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Abstract

Background: Musculoskeletal pain is highly prevalent and limits mobility in older adults. A  potential mechanism by which pain affects 
mobility could be through its negative impact on the brain. We examined whether structural integrity of cerebral gray and white matter (WM) 
mediated the relationship between pain and mobility in community-dwelling older adults.
Methods: Musculoskeletal pain, gait speed, and neuroimaging data were obtained concurrently from the Health ABC study (mean 
age = 83/56% female, n = 212). Microstructural gray matter integrity was measured by mean diffusivity (MD), WM microstructure and 
macrostructure were measured by fractional anisotropy (FA) and WM hyperintensities (WMH), respectively. Regression models were adjusted 
for gray matter atrophy, age, gender, medication use, and obesity. Bootstrapped mediation methods were used (1,000 bootstrapped samples, 
95% confidence intervals).
Results: The associations of musculoskeletal pain with WMH (β = .19, p < .05) and FA (β = −.18, p < .05) were robust to adjustment 
for gender, medication use, age, body mass index (BMI), and brain atrophy. Participants who experienced both knee and back pain had a 
significantly slower gait speed (~0.11 m/s) than those without knee or back pain (p < .05) independent of gender, medication, age, and BMI. 
WMH and FA significantly mediated the pain–gait speed relationship. Associations between pain and MD were not significant, and MD did 
not modify the association between pain and gait speed.
Conclusions: Cerebral WM integrity may contribute to the detrimental effects of musculoskeletal pain on mobility, although pre-existing WM 
integrity may also simultaneously amplify pain and decrease mobility. Future studies are needed to further understand whether successful pain 
management may significantly improve both brain health and mobility.

Keywords: Brain—Gait speed—Mobility—Musculoskeletal pain

Chronic pain is highly prevalent in older adults, with estimates as 
high as 70% in community settings (1,2). Chronic musculoskeletal 
pain significantly limits physical function and activities, negatively 
impacting quality of life (1,3,4). However, the neurobiological mech-
anisms underlying physical functional limitations in the presence of 

chronic musculoskeletal pain are not well characterized. As a conse-
quence, targeted therapeutic strategies decreasing pain’s impact on 
physical function and disability over time are scarce (5).

Recent evidence suggests that chronic pain conditions are associ-
ated with neuroplastic changes including brain reorganization [(6,7) 
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see (8) for a recent review). However, these associations have been 
scarcely investigated in relation to physical function. In 2008, Buckalew 
and colleagues first reported significantly lower white and gray matter 
(GM) volume in older adults with chronic low back pain compared to 
older adults without chronic low back pain (9). These findings were 
later supported by two other small follow-up studies in older adults 
(10,11). Indeed, a few studies have shown that cognitive function medi-
ates the relationship between pain and physical performance, but the 
cerebral mechanisms have not been directly explored (12–14).

The present study was based on the hypothesis that chronic pain 
negatively impacts the central nervous system (CNS) and that this 
in turn, contributes to mobility limitations. We test the association 
between the presence and severity of musculoskeletal pain and gait 
speed with neuroimaging markers of brain structure. We examine both 
white and GM macrostructure and microstructure because of their 
known associations with mobility in older adults (15,16). We chose 
to focus the present study on gait speed given its sensitivity as a physi-
cal function outcome in predicting adverse outcomes in older adults 
(17,18). We hypothesized that there would be significant associations 
between: (a) pain presence and severity during the past 12 months 
and gait speed (H1 in Figure 1) and (b) pain presence and severity 
during the past 12 months and CNS measures of neuronal integrity 
(i.e., gray matter total mean diffusivity [MD]) and white matter (WM) 
abnormalities (i.e., total WM hyperintensities (WMH) and fractional 
anisotropy (FA) of normal-appearing WM; H2 in Figure 1). Last, we 
also hypothesized that (c) the CNS measures above would significantly 
mediate the relationship between pain and gait speed (H3 in Figure 1).

Methods

Participants
Participants were from the Healthy Brain Project ancillary to the 
Health, Aging, and Body Composition (Health ABC) study. Health 
ABC is a cohort of 3,075 well-functioning, white and black, men and 
women, aged 70–79 years from Pittsburgh, PA, and Memphis, TN, 
enrolled 1997–1998. In 2006–2007, 314 of the eligible 652 Health 
ABC participants at the Pittsburgh site were interested and eligible 
for MRI of the brain and were able to walk 20 meters. Medical 
histories were reviewed to rule out neurological and psychological 
illnesses. Participants in the Healthy Brain Project were similar to 
the Pittsburgh cohort of the Health ABC study (19). All subjects pro-
vided written informed consent, and the protocol was approved by 
the University of Pittsburgh institutional review board.

Self-Reported Presence and Severity of Pain
Presence of pain
Knee and back pain are the two most commonly reported pain types 
in older individuals (1). In the Health ABC Study, participants were 

asked concurrently with their MRI visit: “In the past 12  months, 
have you had any pain in your back?” and “In the past 12 months, 
have you had any pain in your right or left knee?” Responses were 
categorized by whether participants had experienced: (i) only knee, 
(ii) only back pain, (iii) both knee and back pains, or (iv) neither of 
these pains in the past 12 months.

Severity of knee pain
In addition, individuals who had experienced knee pain in the past 
12  months were also asked about the severity of their knee pain 
while walking on a flat surface, going up or down stairs, at night 
while in bed, standing upright, getting in or out of a chair, and get-
ting in or out of a car. Answer choices for each side (right and left) 
were: “None”, “Mild”, “Moderate”, “Severe”, or “Extreme”. The 
answers were assigned numerical values as follows: “Mild”  =  1, 
“Moderate”  =  2, “Severe”  =  3, and “Extreme”  =  4. Values were 
added for the left and right sides, encompassing a global measure of 
knee pain severity. Participants that had not experienced any knee 
pain in the past 12 months received a score of 0. Two individuals 
reported that they did not know how much pain they had experi-
enced and were assigned 1 (mild pain).

Severity of back pain
Individuals who had experienced back pain in the past 12 months 
were also asked the following question: How severe was the back 
pain usually?” with answer choices: “Mild”, “Moderate”, “Severe”, 
or “Extreme”. The answers were assigned numerical values as fol-
lows: “Mild” = 1, “Moderate” = 2, “Severe” = 3, and “Extreme” = 4. 
Participants that had not experienced any back pain in the past 
12 months received a score of 0. One person reported they did not 
know the severity of their back pain and we used a 1 (mild pain) in 
that instance.

Global pain index
Presence of pain alone is not enough to account for the negative 
impact chronic pain has on an individual’s life (20); therefore, we 
created a global pain index that accounted for the presence and 
severity of both back and/or knee pains. First, the knee and back 
pain severity variables (above) were both standardized to a mean of 
0 and a standard deviation of 1. Second, we added the presence of 
knee and/or back pain (i.e., 0 = no knee/back pain, 1 = either knee 
or back pain only, 2 = both knee and back pain) to the standardized 
(z-score) severity of knee and back pains as calculated above. This 
derived composite continuous variable reflects equally the contribu-
tion of knee and back pain within an individual with higher num-
bers reflecting individuals experiencing both knee and back pain of 
greater severity.

Gait Speed
The GaitMatII (EQ Inc., Chalfonte, PA) is a 4-meter computerized 
gait instrument. We averaged participants’ gait speed taken over two 
traverses on the GaitMatII. Prior to data collection, participants per-
formed two practice walks across the walkway.

Neuroimaging
Image acquisition
Details of the image acquisition protocol have been previously 
published (21). Images were obtained with a Siemens 12-channel 
head coil and 3T Siemens Tim Trio MR scanner at the Magnetic 
Resonance Research Center, University of Pittsburgh. T1-weighted, 

Figure  1. Hypothesized model of the associations between presence and 
severity of pain and brain and gait speed variables.
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fluid-attenuated inversion recovery (FLAIR), and diffusion-weighted 
images were collected. Diffusion-weighted images were acquired 
using a single short spin-echo sequence (repetition time = 5300 ms, 
echo time = 88 ms, inversion time = 2500 ms, 90° flip angle, 256 
× 256 mm field of view, two diffusion values of b = 0 and 1,000 
s/mm, 12 diffusion directions, four repeats, 40 slices, 3 mm thick, 
128 × 128 matrix size, 2 × 2 × 3 mm voxel size, and Generalized 
Autocalibrating Partial Parallel Acquisition = 2). A neuroradiologist 
examined each MRI for neurologic abnormalities.

Image Processing
Microstructural measures of the GM and WM [MD and FA, respec-
tively] were obtained using previously published methods (21), 
briefly described below. Volumes for GM, WM, and cerebrospinal 
fluid were calculated by segmenting the skull-stripped T1-weighted 
image in native anatomical space. Volumes were estimated in cubic 
millimeters by summing tissue-specific voxels. Intracranial volume 
was contained within the inner skull. An atrophy index was calcu-
lated as 1-GM volume/intracranial volume. Diffusion tensor imag-
ing estimates the microstructural integrity of brain tissues with MD 
estimating an average magnitude of water diffusion. Greater restric-
tion of water diffusion is associated with a lower MD value. FA is 
an index of WM tract integrity with higher values indicating greater 
integrity (22). The diffusion-weighted images were preprocessed 
as previously reported (21). Mean FA and MD were calculated for 
normal-appearing WM and GM only. T2-weighted FLAIR images 
were acquired to obtain the WM hyperintensity volume (WMH). 
The WMH quantification was done using a semi-automated method 
for quantification and localization of WMH a fuzzy connected algo-
rithm (23).

Brain Measures
For the present study, FA was used to capture microscopic details 
about tissue architecture providing information about fiber density, 
axonal diameter, and myelination in WM. WM hyperintensity vol-
ume (WMH) are brighter white patches on MRIs seen in normal 
aging and various neurological diseases. A greater WMH volume is 
thought to reflect damage to small blood vessels, hemorrhages, glio-
sis, and ischemia.

Potential Health- and Pain-Related Covariates
Variables known to be associated with brain health and pain were 
included as potential covariates. Age, gender, race, and current medi-
cations were self-reported. Body mass index (BMI) was calculated 
by the standard formula (weight in kilograms)/(height in meters)2. 
Diabetes was determined by self-report, use of hypoglycemia medi-
cation, a fasting glucose of ≥126 mg/dL, or a 2-h glucose tolerance 
test >200 mg/dL at baseline or during follow-up until time of MRI. 
Prevalent hypertension and stroke were defined by self-report or 
current medication use. Muscle strength was measured as the peak 
torque from isokinetic knee extension on a dynamometer (model 
125AP, Kin-Com, Chattanooga, TN). The right leg was meas-
ured unless contraindicated due to prior surgery, injury, or pain. 
Depressive symptoms were assessed by the short form Center for 
Epidemiologic Studies–Depression (CES-D) scale and reported as 
number of symptoms endorsed (24).

Statistical Analysis
Statistical analyses were performed in IBM SPSS 23. Analyses of vari-
ance were used to compare baseline characteristics of the Health ABC 
participants between the pain groups. Hierarchical linear regressions 

were used to determine the association of pain with gait speed and 
whole brain WMH, MD, and FA after adjustment for covariates. Three 
models were tested: model 1 = presence and severity of pain alone, 
model 2 = model 1 plus covariates that were significantly different (p 
value ≤ .05) in bivariate associations, and model 3 = model 2 plus age, 
BMI, and atrophy index). Model assumptions were tested including 
tests of normality distribution and homogeneity of variances.

Mediation Analysis
Separate mediation analyses were conducted to assess both the pres-
ence of pain and the presence plus severity of pain, as described 
above. We tested the total indirect effect of pain on gait speed medi-
ated through brain measures. The mediation analysis controlled for 
gender, nonsteroidal anti-inflammatory medication (NSAID) use, 
age, BMI, and brain atrophy.

Bootstrapping
We used bootstrapping procedures to obtain estimates and confi-
dence intervals around the indirect effects to overcome potential 
problems caused by unmet assumptions in mediation analysis (25). 
We used the Hayes PROCESS macro (model 4) (25) that estimates 
the model coefficients in mediation while also providing modern 
inferential methods for inference about indirect effects including 
bootstrap confidence intervals.

Results

Of the 314 participants who took part in the imaging substudy, 212 
participants had complete neuroimaging, pain, physical function, 
and all covariate data and are included in the present study. There 
were no significant differences between included and excluded indi-
viduals on demographics or health-related characteristics, includ-
ing the presence of back and knee pain during the past 12 months 
(p > .05). The analytic sample had an average age of 82.8 years and 
was 56% female (Table 1).

Self-Reported Presence and Severity of Pain
Presence of pain
Approximately 29% of the sample reported having pain in both 
the knee and the back in the prior 12 months (n = 63), while 19% 
reported only knee pain (n  =  40), 21% reported only back pain 
(n = 46), and 29% reported neither (n = 63). Table 1 summarizes 
the demographic and health-related characteristics by pain group. 
In general, participants with pain tended to be female and reported 
taking a significantly greater number of medications, specifically 
NSAIDs (p < .05). These and other demographic variables were sub-
sequently included as covariates in separate regression models in the 
following paragraphs.

Pain severity
Among the participants who experienced knee pain, 51% reported 
that they did not experience pain when performing activities of daily 
living. Of those that reported knee pain during these activities, most 
individuals reported mild-to-moderate knee pain severity. Detailed 
information about the percentage and number of participants that 
found each of the activities painful is summarized in Supplementary 
Table 1. Approximately 25% of the participants who experienced 
back pain reported moderate pain severity (see Supplementary 
Table 2). One person reported they did not know the severity of their 
back pain, and we used a 1 (mild pain) for the subsequent statistical 
analysis in that instance.
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Global pain index
There were statistically significant differences on global pain sever-
ity between the participants that did not report knee and/or back 
pain compared to those that did report either or both pains with the 
latter experiencing the greatest global pain severity (all Bonferroni 
corrected p’s < .05; see Figure 2).

Pain, Gait Speed, and Brain Measures
Compared to those without knee and/or back pain, those reporting 
both knee and back pain had significantly slower gait speed dur-
ing usual walk, independent of gender and NSAID medication use 
(Figure 3). Adjustment for gender, NSAID medication use, age, and 
BMI did not attenuate the association between greater pain and 
slower gait.

Compared to those without knee and/or back pain, those report-
ing knee pain had significantly lower FA independent of all other 

covariates (Bonferroni corrected p  =  .001; Figure  4a). Similarly, 
a significantly higher total WMH were present in those reporting 
both knee and back pain compared to those without knee and/or 
back pain (Bonferroni corrected p =  .037; Figure 4b). There were 
no significant associations between clinical pain and MD, p > .05, 
Table 2.

Pain and Physical Function Adjusted for Brain 
Measures
To test the total indirect effect of pain presence and severity on gait 
speed through the whole brain measures, bootstrapped mediation 
analyses (n = 1,000) were performed while controlling for gender, 
NSAID medication use, age, BMI, and brain atrophy. WMH and FA 
significantly mediated the relationship between pain and gait speed, 
whereas MD did not significantly mediate any of the relationships. 
Bias-corrected bootstrapped estimates and 95% confidence intervals 

Figure 2. Differences between the participants that did not report knee and/or 
back pain compared to those that did report either or both pains on the global 
pain index variable (Bonferroni corrected p’s < 0.05).

Figure 3. Gait speed differences between the participants that did not report 
knee and/or back pain compared to those that did report either or both pains 
(Bonferroni corrected *p < 0.05 adjusted for covariates).

Table 1. Baseline Characteristics in Health ABC Participants With and Without Back and/or Knee pain (n = 212)

Characteristics (measured concurrent with MRI,  
unless otherwise noted) Mean, (SD), n (%)

No back/knee pain Knee pain Back pain Back/knee pain

n = 63 n = 40 n = 46 N = 63

Age 82.8 ± 2.6 82.5 ± 2.6 82.8 ± 2.5 83.0 ± 2.9
Female* 29 (46.0) 17 (42.5) 26 (56.5) 47 (74.6)
White 51 (63.7) 25 (51.0) 44 (69.8) 51 (53.7)
Education < HS 10 (12.7) 9 (18.4) 9 (14.3) 12 (12.6)
Center for Epidemiological Studies–Depression 6.1 ± 5.8 5.1 ± 4.7 7.5 ± 5.9 7.9 ± 7.2
Diabetes (at time of MRI) 17 (21.3) 12 (24.5) 19 (30.2) 28 (29.5)
Hypertension (at time of MRI) 43 (68.3) 25 (62.5) 33 (71.8) 48 (87.4)
Stroke (at time of MRI) 6 (7.5) 3 (6.1) 2 (3.2) 10 (10.5)
BMI (kg/m2) 26.6 ± 4.4 28.3 ± 4.0 27.1 ± 4.5 28.2 ± 4.1
Muscle strength 88.5 ± 34.3 86.4 ± 29.8 83.6 ± 30.5 74.8 ± 24.6
Total # of Medications* 3.6 ± 2.3 4.0 ± 2.5 4.9 ± 2.9 5.2 ± 3.0
 Salicylates 7 1 4 4
 NSAIDs* 1 3 5 10
 Steroids 1 0 1 0
 Other anti-inflammatories 9 3 9 14
Atrophy index 0.7 ± 0.0 0.7 ± 0.0 0.7 ± 0.0 0.7 ± 0.0

Note: BMI = body mass index; HS = higher secondary; MRI = magnetic resonance imaging; NSAID = nonsteroidal anti-inflammatory medications.
*ANOVA with p value ≤0.05.
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for the indirect effect of pain on gait speed adjusting for covariates 
are presented in Table 3.

Sensitivity analyses determined that adding cognitive func-
tion to the models did not significantly change the findings (not 
shown).

Discussion

The present study provides neuroimaging evidence that lower 
integrity of the brain’s WM significantly mediates the relationship 
between pain and mobility in a sample of community-dwelling older 
adults. Specifically, two key findings emerged from our analyses: 
(i) individuals who experienced both knee and back pain reported 
greater pain severity, had a slower gait, and had worse WM indices 
compared to those who did not experience pain and (ii) measures 
of WM integrity, but not of GM integrity, significantly mediated the 
pain–gait speed association.

In the present study, individuals reported mild-to-moderate lev-
els of pain severity, consistent with a well-functioning population of 
older adults. However, individuals who experienced both knee and 
back pain reported greater levels of pain severity that were associ-
ated with a “clinically meaningful” slower gait speed (i.e., ~0.11 m/s 
slower) (26). Slower gait has been associated with greater severity 
and impact of pain regardless of pain location (27). However, an 
investigation on the HABC parent cohort (n = 2,766) found that 
older adults who had back pain along with hip or knee pain had 
worse lower extremity performance compared with those with 
back pain alone (28). Indeed, an increased number of pain sites and 
greater pain severity were associated with poorer physical perfor-
mance after adjusting for age, sex, height, and weight on a separate 
community-dwelling cohort of older adults (4). More recently, mus-
culoskeletal pain at multiple sites predicted new onset of mobility 
difficulty 18-months later (5). Given the greater functional impact of 
multisite pain, it is not surprising that these individuals also had the 
lowest integrity of the brain’s WM, even after accounting for other 
factors. We found that individuals who experienced both knee and 
back pain compared to the other groups had lower FA, a microstruc-
tural measure of WM integrity, as well as greater number of WMH, 
a macrostructural measure of WM integrity. This is consistent with 

Figure  4. White matter differences between the participants that did not 
report knee and/or back pain compared to those that did report either or both 
pains. (a) fractional anisotropy (FA) and (b) white matter hyperintensities 
(WMH) (Bonferroni corrected p < 0.05 adjusted for covariates).

Table 2. Regression Analyses of the Global Pain Index Predicting Physical Function and Brain Measures Among our Sample (n = 212)

Dependent variables

Model 1 Model 2 Model 3

Standardized Beta p value Standardized Beta p value Standardized Beta p value

Mobility measures
 Gait Mat walking speed (m/s) −.24 .000 −.21 .001 −.14 .021
Whole brain measures
 White matter macrostructure (WMH)* .19 .002 .19 .003 .19 .002
 White matter microstructure (FA)* −.18 .005 −.13 .036 −.11 .079
 Gray matter microstructure (MD)* −.03 .623 −.03 .675 .00 .999

Note: Model 1 = global pain index. Model 2 = model 1 + gender and NSAID medications (variables with p value ≤0.05 from Table 1). Model 3 = model 2 + 
age and BMI (*Also included atrophy index). FA = fractional anisotropy; MD = mean diffusivity; NSAID = nonsteroidal anti-inflammatory medications; WMH = 
white matter hyperintensities. The bold value signifies p < .05.

Table 3. Bias Corrected Bootstrapped* Estimates and Confidence Intervals** for the Indirect Effect of Pain on Gait Speed Adjusting for 
Covariates.***

Presence of pain Global pain index

Effect Error Lower bound Upper bound Effect Error Lower bound Upper bound

White matter macrostructure (WMH) −.0064 .0029 −.0132 −.0019 −.0034 .0014 −.0070 −.0011
White matter microstructure (FA) .0031 .0022 .0002 .0092 .0012 .0010 .0000 .0044
Gray matter microstructure (MD) .0000 .0017 −.0041 .0032 .0002 .0008 −.0011 .0024

Note: BMI = body mass index; FA = fractional anisotropy; MD = mean diffusivity; NSAID = nonsteroidal anti-inflammatory medications; WMH = white matter 
hyperintensities. The bold value signifies p < .05.

*n = 1,000 bootstrap samples. **95% Bootstrapped confidence intervals. ***Adjusted for age, gender, BMI, NSAID medication use, and brain atrophy.
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findings by Buckalew and colleagues (10) where greater WMH bur-
den was associated with lower gait speeds within the older chronic 
pain participants (10). In older adults, lower WM FA is associated 
with worse balance performance (29) and slower fast-paced gait 
speed (30). Based on a separate analysis of the present study cohort 
not focused on pain, Rosario and colleagues (31) found that the 
inverse association between gait speed and WMH was only signifi-
cant in those individuals with a low FA (31). A decreased FA in WM 
tracts is thought to reflect microstructural abnormalities, including 
demyelination and axonal loss while pathological findings in WMH 
regions include myelin pallor, tissue rarefaction, and mild gliosis 
(32). It is possible that the degeneration at the microscopic level (i.e., 
measured by FA) occurs before any overt sign at a macrostructural 
level (i.e., measured by WMH), but the differences or associations 
between WMH and FA are still not well understood. Nonetheless, a 
growing body of literature already supports decreased FA in persons 
that experience chronic pain (33,34) with lower FA predicting pain’s 
chronification (35). Although surprising that GM microstructure 
was not significantly associated with pain presence or severity in the 
present sample, it is possible that controlling for age-related changes 
to the GM macrostructure (i.e., atrophy) obscured detecting GM dif-
ferences at a microstructural level.

Although previous research has demonstrated the peripheral 
mechanisms contributing to the pain–gait association, to our knowl-
edge, this is the first study to focus on potential cerebral mechanisms. 
Specifically, only measures of WM integrity (i.e., WMH, FA), but not 
GM integrity (i.e., MD), significantly mediated the pain–gait speed 
association. Based on these findings, it can be suggested that the cen-
tral nervous system mechanisms associated with age-related mobil-
ity impairments may be accelerated by the presence of pain. Older 
adults with more severe pain or more pain interference have poorer 
cognitive function compared to those with no pain or less pain (36) 
supporting our findings of lower brain integrity. Thus, clinical pain 
assessment and treatment with the goal of decreasing the burden 
of chronic pain in older adults can have a multitude of beneficial 
effects. However, these relationships need to be further examined 
in a longitudinal study design, especially since recent neuroimaging 
evidence (35) suggests that pre-existing WM structure and function 
predispose individuals to chronic pain development. Nonetheless, 
it seems plausible to use interventions that take advantage of the 
brain’s neuroplastic capacity, both for decreasing pain’s impact on 
the brain as well as increasing physical functional outcomes includ-
ing mobility.

Our results are limited by several factors. First, data were col-
lected at a single time point and only cross-sectional associations 
were examined and not causal relationships. Future longitudinal 
studies examining these relationships are urgently needed. Second, 
the present study only examined total brain measures. It is possi-
ble that specific tracts and areas are differentially affected by pain 
and that total brain changes dilute changes in these specific areas. 
Future research designed to comprehensively assess pain’s impact 
on the brain along with mobility is urgently needed. Third, the pre-
sent sample was a high functioning cohort of community-dwelling 
older adults experiencing mild-to-moderate levels of pain. Thus, our 
findings cannot be generalized to institutionalized older adults who 
often experience more severe levels of pain. Finally, our study only 
captured the two most common pain types in older adults. Future 
work should assess all pains experienced by an individual including 
its characteristics and analgesic medications taken.

Despite these limitations, the findings from this research provide 
the preliminary evidence needed to further investigate the effects 

of pain on the brain of older adults and its relation to age-related 
changes in mobility. Longitudinal studies should be designed to elu-
cidate the directionality of the associations between cerebral WM, 
pain, and mobility, which are possibly different in subsets of individ-
uals. Our findings also suggest that mild-to-moderate pain at mul-
tiple body sites can have a negative impact on the mobility of older 
individuals. Future studies are needed to understand whether pain 
management may improve both brain health and mobility.

Supplementary Material

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