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The Reciprocal Effects of Pain Intensity and
Activity Limitations
Implications for Outcomes Assessment in Clinical Trials
Mark P. Jensen, PhD and Ivan R. Molton, PhD

Objectives: To examine the reciprocal eﬀects of pain intensity and
limitations in physical functioning over time.
Methods: This study presents ﬁndings from a reanalysis of a
7-center trial conducted in Ontario, Canada, included 209 adults
with chronic knee pain secondary to osteoarthritis. Patients were
randomized to receive 28 days of therapy with an active solution
(1.5% w/w diclofenac sodium in dimethyl sulfoxide) or 1 of 2
control solutions containing no diclofenac. The key outcome
measures used in the current analyses were administered throughout the study period and assessed pain intensity, perceived activity
limitations, and a composite score measuring both domains. A
structural cross-lagged regression approach was used to determine
the reciprocal eﬀects of pain and activity limitations over time.
Results: In both study groups, participants (N = 209) experienced
signiﬁcant reductions in mean pain intensity and activity limitations from baseline to weeks 1, 2, 3, and 4 (P < 0.001 for both
variables). Similarly, there were signiﬁcant reductions in the
activity limitations outcome at weeks 1 and 4 for the active versus
control group (P < 0.05 for both). Higher levels of perceived
activity limitations predicted more future pain at all time points.
Cross-lagged associations in which pain predicted subsequent
perceived activity limitations were not signiﬁcant at any time point.
All 3 outcome measures evidenced similar responsiveness to the
treatment.
Conclusion: These analyses showed that a decrease in activity limitations results in a decrease in pain intensity. However, changes in
pain intensity had no eﬀect on subsequent activity limitations in the
study sample. None of the 3 outcome variables emerged as being
more responsive to treatment than the others.
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hronic pain is a signiﬁcant problem throughout the
world. According to a 2008 study by the World Health
Organization, an estimated 37% of adults in 10 developed
countries experience chronic pain.1 In the United States,
approximately 116 million people experience chronic pain.2
Unfortunately, many patients experience inadequate pain
relief with currently available treatments. To identify and
evaluate more eﬀective pain treatments, researchers need
valid and reliable outcome measures that are sensitive to
treatment eﬀects. However, there remain signiﬁcant questions regarding the sensitivity of currently available
measures.3
One potentially confounding factor in assay sensitivity
for pain treatment studies is the potential mutual eﬀects of
pain intensity and disease-related activity limitations. Pain
intensity reﬂects the magnitude of perceived pain, whereas
disease-related activity limitations reﬂects the extent to
which the symptoms of a disease (including pain, and in the
context of osteoarthritis, stiﬀness) interferes with routine
activities, such as walking and performing daily tasks.4,5
Although often measured separately, these domains may
inﬂuence one another.
In clinical trials that assess only pain intensity, the
potential associations between intensity and activity limitations could limit or bias the ability to detect treatment
eﬀects. For example, it is possible that a decrease in pain
intensity could lead to a decrease in the extent to which that
pain interferes with activity,6–8 resulting in an increase
in activity and, possibly, a consequent increase in pain
intensity.9–11 To the extent that this process occurs, evaluating
the eﬀects of pain treatments using separate measures of pain
intensity and activity limitations could potentially underestimate the direct eﬀects of a pain treatment on pain intensity.
In this situation, a composite score that takes into account a
treatment’s eﬀects on both parameters—such as the pain
intensity and functional limitations subscales of the Western
Ontario and McMasters Universities (WOMAC) Osteoarthritis Index12—could be more indicative of the measure of
a treatment’s eﬀect than either domain individually.13
In other pain populations, increased activity (as
reﬂected by a decrease in activity limitations) could
potentially contribute to a decrease in pain (eg, some
samples of individuals with osteoarthritis (OA)14 or ﬁbromyalgia15). In such populations, when a treatment-related
decrease in pain intensity contributes to decreases in
activity limitations, the true direct eﬀects of the analgesic on
pain intensity could be overestimated. In this case, a composite score of measures of pain intensity and activity
limitations would be unlikely to be more responsive to
treatment than the measure of pain intensity alone.
Given these considerations, both clinical practice and
the design of clinical trials in pain could beneﬁt from an
www.clinicalpain.com |
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FIGURE 1. Participant flow. AE indicates adverse event.

increased understanding of the relationship between
changes in pain intensity and changes in activity limitations
(and vice versa) in the context of clinical trials. Additional
research regarding the relative responsiveness of outcome
measures assessing pain intensity and activity limitations
alone, versus composite scores assessing both domains, is
also important for developing a comprehensive understanding of how to assess outcomes in clinical trials and
clinical practice.
To address these issues, we conducted a reanalysis of
data from a recently completed clinical trial to clarify the
impact of changes in pain intensity on activity limitations
and the impact of changes in activity limitations on pain
intensity. Furthermore, we examined the relative sensitivity
of measures of pain intensity, activity limitations, and a
composite measure of both domains for detecting treatment
eﬀects. To understand the potential reciprocal impacts of
pain intensity and activity limitations, we used a crosslagged panel design using the longitudinal data from a
published clinical trial of topical diclofenac solution on
pain intensity in a sample of patients with knee OA, and
that assessed both pain intensity and activity limitations on
multiple occasions throughout the trial.16 We also examined the relative responsiveness to treatment of measures of
(1) pain intensity, (2) activity limitations, and (3) a composite score made up of measures of both domains.
We hypothesized that a decrease in pain intensity
would likely result in a decrease in activity limitations in the
sample. Given that activity is associated with subsequent
decreases in pain intensity in patients with OA,14 we also
hypothesized that a decrease in activity limitations would
be followed by a decrease in pain in our sample. Finally, if
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these patterns of inﬂuence were supported, we hypothesized
that the measure of pain intensity would be more responsive to treatment than either a measure of activity limitations or a composite score made up of measures of pain
intensity and activity limitations.

MATERIALS AND METHODS
Participants
Participants in the present study were 209 individuals
with chronic knee pain secondary to OA, assessed as part of
a 7-center trial testing the eﬃcacy of a topical diclofenac
solution in southern Ontario, Canada. A full description of
study recruitment and participant characteristics for this
randomized, controlled trial is provided in Bookman
et al.16 Brieﬂy, these participants were men and women,
selected on the basis of radiologically veriﬁed osteoarthritis
in at least 1 knee, with at least moderate pain during the 2
weeks before random assignment.16 Exclusion criteria
included acute trauma, history of drug or alcohol abuse,
corticosteroid use, ochronosis, or metabolic bone disease.16
A total of 267 individuals were screened for the study.
Nineteen were excluded (5 were ineligible and 14 declined to
participate). Of the remaining 248, 209 completed all
assessments and were included in the present analysis. The
ﬂow chart for study completion is presented in Figure 1.16

Procedures
All procedures were approved by the Committee for
Research on Human Subjects at Toronto Hospital, and by
similar committees at all other participating sites. All
r
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participants provided written informed consent to participate in the study.
As a part of the original research trial, participants
were randomly assigned to receive either an active solution
(1.5% w/w diclofenac sodium in dimethyl sulfoxide
[DMSO]) or 1 of 2 controls: (1) a vehicle control (DMSO
45.5%, with no diclofenac) or (2) a placebo solution consisting of a modiﬁed carrier with a small amount of DMSO
(4.55% w/w) but no diclofenac.16 Participants were
instructed to apply about 40 drops of solution around
the aﬀected knee or knees 4 times daily for 28 days. Patients
completed assessments of pain and activity limitations
at baseline (after a 1-week “washout” period of abstinence
from other analgesics) and during each trial day through a
standardized diary. Compliance regarding use of the solution was assessed by measurement of residual weights.16
The current analyses were designed to determine the
pattern of reciprocal causality among outcome variables
over time, and to test intervention eﬀects at several time
points. Therefore, data collected during the original trial
were reanalyzed for cross-lagged eﬀects using path analysis
(see the Statistical Approach section).

Measures
The key outcome measures for these analyses were
2 subscales of the WOMAC LK3.0 Osteoarthritis Index.
The WOMAC index is a 24-question, multidimensional
pain and functioning questionnaire that assesses pain,
perceived limitations in physical function due to pain, and
stiﬀness on a series of 5-point Likert scale (ranging from 0
to 4; 0 representing “None” and 4 representing “Extreme”).
This instrument has been well validated and demonstrates
adequate psychometric characteristics, including good reliability, construct, and content validity.12,17 The subscales
used in the present analysis were: (1) pain intensity,
measured by 5 questions about pain intensity during
activities (such as walking on a ﬂat surface, going up or
down stairs, and standing upright) and (2) perceived
activity limitations, measured by 17 questions about diﬃculties due to arthritis (such as diﬃculty shopping, rising
from bed, sitting, getting on/oﬀ the toilet, and doing light
domestic duties).

Creation of Outcome Variables
We used 3 outcome variables in the current study: pain
intensity, activity limitations, and a composite score
measuring both intensity and limitations (computed as a
mean of the WOMAC pain intensity and activity limitations scales). Reports were collected for both knees at
baseline and for each trial day thereafter. For longitudinal
analyses, we created outcomes for pain intensity and
activity limitations at each of 5 time points: (1) baseline
(this score was either post-washout [for those who were
using other analgesics] or prewashout [for those who were
not using analgesics])16; (2) week 1 (mean score of daily
diary reports from trial days 1 to 7); (3) week 2 (mean score
of daily diary reports from trial days 8 to 15); (4) week 3
(mean score of daily diary reports from trial days 16 to 22);
and (5) week 4 (mean score of daily diary reports from trial
days 22 to 28).
For individuals who only reported pain in 1 knee, the
average includes only pain reports for that knee. For the
signiﬁcant number of individuals (46%) who reported pain
in both knees, the study knee was deﬁned as the more
painful knee at baseline, based on the WOMAC pain
r
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dimension baseline assessment. If the 2 knees had the same
scores, the left knee was designated as the study knee.

Statistical Approach
All analyses were conducted using the SPSS version
16.0 (IBM, http://www-01.ibm.com/software/analytics/
spss/) and Mplus version 6.12 (Muthén & Muthén, http://
www.statmodel.com/) software packages.

Normality Assumptions
Before analysis, all outcome and predictor variables
were assessed for normality. Signiﬁcant skew or kurtosis (ie,
>2.0) would result in attempts to normalize through log or
other transformation.

Cross-lagged Eﬀects
To determine the reciprocal eﬀects of pain and limitations in physical functioning over time, we used a structural cross-lagged regression approach.18 Cross-lagged
analyses are useful in that they allow for simultaneous
evaluation of 3 diﬀerent kinds of information: (1) autoregressive paths, allowing for the estimation of the eﬀect of
pain intensity at time t, on pain intensity at time t + 1, and
for the eﬀect of activity limitations at time t on physical
limitations at time t + 1; (2) cross-lagged paths, allowing
for the estimation of the eﬀect of pain at time t on activity
limitations at time t + 1 and vice versa, and (3) concurrent
residual correlations, allowing for estimation of the pathways between pain and perceived activity limitations at
each time point. Placing all of these pathways in the same
model has the advantage of allowing one to estimate the
mutual eﬀects over time of each variable on the other, while
simultaneously controlling for autoregressive and concurrent associations. This means, in application, that one
can determine whether changes in pain coincide with or
predict changes in activity limitations, and vice versa. This
approach has been widely used in longitudinal research of
complex psychosocial variables,19 including pain.20 The
theoretical model for the present analyses is presented
in Figure 2.

Treatment Eﬀects
Treatment eﬀects from baseline to posttreatment have
been reported16 and were not a focus of these analyses.
However, for purposes of interpretation, we sought to
conﬁrm eﬃcacy results by testing them over 4 time points
and by reporting eﬀect sizes. Carrier control and placebo
groups were combined into 1 “control” condition (n = 135)
and compared with individuals receiving the active treatment (n = 74). Simple between-group and within-group
t tests were performed at each time point, and the eﬀect size
for each signiﬁcant diﬀerence was estimated using Cohen d
and E2.

Assay Sensitivity of Outcome Measures
To determine whether a composite variable containing
measures of both pain intensity and activity limitations
would be better able to capture treatment eﬀects than
measures of either outcome domain alone, we used a 1-way
multivariate analysis of variance (MANOVA) approach to
compare the sensitivity of the diﬀerent measures for
detecting diﬀerences due to the treatment conditions at each
time point. Before performing the MANOVAs, we examined the outcomes to ensure that they met criteria for
MANOVA testing. Type III sum of squares was used to
www.clinicalpain.com |
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FIGURE 2. Theoretical cross-lagged panel model. Activity limitations = WOMAC limitations in physical activity subscale. Pain = WOMAC
pain subscale. WOMAC indicates Western Ontario and McMasters Universities.

manage the eﬀects of diﬀerences in sample size between
treatment groups.

model is presented in Figure 4. For ease of interpretation,
paths not reaching P < 0.10 have been removed from the
ﬁgure.

RESULTS
Participants
Demographic and medical data for these participants
(N = 209) are reported in Bookman et al.16 Brieﬂy, the
participants were predominantly middle-aged or older (M
age = 61.7 y) women (63.3%) with radiologically conﬁrmed
OA of the knee. Almost half (46%) reported bilateral knee
pain, with the rest (54%) reporting pain in just 1 knee.
Participants did not diﬀer by demographic or medical
variables between active and control conditions.

Assumptions Testing
All study outcome variables met normality assumptions (all skew and kurtosis values <1.0), and visual
inspection of standardized residuals did not suggest
heteroscedasticity. The data were therefore considered
adequate for multiple regression and used in nontransformed form.

Treatment Effects
At baseline, participants did not vary in pain intensity
score by treatment condition (p = 0.79). In both study
groups, participants experienced a signiﬁcant drop in pain
and limitations in physical functioning from baseline to
weeks 1, 2, 3, and 4 (P < 0.001 for all variables; Fig. 3).
However, mean WOMAC pain intensity scores at week 1
were lower for those in the active treatment group compared with controls (t = 2.09, P < 0.05), and there was a
trend for a signiﬁcant diﬀerence in pain at week 4 (t = 1.70,
P = 0.09). Similarly, there were signiﬁcant diﬀerences
between the active and control conditions at weeks 1 and 4
on the WOMAC activity limitations outcome (t = 2.27 and
2.19, respectively; P <0.05 for both time points). For both
pain and activity limitations, the eﬀect size for diﬀerences
between the active and control solutions was modest,
ranging from Cohen d = 0.25 to 0.34.

Cross-lagged Model Testing

Concurrent Associations
Concurrent residual correlations were positive and
signiﬁcant during baseline (B = 0.71, P < 0.001), week 1
(B = 0.84, P < 0.001), week 2 (B = 0.87, P < 0.001), week 3
(B = 0.86, P < 0.001), and week 4 (B = 0.20, P < 0.01).
These ﬁndings suggest that pain and activity limitations due
to pain were related across time, although the association
dropped considerably during the ﬁnal week of the trial.

Autoregressive Pathways
An evaluation of the autoregressive pathways for
outcomes showed that previous pain predicted subsequent
pain at all time points, and that this was most consistent
after baseline (ie, once the trial had started and the treatment [placebo or active] was stable). Autoregressive pain
coeﬃcients were as follows: baseline to week 1 (B = 0.22,
P < 0.001); week 1 to week 2 (B = 0.60, P < 0.001); week 2
to week 3 (B = 0.68, P < 0.001); week 3 to week 4
(B = 0.77, P < 0.001). Similar autoregressive results were
established for activity limitations due to OA, for which
previous limitation predicted future limitations for the ﬁrst
3 time points: baseline to week 1 (B = 0.73, P < 0.001);
week 1 to week 2 (B = 0.95, P < 0.001); week 2 to week 3
(B = 0.89, P < 0.001). However, activity limitations during
week 3 were not signiﬁcantly predictive of physical limitations during week 4 (B = 0.31, P = 0.17).

Cross-lagged Pathways
Physical Limitations
Cross-lagged associations suggested that higher levels
of perceived activity limitations due to OA predicted more
future pain from baseline to week 1 (B = 0.59, P < 0.001),
from week 1 to week 2 (B = 0.29, P < 0.01), and from week
2 to week 3 (B = 0.25, P < 0.01). The path from activity
limitations due to pain at week 3 to pain during week 4
trended toward signiﬁcance (B = 0.15, P = 0.09). The path
model is presented in Figure 4.

Model Fit
The ﬁnal cross-lagged panel model was an adequate
ﬁt to the data (w2/df = 1.80; comparative ﬁt index = 0.99;
root mean square error of approximation = 0.06;
standardized root mean square residual = 0.018). This
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Pain
Cross-lagged associations in which pain predicted
subsequent perceived activity limitations due to OA were
not signiﬁcant at any time point: from baseline to week 1
r
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FIGURE 3. Key study outcomes by time and experimental condition. *P < 0.05; wP < 0.10. WOMAC indicates Western Ontario and
McMasters Universities.

(B = 0.08, P = 0.20), from week 1 to week 2 (B = 0.05,
P = 0.52), from week 2 to week 3 (B = 0.05, P = 0.45), or
from week 3 to week 4 (B = 0.34, P = 0.14; Fig. 4).

Follow-Up Testing: Multivariate Comparisons
Based on cross-lagged regression results suggesting a
complex interaction between pain and perceived activity

FIGURE 4. Cross-lagged panel model: pain and activity limitations over 4 weeks; N = 209. Fit indices: w2 (24) = 43.25; CFI = 0.99;
RMSEA = 0.06; SRMR = 0.018. Solid lines indicate significance at P < 0.05; dashed line indicates significance at P < 0.10. Activity limitations = WOMAC limitations in physical activity subscale. Pain = WOMAC pain subscale. CFI indicates comparative fit index; RMSEA,
root mean square error of approximation; SRMR, standardized root mean square residual; WOMAC, Western Ontario and McMasters
Universities.
r
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limitations in these data, we sought to determine whether a
composite variable containing both outcomes would be
better able to capture treatment eﬀects than either outcome
variable when treated separately. To this end, we used a
1-way MANOVA approach to compare treatment conditions at each time point. All data met criteria for
MANOVA testing, including homogeneity of covariance
(tested by Box test; P > 0.01 for all variables). Type III sum
of squares was used to manage the eﬀects of diﬀerences in
sample size between treatment groups.
Results from MANOVA generally suggested that an
outcome variable created by combining measures of both
pain intensity and activity limitations did not outperform
or underperform the measures of each individual outcome
domain. There were very slight changes in the signiﬁcance
values of between-group comparisons as a result of use of
the composite, with the diﬀerence at time 1 becoming a
trend (Wilk l = 0.98, P = 0.08 as a composite) and the
diﬀerence at time 4 becoming signiﬁcant (Wilk l = 0.97,
P < 0.05 as a composite). However, the eﬀect sizes reﬂecting diﬀerences between treatment and control conditions
were very similar whether one used the composite score or
each individual variable alone (composite score vs. pain or
limitations in physical function: time 1 (partial E2 = 0.024
vs. 0.021 vs. 0.024); time 2 (partial E2 = 0.007 vs. 0.005 vs.
0.007); time 3 (partial E2 = 0.011 vs. 0.004 vs. 0.008); time 4
(partial E2 = 0.030 vs. 0.014 vs. 0.023). The largest diﬀerence in eﬀect size was at time 4, in which the composite
measure outperformed the individual pain measure by a
degree of partial E2 = 0.016. This very small diﬀerence
would not meet recommended minimum standards for
signiﬁcance in data analysis.21

DISCUSSION
The results of these analyses suggest a direct relationship between change in perceived activity limitations
due to OA and pain intensity, with a decrease in perceived
activity limitations resulting in a subsequent decrease in
intensity. However, we did not identify any eﬀect of
changes in pain intensity on subsequent activity limitations.
Moreover, none of the 3 outcome variables (pain intensity,
activity limitations, and a composite score of both pain
intensity and activity limitations) emerged as being more
responsive to treatment than the others. These ﬁndings
have important implications for understanding outcome
measures in pain clinical trials.
Our ﬁnding that decreased activity limitations precedes decreased pain intensity in this sample (of patients
with OA) is consistent with research showing a positive
association between moderate activity levels and pain relief
in this population.14 To the extent that this pattern exists
and to the extent that a decrease in pain contributes to a
decrease in activity limitations, a measure of pain intensity
could potentially overestimate the direct eﬀects of treatment, because the change in pain could be due to both the
direct eﬀects of the treatment and the subsequent beneﬁcial
eﬀects of decreased activity limitations (ie, increased activity) on pain intensity.
However, because an eﬀect of decreased pain on subsequent activity limitations did not emerge in our analyses,
this potential overestimate would not be expected in our
sample, and in fact did not emerge in the analyses. If anything, the treatment had a slightly greater beneﬁcial eﬀect
on the activity limitation measure than on the pain intensity
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measure. Given this, and the lack of eﬀect of change in pain
intensity on activity limitations, the measured eﬀect of the
treatment on pain intensity appears to be accurate in this
sample.
An interesting pattern that emerged in the association
between change in activity limitations and subsequent
change in pain was a decrease in the strength of this association over time, from baseline through week 4. Given that
the results of longitudinal analyses involving these variables
have not previously been reported, we do not know if this
pattern represents a reliable trend (ie, that would replicate
in future studies of clinical trial data) or merely represents
random variation in the strength of the association at different time points. If it is a reliable pattern, such a pattern
might be due to there being greater change in the outcomes
earlier in the trial versus later in the trial. In this case, the
eﬀects of one variable on the other, even if such eﬀects are
very real, might be more diﬃcult to detect later in a clinical
trial when outcomes begin to stablize.
The lack of an eﬀect of change in pain intensity on
subsequent activity limitations was not anticipated, given
the strong and consistent associations found between these
2 outcome variables in individuals with OA.22–24 There are
a number of possible explanations for the lack of signiﬁcant
eﬀects of pain intensity on activity limitations in the current
sample. First, it is possible that larger changes in pain
intensity than occurred in this study are needed for signiﬁcant eﬀects in activity limitations to emerge. The analyses we performed should be repeated in samples of
patients who report more varied changes in pain intensity
than those that occurred here to determine if (and how
much) change in intensity is needed to produce a change in
activity limitations. Also, activity limitation due to OA was
not the primary endpoint of the treatment studied in the
clinical trial from which the data for this study came. This
may have resulted in a limited range of response in the
activity limitation measure, which can attenuate associations found. It would be interesting to perform a similar
analysis using data from a study evaluating a treatment that
targets activity limitation as a primary outcome, for
example,14,15 to determine if the associations between
changes in pain and changes in activity limitation diﬀer
from those found in the current analysis. Third, it is possible that the eﬀects of pain intensity on activity limitation
are very rapid (ie, occur within hours or just a few days),
and that these eﬀects might not have been detected because
we examined the lagged eﬀects of an average of each variable from 1 entire week on an average of the other variable
over the course of the next week. It would be useful to
examine these eﬀects over shorter periods of time to test
this possibility. Finally, the lack of eﬀects of pain intensity
on activity limitations in this study might be related to the
possible heterogeneity of the sample. Subgroups of patients
evidencing diﬀerent associations between pain and activity
level have been identiﬁed in persons with low back pain, for
example,25–27 including groups of individuals who have
more or less fear of pain. Future research should determine
if similar such subgroups can be identiﬁed in persons with
osteoarthritis, and if group membership moderates the
strength of the eﬀects of pain on activity level.
Our analyses were also limited in that the measure of
activity limitations used in the study was not a direct
measure of activity. Past research has suggested that,
despite rigorous validation, the WOMAC scales cannot
provide a clear measure of change in physical function due
r
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to the possibility that both pain and physical function can
aﬀect this domain.28 Moreover, research shows that the
associations between self-reported activity level and objectively assessed activity level are weak, at best.29 In addition,
like all self-report measures, the WOMAC scale scores may
be aﬀected by fatigue, other comorbid symptoms, and
depression; it is therefore possible that the associations
found may be explained, at least in part, by shared method
variance.24,30,31 Future researchers might consider examining the associations between pain intensity and activity
using objective measures of activity, such as actigraphy.32,33
On the other hand, it is also important to keep in mind that
the domains of arthritis-related activity limitations (what
an individual is not able to do because of arthritis symptoms such as pain) and activity level, while related, are not
the same. Thus, reliable and “objective” measures of
activity limitations do not (yet) exist.
In addition, these data were from patients with OA, a
population that diﬀers from other pain populations in
regard to cause and eﬀects of pain and the impact of
physical function and activity on pain intensity. Thus, it is
possible—even likely—that the current ﬁndings are not
applicable to other chronic pain populations. It would be
instructive to replicate them in other groups of patients to
determine broader generalizability.
Despite the limitations of the current study, however, the
ﬁndings provide important information that can inform the
design and analysis of clinical trials in studies examining the
eﬃcacy of pain treatments in patients with OA. Importantly,
the ﬁndings suggest that measures of pain intensity (speciﬁcally, the WOMAC Pain Intensity scale) likely provide accurate estimates of the direct eﬀects of pain treatment on pain
associated with knee OA, and support continued use of such
measures as primary outcome domains in clinical trials. The
ﬁndings also raise the intriguing possibility that activity level—
or at least, in this case, measures of activity limitations—may
have a larger eﬀect on pain intensity than vice versa in persons
with OA. If this ﬁnding is replicated in other pain populations,
then concerns about the potential biasing impact of changes in
pain intensity on activity, and subsequent impact of activity
on pain intensity on estimates of treatment outcome, may not
be warranted. More research is needed to determine the extent
to which this intriguing ﬁnding replicates in other samples.
Finally, although not a speciﬁc goal of this study, the ﬁndings
suggest the possibility of a causal (and positive) impact of a
decrease in activity limitations as producing a decrease in pain.
If this ﬁnding is replicated in other samples of patients,
including those with OA, it supports the idea of activity as a
potential analgesic, consistent with behavioral interventions
that target decreased activity limitations/increased activity as a
way to improve not only overall quality of life, but to decrease
pain intensity as well.14,15
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