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Background. The cerebellum plays an important role in mobility and cognition. However, it is unclear which regions 
of the cerebellum are associated with gait speed and information-processing ability in older adults without overt brain 
damage.

Methods. Cross-sectional associations between cerebellar gray matter volumes (GMV), gait speed, and information-
processing ability were explored in 231 community-dwelling adults (mean age: 83 years, 48% black, 58% female). We 
measured gait speed on an automated walkway and information-processing ability on the Digit Symbol Substitution test 
(DSST). Total and regional cerebellar GMV was measured on 3T-magnetic resonance imaging. Lobar GMV of the cere-
bellum, obtained by an automated parcellation process, were aggregated based on the cognitive (lobules VI, VII, VIII and 
crus I, II), sensorimotor (lobules II, IV, V), and vestibular (lobules IX and X) functions ascribed to the cerebellar regions.

Results. Larger cerebellar GMV correlated with faster gait speed and superior DSST scores (both p < .001) inde-
pendent of age, gender, atrophy, and small vessel disease. After adjusting for age, gender, and atrophy, larger cognitive 
cerebellar GMV correlated with both faster gait speed (p = .04) and higher DSST scores (p < .001), larger sensorimotor 
cerebellar GMV correlated significantly with DSST alone (p = .02), and the vestibular cerebellar GMV with neither. The 
association between cognitive cerebellar GMV and gait speed was no longer significant after adjusting for DSST score 
in the linear regression models.

Conclusions. The relationship between gait speed and cerebellar GMV is influenced by information-processing abil-
ity, and this relationship is stronger in subregions ascribed to cognitive than vestibular or sensorimotor functions.

Key Words: Gait—Brain aging—Cognition—Imaging.

Received April 4, 2013; Accepted August 7, 2013

Decision Editor: James Goodwin, PhD

INITIAL reports of the association between mobility 
impairment and cerebellum were made by Sir Gordon 

Holmes from observing World War I victims inflicted with 
gunshot wounds to the cerebellum whose gait he described 
as irregular, slow, and halting (1). These reports formed the 
foundation for understanding the role of the cerebellum in 
gait (reviewed in ref. 2). A  combination of truncal insta-
bility, disequilibrium, slow gait speed with shortened stride 
length, increased gait variability, and a wide base of support 
constitute the hallmark of a cerebellar ataxic gait. Neural 
causes of age-associated slowing of gait, without other 
associated gait and balance changes, have primarily focused 
on cortical changes such as white matter disease and gray 

matter atrophy with aging. The role of the aging cerebellum 
in gait has not received similar attention in older adults.

Research on nonmotor functions of the cerebellum is 
emerging (reviewed by ref. 3). The cerebellum plays an 
important role in cognitive and emotional processing (4). 
Cerebellar lesion studies demonstrate that deficits in execu-
tive function, attention, and spatial attention can emerge with 
damage to specific areas of the cerebellum without neces-
sarily causing motor symptoms (5). Studies have explored 
cognitive functions of the cerebellum by demonstrating 
activation patterns associated with specific cognitive tasks 
in healthy populations using functional imaging (reviewed 
in ref. 6). Specifically, functional imaging studies reported 
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distinct cerebellar regional activation for tasks requiring 
cognitive and motor functions (7,8). Executive dysfunction 
attributable to cerebellar pathology is evident on tasks that 
assess verbal fluency, planning, working memory, divided 
attention, and set shifting (9–11). Multiple cognitive func-
tions rely on information-processing ability and attention, 
which are primarily frontal-subcortical functions (12). 
Information-processing ability is also associated with gait 
speed in older adults and is likely involved in sensory motor 
integration (13); both functions are also linked to prefrontal 
cortex (14–16). Signals transmitted from the prefrontal sub-
cortical regions through the superior cerebellar peduncles 
to cerebellar regions may influence motor output of the cer-
ebellum. Alternatively, cerebellar regions may have a spe-
cialized role for information processing that can influence 
downstream motor control and gait speed (13). It remains 
unknown which regions in the cerebellum are associated 
with information-processing ability and gait speed in older 
adults. Slow information processing reflects generalized 
slowing associated with aging that has important implica-
tions in mobility decline, cognitive decline, functional abil-
ity, and mortality in older adults (13,15). Understanding the 
role of the cerebellum in information processing and gait 
speed is therefore important in aging. Controlling for corti-
cal measures could help to shed light on the de novo cer-
ebellar influence on gait speed and information-processing 
ability.

The aim of this study was to investigate the association 
between structural measures of cerebellar integrity, gait 
speed, and information-processing measures in community-
dwelling older adults. We hypothesized that greater cerebel-
lar gray matter volume (GMV) would be associated with 
faster gait and faster information processing, independent 
of the cortex. As cerebral GMV and small vessel disease are 
linked to gait speed (16), the above hypothesized associa-
tions would remain significant after controlling for corti-
cal atrophy and small vessel disease severity. Furthermore, 
based on the topographic delineation of the cerebellum 
(6), the cognitive regions of the cerebellum would be more 
strongly associated with gait speed than the sensorimotor 
or vestibular cerebellar regions. Finally, if this association 
holds, then slower information processing would attenuate 
the strength of the association between cognitive cerebel-
lum region and gait speed.

Methods

Study Population
This is a cross-sectional evaluation of 231 older adults 

from the Pittsburgh site of the Health Aging and Body 
Composition (Health ABC). The Health ABC, a longitudi-
nal study of physical measures in independent community-
dwelling older adults aged 70–79  years (17), enrolled a 
total of 3,075 older adults of whom 1,501 were enrolled in 

Pittsburgh in years 1996–1998. In 2006–2008, 891 of the 
1,501 participants returned for their annual clinic visit at 
the Pittsburgh Health ABC site and were screened for the 
Healthy Brain Project. This ancillary study obtained brain 
magnetic resonance imaging (MRI) in enrolled partici-
pants, whereas routine physical and cognitive assessments 
were conducted under the Health ABC study protocol. 
Participants were excluded from the Healthy Brain Project 
if they used assistive devices for walking or if they were 
ineligible for a 3T-MRI or if no mobility measures were 
collected concurrent with their Health ABC visit at the 
time of MRI (resulting in exclusion of 480 of 819 partici-
pants). Among the 339 participants that were eligible for 
the Healthy Brain Project study, 325 received a brain MRI 
between 2006 and 2008. This report is a secondary analy-
sis of the Healthy Brain Project and Health ABC data. For 
this analysis, we excluded participants who had a history 
of Parkinson’s disease or dementia (obtained from self-
report, hospital records, and/or medication review), self-
reported stroke, modified mini–mental state examination 
score of 80 or less, and excessive alcohol intake defined 
here as participants ever reporting having more than five 
drinks a day. In addition, those who had a 1.5T MRI and 
those with incomplete regional cerebellar volumetry on 
3T-MRI were excluded. This secondary analysis there-
fore excluded 94 of the 325 participants who completed 
brain MRI resulting in a sample size of 231. The median 
age of the study population was 82  years and included 
42% African American and 52% women. This study was 
approved by the Institutional Review Board of both sites 
(University of Pittsburgh and University of California at 
San Francisco).

Neuroimaging
A 3T Siemens Tim Trio MR scanner with a Siemens 

12-channel head coil was used for obtaining the MRI scans 
for this study. Axial T1-weighted images (repetition time 
= 2,300 ms; echo time = 3.43 ms; inversion time = 900 ms; 
flip angle= 9°; slice thickness = 1 mm; field of view = 256 
× 224 mm; voxel size = 1 × 1 mm; matrix size = 256 × 224; 
and number of slices = 176) and fluid-attenuated inversion 
recovery images (repetition time = 9,160 ms; echo time = 
89 ms; inversion time = 2,500 ms; flip angle = 150°; field of 
view = 256 × 212 mm; slice thickness = 3 mm; matrix size 
= 256 × 240; number of slices = 48 slices; and voxel size = 
1 × 1 mm) were obtained.

GMV, white matter volume, and cerebrospinal fluid 
volume were calculated by summing all voxels classi-
fied as these tissue types after automated segmentation of 
the skull-stripped T1-weighted image in native anatomi-
cal space (18). To account for brain atrophy, we obtained 
the atrophy index (1 − total brain volume/total intracra-
nial volume), where the total brain volume was the sum 
of cerebral and cerebellar GMV, white matter volume, and 
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intraventricular cerebrospinal fluid volume. As a meas-
ure of intracranial capacity and head size, we measured 
intracranial volume as the sum of total brain volume and 
extraventricular cerebrospinal volume after stripping of 
the skull and meninges. The atrophy index was used as a 
covariate in the analysis. Small vessel disease was quanti-
fied by assessing volume of white matter hyperintensities 
(WMH) on T2-weighted MRI by a semiautomated method 
described previously; WMH volume was normalized to 
brain volume (19). Cerebellar regions were delineated 
based on the cerebellum parcellation of Schmahmann and 
colleagues (20) in the atlas by Tzourio-Mazoyer and col-
leagues (21).

Volumes of specific cerebellar regions, based on their 
purported role as cognitive, sensorimotor, and vestibular, 
were obtained by aggregating regions delineated on the 
atlas. The cognitive region, which is largely the posterior 
region of the cerebellum, includes crus I and II, and lobules 
VI, VII, and VIII. Lobules VI and crus I  are involved in 
working memory; crus II in verbal fluency; lobule VI in 
spatial tasks; and lobules VI, VII, and VIII and crus I  in 
executive function tasks (6,22,23). These regions were 
therefore summed to represent the cognitive cerebellum. 
The sensorimotor cerebellum included lobules III, IV, and 
V, whereas the vestibular cerebellum included lobules IX 
and X based on demarcation by Schmahmann and col-
leagues (20).

Health-Related Characteristics
Demographic data, medical comorbidities (algorithmi-

cally assessed from report of physician diagnosis and/or 
medications taken in the last 2 weeks brought from home to 
clinic), physical performance, cognitive, psychosocial, and 
functional measures were collected annually beginning in 
1997–1998 as part of the parent Health ABC study (17). 
Systolic blood pressure was averaged over two readings. 
The modified mini–mental state examination, a standard 
test of overall cognitive functions with a score ranging from 
0 to 100, was used to exclude participants with an overt cog-
nitive impairment/dementia when self-reported history of 
dementia or cognitive impairment was lacking. Presence of 
diabetes mellitus was ascertained from self-report, medical 
records of physician-diagnosed diabetes, or use of an anti-
diabetic medication. Peripheral neuropathy was assessed by 
monofilament test.

Gait Measures
Amongst several gait parameters (spatial—step length, 

step width; temporal—double support, step time), gait speed 
was one measure that was related to cerebellar volume (24, 
14). Therefore, this analysis focused on gait speed, which 
was measured on the GaitMatII (EQ Inc., Chalfonte, PA), 
a computerized gait instrument that is 4 m in length and 

contains sensors embedded within the mat to enable meas-
urement of various gait parameters. We averaged partici-
pants’ gait speed taken over two traverses on the GaitMatII. 
Prior to data collection, participants performed two practice 
walks across the walkway. Steady-state gait speed was ana-
lyzed by deleting the gait recordings at the two ends of the 
walkway to account for changes associated with accelera-
tion and deceleration.

Information-Processing Measure
We tested participants’ information-processing ability 

using the Digit Symbol Substitution test (DSST), a vali-
dated measure of information processing commonly used 
in epidemiological studies (25).In this paper-and-pencil 
test, participants are provided with a key, showing nine 
unique symbols corresponding to the numeric digits from 
1 to 9. Participants are instructed to use the key and fill in 
the empty boxes adjacent to the numbers with the corre-
sponding symbols. They are instructed to perform the task 
as quickly and accurately as possible with a 90-second time 
limit. Participants have to discriminate the symbols by their 
spatial organization, process-matching symbols to specific 
digits, and memorize the symbols as they perform the task 
in the time allotted.

Statistical Analysis
Age, gender, and atrophy-adjusted Pearson’s correla-

tions were used to analyze the association between cer-
ebellar GMV measures, gait speed, and DSST scores with 
other variables to identify covariates. Linear regression 
was used to test the association and quantify the strength 
of association between cerebellar GMV measures and 
gait speed, with gait speed and processing speed as the 
dependent variables. Age, gender, WMH, atrophy, and 
DSST scores were added incrementally in the regres-
sion model. The model was adjusted for DSST when gait 
speed alone was the dependent variable. Total cerebellar 
GMV and each regional cerebellar GMV variables were 
entered into separate stepwise multiple regression mod-
els. Variables that were found to be independently associ-
ated with gait speed in the univariate models were used as 
covariates in the multiple regression models. We used a 
statistical software application (SPSS version 11) to per-
form the analysis.

Results

Baseline Characteristics
Table 1 represents the baseline characteristics of the 231 

participants in this analysis highlighting the demographic 
characteristics, neuroimaging, performance measures, 
and comorbidities of this sample at year 10 of the Health 
ABC study.
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Relationship Between Total Cerebellar GMV, Gait 
Speed, and Information-Processing Ability

Total cerebellar GMV correlated with gait speed and 
DSST score (r = .263 and .238, respectively, both p < .001). 
After controlling for age, gender, cerebral WMH, and cer-
ebral atrophy, the statistical significance was still retained 
such that larger cerebellar GMV correlated with faster gait 
speed (r = .140, p = .039) and higher DSST score (r = .220, 
p = .001). The strength of association between cerebellar 
GMV and gait speed, with latter as dependent variable in 
the regression models, showed that larger cerebellar GMV 
was significantly associated with faster gait speed (β = 
0.264, p < .001) even after controlling for atrophy, age, 
gender, and WMH. After adjusting for DSST, the associa-
tion between larger cerebellar volume and faster gait speed 
was no longer statistically significant (Table 2). The asso-
ciation between cerebellar GMV and gait speed remained 
significant after controlling for diabetes mellitus (β = 0.25, 
p < .001). Furthermore, addition of peripheral neuropathy 
and race in the regression models did not substantially alter 
the significance or strength of the relationship between gait 
speed and cerebellar volumes.

Unadjusted correlations between cerebral GMV and, gait 
speed and DSST (r = .229 and .259, respectively, both p < 
.001) were comparable to that of correlations between cer-
ebellar GMV and, gait speed and DSST (r = .263, p < .001, 
respectively, both p < .001). We also assessed the strength 
of associations between individual right and left cerebellar 
GMV and gait speed and found that these relationships were 
also statistically significant and comparable to each other (β 
= 0.25 (right) and 0.26 (left), both p < .001). Adjusting for 
DSST in the individual regression models for the right and 
left cerebellar measures association made their respective 
association with gait speed statistically nonsignificant (β = 
0.1, p = .2 for both).

Relationship of Regional Cerebellar Volumes to Gait 
Speed and Information-Processing Ability

After adjusting for age, gender, and atrophy, larger GMV 
in the cognitive region of the cerebellum correlated signifi-
cantly with faster gait speed (r = .139, p = .040) and higher 
DSST scores (r = .240, p < .001), larger GMV in the sen-
sorimotor region of the cerebellum correlated significantly 
with DSST (r = .156, p = .021) but marginally with gait 
speed (r = .128, p = .06), whereas GMV in the vestibular 
region of the cerebellum did not correlate significantly with 
gait speed or DSST (p = .178 and .98, respectively).

The beta coefficients denoting the strength of associa-
tion between the two cerebellar regions linked with gait 
speed in this sample are shown in Table 3. The association 
between cognitive cerebellar GMV and adjusted gait speed 
is shown in Figure 1. The strength of association between 
gait speed and cognitive cerebellar GMV (β = 0.255,  
p < .001) remained significant after adjusting for atrophy, 
age, and gender. However, addition of WMH in the model 
attenuated the strength of association. Addition of DSST 
in the model attenuated the relationship even further and 
the association was no longer significant (Table  3). The 
strength of association between gait speed and sensorimo-
tor cerebellar GMV was significant but weaker than that of 
the cognitive cerebellar GMV (β = 0.186, p = .006), and the 
association remained significant after adjusting for atrophy. 
Addition of age, gender, WMH, and DSST scores in the 
model attenuated the relationship between gait speed and 
sensorimotor cerebellar GMV. The association between gait 
speed and cognitive (β = 0.238, p < .001) and sensorimo-
tor regions (β = 0.186, p = .005) remained significant after 
adjusting for diabetes mellitus. Addition of peripheral neu-
ropathy and race did not substantially alter the strength of 
the relationship between gait speed and cerebellar measures.

To account for cerebral atrophy alone, we also meas-
ured the atrophy index without incorporating the cerebellar 
volumes in the atrophy index. We performed the regres-
sions after accounting for supratentorial effects of atrophy. 
Removing the cerebellum from the atrophy measure did not 
substantially alter the strength or statistical significance of 

Table 2. Association Between Total Cerebellar Gray Matter  
Volumes and Gait Speed

Regression Models

Dependent Variable: Gait Speed 
(standardized beta coefficient,  

[SE], p value)

1 = Total cerebellar GMV unadjusted 0.264 (0.013), p < .001
2 = Model 1 + atrophy 0.255 (0.013), p < .001
3 = Model 2 + age 0.222 (0.013), p = .002
4 = Model 3 + gender 0.164 (0.014), p = .024
5 = Model 4 + WMH 0.146 (0.013), p = .039
6 = Model 5 + DSST score 0.098 (0.014), p = .167

Notes: DSST = Digit Symbol Substitution test; GMV = gray matter vol-
ume; WMH = white matter hyperintensity.

Table 1. Population Characteristics

Characteristics Mean (SD) or N (%)

Age 82.9 (2.7)
Women 125 (58.4)
White 144 (62.3)
High-school educated 25 (10.9)
BMI 27.4 (4.4)
Total cerebellar gray matter volume (cc) 66.9 (12.8)
Gait speed (m/s) 1.0 (0.2)
Digit symbol substitution test 38.7 (13)
Modified mini–mental state 

examination
94.4 (4.7)

Diabetes type II 50 (23.8)
Hypertension 154 (67)
Cardiovascular disease 51 (22.1)
Joint pain/arthritis 9 (4.1%)

Note: BMI, body mass indesx.
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the associations between the dependent and independent 
measures in this analysis.

Discussion
This study found that in our sample of older adults total 

cerebellar GMV was associated both with gait speed and pro-
cessing ability independent of age, gender, cerebral atrophy, 

and small vessel disease; however, adding information-
processing measures in the model reduced the strength of 
the association between cerebellar GMV and gait speed to a 
statistically nonsignificant relationship. We then parcellated 
the cerebellum into cognitive, sensorimotor, and vestibular 
regions based on functional roles ascribed to the cerebellum. 
The associations between these three regional cerebellar 

Table 3. Association Between Regional Cerebellar GMV and Gait Speed

Cerebellar Regions Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Cognitive 0.255 
(0.013), 
p < .001

0.245 
(0.013), 
p < .001

0.213 
(0.013), 
p = .003

0.150 
(0.014), 
p = .039

0.128 
(0.014), 
p = .071

0.078 
(0.014), 
p = .3

Sensorimotor 0.186 
(0.013), 
p = .006

0.173 
(0.013), 
p = .012

0.145 
(0.013), 
p = .034

0.127 
(0.013), 
p = .058

0.127 
(0.012), 
p = .052

0.095 
(0.012), 
p = .2

Notes: Beta coefficients, SE, and their corresponding p values are shown for the six models tested. 
Model 1: unadjusted. 
Model 2: Model 1 further adjusted for atrophy index. 
Model 3: Model 2 further adjusted for age. 
Model 4: Model 3 further adjusted for gender. 
Model 5: Model 4 further adjusted for WMH. 
Model 6: Model 5 adjusted for DSST. DSST = Digit Symbol Substitution test; GMV = gray matter volume; WMH = white matter hyperintensity.

Figure 1. Scatter plot illustrating the association between gray matter volume in the cognitive region of the cerebellum and adjusted gait speed.
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GMV, gait speed, and information-processing ability varied. 
The cerebellar region with a predominant cognition function 
was strongly associated with both gait speed and information 
processing, whereas the region primarily involved in sensori-
motor control was significantly associated with information-
processing ability, not gait speed; furthermore, cerebellar 
region involved in vestibular functions was not significantly 
associated with either gait speed or information-processing 
ability. Furthermore, similar to the overall cerebellar GMV 
finding, the strength of the association between the cognitive 
cerebellar GMV and gait speed diminished with small vessel 
disease in the model; with DSST in the model, the associa-
tion between cognitive cerebellar GMV and gait speed was 
rendered not significant. These findings suggest that specific 
regions in the cerebellum may play an important role in both 
mobility and cognition.

Cerebral control of gait includes the premotor cor-
tex, which is involved in learning and storing movement 
sequences, and the motor cortex (M1), which acts on the 
signals generated by the premotor cortex in initiating further 
downstream signaling for voluntary movements of walking. 
In addition, there is strong evidence in support of the other 
areas in gait control such as frontal cortex, basal ganglia, 
and parietal cortex that are instrumental in the control of gait 
and its adaptation to personal demands and environmental 
challenges (24,26). Regions involved in gait control are also 
involved in executive function, such as the dorsolateral pre-
frontal cortex (Brodmann’s area 46) (27). Executive func-
tions are associated with gait and are important for the control 
and adaptation of gait under various situations (16,28,29). 
There are several parallel pathways between cerebellar 
nuclei and cerebral cortical regions. For instance, the medial 
cerebellum is connected to primary motor cortex, premotor, 
and supplementary motor areas (30). The functional con-
nectivity between the lateral regions of the cerebellum, the 
inferior frontal gyrus and the dorsolateral prefrontal cortex 
(31) extends further to the premotor and motor areas (32). 
The feed-forward and feed-back loops that traverse through 
the superior and middle cerebellar peduncles transmit and 
receive signals from the projections between the cerebellum 
and cerebral cortex (33). The cognitive region of the cerebel-
lum, which largely constitutes the lateral part of the cerebel-
lum, appears to be associated with gait speed and speed of 
processing possibly by the virtue of its reciprocal connec-
tions with specific areas of the cerebral cortex. Hence, this 
region of the cerebellum may be particularly important to 
the interface between cognition and mobility in older adults.

Is the role of the cerebellum in gait speed partly medi-
ated by information-processing ability? The findings of this 
study show that while cerebellar GMV is associated with 
gait speed and information-processing functions, only the 
cognitive region is significantly associated with gait speed 
and information-processing ability. Upon controlling for 
information processing, the relationship between the cog-
nitive region and gait speed is diminished. We did not find 

strong associations between volume measures of the sen-
sorimotor or vestibular region of the cerebellum and gait 
speed. Therefore, it appears that the cerebellar role in gait 
speed control is related to its role in executive function as 
assessed by speed of mental processing. The attenuation of 
the relationship between cerebellar volume and gait speed 
by information-processing speed suggests that the cerebel-
lum may impart executive control of gait that is integral to 
mobility in older adults in whom multisensory and motor 
processing, in accordance with varying environmental chal-
lenges, are necessary for maintaining one’s gait speed.

We observed that the total cerebellar GMV association 
with gait speed though attenuated after adjusting for cer-
ebral small vessel disease remained statistically significant 
suggesting that small vessel disease was not the primary 
factor involved in overall cerebellar association with gait 
speed in our sample. These findings are supported by a pre-
vious study that showed that the association between gait 
speed and overall cerebellar volume was independent of 
WMH (14). However, the relationship between regional 
cerebellar GMV and gait speed was attenuated by WMH, 
which can be explained by the fact that WMH in frontosub-
cortical regions, functionally connected to cognitive regions 
of the cerebellum, are associated with executive function 
and mobility in older adults (34–38).

To the best of our knowledge, this is one of the first stud-
ies on an older adult population that uses epidemiological 
data to demonstrate differential associations of regional 
cerebellar GMV with both gait speed and information pro-
cessing. Building on evidence from lesion and functional 
imaging studies that have ascribed functional roles to spe-
cific cerebellar regions, the findings of this study demon-
strate that the cerebellar regions associated with control of 
gait speed are also related to information-processing abil-
ity in older adults. The cognitive region of the cerebellum 
appears to have the strongest relationship with gait speed 
and information-processing ability. These findings extend 
previous work demonstrating the association between cer-
ebellar GMV, mobility (14,24), and processing speed (13). 
Slowing of gait and processing ability may be mediated 
by cerebellar aging process in addition to cerebral cortical 
changes (13). The association between cognitive and sen-
sorimotor region of the cerebellum with processing speed 
can be explained by sensory motor integration linking 
motor abilities to processing abilities in these regions. The 
strength of association between gait speed and processing 
speed appears to be stronger in the cognitive region of the 
cerebellum suggesting that the sensory motor integration in 
the cerebellum occurs in these regions. The cognitive region 
of the cerebellum may therefore serve as an important cer-
ebellar interface linking mobility and cognition in older 
adults.

Processing speed is an important cognitive function that 
plays an integral role in multiple cognitive processes (39) 
and also plays an important role in mobility in older adults. 
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It is well known that processing speed and gait speed are 
closely interrelated (16,24,40,41). It is known that the two 
functions, processing speed and gait speed, may be medi-
ated through common neural substrates with epicenters in 
the prefrontal cortices (16). Our findings add to this knowl-
edge and suggest that the relationship between processing 
speed and gait speed could also hold true at the infratentorial 
level and specifically may relate to functional specialization 
of cerebellar regions such that the specific subregions of 
the cerebellum may be important than others for both infor-
mation processing and mobility. The prefrontal cortices are 
linked to cerebellar regions important for executive func-
tion control (42,43). It is therefore not surprising that the 
cerebellar regions that are linked to the prefrontal cortical 
regions are also related to gait speed and processing speed. 
However, the association between the cognitive region of 
the cerebellum and gait speed retained statistical signifi-
cance differences even after accounting for brain atrophy. 
This study suggests that an innate cerebellar functional spe-
cialization for both processing speed and gait speed may 
account for the infratentorial relationship between cogni-
tion and mobility in older adults.

It is noteworthy that the relationship between gait speed 
and the sensorimotor portion of the cerebellum was weaker 
than that of the cognitive region and trended toward not sta-
tistically significant after accounting for age, gender, and 
atrophy. There could be several reasons that could account 
for this. It is likely that the cerebellar sensorimotor influences 
on gait are modulated by cortical input to the cerebellum 
such as from the supplementary area, primary sensorimo-
tor area, thalamus, and the striatum (44,45). Alternately, the 
relationship between mobility and sensorimotor region may 
be related to gait parameters other than gait speed such as 
stride length, which was not explored in this analysis (46). 
Finally, gender could have a differential effect on the cer-
ebellum (47), but this is not well established (48).

This study has certain limitations that need to be consid-
ered. DSST is not purely a test of information processing as 
it also involves motor dexterity required for writing appro-
priate symbols on the article and it also taps into other con-
current cognitive processes. However, the DSST remains as 
a widely used test to measure information-processing abil-
ity in cognitive and mobility studies in aging. We excluded 
those with overt neurodegenerative conditions, stroke, and 
cognitive impairment but are unable to state that this sam-
ple was free of these conditions. Finally, we demarcated the 
cerebellar regions based on a standard atlas of subdivisions 
of the cerebellum using an automated parcellation method, 
which was not used across studies that reported specific 
motor and nonmotor roles of the cerebellum. As with any 
automated neuroimaging parcellation procedure, there are 
certain limitations on achieving optimal accuracy of the 
subdivisions of the cerebellum.

In summary, this study provides initial evidence, as 
predicted from lesion and animal studies, that cerebellar 

volume is linked to information processing and gait speed, 
with the regions related to executive function processes 
bearing the strongest relationship with gait speed in this 
community-dwelling sample of older adults.
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