

such as in the CLSA. The poor reliabilities observed in some of the
age-stratified analyses may be due to a more homogeneous healthy
population compared with older age groups or populations from
clinical settings for the chair-rise test and gait speed. For the single-
leg stance test, the exclusion of participants with high fall risk from
performing the test may have resulted in a more homogeneous popu-
lation for the 75 and older age group.

The age-stratified MDC, values for the PBMs were consistent
with our relative reliability results. The MDC, for TUG and gait
speed, and the single-leg stance test, were largest in the youngest (50—
64 years) and oldest (75+ years) age groups, respectively, because of
the lower ICC values in these age groups. As such the MDC, values
for those tests are larger than previous estimates of clinically mean-
ingful change for some of the PBMs (39,40). Of note, the MDC,
estimates for the single-leg stance test in the oldest age group were
larger than the mean and median values of the test scores (Table
3). These results are consistent with a previous study conducted in
community-dwelling older adults (7 = 25, mean age = 72 years) (35)
and suggest that the utility of the single-leg stance test in participants
older than 75 years needs further investigation. Overall, these find-
ings highlight the importance of considering age when interpreting
change in PBMs over time among community-dwelling older adults
aged 50 and older. Importantly, the MDC, values reported here may
not apply to specific clinical populations and those from groups with
more Narrow age ranges.

This is the first study to provide test—retest reliability data for the
CLSA PBMs in middle-aged and older adults. In addition, we report
age-stratified results and explore sources of potential variability for

the PBMs with poor reliability using variance component analysis.
Nevertheless, this study had several limitations. First, the number of
participants in some age groups is slightly smaller (eg, 46 for single-
leg stance tests in the older 2 groups) than the recommended sample
size for reliability studies (7 = 50), which might affect the precision of
the point estimates. Second, we approached consecutive participants
from a single CLSA data collection site using a convenience sampling
method and therefore may have unintentionally introduced selection
bias; those with more health/physical limitations may have been less
willing to participate in the study compared to higher functioning
community-dwelling people. Third, we did not account for cogni-
tive status, which may be another source of variance (41). Fourth,
this study was a substudy within the CLSA whereby these measures
were administered manually; use of automated assessments or video
recordings may have improved our findings (42,43), however would
have less external validity for these methods or devices are not com-
monly used.

Conclusions

Among community-dwelling Canadians aged 50 and older enrolled
in the CLSA, overall test—rest reliability values for measures of grip
strength, TUG, single-leg stance, gait speed, and chair rise were mod-
erate to excellent. The TUG test and gait speed had poor reliability
in people aged 50-64 years, and the single-leg stance had poor reli-
ability in people aged 75 years and older. MDC values presented in
this article can be used to help interpret changes in physical function
over time.



Journals of Gerontology: MEDICAL SCIENCES, 2021, Vol. 76, No. 11

2037

Conflict of Interest

None declared.

References

A TUG (seconds) B Gait speed (m/s) C  SLSright (seconds)
60-
¢ mm e e mm - .
o .
02- . A
o .0 .
_________ . o o s
Lt
25 .o
r o B S 30-
& 00 o . .. e
. . .
il R0 R TR ) N Sy
d, [P . €
. 2, A o¥l ) q oy
2 eSSt 0 a [
8 e e 8 .. r 8
g o0 s g e oo
o S o 9 3 o _‘, e — - - - =
D £, J K] . .
2 & 02- S o-Pe o .
a ’ & i & SR
.
.
--------- .
B
_________ .
-25 S
-04
30-
.
.
-50-* -06-® .
8 10 12 07 o8 oo 10 11 12 [ 20 40 60
Means Means Means
D  SLSleft (seconds) E SLS mean (seconds) F SLS max (seconds)
. 50- . 50 .
. ® o)
N e ole 4 4
______ - - PR R H = P = o
30- of
25- = 25-
. Q b
o Cb .
- 3
| 0 8 $°. g %
3 LN P S . [ o o ] —? ————————
] o.-é 2 o0 2 -
g g T, . R Bt |
a e O o 5 . 5
.o
. . . .
. oo
o . .
. .
. 25 — 25
Bt —— - === —— | bl ey o
e
. -50 . 50 .
o 20 4‘0 o 0 40 60 o 2 60
Means Means Means

Figure 1. Bland-Altman plot for measures that exhibited poor reliability: A
and B among participants aged 50-64 years and C-F among participants
aged 75 years and older. TUG = Timed Up and Go; SLS = single-leg stance.
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