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Abstract
Objective—To examine the daily life patterns of both pain and fatigue symptoms and objective
physical activity (using ambulatory monitoring) in women with symptomatic lower extremity
osteoarthritis (OA), and to evaluate how momentary symptoms impact physical activity levels.

Methods—Sixty women age ≥55 years (40 with knee or hip OA and 20 matched controls)
participated in an observational study involving 2 laboratory visits and a 5-day home data
collection period. During the home period physical activity levels were assessed continuously, and
symptoms were inputted 6 times a day into an enhanced accelerometer at prespecified time points.

Results—In the OA group as compared with the control group over the 5-day period, average
physical activity was significantly lower (P = 0.02) and peak physical activity tended to be lower
(P = 0.06). Although pain and fatigue overall were of moderate severity in this cohort, fatigue
escalated throughout each day. In a hierarchical linear model, fatigue was most strongly associated
with physical activity (β = −30.1, P < 0.0001). Pain was more weakly associated with physical
activity and in the direction opposite to what was hypothesized (β = 16.9, P = 0.04).

Conclusion—Momentary reports of fatigue negatively predicted physical activity levels and
were much more strongly related to physical activity than momentary pain. In order to help
women with knee or hip OA manage symptoms and become more physically active, it may be
important to emphasize fatigue management.

INTRODUCTION
Arthritis affects approximately 43 million adults in the US and is a leading cause of
disability (1,2). Arthritis treatment is associated with a large economic burden (estimated at
$86 billion in 1997) (3), which will likely become even greater with the projected increase
of arthritis to 20% of the US population by 2030 (4).
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In order to slow arthritis disease progression and disability, national efforts have focused on
increasing physical activity (5). The health benefits of engaging in physical activity are well
established and include maintenance of joint health and decreased severity of other common
chronic health conditions (6–9). Among adults with arthritis, lack of regular physical
activity is a risk factor for functional decline (10). Even participation in low-intensity
activities has been found to be protective against the development of difficulty in activities
of daily living such as stair climbing, walking, and bathing over a 2-year period (11).

Disease-associated symptoms pose obstacles to enhancing physical activity in arthritis.
Osteoarthritis (OA), the most common form of arthritis, is often asymptomatic in
individuals, but by far the most common symptom that leads an individual to seek a
diagnosis and treatment is pain. People with knee or hip OA in particular may be limited by
their joint pain in walking or mobility-related tasks. Pain is cited as a main cause of
disability among older women with OA (12) and the link between pain and decreased
physical functioning among those with OA is well established.

In contrast, although fatigue has not been nearly as well studied in OA (13), it is associated
with decreased physical function and disability in mobility activities (14,15). Whereas
increased symptoms and decreased physical activity contribute to disability for people with
OA, little is known about the interrelationships between them, particularly throughout the
day.

Most previous studies of the relationship between symptoms and function in disease states
have relied upon self-report measures of symptoms and physical activity, and such measures
are known to have inherent biases. Recall of symptom severity in particular likely leads to
underreporting (16,17), and retrospective symptom reports over a given time period (e.g., a
week or a month) are influenced by peak or recent symptoms (17). In addition, self-report
measures may be influenced by cognitive ability, fluctuations in mood, depression, anxiety,
and changing health status (18). To deal with these biases, Ecological Momentary
Assessment has been proposed, where participants enter their responses at several points
throughout a day. Such assessments yield rich data about the symptom experience as it
actually occurs within a person’s daily routines.

Similarly, physical functioning is often measured using self-report measures. Although such
measures are easy to administer, have excellent test–retest reliability, and are responsive to
change, it is much less clear that they have face validity. In fact, several studies have
suggested that self-report measures of physical function are poorly correlated with objective
measures of physical activity such as accelerometry, both in patient groups and normal
controls (19). Self-report measures of physical activity can also be influenced by recall bias
and may underestimate physical activity in light- and moderate-intensity activities (20).
These measures also provide little to no information about activity patterns throughout the
day (21).

In this study, using Ecological Momentary Assessment, we examined the relationship
between pain, fatigue, and physical activity over a 5-day period in women with symptomatic
knee or hip OA. A wrist-worn accelerometer, the Actiwatch-S (Mini-Mitter, Bend, OR), was
used to measure objective physical activity levels continuously over the 5-day period. The
Actiwatch-S also prompted participants to input symptom severity reports in real time
directly into the device at 6 points throughout the day. The purpose of this study was to
examine the effect of momentary pain and fatigue symptoms on concurrent physical activity
levels in daily life for women with symptomatic knee or hip OA. We hypothesized that
increased pain and fatigue would be associated with decreased objective physical activity
levels.

MURPHY et al. Page 2

Arthritis Rheum. Author manuscript; available in PMC 2011 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



PARTICIPANTS AND METHODS
Sample

Forty women ages 55– 80 years (mean ± SD age 63.1 ± 7.3 years) with symptomatic knee or
hip OA were recruited by posting fliers at clinics at the University of Michigan Medical
Center, by contacting women who had joined a research participant registry maintained by
the University of Michigan Claude D. Pepper Center, and through a University research
participant Web site. Inclusion criteria consisted of 1) radiographic evidence of OA
(Kellgren/Lawrence scale score ≥2) in ≥1 hip or knee, 2) reported pain in the joint with OA
for ≥3 months of at least mild severity (≥5 on the Western Ontario and Mc-Master
Universities OA Index pain subscale) (22), 3) adequate cognition (≥24 on the Mini Mental
Status Exam), 4) ambulatory with or without an assistive device, and 5) the ability to see,
hear, and operate the Actiwatch-S. Exclusion criteria consisted of 1) medical conditions that
interfered with activity performance and caused pain and fatigue symptoms such as
cardiopulmonary disorders, neurologic conditions, or autoimmune diseases, 2) current
psychiatric disorders of schizophrenia or clinical depression, and 3) joint replacement or
surgery within the previous 6 months.

Twenty healthy women control participants were age matched at a 2:1 ratio (mean ± SD age
64.3 ± 7.8 years), in which each control participant was matched to 2 participants with OA.
The largest age difference in matching was 5 years (1 match); however, 85% of matches
were within 3 years of age difference. Controls were enrolled using the same inclusion and
exclusion criteria as patients, except that controls neither had radiographic evidence of OA
(i.e., Kellgren/Lawrence scale score ≤1) nor reported joint pain. Eligible participants
completed an informed consent form approved by the Institutional Review Board at the
University of Michigan.

Procedure
Trained research personnel contacted interested women by phone to conduct an initial
eligibility screening. If potential participants were eligible, radiographs were performed to
determine presence (or absence) of hip and knee OA and its severity. All radiographs were
interpreted by a blinded radiologist consultant. If eligible based on the radiograph findings,
participants then completed a health interview, performance-based assessments, and
questionnaires, and were instructed on the use of the Actiwatch-S and an accompanying log
book (used for double-data entry and record of wake-up and bed times). Participants wore
the Actiwatch-S on their nondominant wrist as instructed on a Sunday night and wore the
device until the following Saturday morning, taking it off only to swim or shower/bathe.
Participants recorded their symptom severity into the device 6 times daily, from Monday
through Friday. Excluding the wake-up and bed time points, the Actiwatch-S emitted an
audible prompt (previously programmed based on usual wake-up time) to alert participants
to enter responses. The 6 time points were wake-up time, 2 hours after waking, 6 hours after
waking, 10 hours after waking, 14 hours after waking, and 30 minutes before bed. Physical
activity was collected continuously by the Actiwatch-S over the entire period. Participants
then returned for a second laboratory visit to return the materials and complete the
remaining assessments.

Measures
The main variables of interest, including physical activity, pain, and fatigue, were collected
from the Actiwatch-S over a 5-day period, while women were engaged in their usual daily
routines. Other variables collected during the laboratory visits ascertained demographics and
potential covariates for use in the analyses.
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Objective measures collected by the Actiwatch-S
Physical activity levels were measured using the Actiwatch-S, an omnidirectional actigraph
accelerometer containing a piezo-electrode that records movements of ≥0.01g, a level of
force that is sensitive enough to capture very minute movements. The actigraph samples
acceleration changes 32 times per second, and the peak value is added to an accumulated
value over a 15-second epoch, which is recorded as an activity count. Actiwatch
accelerometers have been used in previous studies to measure physical activity in adults who
have chronic pain (19,23,24). The wrist-worn Actiwatch-S was found to discriminate
between peak and high-level activity among patients with fibromyalgia and controls (19). It
has also demonstrated excellent interdevice reliability mounted at the wrist (r = 0.98) and
has established preliminary criterion validity among a sample of patients with mild chronic
pain (25). No studies could be found among older adults with or without chronic pain that
had established activity count cut points for low-, moderate-, and high-intensity physical
activities. However, for accelerometers in general, higher activity counts reflect participation
in higher intensity activities (26).

Prior to analysis, data from the Actiwatch-S were downloaded into the computer. The
actograms were first scanned visually for signs of device malfunction (such as a consistent
pattern of unusually low readings) and then verified against the participant’s daily logs for
completeness. Four days of complete activity data were considered necessary to be included
in the analysis. Because participants were asked to wear the device continuously for 5 days,
it was necessary to establish their wake-up and bed times. A previously established
algorithm was used for this purpose (19,27). In addition, periods where participants
indicated taking off the watch on the daily logs were excluded, as well as any period of a 10-
minute run of zero activity counts. Activity levels were measured at intervals that were set
corresponding to the symptom reports within each day (i.e., morning, mid-morning,
afternoon, evening, before bed) and were assessed in 2 ways. The average activity count per
minute (average physical activity) was an aggregate of all activity counts recorded per
minute over an interval, and the peak activity count (peak physical activity) was the highest
activity count that occurred during an interval. Average and peak physical activity were also
examined as a total score, that is, by averaging all within-day values over the 5-day period,
excluding missing data that occurred from temporary removal of the Actiwatch-S (19,27).

Subjective measures collected by the Actiwatch-S
Pain and fatigue, which was defined as tiredness or weariness (13), were measured by
ratings on visual analog scales for severity (where 0 = none and 4 = extremely severe).
These ratings were inputted into the device as well as recorded in a daily log in order to
cross-validate the items. The log was used as a backup if there were missing data or if
participants accidentally recorded an extra response into the device. Participants also used
the log to record daily medication use of the medications taken for pain, to track their daily
activities, and to record their wake-up and bed times. The wake-up and bed times were
recorded in order to best interpret the physical activity levels assessed by the Actiwatch-S.

Other self-report measures
Demographic characteristics included age, education, marital status, race/ethnicity, and
employment. Depressive symptoms were measured by the Geriatric Depression Scale (28).
Self-reported physical disability was assessed by the Established Population for
Epidemiologic Studies in the Elderly Battery (29), in which people report difficulty or
inability in performing 15 tasks, including activities of daily living and mobility (such as
stair climbing or pushing or pulling large objects). To examine the extent of overall joint
pain, all participants were asked which joints were painful or stiff (including shoulders,
fingers/wrists, elbows, spine, hip, knees, or other joints). The number of painful joints was
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tallied and a total summary score was created. Participants also provided names of all
prescription medications taken within the previous 2 weeks. Prescription medications were
then tallied.

Other objective measures
The Timed Up and Go Test (time taken to rise from a chair, walk 3 meters, and return to the
chair) (30) was used as a measure of physical function; in this case, functional mobility.
Participants performed 3 trials and the averaged value was used in the analysis. Isometric
extension torque of the right knee was assessed using an isokinetic dynamometer (Biodex
Multi-system 2AP; Biodex Medical, Shirley, NJ), using standard positioning and testing
procedures.

Statistical analysis
Demographic, health status, and physical performance characteristics of women with OA
and controls were compared using t-tests or chi-square tests. Pain, fatigue, average physical
activity, and peak physical activity were averaged across each time point for each group and
were also averaged over the 5-day period for total aggregate scores. For women with OA,
the relationship between pain, fatigue, and physical activity over the 5-day period was
examined using a 2-level hierarchical linear regression model. This method is commonly
used with repeated measures data and takes into account different levels of variation that
occur both within and between participants (31). In the final model, the dependent variable
was average physical activity and the independent variables were individual observations of
pain and fatigue. Because the model comprised only the women with OA, it did not control
for all variables in which significant group differences were found. Instead, covariates were
chosen given their relationship to physical activity. Given the association between
participation in physical activity and age (32,33), body mass index (BMI) (32–34),
depressive symptoms (34), and physical function (10,11,35), these variables were also
included as covariates in the analysis, along with daily pain medication use. Although race
(32,33) and education status (32,34) were also associated with participation in physical
activity, these were not included in the analysis as covariates, given the low variability
among our sample of participants with OA. Lastly, between-subjects factors of pain and
fatigue were also included in the model to examine if the relationship between momentary
symptoms and physical activity varied by participant.

RESULTS
A total of 142 women were screened for potential inclusion in the study. Of these, 22 (16%)
were screened out by the phone screening (either due to not having enough baseline pain per
the criteria for potential participants with OA or having other conditions that interfered with
activity performance) (22); 43 (30%) were ineligible based on radiographic findings; and 17
(12%) refused to participate before or after the radiograph appointment. The remaining
sample included 60 participants (mean ± SD age 64.0 ± 7.5 years), including 40 with
symptomatic knee or hip OA (37 with knee OA and 3 with hip OA) and 20 age-matched
controls.

When compared with controls, women with symptomatic knee or hip OA had a significantly
higher mean BMI, more depressive symptoms, a higher number of prescription medications
taken, a higher number of painful or stiff joints, more self-reported disability, and slower
functional mobility (as measured by the Timed Up and Go Test). Over the 5-day home data
collection period, 58% of women with OA took pain medication at least once compared with
5% of controls. The groups did not significantly differ in years of education received,
marital status, race, or in physical characteristics of gait or knee extension torque (Table 1).
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Women with symptomatic knee or hip OA had significantly more total pain and fatigue than
controls over the 5-day period; however, these aggregated symptom scores reflected modest
severity overall (mean score 1, range 0 – 4) (Table 2). In the OA group compared with
controls over the 5-day period, average physical activity was significantly lower (P = 0.02),
and peak physical activity tended to be lower (P = 0.06). Upon examination of symptom and
activity patterns over the 5-day period, group tendencies were found. Almost no pain was
experienced in the control group over the 5-day period, whereas the OA group overall
experienced moderate pain with little variation in severity within each day (Figure 1). For
both groups, fatigue escalated throughout each day; however, this escalation was steeper and
of higher severity in the OA group when compared with the control group (Figure 2).
Women with OA had lower average and peak physical activity patterns over the 5-day
period compared with controls (Figure 3).

The relationship between momentary symptoms of pain and fatigue and physical activity
was examined using hierarchical linear modeling. Table 3 shows the final model, controlling
for potential confounding factors of age, BMI, depressive symptoms, daily pain medication
use, and functional mobility, as well as subject-level variables of fatigue and pain. The
subject-level variables included average pain and fatigue across participants to account for
any between-subject effects. In this model, momentary fatigue was significantly negatively
associated with physical activity as hypothesized. The model shows that as fatigue increased
by 1 unit, activity counts per minute decreased by 30.1. Momentary pain was more weakly
associated with physical activity, and in the opposite direction from what was expected: as
pain increased, activity counts per minute also increased by 16.9. Functional mobility was
significantly negatively associated with physical activity; that is, participants with lower
functional mobility engaged in less physical activity. Because pain and fatigue were
moderately correlated (r = 0.51), we also ran the models above separately for pain and
fatigue. In these models, momentary fatigue was significantly negatively associated with
physical activity when momentary pain was absent from the model (β = 23.7, P < 0.0001),
and momentary pain was not significantly associated with physical activity when
momentary fatigue was absent from the model (β = 6.6, P = 0.43).

DISCUSSION
To our knowledge, this is the first study that examines both objective physical activity levels
and within-day symptoms in a sample of women with symptomatic knee or hip OA. In the
OA group as compared with the control group over the 5-day period, average physical
activity was significantly lower (P = 0.02) and peak physical activity tended to be lower (P
= 0.06). Physical activity patterns tended to be lower at almost every time point within each
day during the 5-day period.

The objective measurement of all physical activity that occurs in daily life over a specified
time period as done in this study may be a particularly important measurement method for
future physical activity studies. For example, using this method may lead to a better
delineation of the health benefits of engaging in physical activity for people with OA. The
large body of evidence supporting positive health effects of physical activity is primarily
derived from studies that examined participation in structured exercise programs. There is
less evidence about health effects of participating in other forms of physical activity such as
leisure time activity or lifestyle physical activity. It was recently demonstrated that
participation in lifestyle physical activity (such as housework and climbing stairs) improves
mortality risk (36). Other interventions that are designed to integrate physical activity (such
as walking and stair climbing) into daily routines have shown effects of improved physical
fitness in obese women (37) and improved physical function and pain in recent breast cancer
survivors (38).
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Pain and fatigue symptoms contribute to disability among people with OA (12–15) and may
be a barrier to engaging in physical activity. Therefore, we hypothesized that increased
momentary pain and fatigue severity would be associated with decreased physical activity.
This hypothesis was only partially supported. Interestingly, only fatigue was negatively
associated with physical activity after controlling for other factors. The results also show
that more functional mobility impairment is related to decreased physical activity, which is
similar to findings in a previous study (11).

In this study, we observed a significant positive relationship between pain and physical
activity, but only when fatigue was also included in the model, demonstrating a suppressor
effect (39). Because of the collinearity between pain and fatigue, along with the negative
association between fatigue and physical activity, the positive relationship between pain and
physical activity is suppressed when fatigue is absent from the model. In addition, the
relationship of pain and physical activity is in the opposite direction from what was
expected. The results show that increased momentary pain was associated with increased
physical activity. In qualitative studies, pain has been cited as a barrier to participating in
physical activity among people with arthritis (40,41). However, regular exercisers reported
participating in exercise despite their pain levels in order to maintain their level of fitness,
and noted reductions in symptoms because of exercising (40). Therefore, it is possible that
participants with OA may be engaging in physical activity to help manage their pain.
Another possible explanation may be that the sample experienced only moderate pain
severity overall. However, the average pain level of just over 1 on a 0 – 4 scale likely
represents a corresponding value of ≥3 on a typical 0 –10 visual analog scale, because it is
known that patients tend to rate their pain higher on paper-and-pencil measures taken in the
clinic than on corresponding momentary assessments (42,43). Nonetheless, it is possible that
examination of momentary symptoms and physical activity in a more symptomatic cohort
may yield different results.

Despite the moderate pain severity experienced by the sample of women with OA in this
study, the finding that fatigue significantly impacted physical activity has potentially
important implications for OA management and future research. Treatment for arthritis
(whether surgical, pharmacologic, or nonpharmacologic) mainly targets OA pain. This study
provides support to broaden the focus on pain management to also include fatigue. Although
pain was associated with fatigue in this study and in other studies of OA patients (13,44), the
mechanisms of fatigue in people with OA remain unclear. A better understanding of fatigue
in OA should lead to more focused interventions to enhance physical activity. In knee OA, it
is hypothesized that quadriceps fatigue during prolonged walking in older, obese people may
contribute to OA development and progression (45). The experience of fatigue is likely to be
multifaceted. In a recent study, higher daily fatigue in women with OA was associated with
lower positive affect (44). The relationship between fatigue and depressive symptoms also
appears to be an important area of future inquiry, given the increased prevalence in
depression among people with OA and the association between depression, chronic pain,
and physical inactivity (46).

Possible limitations include the sample of women who were highly educated, predominantly
white, and had moderate pain, thereby influencing generalizability to more diverse and
painful samples. A 0 – 4 rating scale of pain and fatigue was used in this study as opposed to
the more common 0 –10 scale of symptom severity. A smaller scale was chosen to reduce
respondent burden into the Actiwatch-S, but may limit comparability with other studies. In
addition, participant use of arthritis pain medication (whether over-the-counter or
prescription) was not an exclusion criterion in this study. Despite the use of medications,
participants still reported pain at mild or higher levels at baseline, which was appropriate for
this study. Exclusion of participants taking only prescription medications may have yielded
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a more painful sample but would have limited generalizability. Lastly, a recent study of
validity of the Actiwatch-S found that measurement of specific daily activities is affected by
placement of the device (25). However, wearing the Actiwatch-S on the wrist was the
optimal method to examine daily routine patterns, including sleep and wake-up periods, and
was necessary in order to enter responses into the Actiwatch-S several times a day.

In summary, we found that women with OA had increased pain and fatigue symptoms and
decreased physical activity when compared with age-matched controls. Fatigue had a strong
negative relationship to physical activity and appears to be an important symptom to
examine in future studies of OA. Although symptom management interventions largely
focus on pain, it may be important to have a better emphasis on fatigue management.
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Figure 1.
Pain of 40 women with symptomatic osteoarthritis (solid squares) and 20 controls (solid
diamonds). Means and SEs are shown.
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Figure 2.
Fatigue of 40 women with symptomatic osteoarthritis (solid squares) and 20 controls (solid
diamonds). Means and SEs are shown.
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Figure 3.
Peak physical activity (broken lines) and average physical activity (solid lines) for 40
women with symptomatic osteoarthritis (solid squares) and 20 controls (solid diamonds).
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Table 1

Characteristics of older women with and without symptomatic knee or hip OA*

With OA (n = 40) Without OA (n = 20) P

Age, years 63.1 ± 7.3 64.3 ± 7.8 0.57

Bachelors or advanced degree, no. (%) 25 (63) 12 (60) 0.85

Married, no. (%) 21 (53) 12 (60) 0.58

White, no. (%) 35 (88) 19 (95) 0.65†

Works ≥20 hours/week, no. (%) 18 (45) 7 (35) 0.46

Body mass index, kg/m2 31.0 ± 5.6 24.7 ± 3.8 0.0001

Geriatric Depression Scale score 2.1 ± 2.5 0.5 ± 0.7 0.001

Number of prescription medications at baseline 2.8 ± 2.4 1.6 ± 1.6 0.04

Daily pain medication use, no. (%)‡ 23 (58) 1 (5) 0.0001

Number of painful or stiff joints 3.9 ± 1.7 1.7 ± 1.7 0.0001

Self-reported disability, EPESE score 3.2 ± 1.4 1.0 ± 1.2 0.0001

Timed Up and Go Test, seconds 9.8 ± 2.3 8.0 ± 1.2 0.0004

Right knee extension torque, Nm 91.1 ± 36.8 95.8 ± 30.5 0.68

*
Values are the mean ± SD unless otherwise indicated. OA = osteoarthritis; EPESE = Established Population for Epidemiologic Studies in the

Elderly Battery; Nm = Newton meters.

†
By Fisher’s exact test due to low cell counts.

‡
Number of people who used pain medication on any day over the 5-day home data collection period.
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Table 2

Pain, fatigue, and physical activity levels averaged over all time points for older women with and without
symptomatic knee or hip osteoarthritis (OA)*

With OA (n = 40) Without OA (n = 20) P

Pain 1.1 ± 0.7 0.04 ± 0.1 0.0001

Fatigue 1.1 ± 0.7 0.3 ± 0.5 0.0001

Average physical activity, activity count/minute 317.8 ± 89.5 380.0 ± 106.1 0.02

Peak physical activity, activity count 595.1 ± 137.2 669.3 ± 144.3 0.06

*
Values are the mean ± SD.
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Table 3

The relationship between physical activity and symptoms of fatigue and pain, controlling for other factors in
older women with osteoarthritis (n = 40)*

β estimate SE P

Fatigue −30.08 6.21 <0.0001

Pain 16.86 8.36 0.04

Age, years −2.43 1.79 0.18

Body mass index, kg/m2 −4.31 2.58 0.11

Geriatric Depression Scale score −7.52 5.40 0.17

Daily pain medication use −2.07 14.50 0.89

Timed Up and Go Test, seconds −14.30 6.00 0.02

Average fatigue −24.55 24.68 0.33

Average pain 34.29 23.85 0.16

*
The model was adjusted for daily pain medication use over the 5-day period and the following subject level variables to control for between-

subject variation: age (years), body mass index, depressive symptoms (Geriatric Depression Scale), and average levels of fatigue and pain across
subjects.
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