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Purpose: To examine the relationship between baseline kinesiophobia and baseline pain

catastrophizing with the 4-day average activity intensity at different times of the day while

accounting for different wake and sleep-onset times in chronic pain patients.

Methods: Twenty-one participants suffering from idiopathic chronic pain completed base-

line questionnaires about kinesiophobia, catastrophizing, disability, depression, and pain. We

measured the participants' activity using accelerometers and calculated activity intensity in

the morning, afternoon, and evening. We performed a 2-way repeated measures ANOVA to

compare activity levels at different times of the day, and multiple linear regressions.

Results: Baseline kinesiophobia was significantly associated with 4-day average evening

light activity and sedentary activity at all time periods while baseline catastrophizing was

significantly associated with increased 4-day average light activity in the evening and more

moderate to vigorous activity in the morning. Our participants engaged in more light activity

on average than sedentary activity, and very little moderate-vigorous activity. Participants

were most active in the afternoon.

Conclusion: Baseline kinesiophobia and baseline catastrophizing were not associated with

the 4-day average total daily activity; however, they were associated with 4-day average

activity intensities at different times throughout the day. Segmenting daily activity into

morning, afternoon, evening may influence the relationship between daily activity, and

kinesiophobia and pain catastrophizing. Individuals with chronic pain are less sedentary

than previously thought which may affect future interventions.
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Introduction
Chronic pain is a complex condition that can negatively impact many aspects of an

individual's life.1 Chronic pain has physical consequences (such as loss of inde-

pendence, reliance on pain medication, reduced physical capacity), and psycholo-

gical consequences (such as emotional distress, insomnia, and impaired social and

work-related function).2–4 Sedentary behaviour resulting from chronic pain is

linked to increased depressive symptoms. For example, inactive individuals have

double the chance of developing depressive symptoms compared to healthy

individuals.5,6 People who experience chronic pain live a more sedentary lifestyle

compared to the general population, leading to several health conditions such as

cardiovascular disease, obesity, type II diabetes, cancer, and decreased quality of

life.7–9
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Most multidisciplinary clinics that treat chronic pain

focus on improving function; therefore, accurately measur-

ing function is critical. Assessments of physical activity or

physical function can be self-reported questionnaires, clinical

tests, or accelerometers. Questionnaire-based assessments of

physical function, such as the Pain Disability Index (PDI)10

and the 36-Item Short Form Health Survey (SF-36),11 are

often used as a cost-effective strategy to assess subjective

physical function in the chronic pain population.

Questionnaire-based assessments are a qualitative method

of assessment and are open to interpretation or bias from

the patient.8,12 An objective, but more expensive alternative,

is the free-living assessment of physical activity and function

using wearable accelerometers.13 Increasing function

through activity participation and enhancing quality of life

are treatment goals for the chronic pain population, but fear

of movement or re-injury (kinesiophobia) can hinder rehabi-

litation outcomes.14

Kinesiophobia and pain catastrophizing are related to

rehabilitation outcomes in chronic pain, but the relationship

between kinesiophobia and pain catastrophizing, and activ-

ity is unclear.14–17 In the chronic pain population, kinesio-

phobia is more disabling than pain itself,15 thus, prolonging

rehabilitation and worsening the chronic pain

experience.15,18,19 Due to the association between kinesio-

phobia and disability,20 treatment has focused on increasing

activity levels, quantifying activity goals, and changing

patients’ behaviours and perceptions towards pain, rather

than solely focused on decreasing pain levels.21–23

Changing patients’ behaviour is challenging and involves,

for example, explaining to the patient that just because they

are in pain, it does not mean they should limit their

activity.24 The association between kinesiophobia and phy-

sical activity implies that people with chronic pain are less

likely to participate in an active lifestyle.25 However, the

relationship between kinesiophobia and pain catastrophiz-

ing, and daytime movement is inconsistent in the literature.

The relationship between kinesiophobia, pain catastrophiz-

ing, disability, and depression and total activity is complex.

Song et al (2012) and Elfving et al (2007) indicate there is

a relationship between kinesiophobia, pain catastrophizing,

disability, and depression and activity levels,5,26,27 while

Carvalho et al (2017) suggest there is no association.26 The

inconsistency in these results may be due to the methodol-

ogy of activity measurement. Individuals in chronic pain

experience sleep disturbances in the form of varying wake

times, several night-time awakenings, poor sleep efficiency,

and general insomnia.28,29 Therefore, collecting activity data

during the time each participant is awake may be more

accurate than standard time periods (ie, morning from 6am

to 12pm). Previous authors suggest future projects should

investigate the influence of perceived disability and kinesio-

phobia on the activity levels of people with chronic pain

using both questionnaires and accelerometers to assess activ-

ity intensity and disability.13,30 To date, there are no studies

that associate kinesiophobia and pain catastrophizing to

daily activity segmented by time of day and activity intensity

using an accelerometer to assess the activity habits of indi-

viduals with chronic pain.

The purpose of our study is to determine if measuring

activity based on wake and sleep times and by separating

activity into the morning, afternoon, and evening would

influence the relationship between baseline kinesiophobia

and baseline pain catastrophizing, with activity in chronic

pain patients. The a priori hypotheses include: 1) People

who suffer from chronic pain will participate in more

activity in the afternoon compared to the morning and

evening, and 2) Baseline kinesiophobia or baseline cata-

strophizing and self-reported disability is associated with

sedentary, light, and moderate-vigorous physical activity

in the morning, afternoon, and evening.

Materials and Methods
Participants
We recruited 40 participants from a waiting list for

a multidisciplinary chronic pain program, which has

occurred in other studies.31,32 All participants suffered

from idiopathic chronic pain, which is characterized as

pain not related to any known disease or injury and pain

that cannot better be explained by another chronic pain

condition, experienced at least once a week during the last

3 months.33 Participants were included in this study if they

were on the waiting list for a chronic pain treatment pro-

gram which includes being diagnosed with idiopathic

chronic pain. The chronic pain treatment program requires

patients to participate for five days a week for at least 6 hrs

a day, so participants were typically unemployed or on

disability leave. Exclusion criteria included the consump-

tion of recreational drugs, being clinically diagnosed with

a sleep disorder or seasonal affective disorder, and a current

prescription of a sleep aid regimen. Our study was part of

a larger study evaluating the relationship between sleep and

chronic pain. This study was approved by the Centre de

Recherché Interdisciplinaire en Réadaptation du Montréal

metropolitain (CRIR-759-0812).
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Outcome Measures
Tampa Scale of Kinesiophobia (TSK)

The TSK is a 17-item questionnaire designed to assess

a patient’s fear of movement or (re)injury. The total

score ranges from 17 to 68, participants with higher scores

are rated as having greater fear of movement. Score cate-

gories for the TSK include: 13–22, subclinical; 23–32,

mild; 33–42, moderate; 43–52, severe.34

Pain Catastrophizing Scale (PCS)

The PCS is a 14-item questionnaire. Participants are asked to

rate the thoughts and feelings they experience when in pain

using a 5-point Likert scale. The PCS total score ranges from

0–52 and is calculated by summing all items. Pain catastro-

phizing scores can be categorized into rumination, magnifi-

cation, and helplessness, but for the purposes of this study

total scores were used in all analyses. The TSK and PCS

have been used in chronic pain populations,35,36 and have

been correlated to poor rehabilitation outcomes, missed

work, and decreased activity in chronic pain patients.14

Beck Depression Inventory (BECK)

The BECK is a 21-item questionnaire designed to measure

the severity of a person’s depression. Scores range from

0–63, with a score of 10–18 indicating mild depression,

a score of 19–29 indicating moderate depression, and

a score greater than 30 indicating severe depression. The

BECK has demonstrated good validity and internal con-

sistency in the chronic pain population.37

Pain Disability Index (PDI)

The PDI is a 7-item questionnaire designed to measure

perceived disability. Participants rate how pain interferes

with their functioning in family/home, responsibilities,

recreation, social activities, occupation, sexual behaviors,

self-care, and life-support activities. Scores range from 0

to 70, a higher score suggests a higher level of disability

due to pain.38

McGill Pain Questionnaire (MPQ)

The MPQ consists of 78 words that describe qualities of

the pain experience. Participants describe the quality and

intensity of their pain by selecting the words that best

describe their pain experience. Scores range from 0–78,

with higher scores indicating higher levels of pain.14

Activity

We assessed activity using the Actiwatch Score

(Respironics, Oregon, USA), a wrist-worn activity monitor

with a built-in accelerometer. The Actiwatch Score

continually detects and logs movement as activity counts.

The Actiwatch was configured to collect activity counts

each minute with a one-minute epoch length. The wake

threshold (at what intensity the accelerometer will record

movement) was set at 20 activity counts per minute.39 We

placed the Actiwatch on the wrist to measure activity in our

participants similar to previous studies.40 Some authors

suggest that measuring activity in an older or more physi-

cally limited population the wrist is the preferred location

compared to the waist. As indicated above, our study is part

of a larger study that examined sleep habits in the chronic

pain population. Participants accelerometer data were

included if they completed four non-consecutive days of

24 hrs wear time (3 weekdays and 1 weekend day).

Procedures
All participants provided written informed consent, and

that this study was conducted in accordance with the

Declaration of Helsinki. The participants completed the

questionnaires described above, once, on the first day of

the study. Age and sex were self-reported, and height and

weight were measured by study staff to calculate body

mass index (BMI). After completing the questionnaires,

the participants received the accelerometer watch and were

instructed to wear the watch on their non-dominant wrist

for 24 hrs a day for seven consecutive days, and to only

remove the watch for bathing purposes. Participants were

instructed to follow their regular daily routines even if it

included exercise for the entire seven-day period. Caffeine

and tobacco consumption were permitted; however, alco-

hol and illicit drugs were not permitted.

Participants were asked to keep a sleep diary recording

the approximate time they woke up and fell asleep

each day. The participants were informed that the accel-

erometer would evaluate their sleep at night but were not

told that the accelerometer would always be on and mea-

sure movement data during the day. Therefore, the parti-

cipants were partially blinded to the activity data

collection during the day, which we hoped would contri-

bute to a true measure of activity for the participants. See

Figure 1 for a research timeline.

Data Analysis
All data from the Actiwatch were downloaded and raw

activity data were exported from the Actiware software

(Respironics, Bend, Oregon) to a Microsoft Office Excel

spreadsheet and arranged by day. Daily activity was

divided into three segments. The morning segment started
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from each individual's wake-onset to 12:00pm, the after-

noon segment was 12:00pm–6:00pm, and the evening was

6:00pm – sleep-onset of each participant. Wake and sleep-

onset times were calculated based on the sleep diaries and

cross-referenced with the readings from the accelerometer.

Activity data were segmented into the three categories

based on the number of activity counts.41 In accordance

with previous studies, four non-consecutive days of data

were included (three weekdays and one weekend day)

therefore activity was averaged over 4 days.13 Sedentary

time was defined as ≤100 activity counts per minute, light

activity was defined as between 101 and 1535 activity

counts per minute, and moderate-vigorous activity was

defined as any activity counts above 1535 counts

per minute.41 We included naps in the daily activity

because napping behaviour is prominent in the chronic

pain population and we wanted to gather data on a full day’s

activity. Questionnaire data for the TSK, PCS, MPQ, and

PDI were transferred from the questionnaire recording

sheet to a Microsoft Office Excel spreadsheet for analysis.

Statistical Analysis
In this study, we conducted one 2-way repeated measures

ANOVA to evaluate the differences between morning,

afternoon, and evening activity, and sedentary, light, and

moderate-vigorous activity intensity. Normality was tested

with Mauchly’s test of sphericity; if normality was violated,

the Greenhouse-Geisser correction was used. When signifi-

cance was identified, Tukey’s post hoc test was used to

identify any significant differences among the nine means.

Multiple linear regressions were used to predict the

daily average (1) sedentary, (2) light, (3) moderate-

vigorous activity, and (4) total overall activity in separate

models. All models controlled for age, sex, BMI, and Beck

depression scores. Models additionally included TSK and

PDI, or PCS and PDI. For all models, the variance infla-

tion factor (VIF) was checked to confirm that multicolli-

nearity was not present.

Results
A total of 19 participants were excluded due to incomplete

questionnaires or missing accelerometer data. One person

requested to be withdrawn from the study. Therefore, a total

of 21 participants completed our research study (males = 6,

females = 15, age = 45.6±11.7 years, BMI = 26.9±7.7 kg/m2).

There were no statistically significant differences between

male and female groups in age, sex, height, weight, or BMI,

nor were there statistically significant sex differences between

Day 1
Complete questionnaires

Pick up accelerometer 
watch

Day 2
Measure daily activity

Record sleep diary

Day 3
Measure daily activity

Record sleep diary

Day 4
Measure  daily activity

Record sleep diary

Day 5
Measure daily activity

Record sleep diary

Day 6
Measure daily activity

Record sleep diary

Day 7
Return accelerometer 

watch

Data Collection Timeline Variables

Baseline
Sex, Age, BMI

TSK, PCS, MPQ, BECK, 
PDI

4 day average daily 
activity (three weekdays 
and one weekend day)

Morning Activity
Wake onset – 11:59am

Afternoon
Sedentary Activity

Light Activity
Mod-Vig Activity

Afternoon Activity  
12:00pm – 5:59pm

Evening Activity
6:00pm – Sleep onset

Evening
Sedentary Activity

Light Activity
Mod-Vig Activity 

Analysis

Total Daily Activity
Wake onset – Sleep onset
Segmented by time of day

2-way repeated 
measures ANOVA 

(Time of day X  
Activity intensity)

Regression Analysis

Control variables: 
Sex, Age, BMI, TSK, 

PCS, BECK, PDI

Morning
Sedentary Activity

Light Activity
Mod-Vig Activity 

Activity Segmented by 
intensity

Dependent 
Variables

Figure 1 A research timeline indicating the variables taken at baseline include sex, age, BMI, TSK, PCS, MPQ, BECK, and PDI. Daily activity from three weekdays and one

weekend day was averaged and segmented by time of day. Day time included the entire time from wake-onset to sleep-onset. Day time was segmented into morning,

afternoon and evening, activity was segmented by sedentary, light, and moderate to vigorous activity.

Abbreviations: BMI, body mass index; TSK, Tampa Scale for Kinesiophobia; PCS, Pain Catastrophizing Scale; PDI, Pain Disability Index; MPQ, McGill Pain Questionnaire;

Mod-Vig, moderate-vigorous.
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TSK, PCS, BECK, PDI, or MPQ scores. Due to the different

group sizes and the similarities between male and female

groups, we have selected to pool both males and females in

all subsequent analyses. See Table 1 for full demographic

information.

The results of the 2-way repeated measures ANOVA

using time of day and activity data violated the assumption

of normality; thus, results incorporating the Greenhouse-

Geisser correction are exclusively presented here. The

2-way repeated measures ANOVA indicated there was

a statistically significant interaction between time of day

and activity intensity [F (2.54,50.96) = 10.26, p <0.001],

and a statistically significant main effect of time of day

[F (1.12,22.49) = 5.79, p =0.02] and activity intensity

[F (1.22,24.55) = 110.20, p <0.001]. Overall, individuals

with chronic pain participated in more average light activ-

ity than sedentary activity over a 4-day period, and very

little moderate-vigorous activity. Of note, chronic pain

patients were most active in the afternoon, in which they

participated in more minutes of light activity than other

activity intensities at all times of the day. See Table 2 for

all comparisons between 4-day average activity intensity

at different times of the day.

Further exploration of activity intensities and time of day

in multiple linear regression models indicated that the

associations between baseline TSK or PCSwith activity inten-

sity also varied by time of day. All analyses adjusted for sex,

age, BMI, PDI and Beck depression scores as previously

mentioned. Greater baseline TSK was associated with signifi-

cantly less 4-day average sedentary activities in the morning,

afternoon, and evening (B = −4.59, B = −3.35, and B = −4.19,

respectively, all p <0.05). In contrast, greater baseline TSK

was associated with greater 4-day average light activity in the

evening only (B = 6.18, p = 0.02) and greater moderate-

vigorous activity in the morning and evening (B = 0.19 and

B = 0.16, respectively, both p <0.05) (Table 3).

Greater baseline PCS was associated with significantly

less 4-day average sedentary activity in the morning (B =

−4.30, p = 0.03), and greater light activity in the evening

(B = 4.2, p = 0.02), and greater moderate-vigorous activity

in the morning (B = 0.14, p = 0.03) (Table 4). Neither the

TSK model nor PCS model were significant predictors of

total daily activity (Table 5)

Discussion
The results of our regression analysis indicated that base-

line kinesiophobia was associated with 4-day average

evening light activity, but not morning or afternoon light

activity and baseline pain catastrophizing was associated

with 4-day average sedentary and moderate-to-vigorous

Table 1 Demographics, Questionnaire Results (TSK, PSC, BECK, PDI, MPQ), Minutes of Activity, and Sleep Variables in a Group of

Chronic Pain Patients Awaiting Treatment in a Multidisciplinary Clinic

Females (N = 15) Males (N = 6) Total (N = 21) p-value

Age (years) 51.0 ± 9.0 44.7 ± 12.5 46.5 ± 11.7 0.27

Height (cm) 164.4 ± 7.9 165.3 ± 5.9 164.7 ± 7.3 0.80

Weight (kg) 72.7 ± 25.5 75.3 ± 12.9 73.4 ± 21.5 0.81

BMI (kg/m2) 26.6 ± 8.1 27.7 ± 5.5 26.9 ± 7.7 0.78

TSK (17–68) 45.8 ± 8.5 49.7 ± 4.8 46.9 ± 7.7 0.31

PCS (0–52) 27.9 ± 12.7 38.2 ± 13.6 30.8 ± 13.5 0.12

BECK (0–63) 21.8 ± 16.6 24.5 ± 15.8 22.6 ± 16.0 0.74

PDI (0–70) 43.6 ± 11.3 42.8 ± 13.3 43.3 ± 11.6 0.89

MPQ (0–78) 39.6 ± 16.0 34.8 ± 9.3 38.2 ± 14.4 0.51

Sedentary (mins) 343.8 ± 117.5 379.9 ± 97.4 354.1 ± 111.0 0.52

Light (mins) 487.6 ± 125.8 476.2 ± 108.7 484.4 ± 118.6 0.85

Mod-vig (mins) 8.9 ± 14.4 9.0 ± 12.5 8.9 ± 13.6 0.98

Total activity (mins) 840.3 ± 106.9 865.2 ± 101.4 847.5 ± 103.5 0.63

Wake onset (time) 7:31 ± 91 mins

Sleep onset (time) 23:18 ± 66 mins

Sleep length (hrs: mins) 8:36 ± 76 mins

Notes: Values reported in means ± standard deviation. There is no statistically significant difference between male and female groups in any variable.

Abbreviations: N, sample size; cm, centimetres; kg, kilograms; m, metres; BMI, body mass index; TSK, Tampa Scale for Kinesiophobia; PCS, Pain Catastrophizing Scale; PDI,

Pain Disability Index; MPQ, McGill Pain Questionnaire; Mod-Vig, moderate-vigorous; hrs, hours; mins, minutes.
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activity in the morning, and light evening activity. In

addition, baseline kinesiophobia was associated with

4-day average sedentary activity in the morning, after-

noon, and evening, and neither baseline kinesiophobia

nor baseline pain catastrophizing were associated with

4-day average total daily activity. Our findings indicate

that chronic pain patients’ baseline kinesiophobia and

baseline pain catastrophizing measured once at beginning

of the study are associated with the 4-day average of

different activity intensities at different times of the day.

Future research should investigate the significant relation-

ship between baseline kinesiophobia and the 4-day aver-

age of light activity in the afternoon and the influence this

relationship has on rehab interventions. Of interest is the

finding that the most activity our chronic pain patients

participated in was light activity in the afternoon, but the

regression results suggest that baseline levels of kinesio-

phobia and baseline pain catastrophizing are not asso-

ciated with the 4-day average of light activity in the

afternoon. This may be explained by the amount of activ-

ity in the afternoon our participants engaged in, it is

possible that our participants were more active in the

afternoon, leading to an exacerbation of their pain and

more sedentary activity in the evening. Chronic pain has

been linked to changes in the brain (specifically in the

anterior cingulate cortex) suggesting that pain may cause

avoidance behaviours.42 It is possible that the chronic pain

population may become mentally and physically tired

during the evening time leading to increased avoidance

behaviours as a result of increased pain in the evening,

especially if these patients engage in more activity in the

afternoon.

The regression results are similar to other studies that

found no association between baseline kinesiophobia and

baseline pain catastrophizing, and 4-day average total

daily activity,26 but our results indicate a significant

negative relationship between baseline kinesiophobia and

4-day average sedentary activity at all times of the day.

This important finding suggests that chronic pain patients’

activity habits are affected by their baseline level of kine-

siophobia and baseline pain catastrophizing. Baseline

kinesiophobia was positively associated with more min-

utes of light activity suggesting that individuals who par-

ticipate in higher intensity activities may be more aware of

their chronic pain and experience increased fear of move-

ment while engaging in higher intensity activities.

Individuals who choose higher intensity activities may

understand the importance of physical activity in the treat-

ment of their pain and engage in these activities despite

their kinesiophobia. In contrast, individuals who choose

sedentary activity are not engaging in any activity and as

a result have less fear of movement because they are

sedentary. Our results suggest that it is important to inves-

tigate activity intensity at different times of the day since

the relationship between baseline kinesiophobia, baseline

pain catastrophizing and 4-day average activity changes

depending on the time of day.

Our chronic pain population engaged in more 4-day

average light activity than sedentary activity, contradict-

ing previous work indicating that individuals with

chronic pain live a primarily sedentary lifestyle.8 In

addition, our chronic pain population engaged in more

4-day average afternoon light activity compared to the

morning and evening activity, agreeing with previous

work suggesting people with chronic pain have higher

movement intensity in the afternoon.13 Another study

which assessed acceleration (via accelerometers) as

their dependent variable found that chronic pain patients

participate in higher average acceleration in the morning

than the afternoon and evening.43 Comparing activity of

chronic pain participants across studies is difficult due

to methodological differences in the measurement of

Table 2 A 2-Way Repeated Measures ANOVA Between 4-Day Average Activity Intensity (Sedentary, Light, and Moderate-Vigorous)

and Time of Day (Morning, Afternoon, and Evening)

Movement Type Morning Afternoon Evening Total

Sedentary 109.9 ± 47.2* 93.6 ± 46.1*,§ 150.6 ± 55.1§,|| 354.1 ± 111‡,†

Light 132.4 ± 50.6*,† 190.4 ± 58.5*,† 161.6 ± 61.0|| 484.4 ± 118.6‡

Mod-vig 1.5 ± 2.1* 5.0 ± 7.5* 2.4 ± 5.9*,|| 8.9 ± 13.6†

Total 243.9 ± 70.7 289.0 ± 61.3 314.6 ± 64.2 847.5 ± 103.5

Notes: Values represent the 4-day average activity of a chronic pain population with associated standard deviations. *Indicates a significant difference between afternoon

light activity and all morning activity, afternoon sedentary and moderate-vigorous activity, and evening moderate- vigorous activity; †Indicates a significant difference between

afternoon light activity and morning light activity; ‡Indicates a significant difference between total light and total sedentary activity; §Indicates a significant difference between

sedentary activity in the afternoon and evening; ||Indicates a significant difference between sedentary, light, and moderate-vigorous activity in the evening. All data reported in

means ± standard deviation and significant differences were significant at p < 0.05.
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activity, but most authors agree that the activity level of

a person suffering from chronic pain varies in intensity

throughout the day.8,13,43

Our chronic pain population participated in 354.1±111

mins of sedentary activity averaged over a 4-day period,

in contrast, sedentary activity from a robust sample of

Canadians was reported to be 570–588 mins, highlighting

our implication that individuals with chronic pain live

a less sedentary lifestyle than previously reported.41 See

Table 6 for study comparisons. This result was surprising

given the severe health status of our participants, who had

higher scores for kinesiophobia, catastrophizing, and

depression compared to other studies.44–47 Our chronic

pain population engaged in, on average, 484.4±118.6

mins of light activity over a 4-day period, whereas the

large Canadian sample reported light activity as 245–258

mins, suggesting that our chronic pain population parti-

cipated in more light activity than the Canadian

population.41 Another study suggested that individuals

with chronic pain participate in similar levels of seden-

tary and light activity compared to the general

population.48 However, individuals with chronic pain

are presumed to avoid movement so they do not aggra-

vate their pain. Our finding that individuals in chronic

pain are less sedentary compared to a healthy population

is surprising, but this may be more of a statement about

physical activity levels in the general population. One

explanation may be that a healthy population is typically

employed in a sedentary job,49,50 whereas our study par-

ticipants were generally unemployed, and thus may have

participated in more frequent light activity (ie, house-

work, errands, etc.). There is evidence to supporting little

or no relationship between physical function and pain.51

Therefore, future interventions encouraging physical

activity in chronic pain patients may be influenced by

the quantity, intensity, and the time of the day this popu-

lation participates in physical activity. Perhaps interven-

tions aimed at increasing activity in the afternoon are

better tolerated by the chronic pain population than ori-

ginally thought.

Measuring activity based on individual wake and

sleep-onset times, and across three separate time periods

Table 5 Linear Regression Results for Total Daily Activity as the

Dependent Variable with Results from Both a Model with TSK

and PCS as Independent Variables While Controlling for PDI,

Age, Sex, BMI, and BECK

Variable R2 Total Daily Activity

B SE B β P value

0.410 0.82

TSK −3.01 4.22 −0.224 0.49

PDI −1.16 2.64 −0.131 0.67

Age 1.83 2.36 0.208 0.45

Sex −20.93 57.93 −0.094 0.72

BMI 2.47 3.64 0.176 0.51

BECK 0.221 2.30 0.034 0.93

0.318 0.87

PCS 1.18 3.64 0.155 0.75

PDI −0.542 2.56 −0.061 0.84

Age 1.94 2.49 0.221 0.45

Sex −0.644 68.05 −0.003 0.99

BMI 3.21 3.68 0.229 0.40

BECK −1.51 2.97 −0.236 0.62

Note: Neither the TSK model nor the PCS model was a significant predictor for

total daily activity.

Abbreviations: TSK, Tampa Scale for Kinesiophobia; PCS, Pain Catastrophizing

Scale; PDI, Pain Disability Index; BMI, Body Mass Index; R, effect size; B,

Unstandardized Beta; SE, Standard Error; β, Standardized Beta.

Table 6 Study Comparison Between Age, Height, Weight, BMI, and Daily Activity between the Current Study and a Study by Colley

et al (Health Reports, 2011)37 in the General Canadian Population

Colley et al37 Current Study Colley et al37 Current Study

Men (40–59 y/o) Men (N = 6) Women (40–59 y/o) Women (N = 15)

Age (years) 48.3 51.0 ± 9.0 49.5 44.7 ± 12.5

Height (cm) 175.5 164.4 ± 7.9 162.6 165.3 ± 5.9

Weight (kg) 86.3 72.7 ± 25.5 70.3 75.3 ± 12.9

BMI (kg/m2) 28 26.6 ± 8.1 26.6 27.7 ± 5.5

Sedentary (mins) 570 379.9 ± 97.4 588 343.8 ± 117.5

Light (mins) 258 476.2 ± 108.7 245 487.6 ± 125.8

Mod-vig (mins) 27 9.0 ± 12.5 21 8.9 ± 14.4

Total activity (mins) 855 865.2 ± 101.4 854 840.3 ± 106.9

Notes: Values reported in means ± standard deviation (where available). Comparison data from Colley et al.37

Abbreviations: y/o, years of age; N, sample size; cm, centimetres; kg, kilograms; m, metres; BMI, body mass index; Mod-Vig, moderate-vigorous; mins, minutes.
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during the day is a strength of our research. Some previous

authors measured morning activity, for example, from 6am

to 12pm, without accounting for variability in wake-onset

time.13,52 Our chronic pain population experienced wake

and sleep-onset times with high variability, which is con-

sistent with previous research indicating the chronic pain

population often experiences disrupted sleep and inconsis-

tent sleep patterns.4 In our study, average wake time was

7:31am, so segmenting morning data using a 6am–12pm

window would inflate the amount of sedentary activity in

the morning because 90 mins of activity would have been

recorded when the participants were asleep. Napping is

different than sleeping because naps may be planned or

unplanned, and sleeping is intentional behaviour to go to

sleep. Further, the standard deviation around the average

wake time was plus or minus 90 mins indicating there was

a large variation in the wake times of our participants, this

high variability also suggests that using individual wake

and sleep-onset times would better capture the activity

habits of the chronic pain population.

It is important to note the severe health status of our

participants. For example, our participants’ kinesiophobia

scores fell into the severe category (43–52 on the TSK)

and were markedly higher compared to another study of

912 chronic pain sufferers whose scores fell into the

moderate category (33–43).34 Further, our chronic pain

population suffered from more pain catastrophizing

(higher PCS scores than the referenced study) than

a group of 60 subjects from an outpatient chronic pain

treatment group.14,44,45 Additionally, our participants had

higher depression scores (higher BECK scores than the

referenced study), reported more severe subjective ratings

of pain (higher MPQ scores than the referenced study),

and more severe subjective perceptions of disability

(higher PDI scores than the referenced study) than the

previous literature in chronic pain populations.14,45–47

Nevertheless, our participants were most active in the

afternoon engaging in light activity, and they participated

in less sedentary activity compared to the general

Canadian population.41

Our findings have important clinical implications, 1)

Practitioners who encourage chronic pain patients to par-

ticipate in activity must be aware that these patients will

have higher kinesiophobia and pain catastrophizing, even

when participating in higher intensity activity, and 2) our

pain patients participated in the most light activity in the

afternoon, so clinicians may be more successful at sche-

duling activity interventions in the afternoon.

Limitations
The severe health status of the participants in our study

limits the generalizability of the results. Our study also

included more women than men, but women tend to experi-

ence more chronic pain, especially fibromyalgia, so the

demographic characteristics of our sample are similar to

the general chronic pain population.2,53 We used a low

wake threshold of 20 counts per minute to collect activity

data from our participants. The low wake threshold was

a feature of the Actiwatch Score designed to measure

sleep in this particular population, which may affect the

movement counts. Although the study sample of 21 parti-

cipants is relatively small, the previous literature suggests

a minimum of 12 subjects would be needed in these models

to minimize bias in the regression coefficients.54 Recruiting

subjects from a wait list may affect the results since this

would be a sample of participants that are seeking treat-

ment. Previous studies have approached subjects on a wait

list in order not to withhold treatment for research

purposes.31,32 However, most chronic pain subjects have

interacted with multiple clinicians and are often seeking

additional treatment options but their choice of seeking

treatment may affect the results of this study. We did not

conduct a power calculation a priori so these results must be

interpreted with caution.

Conclusion
By evaluating 4-day average activity based on time

of day (morning, afternoon, and evening) and by incor-

porating individual wake-sleep onset times we were able

to demonstrate that baseline kinesiophobia is associated

with 4-day average evening light activity and sedentary

activity during the day. In addition, baseline catastrophiz-

ing was significantly correlated with more 4-day average

light activity in the morning and more moderate to vig-

orous activity in the evening. Another key finding was

that the participants with chronic pain are less sedentary

than previously thought. Despite the severe health status

of the chronic pain population in our research, our parti-

cipants engaged in more 4-day average light activity than

sedentary activity. The different results with total daily

activity and daily activity categorized by time of day and

activity intensity demonstrate the importance of separat-

ing daily activity by wake and sleep times, time of day,

and activity intensity in the chronic pain population in

future studies.
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