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Purpose: Improving physical function is key to decreasing the burden of chronic pain across the lifespan. Although mind-body 
interventions show promise in increasing physical function in chronic pain, very little is known about whether older and younger 
adults derive similar benefit. Indeed, older adults experience higher rates of chronic pain and greater impacts of pain on physical 
function compared to younger adults. Therefore, additional work is needed to determine the extent of benefit older versus younger 
adults receive from a mind-body intervention. Here, we examined age differences in the effects of two mind-body and walking 
programs on pain and multimodal physical function.
Participants and Methods: Participants were 82 individuals with heterogenous chronic musculoskeletal pain (66% female, 57% 
aged ≥50 years) who participated in a feasibility randomized controlled trial of two mind-body interventions. They completed self- 
reported (WHODAS 2.0), performance-based (6-minute walk test), and objective (accelerometer-measured step count) measures of 
physical function, as well as self-report measures of pain intensity, before and after the intervention.
Results: Results indicated that adults aged ≥50 (vs adults aged <50) demonstrated greater improvements in performance-based 
physical function (6-minute walk test) and reductions in pain during activity. No age differences in the effects of the intervention on 
self-reported or objectively measured physical function were observed.
Conclusion: Collectively, these findings suggest that older adults can achieve equivalent or greater benefits from mind-body programs 
for chronic pain, despite facing unique challenges to chronic pain management (eg, multimorbidity, greater sedentary behavior).
Keywords: older adults, physical function, pain, disability, mindfulness

Introduction
Chronic pain affects over one in five US adults.1 The prevalence of chronic pain increases with age,1 and the negative 
impact of pain is often greater among older (vs younger) adults.2 Given the ubiquity and detrimental effects of chronic 
pain, developing interventions that reduce the burden of pain across the lifespan is a major public health priority.3–5 

Improving physical function is key to decreasing such burden, as it shows promise in reducing the impact of pain on 
daily activities and improving emotional function.6,7

We developed the first mind-body activity intervention to increase multimodal physical function among individuals 
with heterogenous chronic pain.8 The intervention includes mind-body skills such as mindfulness, commonly defined as 
the ability to pay attention, on purpose, in the present moment and in a non-judgmental manner, given evidence this skill 
can improve pain outcomes including physical function in this population.9,10 The program additionally included other 
evidence-based skills, such as pain-specific cognitive behavioral skills (eg, challenging pain-related thoughts) and 
physical restoration skills (eg, setting walking goals).11 We tested the program in a two-armed RCT, with each arm 
offering an identical program either with (GetActive-Fitbit) or without (GetActive) a Fitbit device (Greenberg et al, 2020). 
Consistent with IMMPACT recommendations for comprehensive assessment of physical function, we examined the 
effects of the program on self-reported, performance-based, and objective physical function.6 Results indicated that 
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participation in this group-based program led to significant improvements in self-reported and performance-based (ie, 
6-minute walk test) physical function, regardless of whether the program was offered with or without a Fitbit device.

Given that there are several key differences between older and younger adults that may influence intervention 
effects,2,12–14 an important next step is to determine whether older and younger adults derive similar benefit from the 
program. Indeed, older adults differ from younger adults in psychological mechanisms that influence pain-related 
functioning,12 which may result in differential treatment effects. For example, older (versus younger) adults tend to 
experience lower levels of pain catastrophizing and higher levels of pain acceptance and pain self-efficacy, suggesting 
a potential need for age-tailored interventions.12 Moreover, adults aged ≥50 report high levels of pain during activity, 
which may lead to greater sedentary behavior and lower levels of physical activity.15,16 Older adults also experience 
unique barriers to pain management, such as high rates of multimorbidity,2,13,14 which may further impact the extent of 
benefit they receive from a mind-body intervention. Alternatively, given that older adults tend to be more sedentary,17,18 

they may have a greater potential (compared to younger adults) for improvement in physical activity and may derive 
greater benefit from reducing sedentary behavior. Such potential differential treatment effects may bear important 
implications for optimizing the target population (and potentially choosing a more clinically relevant subsample of 
individuals with chronic pain) for mind-body interventions aimed at improving physical function for chronic pain and 
tailoring specific program content for different age groups. However, the comparative utility of mind-body pain 
management interventions in older versus younger adults remains unknown.

The current study is the first to examine whether there are age differences in the effects of a mind-body program on 
pain during activity and multimodal physical function. Specifically, we conducted secondary data analysis to test whether 
older (age ≥50) versus younger (age <50) adults reported greater improvements in pain during activity and self-reported, 
performance-based, and objectively measured physical function from pre- to post-treatment. We also examined age 
differences in longer-term effects of the intervention on pain and self-reported physical function at a 3-month follow-up 
assessment.

Methods
Transparency and Openness
This study was pre-registered on ClinicalTrials.gov (NCT03412916). We report how we determined our sample size, and 
describe all data exclusions, manipulations, and all measures in the primary outcomes paper of the parent trial (Greenberg 
et al, 2020). Study materials, deidentified data, and analytic code are available upon reasonable request to the 
corresponding author.

Participants
Participants were 82 individuals with heterogeneous chronic musculoskeletal pain who participated in feasibility 
randomized controlled trial of two mind-body interventions designed to increase multimodal physical function and 
other measures (PROs).19 Participants were recruited from July 2018 to September 2019 via direct referrals from the 
Massachusetts General Hospital Pain Clinic, hospital-wide email lists, and flyers, and were screened for eligibility via 
phone. To be included in the trial, participants had to be at least 18 years-old, report nonmalignant chronic pain for >3 
months, be able to walk unassisted for at least 6 minutes, have access to a mobile device with Bluetooth version 4.0, 
report no changes in psychotropic or pain medications in the past 3 months, and be cleared for participation by 
a physician. Participants were excluded if they reported a medical illness expected to worsen in the next 6 months, 
serious and untreated psychiatric illness or active suicidality, or current untreated substance use disorder. In addition, 
participants who reported that they practiced meditation/yoga or relaxation response skills for >45 minutes a week, used 
a Fitbit device, or engaged in regular physical exercise for >30 minutes daily in the past 6 months were also excluded 
from the study. Additional information regarding our sample – including how sample size was determined – is provided 
in Greenberg et al, 2020.
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Procedure and Intervention
We recruited patients with heterogenous musculoskeletal pain (self-reported nonmalignant chronic pain for >3 months), who 
were at least 18 years old, able to walk unassisted for at least 6 minutes, had access to a mobile device with Bluetooth version 
4.0, had no change in psychotropic or pain medications for the past 3 months, and were cleared for participation by 
a physician. Patients who reported a medical illness expected to worsen in the next 6 months, serious and untreated psychiatric 
illness or active suicidality, current untreated substance use disorder, regular practice of meditation/yoga or relaxation response 
skills, use of a Fitbit device in the past month, or engagement in regular physical exercise were excluded. Eligible participants 
were randomly assigned to one of two 10-week 90-minute groups focused on increasing walking using time-based goals 
(GetActive, n = 41) or step-count reinforced via Fitbit (GetActive-Fitbit, n = 41). The two programs are identical, with the 
exception of the inclusion of the Fitbit device in GetActive-Fitbit. The programs were adapted from the Relaxation Response 
Resiliency Program (3RP),20 and included core skills of 3RP (eg, relaxation strategies, mindfulness skills) in addition to pain- 
specific skills (eg, pain-specific cognitive behavioral skills, physical restoration skills). Participants completed assessments, 
which included self-report, objectively measured, and performance-based assessments of physical function (see Measures 
section), one week prior to beginning the intervention (baseline) and again approximately one week following completion of 
the program (post-treatment). Participants also completed a 3-month follow-up assessment which included self-report (but not 
objective or performance-based) measures of physical function. This study was approved by the Massachusetts General 
Hospital Institutional Review Board under protocol number 2017P000628 (“Integrating Mind-Body Skills with Physical 
Activity to Improve Physical and Emotional Outcomes in Patients with Chronic Pain”). All participants provided written 
informed consent prior to participating in this study and all procedures were conducted in accordance with the Declaration of 
Helsinki. Additional details about the procedure and intervention conditions can be found in Greenberg et al.19

Measures
Pain Intensity During Activity
We used a numerical rating scale (NRS) ranging from 0 (no pain) to 10 (worst pain ever) to assess pain intensity with 
activity at baseline, post-treatment, and 3-month follow-up.21,22

Physical Functioning
In accordance with the IMMPACT criteria6,23 and the International Classification of Functioning, disability and Health 
(ICF) guidelines,24 we assessed self-reported, objectively measured, and performance-based physical function.

Self-Reported Physical Function
We used the World Health Organization Disability Assessment Schedule 2.0 (WHODAS)25 to measure self-reported 
physical function. The WHODAS is a 36-item questionnaire that assesses difficulties in 6 domains of function: cognition 
(understanding and communication), mobility (moving and getting around), self-care (hygiene, dressing, eating, and 
staying alone), getting along with others (interacting with other people), life activities (domestic responsibilities, leisure, 
and work), and participation (joining community activities). The WHODAS was administered at baseline, post-treatment, 
and 3-month follow-up.

Objectively Measured Physical Function
We used average daily step count, as measured by a wGT3X-BT ActiGraph accelerometer device,26 to objectively assess 
physical function. We asked participants to wear the device during all waking hours for 7 days before (baseline) and after 
(post-treatment) the programs. As described in our prior work,8,19 we used ActiLife software (ActLife LLC) to store, 
clean, and analyze the data. A staff member verified that each participant had valid wear time (≥7 hours per day) and 
ensured that each participant’s recorded activity was consistent with self-reported wear times logged in activity diaries. 
Step count was assessed at baseline and immediately post-treatment.
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Performance-Based Physical Function
We used a 6-minute walk test to measure performance-based physical function.27 Specifically, we measured and recorded 
the distance (meters) that each participant covered by walking on a flat surface for 6 minutes. Participants completed the 
6-minute walk test at baseline and immediately post-treatment.

Sociodemographic Characteristics
We asked participants to report sociodemographic information, including age, gender, race/ethnicity, and marital status at 
baseline. For these secondary analyses, we dichotomized age to reflect younger (<50 years) versus older (≥50 years) 
adults. We elected to use this age cut-off because a more progressive decline in physical activity is seen after age 50.28 

Moreover, this is the most commonly-used cut-off in prior studies on mind-body interventions for older adults with 
chronic pain.29

Analytic Plan
We used SAS 9.4 for analyses. We used a linear mixed model with completely unstructured covariance and autore
gressive random visit-specific effects to examine the impact of time in interaction with age on outcomes. We merged the 
data from both treatment groups as the parent paper did not indicate any significant differences in outcomes between the 
treatment conditions. We conducted a series of contrasts (baseline to post-treatment, and baseline to 3-month follow-ups) 
to test the specific hypotheses regarding the within-group and between-group differences in the outcome variables at 
different time points. The model took into account all available data. The estimated covariance across repeated 
measurements implicitly imputes missing data and produces unbiased estimates, under the missing-at-random 
assumption.

Age-dependent differences in changes from baseline to post-treatment (for all outcome variables) and baseline to 
3-month follow-up (for pain during activity and WHODAS disability) were evaluated using least-squares linear contrasts 
and provided as point estimates with 95% CIs. We controlled for the baseline levels of the outcome variables which were 
significantly different between the younger and older adults. We employed a False Discovery Rate (FDR) approach to 
control for Type I error given the multiple hypotheses testing, as outlined by Benjamini & Hochberg.30 We calculated the 
model-based effect size (ES) estimate by dividing the model-derived mean difference estimates by the pooled within- 
individual variations of each outcome at baseline, a method equivalent to Cohen’s d in RCTs.31–33

Results
Participant Characteristics
About two-thirds of participants (65.9%) were female and slightly more than half (57.3%) were aged 50 and older. 
Among younger adults (age <50 years), age ranged from 21 to 49 (M = 37.7, SD =7.4), whereas, among older adults (age 
≥50 years), age ranged from 50 to 79 (M = 62.3, SD = 8.2). The majority of participants (80.5%) were White, and half 
(54.8%) completed at least a 4-year college degree. Other than age, no significant differences in sociodemographic 
characteristics were observed between older versus younger adults. Baseline levels of the hypothesized dependent 
variables were not significantly different as a function of age, except for pain during activity, which was significantly 
higher in older adults (Mdiff = −1.01; t = −2.22; p = 0.029).

Age Differences in Treatment Effects
For baseline to post-treatment assessment, the time by age interaction was significantly associated with the distance 
walked during the 6-minute walk test (B = 17.77, SE = 6.69, p = 0.03; ES = 0.19; Table 1). Simple slope analysis 
indicated that the effect of time on change in distance was significant for both groups but was greater for the 50 years of 
age or older participants (Mdiff = 53.02, SE = 8.20, p < 0.001; ES = 0.63) compared to younger participants (Mdiff = 
36.12, SE = 10.47, p = 0.002; ES = 0.40; Figure 1). The time by age interaction was not significant for other outcome 
variables (ps > 0.05; Table 1).

For the baseline to the 3-month follow-up assessment, the time by age interaction was significantly associated with 
pain during activity (B = −0.66, SE = 0.23, p = 0.03; ES = 0.28; Table 1). Simple slope analysis indicated that while the 
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Table 1 Parameter Estimates

Parameter Estimates for Baseline to Post Treatment Changes

Parameter Estimate SE t Sig. 95% CI

Lower Bound Upper Bound

6MWT

Time 36.27 5.00 7.26 <0.001 26.45 46.08

Age −23.18 18.39 −1.26 0.21 −59.30 12.94

Interaction 17.77 6.69 2.66 0.03 4.62 30.91

STEP-COUNT

Time 82.63 509.26 0.16 0.87 −920.00 1085.26

Age −1215.52 602.52 −2.01 0.05 −2401.75 −29.28

Interaction 36.77 674.79 0.05 0.95 −1291.75 1365.30

WHODAS

Time −7.44 2.80 −2.65 0.01 −12.95 −1.93

Age −1.66 3.45 −0.48 0.63 −8.44 5.13

Interaction −1.85 3.71 −0.50 0.80 −9.15 5.45

PAIN IN ACTIVITY

Baseline level 0.88 0.05 15.70 <0.001 0.77 0.99

Time −1.04 0.36 −2.84 0.005 −1.77 −0.31

Age 0.11 0.32 0.36 0.71 −0.52 0.76

Interaction −0.64 0.48 −1.33 0.18 −1.60 0.31

Parameter estimates for baseline to 3-month changes

Parameter Estimate SE t Sig. 95% CI

Lower Bound Upper Bound

WHODAS

Time 1.09 1.92 0.57 0.57 −2.69 4.87

Age −1.66 4.35 −0.38 0.70 −10.21 6.90

Interaction −1.06 2.52 −0.42 0.80 −6.01 3.90

PAIN IN ACTIVITY

Baseline level 1.02 0.05 18.09 <0.001 0.91 1.13

Time −0.47 0.18 −2.64 0.01 −0.83 −0.12

Age −0.02 0.31 −0.08 0.93 −0.64 0.59

Interaction −0.66 0.23 −2.78 0.03 −1.14 −0.19

Notes: Age variable (0=less than 50 years old; 1=50 years and above). 6MWT: Distance walked during the 6 minutes walk test. Significant p-values (p < 0.05) are bolded.
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effect of time on the intensity of pain during activity was significant for both age groups, participants 50 years of age or 
older (Mdiff = 2.30, SE = 0.37, p < 0.001; ES = 1.09) had greater improvement in pain during activity compared to the 
younger participants (Mdiff = 0.96, SE = 0.42, p = 0.03; ES = 0.46; Figure 1). The time by age interaction was not 
significant for WHODAS (p = 0.80; Table 1).

Discussion
Despite well-established age differences in the prevalence and impact of chronic pain and underlying psychological 
mechanisms, the comparative utility of mind-body interventions for pain management and improvement in multimodal 
physical function in older relative to younger adults is not known. Here, we tested whether there were age differences in 
the effects of a recently developed mind-body intervention designed to improve physical function among individuals with 
chronic pain on pain during activity and multimodal physical function. Results indicated that adults aged 50 and older 
demonstrated greater improvements in performance-based physical function, as measured by the 6-minute walk test, 
when compared to their younger counterparts. Moreover, older (vs younger) adults reported greater decreases in pain 
intensity during activity from baseline to 3-month follow-up assessment. No age differences in the effects of the 
intervention on self-reported or objectively measured physical function were observed. Taken together, these findings 
indicate that older adults achieve equivalent or greater benefits from a mind-body intervention program for chronic pain.

These findings are consistent with evidence supporting the effectiveness of mind-body interventions for chronic pain 
in older adults,29 and extend prior studies by comparing older and younger adults when examining intervention effects. 
Although both age groups benefited from the programs, our findings suggest that older adults may derive even greater 
benefit from a mind-body intervention. These findings are in line with prior evidence indicating that older adults may 
respond more positively to interventions that focus on improving functioning versus pain reduction.34 Given that older 
adults may have experienced a greater number of unsuccessful attempts to reduce their pain in the past, this population 
(compared to younger adults) may have higher levels of motivation to engage in an intervention that focuses on living 
well with pain instead of pain reduction.34 Moreover, older adults face numerous uncontrollable stressors (eg declining 
health), and, thus, may more readily adopt pain acceptance during mindfulness-based pain interventions.35 Future work is 
needed to elucidate the mechanisms underlying the current findings and to determine whether pain acceptance contributes 
to the observed age differences in intervention effects.

One important clinical implication of this study is that mind-body interventions may offer benefit for chronic pain 
management across the lifespan. Although older adults often face significant barriers to chronic pain management, such 
as high rates of sedentary behavior and multimorbidity,2,13,14,36 it is still possible for older adults to achieve meaningful 
benefit from a mind-body intervention. Moreover, given these unique challenges, older adults may have even more room 
for improvement in physical activity and function-related outcomes than their younger counterparts, and thus may derive 
even greater benefit from mind-body intervention programs. Indeed, although these results underscore the importance of 
physical activity promotion among all individuals with chronic pain, it may be especially important to promote physical 
activity among older adults with chronic pain.

Figure 1 Simple slope of change in the 6-min walk test and pain during activity for both age groups.
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This study has several strengths, including the utilization of multimodal physical function assessment and inclusion of 
a 3-month follow-up time point which permitted examination of maintenance of intervention effects over time for self- 
reported measures. However, several limitations are also worth noting. The sample was relatively small (N = 82), 
primarily white, and the older adults who participated were on the younger spectrum of older adulthood (age range: 50– 
79). Although our decision to include adults aged 50 and older in the “older adult” group was based on prior work and 
evidence of a more progressive decline in physical activity after age 50,28,29 additional work is needed to extend these 
findings to larger samples that include a wider range of older adults, including those aged 80 and older. Moreover, future 
research should include a control group to establish causality in observed treatment effects.

Conclusion
The results of this study advance our understanding of the role of age in chronic pain treatment effects. Collectively, our 
findings provide the first evidence that older (versus younger) adults with chronic pain derive equivalent benefits – and 
perhaps even greater benefits in pain and performance-based physical function – from a mind-body program designed to 
increase multimodal physical function among individuals with chronic pain.
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