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Abstract

Objective. The primary objective of this study was to examine the day-to-day association between physical activity
and pain intensity among a sample of patients with knee osteoarthritis (KOA) and the potential moderation of this
association by negative cognitive processes. Methods. In this micro-longitudinal daily diary study, KOA patients
(N¼ 121) completed questionnaires assessing pain (Brief Pain Inventory) and psychosocial functioning (pain
catrophizing scale, WOMAC McMaster Universities Osteoarthritis Index function, Patient-Reported Outcomes
Measurement Information System [PROMIS; anxiety and depression], the Godin-Shephard Leisure-Time Physical
Activity questionnaire, the six-minute walking test) and were then asked to report their levels of physical activity and
pain intensity once per day for a period of seven days using an electronic diary. Results. Multilevel modeling analyses
indicated that day-to-day increases in physical activity were associated with heightened levels of pain intensity (B ¼
0.13 SE ¼ 0.03, P<0.001). In addition, it was revealed that the association between physical activity and pain inten-
sity was moderated by catastrophizing (B ¼ –0.01 SE ¼ 0.002, P < 0.05), with patients scoring higher in catastrophiz-
ing showing a relatively stronger link between day-to-day physical activity and increased knee pain. This effect was
specific to catastrophizing, as depression and anxiety did not moderate the activity–pain relationship (P > 0.05).
Conclusions. Our findings suggest that increases in daily physical activity are associated with concurrent increases in
KOA patients’ levels of knee pain, particularly among patients reporting higher levels of pain catastrophizing. These
results may have clinical implications for the design and testing of interventions targeted at reducing catastrophizing
and increasing physical activity among patients with chronic osteoarthritis pain.
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Introduction

Knee osteoarthritis (KOA) is among the most prevalent

conditions causing persistent pain and disability and

around the world [1–3]. The global cost of osteoarthritis

(OA) is high and includes substantial direct and indirect

financial costs, significant physical limitations, reduced

work productivity, and diminished health-related quality

of life [4]. Patients who suffer from KOA often receive

recommendations to increase their physical activity in or-

der to improve physical functioning and prevent
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disability [5–7]. Moreover, a Cochrane report empha-

sized that effective patient-centered treatment should in-

clude local muscle strengthening and general aerobic

fitness [8]. The authors of this review suggested that the

evidence to support exercise was convincing and that the

magnitude of the pain-reducing effect was equal to non-

steroidal anti-inflammatory medications. The American

College of Sports Medicine (ACSM) and the American

Heart Association (AHA) also suggest that people with

arthritis should engage in 30 minutes or more of moder-

ate-intensity aerobic physical activity every day to main-

tain their physical well-being [5, 9].

However, because of the symptoms associated with

arthritis (e.g., joint swelling and stiffness, pain, and limi-

tations in range of motion), exercise can often be painful

for patients with OA [10–12]. Hence, despite the poten-

tial long-term benefits of physical activity for patients

with chronic musculoskeletal pain, it is often challenging

for KOA patients to regularly engage in exercise [13–15].

A recent review described substantial variability in the

painfulness of exercise for patients with chronic musculo-

skeletal pain [16], and qualitative studies note that in-

creased pain is one of the primary reasons for

discontinuing physical activity and exercise programs

[17]. This finding highlights the critical importance of

understanding the patient-level factors that shape the as-

sociation between activity and pain. One such factor is

pain-related catastrophizing; our group and others have

shown that increased levels of sensitivity to physical ac-

tivity (defined as increases in pain during sustained stan-

dardized tasks such as time walking) are linked to

heightened pain catastrophizing and increased disability

[11,18]. Collectively, catastrophizing is one of the most

important prospective predictors of pain outcomes in os-

teoarthritis [19–23].

To date, however, little research has directly evaluated

the role of psychological factors in amplifying or atten-

uating the impact of physical activity on pain.

Catastrophizing is hypothesized to contribute to clinical

outcomes in chronic pain, in part by impacting health

behaviors such as exercise [24]; specifically, the fear avoid-

ance model suggests that catastrophizing about pain ini-

tiates a cycle of pain-related fear, impairment, and

disability [25–28]. However, more recent research has

demonstrated that pain can be context-specific. For exam-

ple, environmental cues and competing goals can impact

avoidance behaviors [29], highlighting the importance of

determining the factors that contribute to daily fluctua-

tions in joint pain among patients with KOA. Diary-based

methodologies are commonly utilized approaches for eval-

uating such associations [30–32] and provide the opportu-

nity to investigate links between cognitive/affective

processes and daily pain outcomes. In this study, we aimed

to investigate the day-to-day association between physical

activity and pain intensity in KOA, and the potential psy-

chosocial moderators (e.g., negative affect, catastrophiz-

ing) of this association. Our specific hypothesis was that

catastrophizing would moderate the relationship between

physical activity and daily knee pain.

Methods

One hundred twenty-one participants with chronic ad-

vanced (i.e., Kellgren-Lawrence grade 3þ) KOA awaiting

unilateral total knee replacement at Brigham &Women’s

Hospital (Boston, MA, USA) were recruited and asked to

complete self-report questionnaires including demo-

graphic psychosocial measures and pain-related scales.

This analysis was part of a larger cohort study evaluating

psychosocial variables predicting postsurgical pain after

total knee replacement (TKR) surgery.

Following the study visit, patients were asked to re-

port their levels of physical activity and pain intensity

once a day for a period of seven days using numeric rat-

ing scales (NRS) on a handheld personal digital assistant

(PDA). The involvement of human subjects in this study

was reviewed, approved, and monitored by the

Institutional Review Board (IRB) of Brigham &

Women’s Hospital (Boston, MA, USA).

Eligibility Criteria
Patients were included if they met the following criteria:

1) age 50 years or older, 2) met the American College of

Rheumatology criteria for knee OA, 3) scheduled to un-

dergo total knee arthroplasty, 4) facility with the English

language that is adequate to complete study procedures,

5) patients taking nonsteroidal anti-inflammatory drugs

or acetaminophen must be on a stable dose one month

before the study, 6) self-report of (current) pain �3 (0–10

scale). Patients were excluded for the following:

1) cognitive impairment preventing completion of study

assessment procedures, 2) myocardial infarction within

the past 12 months, 3) presence of Raynaud’s phenome-

non or severe neuropathy, 4) active vasculitis or severe

peripheral vascular disease, 5) current infection, 6) use of

oral steroids, 7) recent history of substance abuse or de-

pendence, 8) confirmed diagnosis of periodic limb move-

ment disorder or restless legs syndrome, 9) systemic

inflammatory or autoimmune disorders such as rheuma-

toid arthritis and lupus, 10) severe anemia.

Measures

Sociodemographic Data

Sociodemographic information included date of birth;

marital, educational, and current occupational status; du-

ration of OA symptoms; medical comorbidities, etc.

Catastrophizing

The pain catastrophizing scale (PCS) [33] is a widely used

self-report measure of catastrophic thinking associated

with pain. The PCS has shown good psychometric prop-

erties in samples of chronic pain patients and controls

[34,35]. The PCS is a 13-item instrument that uses a five-
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point Likert scale (“not at all” to “all the time”), with

higher scores indicating elevated levels of catastrophiz-

ing. The PCS examines three components of catastroph-

izing: rumination, magnification, and helplessness. Prior

KOA studies have utilized a cutoff point of PCS >16 for

identifying high catastrophizers in representative samples

of KOA patients [23,36]. In our study, 37.8% of patients

were above this cut-point, though the present analyses

utilize PCS scores as a continuous variable.

WOMAC McMaster Universities Osteoarthritis Index

Function

The WOMAC is a self-administered health status meas-

ure that assesses the dimensions of pain, stiffness, and

function (either separately or as an overall index) in

patients with OA of the hip or knee. Each dimension

contains multiple items rated on 100-mm visual analog

scale (VAS). For the current study, we utilized the

WOMAC-function subscale, which contains items relat-

ing to walking, climbing stairs, and performing activities

of daily living. Scores range from 0 to 96 for the total

WOMAC, where 0 represents the best health status and

96 the worst possible status. The WOMAC has been

shown to have good psychometric properties including

good test–retest reliability, internal consistency, and re-

sponsiveness in OA patients undergoing total knee or hip

arthroplasty [37]. The range of WOMAC scores from

this sample is broadly similar to other KOA studies [23].

The Godin-Shephard Leisure-Time Physical Activity

Questionnaire

The Godin-Shephard Leisure-Time Physical Activity

Questionnaire (GSLTPAQ) [38] was developed to clas-

sify physical activities/exercises performed by adults and

to determine their activity levels. Activities are classified

into three subgroups, including “strenuous,”

“moderate,” and “light,” in the Leisure-Time Exercise

Questionnaire, which is practical and easy to fill out.

The Six-Minute Walking Test

In the six-minute walking test (6MW) test, subjects are

asked to cover as much distance as possible in six minutes

while walking laps on a standardized indoor course [11].

Emotional Distress—Anxiety and Depression

Participants completed the Patient-Reported Outcomes

Measurement Information System (PROMIS) anxiety

and depression short forms, which are widely used and

extensively validated [39,40]. The anxiety subscale con-

sists of seven items that ask respondents about the fre-

quency with which they have experienced emotions such

as fear, stress, and anxiety (“never” to “always”). The

depression subscale consists of eight items in which

respondents indicate the frequency with which they

have experienced emotions such as worthlessness, hope-

lessness, and sadness (“never” to “always”). Higher

scores indicate more severe symptoms of emotional

distress.

Pain Intensity

Patients were asked to report their mean levels of daily

knee pain intensity (0 “no pain” to 100 “pain as bad as it

could be”) once per day for a period of seven days using

numeric rating scales (NRS) on a personal digital assis-

tant (PDA, Palm Tungsten E2).

Physical Activity

Patients were asked to report their levels of physical ac-

tivity (0 “not at all active” to 100 “extremely active”)

once a day for a period of seven days using a VAS on a

PDA. The VAS was scored from 0 to 100; similar

patient-reported global physical activity scores have of-

ten been used in pain research [41] and other research

assessing physical functioning [42–44]. Reviews of the

literature on assessment of physical activity in OA

patients note that a number of single-item numeric scales

for measuring global physical activity have been vali-

dated [45,46]. The item used here is most similar to the

patient VAS for physical activity [45,46], but it was mod-

ified to refer to daily physical activity.

Participants completed the electronic daily diary sur-

veys once per day for seven days; participants completed

surveys in the evening and provided ratings (i.e., pain,

physical activity) for the preceding day (e.g., How physi-

cally active were you today?).

Data Analysis
All analyses were conducted using IBM-SPSS v.21.

Descriptive data for continuous variables are presented

as means and standard deviations, and data for categori-

cal variables are presented as percentages. Primary analy-

ses were conducted using multilevel modeling due to the

hierarchical data structure of the present study, in which

repeated measures (level 1 units) were nested within par-

ticipants (level 2 units). Given that multilevel modeling

can account for an unbalanced data structure and/or ran-

dom missing data [47,48], all participants could be in-

cluded in multilevel analyses without using any data

imputation procedure. All multilevel models were built

using daily pain intensity as the dependent (i.e., outcome)

variable. Given that we were interested in examining the

time course of pain intensity responses, we built a multi-

level model in which “physical activity” was first in-

cluded as a level 1 independent variable. Level 2

catastrophizing (i.e., PCS) and negative affect (PROMIS-

anxiety and PROMIS-depression) scores were then added

to the model, which permitted examination of the effects

of physical activity and psychosocial factors on pain

responses. In order to examine whether any relationship

between daily physical activity and daily pain intensity

was influenced by psychosocial factors, two-way (e.g.,
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level 2 catastrophizing * level 1 physical activity) interac-

tion terms were then specified and included in the model.

Results

Descriptive Statistics
Descriptive statistics for study measures are presented in

Table 1 for OA patients. The average age of patients (SD,

range) was 66.3 (8.5, 50–87) years. In this sample,

58.9% of patients were women and 83.9% were white.

Scores on pain, physical activity, and psychological (i.e.,

PCS) measures are comparable to those that have been

observed in previous studies among patients with chronic

pain [49–51]. In terms of missing values, analyses were

also conducted to examine the amount of missing data

for each of the main independent variables

(catastrophizing, physical activity) and for the study out-

come (pain intensity). In our study, the amount of miss-

ing data was very low (i.e., 2% of diary entries were

missing).

Before conducting primary analyses, the potential con-

founding influence of patient demographics (i.e., age,

sex, ethnicity) or negative affect (i.e., anxiety, depression)

on pain responses was examined. Given that none of

these variables was significantly associated with pain

scores (all P > 0.05), they were not included as covariates

in the multilevel models reported below. In addition, we

ran Pearson correlation analysis to explore the relation-

ship between PCS, pain intensity, and physical activity

(weekly average). PCS was significantly correlated with

physical activity and pain intensity (P< 0.05).

We explored the relationship between WOMAC-

function/disability, pain catastrophizing, PROMIS-

depression, PROMIS-anxiety, and pain catastrophizing

(Table 2). WOMAC-function/disability was significantly

correlated with pain catastrophizing and PROMIS-

anxiety (P< 0.05).

In addition, we explored the relationship between the

GSLTPAQ, the 6MW, and pain catastrophizing.

Catastrophizing was significantly negatively corre-

lated with the GSLTPAQ (P< 0.05) and the 6MW

(P< 0.05) (Table 2).

Association Between Catastrophizing and Pain

Results from multilevel modeling (MLM) analyses

revealed a significant main effect of PCS scores, indicat-

ing that higher levels of catastrophizing were associated

with elevated pain responses (B ¼ 0.64, SE ¼ 0.16,

P< 0.001).

Day-to-Day Association Between Physical Activity and

Pain

Results from MLM analyses revealed a significant main

effect of physical activity, indicating that increases in

physical activity by patients were associated with ele-

vated pain responses (B ¼ 0.13, SE ¼ 0.03, P< 0.001).

Moderating Role of Catastrophizing

(Catastrophizing–Physical Activity Interaction)
Results of a subsequent multilevel moderation analysis

revealed that the relationship between physical activity

and pain intensity was moderated by catastrophizing

(B ¼ –0.01, SE ¼ 0.002, P < 0.001) (Figure 1). More spe-

cifically, results indicated that increases in pain on days

of heightened physical activity were more pronounced

among patients with relatively higher levels of cata-

strophizing (Table 3). Patients who are relatively low in

catastrophizing reported an average daily pain intensity

score of 31.3 (on the 0–100 scale) on low–physical activ-

ity days and an average daily pain intensity of 38.8 on

high–physical activity days. This represents a 24% in-

crease in pain intensity on days with high (relative to

low) physical activity for low catastrophizers. In con-

trast, patients who are relatively high in catastrophizing

report an average daily pain intensity of 30.5 on low–

physical activity days and an average daily pain intensity

of 60.5 on high–physical activity days, representing a

98% increase in pain intensity.

In addition, sensitivity analyses indicated that the as-

sociation between physical activity and pain was not

moderated by any other demographic (i.e., age, sex, eth-

nicity) or psychological (i.e., anxiety, depression) varia-

bles (all P> 0.05).

Discussion

As expected, we found that day-to-day increases in physi-

cal activity were associated with heightened levels of pain

intensity among patients with knee pain; this is consistent

with findings from previous KOA studies [52–57]. Most

interestingly, activity-related increases in KOA pain were

more pronounced among patients with high levels of cat-

astrophizing. These results are consistent with previous

work linking activity-related pain with catastrophizing

Table 1. Sample characteristics and descriptive data for main
variables

Ethnicity, % white 83.9

Sex, % women 58.9

Age, y 66.3 6 8.5

BMI, kg/m2 30.82 6 6.31

WOMAC (disability) 43.19 6 21.0

PROMIS-anxiety 42.6 6 79.7

PROMIS-depression 37.0 6 79.6

Catastrophizing (PCS) 14.4 6 12.3

Average daily pain intensity (0–100) 39.1 6 20.5

Average daily physical activity (0–100) 44.3 6 21.3

Godin-Shepard Leisure-Time Physical Activity 26.3 6 30.8

Six-minute walking test distance, feet 915.936 266.53

Average daily pain intensity and physical activity are aggregated scores

across the seven-day diary period, 6SD.

BMI ¼ body mass index; GSLTPAQ ¼ The Godin-Shephard Leisure-Time

Physical Activity Questionnaire; PCS ¼ pain catastrophizing scale; PROMIS

¼ Patient Reported Outcomes Measurement Information System (reported as

T-scores); WOMAC ¼ Western Ontario & McMaster Universities

Osteoarthritis Index.
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among patients with KOA [11]. In addition, catastroph-

izing’s moderating role is consistent with other psychoso-

cial research suggesting that catastrophizing can impact

an array of function-related processes in patients with ar-

thritis and other chronic musculoskeletal conditions [58–

62]. For example, catastrophic thinking can lead to more

unhealthy behaviors and limit response choices, such as

when catastrophic thoughts lead to exaggerated emo-

tional responses, which can lead to avoidance behaviors.

We also observed that catastrophizing was associated

with reduced physical functioning on measures such as

the GSLTPAQ, which assesses daily exercise, the 6MW,

a measure of functional walking ability, and the

WOMAC, which measures patients’ perceived ability to

engage in walking, stair-climbing, housework, and other

daily physical tasks. Collectively, these results indicate

that catastrophizing may exert short-term effects (i.e.,

increases in pain intensity) on activity-related pain and

longer-term effects on KOA patients’ degree of physical

disability.

Our findings suggest that engaging in physical activity

is likely to represent a special challenge for KOA patients

who score high in catastrophizing. High catastrophizing

has been shown in previous studies to be associated with

lower rates of physical activity [63–67] and a greater ten-

dency to engage in sedentary behaviors such as bed rest

[68]. It is possible that these patients might be more likely

to avoid physical activity because of concerns that activ-

ity could exacerbate their pain symptoms and contribute

to worsening disease severity [20,69–71]. In addition,

catastrophizing is associated with greater perceptions of

difficulty in completing movements and activities [72].

Such perceptions may not be entirely unwarranted, as re-

cent studies have shown that catastrophizing and fear

avoidance beliefs are correlated with postural instability

in OA patients [20] and with maladaptive patterns of

muscle activation in other conditions such as chronic low

back pain [73,74]. In addition, catastrophizing does ap-

pear to adversely affect performance in standardized tests

of physical capacity in people with chronic musculoskele-

tal conditions such as arthritis, back pain, and fibromyal-

gia [66,75–78].

Our findings agree with other studies suggesting that

OA patients who are relatively high in catastrophizing

may be particularly susceptible to experiencing flare-ups

over the course of physical therapy or other types of

activity-based interventions [70,79,80]. One potential

mechanism contributing to this effect may be decrements

in exercise-induced hypoalgesia in patients high in cata-

strophizing. Exercise is consistently associated with acute

reductions in pain sensitivity in healthy adults [81–83],

and deficiencies in these endogenous inhibitory pathways

are thought to contribute to the development and

Table 2. Pearson correlations between pain catastrophizing (anxiety, depression) and WOMAC, six-minute test, and Godin-Shepard
Leisure-Time Physical Activity

1. 2. 3. 4. 5. 6.

1. Godin-Shepard Leisure-Time Physical Activity 1

2. Pain catastrophizing (PCS) –0.14* 1

3. WOMAC (disability) –0.16* 0.52** 1

4. PROMIS-anxiety 0.07 0.40** 0.28** 1

5. PROMIS-depression –0.18* 0.42** 0.25** 0.64** 1

6. Six-minute walking test 0.36** –0.21* –0.21** –0.08 –0.16* 1

PCS ¼ pain catastrophizing scale; PROMIS ¼ Patient Reported Outcomes Measurement Information System; WOMAC ¼ Western Ontario & McMaster

Universities Osteoarthritis Index.

*P < 0.05; **P < 0.01.

Table 3. Multilevel model examining the moderating role of
catastrophizing in the association between physical activity
and pain intensity

Fixed Effects b SE t P Value

Intercept 42.7 1.9 21.4 <.001

Level 2

Catastrophizing 0.64 0.16 3.9 <0.001

Level 1

Physical activity 0.13 0.03 4.3 <0.001

Level 2 � level 1

Catastrophizing � physical activity –0.01 0.002 –2.2 <0.05

Values are from the final model.

b ¼ unstandardized regression coefficient.

Low physical
activity

High physical 
activity

Pa
in

0

50

100
Squares = High catastrophizers

Circles = Low catastrophizers

Figure 1. Interaction effects between daily pain intensity, physi-
cal exercise, and catastrophizing.
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maintenance of some chronic pain conditions [84,85].

Several recent studies have shown that high pain cata-

strophizing predicts deficits in exercise-associated hypo-

algesia [79,86], which may contribute to our

observations of larger activity-provoked increases in knee

pain among patients with high PCS scores.

Collectively, these findings suggest that minimizing

patients’ catastrophic thoughts might contribute to atten-

uating physical activity–related pain flares and augment

the overall impact of activity-based treatment programs.

Given that increased physical activity, exercise, weight

loss, and physical therapy are commonly recommended

treatments, interventions that promote compliance with

such treatments could have substantial and widespread

benefits for KOA patients [6,8,87]. Studies on chronic

pain management indicate that functional activities tai-

lored to individual needs might be more effective for im-

proving pain and disability [88,89] than general

recommendations on physical activity, and such tailoring

should take into account psychosocial factors such as cat-

astrophizing. Overall, the findings of this study have

implications for understanding the psychological mecha-

nisms underlying physical activity behaviors in the con-

text of pain. Some researchers have suggested that

anxiety and depression are associated with decreased lev-

els of physical activity; however, the role of pain-negative

cognitions (e.g., catastrophizing) is not well studied. This

study offers a framework on the potential mechanisms

affecting sedentary behaviors in patients with OA pain.

For example, it seems that negative cognitions on pain

lead to less physical activity, which as a result can lead to

sedentary patterns of behaviors and unhealthy habits in

patients with OA. We hope that these findings will stimu-

late further investigation into the interaction of psycho-

logical and physiological outcomes in the context of

chronic pain and assist in the design of future physical ac-

tivity–based interventions.

However, the limitations of this study should be con-

sidered when interpreting these results. For instance, we

assessed only subjective self-reported physical activity in

the present study. Prior work in samples of chronic pain

patients suggests that there is suboptimal agreement be-

tween subjective physical function and objective physical

function in patients with chronic pain, and the magnitude

of such discrepancies is related to negative cognitive fac-

tors such as catastrophizing [64]. We did observe that

catastrophizing was associated with reduced perfor-

mance on an objectively measured standardized walking

task; future studies in this area may benefit from the use

of combined self-report and objective accelerometer-

based data when assessing physical activity [90]. Another

study limitation is that we recruited patients awaiting

joint replacement, reflecting a population with advanced

OA that might not be representative of all OA patients.

However, prior community-based studies of KOA sam-

ples with less advanced disease have shown that patients

report similar levels of catastrophizing [23]. In addition,

our sample does have substantial variability in the func-

tional impact of OA, and controlling for physical func-

tioning scores (e.g., WOMAC) in our analyses did not

alter the findings, suggesting that the amplifying effect of

catastrophizing on activity-associated pain is observed

even in patients with less functionally impairing symp-

toms. Finally, we do not have physiological mechanism–

based data (e.g., information regarding posture, gait,

muscle strength, or exercise-induced hypoalgesia), which

might illuminate some of the pathways by which the ob-

served associations unfold. Despite these limitations,

however, the current results are encouraging, and we

hope that they will stimulate further investigation into

the links between psychological factors and physical ac-

tivity in shaping the experience of chronic pain.
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