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Abstract

Background: Although exercise is an effective treatment for fibromyalgia, the relationships between lifestyle
physical activity and multiple symptomology domains of fibromyalgia are not clear. Thus, the purpose of this study
was to comprehensively examine the relationships between lifestyle physical activity with multiple outcome
domains in women with fibromyalgia, including pain, fatigue, function, pain-related psychological constructs, and
quality of life.

Methods: Women (N =171), aged 20 to 70 years, diagnosed with fibromyalgia, recruited from an ongoing two-site
clinical trial were included in this prespecified subgroup analysis of baseline data. Physical activity was assessed
using self-report and accelerometry. Symptomology was assessed using questionnaires of perceived physical
function, quality of life, fatigue, pain intensity and interference, disease impact, pain catastrophizing, and fear of
movement. In addition, quantitative sensory testing of pain sensitivity and performance-based physical function
were assessed. Correlation coefficients, regression analyses and between-group differences in symptomology by
activity level were assessed, controlling for age and body mass index (BMI).

Results: Lifestyle physical activity was most closely associated with select measures of physical function and fatigue,
regardless of age and BMI. Those who performed the lowest levels of lifestyle physical activity had poorer
functional outcomes and greater fatigue than those with higher physical activity participation. No relationships
between lifestyle physical activity and pain, pain sensitivity, or pain-related psychological constructs were observed.
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women with fibromyalgia.

Conclusions: Lifestyle physical activity is not equally related to all aspects of fibromyalgia symptomology. Lifestyle
physical activity levels have the strongest correlations with function, physical quality of life, and movement fatigue
in women with fibromyalgia. No relationships between lifestyle physical activity and pain, pain sensitivity, or
psychological constructs were observed. These data suggest that physical activity levels are more likely to affect
function and fatigue, but have negligible relationships with pain and pain-related psychological constructs, in

Trial registration: ClinicalTrials.gov, NCT01888640. Registered on 28 June 2013.
Keywords: Pain, Fibromyalgia, PROMIS, Function, ActiGraph, Accelerometry, Fatigue, IPAQ

Background

The Centers for Disease Control and Prevention (CDC)
recommendations exercise in for healthy adults are at
least 150 minutes per week of moderate lifestyle physical
activity through daily activities such as walking, stair
climbing, or yard work and 2 days per week of strength-
ening exercises [1]. In the United States, however, the
majority of the population does not meet recommended
physical activity guidelines [1, 2]. Further, people with
chronic pain conditions such as low back pain, osteo-
arthritis, and fibromyalgia (FM) often show lower levels
of physical activity and greater sedentary behaviors than
healthy control subjects [3—6], despite exercise being a
primary treatment for many pain conditions [7]. Individ-
uals with FM may be particularly at risk for reductions
in physical activity due to pain and fatigue that often are
initially exacerbated with increased activity [8]. In
addition to pain and fatigue, FM is associated with re-
duced physical function (PF), increased pain sensitivity,
reduced pain inhibition, and greater psychological co-
morbidities such as depression, pain catastrophizing,
and fear of movement [9-14]. Thus, the multidimen-
sional symptomology limiting quality of life (QoL) in pa-
tients with FM is due to more than just pain alone.

The many benefits of regular physical activity have been
widely documented across healthy and patient populations
[15]. In particular, reduced pain sensitivity has been ob-
served in healthy adults who regularly perform vigorous
daily physical activity, as evidenced by enhanced condi-
tioned pain modulation, a measure of central pain inhib-
ition [16, 17], and reduced temporal summation of pain
[17], a measure of pain facilitation. Similarly, reductions in
select measures of pain sensitivity were found in a
meta-analysis of athletes versus normally active adults
[18]. Higher levels of physical activity may also reduce the
risk of developing chronic pain, as suggested by large epi-
demiological studies [19-21]. Last, in patients with
chronic pain, significant improvements in pain, function,
and disability occur with increased physical activity
through prescribed exercise programs [7, 22, 23].

Whereas exercise is an effective treatment for those
with chronic pain [7], including adults with FM [22, 23],

there is limited literature examining the relationships be-
tween lifestyle physical activity and multidimensional
symptomology, with conflicting results. The reported re-
lationships between physical activity and pain outcomes
in individuals with FM are variable. For example, some
have found no relationship [5], an inverse relationship
[6], or a positive relationship between physical activity
levels and pain [24]. Also, those reporting moderate to
vigorous physical activity (MVPA) levels had more pain
than those with only light physical activity, but this var-
ied with the pain scale used [24]. The rationale for these
discrepant findings is unclear but may be related to
methodological differences in the measurement and ana-
lysis of activity levels (e.g., self-report versus accelerome-
try). Further, these studies did not consider the
multidimensional range of FM symptomology.

Hence, the primary purpose of this study was to com-
prehensively examine a variety of FM symptomology do-
mains: pain, fatigue, PF, pain-related psychological
measures, disease impact, and QoL relative to daily life-
style physical activity (perceived and objectively
assessed) in women with FM. Our primary hypothesis
was that higher lifestyle physical activity levels would
correspond to less pain and fatigue, reduced pain sensi-
tivity, greater PF, lower psychological dysfunction, re-
duced disease impact, and better QoL. Our secondary
aim was to confirm reported relationships between per-
ceived and objectively measured physical activity in this
chronic pain population.

Methods

Study design

The current study is a secondary analysis of baseline
data from an ongoing clinical trial testing the efficacy of
transcutaneous electrical nerve stimulation (TENS) in
women with FM  (ClinicalTrials.gov  identifier
NCT01888640; registered on June 28, 2013): the Fibro-
myalgia Activity Study with TENS (FAST). The FAST
study protocol, inclusion/exclusion criteria, and proce-
dures for this phase II, dual-site randomized controlled
trial have been described previously [25], but a brief de-
scription is provided below. Further, detailed information
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on the validity and reliability of the multiple baseline as-
sessments has been published previously [25, 26].

All baseline data were collected at two visits, separated by
7-10 days, in part to minimize participant burden at a sin-
gle visit. Data were collected using the Research Electronic
Data Capture (REDCap) system [25]. At visit 1, participants
completed the consent process, were provided an acceler-
ometer to wear on their wrist until visit 2 (see below for
more details), and completed a demographic survey. At
visit 2, participants were asked to complete a battery of in-
struments to evaluate self-reported pain, fatigue, physical
activity, PF, QoL, disease impact, pain catastrophizing, and
fear of movement. In addition, quantitative sensory testing
to assess pain sensitivity and performance-based assess-
ment of PF were performed during visit 2. Outcome data
are described in detail in a paper published on the protocol
for the clinical trial, including validity and reliability of the
measures [25]. Below we describe those outcomes used in
the current study.

Participants

Participants from the FAST clinical trial with complete
accelerometry data, recruited through October 2016,
were eligible for inclusion in this planned analysis of
baseline data (total recruited = 193; N =171 with accel-
erometry). Women with FM were recruited from the
communities surrounding the University of Iowa Hospi-
tals and Clinics and Vanderbilt University Medical Cen-
ter. Inclusion criteria included women between 20 and
70 years old, native English speakers, diagnosed with FM
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based on the 1990 American College of Rheumatology
criteria [9], had a prior medical history of cervical or
lumbar pain, and had stable medical management of
symptoms for at least 4 weeks prior to participation. Ex-
clusion criteria for the FAST study included pain inten-
sity of less than 4 of 10 on the Numeric Rating Scale
(NRS), unstable medical or psychiatric diagnoses, prior
TENS use in the last 5 years, spinal fusion or other
intervention resulting in metal in the spine (cervical,
thoracic, or lumbar), pacemaker, or skin sensitivity to
adhesives or products with nickel alloys. All participants
provided written informed consent as approved by each
local institutional review board.

Twenty-two recruited participants were ineligible for
this secondary analysis due to missing accelerometry
data (e.g., equipment malfunction, <4 days wear time, or
declined). Additional participants had missing data for
select items on various survey assessments. Of the 171
women recruited with complete accelerometry data,
some individuals had missing responses from their Inter-
national Physical Activity Questionnaire (IPAQ) or other
surveys; thus, total scores were not possible in up to 13
individuals (7.6%). Final sample sizes for each variable
(ranging from 158 to 171) are provided in Table 1.

Physical activity measures

Self-reported physical activity

The IPAQ short form was used to measure perceived
levels of physical activity over the past 7 days [27]. The
IPAQ assesses time spent engaged in vigorous activities,

Table 1 Demographic characteristics and summary statistics (n=171)

No. of subjects Mean (SD) Range
Age (yr) 171 493 (11.5) 20-70
BMI (kg/m?) 171 344 (9.1) 19-84
FIQR (0-100) 171 56.1 (17) 17-95
Resting pain (0-10) 171 59 (1.5) 3-10
Resting fatigue (0-10) 171 6417 1-10
6MWT (ft) 159 1332 (325) 300-2050
5TSTS (s) 156 144 (7.0) 6-53
PROMIS PF (T-score) 159 36.8 (4.9) 234-530
SF-36 PF (T-score) 160 1(7.3) 19.3-55.6
SF-36 PCS (T-score) 160 326 (6.5) 17.3-49.5
SF-36 MCS (T-score) 160 399 (10.5) 158 - 636
Pain Catastrophizing Scale (0-52) 160 20.7 (13.1) 0-52
TSK (17-68) 160 364 (82) 18-58
Time spent in MVPA (min/d) 171 21.9 (23.6) 0.2-1533
IPAQ (METs*min/wk) 158 2007 (2112) 0-9198

Abbreviations: 5TSTS Five Times Sit to Stand Test, 6MWT 6-minute walk test, BMI Body mass index, FIQR Revised Fibromyalgia Impact Questionnaire, IPAQ
International Physical Activity Questionnaire, MAF Multidimensional Assessment of Fatigue, METs Metabolic equivalent, PCS Physical Component Summary, PF
Physical function, PROMIS Patient-Reported Outcomes Measurement Information System, SF-36 36-item Medical Outcomes Study Short Form Health Survey, TSK

Tampa Scale for Kinesiophobia



Merriwether et al. Arthritis Research & Therapy (2018) 20:199

moderate-intensity activities, walking, and sitting [27].
The survey data were processed following standardized
recommendations (IPAQ guidelines, 2005), including
error checking, data cleaning, and truncation at 3 hours
for physical activity. Results were summarized as (1) total
activity, a continuous variable reported as metabolic
equivalents (METs) times minutes throughout the previ-
ous week (METs x min/week); and (2) IPAQ-defined activ-
ity categories: low, moderate, or high. High is defined as
either 3 or more days of vigorous activity totaling at least
1500 METs x min/week or 7 or more days of moderate ac-
tivity totaling at least 3000 METs x min/week. Moderate
activity is defined as 30 or more minutes per day of mod-
erate intensity activity for 5 days. Low activity is defined as
not meeting moderate or greater activity categories. The
IPAQ short form showed good repeatability (median p =
0.73) and good concurrent validity compared with the
IPAQ long form (p = 0.67) [27]. The short form was
chosen for its low subject burden for a clinical trial and is
commonly used in clinical populations [28, 29].

Objectively measured physical activity
To objectively measure lifestyle physical activity, partici-
pants wore a triaxial accelerometer (ActiGraph GT1M;
ActiGraph, LLC, Pensacola, FL, USA) on the nondominant
wrist for 7-10 days, 24 hours per day, including showering
and sleep. The study assessor provided standard visual and
verbal instructions on ActiGraph use. Accelerations were
collected at 30 Hz (up to + 8 g); raw signals were extracted
using ActiLife 6 software (ActiGraph, LLC). Flat-line signals
prior to and following the 7—10-day period of data collec-
tion (i.e, nonwear time) were graphically evaluated and re-
moved prior to further analyses. The raw acceleration
signals were processed using a custom MATLAB program
(MathWorks, Natick, MA, USA) following previously re-
ported methodology [30]. Briefly, the resultant accelerations
(g) across all three axes were determined using the root
mean square (Eq. 1), called the vector magnitude. To re-
move the effects of gravity, 1 g was subtracted from the
vector magnitude, referred to as vector magnitude - 1
(VMMO). These VMMO accelerations were averaged over
each second and then across each minute, as described by
Hildebrand et al. [30].
VMMO = /x> + y*> + 22-1 (1)
A modified Hildebrand approach was used to estimate
activity intensity per minute (i.e., oxygen consumption
[VO,, in ml O,/kg/min] for each minute throughout the
24-hour period) using a power equation (Eq. 2). The ori-
ginally reported Hildebrand data, supplemented with
new data collected in young and middle-aged healthy
men and women, was refit to an exponential (see Eq. 2)
equation rather than the linear equation originally
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reported by Hildebrand et al. [30]. The linear equation
appropriately identified light or higher physical activity
[30] but was unable to identify sedentary behaviors
owing to the intercept being greater than standard light
activity cutoffs [31]. We further validated our updated
nonlinear equation with data from another laboratory in-
volving a separate sample of healthy adults, demonstrating
equal or better VO, estimates for sedentary, light, walking,
and vigorous activities compared with three other previ-
ously validated approaches [31]. The least accurate VO,
estimates occurred with moderate-intensity activities that
were chosen specifically for isolated arm or leg move-
ments (cycling, typing while walking, throwing), as ex-
pected for wrist accelerometry [31].

VO, = 0.901 * (VMMO in milli g's)**** 2)

Daily minutes of MVPA were calculated as the average
number of minutes per 24-hour interval spent in moderate
or vigorous activity, operationally defined as VO, intensities
greater than 11 ml O,/kg/min [31]. Approximate tertiles of
accelerometry average daily MVPA were used to define
three physical activity groups in this patient population:
very low (0-9 minutes MVPA/day), low (10-21 minutes
MVPA/day), and moderate (>21 minutes MVPA/day). In
addition to dividing the cohort into three approximately
equal samples, an average of 21 minutes per day equates to
150 minutes per week, which is consistent with CDC phys-
ical activity guidelines. However, whereas this meets the
CDC guidelines, which do not mention minimum bout du-
rations, it may not meet American College of Sports Medi-
cine guidelines, which indicate MVPA should occur in
bouts of 10 or more minutes. No adjustments for bout dur-
ation were made. Thus, for both the self-reported and ob-
jectively measured assessments of physical activity, both
continuous and categorical variables were assessed and
analyzed.

Pain and pain sensitivity assessments

Current resting and movement pain intensity

Pain intensity at rest (resting pain) and during move-
ment (movement pain) were assessed using the verbal
0-10 NRS at both baseline visits and averaged. Move-
ment pain was assessed at 5 minutes during the
6-minute walk test (6MWT) and immediately following
the Five Times Sit to Stand Test (5TSTS). The
11-point NRS pain scale was anchored with 0="no
pain” and 10 = “worst pain imaginable.”

Overall pain severity and interference

The Brief Pain Inventory (BPI) short form was used to
measure overall pain severity and pain interference. This
15-item instrument queries pain intensity (pain severity)
and the impact of pain on daily function (pain interference)
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[32]. The BPI pain severity scale assesses pain intensity at
its “worst,” “least,” “average,” and “right now.” Pain severity
items are assessed on a 0—10 scale, anchored with 0 ="no
pain” and 10 = “pain as bad as you can imagine.” Pain inter-
ference items assess seven domains of daily activities (gen-
eral activity, walking, work, mood, enjoyment of life,
relations with others, sleep) a 0-10 scale anchored with 0 =
“does not interfere” to 10 = “completely interferes” [32, 33].

Deep tissue mechanical pain threshold

Pressure pain threshold (PPT), a measure of deep tissue
pain thresholds, was assessed at three sites (cervical,
lumbar, anterior lower leg) using a digital pressure alg-
ometer at a rate of 40 kPa/second using a 1-cm” round
tip (Somedic AB, Sosdala, Sweden). These sites included
two spine locations, because these are frequently painful
regions with FM, and a peripheral site, the lower leg,
which is commonly assessed in other research studies
including in FM [8]. Participants were instructed to
press and release a button when the pressure sensation
first transitioned to pain (NRS ~ 1). Following two prac-
tice tests on the forearm, four repetitions were per-
formed at each of the cervical and lumbar spine sites
(two on each side of the spinous processes) and three
repetitions at the lower leg. The mean value at each site
was used for analyses. Lower PPTs indicate greater pain
sensitivity.

Pain inhibition

Conditioned pain modulation (CPM) is an assessment
of descending inhibitory pain processing (the “pain
inhibits pain” effect) and was measured using PPTs as
the test stimuli before and after cold water immersion
as the painful conditioning stimulus [8, 34-36]. PPTs
were measured at the lumbar and right lower leg be-
fore and immediately after immersion of the partici-
pant’s left foot in 4 °C water just proximal to the
lateral malleolus [8, 34]. An increase in PPT (less
pain sensitivity) after the conditioning stimulus (ratio
of post-/pre-PPT values > 1) demonstrates presence of
descending inhibition, whereas no change or a reduc-
tion in PPT (ratio <1) demonstrates the absence of
descending inhibition.

Fatigue assessment

Current resting and movement fatigue intensity

Fatigue intensity at rest (resting fatigue) and during
movement (movement fatigue) were assessed using the
verbal 0—-10 NRS at both baseline visits and averaged.
Movement fatigue was assessed at 5 minutes during the
6MWT and immediately following the 5TSTS. The
11-point NRS-Fatigue scale is anchored with 0 = “no fa-
tigue” and 10 = “worst fatigue imaginable” as we previ-
ously published [37].
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Overall multidimensional fatigue

The Multidimensional Assessment of Fatigue (MAF)
survey assesses perception of fatigue across multiple do-
mains and is commonly used in rheumatologic popula-
tions [38, 39]. The MAF features 16 items with 4
domains that include distress, severity, timing of fatigue
onset, and impact on activities of daily living. Composite
scores from each domain comprise the Global Fatigue
Index (GFI), with anchors of 0 = “no fatigue” to 50 = “ex-
treme fatigue.” Higher scores indicate greater fatigue
and fatigue impact.

Physical function assessments

Self-reported physical function

The Patient-Reported Outcomes Measurement Informa-
tion System—Physical Function 10a static short-form
(PROMIS-PF) [26] was used to assess PF. Responses are
transformed to standardized T-scores using the PROMIS
conversion table, with 50 representing the general popula-
tion mean and SD of 10. Higher scores indicate better per-
ceived function. The PF subscale from the 36-item
Medical Outcomes Study Short Form Health Survey
(SF-36) [40] was also assessed as a secondary measure of
PF (SF-36 PF) [26]. Participants completed the SF-36 (see
below), and the raw response data for the ten items repre-
senting PF were converted to a standardized T-score, with
higher scores indicating better overall function. We have
previously validated this form in FM [26].

Physical endurance

The 6MWT was used to measure physical endurance.
The 6MWT measures the distance participants walk on a
100-foot walkway in 6 minutes, with rest periods allowed
if necessary [41]. The 6MWT is frequently used in clinical
practice and has been used previously to measure physical
performance in individuals with FM [8].

Lower extremity strength

The 5TSTS was used as a measure of lower extremity
strength [42]. Participants stand up from and sit down
in a chair with standard seat height five times as quickly
as possible. The time in seconds required to complete
the test is recorded.

Pain-related psychological assessments

Pain catastrophizing

Pain catastrophizing was measured using the Pain Cata-
strophizing Scale. The Pain Catastrophizing Scale is a
13-item instrument that measures the extent to which
individuals experience different catastrophic thoughts
and feelings related to pain, scored from 0 = “not at all”
to 4 = “always” [43]. Scores can range from 0 to 52, with
higher scores reflecting greater pain catastrophizing.



Merriwether et al. Arthritis Research & Therapy (2018) 20:199

Fear of movement

Fear of movement was measured using the Tampa Scale
for Kinesiophobia (TSK). The TSK is a 17-item Likert
scale instrument that evaluates fear of movement and re-
injury associated with a variety of physical activities.
TSK total score is the sum of the all items, with scores
ranging from 17 to 68. Higher scores indicate greater
fear of movement or reinjury [44].

Disease impact and quality-of-life assessments

Disease impact

Disease impact was measured using the Revised
Fibromyalgia Impact Questionnaire (FIQR) at both
baseline visits. The FIQR contains 21 items divided
into 3 domains: (1) “function” (9 items), (2) “overall
impact” (2 items), and (3) “symptoms” (10 items)
[45]. The total score of the FIQR is the sum of the
weighted domain scores and was averaged across both
visits. Higher scores indicate greater disease severity
and impact.

Quality of life

The SF-36 was used to measure QoL. This 36-item in-
strument is a common QoL assessment tool [40]. Phys-
ical and emotional QoL domains were assessed using
the Physical Component Summary (PCS) and the Men-
tal Component Summary scores, respectively, where
higher T-scores reflect better QoL.

Statistical analyses

Descriptive statistics were generated for all variables
(mean, SD in text and tables; mean, SE in figures). Nor-
mality assumptions of the variables were assessed using
the Kolmogorov-Smirnoff test. When necessary, natural
logarithm transformations were performed to meet nor-
mality assumptions, but are reported in original units
for clarity. Pearson’s correlation coefficients were
assessed between measures within each FM outcome do-
main: pain, pain sensitivity, fatigue, self-reported and
performance-based function, psychological traits, and
QoL and between the two continuous physical activity
variables (accelerometry min of MVPA and IPAQ total
METs x min/wk) to characterize relationships between
related variables.

To fully characterize the relationships between lifestyle
physical activity and the multiple FM symptomology do-
mains, two statistical approaches were used. First, Pearson’s
correlation coefficients (95% CI) were computed between
lifestyle physical activity, both accelerometry and
self-reported measures, and the multiple assessments of
each symptomology construct. These correlations were
assessed with and without adjustment for age and body
mass index (BMI) using partial and bivariate correla-
tions, respectively, because obesity (BMI >30 kg/m?)
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and age (> 60 years) often result in lower levels of life-
style physical activity [46, 47]. The second approach
evaluated for differences in the symptomology variables
across categorical levels of physical activity (IPAQ and
accelerometry MVPA) using analysis of variance
(ANOVA), with and without adjustments for age and
BMI. Post hoc group differences were assessed using
Tukey’s test as needed. All statistical analyses were per-
formed using SAS version 9.4 statistical software (SAS
Institute Inc., Cary, NC, USA) or IBM SPSS Statistics
version 24.0 software (IBM, Armonk, NY, USA). Signifi-
cance was set at p<0.05 for Kolmogorov-Smirnoff
tests, demographic comparisons, and necessary post
hoc tests. Due to the multiple correlations and ANO-
VAs evaluating each FM outcome measure, significance
was set at p <0.01 for all tests to minimize the likeli-
hood of type I errors while not overly inflating the like-
lihood of a type II error.

Results

Demographic characteristics and summary statistics for
all physical activity and multidimensional FM sympto-
mology variables are presented in Table 1. Participants
had an average (SD) age of 49.4 (11.5) years and BMI of
34.4 (9.1) kg/m> Most participants had been diagnosed
with FM for less than 10 years (58%) and were white/
Caucasian (94%). Physical activity continuous variables
(accelerometry and self-report) are presented with ori-
ginal units for clarity in Table 1 but were transformed
using a natural logarithm to meet normality assumptions
before statistical analyses.

Self-report (IPAQ) and objective (MVPA) assessments
of lifestyle physical activity had a moderate positive cor-
relation (r=0.32, p<0.001). Higher levels of MVPA,
accelerometry-based MVPA, was associated with youn-
ger age (p<0.001) and lower BMI (p < 0.001), with age
and BMI explaining from 6-12% of the variance in
accelerometry physical activity. Using self-report, how-
ever, this relationship was weaker for BMI (4% variance
explained; p < 0.02) and not significant for age. These re-
sults are provided in Additional file 1: Table S1.

Correlations between physical activity and FM
symptomology

Correlational analyses revealed limited relationships be-
tween objective (Table 2) or self-report (Table 3) mea-
sures of physical activity and measures representing the
multiple symptomology domains of FM, contrary to our
initial hypotheses. Greater MVPA (Table 2) was signifi-
cantly related to higher perceived (PROMIS PE, SE-36
PF) and performance-based (6MWT, 5TSTS) PF, less
movement fatigue during the 6MWT, and greater phys-
ical QoL (SF-36 PCS) in women with FM. These rela-
tionships were maintained for four of the six significant
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Table 2 Correlations between objective physical activity and fibromyalgia symptomology assessments

Qutcome domain Outcome variable No. of Pearson’s correlation Partial correlation (BMI and
subjects  (unadjusted) age-adjusted)
r (95% CI) p Value r (95% Cl) p Value
Performance-Based Function Endurance (6MWT, ft) 159 0.43 (0.30, 0.55) <0.001 0.28 (0.12,041) <0.001
Strength (5TSTS time, s) (In) 156 -0.17 (-032,-001) 0.01 -002 (018014 081
Self-reported function PROMIS PF 159 0.25 (0.09, 0.39) 0.002 0.15 (-=0.01, 0.30) 0.07
SF-36 PF 160 0.31 (0.15,043) <0.001 0.20 (0.06, 0.38) 0.01
Pain Resting pain (0-10) 171 -004 (=0.19011) 061 0.02 (=0.14,0.18) 0.80
Movement pain (6MWT) 160 —-009 (=024, 007) 0.28 —-001 (=0.17,014) 0.87
Movement pain (5TSTS) 159 -004 (- 12) 0.65 —-000 (=0.16,0.16) 0.98
BPI severity 160 0.00 (- 0.16, 0.16) 0.99 0.01 (-0.14,017) 087
BPI interference 160 —-005 (=020,011) 052 —-002 (=017,014) 0.84
Pain sensitivity PPT cervical (In) 159 -0.10 (=0.25,006) 0.21 —008 (-0.24,008) 0.31
PPT lumbar (In) 159 -004 (-0 12) 0.65 -003 (=019,013) 070
PPT leg (In) 159 0.01 (-0. 15) 0.92 0.01 (= 0.16,0.15) 0.88
CPM lumbar (%) 138 0.14 (—0.03, 0.30) 0.10 0.14 (=0.04, 0.30) 0.12
CPM leg (%) 134 0.07 (-0.11,023) 045 0.11 (-006,028 021
Fatigue Resting fatigue (0-10) 171 -011  (-0.25,005) 0.17 -001 (=0.17,014) 0.86
Movement fatigue (6MWT) 160 -0.20 (-035 -005 0.01 -0.20 (-035,-005 0.01
Movement fatigue (5TSTS) 160 0.00 (-=0.15,0.16) 0.96 -002 (-0180.14) 081
Multidimensional (MAF) 159 -005 (=021,011) 0.52 -005 (=020,011) 0.58
Psychological constructs Pain Catastrophizing 160 0.05 (=0.10,0.21) 0.52 0.01 (=0.15,0.16) 093
(Pain Catastrophizing Scale)
Fear of movement (TSK) 160 -001  (=0.17,014) 0.89 -001 (=0.17,015) 0.89
Disease impact FIQR total 171 -012  (=0.27,003) 0.12 —-0.10 (=0.25,006) 0.24
Quality of life Physical (SF-36 PCS) 158 0.27 (0.11, 041) 0.001 0.22 (0.06, 0.37) 0.006
Emotional (SF-36 MCS) 158 -001 (=0.17,0.14) 0.89 -001 (=0.17,0.16) 0.99

Abbreviations: MVPA Moderate to vigorous activity, SMWT 6-minute walk test, 5TSTS Five Times Sit to Stand Test, PF Physical Function T-score for Patient-Reported
Outcomes Measurement Information System physical function static short form, SF-36 PCS 36-item Medical Outcomes Study Short Form Health Survey Physical
Component Summary, BPI Brief Pain Inventory, PPT Pressure pain threshold, CPM Conditioned pain modulation, MAF Multidimensional Assessment of Fatigue, TSK
Tampa Scale for Kinesiophobia, FIQR Revised Fibromyalgia Impact Questionnaire, SF-36 MCS 36-item Medical Outcomes Study Short Form Health Survey Mental

Component Score
(In) The natural logarithm of accelerometry MVPA was used
All significance are bolded

relationships after adjusting for age and BMI. However,
MVPA was not related to pain, pain sensitivity,
pain-related psychological constructs, disease impact, or
emotional QoL (Table 2).

Similar positive correlations were observed for
self-reported physical activity with perceived and
performance-based PF as well as physical QoL (Table 3).
Adjustment for age and BMI resulted in only minor
changes to correlation coefficient estimates (Table 3).
Similar to objective correlations above, no significant re-
lationships between perceived activity and pain, pain
sensitivity, psychological constructs, or disease impact
reached significance (p < 0.01). However, the relationship
between self-reported physical activity and PPTs in the
cervical and lumbar spine regions and fear of movement
nearly reached significance (p < 0.05).

Differences by activity classification
Several demographic characteristics varied between activity
group classifications based on MVPA but not self-report as-
sessment (Table 4). Women in the lowest accelerometry
MVPA tertile (very low; 0-9 min/d MVPA) were older and
had higher BMI than those achieving moderate MVPA
levels (moderate; >21 min/d MVPA). However, no signifi-
cant differences in age or BMI were noted between any
self-report (IPAQ)-based activity classifications (Table 4).
When comparing FM symptomology domains by ac-
tivity category for MVPA (Fig. 1), there were significant
between group differences in function-related indices
(p <0.01). Post hoc analyses revealed that those achiev-
ing the very lowest activity levels (< 9 min/d MVPA) had
shorter 6MWT distance, lower self-reported function
(PROMIIS and SE-36 PF scales, only PROMIS shown Fig. 1,
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Table 3 Correlations between self-reported physical activity (International Physical Activity Questionnaire total) and fibromyalgia

symptomology assessments

Qutcome domain Outcome variable No. of Pearson’s correlation Partial correlation (BMI
subjects  (unadjusted) and age-adjusted)
r 95% Cl p Value r 95% Cl p Value
Performance-Based Function = Endurance (6MWT, ft) 157 0.30 (0.12, 0.40) <0.001 0.23 (0.05, 0.30) 0.005
Strength (5TSTS time, s) (In) 154 -009 (=021,011) 0.26 -002 (-013,018 0.86
Self-reported function PROMIS PF 157 0.27 (0.10, 0.39) 0.001 0.21 (0.07, 0.34) 0.009
SF-36 PF 157 0.21 (0.07,0.35) 0.009 0.15 (=0.01,032) 0.07
Pain Resting pain (0-10) 158 0.01 (=0.15,0.16) 095 -003 (=0.12,0.19 0.73
Movement pain (6MWT) 158 0.02 (-0.13,0.18) 0.77 0.03 (=0.09,0.22) 0.70
Movement pain (5TSTS) 157 -001 (=0.17,015) 0.88 -002 (-0.15017) 0.85
BPI severity 158 -012 (=0.24,007) 0.15 -011  (=0.23,008) 0.17
BPI interference 158 —0.15 (=024,004) 0.06 —-0.13 (=022, 004) 0.12
Pain sensitivity PPT cervical (In) 157 0.15 (—0.02, 029 0.06 0.17 (0.01,032) 0.04
PPT lumbar (In) 157 0.16 (0.02,0.30) 0.04 0.17 (0.01,0.32) 0.04
PPT leg (In) 157 0.11 (—0.06,0.29) 0.18 0.12 (- 0.02,0.26) 0.13
CPM lumbar (%) 136 0.06 (-0.11,023) 0.46 0.05 (—0.13,021) 0.54
CPM leg (%) 132 -003 (-022,0.15) 0.76 -001 (=0.20,017) 0.94
Fatigue Resting fatigue (0-10) 158 —-008 (-0.18,003) 034 —-003 (-0.18,0.16) 0.69
Movement fatigue (6MWT) 158 —-008 (-0.18,0.03) 0.30 -006 (=0.16,0.15) 045
Movement fatigue (5TSTS) 158 -004 (-0.18,0.14) 047 -004 (-=0.17,014) 0.64
Multidimensional (MAF) 157 —-002 (=0.18,014 0.79 -001 (=017, 0.15) 0.99
Psychological constructs Catastrophizing 158 0.01 (=0.21,0.24) 0.94 -002 (=010, 022 0.80
(Pain Catastrophizing Scale)
Fear of movement (TSK) 158 —-017 (=031,-002 003 -0.16 (=029 -002) 004
Disease impact FIQR total 158 -002 (=0.17,014) 0.83 -007 (- 0.16) 040
Quality of life Physical (SF-36 PCS) 156 0.22 (0.06, 0.35) 0.006 0.18 (0.02,0.32) 0.03
Emotional (SF-36 MCS) 156 -006 (021,009 048 -005 (-0.18,008) 0.55

Abbreviations: MVPA Moderate to vigorous activity, 6MWT 6-minute walk test, 5TSTS Five Times Sit to Stand Test, PF Physical Function T-score for Patient-Reported
Outcomes Measurement Information System physical function static short form, SF-36 PCS 36-item Medical Outcomes Study Short Form Health Survey Physical
Component Summary, BPI Brief Pain Inventory, PPT Pressure pain threshold, CPM Conditioned pain modulation, MAF Multidimensional Assessment of Fatigue, TSK
Tampa Scale for Kinesiophobia, FIQR Revised Fibromyalgia Impact Questionnaire, SF-36 MCS 36-item Medical Outcomes Study Short Form Health Survey Mental

Component Score
(In) The natural logarithm of accelerometry IPAQ total was used
All significance are bolded

lower movement fatigue during the 6MWT, and lower
physical QoL (SF 36 PCS) compared with those with
low to moderate minutes of MVPA (10+ min/d
MVPA). No differences between accelerometry groups
were noted for pain, pain sensitivity, resting or global
fatigue, or disease impact. Adjustment of age and
BMI did not alter the findings. (See Additional file 1:
Table S2 for full summary of p values.)

Similarly, when comparing across self-report activity
categories (Fig. 2), only the perceived function (PROMIS
and SF-36 PF), and physical QoL (SE-36 PCS) differed
across groups, with or without adjusting for age and
BMI. Post hoc tests revealed significant differences be-
tween the low and high activity groups, again where
higher function and physical QoL were seen only in the

highest self-reported activity group. The only discrepan-
cies between categorical and correlational analyses were
the lack of difference in 6MWT distance and associated
fatigue ratings across IPAQ categories; yet, a significant
correlation between 6MWT and total IPAQ activity was
seen (see Additional file 1: Table S2 for all p values).
Correlations between each assessment within each
symptomology domain are provided in Additional file 1:
Tables S3-S7.

Discussion

The primary finding of this study is that lifestyle physical
activity is most closely associated with function, physical
QoL, and movement fatigue in women with FM. These
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Table 4 Summary statistics (mean, SD) of age and body mass index between activity classifications

Accelerometry IPAQ

Activity classification Activity classification

Very low (n=58)  Low (n=56) Moderate (n=57) p Value Low (n=73)  Moderate (n=43) High (h=42) p Value
Age (years) 5447 (10.2) 485° (109) 450 (11.46) < 0.0001 50.7 (11.2) 493 (11.8) 46.6 (12.2) 0.194
BMI (kg/m?)  37.4% (10.1) 350° (8.7) 30.6° (7.0) <0.0001 359 (10.2) 333 (74) 329 (93) 0.166

Superscript letters denote which groups differed from one another, where matching superscripts indicate no significant difference
All significance are bolded

findings were consistently observed for self-reported and  not easily explained why this one pain scale but not the
objectively measured assessments of daily lifestyle phys-  others would be related to MVPA. In healthy adults
ical activity. Accordingly, those with the lowest levels of  without baseline elevated pain, it is not feasible to study
lifestyle physical activity have worse function, lower the associations between activity and pain. However, epi-
physical QoL, and more fatigue with movement. How-  demiological data demonstrate a reduced incidence of
ever, contrary to our initial hypotheses, there were no  chronic pain in moderately active individuals compared
significant associations between lifestyle physical activity =~ with sedentary individuals [20, 49]. We also found no re-
and the pain, pain sensitivity, pain-related psychological lationship between pain sensitivity (PPTs) or pain inhib-
constructs, resting fatigue, emotional QoL, or disease ition (CPM) and daily physical activity in FM, which
impact measures. differs from findings in healthy control subjects, who
Our findings are consistent with several previous stud-  often exhibit reduced pain sensitivity and/or greater pain
ies in patient populations but differ somewhat from inhibition with greater physical activity [17, 50].
healthy adults. In one study of patients with FM, there People with FM often exhibit altered central nervous
were no observed relationships between peak levels of system pain processing. These alterations include less
physical activity or steps per day, and general pain rat- descending control of pain inhibition (CPM) and/or
ings were observed in one study [6]. The al-Andalus greater pressure pain sensitivity, thought to represent a
study found no association between MVPA and pain  heightened state of central sensitization [21]. Thus, it is
using the FIQR pain scale and resting pain ratings, nor  possible that central sensitization in a chronic wide-
with PPTs, a measure of pain sensitivity in those with  spread pain condition may be less influenced by physical
EM [24, 48]. However, the al-Andalus study researchers  activity than when in a healthy state. Alternatively, phys-
observed a significant but weak association between ical activity levels in this specific FM cohort may be sub-
MVPA and pain using the SF-36 pain subscale [24]. It is  threshold to influence pain sensitivity.
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Fig. 1 Mean (SEM) fibromyalgia symptomology by accelerometry activity classification (min/d of moderate to vigorous activity). Select function,
fatigue, quality of life, and pain measures are shown. Those with the lowest levels of objectively measured physical activity had the lowest
function, highest fatigue with walking, and lowest physical quality of life, but no differences in pain, pain sensitivity or disease impact were noted.
* p <0.01. 5TSTS Five Times Sit to Stand Test, 6MWT 6-minute walk test, FIQR Revised Fibromyalgia Impact Questionnaire, MAF Multidimensional
Assessment of Fatigue, PCS Physical Component Summary, PF Physical function, PROMIS Patient-Reported Outcomes Measurement Information
System, SF-36 36-item Medical Outcomes Study Short Form Health Survey
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Fig. 2 Mean (SEM) fibromyalgia symptomology by self-reported International Physical Activity Questionnaire short form activity classification.
Select function, fatigue, quality of life, and pain measures are shown. Those with the lowest levels of self-reported physical activity had the lowest
function and greater fatigue. * p < 0.01. 57STS Five Times Sit to Stand Test, GMWT 6-minute walk test, FIQR Revised Fibromyalgia Impact
Questionnaire, MAF Multidimensional Assessment of Fatigue, PCS Physical Component Summary, PF Physical function, PROMIS Patient-Reported
Outcomes Measurement Information System, SF-36 36-item Medical Outcomes Study Short Form Health Survey

In support, a randomized controlled trial designed to
increase steps per day in people with FM found reduced
pain after 12 weeks compared with an education-only
intervention [51]. These differences were lost at 6 and
12 months, when daily steps declined toward preinter-
vention levels, supporting the hypothesis that there is a
minimal dose of physical activity needed to modify pain
outcomes.

This inconsistency between cross-sectional observa-
tions and interventional trials may be a result of under-
lying pathophysiological pain mechanisms or human
behavior. Indeed, we have previously shown in animal
studies that acute increases in physical activity can ex-
acerbate pain, whereas regular physical activity over time
plays a protective role in reducing or preventing chronic
pain [49, 52-55]. Thus, whether activity is routine or re-
cently changed may influence its relationship with pain.
Further, individuals may titrate their daily activity levels
to their pain so that they are more active when their
pain is lower and less active when experiencing greater
pain. Prior studies support this premise, where
accelerometry-measured physical activity levels were
lower when individuals with FM reported higher pain
[6], and women with FM are less active than their
age-matched control subjects [4, 24]. This inverse rela-
tionship, combined with any possible positive relation-
ship between lifestyle physical activity and pain, could
partially explain the lack of association between moni-
tored lifestyle activity and pain outcomes. Conversely,
lifestyle activity is also dependent on choice, and some
choose to be active or inactive regardless of pain levels.

The information in the current study may assist clini-
cians in discussing the benefits and use of exercise as a
pain-relieving and general health promotion strategy
with patients. Specifically, it is advisable that health care
providers acknowledge that exercise and increasing daily
activity are likely to improve function and fatigue but
may not reduce pain.

The significant relationships between daily physical ac-
tivity and function suggest a clear connection between
lifestyle daily activity and muscle performance (e.g.,
strength, endurance) even in the FM patient population.
Physical activity guidelines, based largely on reducing
cardiovascular disease risk, suggest a minimum of
30 min/d of moderate physical activity [1]. However,
whether lower levels of daily physical activity are benefi-
cial for chronic pain patients has not been well defined
[56]. The current study shows, for the first time to our
knowledge, that just 10 min/d or more of MVPA is asso-
ciated with better perceived function, 6MWT perform-
ance, and physical QoL, regardless of age and BMI. No
further benefit in function was observed in those aver-
aging 21+ min/d of MVPA. Indeed, CDC physical activ-
ity guidelines and other investigators concur that some
physical activity is better than none [1, 57-59]. It re-
mains unclear if further increases in MVPA would result
in greater influences on pain, fatigue, or other FM symp-
tom domains, because few in our patient population
were vigorously active.

Our results showing an association with lifestyle phys-
ical activity and movement fatigue, but not overall per-
ceptions of fatigue, suggest that movement-evoked
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fatigue is a unique construct that could be modulated by
physical activity and exercise. In support of this, prior
work shows that individuals with FM with higher MVPA
report less fatigue than those with lower MVPA [24],
and increasing activity through exercise reduces fatigue
in a variety of conditions associated with fatigue, includ-
ing pain [23, 60, 61]. However, in those with FM, in-
creasing physical activity levels by 50% over 12 weeks
had no effect on perceived fatigue measured using the
Fatigue Severity Scale [51].

Increasing physical activity and exercise is a first-line
nonpharmacological treatment for FM, and systematic
reviews show reductions in pain and depression, as well
as improved global health and PF [22, 23, 62, 63]. How-
ever, systematic reviews report varied effect sizes across
FM outcomes and exercise types [62—64]. For example,
aerobic exercise produced no to small effect sizes on
pain; small effect sizes on fatigue, depression, and global
health; and medium effect sizes on PF [63, 64]. This lar-
ger effect size of increases in physical activity on func-
tion than on the other symptom domains is consistent
with our current findings with lifestyle physical activity.
Accordingly, we propose that the first expectation for
improvement due to increased physical activity in the
FM population should be functional gains and improved
physical QoL, with secondary potential for improve-
ments in other domains.

Measuring physical activity is inherently challenging,
regardless of the method of measurement. Although
both objective and subjective methods intend to assess
the same construct, lifestyle physical activity, it is well
documented that correlations between survey-based and
accelerometry-based activity assessment range between
r=0.14 and r=0.56 [65]. A major limitation of
self-report activity assessments is recall bias, which has
led to the belief that accelerometry is a better assessment
of lifestyle physical activity. However, there are a number
of noted limitations for accelerometry measurements, in-
cluding the ability to measure only dynamic physical activ-
ity, dependence on accelerometer wear placement (e.g.,
wrist vs. hip), and sensitivity to the analysis used (e.g., step
count, activity counts, transformation equations of the
raw g signals) [34]. In the current study, both methods re-
sulted in consistent findings with associations between
greater physical activity and better function, physical QoL,
and movement fatigue, as well as the lack of relationship
between physical activity and pain, pain-related psycho-
logical constructs, and mental QoL, suggesting the find-
ings are robust. Thus, for this population, either
measurement approach is useful, particularly because the
relatively low burden of the IPAQ short form makes it a
feasible assessment in clinic settings.

The current study has several limitations. First, this is
a cross-sectional study and as such we cannot determine
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causation. Accordingly, better function and QoL may re-
sult in greater physical activity levels as opposed to
greater physical activity resulting in improved function
and QoL. Further, activity over a 7-day period may not
be representative of habitual physical activity levels.
However, longer durations are not feasible for accelero-
metry and are likely to involve greater recall bias errors
for self-report. Finally, participants in the parent clinical
trial, used for these analyses, included only women with
NRS pain ratings of at least 4 of 10 and thus may not
represent all FM populations, such as those with milder
symptoms or men.

Conclusions

Lifestyle physical activity levels have the strongest
correlations with function, physical QoL, and move-
ment fatigue in women with FM. These relationships
occurred with low levels of moderate physical activity
(>10 min/d), well below most physical activity guide-
lines. No relationships between lifestyle physical
activity and pain, pain sensitivity, or psychological
constructs were observed, indicating that some indi-
viduals with high pain, pain catastrophizing, or fear
remain active, whereas others do not. Clinically, these data
support that increasing daily physical activity has the po-
tential to improve function, improve physical QoL, and re-
duce movement-evoked fatigue in this population.
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and self-report activity classifications. Table S3. Correlation coefficients
between function variables. Table S4. Correlation coefficients between pain
variables. Table S5. Correlation coefficients between pain sensitivity
variables. Table S6. Correlation coefficients between fatigue variables.
Table S7. Correlation coefficients between psychological constructs,
disease impact, and QoL variables. (DOCX 20 kb)
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