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BACKGROUND: Fatigue is a common symptom in patients with pulmonary arterial hyper-
tension (PAH); however, the impact of fatigue on daily physical activity in PAH is unknown.
Accelerometry is a validated measure for assessing physical activity. We hypothesized that
patients with PAH reporting higher levels of fatigue would have lower daily physical activity
measured by accelerometry.

METHODS: We performed a prospective cohort study of 15 women with PAH. On day 1,
subjects completed the Multidimensional Fatigue Inventory (MFI), the United States Cam-
bridge Pulmonary Hypertension Outcome Review (US CAMPHOR), and a 6-min walk test.
Subjects wore the accelerometer on their dominant hip and completed an activity diary for
7 days. On day 15, subjects repeated the MFI and the US CAMPHOR, and then wore the
accelerometer and completed an activity diary for an additional 7 days. All multivariate
analyses were adjusted for age, BMI, and PAH type.

RESULTS: The mean age was 50.5 years, and 53% had idiopathic or heritable PAH. During the
2 weeks, subjects were mostly sedentary (85% of the time), although 10% of their time was
spent performing low-level activity. Lower average daily counts were associated with worse
self-reported energy levels, whereas less day-to-day physical activity variability was associated
with more self-reported mental fatigue, physical fatigue, and total activity. Higher percentage
of activity bouts was also associated with worse energy.

CONCLUSIONS: Women with PAH may spend most of their time being sedentary, and lower
self-reported energy levels are associated with less daily activity. Interventions to improve
symptoms such as fatigue may also increase physical activity levels in PAH.
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Pulmonary arterial hypertension (PAH) is a chronic
disease affecting primarily middle age women.1 Patients
with PAH report multiple symptoms including dyspnea,
fatigue, and chest discomfort, along with exercise
limitation.2 Fatigue is a multidimensional symptom
defined as an overwhelming, debilitating, and sustained
sense of exhaustion that decreases one’s ability to carry
out daily activities, to work effectively, and to function.3

Fatigue contains overlapping components that are
physical, cognitive, and affective.4 Physically, patients
feel they do not have the energy to perform activities.
Cognitively, patients may have difficulty concentrating
and may lack motivation to participate in activities.
More than 90% of patients with PAH report fatigue that
interferes with their life.2 In addition, patients with PAH
have diminished health-related quality of life (HRQOL)
that is associated with fatigue.5 Not only is it commonly
reported, but fatigue is also associated with dyspnea and
psychological distress and can interfere with cognitive
function6 and negatively affect functional status in
PAH.5

Despite the pervasiveness in PAH, little is known about
the impact of self-reported fatigue on physical activity.
The 6-min walk distance (6MWD) is commonly used in
the clinical setting as a measure of functional exercise
capacity or the ability to perform activities of daily living
that require sustained aerobic metabolism.7 The 6MWD
reflects physical fitness but may not necessarily reflect
journal.publications.chestnet.org
physical activity in daily life, which may vary markedly
day to day. The 6MWD is strongly associated with
survival in PAH, but it is not an adequate surrogate end
point.8

Physical activity is defined as body movements requiring
more energy than resting that also enhances health.9

One of the quantitative metrics for activity levels is
metabolic equivalents (METs). Activity levels range
from minimal/sedentary (1.0-1.5 METs, eg, watching
television); low intensity (1.6-3.0 METs, eg, folding
laundry); moderate intensity (3.1-6.0 METs, eg, food
shopping); vigorous (6.1- 9.0 METs, eg, jogging);
and very vigorous (> 9.0 METs, eg, rollerblading).10

Accurate measurement of METs requires labor-intensive
in-laboratory exercise testing, although accelerometry is
a validated and objective measure for assessing physical
activity in free-living environments.11,12 In small studies
of other chronic conditions, self-reported fatigue was
inversely associated with decreased accelerometer-
measured physical activity.13,14 Investigators have found
that patients with PAH are more sedentary15 compared
with healthy individuals, but did not assess the
association of physical activity with HRQOL or
symptoms.16 We aimed to determine the reliability of
measuring physical activity with an accelerometer, the
association between self-reported fatigue and physical
activity levels, and the association between physical
activity levels and HRQOL in women with PAH.
Methods
Study Design and Subjects

We recruited a convenience sample of patients who were 18 years or
older with PAH (idiopathic, heritable, or associated with connective
tissue disease, congenital heart disease, drug/toxin use, or HIV) who
were receiving targeted PAH therapy at a stable dose for at least
3 months. We excluded patients with chronic fatigue syndrome,
sleep disorders, or major depression, or who were hospitalized or
acutely ill. We also excluded subjects if they had gait limitations
such as significant arthritis or excessive pain in joints, an orthopedic
injury that limited mobility in the hip or knee, or neurologic
conditions that affected balance. All patients were recruited from the
Penn Medicine Pulmonary Hypertension/Pulmonary Vascular
Disease Program. This study was approved by the University of
Pennsylvania institutional review board (#817389) prior to subject
enrollment.

Procedures

After providing informed consent, patients came to our center for a
dedicated research visit. Sociodemographic information and medical
history were collected. Transthoracic echocardiogram and N-terminal
pro brain natriuretic peptide results were collected from the medical
record if performed within the past 6 months. Subjects completed
the Multidimensional Fatigue Inventory (MFI) and the United States
Cambridge Pulmonary Hypertension Outcome Review (US
CAMPHOR) questionnaires. Subjects also performed a 6MWD test.
On the day of the research visit (after completing the other testing),
subjects began wearing the accelerometer on their dominant hip.
Subjects were instructed to wear the device during all waking hours
and could remove the device for bathing/showering and sleeping.
Subjects wore the accelerometer for days 1-7 (week 1) and
completed an activity diary. They were instructed not to wear the
accelerometer on days 8-14 (week 2). On day 15, subjects again
completed the MFI and the US CAMPHOR and wore the
accelerometer for an additional 7 days along with completing the
activity diary (week 3). On day 21, the subjects returned the
accelerometer, questionnaires, and the activity diary with a self-
addressed, prepaid envelope. Other studies have found improved
week-to-week reliability when accelerometry data are collected
between 8 and 12 hours and 3 and 5 days.17

Accelerometry

Physical activity was measured by the ActiGraph wGT3X-BT monitor
(ActiGraph Corp), a lightweight device (19 g) with dimensions of
4.6 cm � 3.3 cm � 1.5 cm that contains a rechargeable lithium
battery with a recording capacity of approximately 25 days (Fig 1).
The capacity for data storage is 120 days or 2 GB. The device is
water resistant with sustained performance after submersion at 1 m
for up to 30 min. The wGT3X-BT uses a solid-state triaxial
accelerometer to collect data in three axes—vertical, anteroposterior,
and mediolateral—at a frequency of 30 Hz. All three axes provide
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Figure 1 – Accelerometer.
activity counts to compute a composite vector magnitude (VM).18,19

Published validation studies of the wGT3X-BT indicate the device
accurately measures physical activity.18 The intraclass correlation
coefficient (ICC) across frequencies and all three axes combined in a
previous study was 0.97 (P < .001).20

All devices were initialized with the patient research identification
number prior to the subject wearing the device. Initialization and
data download were performed using the ActiGraph software.
Subjects began wearing the device on the day of enrollment. Days
with less than 2 hours of qualified wear time data identified by
ActiLife software were discarded. The average (� SD) daily wear
time was 10.72 � 3.74 hours for week 1 and 11.88 � 2.50 for week
3. The average intensity (sedentary, low, moderate, vigorous, or very
vigorous) and standard deviation of the composite VM were the
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Figure 2 – Sample activity diary. Subjects shade in the corresponding blocks
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primary variables used in the analysis. We also analyzed bouts of
being active, defined as episodes of continuous activity with VM
levels greater than 40 (90th percentile).

Activity Diary

The activity diary included the date and day of each week with hours of
the day. Subjects shaded in the areas when they were asleep. They also
indicated consumption of caffeine, medication administration, and
when they performed intentional exercise by marking this on the
activity diary. Figure 2 presents a sample activity diary.

Questionnaires

The MFI is a self-administered instrument containing 20 items that
measures five subscales covering the dimensionality of fatigue:
general fatigue, physical fatigue, reduced activity, reduced motivation,
and mental fatigue.21 Each of the subscales contains four items.
Responses are on a Likert scale ranging from “yes, that is true” to
“no, that is not true.” Subjects mark the box that most closely relates
to “how they have been feeling lately.” Each item in the subscale
ranges from 1 to 5. The total subscale score ranges from 4 to 20,
with a higher score indicating increased fatigue.

The HRQOL is defined as an individual’s perception of her physical and
psychological well-being.22 The US CAMPHOR has three scales that
measure total symptoms, activity, and quality of life along with three
symptom subscales—energy, breathlessness, and mood.23 The US
CAMPHOR is self-administered and takes approximately 10 to 15 min
to complete. Higher scores indicate worse quality of life. The total
summed symptom scale ranges from 0 to 25. The energy subscale
scores range from 0 to 10; the breathlessness subscale scores range
from 0 to 9; and the mood subscale scores range from 0 to 7. An
example of an energy question is “I’m tired all the time.” The
breathlessness subscales asks “I get out of breath when I walk,” and the
mood subscale asks “I get very down.” The quality-of-life scale also
contains 25 negatively weighted items that are scored the same, with
scores ranging from 0 to 25. The activity scale contains 15 items.
Activities are related to the ability of the person to perform “on your
own without difficulty,” scored 0; “able to do on your own with
difficulty,” scored 1; “unable to do on your own,” scored 2. Summed
activity scores range from 0 to 30, higher scores indicate worse disability.

6-Min Walk Test
The 6-min walk test was performed indoors along a hard, flat corridor
30 m in length according to the American Thoracic Society guidelines
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to measure functional exercise capacity.24 Moderate to high
relationships between the 6MWD and peak oxygen consumption via
maximal exercise testing have been reported (r ¼ 0.56-0.88).25,26

Test-retest reliability is also high and has been reported as an ICC of
0.90.27 The technician was blinded to other subject information.

Data Analysis

Continuous variables are displayed as mean � SD or median
(interquartile range), and categorical variables are shown as number
(percentage). Differences in physical activity scores (accelerometry)
between the two weeks were analyzed using generalized estimating
equation28 models with adjustment for age and total wear time. We
used ICCs to assess the reliability of week 1 compared with week 3
physical activity levels. Paired t tests assessed the differences between
week 1 and week 3 MFI and US CAMPHOR results.

Bivariate analysis included crude pairwise correlations between
physical activity scores, self-reported fatigue (MFI), and HRQOL (US
CAMPHOR) averaged across the two weeks. The physical activity
journal.publications.chestnet.org
scores included average counts per minute, the standard deviation of
average daily counts, and the average proportion of active bouts.
Generalized estimating equation models (accounting for the within-
subject correlation of the two weeks of data) were used to evaluate
the association of physical activity scores with self-reported fatigue
(MFI: general, physical and mental subscales) and the US
CAMPHOR total activity scores after adjusting for age, BMI, and
PAH type (idiopathic/heritable vs associated). Probability values of
less than .05 were considered statistically significant. For each of the
physical activity measures, we conducted a two-step analysis. First,
we conducted an initial screening by only including individual scales
and basic demographics (age, BMI, and PAH type). We then built
the multivariate model in a hierarchical order in which the most
predictive questionnaire scores from the prescreening step were
entered into the models first. The final model was selected to have
the largest quasi-likelihood or the smallest quasi-likelihood under the
independence model information criterion,29 while forcing age, BMI,
and PAH type into the model.
Results
All 15 subjects completed the study. The mean age was
50.5 �15.9 years, one third were non-Hispanic white,
and 53%were diagnosedwith idiopathic or heritable PAH
(Table 1). Most subjects were taking phosphodiesterase
type-5 inhibitors (60%) or endothelin receptor
antagonists (53%), diuretics (53%), and anticoagulants
(53%). Thirty-three percent required continuous
intravenous prostacyclin analogue therapy (epoprostenol,
n ¼ 4; treprostinil, n ¼ 1). Eighty percent of the sample
was World Health Organization (WHO) functional class
II, and the mean 6MWD was 412 � 66.1 m.

Subjects wore the accelerometer on average for 6.87 �
1.1 days during week 1 and 6.55 � 1.19 days during
week 3. Figure 3 displays a sample of one subject’s daily
accelerometry output. We first assessed the reliability
of weekly physical activity (VM) between week 1 and
week 3. The reliability of the axis 1 weekly average daily
activity (ICC, 0.87; 95% CI, 0.66-0.95) was very
high compared with good reliability of the VM weekly
average daily activity (ICC, 0.70; 95% CI, 0.30-0.89).
There were no significant differences in average counts
per minute or in any other estimate of activity between
week 1 and week 3 (Table 2). The average time spent
being sedentary was 85%, and the average time spent
performing moderate (or more intense) activity was
only 2% to 3% for the sample. We did not observe
an association between average daily temperature
and physical activity (data not shown) during
study enrollment between December 2013 and
September 2014.

For the MFI subscales, the general fatigue and physical
fatigue had the highest scores, indicating increased
fatigue levels. The MFI subscales did not differ between
the two weeks (Table 3). The US CAMPHOR total
symptom scores, the total activity scores, and the quality
of life scores were not significantly different between
week 1 and week 3 (Table 3). The 6MWD was positively
associated with physical activity bouts (r ¼ 0.64;
P ¼ .011), and older age was significantly associated
with reduced day-to-day variability in physical activity
(r ¼ �0.61; P ¼ .015) and may have been associated
with less daily physical activity (r ¼ �0.46; P ¼ .083)
and fewer physical activity bouts (r ¼ �0.48; P ¼ .068),
but these findings were not statistically significant. In
multivariate analysis adjusted for age, BMI, and PAH type
(idiopathic/heritable vs associated), worse energy scores
(US CAMPHOR) were associated with lower average
activity levels (estimate, �13.965; P ¼ .013), whereas the
fatigue scores (MFI) were not (Table 4). Total quality of
life, symptoms, activity, and breathlessness by the US
CAMPHOR were also not significantly associated with
daily activity counts. Alternatively, greater self-reported
mental fatigue (MFI) (estimate, �18.92; P < .001) and
physical fatigue (MFI) (estimate, �7.65; P ¼ .007) were
independently associated with less variability in day-to-
day physical activity. Worse total activity (US
CAMPHOR) (estimate, 12.78; P < .001) was associated
with increased day-to-day physical activity variability
(Table 5), and worse energy (US CAMPHOR) was
associated with fewer activity bouts (estimate, �0.24;
P ¼ .002) (Table 6). Figure 4 illustrates the daily average
activity counts over the two weeks for two subjects.
Subject 09 has lower variations in activity from one day to
the next, whereas subject 15 has a much larger range of
average daily activity (300 to 1200 counts/min). Their
mental fatigue (MFI) and physical fatigue (MFI) show an
inverse relationship with the activity variations as
reported in the multivariate analysis.
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TABLE 1 ] Characteristics of Study Sample

Characteristics Value

Age, mean � SD, y 50.5 � 15.9

Female 15 (100)

Race/ethnicity

White (non-Hispanic) 9 (60)

Black 5 (33)

Other 1 (7)

PAH etiology

Idiopathic 5 (33)

Connective tissue disease 4 (27)

Heritable 3 (20)

Congenital heart disease 2 (13)

HIV 1 (7)

Echocardiography (N ¼ 14)

Right ventricular systolic
pressure, median
(IQR), (n ¼ 12),
mm Hg

78.5 (53.3-97.5)

Tricuspid annular plane
systolic excursion,
median (IQR),
(n ¼ 11), cm

1.8 (1.6-2.6)

RV size

Normal 6 (43)

Mildly dilated 1 (7)

Moderately dilated 3 (21)

Severely dilated 4 (29)

RV function

Normal 4 (29)

Mild dysfunction 4 (29)

Moderate dysfunction 6 (42)

Severe dysfunction 0

Tricuspid regurgitation

None 1 (7)

Mild 5 (36)

Moderate 7 (50)

Severe 1 (7)

Right ventricular
hypertrophy (n ¼ 7)

None 4 (57)

Mild 3 (43)

Pericardial effusion

None 12 (86)

Present 2 (14)

Medications

IV prostacyclin analogue 5 (33)

Inhaled prostacyclin
analogue

2 (13)

(Continued)

TABLE 1 ] (Continued)

Characteristics Value

Endothelin receptor
antagonists

8 (53)

PDE-5 inhibitors 9 (60)

Diuretics 8 (53)

Digoxin 3 (20)

Anticoagulants 8 (53)

WHO functional class

Class II 12 (80)

Class III 3 (20)

BMI, mean � SD, kg/m2 26.5 � 4.2

NT-pro BNP, mean � SD,
pg/mL (n ¼ 11)

216.0 (65.0-531.0)

6 MWD, mean � SD, m 412.9 � 66.1

Data are presented as No. (%) unless otherwise indicated. 6MWD ¼ 6-min
walk distance; IQR ¼ interquartile range; NT-pro BNP ¼ N-terminal pro
brain natriuretic peptide; PAH ¼ pulmonary arterial hypertension; PDE-5 ¼
phosphodiesterase type 5; RV ¼ right ventricular; WHO ¼ World Health
Organization.
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Discussion
This is the first study to investigate the association
between physical activity levels measured by
accelerometry, self-reported fatigue, and HRQOL in
patients with PAH. In a sample of 15 women with
PAH, weekly physical activity levels were reliably
measured for a period of 3 weeks. The vast majority
of time throughout the day was spent being sedentary,
whereas only 2% to 3% was spent performing moderate
activity (6 to 51 min), well below the recommended
150 min per week for healthy adults.9 Symptoms such as
low energy (US CAMPHOR) and fatigue (MFI) were
associated with lower activity and less day-to-day
variability in activity, respectively.

A study of test-retest reliability of accelerometry in
community-dwelling adults showed ICCs for various
algorithms from 0.70 to 0.90, similar to our estimates.30

The reliability for axis 1 weekly average daily activity
(ICC, 0.87; 95% CI, 0.66-0.95) was very high, and there
was good reliability for the VM weekly average daily
activity (ICC, 0.70; 95% CI, 0.30-0.89), suggesting that
measurement periods of at least a week would provide
reproducible data in clinical studies and clinical trials in
PAH using accelerometry. In healthy adults, test-retest
reliability for standing after only 2 days was an ICC of
0.56 and for walking, an ICC of 0.79 to 0.94.31 This
demonstrates the feasibility of using accelerometry to
reliably assess physical activity levels in patients with
PAH.
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Figure 3 – Single day accelerometry data from a patient with World Health Organization functional class II pulmonary arterial hypertension.
Average VM activity counts per minute for the subjects
during the two weeks of measurement were 391.5� 144.8
for the sample. Average vertical axis activity counts per
minute for the subjects ranged between 172.9 � 71.0 and
175.7 � 63.3, similar to those seen in another published
study of accelerometry in PAH.16 Normative data from
the National Health and Nutritional Examination Survey
TABLE 2 ] Comparison of Week 1 and Week 3 Activity Leve

Variable Week 1

Average counts/min (VM) 379.3 � 125.0 40

Average counts/min (axis 1) 172.9 � 71.0 17

% Time sedentary 84.1 � 9.7 8

% Low activity 9.8 � 5.1 1

% Moderate activity 2.4 � 1.6

% Vigorous activity 0.2 � 0.1

% Very vigorous activity 0.1 � 0.05 0

Sedentary time, min 610.6 � 120.6 63

Low activity time, min 73.1 � 48.7 7

Moderate activity time, min 17.7 � 12.5 1

Vigorous activity time, min 1.3 � 1.0

Very vigorous activity time, min 0.4 � 0.4

Total wear time, min/d 643.3 � 224.8 71

Data are presented as mean � SD. ICC ¼ intraclass correlation coefficient; M
aActivity levels are defined as follows: sedentary ¼ 1.0-1.5 METs; low intensity
6.0-9.0 METs; very vigorous intensity >9.0 METs.
bProbability value for differences between week 1 and week 2 activity levels fro
time.

journal.publications.chestnet.org
showed average activity counts per minute for women
60 to 69 years of 251 counts/min and 170 counts/min
for those 70 years and older.32 Our PAH sample was
younger, but had much lower activity counts, suggesting
that womenwith PAHhave very limited activity levels even
compared with individuals from the general population
more than two decades older.
lsa and Wear Time

Week 3 P Valueb ICC (95% CI)

3.6 � 165.8 .91 0.70 (0.30-0.89)

5.7 � 63.3 .90 0.87 (0.66-0.95)

5.3 � 7.3 .58 0.35 (�0.20 to 0.73)

0.8 � 6.1 .67 0.91 (0.74-0.97)

2.5 � 1.3 .82 0.90 (0.72-0.97)

0.2 � 0.1 .83 0.89 (0.70-0.96)

.05 � 0.05 .51 0.82 (0.53-0.94)

9.7 � 153.9 .35 0.20 (�0.35 to 0.65)

6.3 � 56.0 .96 0.93 (0.79-9.98)

6.7 � 9.9 .49 0.64 (0.18-0.87)

1.2 � 1.0 .70 0.96 (0.88-0.99)

0.5 � 0.5 .65 0.52 (0.01-0.82)

2.8 � 150.2 .94 0.23 (�0.32 to 0.67)

ET ¼ metabolic equivalent; VM ¼ vector magnitude.
¼ 1.6-3.0 METs; moderate intensity ¼ 3.1-6.0 METs; vigorous intensity ¼

m generalized estimating equation model adjusted for age and total wear
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TABLE 3 ] MFI and US CAMPHOR Scores for Symptoms, Activity, and Quality of Life Scores and ICC

Variable Week 1 Week 3 P Valuea ICC (95% CI)

MFIb

General fatigue 10.9 � 3.6 11.3 � 3.8 .51 0.89 (0.68-0.96)

Physical fatigue 10.5 � 3.9 10.9 � 4.1 .51 0.91 (0.74-0.97)

Reduced activity 9.9 � 4.2 9.9 � 4.6 .94 0.82 (0.46-0.94)

Reduced motivation 8.5 � 3.2 8.7 � 3.7 .77 0.84 (0.53-0.96)

Mental fatigue 7.3 � 3.3 7.2 � 2.9 .78 0.90 (0.71-0.97)

US CAMPHORc

Total symptom 5.7 � 4.9 6.6 � 5.6 .43 0.82 (0.46-0.94)

Energy 2.3 � 2.6 2.5 � 3.2 .72 0.86 (0.58-0.93)

Breathlessness 2.2 � 1.7 2.3 � 1.6 .85 0.81 (0.42-0.94)

Mood 1.2 � 1.4 1.8 � 2.1 .19 0.70 (0.12-0.90)

Total activity 6.1 � 4.5 7.3 � 4.5 .01 0.98 (0.94-0.99)

Quality of life 3.7 � 4.5 4.7 � 6.0 .32 0.88 (0.63-0.96)

Data are presented as mean � SD. MFI ¼ Multidimensional Fatigue Inventory; US CAMPHOR ¼ United States Cambridge Pulmonary Hypertension
Outcome. See Table 2 legend for expansion of other abbreviation.
aProbability value for differences between week 1 and week 3 MFI and US CAMPHOR scores.
bMFI scores range 4-20; higher scores indicate increased fatigue.
cUS CAMPHOR total symptom and quality of life scores range 0-25; energy scores range 0-10; breathlessness scores range 0-8; mood scores range 0-7;
total activity scores range 0-30; higher scores indicate worse symptoms, activity, and quality of life.
Our sample showed less sedentary time (85%) compared
with 92% from the prior study in PAH,16 but only
0.3% of time in each group was spent on vigorous or
very vigorous activity. A meta-analysis of adults
determined that sedentary time was independently
associated with all-cause mortality, cardiovascular
disease incidence or mortality, cancer incidence or
mortality (breast, colon, endometrial), and diabetes.33

Increased physical activity in COPD is associated with
lower hospital admissions and lower mortality.34 After
hospital discharge, COPD patients with lower physical
activity levels were more likely to be rehospitalized.35
TABLE 4 ] Association Between Average Daily Counts Per M
Activity Levels

Variable

Individual S

Estimate

Physical fatigue (MFI) �9.329

Mental fatigue (MFI) �4.541

General fatigue (MFI) �8.293

Total quality of life (US CAMPHOR) �1.578

Total activity (US CAMPHOR) �0.27

Total symptom (US CAMPHOR) �4.643

Breathlessness (US CAMPHOR) �9.266

Mood (US CAMPHOR) �1.297

Energy (US CAMPHOR) �13.965

All models are adjusted for age, BMI, and pulmonary arterial hypertension typ
See Table 3 legend for expansion of abbreviations.
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Pugh and colleagues16 found those patients with PAH
who were categorized as WHO functional class III/IV
had significantly lower activity counts than WHO
functional class I/II, demonstrating lower activity levels
with increased disease severity. It is possible that
increasing physical activity and being less sedentary in
PAH could decrease morbidity and mortality in PAH,
but further studies are necessary.

The level of physical activity, whether it is depicted
by average daily counts per minute or the duration of
being active (proportion of active bouts), is negatively
inute and Self-Report Fatigue, Quality of Life, and

cales Multiple Scales

P Value Estimate P Value

.21 . .

.45 . .

.24 . .

.75 . .

.96 . .

.09 . .

.29 . .

.91 . .

.013 �13.965 .013

e (idiopathic/ heritable vs associated).

[ 1 5 0 # 1 CHE S T J U L Y 2 0 1 6 ]



TABLE 5 ] Association Between Day-to-Day Physical Activity Variability With Self-Report Fatigue, Quality of Life,
and Activity Levels

Variable

Individual Scales Multiple Scales

Estimate P Value Estimate P Value

Physical fatigue (MFI) �2.945 .441 �7.645 .007

Mental fatigue (MFI) �9.551 .008 �18.923 < .001

General fatigue (MFI) �3.831 .303 . .

Total quality of life (US CAMPHOR) �1.42 .584 . .

Total activity (US CAMPHOR) �1.308 .575 12.778 < .001

Total symptom (US CAMPHOR) �1.677 .416 . .

Breathlessness (US CAMPHOR) �3.346 .482 . .

Mood (US CAMPHOR) �6.81 .316 . .

Energy (US CAMPHOR) �2.467 .554 . .

All models are adjusted for age, BMI, and pulmonary arterial hypertension type (idiopathic/ heritable vs associated).
See Table 3 legend for expansion of abbreviations.
correlated with self-reported energy (US CAMPHOR).
The day-to-day variability in physical activity, however,
is more correlated with MFI mental fatigue scores. The
MFI mental fatigue subscale asks questions about how
well the subject can concentrate on tasks and if her
thoughts easily wander.21 A study including patients
with depression showed day-to-day physical activity
variability that was associated with depressive
symptoms36; as depressive symptoms increased, physical
activity decreased. A study including patients with
multiple sclerosis found mental fatigue to be a
significant barrier to engaging in physical activity,37 and
physical activity was associated with fatigue, depression,
and HRQOL38 Perhaps there are modifiable factors
or interventions to reduce mental fatigue, thereby
promoting physical activity. Energy conservation39,40

may be a possible intervention to promote sustained
TABLE 6 ] Association Between Percentage of Activity Bou
Activity Levels

Variable

Individual S

Estimate

Physical fatigue (MFI) �0.242

Mental fatigue (MFI) �0.115

General fatigue (MFI) �0.09

Total quality of life (US CAMPHOR) �0.021

Total activity (US CAMPHOR) �0.002

Total symptom (US CAMPHOR) �0.079

Breathlessness (US CAMPHOR) �0.157

Mood (US CAMPHOR) �0.032

Energy (US CAMPHOR) �0.239

All models are adjusted for age, BMI, and pulmonary arterial hypertension typ
See Table 3 legend for expansion of abbreviations.
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day-to-day activity to avoid days where patients with
PAH are not mentally and physically fatigued.

Self-reported activity measured by the US CAMPHOR
was actually inversely associated with physical activity
measured by accelerometry. Overall, patients with PAH
did not report greatly impaired activity levels even
though much of their time was spent being sedentary.
Patients may not be able to judge physical activity
impairment or low levels of activity and may
overestimate their activity levels. Alternatively, there
may be a problem with the validity of either the US
CAMPHOR subscale or the accelerometry metrics.

Average daily counts and activity bouts were associated
with the 6MWD; however, the two different
measurement approaches gauge distinct domains of
physical activity and exercise. The 6MWD is a
ts With Self-Report Fatigue, Quality of Life, and

cales Multiple Scales

P Value Estimate P Value

.083 . .

.325 . .

.485 . .

.808 . .

.989 . .

.022 . .

.286 . .

.874 . .

.002 �0.239 .002

e (idiopathic/ heritable vs associated).
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Figure 4 – Comparison of average accelerometry counts per minute (cpm) and physical fatigue and mental fatigue levels measured by the Multidi-
mensional Fatigue Inventory (MFI) obtained from 2 subjects.
commonly used test to assess functional exercise
capacity24 in response to therapy and clinical
improvement or worsening, which is a different metric
than that assessed by accelerometry (daily activity). The
6MWD assesses exercise capacity, a test that
approximates maximal oxygen consumption in PAH.
Physical activity varies from day to day, and such
assessment of daily activity likely means more to a
patient than the 6-min walk. Real-time activity measures
allow us to assess the time-dependent activity patterns
in real life conditions that might not be captured by
the 6-min walk test. The maximal oxygen consumption
during the 6-min walk test is actually higher than
that achieved on a cardiopulmonary bicycle exercise
test (CPET) in patients with PAH,41 and the distance
walked has a strong correlation between peak oxygen
consumption from both the 6-min walk test and
CPET.42 This test is considered an intermediate end
point by regulatory bodies and has been the basis for
approval for almost all therapies for PAH. The 6MWD
is also strongly associated with survival in PAH, but we
have recently shown that it is not an adequate surrogate
end point.8 Alternatively, accelerometry is not
dependent on factors such as height and is considered a
better indicator of physical activity in daily life than the
6MWD. Physical activity differs from day to day,
54 Original Research
whereas exercise capacity is relatively constant.
Assessment of daily activity may be more clinically
meaningful to a patient than the 6-min walk (however,
this is not yet definitive) and could provide a more
pertinent outcome in studies of treatment for PAH. The
variability in physical activity that is not explained by
the 6MWD shows that these are related, but distinct,
domains.

There are several limitations to this study. First, we used
a small sample size of women in this pilot study to
determine the feasibility of using accelerometry. Larger
studies need to be performed. Second, although our
eligibility criteria did not exclude men, PAH primarily
affects women (80%), and differences in the physical
activity patterns between women and men would be
important to study. Third, although we have shown
reliability of activity measurement for a short time, there
could be variability in physical activity levels related to
season and such variability could depend on climate.15

In a study of patients with PAH, there was a negative
association between heat and humidity and physical
activity.15 Other studies have shown variation in higher
minimum daily temperature and longer day length with
higher physical activity levels.43 Fourth, depression or
depressed mood are associated with fatigue. Although
[ 1 5 0 # 1 CHE S T J U L Y 2 0 1 6 ]



the US CAMPHOR mood subscale asks questions about
“mood swings” and whether the subject is feeling
“down,” a validated instrument to measure depression
or depressed mood to account for the potential
confounder of depressive symptoms that can be
associated with fatigue is needed. Fifth, we did not
perform echocardiograms or collect hemodynamics and
N-terminal pro brain natriuretic peptide levels at
enrollment. Future studies will include these data.

Conclusions
In conclusion, we have shown relationships between
physical activity levels measured by accelerometry and
self-report fatigue levels (MFI) and HRQOL in PAH.
journal.publications.chestnet.org
We found that physical activity measured by
accelerometry was relatively stable from week to week.
Average daily physical activity levels were negatively
associated with energy (US CAMPHOR). Day-to-day
physical activity variability levels were negatively
associated with mental fatigue and physical fatigue (MFI).
When examining physical activity bouts, results showed
a negative association with energy (US CAMPHOR).
Future research will include a larger sample size that
includes both women and men. Additionally, studies of
energy conservation or other interventions to increase
physical activity are needed to assess their efficacy in
improving patient-reported outcomes such as symptoms
of fatigue, dyspnea, and HRQOL.
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