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Background. Gait is an important predictor of survival in older adults. Gait characteristics help to identify markers 
of incipient pathology, inform diagnostic algorithms and disease progression, and measure efficacy of interventions. 
However, there is no clear framework to guide selection of gait characteristics. This study developed and validated a 
model of gait in older adults based on a strong theoretical paradigm.

Methods. One hundred and eighty-nine older adults with a mean (SD) age of 69.5 (7.6) years were assessed for 16 
spatiotemporal gait variables using a 7-m instrumented walkway (GAITRite) while walking for 2 minutes. Principal 
components analysis and factor analysis “varimax” procedure were used to derive a model that was validated using a 
multimethod approach: replication of previous work; association of gait domains with motor, cognitive, and behavioral 
attributes; and discriminatory properties of gait domains using age as a criterion.

Results. Five factors emerged from the principal components analysis: pace (22.5%), rhythm (19.3%), variability 
(15.1%), asymmetry (14.5%), and postural control (8.0%), explaining 79.5% of gait variance in total. Age, executive 
function, power of attention, balance self-efficacy, and physical fatigue were independently and selectively associated 
with 4 gait domains, explaining up to 40.1% of total variance. Median age discriminated pace, variability, and postural 
control domains.

Conclusions. This study supports a 5-factor model of gait in older adults with domains that preferentially select for 
motor, cognitive, and behavioral attributes. Future research is required to validate the model. If successful, it will facili-
tate hypothesis-driven research to explain underlying gait mechanisms, identify contributory features to gait disturbance, 
and examine the effect of intervention.
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SAFE and effective gait is a hallmark of independence 
across the life span. Gait performance is a predictor for 

survival (1), cognitive decline (2), falls status (3), and qual-
ity of life (4) and is considered a maker of global health. 
Public health recommendations include a minimum daily 
step count for the protective effect walking has on overall 
health status (5). Despite its apparent simplicity, walking 
is a complex act that becomes more challenging with age. 
Although gait is mostly automatic when walking in predict-
able environments, cognitive control is required to maintain 
performance under more complex conditions and to miti-
gate the effects of age and pathology (6).

A broad range of characteristics is used to describe 
gait performance. Gait speed is preeminent and applied 
widely as an evaluative, a discriminatory, and a predictive 
measure across the life span because of its robust clinimetric 

properties (7). However, gait is multidimensional and cannot 
be captured by one characteristic. Other measures also play a 
significant role. For example, gait variability (stride-to-stride 
fluctuations of gait) is a more sensitive predictor of falls than 
gait speed (8) and discriminates (ahead of gait speed) for 
detection of presymptomatic carriers of the LRRK2-G2019S 
mutation as a precursor of Parkinson’s disease, possibly 
due to incipient change in subcortical and spinal networks 
(9). Stride time variability has also been suggested as a 
marker of serum 25-hydroxyvitamin D insufficiency in older 
adults (10). Step width and step width variability reflect the 
postural control of gait, although interpretation is challenging 
because some variability is required to respond flexibly to the 
changing demands of terrain and trajectory (11).

Covariance among gait characteristics is high, suggesting 
redundancy and the need to identify key variables without 
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compromising selectivity. One approach is to group charac-
teristics into domains of gait, which has been attempted pre-
viously. An early classification derived two broad domains 
of gait from variability measures: gait patterning and 
dynamic balance control (12). A more recent factor analysis 
of eight gait variables identified three independent domains: 
rhythm, pace, and variability (2), which were subsequently 
shown to have discriminative properties. The pace factor 
discriminated nonamnestic mild cognitive impairment from 
normal cognition, whereas the rhythm and variability fac-
tors discerned amnestic mild cognitive impairment from 
normal cognition (13). Hollman and colleagues (14) sub-
jected 23 gait variables to factor analysis and yielded a five-
factor model that included rhythm, phases of the gait cycle, 
variability, pace, and base of support.

Domains provide a useful schema to explain the contribu-
tion of underlying cognitive and other nonmotor features to gait 
disturbance. Attention and executive function are positively 
correlated with gait speed in older adults with and without 
cognitive impairment (13), and imaging work reports a pref-
erential involvement of cortical and subcortical areas to gait 
characteristics. Rosano and colleagues (15) reported an associ-
ation between gait speed and reduction in grey matter volumes 
in a widely distributed network of cortical regions, including 
the dorsolateral prefrontral cortex, whereas step width was 
associated with smaller pallidum and parietal cortex.

However, the rationale for the number and type of gait 
characteristics included in a model of gait is not always 
clear, limiting interpretation. Also, gait characteristics do 
not consistently load onto identical domains. For exam-
ple, stride length has been represented as a marker for both 
rhythmicity (16) and pace domains of gait (13), creating 
ambiguity. Development of a framework for gait will facili-
tate hypothesis-driven research to explain underlying gait 
mechanisms, identify contributory features to gait distur-
bance, and examine the effect of intervention.

This study builds on earlier work and conducts a factor 
analysis based on a strong theoretical paradigm to classify 
domains of gait in older adults. Our aim was to develop a 
model of gait in older adults and validate the model using a 
multimethod approach that included replication of previous 
work; association of gait domains with motor, cognitive, 
and behavioral attributes; and discriminatory properties of 
gait domains using age as a criterion.

Methods

Participants
Older adults were recruited from research active gen-

eral practices via a regional primary care research network, 
from local hospital trusts via advertising and via the Public 
Engagement Team based at the Institute for Ageing and 
Health at Newcastle University. Inclusion criteria were as 
follows: (a) aged 60 years and older; (b) able to walk inde-
pendently without a walking aid; (c) no significant cognitive 

impairment, mood disorder, or movement disorder; and (d) 
language skills sufficient to comply with testing. Exclusion 
criteria were as follows: (a) cognitive impairment based 
on Mini-Mental Status Examination score of less than 24 
(17) or dementia as defined by Diagnostic and Statistical 
Manual of Mental Disorders, 4th edition (DSM IV) (18); 
(b) significant vascular comorbidity (ie, stroke disease); 
and (c) unable to consent. The study was approved by the 
Newcastle and North Tyneside Research Ethics Committee 
and informed consent was obtained from all participants. 
All testing took place at the Clinical Ageing Research Unit, 
Newcastle University.

outcome Measures

Demographic and clinical variables.—Participants were 
assessed for demographic and clinical variables that included 
age, gender, body mass index, the National Adult Reading 
Test (19), which is a general measure of intelligence, and 
self-reported comorbidities, medication, and falls status.

Motor variables.—Motor variables included balance 
(single leg stance) and timed chair stand, which is a proxy 
for muscle strength.

Cognitive variables.—Cognition was assessed with (a) 
the Mini-Mental Status Examination (17); (b) the power 
of attention (a composite measure of the mean of simple 
reaction time, choice reaction time, and digit vigilance time 
from the Cognitive Drug Research battery [20]); (c) pattern 
recognition memory and spatial recognition memory (21); 
and (d) executive function using the one touch stockings of 
Cambridge. These last three tests were from the Cambridge 
Neuropsychological Automated Testing Battery (21).

Behavioral measures.—These include balance self-
efficacy, measured by the Activities-Specific Balance 
Confidence (ABC) scale (22); depression, assessed using 
the Geriatric Depression Scale (23); and physical fatigue 
from the Multidimensional Fatigue Inventory (24).

Quantitative Gait Evaluation
Individual footfall data was captured over a 7-m long 

instrumented walkway using embedded pressure sensors 
(GAITRite, CIR Systems Inc.), for which reliability and 
validity has been established (25). Gait was measured 
during a 2-minute continuous walk around a 25-m 
circuit and the mat was positioned along one side of the 
circuit allowing data to be sampled intermittently as each 
participant walked at their preferred speed repeatedly over 
the mat. Continuous gait was evaluated to capture steady-
state locomotion and avoid acceleration and deceleration. 
Approximately, five passes over the mat were made 
from which gait characteristics were determined. Gait 
characteristics were expressed as (a) mean spatiotemporal 
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characteristics, (b) gait dynamics (step-to-step variability 
calculated from left- and right-step standard deviation 
[SD] from a minimum of 40 steps per participant [26]), 
and (c) asymmetry (coordination of lower limbs). Data 
were collected at 240 Hz and analyzed using proprietary 
software. Data for individual steps for each condition was 
extracted from the Gaitrite database using Microsoft Access 
2007. Detailed description of the method of calculating gait 
characteristics is reported in detail elsewhere (26).

Gait Characteristics for Factor Analysis
The rationale for selection of gait characteristics into the 

factor analysis was based on our earlier work examining 
discrete aspects of gait and their predictors in healthy older 
adults and people with pathology (27,28); research examin-
ing the reliability of gait characteristics and methodological 
issues (26,29); and consideration of previous factor analy-
ses and relevant literature (30–32). A key requirement of the 
model was its putative application for a broad range of gait 
pathologies. Data considerations were as follows:

1. Inclusion of a sufficient number of gait characteristics to 
ensure that the model accurately represents the underly-
ing construct (gait) while avoiding duplication and redun-
dancy in the model (eg, step length but not stride length).

2. The use of step rather than stride characteristics (step 
variability measures are more reliable [26]).

3. Preservation of original measurement units (eg, step 
time rather than cadence).

4. Inclusion of measures for step asymmetry because of 
their diagnostic and predictive utility (33).

5. Use of SD rather than coefficient of variation (defined as 
mean/SD × 100) because it provides clarity for interpre-
tation (29).

Data Analysis
Data analysis consisted of two main phases: the fac-

tor analysis and model validation. Prior to factor analysis 
gait, data were inspected for distribution and associations 
among gait variables examined with Pearson’s correlation 
coefficients. Temporal gait variability characteristics were 
log transformed and step asymmetry data were square root 
transformed to improve normality of distribution.

Factor analysis.—A principal component analysis was 
conducted to identify which combination of characteris-
tics best capture gait. Varimax rotation was used to derive 
orthogonal factor scores, with the minimum eigenvalue for 
extraction set at 1. Scree plots, factor loadings, item load-
ings, and cross-loadings were examined. Items that met a 
minimum loading of 0.5 were considered relevant.

Model validation.—A multimethod approach was taken 
to validate the model of gait, which emerged from the factor 

analysis. First, we replicated an earlier factor analysis (2) 
using our data and using the coefficient of variation rather 
than SD for gait dynamics. Second, we used hierarchical 
regression analysis to identify associations between gait 
domains and explanatory characteristics. A  single gait 
characteristic was selected from each domain and used as 
a dependent variable. Characteristics were selected because 
they produced the strongest communality for the factor they 
represent or because they are commonly used to describe 
gait (eg, step velocity, step time). Based on previous predic-
tive models (2,13,27) and bivariate analysis, we selected 11 
predictor variables to represent cognitive, motor, behavio-
ral, and clinical domains. Age was entered first, followed 
by the second block, which included motor variables, such 
as single leg stance and timed chair stand. The third block 
consisted of behavioral outcomes, such as balance self-
efficacy, physical fatigue, and depression, and the fourth 
block comprised cognitive variables, such as global cogni-
tion (Mini-Mental State Examination), spatial recognition 
memory (%  correct), pattern recognition memory (mean 
correct latency), executive function (one touch stockings of 
Cambridge—problems solved on first choice), and power 
of attention. Last, we carried out a criterion analysis to dis-
criminate gait domains. Age was selected because of its 
profound effect on gait performance and dichotomized for 
median age. Gait characteristics from each domain were 
then compared using independent t tests.

Residuals and collinearity diagnostics were examined 
and assumptions met for testing. Standardized beta coef-
ficients and part squared correlations were used to evaluate 
the relative contribution of each predictor to the variance 
of dependent measures. Preliminary analysis showed a dif-
ference in strength but not direction of association between 
explanatory variables and gait characteristics for gender, 
and gender was therefore not included in hierarchical anal-
ysis. The alpha level was set at 0.05. Statistical Package for 
the Social Sciences (SPSS) for Windows (V 17) was used 
to analyze the data.

Results
One hundred and eighty-nine healthy community-

dwelling older adults with an average age of 69.5 years and 
Mini-Mental Status Examination score of 29 were recruited 
to the study. Four female participants (2.1%), reported at 
least one fall within 6 months. Gait, motor, and cognitive 
scores were comparable to referent values and overall 
indicate a high functioning group. Depression scores were 
low and balance self-efficacy scores high. Fatigue scores 
were highest for the general fatigue domain (Tables 1 and 2).

Principal Component Analysis
Sixteen gait variables were included in the principal 

component analysis, which yielded five orthogonal factors 
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accounting for 79.5% of total variance in test scores. We 
described the factors as rhythm, pace, asymmetry, variabil-
ity, and postural control. There were no cross-loadings, and 
all item loadings were greater than 0.5 other than step width 
variability, which loaded onto the variability domain with a 
loading of 0.476 (Table 3).

Model Validation

Replication of previous model.—Between-factor load-
ings were highly comparable when our data were applied 
to Verghese’s model (13) using the same eight gait char-
acteristics (Table  4). Regression models were significant 
for gait domains other than variability (analysis of variance 
p = .07), with predictors explaining from 11.1% (variabil-
ity) to 41% (pace) of variance.

Association between gait domains and explanatory char-
acteristics.—There were significant associations between 
cognitive, motor, and clinical attributes for pace, asymme-
try, rhythm, and postural control but not for the variability 
domain. Balance self-efficacy was the strongest variable 
for two domains (pace and asymmetry), with higher ABC 
scores denoting a more rapid and less asymmetrical gait. 
Faster times for attention tasks and timed chair stand (a 
proxy for muscle strength) were also associated with a 
faster gait (pace). Older age and higher scores for execu-
tive function (greater number of problems solved on first 
choice) predicted greater step length asymmetry (postural 
control) and higher scores for fatigue were associated with 
step time (rhythm; Table 5).

Discriminant analysis.—Using median age (69  years) 
as a criterion standard, significant differences were found 

Table 1. Subject, Clinical Characteristics, and Gait Outcomes in Participants (n = 189)

Characteristic Mean SD Range

Personal characteristics
 Men/women (79:110)
 Age 69.5 7.6 48–89
 MMSE 29.3 1.0 26–30
 BMI 2.8 5.8 0–58
 NART 116.9 7.6 91–131
Behavioral characteristics
 ABC scale (0–100) 91.7 10.8 26.5–100
 Geriatric depression scale (0–100) 1.1 1.8 0–14
 MFI—General fatigue subscale (0–20) 8.5 3.7 4–20
 MFI—Physical fatigue subscale (0–20) 8.2 3.6 4–20
 MFI—Reduced activity subscale (0–20) 7.4 3.4 4–20
 MFI—Reduced motivation subscale (0–20) 6.4 2.7 4–20
 MFI—Mental fatigue subscale (0–20) 7.5 3.2 4–20
Motor characteristics
 Right leg stance (s) 15.6 12.5 0–30
 Left leg stance (s) 14.6 12.0 0–30
 Timed chair stand (s) 12.3 4.0 0–36.5
Cognitive characteristics
 One touch stocking problems solved first choice (n = 176) 15.8 3.2 1–20
 One touch stocking mean latency (n = 176) 17045.3 10470.4 5272.6–75635.0
 Spatial recognition memory % correct (n = 179) 81.2 9.5 55–100
 Spatial recognition memory mean correct latency (n = 179) 22.05.3 554.0 1200.6–3961.1
 Pattern recognition memory % correct (n = 179) 87.5 10.3 41.6–100
 Pattern recognition memory mean correct latency (n = 179) 2187.2 548.5 1276.5–4233.4
 Power of attention (n = 173) 1309.3 154.1 1046.5–1830.0

Notes: MMSE = Mini-Mental State Examination; BMI = body mass index; NART = National Adult Reading Test; MFI = Multidimensional Fatigue Inventory.

Table 2. Gait Characteristics for All Participants (n = 189) 

Characteristic Mean SD Range

Mean spatiotemporal characteristics
 Step velocity (m/s) 1.26 0.194 0.59–1.86
 Step length (m) 0.670 0.083 0.41–0.89
 Step width (m) 0.089 0.024 0.02–0.16
 Step time (ms) 537 47 440–696
 Step swing time (ms) 386 30 313–467
 Step stance time (ms) 688 72 533–970
Variability characteristics (SD)
 Step velocity (m/s) 0.053 0.012 0.03–0.09
 Step length (m) 0.019 0.005 0.01–0.04
 Step width (m) 0.022 0.005 0.01–0.04
 Step time (ms) 16.4 5.8 7.55–48.9
 Step swing time (ms) 15.2 5.5 7.96–50.7
 Step stance time (ms) 19.8 8.0 8.09–68.4
Asymmetry characteristics
 Step length (m) 0.020 0.017 0.00–0.09
 Step time (ms) 11.3 11.4 0.08–70.5
 Step stance (ms) 8.9 9.3 0.06–59.3
 Step swing time (ms) 8.9 9.4 0.04–54.6
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for three of the five gait domain characteristics: pace (step 
velocity), variability (step velocity variability), and postural 
control (step length asymmetry). Age did not discriminate 
for rhythm (step time) or asymmetry (swing time asymme-
try) domains (Table 6).

Discussion
This study examined a model of gait and its correlates in 

healthy older adults who were predominantly nonfallers and 
who presented with moderate to high levels of cognitive and 
motor function and age-normative gait characteristics. We 
confirmed the presence of independent gait domains, some 
of which are associated with selected cognitive and motor 
characteristics. This suggests that gait is not a unitary con-
cept. Different neural mechanisms are involved, depending 
on which domain is measured. Importantly, these domains 
are discrete for this cohort who presented with high func-
tioning gait. Results from our related analysis (34) indicate 

that when the model is applied to pathological gait, the 
domains are even more discrete and the associations with 
independent characteristics stronger.

A principle guide for our selection of gait character-
istics to be entered into the factor analysis was to aim 
for comprehensive coverage but importantly to avoid 
duplication. This resulted in subtle but critical differ-
ences with previous models. Our loadings and domains 
were similar to Verghese’s model (13), but because we 
entered a greater number of (independent) gait charac-
teristics, two further domains emerged: asymmetry and 
postural control. We argue that both are required for a 
comprehensive assessment of gait. Intact postural control 
is key to effective gait and may be a biomarker for early 
neurodegenerative disease (35), and asymmetry is a pri-
mary feature of some pathological gait disorders such as 
parkinsonian and hemiparetic gait (36). We also identi-
fied similar domains to Hollman’s (14) model that identi-
fied rhythm, phases, variability, pace, and base of support 
domains. Key differences are fewer gait characteristics 
in our analysis (16 compared with 23)  and inclusion of 
asymmetry characteristics.

The factor analysis yielded some unexpected results. 
We expected all variability characteristics to load onto the 
variability domain in keeping with earlier models. Instead, 
variability of temporal gait characteristics loaded onto the 
pace domain, whereas step velocity and step length vari-
ability comprised the variability domain, which explained 
13.9% of total variance. Cross-loadings for variability 
(SD) and mean characteristics are to some degree inevita-
ble because of their statistical relationship, which persisted 
even after we had log transformed the data. The effect was 

Table 3. Item Loadings for the Five-Factor Rotated Solution and Communalities (Varimax Rotation)

Item Pace Rhythm Asymmetry Variability Postural Control

Pace
 Step velocity (m/s) −0.866 −0.355 −0.178 0.019 −0.117
 Step length (m) −0.915 0.184 −0.120 0.015 −.043
 Step time variability (ms) 0.711 0.347 0.150 0.483 0.093
 Step swing time variability (ms) 0.618 0.390 0.244 0.386 0.135
 Step stance time variability (ms) 0.749 0.302 0.098 0.461 0.059
Rhythm
 Step time (ms) 0.303 0.906 0.191 0.027 0.143
 Step swing time (ms) −0.078 0.912 0.114 −0.007 −0.004
 Step stance time (ms) 0.426 0.807 0.202 0.037 0.189
Asymmetry
 Step time asymmetry (ms) 0.155 0.178 0.670 −0.044 0.247
 Step swing asymmetry (ms) 0.105 0.114 0.934 0.062 −0.016
 Step stance asymmetry (ms) 0.133 0.099 0.916 0.058 −0.036
Variability (SD)
 Step velocity variability (m/s) 0.148 −0.215 −0.054 0.879 −0.026
 Step length variability (m) 0.181 0.118 0.117 0.799 0.257
 Step width variability (m) −0.426 0.368 −0.037 0.476 −0.013
Postural control
 Step width (m) 0.063 0.023 −0.001 0.275 0.656
 Step length asymmetry (m) 0.081 0.129 0.105 −0.070 0.788
%Variance 22.5 19.3 15.1 14.5 8.0

Note: Relevant item loadings in bold.

Table 4. Replication of Verghese and Colleagues’ (13) Factor 
Analysis 

Pace Rhythm Variability

Stride velocity (m/s) 0.808 −0.412 −0.357
Stride length (m) 0.860 0.149 −0.410
Stride time (ms) −0.256 0.956 0.140
Double support time (ms) −0.667 0.614 0.226
Stride swing time (ms) 0.211 0.915 0.024
Stride stance time (ms) −0.434 0.867 0.175
Stride length variability (m/CV) −0.249 0.099 0.837
Stride swing variability (m/s CV) −0.259 .139 .828

Note: Relevant item loadings in bold.
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greater for temporal rather than spatial characteristics, and 
we therefore chose to retain the natural measurement units. 
Differences in our findings compared with earlier work may 
be due to the inclusion of different gait characteristics (we 
included five variability characteristics compared with two 
in Verghese’s model (13) and eight in Hollman’s model 
(14), and the use of SD rather than coefficient of variation). 
When we limited gait variability characteristics to those 
used in Verghese’s model and reported coefficient of varia-
tion rather than SD, our results are almost identical. Similar 
to Verghese, we did not convincingly identify predictors 
for the variability domain, suggesting that gait variability 
underpins gait in a subtle and complex way. However, the 
discriminatory and predictive properties of gait variability 
over and above gait speed for certain pathologies (8) and 
its ability to predict disability in older adults support its 
utility. A  second unexpected finding was the loading for 
step width variability, which was just less than 0.5, but 
which may become more prominent when gait pathology 
is present (34). Concerns regarding the unstable clinimetric 

properties of step width and step width variability have 
been reported elsewhere (11),and novel analysis of medi-
olateral sway from accelerometry data may provide a more 
robust approach to measurement of postural control, which 
is a key feature of gait (37).

The model was tested against cognitive, behavioral, and 
motor correlates to help identify independent substrates. 
Results show limited associations, possibly reflecting the 
high functioning status of the group across the spectrum 
of tests. The importance of balance self-efficacy supports 
earlier findings in older adults (27) and in people with 
Parkinson’s disease, where falls efficacy was identified 
as the most significant predictor of gait speed (28,38). 
Attention was significantly associated with gait speed (pace 
domain) as reported elsewhere in normal aging (39) and 
supported by imaging studies that report an association 
between gait speed and gray matter volumes in basal ganglia 
and cortico-striato-thalamic connections (40). Spatial rec-
ognition memory and pattern recognition memory tasks did 
not preferentially select for the rhythm and pace domains 

Table 5. Summary of Hierarchical Regression Analyses Predicting Key Gait Variables Identified From Factor Analysis

Gait Domain (gait characteristic) R2 (R2 Δ) Significant Predictors β* Partial Correlations ANOVA p

Pace (step velocity), m/s Step 1 0.054 Balance self-efficacy 0.300* 0.508 (<.001)
Step 2 0.249 (0.194) −0.160^ −0.421
Step 3 0.361 (0.112) Timed chair stand −0.195ǁ −0.385

Step 4 0.401 (0.039) Power of attention
Rhythm (step time), ms Step 1 0.002 Physical fatigue 0.183 0.115 (.003)

Step 2 0.082 (0.080)
Step 3 0.137 (0.055)
Step 4 0.167 (0.030)

Variability (step velocity variability), m/s; SD Step 1 0.037 — — — (.066)
Step 2 0.063 (0.026)
Step 3 0.069 (0.006)
Step 4 0.113 (0.044)

Asymmetry (step swing time asymmetry), ms Step 1 0.022 Balance self-efficacy −0.425* −0.351 (<.001)
Step 2 0.025 (0.003)
Step 3 0.186 (0.160)
Step 4 0.204 (0.018)

Postural control (step length asymmetry), m Step 1 0.059 Age 0.213 0.191 (.005)
Step 2 0.080 (0.020) Executive function 0.211 0.198
Step 3 0.128 (0.024)
Step 4 0.209 (0.053)

Notes: ANOVA = analysis of variance.
Step 1= age; Step 2 = age, single leg stance, timed chair stand; Step 3 = age, single leg stance, timed chair stand, balance self-efficacy, physical fatigue, 

depression; and Step 4 = age, single leg stance, timed chair stand, balance self-efficacy, physical fatigue, depression, spatial recognition memory, pattern 
recognition memory, executive function, power of attention.

Model R2 reported in bold font.
Standardized β* = p < .001, β^ = p < .01, βǁ = p < .005 (p = .055 for physical activity and pattern recognition memory).

Table 6. Characteristics of Participants by Age 

Gait domain (Gait characteristic)

Age ≤ 69 (n = 101) Age > 69 (n = 88)

SignificanceMean (SD) Mean (SD)

Pace (Step velocity), m/s 1.30 (0.16) 1.21 (0.21) 0.002
Rhythm (Step time), ms 532.4 (47.4) 542.7 (47.7) 0.141
Variability (Step velocity variability), m/s, SD 0.050 (0.001) 0.056 (0.013) 0.003
Asymmetry (Step swing asymmetry), ms 8.04 (7.37) 9.9 (11.2) 0.304
Postural control (Step length asymmetry), m 0.017(0.015) 0.024 (0.019) 0.017
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despite earlier work that reports the role of memory tasks in 
discriminating amnestic over nonamnestic gait dysfunction 
(13), also supported by imaging studies that identify hip-
pocampal involvement in gait (16). This is likely to reflect 
our choice of memory tests that were specific to pattern 
and spatial memory recall and not commonly used memory 
tests, which are more global in nature. A limitation of this 
study is that we did not incorporate a test of visuomotor 
function given the critical role of vision to gait control.

Gait characteristics representing three of the five domains 
were significantly different when age was used as a criterion 
to discriminate gait performance. This finding suggests that 
pace, variability, and postural control are more sensitive to 
age than rhythm or asymmetry. This may reflect “higher 
order” cognitive gait control and the impact of declining 
executive function on gait rather than rhythm, which is a 
rudimentary feature of gait mediated by brainstem and spi-
nal cord networks. Asymmetry is likely to become evident 
when unilateral pathology is present, rather than as a direct 
consequence of aging.

In conclusion, this study presents a model to guide assess-
ment of gait. Although gait speed (pace domain) represents 
overall performance, it does not allow inferences to be made 
about underlying pathophysiology and contributing mecha-
nisms, a limitation this model aims to address. The model pro-
vides a comprehensive but flexible approach to assessment. 
Selection of gait characteristics (and thereby domains) will 
depend on the gait pathology; for example, step asymmetry 
may be useful to detect pathology with a unilateral onset, 
whereas gait speed may be more sensitive to cognitive decline.

Caution is required before the model can be accepted, 
given the differences between the model and earlier work. 
The model must be validated for populations such as the frail 
elderly and for pathological gait. Preliminary data analysis 
from an incident cohort of Parkinson’s disease suggests con-
sistent domains with slightly stronger loadings and clearer 
factor determination. If the model is robust, it will provide 
a strong foundation for selection of gait characteristics to 
pursue hypothesis-driven research to identify underlying gait 
mechanisms in aging and pathology, contributory features to 
gait disturbance, and to examine the effect of intervention.
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