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Abstract

Background: Changes in cerebral blood flow velocity (CBF) in response to a cognitive task (task-related ΔCBF) have been shown by 
Transcranial Doppler ultrasonography (TCD) to be reduced in slow walkers. However, it is unknown whether reduced task-related ΔCBF is 
associated with reduced neural activity in specific brain regions, as measured by blood-oxygen-level dependent (BOLD) functional magnetic 
resonance imaging (fMRI).
Methods: We assessed the regional changes in neural activity associated with reduced middle cerebral artery (MCA) task-related ΔCBF to an 
executive task and slow walking speed in 67 community-dwelling older adults from the MOBILIZE Boston Study. Participants underwent 
walking assessments and TCD ultrasonography measures of MCA ΔCBF during the n-back task of executive function. A subset of participants 
(n = 27) completed the same task during fMRI. Individual BOLD activation maps for the n-back task were correlated with TCD measures and 
network-level averages were associated with TCD and preferred walking speed.
Results: Participants with diminished task-related ΔCBF walked more slowly (β  =  .39, p  =  .001). fMRI revealed significant associations 
between task-related ΔCBF and regional BOLD activation in several brain regions/networks supplied by the MCA. Of these regions and 
networks, those within the executive network were most strongly associated with walking speed (β = .36, p = .01).
Conclusions: Task-related ΔCBF during an executive function task is related to activation in several neural networks and impairment in the 
ability to recruit the executive network in particular is associated with slow walking speed in older adults.

Keywords: Gait speed—Neural activation—Cerebral blood flow velocity—Executive function—Neurovascular coupling

Slow walking speed is associated with several adverse outcomes, includ-
ing the development of dementia (1) and increased mortality (2). In 
healthy adults, functional neuroimaging studies reveal locomotion to be 
mainly controlled by supraspinal system regions like the primary motor 
cortex, supplementary motor area, and premotor cortex (3,4). However, 
neurodegenerative changes in these and other regions due to the aged 
brain and disease-related processes may slow walking speed (3).

Several studies have also shown a decline in mobility to be associ-
ated with a reduced capacity to redistribute cerebral blood flow (CBF) 
to compensatory frontal regions (5–9). The aged brain and disease 
have been separately associated with impaired hemodynamics (10,11), 
diminished recruitment of the executive and attention networks 
(12,13), and mobility deficits (14). For example, using Transcranial 
Doppler (TCD) ultrasonography, Sorond and colleagues (6) observed 
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that reduced CBF velocity in response to an executive task within the 
middle cerebral artery (MCA) was associated with slow walking speed. 
This suggests that activation of executive control networks is important 
for normal gait performance. However, it is unknown whether reduced 
response is associated with reduced neural activity in specific brain net-
works. Thus, we used functional magnetic resonance imaging (fMRI) 
to cross-sectionally assess regional changes in neural activity associated 
with MCA CBF velocity and walking speed. We hypothesized that CBF 
velocity during an executive task is associated with neural recruitment 
of executive regions supplied by the MCA, and that reduced executive 
neural recruitment is associated with slow walking speed.

Methods

Participants
Sixty-seven participants were recruited from the MOBILIZE Boston 
Study (Maintenance of Balance, Independent Living, Intellect and Zest 
in the Elderly of Boston Study [MBS]), which is a longitudinal popu-
lation-based study launched in 2005 to identify novel risk factors for 
falls in older adults. As a part of the original cohort, interested indi-
viduals had to be: 70+ years of age (or 65+ if living with an already-
enrolled participant); able to understand and communicate in English; 
expect to live in the area for at least 2 years; and able to walk 20 feet 
without personal assistance. Individuals were excluded if they had a 
terminal disease; severe vision or hearing deficits; or significant cog-
nitive impairment (ie, Mini-Mental State Exam [MMSE] score <18). 
A full description of the protocol is provided in Leveille and colleagues 
(15). The current study further excluded individuals with a diagnosis 
of Parkinson’s disease, limb deformity, severe arthritis, and/or an inad-
equate temporal bone window for TCD insonation.

Those with complete TCD data and no contraindications to MRI 
were also invited to undergo the MRI portion. Of the 67, 42 partici-
pants qualified for and completed the MRI study procedures, but 15 
were excluded for excessive motion (n = 10) or poor task compliance 
(n = 5). As a result, 27 participants were included in the statistical 
MRI analysis.

Research procedures were conducted within the Clinical 
Research Laboratory at the Hebrew SeniorLife Institute for Aging 
Research and the VA Boston Neuroimaging Research for Veterans 
(NeRVe) Center. All participants provided written informed consent 
as approved by both Institutional Review Boards.

Protocol
Study procedures were conducted during two visits, the first to the 
Hebrew SeniorLife Clinical Research Center where demographic, 
clinical, functional, gait, and TCD variables were collected, and the 
second to the VA NeRVe Center where MRI studies were performed.

N-back paradigm
During both TCD and fMRI procedures, participants performed 
a modified n-back task of executive function (6). Participants com-
pleted four 90-second blocks of testing: two blocks of Identify X (ie, 
control condition) and two blocks of a 2-back task (ie, experimen-
tal condition). The sequence of testing was fixed as one 90-second 
block of Identify X (IdX) followed by one 90-second block of the 
2-back task, then repeated. Eighteen letters were presented in a single 
block, each for 3 seconds, with a 2-second inter-trial interval. For the 
IdX condition, participants were instructed to press the left key on 
a custom keypad when the target letter “X” was displayed and the 
right key when it was not displayed. For the 2-back condition, par-
ticipants were instructed to press the left key if the present letter was 

seen two positions back and the right computer key if it was not. This 
requirement of consistent key press was implemented to encourage 
task engagement. Custom MATLAB scripts were generated to extract 
percent accurate target detections (rate %) and mean reaction time 
(RT) within and across conditions. Of note, mean RT results should 
be interpreted with caution, as participants were not instructed to 
answer as quickly as possible. Participants were also able to change 
their response within the allotted time, which could also affect RT.

TCD ultrasound
During the first visit, TCD (DWL Transcranial Doppler Systems, San 
Juan Capistrano, CA) was used to record CBF velocity according to a 
previously established MBS protocol (8). Briefly, while lying in a supine 
position, small, flat TCD probes were placed over the participant’s 
temporal bones and positioned to insonate the left and right MCA ter-
ritories. Probes were held in place using a commercial probe holder 
(Marc 600 Headframe, Spencer Technologies). CBF velocity was first 
recorded during 300 seconds of rest, then 6 minutes of the n-back task.

The instantaneous CBF velocity (cm/s) within the left and right 
MCA was recorded during this procedure. The mean CBF was deter-
mined per condition by averaging across like blocks. Task-related 
ΔCBF was then quantified by calculating the percent change in mean 
CBF velocity between the IdX and the 2-back conditions, averaging 
across both the left and right MCA territories, that is, ([Mean CBF 
velocity2-back–Mean CBF velocityIdX]/Mean CBF velocityIdX) × 100. 
This phenomenon will be referred to as the task-related change in 
MCA CBF velocity (ie, ΔCBF), though in previous work it has been 
termed “neurovascular coupling” (6,16).

Walking assessment
Also during the first visit, standardized verbal instructions for the 
walking assessment were given, in which participants completed two 
trials of walking quietly at preferred speed. Each trial consisted of 
three separate passes over a 16-foot GAITRite mat (CIR Systems 
Inc., Havertown, PA), starting 4 feet before the mat from a quiet 
standing position. Average walking speed (m/s) was computed by 
dividing distance by time, which was quantified from each full step 
that occurred over the GAITRite mat within each trial. Walking 
speed was averaged within and then between trials.

MRI
Approximately 9  days following the first session (SD  =  8; 
range = 1–37 days), qualifying participants attended a neuroimaging 
session, performed on a 3 Tesla Siemens TIM Trio with a 12-channel 
brain array. Functional data were acquired with a gradient-echo echo-
planar sequence scan (TR = 2000 ms; TE = 30 ms; flip angle = 90°; 
38 slices at 3.75 mm thickness; 3.0 × 3.0 mm in-plane resolution; 
194 volumes). Two T1-weighted MPRAGE scans (T1  =  1000  ms; 
TR = 2730 ms; TE = 3.31 ms; flip angle = 7°; 128 slices at 1.3 mm 
thickness; FOV = 256 × 256 mm) were also collected and averaged 
for high-resolution neuroanatomy. Functional data were pre-pro-
cessed in AFNI (17) with the following steps: volume registration; 
anatomical data alignment and warp into Talairach space for inter-
subject normalization; smoothing with an 8-mm kernel; and scale 
to a percentage of the mean. Data were entered into a general linear 
model reflecting the n-back task conditions (ie, 2-back and IdX block 
regressors), while simultaneously modeling the effects of motion, nui-
sance cerebral spinal fluid and white matter signal, and censored time 
points with >0.5  mm in sudden movement. Events related to task 
performance (ie, correct or incorrect responses) were not modeled 
since TCD measures were similarly unadjusted. For quality assurance 
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purposes, if a participant was found to have greater than 30% of time 
points censored, they were subsequently removed from the analysis.

Statistical Analyses
N-back task performance, TCD, and walking speed
To determine differences in task performance between conditions (ie, 
IdX, 2-back task) and, separately, between cohorts of Visit 1 and 
2, we utilized matched pairs t-tests. To determine the association 
between task performance (ie, accuracy, mean RT) and our primary 
outcomes (ie, task-related ΔCBF, neural activation, walking speed), 
we utilized linear regression. Nonparametric tests were used when 
appropriate, for non-normally distributed data.

To determine potentially confounding variables (ie, age, sex, 
BMI, type 2 diabetes, hypertension, and atrial fibrillation) in the rela-
tionship between primary variables and walking speed, we utilized 
mixed stepwise regression (p = .05 threshold). The resulting best fit 
multiple linear regression model was then used to predict walking 
speed from task-related ΔCBF or neural activation. Standardized 
betas (β) are reported for effect size.

MRI analyses
To determine the regional changes in CBF associated with per-
forming the n-back task, the 2-back and IdX condition decon-
volve maps were contrasted for the 27 participants who completed 
both TCD and MRI protocols. To examine how these activation 
changes were associated with task-related ΔCBF, these whole-
brain maps (2-back minus IdX) were then entered into a linear 
regression model with their associated TCD-derived measures. 
The resulting maps were then corrected for multiple comparisons 
using the spatial autocorrelation function (ACF) within AFNI’s 
3dClustSim, based upon the individual model residuals. Cluster-
corrected thresholds for p < .05 were given by nominal p  =  .02 
and cluster size ≥ 247.

To determine how task-related ΔCBF and fMRI activation were 
associated with walking, a network-level approach was employed. 
First, activation was averaged across voxels within the dorsal atten-
tion (DAN), ventral attention (VAN), and executive networks of a 
previously defined 7-network parcellation (18). These estimates were 
then entered into multiple linear regression models to examine asso-
ciations with both task-related ΔCBF and walking speed, adjusting 
for all confounders. These neural networks were selected a priori 
because they are associated with executive function and attentional 
control. Finally, to determine whether the association between task-
related ΔCBF and walking speed was mediated by network activa-
tion, we utilized the Hayes’ PROCESS Procedure (19) (v. 2.16.3) in 
SPSS (SPSS Inc., Chicago IL) version 24.0.

Results

Table 1 summarizes the demographic, clinical, and task performance 
for the cohort at first visit, while Table 2 summarizes the cohort that 
underwent both visits. These samples (n = 67 and n = 27, respec-
tively) did not differ across demographics, clinical characteristics or 
task performance. Additionally, within the larger cohort, there were 
no lateral differences between the left and right MCA task-related 
ΔCBF (paired t test: t  = −1.18, p  =  .24) and these measures were 
significantly correlated (β = .81, p < .0001). Therefore, left and right 
CBF responses were not considered separately.

It should be noted that task performance for the TCD Visit 1 
cohort consists of 55 participants as additional participants (n = 12) 

were excluded from the task performance analysis due to the follow-
ing reasons: very poor performance on the IdX and/or the 2-back 
(n = 7); no response at all—response keypad not recording (n = 2); 
participant tried but only pressed for some targets and not all of 
them (n  = 2); and missing data—computer error (n  = 1). Further, 
task performance data for the fMRI n-back task are reported for 22 
participants, after data for five (n = 5) participants were excluded 
due to equipment failure. However, these participants exhibited acti-
vation patterns consistent with task engagement and had otherwise 
complete data.

Task Performance
N-back task performance during Visit 1 is presented in Table 1 for 
the entire cohort, while performance for the subset is presented in 
Table 2.

At Visit 1, differences were observed in target detection accuracy 
and mean RT between the IdX and 2-back conditions. During the 
IdX condition, participants had a higher target accuracy and faster 
mean RT, as compared to the 2-back condition (Z = −672, p < .0001 
and Z = 216, p < .0001, respectively). These differences in task per-
formance verified an increase in task difficulty and remained in the 
fMRI subset.

Correlation analyses determined that those with lower task-
related ΔCBF took a longer time to identify targets during the IdX 
condition (rs  = −.35, p  = 0.01) and displayed a smaller change in 
mean RT from the IdX to the 2-back condition (β = .28, p = .03). 

Table  1. Complete Population Demographic and Clinical 
Characteristics

Visit 1 (TCD Protocol)

N 67
Female (%) 61
Age 85 ± 5
BMI 26 ± 5
Mini-mental State Exam 27 ± 2
Trails A (s) 46 ± 20
Trails B (s) 104 ± 50
Trails B adjusted (s) 61 ± 41
Type 2 diabetes mellitus (%) 8
Hypertension (%) 67
Hyperlipidemia (%) 52
Atrial fibrillation (%) 26
Pacemaker (%) 8
Walking speed (m/s) 1.0 ± 0.3
Task-related ΔCBV (%) 1.8 ± 3.3a

Mean CBF IdX (cm/s) 51.7 ± 12.7
Mean CBF 2-back (cm/s) 52.7 ± 13.1
N-back performance Visit 1
N 55
IdX correct target rate (%) 99 ± 4
IdX mean RT (s) 0.9 ± 0.2
2-back correct target rate (%) 74 ± 29
2-back mean RT (s) 1.3 ± 0.3
Diff correct target rate (%) −25 ± 28
Diff mean RT (s) 0.41 ± 0.3

Notes: Data  =  mean ± SD or percentage; ∆CBF  =  “change in” Cerebral 
Blood Flow; BMI  =  body mass index; Diff  =  difference between the IdX 
and 2-back conditions; IdX  =  Identify X condition; RT  =  reaction time; 
TCD = Transcranial Doppler.

aThe increase in CBF for the 2-back condition compared to IdX is greater 
than 0 (p < .05).

Journals of Gerontology: MEDICAL SCIENCES, 2017, Vol. 00, No. 00 3



Additionally, those with slower walking speed took more time to 
identify targets in both the IdX and 2-back conditions (rs  = −.45, 
p = .001 and β = −.29, p = .03, respectively).

At Visit 2, we observed that greater executive network recruit-
ment (2-back vs. IdX) was associated with greater 2-back accuracy 
(rs  =  .427, p =  .047) and positively trended with the difference in 
accuracy (rs  =  .412, p  =  .057). There were no other associations 
between task performance (ie, target accuracy and mean RT) and 
our primary variables of interest (ie, task-related ΔCBF, neural acti-
vation, walking speed).

TCD-Derived Task-Related ΔCBF and Walking Speed
Linear regression revealed an association between task-related ΔCBF 
and walking speed. Those with lower task-related ΔCBF walked 
more slowly (β = .39, p = .001; see Supplementary Figure 1). To con-
sider this relationship in the presence of all potential confounders, 
we employed a mixed stepwise regression analysis that ultimately 
included age (β  =  −.30, p  =  .001), sex (β  =  −.29, p  =  .003), BMI 
(β = −.33, p = .001) and hypertension (β = .34, p = .001) as covariates. 
The association between lower task-related ΔCBF and slower walk-
ing speed remained significant after adjustment (β = .28, p = .005).

Associations With Neural Recruitment
Within the smaller subset of participants, initial whole-brain group-
level fMRI analyses revealed increased bilateral neural recruitment 
in the prefrontal and posterior parietal regions when performing the 
2-back relative to IdX task (Figure 1A). This pattern of recruitment 
mirrored previous studies and largely overlapped with the frontopa-
rietal working memory systems required for the more challenging 
2-back condition (20). When TCD-derived task-related ΔCBF was 
correlated with this recruitment, significant voxel-wise clusters were 
found within the bilateral frontal and temporal regions spanning the 
MCA territory, as well as the right insula (Figure 1B).

At the network-level, TCD-derived task-related ΔCBF was addi-
tionally predictive of the average DAN (β  =  .57, p  =  .009), VAN 
(β =  .49, p =  .017), and executive (β = 0.42, p =  .036; Figure 2A) 
network recruitment. Significant associations were also revealed 
between walking speed and the DAN and executive networks during 
the n-back (β = .30, p = .031; β = .36, p = .01 [Figure 2B]); respec-
tively). The VAN, though associated with task-related ΔCBF, was not 
associated with walking speed (β = .065, p = .686). These network-
level associations were adjusted for age, sex, BMI, and hypertension 
status.

Finally, we examined whether task-related ΔCBF predicted 
walking speed when network activation was included as a poten-
tial mediator. While task-related ∆CBF was independently associ-
ated with both activation (β = .44, p = .02) and gait speed (β = .39, 
p = .02), it was no longer associated with gait speed when executive 
network activation was included in the regression model (β =  .23, 
p = .23). The relationship between activation and gait speed, when 
adjusting for ∆CBF, still trended toward significant (β = .37, p = .07). 
The executive network was confirmed as a mediator with an indirect 
effect of 0.0146 (bootstrap 95% CI estimates: [0.0006, 0.0312]). 
This indirect path, however, was not significant when adjusting for 
age, sex, BMI, and hypertension as confounders (effect  =  0.0131 
[95% CI = −0.0012, 0.0273]), likely due to our small sample size. 
No evidence of mediation was found for the DAN.

Figure 1. Whole-brain associations. (A) Differential activation maps comparing 
the 2-back and Identify X (2bk > IdX) task conditions. The positive tail (red to 
yellow) illustrates regions with greater activation during the 2-back condition. 
(B) Correlation map for 2bk > IdX neural activation and task-related ΔCBV. 
Maps are color-mapped according to voxel-wise t-statistics (range: −6 to +6).

Table 2. Subset Demographic, Clinical, and Cognitive Performance 
Characteristics

Visit 1 (TCD 
Protocol)

N 27
Female (%) 74
Age 84 ± 4
BMI 24 ± 4
Mini-mental State 
Exam

28 ± 3

Trails A (s) 44 ± 19
Trails B (s) 95 ± 36
Trails B adjusted (s) 52 ± 31
Type 2 diabetes mellitus 
(%)

4

Hypertension (%) 56
Hyperlipidemia (%) 56
Atrial fibrillation (%) 26
Pacemaker (%) n/a
Walking speed (m/s) 1.2 ± 0.3
Task-related ΔCBV (%) 2.4 ± 3
Mean CBF IdX (cm/s) 52 ± 9
Mean CBF 2-back 
(cm/s)

54 ± 10

N-back performance Visit 1 Visit 2 (fMRI 
Protocol)

p

IdX correct target rate 
(%)

99 ± 3 98 ± 5 ns

IdX mean RT (s) 0.8 ± 0.1 0.8 ± 0.2 ns
2-back correct target 
rate (%)

72 ± 18 79 ± 22 ns

2-back mean RT (s) 1.2 ± 0.3 1.2 ± 0.2 ns
Diff correct target rate 
(%)

−28 ± 18 −19 ± 23 ns

Diff mean RT (s) 0.43 ± 0.2 0.41 ± 0.2 ns

Note: Data = mean ± SD or percentage. ∆CBF = “change in” Cerebral Blood 
Flow; BMI = body mass index; Diff = difference between the IdX and 2-back 
conditions; fMRI = functional magnetic resonance imaging; IdX = Identify X 
condition; ns = nonsignificant; RT = reaction time; TCD = Transcranial Doppler.
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Discussion

In the current study, we demonstrated, with regional specificity, how 
TCD-derived task-related ΔCBF during an executive function task 
is associated with neural recruitment and walking speed within a 
sample of community-dwelling older adults. To our knowledge, we 
are the first to report that TCD-derived measures reflect the neu-
ral recruitment of regions and networks supplied by the MCA dur-
ing the n-back task. We also report that activation in the DAN and 
executive networks are associated with both task-related ΔCBF and 
walking speed. These findings support the importance of CBF in 
cognitive function and walking with older age. Mediation analyses 
supported our overall hypothesis that task-related ΔCBF is associ-
ated with executive network recruitment and that dysfunction of this 
specific network is associated with poorer mobility.

In our larger cohort, we confirmed a positive association between 
task-related ΔCBF and walking speed. Previously, it was shown in 
the MBS cohort of community-dwelling older adults that slow walk-
ers (<0.67 m/s) had reduced task-related ΔCBF (ie, neurovascular 
coupling) when compared to fast walkers (≥0.67 m/s) (6). In the cur-
rent study, we found a linear association such that those with lower 

task-related ΔCBF walked slower. This association was independ-
ent of age, sex, BMI, and hypertension—all of which were found 
to be associated with walking speed and were not included in prior 
models. This result highlights the important functional role of blood 
flow regulation within networks, particularly the frontal executive 
regions, and the need to meet the metabolic demands of walking - 
not only in the lower extremity musculature, but also in the brain.

As expected, we found task-related ΔCBF to reflect the neural 
recruitment of regions critical to the task at-hand. In this case, per-
forming the 2-back task elicited increased blood flow velocity in 
the MCA domain for the majority of the cohort, and resulted in 
increased fMRI activation of the DAN, VAN, and executive networks 
(Figure 1A). These findings complement previous literature support-
ing the recruitment of task-positive neural regions as necessary for 
normal cognitive task performance in cognitively healthy adults (20). 
Considering, however, that the integrity of frontal regions generally 
declines with older age, it is possible that the combination of intact 
task-related ΔCBF, as well as increased recruitment likely reflects 
compensation for neuronal loss and the maintenance of cognitive 
reserve in our population (12,21). At this point, it is unclear why there 
would be a lateral difference in frontal activation and insular recruit-
ment in the voxel-wise association between network recruitment and 
task-related ΔCBF, but lateral differences in the participation of these 
areas have been reported in higher level executive functioning (22).

Functional MRI also confirmed network-level recruitment associa-
tions with walking speed. While DAN, VAN, and executive network 
frontal areas were generally recruited to a greater extent for the 2-back 
experimental condition, with executive activation associated with bet-
ter performance, activation of two MCA-supplied networks (ie, DAN 
and executive) was additionally associated with walking speed. This 
supports prior literature; frontal and parietal regions are critical to 
walking speed and other executive tasks (3,9,23,24). These regions are 
worthy of exploration for neuro-rehabilitation which has been found 
to improve functional mobility in older adults (25). Our finding that 
specific neural networks (ie, executive function and attention) is related 
to walking speed is also supported by previous literature suggesting 
that specific cognitive training interventions translates to improved 
mobility outcomes and even reduced fall-risk in older adults (26).

One possible explanation of our findings is that reduced brain 
activation was due to decreased n-back task performance. In our 
larger cohort, we found that those who took a longer time to identify 
targets during one or both conditions (ie, IdX, 2-back) also had lower 
task-related ΔCBF and slower walking speed. This finding is consist-
ent with previous studies showing that RT, a measure of information 
processing, is associated with smaller prefrontal brain volume and 
slower walking speed in older adults (8). Sorond and colleagues (6) 
reported a positive association between performance on the n-back 
task and ΔCBF such that those with greater ΔCBF tended to perform 
better in accuracy on the 2-back. The current study replicated these 
findings within our fMRI cohort, showing that greater executive net-
work recruitment is associated with 2-back accuracy.

Insights
Several insights are presented for older adults at risk for falls and 
mobility disability. First, fMRI confirms that functional TCD 
ultrasonography of the MCA can assess neurovascular health and 
function. Second, we provide evidence that increased blood flow 
velocity (and neural recruitment) to meet the increased difficulty of 
the 2-back condition is associated with n-back and mobility perfor-
mance within this population. These findings suggest that methods 
to improve blood flow regulation and/or activation may prove use-
ful to simultaneously enhance cognition, walking speed, and prevent 

Figure  2. Executive network-level associations. Scatter plots with line of 
best fit demonstrating the linear associations between the 2bk > IdX neural 
activation (Δβ) within the executive network and (A) 2bk > IdX MCA blood 
flow velocity and (B) walking speed (m/s).
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falls. Multimodal interventions should include pharmacological 
agents already shown to improve CBF, including angiotensin con-
verting enzyme inhibitors (27), angiotensin receptor blockers (28), 
cholinesterase inhibitors (29), intranasal insulin (30), deferoxamine 
(31), and cocoa (16). We also highlight that the executive and dorsal 
attention networks should more broadly be among neural targets 
for cognitive training and neuro-stimulation to potentially improve 
mobility in older adults.

Limitations
The reported results do not come without limitations. First, in the 
TCD cohort, 27% of the participants had what appeared to be a 
reduction in CBF during cognitive demand. This was due to the fact 
that after performance of the first experimental 2-back task, CBF 
levels remained elevated during the subsequent control IdX task and 
could not increase any further during performance of the n-back 
task. Although CBF was increased during performance of the 2-back 
task, it was not greater than the preceding IdX condition and calcu-
lation of the difference in CBF activation between 2-back and the 
IdX condition yielded a negative number. It is best to interpret the 
results in these participants as no response due to a “ceiling effect,” 
rather than a decrease in CBF during the executive task. For these 
individuals, we suspect that the 2-back task was more of a cogni-
tive stressor when it was initially performed, resulting in a sustained 
elevation in CBF during IdX.

Secondly, we had a relatively small sample size with limited gen-
eralizability. Participants were required to be MRI-compatible and 
willing to lie within the scanner for an hour in order to qualify for 
the MRI protocol. We also excluded several participants who had 
excessive motion during the scan or did not adequately perform 
the task (ie, did not follow the instructions, failed to present effort). 
As a result, the study had only 27 participants with usable fMRI 
data, which limited our detection of associations at the voxel-level. 
Nevertheless, there was enough statistical power to uncover indi-
vidual network-level activation differences in task-related ΔCBF and 
walking speed. Also, other tasks will need to be evaluated in the 
future as (a) non-normal distribution of 2-back performance indi-
cated this particular condition was too challenging for some of the 
participants, and (b) it is possible that our observed relationships 
between task-related ΔCBF and walking speed are a function of task 
and are not limited to executive function alone.

Conclusions

In summary, the current study provides evidence that task-related 
ΔCBF is associated with activation in several neural networks. Of 
these networks, however, recruitment of the executive network 
underlies the association between task-related ΔCBF and walking 
speed. These findings warrant further investigation in future cogni-
tive-motor intervention studies.

Supplementary Material

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