Stability of physical assessment of older drivers over 1 year
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Abstract

Older adults represent the fastest-growing population of drivers with a valid driver’s licence.
Also common in this age group are multiple chronic medical conditions that may have an effect
on physical function and driving ability. Determining the reliability of physical measures used to
assess older drivers’ functional ability is important to identifying those who are safe to continue
driving. Most previous reliability studies of clinical physical measures of health used test—retest
intervals shorter than those between patient visits with a clinician. In the present study we
examined a more clinically representative interval of 1 year to determine the stability of
commonly used physical measures collected during the Candrive II prospective cohort study of
older drivers. Reliability statistics indicate that the sequential finger—thumb opposition, rapid
pace walk and the Pelli-Robson contrast sensitivity tests have adequate stability over 1 year.
Poor stability was observed for the one-legged stance and Snellen visual acuity test. Several
assessments with nominal data (Marottoli method [functional neck range of motion], whispered
voice test, range of motion and strength testing) lacked sufficient variability to conduct reliability
analyses; however, a lack of variability between test days suggests consistency over a 1-year
time frame. Our results provide evidence that specific physical measures are stable in monitoring

functional ability over the course of a year.



1. Introduction

The number of adults over the age of 65 with a valid driver’s licence is increasing rapidly
(Bell et al., 2011; Bongaarts, 2009; Smith and Tayman, 2003). As the prevalence of chronic
illnesses associated with declining functional ability as well as the driving risk in this age group
are also high (Man-Son-Hing et al., 2007; Marottoli et al., 1994a; Marshall, 2008; McGwin et al.,
2000; Millar, 1999), objectively determining older adults’ medical fitness to drive is an
important health and road safety issue. There is evidence that declines in functional ability are
linked with changes in driving habits, performance, and crash rates (Margolis et al., 2002;
Marottoli et al., 1994b; Marottoli et al., 2007; Sims et al., 2000; Sims et al., 2001), along with
evidence that many of the impairments seen to affect older adults’ driving ability are avoidable if
detected and acted upon (Korner-Bitensky et al., 2011; Kua et al., 2007; Marottoli et al., 2007).

Although no single validated tool has been developed to determine medical fitness to
drive, several physical assessments have been used to gain insight into drivers’ functional
abilities while behind the wheel of a car (Table 1). The degree to which these assessments have
been examined for test—retest reliability is limited, with the majority of test-retest periods lasting
no longer than 2 weeks (Table 2). While the information gathered from these studies is useful,
their short durations do not reflect the longer intervals associated with patient—clinician visits
(Bohannon and Schaubert, 2005) or those used in longitudinal prospective studies of older
drivers’ health and safety (Marshall et al., 2013 in this issue; Staplin et al., 2003). Of the studies
with longer test—retest intervals (12 weeks), only those testing standard measures of strength
(grip strength, knee extension) and functional ability (sit-to-stand and Timed Up & Go [TUG]

tests) have involved older adults (Bohannon & Schaubert, 2005; Schaubert & Bohannon, 2005).



However, these studies are limited in that their samples are small and they did not monitor or
comment on the participants’ health over the testing period. Determining and monitoring the
interval between testing periods becomes particularly important for longitudinal studies of older
adults, as the effects of age (Alexander et al., 1991; Avlund and Davidsen, 1995; Avlund et al.,
2003; Brooks and Faulkner, 1994; Skelton et al., 1994) not typically associated with analyses
with short durations could affect test variables of interest. In addition, considering longitudinal
investigations with study durations up to and greater than 1 year (Marshall et al., 2013 in this
issue; Staplin et al., 2003), changes in lifestyle (e.g. exercise level), medication use, social status
and psychological factors may influence the stability of any test variable.

Candrive II is a multicentre prospective cohort study examining the predictive validity of
tools for assessing fitness to drive. Its aim is to develop an in-office screening tool that will help
clinicians identify older drivers who may be unsafe to drive. A total of 928 adults aged 70 years
or more have been recruited in Canada, and a further 302 (aged 75 or greater) in Australia and
New Zealand (Marshall et al., 2013 in this issue). Prospective longitudinal studies like Candrive
IT using physical assessments as a measurement of change in health status over periods of time
require test variables to be stable if no true change has occurred. Candrive II’s large cohort and
use of a comprehensive annual assessment of participants’ sensory, physical, and cognitive
function present a unique opportunity to analyse the long-term stability of commonly used
physical assessments in a large group of community-dwelling older adults.

The purpose of the present study was to determine the long-term reliability of the
physical measures used in Candrive II over 1 year. If the test variables are stable, older adults
who remain healthy between assessments should have similar results regardless of the test-retest

interval. Physical measures with moderate (0.50-0.75) or good (>0.75-1.00) correlation



coefficients (Portney and Watkins, 2004) with adequate coefficients of variability (CVs) will be
deemed to have moderate or good stability, which would support their use as a measure of

change in physical and functional ability.

2. Methods

Long-term stability was assessed from Candrive II’s baseline (year 1) and year 2 annual
assessments of the Canadian participants. Assessments were performed during individual
appointments lasting 2.5 to 4 hours and involved a number of easily administered measures of
sensory, physical and cognitive function as well as obtaining information about health status,
driving behaviours and psychosocial status. Participants were recruited from seven cities at
research sites across British Columbia, Manitoba, Ontario and Quebec. Ethics approval was
received by each respective research site, along with written informed consent from all

participants.

2.1 Participants

To be included, participants’ annual assessments must have been conducted by the same
tester; 693 of the 928 participants (74.7%) met this criterion. In addition, participants had to be
considered to be in stable health at both the year 1 and year 2 assessments. Only Canadian
participants were used for this study. Exclusion criteria were created using data from the
Expanded Cumulative Illness Rating Scale, Older American Resources and Services survey,

Mini-Mental State Examination (MMSE) (Davey and Jamieson, 2004) and TUG test (Podsiadlo



and Richardson, 1991), collected during the assessments. Using data from the Expanded
Cumulative Illness Rating Scale, participants were excluded if they had experienced moderate
symptoms requiring first-line therapy for any of the following: localized weakness, pain,
problems affecting vision, hearing, cardiac or musculoskeletal health, glaucoma, macular
degeneration, knee or hip replacement, stroke, seizures, Parkinson’s disease, neuropathies,
diabetes type I and 11, or cancer. Participants were also excluded if they indicated difficulty
performing activities of daily living listed in the Older American Resources and Services survey,
scored less than 25 on the MMSE or had a poorer score on their year 2 assessment than on their
baseline assessment on the TUG test. Because the TUG test was used as a measure to determine

eligibility for the study, its stability was not tested.

2.2 Physical measures

All participants were asked to perform each of the physical measures listed in Table 1
during both their year 1 and year 2 assessments. Demographic factors such as age and gender
were also recorded. All physical measures were administered by the same research associate
(RA). RAs had varying levels of experience (university graduates, occupational therapists,
nurses). Training of RAs included an instructional DVD explaining the assessments along with a

protocol manual for reference.



2.3 Analysis

The data were analysed using SPSS version 20.0 (IBM Corporation, Armonk, NY). The
relative and absolute reliability of physical measures were analysed using: a mixed-model
intraclass correlation (ICC) for continuous data, the weighted kappa statistic for nominal or
ordinal data, standard error of the measurement, and CV. Physical measures with moderate
(0.50-0.75) or good (>0.75-1.00) correlation coefficients (Portney & Walkins 2004) have been
suggested to have moderate or good stability.. A repeated-measures analysis of variance with a
Bonferroni correction equal to the number of testing sessions (p = 0.025) was used to determine

whether there was a significant difference between testing sessions.

3. Results

Of the 693 eligible participants, 91 (13.1%) were in stable health at both the year 1 and
year 2 assessments. The majority of the 91 were male (66.7%); the age ranged from 70 to 89
years (M =74.6, SD = 4.52). All but two were right handed.

Results and descriptive statistics for reliability analyses of the physical measures with
continuous (ICC) and ordinal (Kappa) data are presented in Table 3. All but two physical
measures were found to have moderate relative repeatability (ICC 0.57-0.72). A moderate ICC
value was found for both the left and right one-legged stance (ICC 0.629 and 0.590 respectively).
However, a significant difference between year 1 and year 2 was observed for the left one-legged
stance (p = 0.024), indicating a systematic improvement of participants’ ability to perform the

test between year 1 and year 2 (Myear1=15.9(£10.6), Mycarn=18.2(£11.0)) where at year 2 the



mean balance time for each leg was similar (Right leg: My, =17.6(£10.5), Mycan=18.2(£11.2)).
This difference was accompanied by a high CV of nearly 40% for both the right and left leg.
Both the Snellen test and Pelli-Robson contrast sensitivity test presented poor relative reliability
between test days (k = 0.120-0.376), with the Snellen test showing very high CV values (29—
60%). CVs for Pelli-Robson contrast sensitivity were much lower (less than 8%). A kappa
analysis for the Pelli-Robson contrast sensitivity test for both eyes was not conducted due to
insufficient variability.

Table 4 shows the proportion of participants with assessment outcomes unchanged
between year 1 and 2. Up to 100% and no less than 81% of participants maintained the same

result for all assessments with nominal or ordinal scales.

4. Discussion

Age-associated reductions in health increase the difficulty of any long-term analyses of
test stability, as it becomes increasingly difficult to control for changes in participant health.
Considering the stringent exclusion criteria, the eligibility of 91 study participants over the age
of 70 years who remained in good health across the course of 1 year is a positive outcome,
unlikely to be achieved if it were not for the comprehensiveness and sample size of the Candrive
study.

The ICCs obtained for the one-legged stance were similar to or greater than those
obtained by Luomajoki et al. (2007). However, systematic improvements for the left leg were
observed along with very high CV values (almost 40%) for both the right and left leg. This

indicates that for this test, typical error is very high and is not be stable over a year. It is possible



that participants were more comfortable with the test during their year 2 assessment, enabling
them to perform better, particularly when they only had one attempt to perform the test. It is also
possible that some participants may have practised this particular task or attempted to improve
their balance in the intervening year to improve their performance on this test.

A lower ICC (0.605) and a slightly higher CV (12.2%) compared to an unpublished study
(ICC 0.870, CV 9.1%, Kong, 2011) was observed for the rapid pace walk. However, the previous
reliability analysis compared pairs of measures collected at a 1-week interval. Despite the
rigorous exclusion criteria, it is not possible to account for every factor that may influence an
assessment over the course of a year; examples of such factors include aging itself, which could
result in a decline in performance, and a change in lifestyle such as adoption of more walking,
which could result in an improvement in performance. However, the relatively low CV indicates
the measure was relatively stable.

No studies were found that examined the test-retest reliability of the sequential finger—
thumb opposition and rapid foot tap tests, which made comparison difficult. Moderate ICC
values and relatively low CV values for these tests suggests that the measures were sufficiently
stable over the course of a year.

Few analyses of reliability were found for the Snellen test and the Pelli-Robson contrast
sensitivity test, and none used a kappa analysis (Elliott et al., 1990; Lovie-Kitchin, 1988). Our
results suggest that the Snellen test is not stable over extended periods. This finding is supported
by “extremely poor” repeatability of measurements made using the Snellen test, with fewer than
50% of observations giving the same result over a test-retest interval of less than 3 weeks
(Gibson and Sanderson, 1980). It may also be that some participants’ vision improved (new

eyeglass prescription) or that vision at this age is particularly volatile and the test variable is not



stable enough to test reliability at 1-year intervals. This is consistent with guideline
recommendations suggesting that visual acuity be screened at least every 1 to 2 years in people
over age 65 (Pelletier et al., 2009) . The CV values for the Pelli-Robson test, however, suggest
that contrast sensitivity is markedly more stable over time despite low kappa values.

Similar to Schaubert and Bohannon (2005), our results were based on reliability
calculations using a single measurement from each annual assessment. While multiple
measurements per session are recommended (Portney and Watkins, 2004), and the benefits are
undisputable for reliability analyses, given the comprehensiveness of the annual Candrive
assessments (2.5 to 4 hours) it would have challenged participants’ endurance to perform the
physical measurements repeatedly. Our findings, like those of Schaubert and Bohannon (2005),
support the view that reliable results can be obtained without multiple testing sessions/periods;
however, this may also explain some discrepancies between our results and previous analyses.

Limited variability amongst test variables for the Marottoli method, whispered voice test,
range of motion and strength testing made calculating a kappa reliability coefficient
inappropriate. While anecdotal, this outcome supports the assertion that results between testing
dates are consistent, evident when examining the proportion of participants with consistent year
1 and year 2 results. The stability of strength measures is also supported by previous findings of
good reliability observed over 12 weeks (Schaubert and Bohannon, 2005).

Practically, the results from this study are more reflective of those observed in a clinical
setting, in that participants were tested only once per session. In addition, the time interval better
reflects follow-up visits with a clinician and those used in prospective longitudinal studies of
older adults’ health-related driving safety (Marshall et al., 2013 in this issue; Staplin et al., 2003).

Reliability assessments from this study demonstrate that the sequential finger—thumb opposition



test and rapid pace walk have moderate relative reliability and low CV values, which supports
their use as a measure of change in physical and functional ability. The one-legged stance,
however, while showing moderate relative reliability, is not considered stable across the course
of 1 year as significant improvements between year 1 and year 2 were observed along with a CV
of nearly 40%. Although both vision tests had poor relative reliability, indicated by kappa values
of less than 0.4, the Pelli-Robson contrast sensitivity test appears to be the more stable of the
two, with CV values less than 8% and over 85% of individuals having the same score for both
eyes in years 1 and 2. Although we were unable to demonstrate it statistically, nominal data from
the Marottoli method, whispered voice test, range of motion and strength testing support the
view that older adults considered to be healthy at year 1 and year 2 are scored consistently.
Together these findings support the stability of the sequential finger—thumb opposition, rapid
pace walk, and the Pelli-Robson contrast sensitivity tests and their use in the development of a
screening tool that will help clinicians and safety professionals identify older drivers who may be

unsafe to drive.
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Table 1

Summary of physical assessments and outcome measures performed during the Candrive II

annual assessments.

Assessment measure

Description

Timed Up & Go test
(Podsiadlo and Richardson,
1991)

One-leg stance (Vereeck et
al., 2008)

Marottoli method (Marottoli
et al., 1998)

Whispered voice test (Swan
and Browning, 1985)

Rapid pace walk® (Carr et
al., 2010)

Sequential finger—thumb
opposition (modified from
original test of Jahn et al.,
20006)

Rapid foot taps (Kent-Braun
et al., 1998)

Range of motion® (Carr et
al., 2010)

Muscle strength? (Carr et al.,
2010)

Test for basic functional mobility: From a seated position,
participant stands up, walks 10 feet, and returns to a seated
position.

Outcome is rated between 1 and 5 (1 =< 10 s normal, 2 =10-20 s
limited outdoors , 3 =20-30s,4 => 30 s, 5 = cannot do)

Test for postural steadiness: The participant stands on one leg at a
time for as long as he/she can (up to 30 seconds).

Outcome is recorded in seconds using a stop watch.

Test examines neck range of motion and peripheral vision:
Standardized number cards are taped to a wall. The participant
stands with back to the same wall and turns head to read the card
out loud using peripheral vision. Similar to performing a shoulder
check while driving.

Outcome is pass or fail.

Hearing test: Tester stands 0.6 m behind the participant and
whispers a combination of three numbers and letters for the
participant to repeat.

Outcome is pass or fail.

Test of lower limb functional ability: A 10-foot path is marked on
the floor with tape. The participant is asked to walk the line and
back.

Outcome is the time in seconds to complete the test.

Test for coordination: Participant touches his/her finger to thumb
in sequence and back again four times as quickly as possible. The
task is repeated until done without error.

Outcome is the recorded time in seconds of the successful trial.
Test for coordination: Seated, heel resting on the floor, participant
taps toes as big and fast as possible in 10 seconds.

Outcome is the number of foot taps within 10 seconds.

Range of motion for shoulder flexion, elbow flexion, finger curl,
ankle plantar/dorsiflexion and neck rotation. Specific tests were
developed based on the joint movements proposed by Carr et al.
(2010), with many of them using a universal goniometer.
Outcome is normal limits or not normal limits.

Manual test of strength: Participant resists movements during
ankle plantar/dorsiflexion, hip extension/flexion, shoulder
abduction, hand grip and wrist flexion/extension.

Outcome is rated between 0 and 5 (0 = no contraction, 1 =
visible/palpable muscle contraction, no movement, 2 = movement




Snellen test® (Carr et al.,
2010; Currie et al., 2000)

Pelli-Robson contrast
sensitivity” (Keay et al.,
2009)

with gravity eliminated, 3 = movement against gravity only, 4 =
movement against gravity with some resistance, 5 = normal
strength).

Tests visual acuity: Participant stands 10 feet from a standardized
chart with 11 lines of blocked letters, the first line being very
large. Subsequent rows have sequentially more numbers and
letters smaller in size.

Outcome is an ordinal value specified by the smallest line the
participant can read without error.

Tests visual contrast sensitivity: Participant stands 40 inches from
a chart with 8 rows with 2 triplets of letters of uniform size and
contrast. The top line has the highest contrast level (black on
white). As one reads across and moves down the chart the
contrast of the triplets reduces (letters become greyer) and they
become more difficult to read. Participant reads out loud the
letters they see until he/she reports 2 of the 3 letters within a
triplet incorrectly.

Outcome is an ordinal value based on the last triplet the
participant reads correctly. The outcome score increases by 0.15
as triplets become more difficult to read ranging between 0.00
and 2.25.

* Physical measures included in the American Medical Association’s Physician’s Guide to
Assessing and Counseling Older Drivers (Carr et al., 2010).



Table 2. Test—retest reliability and study duration for physical assessments of interest.

Assessment measure

Investigator

No. of sessions /
retesting interval

Reliability coefficient®

One-leg stance Luomajoki et al., 2007 2 / 2 weeks apart k=0.67-0.80
Whispered voice test Uhlmann et al., 1989 2 / Same day ICC=0.67
Eekhof et al., 1996 1/ same day, k=0.16-1.0
multiple observers
Rapid pace walk Kong, 2011 2 / 1 week apart ICC=0.87
Timed Up & Go test Bohannon and 3 / 6 weeks apart ICC=0.74
Schaubert, 2005
Ng and Hui-Chan, 2005
2 / Within 1 week ICC=0.97
Bischoff et al., 2003
3 / Same day ro=0.96

Range of motion

Shoulder flexion

Elbow flexion/extension
Ankle plantarflexion

Neck rotation

Hayes et al., 2001

Mullaney et al., 2010
Armstrong, 1998
Menz et al., 2003
Sinha, 2011

Youdas et al., 1991

3 / Within 2 days

2 / Same day

2 / Same day

2 / 2 weeks apart
2 /1 week apart

3 / Same day

ICCuisuat estimation = 0.59
ICCeoniometer = 0.53

ICCeoniometer = 0.91-0.97
ICCeoniometer = 0.58-0.87

ICCprotractor =0.87

ICC CROMggniometer = 0.92—0.94

Iccgoniometer =0.78-0.90

Muscle strength

Ankle

Hip

Ford-Smith et al., 2001

Menz et al., 2003

Ford-Smith et al., 2001

2 /1 week apart

2 / 2 weeks apart

2 /1 week apart

ICcplantarflexion =0.61-0.77

ICCankie dorsiflexion = 0.82—0.85

ICCankie dorsiflexion = 0.88
ICchip extension = 0.69—0.76

ICchip flexion = 0.84—0.88




Knee

Shoulder abduction

Hand grip

Schaubert and
Bohannon, 2005

Ottenbacher et al., 2002
Wang and Chen, 2010

Schaubert and
Bohannon, 2005

LaStayo and Wheeler,
1994

3 / 6 weeks apart

2 / 2 days apart
2 /1 week apart

3 / 6 weeks apart

ICCrnee extension = 0.92

ICC=0.79
ICC=0.96

ICC=0.941-0.981

Wrist ﬂeXion 3 / Same day ICerist flexion dorsal = 0.92
ICerist extension dorsal = 0.84
Snellen test Lovie-Kitchin, 1988 8 / Same day r=0.94

Pelli-Robson contrast
sensitivity

Elliott et al., 1990

2 / 2 weeks apart

CoR =0.15 +/- log units

Note: ICC = intraclass correlation coefficient, k = kappa coefficient, r = Pearson product-moment correlation

coefficient, ry = Spearman’s rank correlation coefficient, CoR = coefficient of repeatability.




Table 3

Descriptive data and reliability coefficients of the physical measures.

Label Year N ANOVA Reliability SEM CV (%) Mean SD
p <0.025

1 15.9 10.6
One-leg stance (left) 87 0.024° ICC = 0.629" 6.61 38.78

2 18.2 11.0

1 17.6 10.5
One-leg stance (right) 85 0.847 ICC = 0.590° 6.92 38.73

2 18.2 11.2

1 6.1 1.3
Rapid pace walk 90 0.144 ICC = 0.605" 0.74 12.71

2 5.9 1.2

1 13.6 2.6
Sequential finger—thumb opposition (left) 90 0.352 ICC=0.722° 2.48 10.61

2 134 2.8

1 13.1 2.9
Sequential finger—thumb opposition (right) 90 0.583 ICC =0.679" 1.63 12.44

2 13.0 2.8

1 25.3 6.3
Rapid foot tap (left) 91 0.118 ICC = 0.639" 3.51 14.86

2 24.4 6.4
Rapid foot tap (right) 1 91 0.072 ICC =0.572° 3.80 15.23 26.3 6.5




2 25.3 5.8
1

Snellen acuity both eyes) 81 0.730 k=0.153 4.17 28.56 - -
2
1

Snellen acuity (left eye) 85 1.000 k=0.124 12.20 59.89 - -
2
1

Snellen acuity (right eye) 89 0.322 k=0.294 10.39 39.57 - -
2
1

Pelli-Robson contrast sensitivity (left eye) 85 0.866 k=0.376 0.14 5.69 - -
2
1

Pelli-Robson contrast sensitivity (right eye) 85 0.322 k=0.239 0.17 7.72 - -
2

Note: SD = standard deviation, ANOVA = analysis of variance, ICC = intraclass correlation, k = kappa, SEM = standard error of the
measurement, CV = coefficient of variability.

* Significance difference between year 1 and year 2 (p < 0.025).

® Moderate reliability (Portney and Watkins, 2004).




Table 4

Physical measures with nominal and ordinal data and insufficient variability to perform a kappa
reliability analysis. A high majority of participants presented the same outcome between year 1 and year
2 assessments for the following physical measures.

Physical measure % of participants with
results unchanged
between year 1 and

year 2
Pelli-Robson contrast sensitivity (both 856
eyes) '
Marottoli method (left) 91.2
Marottoli method (right) 87.9
Whispered voice test (left ear) 89.0
Whispered voice test (right ear) 92.3
Range of motion (shoulder flexion,
elbow flexion, finger curl, ankle 81.3-100"
plantar/dorsiflexion and neck rotation)
Strength (ankle plantar/dorsiflexion, hip
extension/flexion, shoulder abduction, 90.1-100°

hand grip and wrist flexion/extension)

* Range includes all joints or strength tests.



