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Abstract

Objective: To investigate a proposed cognitively-mediated pathway whereby pain contributes to 

gait impairments by acting as a distractor in community-living older adults.

Design: A cross-sectional study of a population-based cohort of older adults.

Setting: Urban and suburban communities in a large metropolitan area.
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Participants: Community-living participants (n=302) aged 70 years and older recruited from a 

previous population-based cohort.

Interventions: Not applicable.

Main Outcome Measures: Gait parameters including gait speed, stride length, double support 

and swing characteristics, and variability, were assessed under single and dual-task conditions 

involving cognitive challenges (e.g. counting backwards). A joint pain questionnaire assessed pain 

distribution in the back and major joints. We examined pain-gait relationships using multivariable 

linear regression and bootstrapping mediation procedures.

Results: Forty-three percent of participants had pain in 2 or more musculoskeletal sites. Pain 

distribution was related to slower gait speed and other gait characteristics for all gait conditions. 

Associations persisted after adjustment for age, sex, education, BMI, medication, and vision. 

Decrements in gait measures related to pain were comparable to decrements in gait related to dual-

task conditions. There were no differences in dual-task cost among the pain distribution groups. 

Adjusted for confounders, pain-gait relationships appear mediated by selective attention.

Conclusions: These findings suggest that chronic pain contributes to decrements in gait 

including slower gait speed and that it operates through a cognitively-mediated pathway. Further 

research is needed to understand the mechanisms via pain alters mobility and to develop 

interventions to improve mobility among older adults with chronic pain.
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INTRODUCTION

The high prevalence of chronic pain in older adults contributes to significant burden in terms 

of daily functioning and use of health care services. More than half of older people report 

bothersome pain and 75% of this group reports pain in multiple sites (1). Chronic pain is the 

most common symptom contributing to disability in daily self-care activities among older 

women (2). Accumulating evidence points to the disabling consequences of chronic pain in 

older adults, with multisite pain conferring the greatest risk for disability and falls (3–5).

Despite the general awareness of the problem of chronic pain in aging, little is known about 

gait changes related to chronic musculoskeletal pain and the mechanistic pathways 

connecting pain with compromised mobility in the older population. A good deal of research 

has demonstrated the importance of intact cognitive functioning for stable gait and 

avoidance of falls in older adults (6). In addition, when asked to perform a cognitive dual-

task while walking, older adults tend to slow down and show a more variable gait pattern 

and increased gait modifications (dual-task costs) are associated with an increased risk of 

falls (7). Recent evidence also suggests brain changes in the white matter microstructure and 

macrostructure in older adults with musculoskeletal pain compared to those without pain (8). 

With accumulating evidence about the impact of chronic pain on cognition (9,10), it is 

possible that chronic pain may lead to changes in cognition and thus lead to mobility 

limitations. For example, consistent with Eggleston’s work on pain’s impact on attentional 
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resources, pain may act as a distractor and thus may also disrupt mobility (11). Other 

possible underlying mechanisms that could explain the relationship between pain and gait 

limitations could include musculoskeletal pathologies such as arthritic back and joint 

changes (12,13). Also, chronic pain is closely linked to depression, which can contribute to 

falls and mobility difficulties (3,14,15).

Gait performance can be classified into multiple domains, including, for example, pace, 

phase, and variability (16). Evidence supports the idea that these domains of gait are 

clinically meaningful in terms of neuromotor control of mobility, not only for their impact 

on fall risk but also related to chronic diseases such as osteoarthritis, dementia and 

Parkinson’s Disease (17,18). In addition, gait phase and variability parameters are associated 

with increased fall risk (19). Dual-task costs refer to the changes in gait performance from 

usual walking to walking with a concurrent cognitive challenge, such as counting backward. 

Dual-task costs are shown to be substantially greater in older adults, particularly those with 

mobility limitations or poorer executive function (20). Previous studies have demonstrated 

differential effects of cognitive dual-tasks on gait parameters (21,22). Under the dual-task 

condition, slowing of gait speed was found among all groups including young adults, and 

older fallers and older non-fallers (21,22). However, greater dual-task costs were found 

among older adult fallers in the domain of gait variability, but not among young and old non-

fallers (21), suggesting that fall risk may be linked to more variability in gait performance 

detected under dual-task conditions. Similar to dual-task walking, pain may interfere with 

walking by serving as a distractor, placing demands on attentional resources, and thus 

interfering with safe mobility.

The purpose of this paper is to investigate the relationship between pain characteristics and 

gait performance during a usual-walking condition as well as during a dual-task, attention-

demanding walk. We hypothesized that pain would function as a distractor during walking, 

leading to decrements in gait parameters similar to those observed with cognitive challenges.

METHODS

The Maintenance of Balance, Independent Living, Intellect, and Zest in the Elderly 

(MOBILIZE) Boston Study II (MBSII) is a follow-up assessment of the original MOBILIZE 

Boston Study I (MBSI), a longitudinal population-based study of older adults living in 

Boston area communities (23). MBSII took place approximately 6 years after MBSI’s 

baseline assessment. MBSI participants (n=765) were recruited door-to-door from 2005 to 

2008. The original eligibility criteria for MBSI included the following: aged 70 years or 

older, able to communicate in English, plan to be in the area for two years, and able to walk 

20 feet without help from another person. Spouses and domestic partners of eligible 

enrollees who were 65 years and older and otherwise eligible were allowed to participate. 

Exclusion criteria for MBSI included diagnosis of terminal disease, severe vision or hearing 

deficits, and moderate to severe cognitive impairment (Mini-Mental State Examination<18).

MBSII re-enrolled the original MBSI cohort from 2012–2014 (n=354). The eligibility 

criteria for MBSII included: residing in the Boston area, being free of severe cognitive 

impairment, and able to walk without personal assistance. Participants were excluded from 
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MBSII if they had experienced severe health deterioration or were living in a nursing home. 

MBSII participants’ provided informed consent at the start of the assessment visit. The 

institutional review boards of the Hebrew SeniorLife and the University of Massachusetts 

Boston approved all protocols for the study including the informed consent procedures. A 

detailed description of the original MBSI design and methods was published previously 

(23).

Measurements

The MBSII assessment was conducted in 2 parts, a telephone health interview followed 

within 2 weeks by a study clinic visit. The health interview included questions about health 

behaviors, physical function, and medical conditions including pain symptoms. The study 

clinic visit included physical assessment, gait and cognitive test batteries and medication 

review. Details of the methods were described previously (22,23). Sociodemographic 

information (age, sex, race and education) was collected in the MBSI.

Data for this cross-sectional study included sociodemographic characteristics (assessed in 

MBSI), health status, pain assessment, gait performance, height and weight, activities of 

daily living (ADL), chronic conditions (self-reported stroke and heart disease; osteoarthritis 

and diabetes by disease algorithms), medication review (psychoactive and analgesic 

medication use) and vision testing (assessed in study clinic visit) (24).

Gait performance was assessed using a 16-foot sensored GAITRite® gait mat (CIR Systems, 

Inc., Franklin, NJ). Participants walked back and forth on the mat at their normal pace under 

three conditions: single-task (usual walking) and two dual-task conditions (easy dual-task 

and hard dual-task) in random order, with at least one minute of rest breaks between the 3 

conditions. During the dual-task gait conditions, participants walked while performing 

cognitive tasks designed to demand attention. The cognitive tasks for easy and hard dual-

task tests were selected based on each participant’s performance during seated practice 

sessions before the gait tests. Participants were asked to complete up to 5 cognitive tasks, 

starting with the most challenging: serial 3s, 5s, 1s, counting backward from 100; serial 1s 

counting forward from 1; naming items found in a supermarket (21,22). When a participant 

provided three correct answers within 15 seconds, that task and the next easier task were 

selected as the hard and easy dual-tasks, respectively. Participants were not explicitly 

instructed to pay attention to either the walking or to the cognitive task. Participants 

completed 2 walking trials for each walking condition where each trial comprised 3 passes 

on the 16-foot gait mat.

The gait mat software measures location and timing to calculate gait parameters in 3 

domains: pace (e.g. gait speed, stride length), phase (e.g. swing time percent, double support 

time percent), and variability (e.g. stride length variability, and swing time variability). The 

coefficient of variation (CV) was used as a measure of gait variability (SD/mean x 100). 

Dual-task cost was calculated for easy task (single-task to easy dual-task) and hard task 

(single-task to hard dual-task) accordingly to a formula 

DTC % = 100 × Single − Task Score − Dual − Task Score
Single − Task Score  (25) when a higher value 

represented a better gait characteristic (gait speed, stride length, and swing time percent) and 
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DTC % = 100 × Dual − Task Score − Single − Task Score
Single − Task Score  when a lower value represented 

better gait characteristic (double support time percent, stride length variability, and swing 

time variability). Thus, positive, greater value represents greater dual-task cost (worse) for 

all gait measures. These gait measures have been validated and used in previous studies of 

gait in older adults (20,26–30).

Chronic musculoskeletal pain was assessed and defined as pain present for 3 or more months 

in the previous year and present in the previous month. Pain location was measured using a 

13-item joint pain questionnaire that assessed pain in the back and five joint areas (feet, 

knees, hips, shoulders, hands/wrists) (23). The pain measure we used has been found 

previously to predict falls and disability in older adults (3,5).

Cognitive function, specifically attentional abilities, was assessed using the Test of Everyday 

Attention (TEA). The TEA assesses multiple domains of attention in adults (31) and we 

used 4 TEA subscales: Visual Elevator (attentional switching), Map Search (visual selective 

attention), Telephone Search (selective attention) and Telephone Search While Counting 

with dual-task (sustained and divided attention (32,33)). The TEA test including the test 

domain have been validated in both younger and older adults (32).

Statistical Analysis

Demographic and health characteristics were examined according to pain distribution, using 

chi-square tests to evaluate group differences. Gait measures under single and dual-task 

conditions and dual-task costs were examined according to pain distribution; tests for trend 

were performed using ANOVA and unadjusted general linear models.

We used multivariable linear regression models adjusting for potential confounders 

including sociodemographic (age, sex, race, education) and health characteristics (body 

mass index (BMI) categories (34), psychoactive and analgesic medication usage and vision 

impairment) to examine the relationships between pain and gait measures. There were 10 

participants (3%) with missing information on covariates who were excluded from the 

multivariable models. Gait phase and variability parameters were highly skewed and thus 

were log-transformed for the analysis.

For each gait condition, separate mediation analyses were performed to elucidate whether 

the associations between pain and gait performance were mediated by measures of attention. 

Mediation was evaluated based on the Baron and Kenny method, by examining the indirect 

effect of cognitive function on the pain and gait relationships (35). The CAUSALMED 

procedure (SAS 9.4, Cary, NC), was used to estimate mediation effects using 1000 bias-

corrected bootstrap samples (36) and two separate models were performed (multisite pain 

vs. no pain; single site pain vs. no pain). Analyses were conducted using SAS and STATA 

SE 15.0 (College Station, TX).

RESULTS

Of the 354 MBSII participants, 302 completed the gait assessment. Those who did not 

complete the gait assessment (n=52) were significantly older (p=0.02), had more activities of 
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daily living (ADL) difficulty (p<0.001), and greater pain severity (p=0.04) compared to 

those who completed the gait assessment.

The average age of the 302 participants was 84 years (range, 71–101). About two-thirds of 

participants (64%) were women, 57% had a college degree and 80% were white. We 

observed a weak inverse association of education with pain distribution (p=0.06) and higher 

prevalence of obesity and overweight among those with multisite pain compared to those 

with single site or no pain (p=0.05, Table 1).

Participants who had multisite pain consistently performed worse than those who had no 

pain or single site pain across all gait conditions and gait characteristics. For example, in the 

single-task walk, those with multisite pain had slower gait speed than those with single site 

pain or no pain (1.00±0.23 m/second, 0.87±0.27 m/second, and 0.84±0.24 m/second, 

respectively, Table 2). Similar decrements according to pain distribution were observed with 

gait measures during dual-task conditions. After adjusting for sociodemographic and health 

characteristics, pain distribution was independently associated with poorer performance in 

most gait measures (Table 3).

In general, the decrements in gait performance from the single-task to the cognitively 

difficult dual-task condition were comparable to the decrements observed with greater pain 

distribution within each of the single and dual-task conditions. There were no differences in 

dual-task costs among pain distribution groups (no pain, single site pain, and multisite pain). 

Dual-task costs of gait characteristics were comparable among those with no pain, single site 

pain and multisite pain (Table 4). After adjusting for sociodemographic and health 

characteristics, pain distribution was not associated with greater dual-task cost in gait 

measures with one exception, for single site pain with swing time percent, where single site 

pain was associated with greater dual-task cost for swing time percent compared to the no 

pain group (Table 5).

We examined measures of attention as possible mediators of the pain and gait relationship. 

We found that one of the 3 domains of attention, selective attention as measured by the 

telephone search test, mediated the relation between pain distribution and several gait 

characteristics, and the extent of the mediation effect was greater for single site (Percent 

mediated, 0–56% ) than multisite pain (Percent mediated, 8–33%) in relation to gait 

(Supplementary Tables 1–2). We did not observe mediating effects of measures of sustained 

and divided attention or attentional switching on relationships between pain and gait 

parameters (data not shown).

DISCUSSION

In this population of community-dwelling older adults, pain distribution was strongly 

associated with poorer performance in most gait measures, including gait speed, stride 

length, and time spent with both feet on the ground as a percent of the gait cycle (double 

support time percent). In addition, the performance decrements related to cognitive 

challenges were comparable to decrements observed among participants reporting greater 

pain during the usual (single-task) walks. However, we did not find that dual task costs were 
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greater among those with pain compared to those without pain. Still, the evidence from our 

mediation analysis suggests that selective attention is a mediator of the pain-gait 

associations, supporting the idea that chronic pain may affect gait through a cognitively-

mediated pathway. In summary, the findings point to a substantial impact of chronic pain on 

mobility in older adults.

Our results generally are consistent with the few previous studies that examined the 

relationship between pain and gait characteristics. In cross-sectional studies of healthy non-

disabled volunteers aged 65 years and older, investigators found both pain severity and 

multisite pain were associated with slow gait speed (n=176), while another study of a group 

of older volunteers (n=112) by the same investigators did not find an association between 

number of pain sites and gait characteristics (37,38). Notably, the prevalence of multisite 

pain was low in these volunteer samples compared to our older MBSII population. In a 

population-based study of older adults without disabilities, the presence of two sites of lower 

body pain was associated with slower gait speed after adjusting for potential confounders 

(39). To our knowledge, our study is the first to examine multisite pain in relation to gait 

characteristics under both single-task and dual-task conditions.

The evidence from our study supports our hypothesis, that the effect of chronic pain is 

similar to a cognitive challenge during walking, suggesting that chronic pain may function 

as a distractor in older adults while walking. In general, older adults who had multisite pain 

performed poorer across gait parameters compared to those with no pain. However, based on 

our findings regarding the impact of dual-tasking, multisite pain did not have an additive 

effect on dual-task cost. Also, we found that the intermediate pain group, those with single 

site pain, experienced the greatest dual task cost, compared to those without pain. The dual 

task cost, representing the combined effect of pain and a cognitive challenge during gait, was 

not greater than the independent effect of either pain or the dual-task gait condition. Older 

adults with multisite pain already have significantly slower gait speed and this may result in 

less apparent dual-task costs. This could also explain the pattern we observed in the 

multivariable dual-task cost and mediation analyses, where the greater dual-task cost and 

mediating effect of attention were a bit stronger among those with single site pain than with 

multisite pain.

Multisite pain may contribute to a decrement observed in gait performance that 

approximates that of a relatively challenging (i.e., “hard” in the present study) dual-task 

condition among participants with no pain. This usual walk decrement may be enough to 

place older adults with multisite pain at a substantial increased risk for falls, as reported 

previously (5). The gait performance during the dual-task walking performance of the older 

adults with multisite pain was again lower than that of persons without pain, making them 

even more vulnerable to falls and other mobility problems. Further research is needed to 

determine if there may be a threshold in gait performance whereby older adults with pain 

may be at much greater risk for falls.

Overall, our results are consistent with the current literature which supports the idea that gait 

and cognition are interrelated (7,40–42). The mediating effects of selective attention suggest 

that the impact of chronic pain on gait in older adults is not solely through a mechanical 
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pathway but also may operate through a cognitive pathway. Other deleterious cognitive 

effects of pain (10) could also be contributing to gait decrements, but have yet to be 

explored.

In addition to chronic pain being a distractor, older adults with chronic pain may attempt to 

avoid discomfort in specific load-bearing joints. These combined effects may lead to 

changes in gait including overall slowing, more variable stepping, and longer double support 

time percent. The longer double support time percent has also been observed in other 

conditions such as dementia (43) as well as conditions that have both cognitive and 

peripheral neuromotor effects such as Parkinson’s disease (44), suggesting older adults with 

chronic pain may have similar gait adaptations. For older adults who have destabilizing 

conditions, it may be more stabilizing to lengthen the double support time in response to 

imbalance. Another consideration has to do with the directionality of the relationship 

between cognition and mobility, which cannot be confirmed using a cross-sectional 

approach. Recent evidence suggests there may be a bidirectional effect whereby mobility 

limitations also may contribute to poorer cognitive functioning over time (45).

Non-cognitive, peripheral neuromuscular impairments may also be contributing to 

differences in gait characteristics according to pain distribution and pain severity. In a cross-

sectional study that had similar participant characteristics to MBSII, different neuromuscular 

attributes were found to be associated with gait speed between older adults with and without 

chronic back pain (46). Similarly, in another cross-sectional study examining lumbar 

mobility, investigators concluded that the relationship between lumbar mobility and 

functional performance were different between older adults with and without chronic low 

back pain (47). This suggests that older adults with pain may manifest different patterns of 

peripheral neuromuscular impairments and develop prioritization of different attributes in 

order to complete the same tasks compared to those without pain. An additional explanation 

may related to adaptations to fear and avoidance. A recent study reported an independent 

relationship between pain fear-avoidance and self-reported disability in older adults with 

back pain (48). Another potential contributor to avoidance, fear of falling, is associated with 

gait changes such as slower gait speed and reduced step length (49). Older adults with 

multisite pain may be particularly vulnerable to the impact of avoidance and fear of falling, 

and might also restrict their mobility.

Among the strengths of this research, the population-based cohort that is representative of 

older community-dwelling adults, contributes to the generalizability of our study findings. In 

addition, our study included measures of pain and gait characteristics using validated 

instruments, confirming the relationship between pain and gait characteristics in single and 

dual-task conditions. This is the first investigation to examine the impact of chronic 

musculoskeletal pain on a broad range of gait characteristics and how cognition may 

influence these relationship. This is an important step in developing a scientific basis for 

new strategies to improve mobility and reduce fall risk in older adults who live with chronic 

multisite pain.
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Study Limitations

There are limitations to our study that need to be considered. The cross-sectional design 

does not establish a temporal relation between pain and gait disturbance. Although we 

would expect that pain would have an immediate impact on gait, longitudinal studies are 

necessary to examine the causal relationship between pain and gait. Secondly, most 

participants in the study were among the oldest old in the population, those aged 80 or older, 

therefore, our findings may not generalize to the population aged 65 and older. However, 

given that the oldest old are more susceptible to cognitive decline and mobility limitations 

contributing to fall risks, this may be the best population in which to observe the detrimental 

effects of chronic pain on gait.

CONCLUSIONS

In conclusion, chronic pain distribution is strongly associated with poor performance in gait, 

especially during walking that involves cognitively demanding tasks. Our findings suggest 

that although it may not have an additive effect, chronic pain may act similarly to a cognitive 

dual-task, and may be a distractor during walking in older adults, thereby contributing to 

mobility difficulties and risk for falls. Longitudinal research is needed to establish the causal 

pathway through which pain contributes to falls in older adults with multisite pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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