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Abstract

Background:  Gait and cognition decline with advancing age, and presage the onset of dementia. Yet, the relative trajectories of gait and 
cognitive decline in aging are poorly understood—particularly among those with the motoric cognitive risk (MCR) syndrome. This study 
compared changes in simple and complex gait performance and cognition, as a function of age and MCR.
Methods:  We examined gait and cognitive functions of 1 095 LonGenity study participants (mean age = 75.4 ± 6.7 years) with up to 12 years 
of annual follow-up. Participants were of Ashkenazi Jewish descent, free of dementia, ambulatory, and had a 12.2% MCR prevalence at 
baseline. Gait speed was measured at usual pace walking (single-task walking, STW-speed) and walking while talking (WWT-speed). Eleven 
neuropsychological test scores were examined separately, and as a global cognition composite. Linear mixed-effects models adjusted for 
baseline sex, education, parental longevity, cognitive impairment, and global health were used to estimate changes in gait and cognition, as a 
function of age and MCR.
Results:  STW-speed, WWT-speed, and cognitive tests performance declined in a nonlinear (accelerating) fashion with age. STW-speed declined 
faster than WWT-speed and cognitive test scores. People with MCR showed faster rates of decline on figure copy and phonemic fluency.
Conclusions:  Gait declines at a faster rate than cognition in aging. People with MCR are susceptible to faster decline in visuospatial, executive, 
and language functions. This study adds important knowledge of trajectories of gait and cognitive decline in aging, and identifies MCR as a 
risk factor for accelerated cognitive decline.

Keywords:   Cognitive dysfunction, Gait decline, MCR, Relative trajectories

Gait performance declines with advancing age (1) and accelerated 
gait decline in aging often precedes cognitive decline, mild cogni-
tive impairment, and dementia (2,3). The relative trajectories of gait 
decline and cognitive decline in aging, however, are not well under-
stood. A  better understanding of the temporal interrelationship 
between gait and cognitive decline in aging is important for the de-
velopment of more effective, targeted, and appropriately sequenced 
interventions to prevent or reduce gait and cognitive impairment in 
aging. It is also important to identify individuals that are at increased 
and reduced risk for accelerated gait and cognitive decline in order 
to determine which older adult populations may benefit from inter-
vention. The current study aimed to address these distinct yet related 

issues by providing insights into the temporality of the trajectories of 
gait and cognitive decline in older adults.

The results of previous examinations of gait and cognitive de-
cline trajectories in aging have yielded inconsistent results. Some 
studies have observed that slow gait speed is associated with decline 
in different cognitive functions (ie, visuospatial, executive, and/or 
memory functions (4–7)). Other studies suggest that poor cognition 
(ie, global cognition, executive function, verbal memory) is associ-
ated with decline in gait speed, but not vice versa (5,8–10). Only 
a few studies have examined the simultaneous decline in gait and 
cognitive functions in longitudinal studies. Some have examined gait 
and cognitive trajectories in association with dementia (11). Others 
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have reported that cognitive decline (ie, global cognition, executive 
function, processing speed, and verbal memory) is associated with 
the slowing of gait speed (12,13). Further, distinct trajectory patterns 
in gait and cognition have also been identified in older adults (eg, 
combined decline in gait speed and global cognition vs stable cogni-
tion with declining gait) (14). To the best of our knowledge, however, 
no studies have examined the relative trajectories of gait and cogni-
tive decline in aging. Examining the relative trajectories of gait and 
cognitive decline can provide insight into (a) whether decline in gait 
or cognitive functions is faster and/or occurs earlier over the course 
of aging, (b) the optimal timing for interventions to improve gait and 
cognitive functions in aging, and (c) the underlying causal pathways 
between age-related gait and cognitive decline.

Gait is most commonly assessed as someone’s usual walking pace 
(simple gait). Yet, more complex gait conditions such as walking 
while performing a cognitive task have also been widely used to ex-
pose cognitive and motor impairment earlier in aging—presumably 
because they involve divided attention and use more brain resources 
than simple gait (15). We hypothesized that the rate of decline in gait 
speed during complex gait (walking while reciting alternate letters of 
the alphabet) would be faster than the rate of decline in simple gait, 
and both simple and complex gait speed would decline faster than 
cognitive functions in aging. We further hypothesized that individ-
uals with the motoric cognitive risk (MCR) syndrome may be at an 
increased risk for accelerated gait and cognitive decline because they 
are at increased risk for both Alzheimer’s disease and vascular de-
mentia (16,17). The MCR syndrome is characterized by the presence 
of slow gait and subjective cognitive complaints in the absence of de-
mentia and mobility disability (17), and the risk for MCR increases 
with age and as a function of physical inactivity and low education 
(18). Thus, the current study not only examined the relative trajec-
tories of gait and cognitive decline as a function of aging, but also as 
a function of the MCR syndrome.

Method

Study Participants
The LonGenity study is a longitudinal study of Ashkenazi Jewish 
older adults that examines genetics and the biological mechanisms 
that protect from age-related diseases, and promote successful aging 
(19). LonGenity study participants are defined as either offspring of 
parents with exceptional longevity (having at least 1 parent lived 
to age 95 or older) or offspring of parents with usual survival. 
Participants are recruited through public records (ie, voter regis-
tration lists) and community advertising (ie, Jewish newsletters, 
contacts at synagogues). Individuals with a diagnosis of dementia 
(>8 on the Blessed Mental Status Examination and >2 on the AD8-
item Informant Questionnaire) at initial screening, severe visual 
or hearing impairment, and siblings already enrolled in the study 
are excluded. For the present study, a subset of LonGenity partici-
pants who have been annually followed for up to 12 years (from 
2008 to 2020) with gait assessments was included. Ethical clearance 
was obtained from the Committee on Clinical Investigations of the 
Albert Einstein College of Medicine. Written informed consent was 
obtained from all participants.

Gait Assessments
Gait speed (cm/s) was measured during simple gait (single-task 
walking, STW-speed) and complex gait or walking while talking 
(WWT-speed) with an 8.5-m-long computerized GAITRite walkway. 

During STW, participants completed 1 straight walk (no turning in-
cluded) at their usual walking pace (20), after a practice trail. The 
walk started 1.2 m before and ended 1.2 m after the walkway to 
allow for steady pace walking. During WWT, participants were 
asked to complete 1 walk while reciting alternate letters of the al-
phabet starting with the letter “A” or “B,” depending on the month 
of recruitment. No practice trials were allowed and STW tests were 
performed first for each participant. During DTW participants were 
instructed to pay equal attention to walking and reciting alter-
nate letters of the alphabet. Correct and incorrect responses while 
reciting alternate letters were also recorded, and the corrected re-
sponse rate (CRR, correct responses per second × percentage of the 
correct responses) was calculated to assess cognitive performance 
during WWT (21). Participants wore comfortable footwear and as-
sessments were completed in a quiet and well-lit hallway.

Cognitive Assessments
Global cognition was assessed with a standardized composite score 
generated from 11 different neuropsychological test scores. The in-
dividual test scores included in this composite score were separated 
into the following cognitive domains based on a priori knowledge 
(22): (a) executive function: Trail Making Test B-A (TMT interfer-
ence) (23); (b) working memory: Digit Span test of the Wechsler 
Adult Intelligence Scale-III (WAIS-III) (24); (c) processing speed: Trail 
Making Test A and Digit Symbol Substitution test of WAIS-III; (d) 
language: Boston Naming (15-item) (25), Category and Phonemic 
fluency tests (26); (e) visuospatial function: Figure copy test of the 
Repeatable Battery for the Assessment of Neuropsychological Status 
(RBANS) (27); (f) visual memory: Figure recall test; and (g) verbal 
episodic memory: Free Recall on Free and Cued Selective Reminding 
Test (28) and Logical Memory subtest of Wechsler Memory Scale-
Revised (29).

MCR Diagnosis
Motoric cognitive risk is a predementia syndrome defined as the 
presence of subjective cognitive complaints and slow gait speed in 
older adults without dementia and mobility disability (inability or 
required assistance with ambulation) (17). Motoric cognitive risk 
diagnosis was built on previously published MCR criteria (17,30). 
Cognitive complaints were assessed with an item of memory com-
plaint on the 15-item Geriatric Depression Scale and a standard 
self-health assessment questionnaire (and verified by an informant 
or a clinician). We have previously published criteria for slow gait 
speed for the LonGenity participants, defined as walking speed 1 SD 
below age- and sex-specific means (17). Slow gait speed was defined 
as <101.9 cm/s for men and <97.4 cm/s for women under 75 years, 
and <85.3 cm/s for men and <76.7 cm/s for women age ≥75 years. 
Motoric cognitive risk diagnoses were assigned algorithmically as 
described previously in the LonGenity cohort and blinded to WWT 
and cognitive test performance (17). This study used data from base-
line to determine MCR status.

Covariates
Demographic data (age, sex, and education), medical history, and 
parental longevity were obtained from self-report. Summed value of 
presence or absence of 9 medical conditions (hypertension, diabetes, 
chronic heart failure, arthritis, depression, stroke, chronic obstructive 
pulmonary disease, myocardial infarction, angina) was calculated to 
create a global health score. Body mass index was calculated using 
participants’ height and weight. Based on neuropsychological test 
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performance, 2 clinical neuropsychologists reached consensus on a 
diagnosis of cognitive impairment if a participant scored ≤ 1.5 SD of 
the age appropriate means (31).

Data Analysis
Stata (StataCorp LLC, College Station, TX) version 16.1 was used 
in all the analyses. Longitudinal associations of STW-speed, WWT-
speed, and cognitive functions with age were examined using linear 
mixed-effects models. Age was centered using the sample mean as 
the centering point (to make the intercept of the models more mean-
ingful) and was included as the predictor variable. The following 
outcome variables were assessed at each time point, and standard-
ized into a z-score using the population means and standard devi-
ations across the follow-ups: (a) STW-speed, (b) WWT-speed, (c) 
test scores of different neuropsychological tests, and (d) the com-
posite measure of global cognitive function. All outcome measures 
were standardized as our aim was to compare the trajectories of 
outcome measures, that originally had different measures of units, 
as a function of aging. Models were adjusted for sex, education, par-
ental longevity, baseline cognitive impairment, and history of med-
ical conditions. We chose these demographic and clinical factors as 
potential confounders based on previous observations that they are 
associated with poorer gait (1,32), cognitive performance (33,34), 
and changes in brain structure (35). A quadratic term for centered 
age was added to the models to determine if gait and cognitive meas-
ures declined in a nonlinear fashion. Likelihood ratio tests were used 
to confirm the goodness of fit of models with and without the quad-
ratic term. An interaction term of “centered age × MCR” was added 
in separate models to determine if the trajectories of gait speed and 
cognitive decline were modified by the presence of MCR at baseline. 
p Values of <.05 was considered significant, and false discovery rate 
(FDR) correction was used as an adjustment for multiple compari-
sons. Although our main aim was to examine the effect of overall 
MCR syndrome at baseline on the trajectories of gait and cognitive 
decline, as a sensitivity analysis we examined the effects of baseline 
MCR, additionally adjusting for baseline gait speed.

We also performed 2 secondary analyses. First, we examined 
whether the trajectories of gait and cognitive decline were mark-
edly different in participants with few waves (≤2 waves) compared 
to participants with many waves (≥6 waves), using separate linear 
mixed-effect models. Second, we examined age-related changes in 
the CRR during WWT, in an additional linear mixed-effect model.

Results

One participant with possible dementia at baseline (n = 1) was ex-
cluded, leaving a final eligible sample of 1 095 of older adults. The 
mean number of waves was 3.9 ± 2.5 years (range 1–12 waves). Table 1  
summarizes the characteristics of study participants at baseline. The 
mean age of the sample was 75.4 ± 6.7 years, 56.1% (n = 614) were 
female, and 12.2% met MCR criteria. Supplementary Table 1 sum-
marizes the sample size and mean age of participants at each wave.

The Relative Trajectories of Gait and Cognitive 
Decline With Age
An overall (accelerating) nonlinear decline with age was observed in 
STW-speed, WWT-speed, and all cognitive functions, after adjusting 
for sex, level of education, parental longevity, baseline cognitive 
impairment, and history of medical conditions (Figure 1). Table 2  
summarizes the rates of change in the standardized measures of 

STW-speed, WWT-speed, and cognitive functions. Because the tra-
jectories of gait and cognitive decline were found to be nonlinear, 
based on visual inspection and statistical testing with a likelihood 
ratio test, we provide the effect of age on gait and cognition at 68.3, 
73.4, 78, 83.2, 89.8 years, corresponding to the 5th, 25th, 50th, 75th 
and 95th percentiles of the age variable within our cohort (Table 2). 
We found that STW-speed decline occurs even during earlier ages, 
and declines at a faster rate than WWT-speed and performance on 
all cognitive tasks (Table 2; Figure 1).

Effect Modification by MCR at Baseline
Meeting MCR criteria at baseline was associated with faster rate 
of decline in figure copy (β = –0.026, 95% confidence interval [CI]: 
–0.045, –0.007, p =  .006) and phonemic fluency test performance 
(β = –0.017, 95% CI: –0.033, –0.002, p = .029) and a slower rate of 
decline in STW-speed (β = 0.038, 95% CI: 0.022, 0.054, p < .001) 
and WWT-speed (β = 0.022 95% CI: 0.002, 0.041, p = .031; Table 
3 and Figure 2). Only the effect modifications on figure copy and 
STW-speed remained significant after FDR correction for multiple 
comparisons. Supplementary Table 2 summarizes the effects of MCR 
syndrome on the trajectories of gait and cognitive decline, addition-
ally adjusted for baseline gait speed. Adjusting for baseline gait speed 
did not result in meaningfully different results.

The Relative Trajectories of Gait and Cognitive 
Decline in Those With Few and Many Waves
The trend in relative trajectories followed a similar pattern (eg, de-
cline in STW-speed > global cognition > WWT-speed) in partici-
pants with few waves (≤2) and in those with many waves (≥6; see 
Supplementary Table 3). Only linear trajectories could be examined 
in those with few (only 2) waves.

Decline in Cognitive Performance During WWT
In a subsample of participants with data on cognitive performance 
during WWT (n  = 743), the corrected response rate declined in a 
nonlinear fashion (Supplementary Figure 1). Decline corresponding 
to the age percentiles were as follows: at 68.3 years β = –0.031, 95% 
CI: –0.048, –0.014, p < .001; at 73.4 years β  =  –0.013, 95% CI: 
–0.023, –0.003, p = .014; at 78 years β = –0.003, 95% CI: –0.003, 
0.010, p  =  .336; at 83.2  years β  =  0.022, 95% CI: 0.012, 0.032,  
p < .001; at 89.8 years β = 0.044, 95% CI: –0.026, 0.063, p < .001.

Discussion

The results of this study suggest that trajectories of gait and cog-
nitive decline in aging are nonlinear, and that single-task walking 
speed (STW-speed) declines faster than gait speed during walking 
while talking (WWT-speed) and a number of different cognitive 
functions—including global cognition. STW-speed starts to decline 
during “early” aging (<73 years), whereas WWT-speed and cognitive 
functions start to decline during “later” aging (>73). For all measures 
studied here, decline accelerated during later aging. Individuals with 
the MCR syndrome declined faster in visuospatial, executive, and 
language functions, but had a slower rate of decline in gait speed. 
The implications of these findings are discussed in more detail next.

Gait and Cognitive Decline as a Function of Age
As hypothesized, decline in STW-speed was faster than decline 
in all cognitive functions and occurred earlier in aging. This is in 
line with that slow gait speed at baseline (4,6,7) or early years of 
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follow-up (36,37) predicted decline in global cognition (13,38) and 
specific cognitive domains (ie, executive function (4,5), processing 
speed (6,7), and visuospatial function (4,6,7)). In the literature, as-
sociations between gait speed and memory decline are inconsistent, 

however. Some studies have reported that slow gait speed was as-
sociated with greater memory decline (5); whereas others have re-
ported no association (4) or associations seen only in those with 
ApoE4 allele (6). The inconsistency in the results may be explained 
by the differences in sample sizes (4–6), inclusion of only women 
(5), and the neuropsychological tests that have been used to assess 
memory (ie, Hopkins Verbal Learning test (5,6) vs Wechsler Memory 
Scale-Revised (4)). Our results, from a large sample (n = 1 095) of 
initially cognitive-healthy older adults followed for up to 12 years, 
provide novel information that STW-speed decline occurs earlier in 
aging, and declines at a faster rate compared to global cognition and 
a number of different cognitive functions, including memory. This 
study also confirms prior findings that slow gait speed can be a pre-
dictor of cognitive decline in specific domains. In a recent study of 
Mexican and European American older adults, however, a majority 
(65.4%) showed stable performance in usual pace gait speed and 
global cognition assessed with Mini-Mental State Examination (14). 
Although this prior study had a longer follow-up (mean 9.5 years), 
the differences in findings may be explained by the younger age span 
(age 65–74 years vs 62–94 in the present study), smaller sample size 
(n = 370 vs 1 095), and differences in gait and cognitive assessments.

In contrast to what was hypothesized STW-speed declined faster 
than WWT-speed in this study. In some prior studies, slow WWT-
speed, but not STW-speed, was associated with poorer cognition, 
(39) and increased risk of dementia (40)—suggesting that WWT 
may be more cognitively demanding. Currently, there is limited 

Figure 1.  Decline in gait speed during single-task walking (STW-speed) and 
walking while talking (WWT-speed) and global cognition with aging (Note 
that in order to compare the trajectories between gait and cognitive decline 
the predictions are based on standardized measures of gait speeds and global 
cognition. Variables were standardized using the overall sample mean).

Table 1.  Characteristics of Participants at Baseline

Whole Sample (n= 1 095) Those Without MCR (n= 699) Those With MCR (n=97)

Age (years), mean, SD 75.4 6.7 75.1 6.5 75.2 6.7
Female, n, % 614 56.1 406 58.1 58 59.8
Education(years), mean, SD 17.5 2.8 17.6 2.7 17.6 3.3
MCR, n, % 97 12.2     
OPEL n, % 582 53.3 384 54.9 50 51.6
Medical conditions
  Hypertension, n, % 452 41.3 271 38.8 56 57.7
  Diabetes, n, % 92 8.4 50 7.2 14 14.4
  Cardiac arrhythmias, n, % 10 0.9 4 0.6 1 1.0
  Stroke, n, % 38 3.5 18 2.6 6 6.2
  Parkinson’s disease, n, % 13 1.2 6 0.9 2 2.1
  BMI, mean, SD 26.5 4.7 26.2 4.5 28.6 5.7
Gait measures
  STW-speed (cm/s), mean, SD 110.2 20.1 113.9 18.0 83.5 12.1
  WWT-speed (cm/s), mean, SD 76.6 26.8 78.9 27.1 58.7 16.8
Cognitive tests
  Global cognition, mean, SD (–24.1, 13.8) .5 5.8 .9 5.5 .6 5.0
  TMT B-A (seconds), mean, SD (–13, 305) 48.2 35.9 47.1 33.6 48.0 36.9
  TMT-A (seconds), mean, SD (15–117) 42.9 17.0 41.3 14.9 43.7 14.8
  Digit Span, mean, SD (8–30) 17.6 3.7 17.7 3.7 17.4 3.7
  Digit Symbol, mean, SD (17–103) 59.6 14.4 60.7 14.1 58.4 12.3
  Boston Naming, mean, SD (0–15) 13.3 2.2 13.3 1.9 13.7 1.5
  Logical Memory, mean, SD (4–46) 23.2 6.3 23.3 6.1 24.5 6.1
  Figure copy, mean, SD (9–20) 18.8 1.7 18.8 1.6 18.8 1.67
  Figure recall, mean, SD (0–20) 12.9 3.9 13.1 3.8 13.1 3.7
  Free recall, mean, SD (2–46) 33.3 5.4 33.7 5.2 33.7 4.7
  Category fluency, mean, SD (13–88) 46.9 10.8 47.7 10.7 47.4 9.4
  Phonemic fluency, mean, SD (11–88) 48.0 12.6 48.7 12.1 45.8 13.2

Notes: BMI = body mass index; MCR = motoric cognitive risk syndrome; OPEL = offspring of parents with exceptional longevity; SD = standard deviation; 
STW-speed = gait speed during single-task walking; TMT = Trial Making Test; WWT-speed = gait speed during walking while talking. The LonGenity study was 
composed of highly educated older adults (majority female) with low disease comorbidity, except for hypertension. The MCR prevalence was 12.2%. Participants 
had good gait speed and neuropsychological test scores at baseline. Compared to those without MCR at baseline, those with MCR had greater BMI, and slower 
walking speeds (both STW, WWT), but there was no difference in neuropsychological test scores.
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understanding as to how WWT-speed declines with advancing age 
among cognitively-healthy older adults. Our study is one of the 
few that reported WWT-speed declined over time and addition-
ally that the rate of decline was slower compared to STW-speed. 

One explanation for the differences in the rates of decline could 
be that STW-speed was initially faster than WWT-speed, therefore 
had a greater range to decline. It is also possible that STW-speed is 
affected by decline in multiple physiological systems such as mus-
cular (ie, reduced muscle strength) and pulmonary (ie, reduced aer-
obic function) (41) and therefore show a faster decline. Although 
WWT-speed could be affected by these functional impairments, it is 
possible that during WWT participants may have prioritized gait—
or employed a more cautious gait—in order to maintain balance 
and prevent falls in the presence of impaired physical function. Our 
results on decline in the cognitive performance during WWT lend 
some support to this suggestion. Hence, this finding combined with 
the initially slower WWT-speed with a lesser range to decline might 
have resulted in a slower rate in the trajectory of WWT-speed com-
pared to STW-speed.

Gait and Cognitive Decline as a Function of MCR
Presence of MCR was associated with faster decline in figure copy 
and phonemic fluency performance—although phonemic fluency 
did not survive our FDR correction. Figure copy and phonemic flu-
ency are tests of visuospatial function and verbal fluency (language), 
respectively (22). Both these tests, however, also demand executive 
functions such as planning and organization. For example, organ-
izing the orientation and location of components is needed for figure 
copy while phonemic fluency tests someone’s ability to seek strategy 
for word generation (42). Additionally, phonemic fluency may also 
assess some aspects of verbal memory (42). Hence, these findings are 
consistent with the fact that MCR is a predictor of both vascular 
dementia and Alzheimer’s disease (primarily affecting executive 
function and memory, respectively) (16,30). Further, we add to that 
knowledge that people with MCR may have faster rate of decline in 
executive and visuospatial function, compared to those without (18). 
Although the definition of MCR is gait-based, its presence was not 
associated with a faster rate of decline in STW- or WWT-speed. By 
contrast, those with MCR showed a slower rate of decline, possibly 
due to that they already have slower gait speeds that leave a limited 
range to decline over time. This result is consistent with the prior 
finding that MCR is more of a cognitive syndrome with physical fea-
tures, and that cognitive, not motor impairment, predicts transition 
from MCR to dementia (43).

Figure 2.  Decline in figure copy and phonemic fluency test performance 
in those with and without the motoric cognitive risk (MCR) syndrome at 
baseline.

Table 3.  Effect Modification on Decline in Gait and Cognitive Functions by Presence of Motoric Cognitive Risk (MCR) Syndrome

b 95% CI p Value FDR Critical Value

STW-speed 0.038 0.022, 0.054 .000 0.003
WWT-speed 0.022 0.002, 0.041 .031 0.013
Global cognition –0.009 –0.022, 0.004 .168 0.023
TMT interference –0.011 –0.030, 0.009 .273 0.027
TMT-A 0.002 –0.014, 0.018 .838 0.043
Digit Span –0.012 –0.028, 0.004 .144 0.020
Digit Symbol –0.002 –0.016, 0.011 .718 0.037
Boston Naming 0.001  –0.017, 0.019 .916 0.047
Logical Memory –0.003 –0.020, 0.014 .752 0.040
Figure copy –0.026 –0.045, –0.007 .006 0.007
Figure recall 0.003 –0.015, 0.022 .712 0.033
Free recall –0.015  –0.033, 0.002 .091 0.017
Category fluency –0.009  –0.025, 0.007 .282 0.030
Phonemic fluency –0.017 –0.033, –0.002 .029 0.010

Notes: CI = confidence interval; FDR = false discovery rate correction: a corrected p value that is adjusted for multiple comparisons. The associations with p 
values less than the FDR-corrected p values are considered to survive the adjustments for multiple comparisons. STW-speed = gait speed during single-task walk-
ing; TMT, Trial Making Test; WWT-speed = gait speed during walking while talking. Higher scores in TMT interference and TMT-A indicate poorer function.
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Clinical and Research Implications
We provide novel insights into the current knowledge base that the 
decline in STW-speed occurs earlier in aging and that the trajectory 
of STW-speed decline is faster compared to decline in cognitive func-
tions. Along with prior studies, this confirms the potential of gait 
speed as a marker of future cognitive decline. STW-speed can be easily 
measured at the clinic with little equipment and low cost. Additionally, 
clinically meaningful cut scores for slow gait speed (<1 m/s) (44) and 
decline in gait speed (0.05 m/s annual decline) (45), as a marker of 
adverse health outcomes are already identified. Interestingly, by con-
trast to some prior studies (4), greater decline in gait speed was ob-
served relative to decline in both memory- and nonmemory-related 
cognitive functions; therefore, speed may be incorporated into risk 
assessment toolkits of both Alzheimer’s disease and vascular dementia. 
Furthermore, given that gait speed is easy, quick to assess, it might also 
be possible to promote population-based approaches to facilitate gait 
speed measurement. For example, allowing older people to measure 
gait speed on their own (ie, with a measured distance and a touch 
timer in shopping malls) and discuss at doctors’ visits might provide a 
wider screening opportunity to identify those at risk of cognitive de-
cline. For those with slower gait speeds, wearable sensors may offer a 
potentially low-cost measure to monitor gait speed decline over time.

Another important research implication of this difference in 
the trajectories of decline lies in the understanding of causal path-
ways between gait and cognitive decline. Changes in underlying 
brain structure are associated with poorer gait and cognitive per-
formance. In prior studies, we found that specific gray matter co-
variance patterns and smaller cortical thickness in multiple brain 
regions (including prefrontal, supplementary motor, the precuneus, 
and the insula) were associated not only with slower gait speed 
(46,47) and poorer cognitive performance (46), but also with the 
MCR syndrome (combined poor gait and cognition) (48). It remains 
unclear whether gait decline may be an epiphenomenon of change 
in brain structure or whether brain structure may be associated with 
gait decline through decline in cognitive functions. Although these 
relationships remain to be explored, current findings may indicate it 
is unlikely that the effects of brain structure on gait decline could be 
mediated through impaired cognition because our findings highlight 
that STW-speed decline occurs earlier in aging than cognitive de-
cline. Future research is needed to examine the relative trajectories of 
brain, gait, and cognitive decline in aging. Such studies will provide 
further insights into the causal pathways, and whether changes in the 
brain precede gait decline or cognitive decline.

Strengths and Limitations
Examining the relative trajectories of gait and cognitive decline, overall 
and as a function of MCR syndrome, is novel. In contrast to prior 
studies of smaller samples of older adults, followed up over shorter 
periods of time (8,11), this study included a larger sample of genetic-
ally homogenous older adults and a longer follow-up period. Further, 
we examined decline in gait speed during both simple and complex 
walking conditions as well as decline on a wide array of neuropsycho-
logical test scores. There are a few limitations to be noted, however. 
The LonGenity study sample is composed of well-educated (mean 
17.5 ± 2.8 years) healthy older adults (eg, lower levels of disease and 
comorbidities). As a result of the LonGenity gene discovery study de-
sign, half of the sample may benefit from inheriting healthy intrinsic 
factors (ie, genes) from their long-lived parents. Therefore, the tra-
jectories of decline in gait and cognition could be slower than those 
in the general community-dwelling older adult population. Even in 
this healthy longevity-enriched sample of older adults, however, we 

found significant gait and cognitive decline with aging, and that the 
decline in STW-speed occurred earlier and at a faster rate compared 
to cognitive decline. The MCR prevalence in this study (12.2%) was 
slightly higher than the overall prevalence observed in our multicohort 
study (9.7%), yet well within the range of MCR prevalence that was 
observed in the different cohorts (2%–16%) (17). A sample of people 
with higher MCR prevalence may have allowed us to detect effect 
modifications in some of the other variables as well. Finally, although 
we have data on cognitive task performance during WWT, we do not 
have data on single-task cognitive performance. Therefore, we cannot 
determine the percentage difference in cognitive performance between 
single task and WWT (cognitive cost). Based on data from cognitive 
performance during WWT, it is possible that the participants may 
have prioritized gait over cognitive performance, but this needs to be 
confirmed in future studies.

In the light of our findings, it would be interesting to examine 
in future research how different domains of gait (eg, rhythm, vari-
ability) and walking speed reserve (the difference between usual 
pace and fast pace walking speed) would decline relative to cogni-
tive functions, and how both gait and cognitive decline would occur 
relative to decline in brain structure and function.

Conclusion

Decline in gait speed during single-task walking occurs earlier in 
aging, and at a faster rate compared to decline in cognitive functions. 
People with MCR are more susceptible to have faster rate of decline 
in executive function, visuospatial function, and language, but not 
to decline in gait speed. This study adds important knowledge to the 
relative trajectories of gait and cognitive decline in aging and identi-
fies MCR as a risk factor of accelerated age-related cognitive decline.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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