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Abstract

Background: Among older adults, walking performance is a reliable indicator of adverse health outcomes including incident mobility
impairment. Whereas, attention and executive functions have been implicated in cognitive control of locomotion, much less is known about
the role of cognitive reserve (CR) in predicting mobility impairments among older adults. Specifically, whether CR moderates the relationship
between gait performance and incident mobility impairment has not been reported. To address this gap in the literature, we examined whether
gait performance under single-task walk (STW) and dual-task walk (DTW) conditions predicted incident mobility impairment and whether
CR moderated this relationship.

Method: Participants were 176 (mean age = 75.57; % female = 53) older adults with baseline Short Physical Performance Battery (SPPB)
scores of 10-12. Participants completed neuropsychological testing, the SPPB, and a DTW protocol. CR was evaluated using the Wide Range
Achievement Test, third edition. Participants were followed for 3 years; individuals whose SPPB scores declined below 10 were defined as
incident cases of mobility impairment (72 = 42).

Results: Moderation analyses revealed significant interaction effects of CR with walking velocity under STW (b = 0.09, 95% CI [0.01, 0.17],
2=2.30, p =.02) and DTW (b =0.10, 95% CI [0.02, 0.17], z=2.55, p =.01) conditions, wherein slower gait predicted increased risk of
incident mobility impairment among individuals with lower CR.

Conclusion: These findings extend knowledge about the interrelation of cognitive and mobility functions, revealing the critical role of CR in
identifying older adults at risk of developing incident mobility impairment.
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Slower walking during single-task walk (STW) conditions is associated
with more difficulties completing activities of daily living (1) and in-
creased risk of cardiovascular disease, disability, and mortality (2,3).
Slower walking under attention-demanding dual-task walk (DTW) con-
ditions is predictive of incident frailty, disability, and mortality even after
adjustment for STW performance (4). The longitudinal associations of
DTW performance with adverse outcomes, among older adults, further
suggest that cognitive motor performance, when combined, may confer
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predictive utility for incident mobility dysfunction that is independent
of gait performance assessed under STW conditions.

Research has indeed provided unequivocal evidence that locomo-
tion and cognition are interrelated (for reviews, see refs. (5-7)). Studies
examining the relationship between cognitive functions and walking
under STW and DTW conditions in older adults have often focused
on attention and executive functions (8~10). Better executive functions
and faster speed of processing have also been associated with better
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performance on more comprehensive measures of physical functioning,
such as the Short Physical Performance Battery (SPPB) (11-13).
Cognitive reserve (CR) refers to individual differences in the ability
to adapt and optimize task performance vis-a-vis brain aging, path-
ology, or insult. Research has shown that CR is protective against inci-
dent cognitive decline and dementia. Specifically, individuals with higher
CR are better able to cope with neurodegenerative processes and there-
fore demonstrate a lesser degree of objective cognitive decline when
compared to those with similar brain pathology but lower CR (14,15).
It is hypothesized that CR can be improved by enriching life experi-
ences, educational advancement, and occupational attainment (among
others). Such enrichment enhances and strengthens functional brain net-
works thereby allowing them to optimize performance and processing
efficiency (15). Proxies of CR are variable including sociodemographic
variables and objective cognitive tests of reading and verbal 1Q. While
objective performance measures operationalizing CR are less sensitive
and thus more resistant to the deleterious effect of aging, as compared
to cognitive measures of executive functions and memory, CR can be
enhanced through various leisure activities (16) making it an attractive
candidate for interventions. Few studies, however, have considered the
relationship between CR and mobility outcomes. For instance, Holtzer
et al. (17) found that latent factors measuring speed/executive atten-
tion and verbal IQ were both significant predictors of recurrent falls.
General cognition (18,19) as well as CR and memory (20) were also
used to predict gait speed decline. Importantly, no study to date has
examined the role of CR in predicting longitudinal decline on more
comprehensive measures of physical functioning, such as the SPPB.
The present study was designed to address these gaps in the lit-
erature. Specifically, we aimed to determine whether gait velocity
during STW and DTW conditions predicted incident mobility im-
pairment among relatively healthy community-residing older adults,
and whether this relationship was moderated by CR. Longitudinal
decline in SPPB scores was used to operationalize incident mo-
bility impairment. We hypothesized that slower gait velocity during
STW and DTW conditions would be associated with greater odds
of developing mobility impairment at a 3-year follow-up period.
We further hypothesized that CR, defined using the Wide Range
Achievement Test, third edition (WRAT-3), would moderate this re-
lationship, wherein poor walking performance would be predictive
of incident mobility impairment among older adults with low CR.

Method

Participants

Participants were 176 older adults (65+ years), enrolled in the Central
Control of Mobility and Aging (10) study, who met eligibility criteria
for the current study and had complete baseline and annual assess-
ments data conducted over a 3-year follow-up period. General exclu-
sion criteria were: inability to speak or understand English, visual or
auditory impairment, inability to walk independently, recent hospi-
talization for a condition that affects mobility, residence in a nursing
home, and diagnosis of a serious illness, psychiatric condition, or
neurodegenerative disease. Using a structured telephone interview that
assessed medical and psychological history, mobility, and functional
abilities (21), prospective participants were also screened for dementia
using a validated instrument (22). Individuals who passed the initial
telephone interview were invited to annual, in-person visits in which
trained research assistants administered comprehensive neuropsycho-
logical, psychological, and mobility assessments. Dementia diagnoses
were assigned at consensus diagnostic case conferences (23). In order
to be included in the current study, participants were required to have

SPPB scores of 10 or higher at baseline and complete annual SPPB
evaluations during the 3-year follow-up (see the “Incident mobility
impairment” section for further details). The work described in this
manuscript has been executed in adherence with The Code of Ethics
of the World Medical Association (Declaration of Helsinki) and the
APA ethical standards set for research involving human participants.
The study was approved by the Albert Einstein College of Medicine
Institutional Review Board, and written informed consent was
obtained from all participants in the first in-person study visit.

Measures and Procedures

Walking protocol

As detailed in previous research (10), the walking paradigm included
a STW, a single-task alpha (STA; cognitive interference task), and
a DTW condition. The participants walked for 1 trial, which con-
sisted of 3 consecutive loops (40 feet per loop including 6 straight
walks and 5 turns), under the single- and dual-task conditions. In the
STW condition, the participants were instructed to walk at his or her
normal pace along the walkway. The STA condition required partici-
pants to recite alternate letters of the alphabet, beginning with “A,”
while standing still for 30 seconds. In the DTW condition, the par-
ticipants were instructed to walk while reciting alternate letters of
the alphabet beginning with “B.” Outcome measures for the current
study included walking performance (gait velocity) and correct letter
generation. The reliability and validity of the walking paradigm have
been well established by previous research (20).

Quantitative gait assessment

Zenometrics system.—A 4- x 20-foot Zeno electric walkway using
ProtoKinetics Movement Analysis Software (PKMAS) was used
to assess various quantitative measures of gait. The current inves-
tigation utilized the measure of gait velocity (Zenometrics, LLC,
Peekskill, NY) as described in previous publications (24).

Short Physical Performance Battery

The SPPB includes tests of balance, gait speed, and chair rise. Each
portion is scored on a scale of 0—4, with a possible total score ran-
ging from 0 to 12, with higher scores indicating better performance
(25). The SPPB was administered and scored according to the stand-
ardized protocol (26). The SPPB takes approximately 5 minutes to
complete and is a well-validated measure of physical ability (25).

Covariates

Disease burden, as measured by the Global Health Status (GHS)
score, was calculated based on reported presence or absence of 10
health conditions including diabetes, chronic heart failure, arthritis,
hypertension, depression, stroke, Parkinson’s disease, chronic ob-
structive lung disease, angina, and myocardial infarction (23). Other
covariates included age, sex, and the rate of correct letter generation
under the DTW and STA conditions.

Incident mobility impairment

Incident mobility impairment was defined objectively and oper-
ationalized by measuring changes in SPPB performance during the
3-year follow-up. Individuals with baseline SPPB scores of 10-12
(indicating no physical impairment) were included in the analyses.
Individuals whose SPPB scores fell below 10 during the 3-year
follow-up were categorized as incident cases of mobility impairment.
Individuals who maintained SPPB scores in the range of 10-12 were
categorized as having no mobility impairment.
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Cognitive reserve

The WRAT-3 (27) was used to measure CR. The WRAT-3 word
reading performance, a widely used measure of CR, has established
construct validity (28) and, in assessment of older adults, is relatively
stable over time (29,30). The WRAT-3 reading score is calculated by
summing the number of words that a participant is able to correctly
read/pronounce, from a list of irregularly spelled words. Because in-
spection of the WRAT-3 scores suggested the data were not nor-
mally distributed (Shapiro-Wilk test of normality, W(176) = 0.92,
p <.01), and to facilitate the interpretation of the moderation ana-
lyses, WRAT-3 scores were dichotomized using a median split to
create 2 groups: (i) high and (ii) low CR.

Statistical Analyses

Descriptive statistics (mean = SD) were provided for each of the con-
tinuous variables for the entire cohort and also stratified by mobility
impairment status. The Hayes PROCESS macro (25) was utilized to
examine the moderating effect of CR on the relationship between
STW and DTW velocity and incident mobility impairment. For
dichotomous outcomes such as incident mobility impairment, the
Hayes macro uses logistic regression models to estimate the 2-way
interactions that operationalize moderation effects. Specifically, the
model uses ordinary least squares regression and computes inter-
action terms of X (predictor variable) and W (moderator variable)
to identify whether the strength or direction of relationship be-
tween predictor and outcome variables is influenced by a moderator
variable. Herein, separate regression models with STW and DTW
velocity as the predictor variables, incident mobility impairment (de-
veloped mobility impairment/ did not develop mobility impairment)
as the outcome variable, and CR as the moderator were carried out.
An additional regression model examined whether a dual-task cost
(DTC) in velocity ([STW velocity - DTW velocity]/STW velocity)
predicted incident mobility impairment. Analyses were first run un-
adjusted. Then, fully adjusted models were conducted controlling for
age, sex, global health status, and the rate of correct letter gener-
ation under the DTW condition. To address the possible effect of
significant life stressors on study outcomes, additional moderation
analyses (as described above) were carried out adjusting for incident

Table 1. Sample Characteristics

adverse health events over the follow-up period. These included
change in global health status score (indicating the development of a
new comorbidity), incident falls, incident hospitalizations, and inci-
dent dementia diagnosis. SPSS statistical software package (version
26; SPSS, Inc., Chicago, IL) with the Hayes PROCESS macro was
used for statistical analyses. The level of statistical significance was
set at p =.05.

Results

Participants (7 =176; mean age =75.57 = 6.17 years; mean edu-
cation = 14.6 = 2.91 years; % female = 53%) who completed the
full protocol for years 1-4 were included in the study. The original
sample included 549 participants, but after excluding those who
had dementia (7 = 3) and SPPB scores <10 (12 = 197) at baseline, and
those who did not complete the SPPB during the 3-year follow-up
(n =173), the final sample was comprised of 176 participants. The
average WRAT-3 score (109.07 = 8.98) was indicative of average to
high-average estimated premorbid intelligence. The average GHS
score (1.43 = 1.02) was suggestive of good health. Sample charac-
teristics as well as mean values for gait velocity are summarized in
Table 1.

Prediction of Incident Mobility Impairment

The first unadjusted moderation analysis revealed a negative asso-
ciation between STW velocity and incident mobility impairment
(b = -0.10, 95% CI [-0.17, -0.04], z = -3.09, p < .01). Additionally,
there was a significant interaction effect of STW velocity x CR for
predicting incident mobility impairment (b =0.09, 95% CI [0.01,
0.16], z = 2.26, p = .02). Specifically, an analysis of the conditional
effects of focal predictors revealed that, among those with low CR,
slower STW velocity was associated with greater risk of incident
mobility impairment (b = -0.10, 95% CI [-0.17, -0.04], z = -3.09,
p <.01). The second unadjusted model revealed a significant nega-
tive association between DTW velocity and incident mobility im-
pairment (b=-0.11, 95% CI [-0.18, -0.05], z=-3.40, p <.01).
Moreover, there was a significant moderation effect, operationalized
via the interaction of DTW velocity x CR, for predicting incident

Total Sample No Mobility Incident Mobility

at Baseline Impairment Impairment

n=176 n=134 n=42 T Statistic p Value

Mean (SD) Mean (SD) Mean (SD)
Sex (% female) 93 (53%) 75 (56%) 18 (42.9%)
Age (years) 75.57 (6.17) 74.68 (6.01) 78.44 (5.87) -3.60 <.01
GHS (total score) 1.43 (1.02) 1.38 (1.04) 1.60 (0.96) -1.12 24
Cognitive reserve (max WRAT-3 score) 109.07 (8.98) 109.35 (9.18) 108.19 (8.32) 0.73 47
Education (years) 14.6 (2.91) 15.13 (2.98) 14.12 (3.58) 1.82 .07
STW velocity (cm/s) 76.29 (13.82) 78.12 (13.86) 70.68 (12.24) 2.99 <.01
DTW velocity (cm/s) 63.44 (15.54) 65.92 (15.14) 55.78 (14.38) 3.68 <.01
DTC 0.17 (0.15) 0.15 (0.15) 0.21 (0.13) -2.29 73
STA correct letter generation rate (letter/second) 0.58 (0.20) 0.58 (0.19) 0.58 (0.23) 0.16 .82
DTW correct letter generation rate (letters/second) 0.61 (0.26) 0.61 (0.26) 0.59 (0.28) 0.76 .68
Incident hospitalizations (frequencies) 74 46 28 -3.84 <.01
Incident falls (frequencies) 87 62 25 -1.50 .14
Incident dementia diagnosis (frequencies) 6 3 3 -1.53 13

Notes: DTC = dual-task cost; DTW = dual-task walking; GHS = Global Health Status score; STA = single-task alpha; STW = single-task walking; WRAT = Wide
Range Achievement Test, third edition. Incident hospitalizations, incident falls, and incident dementia diagnoses reflect frequencies.
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mobility impairment (b =0.09, 95% CI [0.02, 0.17], z=2.52,
p =.01). Examination of the conditional effects of focal predictors
revealed that, among those with low CR, slower DTW velocity
was associated with greater risk of incident mobility impairment
(b =-0.11,95% CI [-0.18, ~0.05], 2 = -3.40, p < .01). The fully ad-
justed moderation models, summarized in Tables 2 and 3, revealed
that the moderation effects of CR on the associations between gait
velocity under STW and DTW conditions and incident mobility
impairment remained significant. Furthermore, the conditional ef-
fects of focal predictors also remained significant in the DTW model
demonstrating that, among those with low CR, slower DTW velocity
was associated with greater risk of mobility impairment (b = -0.10,
95% CI [-0.16, -0.03], z=-2.74, p <.01). The conditional effect
in the STW model was no longer statistically significant (b = -0.07,
95% CI [-0.14,0.01],z=-1.81,p =.07).

A separate regression analysis revealed that DTC in velocity pre-
dicted incident mobility impairment (b = 4.52, 95% CI [0.23, 8.81],
2 =2.06, p =.04). However, this relationship was not moderated by
CR (see Table 4).

Supplemental analyses that included the covariate for the rate of
correct letter generation under the STA condition were not materi-
ally different from the fully adjusted analyses shown in Table 2 and
3 that controlled for rate of correct letter generation under DTW
condition (see Supplementary Tables 1 and 2).

Sensitivity Analysis: Impact of Adverse Events on
Study Outcomes

The analyses summarized in Supplementary Tables 3 and 4 con-
trolled for change in global health status score over the follow-up
period. The moderating effect of CR on the relationship between

walking velocity and incident mobility impairment remained sig-
nificant for both STW and DTW conditions (STW: b =0.09, 95%
CI [0.01, 0.17], 2=2.27, p =.02; DTW: b =0.10, 95% CI [0.02,
0.18],z=2.55,p =.01). The analyses summarized in Supplementary
Tables 5 and 6 controlled for incident falls over the follow-up
period. The moderating effect of CR on the relationship between
walking velocity and incident mobility impairment remained signifi-
cant for both STW and DTW conditions (STW: b =0.09, 95% CI
[0.01,0.17],2=2.27,p = .02; DTW: b = 0.10, 95% CI [0.02, 0.17],
z=2.53,p =.01). The analyses summarized in Supplementary Tables
7 and 8 controlled for incident hospitalizations over the follow-up
period. Incident hospitalization was a significant predictor of inci-
dent mobility impairment for both STW and DTW conditions (STW:
b=1.49, 95% CI [0.61, 2.36], z=3.33, p <.01; DTW: b =1.59,
95% CI[0.69,2.48],z = 3.49,p < .01). The moderating effect of CR
on the relationship between walking velocity and incident mobility
impairment remained significant for both STW and DTW condi-
tions (STW: b = 0.10, 95% CI [0.03, 0.18], z = 2.58, p = .01; DTW:
b=0.12, 95% CI [0.04, 0.20], z = 2.91, p <.01). Finally, the ana-
lyses summarized in Supplementary Tables 9 and 10 controlled for
incident dementia diagnosis over the follow-up period. The moder-
ating effect of CR on the relationship between walking velocity and
incident mobility impairment remained significant for both STW
and DTW conditions (STW: b = 0.10, 95% CI [0.02, 0.18], z = 2.36,
p=.02; DTW: b = 0.11, 95% CI [0.03, 0.20], z = 2.68, p = .01).

Discussion

We found that CR moderated associations between gait velocity
under STW and DTW conditions and incident mobility impairment.

Table 2. Cognitive Reserve Moderates the Association Between STW Velocity and Incident Mobility Impairment

Coefficient SE z p LLCI ULCI
Constant -0.41 3.85 -0.11 92 -7.96 7.14
STW velocity (cm/s) -0.07 0.04 -1.81 .07 -0.14 0.01
WRAT-3 -6.66 2.90 -2.30 .02 -12.34 -0.99
STW velocity x WRAT-3 0.09 0.04 2.30 .02 0.01 0.17
Sex 0.49 0.41 1.19 23 -0.32 1.30
Age (years) 0.07 0.03 1.99 .05 <0.01 0.13
GHS (total score) 0.12 0.21 0.55 .58 -0.30 0.53
DTW velocity (cm/s) -0.03 0.02 -1.68 .09 -0.07 0.01
DTW correct letter generation rate -0.07 0.83 -0.09 93 -1.69 1.55

Notes: DTW = dual-task walk; GHS = Global Health Status score; LLCI = lower limit confidence interval; STW = single-task walk; ULCI = upper limit confi-
dence interval; WRAT-3 = Wide Range Achievement Test, third edition. DTW correct letter generation rate was measured in letters/second.

Table 3. Cognitive Reserve Moderates the Association Between DTW Velocity and Incident Mobility Impairment

Coefficient SE Z p LLCI ULCI
Constant -0.47 3.81 -0.12 .90 -7.94 6.99
DTW velocity (cm/s) -0.10 0.04 -2.74 .01 -0.16 -0.03
WRAT-3 -5.65 2.22 -2.54 .01 -10.01 -1.29
DTW velocity x WRAT-3 0.10 0.04 2.55 .01 0.02 0.17
Sex 0.41 0.42 0.97 33 -0.41 1.23
Age (years) 0.06 0.03 1.85 .06 <-0.01 0.13
GHS (total score) 0.08 0.21 0.37 71 -0.34 0.50
STW velocity (cm/s) -0.01 0.02 -0.44 .66 -0.06 0.04
DTW correct letter generation rate -0.02 0.85 -0.03 .98 -1.69 1.64

Notes: DTW = dual-task walk; GHS = Global Health Status score; LLCI = lower limit confidence interval; STW = single-task walk; ULCI = upper limit confi-

dence interval; WRAT-3 = Wide Range Achievement Test, third edition. DTW correct letter generation rate was measured in letters/second.
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Table 4. DTC Velocity Predicts Incident Mobility Impairment

Coefficient SE Z P LLCI ULCI
Constant -9.17 2.66 -3.44 <.01 -14.39 -3.95
DTC velocity (cm/s) 4.52 2.19 2.06 .04 0.23 8.81
WRAT-3 (max score) 0.67 0.70 0.96 .34 -0.70 2.03
DTC velocity x WRAT-3 -3.71 2.89 -1.28 .20 -9.37 1.95
Sex 0.45 0.41 1.10 27 -0.35 1.24
Age (years) 0.08 0.03 2.64 .01 0.02 0.15
GHS (total score) 0.15 0.20 0.76 45 -0.24 0.55
DTW correct letter generation rate -0.30 0.80 -0.37 71 -1.87 1.27

Notes: DTC = dual-task cost; DTW = dual-task walk; GHS = Global Health Status score; LLCI = lower limit confidence interval; ULCI = upper limit confidence
interval; WRAT-3 = Wide Range Achievement Test, third edition. DTW letter generation rate was measured in letters/second.

Specifically, unadjusted models revealed that slower STW and DTW
velocity predicted incident mobility impairment only among those
individuals with low CR. When adjusted for covariates, the moder-
ation effects for both models remained significant. Our findings re-
vealed that both STW and DTW velocity have independent utility in
predicting incident mobility impairment, notably when moderated
by CR, as both moderation analyses controlled for performance in
the other walking condition. However, further adjusted conditional
effects of focal predictors demonstrated that, among those with low
CR, slower DTW velocity, but not STW velocity, was associated with
greater risk of incident mobility impairment at follow-up. Such a pat-
tern of results, reflecting a stronger effect in the DTW model, can be
explained by the greater cognitive demands inherent in the DTW con-
dition as compared to the STW condition. Larger DTCs in gait vel-
ocity, which are indicative of more limited attentional resources, were
predictive of incident mobility impairment, but these results were not
moderated by CR. Reasons for the absence of the moderation effect of
CR are not clear. It is possible, however, that because DTC may be less
stable than the individual measures they consist of, the power to detect
the interaction of DTC by CR may have been reduced. Additionally,
the moderating effect of CR on the association between DTC and inci-
dent mobility impairment may be evinced in studies that include both
healthy and disease populations and thereby offer a greater contrast
in gait speed changes across conditions.

The present study investigated incident mobility impairment
in the context of normal aging. To evaluate the possible effects of
significant life stressors on study outcomes, we examined whether
the observed effects remained while accounting for adverse health
events. We conducted supplementary analyses adjusting for changes
in health status, incident falls, incident hospitalizations, and inci-
dent dementia over the follow-up period. Importantly, the moder-
ating effect of CR on the associations between gait velocity under
the STW and DTW conditions and incident mobility impairment
remained even when adjusting for these significant adverse events.
The finding that incident hospitalizations was a significant predictor
of incident mobility impairment is noteworthy but not surprising as
hospitalization has been associated with functional decline (31). The
novelty, though, is demonstrated in that the significant moderating
effect of CR on the relationship between STW and DTW velocity
and incident mobility impairment remained significant even when
accounting for incident hospitalizations. This suggests that factors
other than those directly related to physical functioning impact inci-
dent physical impairment.

Taken together, our findings may suggest that high CR compen-
sates for slower walking ability and is protective against incident
mobility impairment over time. This pattern of results illustrates

the import of the interrelation of mobility and cognitive functions
vis-a-vis predictive models of adverse outcomes in aging. These re-
sults are supported by prior research demonstrating that CR is pro-
tective against adverse health outcomes in aging (32) and highlight
the importance of engaging in activities that promote CR in order
to reduce risk of functional decline. Another possible explanation
for the present findings is that individuals with high versus low CR
experience different disablement processes. It is well established that
higher CR is associated with delayed onset of cognitive decline in the
context of brain pathology (14,15,33). Similarly, it may be that inci-
dent mobility impairment may occur at different time points for in-
dividuals with low versus high CR, resulting in different associations
between gait speed and incident mobility impairment.

Clinical Implications

Our results support and extend the clinical utility of objective gait
assessment as a predictor of adverse health outcomes in community-
residing older adults. Furthermore, the moderating role of CR in the
relationship between gait velocity and incident mobility impairment
highlights the importance of building and maintaining one’s reserve
capabilities in order to protect against age-related functional decline.
Research has shown that CR can increase throughout the life span
in response to enriching social, physical, and cognitive activities (16),
suggesting that health care providers and those involved in caring
for older adults, as well as family members of older adults, should
recommend participation in such activities to support healthy aging.

Study Strengths, Limitations, and Future Directions

A key strength of the research was the use of objective assessments
for measuring mobility impairment and CR. The SPPB allowed
for standardized, objective measurement of mobility functioning.
Similarly, quantifying CR by using the WRAT-3, allowed for ob-
jective assessment of premorbid abilities. While the WRAT-3 is
widely accepted as being correlated with premorbid intellectual
ability, the construct of CR is multidimensional and may not be fully
captured by a singular measure. Future research may expand upon
the measurement of CR and consider whether different measures of
reserve produce different outcomes.

Our findings may provide a potential framework for measuring
physical resilience longitudinally in the context of normal aging.
Physical resilience, which refers to one’s ability to resist functional
physical decline or return to premorbid physical functioning fol-
lowing a stressor, is often examined in the context of an acute stressor
or negative health event (34). However, physical resilience can also
be examined in the context of more gradual stressors, such as aging,
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by observing longitudinal functional trajectories. While Whitson
et al. (34) express that there is still debate regarding whether normal
aging can be considered a stressor for examining physical resili-
ence, our results may provide support for examining the construct
of physical resilience longitudinally in the context of normal aging.
Specifically, a key concern around the consideration of normal aging
as a stressor is how to conceptually and empirically account for ad-
verse life events and acute stressors that occur over time and might
influence physical resilience. Our supplementary analyses revealed
that CR moderated the relationship between STW and DTW vel-
ocity and incident mobility impairment while controlling for 4 key
health stressors, (development of a new comorbidity, incident falls,
incident hospitalizations, and incident dementia). In controlling for
such adverse health events, the present study design may represent
a useful framework for identifying modifiable predictors of physical
resilience in the context of normal aging as a gradual stressor.

Prior research (20) reported that the protective effect of execu-
tive functions against decline in gait speed was stronger among those
with higher CR. The present study extends the role of CR in cogni-
tive control of locomotion to broader definitions of mobility impair-
ments. Furthermore, much of the prior research on the relationship
between mobility and cognition has focused on cognitive functions
known to decline with age. Broadening the scope of this area of re-
search, the present study adds to the limited, but growing body of
literature examining the important role of CR in predicting mobility
outcomes among older adults.

The present research was not without its limitations, however.
While gait velocity has been shown to be predictive of adverse
health outcomes, this measure represents only one facet of quantita-
tive walking performance. Research has demonstrated the utility of
other gait characteristics, such as double support time and gait vari-
ability, in predicting adverse outcomes in older adults (35). It is pos-
sible that other measures of gait performance will offer incremental
utility in predicting incident mobility impairment. Hence, future re-
search should consider examining whether longitudinal associations
between other quantitative measures of gait and incident mobility
impairment are moderated by CR.

Given the present study utilized a sample of relatively healthy
older adults, the results may not be generalizable to those with sig-
nificant medical conditions or physical limitations. The sample size
was limited due to availability of follow-up data, as not all parti-
cipants who enrolled in the study completed the SPPB during the
3-year follow-up. In order to assess the generalizability of the cur-
rent results, future research studies with larger older adult cohorts
should be conducted to replicate the findings reported herein. The
present study utilized an SPPB cut score of 10, with scores below 10
indicating incident mobility impairment. While prior research has
demonstrated that scores below 10 are associated with increased risk
of mobility disability (36), scores just below 10 represent relatively
mild levels of impairment. Hence, it is possible that we have categor-
ized older adults with relatively mild mobility limitations as incident
cases of mobility impairment. Research examining the utility of the
SPPB in predicting disability found that those with SPPB scores be-
tween 7 and 9 had significantly higher risk of developing mobility
disability (relative risk 1.5-2.1) compared to those with SPPB scores
between 10 and 12 (24). Additionally, in a sample of previously hos-
pitalized individuals, SPPB scores less than or equal to 7 were asso-
ciated with significantly higher risk of rehospitalization (25). Given
this, future research may consider using a different, more stringent
SPPB cut score of 7 to specifically target more severe levels of loss
of function as proxies for incident mobility impairment. It is also

worth noting that gait velocity in the present study was slow due
to the fact that participants were instructed to walk in loops. It is
well established that entering and exiting turns reduce gait speed
(24,37). However, the effects of dual-task interference on the decline
in gait velocity from STW to DTW observed herein and in previous
studies that utilized a straight walk design (9,10) were comparable.
Moreover, gait velocities, assessed in PKMAS under the current
protocol requiring the participants to walk in loops and separately
in GAITRite, which employed a straight walk design, were highly
correlated (38). Hence, the walking velocities reported in the current
study are ecologically valid and generalizable. Finally, our analyses
controlled for a large number of possible confounders providing
confidence in the reported moderating effects of CR on the associ-
ations between gait velocity and incident mobility impairment.

Conclusion

In summary, we found that gait velocity predicted incident mobility
impairment among older adults with low CR even when adjusting
for adverse life stressors. This suggests that higher CR is protective
against incident mobility impairment possibly by compensating for
slower walking ability. Taken together, these findings highlight the
import of the interrelation between mobility and cognitive functions,
notably vis-a-vis predictive models of adverse health outcomes in
aging. Furthermore, the present study provides a possible framework
for measuring physical resilience objectively using longitudinal study
designs.
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