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Abstract

Background—Evaluation of physical activity is integral to the assessment of daily physical
function and a potential objective outcome measure for clinical trials. We evaluated the feasibility
of using pedometers to measure physical activity in adolescents and adults with cystic fibrosis
(CF) and assessed the responsiveness of its measurement to changes in health state.

Methods—~Participants were recruited through two CF clinics in Seattle, WA. Subjects were
instructed to use their pedometer for at least one ill and two well periods (each lasting 7 days).
Step rate was calculated as steps per hour of use. Daily symptoms were also recorded using the CF
Respiratory Symptom Diary (CFRSD). Generalized estimating equation linear regression was
used to compare mean step rate between health states and by self-reported symptom category.

Results—We enrolled 30 CF patients with a mean (£SD) age of 22 (+7) years and a mean forced
expiratory volume in 1 second (FEV1) of 57% (£25%) predicted. The mean period step rate
increased from 397 (95% CI 324 — 497) steps/hour when ill to 534 (95% CI 413 — 654) steps/hour
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when well (p=0.015). Pedometer-recorded step rate also correlated with self-reported physical
activity items on the CFRSD.

Conclusion—Step rate measured with a pedometer correlates significantly with changes in
health status and self-reported activity, and could be used as an outcome measure in CF.

1. Introduction

Over the past decade, there has been tremendous growth in the number of medications and
devices in the research and development pipeline for the treatment of cystic fibrosis [1]. One
of the many challenges with clinical trial design is developing clinical outcome measures
that efficiently demonstrate efficacy, thus improving the chance of successful U.S. Food and
Drug Administration (FDA) registration approval [2].

Measures of clinical efficacy should be based on how a patient “feels, functions, or
survives” [2]. The FDA considers patient-reported outcomes (PROSs) to be the most direct
approach to collecting symptom data [3]. As physical activity is an integral component of
function, questionnaires have been developed to measure self-reported physical activity [4].
Physical activity questionnaires may demonstrate limited reliability and validity however
because they can be susceptible to recall and response biases (e.g., perceived desirability of
a given response) and may provide very rough estimates of physical activity with significant
measurement error [5]. One potential solution is to complement the use of such instruments
with actual monitoring of physical activity.

Physical activity monitors that track movement, such as pedometers and accelerometers,
offer the advantage of direct measurement of physical activity and are considered more
reliable than self-report questionnaires [6]. Although accelerometers capture more detailed
information on physical activity than pedometers, pedometers are more practical as they are
simpler to use, and more affordable [7]. Physical activity monitors have been studied
extensively in the preventative health arena to quantify physical activity levels before and
after health promotion interventions targeted at the physically inactive [8]. Physical activity
monitors have also been studied in the CF population as physical fitness and activity levels
have been previously shown to influence prognosis [9]. Although numerous studies have
evaluated accelerometers in the CF population [10-21], to our knowledge, no studies have
evaluated pedometers to detect changes in health state (e.g. “ill’ or exacerbation state defined
by an increase in symptoms prompting initiation of antibiotics versus ‘well” or stable state).
Ability to differentiate between health states with an objectively derived measure such as
pedometer-recorded step rate is appealing since it has the potential to be used as a functional
endpoint in clinical trials.

This study had three aims. First, we wanted to evaluate the feasibility of using pedometers to
monitor step counts in CF patients. Second, we wanted to determine if pedometer-recorded
step rates could be used to discriminate between “ill” and ‘well’ health states in CF patients.
Third, we wanted to examine the relationship between pedometer-recorded step rates and
self-reported symptoms/physical activity levels using the CFRSD [22]. We hypothesized
that CF patients would tolerate pedometers; pedometer-recorded step rates would change
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significantly within patients between ‘ill” and ‘well’ health states, and finally would be
significantly correlated with self-reported symptoms and physical activity.

2. Methods

2.1. Participants

Individuals were recruited based on convenience and availability sampling from two CF
clinics in Seattle, WA, the University of Washington Adult CF Clinic and Seattle Children's
Hospital CF Clinic. The study population was primarily recruited for a study designed to
compare 7-day and repeated 24-hour recall of symptoms of cystic fibrosis using the CFRSD
[23]. A subgroup of this sample with pedometer recordings was used for this ancillary study
as described below.

Although children 2 years or older were recruited for the primary study subjects who were >
12 years old and had a confirmed diagnosis of CF with genetic and/or sweat chloride testing
were included in this analysis [24]. Similar to the primary study patients were excluded if
they had previously undergone solid organ transplantation. As one of the primary aims of
this ancillary study was to compare step rates between health states, patients were also
excluded if they did not have pedometer data from at least one ‘ill’ and one ‘well’ period.
Patient characteristics, including age, gender, ethnicity and lung function as measured by the
forced expiratory volume in 1 second (FEV1) percent-predicted were documented at
enrollment.

2.2. Procedures

Following enrollment, study participants were instructed on how to wear a New-Lifestyles®
Digi-Walker Pedometer (Model SW-401). This pedometer model was chosen for its proven
accuracy and reliability [25]. Participants were requested to wear the pedometer during all
waking hours for a total of 21 days, which comprised of two ‘well’ periods each of 7 days
duration and one “ill’ period of 7 days. Participants recorded start/stop times of usage and
step counts on these days. Enrolled patients were requested to contact the study coordinator
when they were beginning to feel ‘ill” based on symptoms. An ‘ill’ period was defined by
the presence of pulmonary symptoms warranting oral and/or intravenous antibiotics
following clinical evaluation. To adjust daily step counts for hours of actual pedometer
usage we calculated a daily step rate, expressed as steps per hour. A mean step rate was also
calculated for each individual when ill and well; data from the two well periods were
combined to generate this value for the well period. Additional analyses employed daily data
and repeated measures regression outlined below.

Feasibility of pedometer use was evaluated by analyzing: 1) the number of well periods of
use per individual (note: ill periods were not analyzed for feasibility as this was dependent
upon becoming ill during the study); 2) the number of days of use per period when ill and
well; 3) the number of hours of use per day when ill and well; 4) the number of hours of use
for adolescents (12-18 years) and adults (19 years and older); 5) the number of hours of use
on weekdays and weekends; and 6) the variation of day-to-day measurements within an ill
or well period as outlined in the statistical analysis below.
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In addition to documentation of pedometer data, patients completed the 16-item CFRSD on
a daily basis using a web-based questionnaire. The CFRSD has been described in detail
elsewhere [22] and captures the patient-reported impact of CF along 3 domains: respiratory
symptoms, emotional impact, and activity impact. Our study compared individual mean step
rates based on the presence or absence of specific respiratory symptom items, emotional
impact items, and activity impact items.

The Institutional Review Boards of the University of Washington and Children's Hospital
and Regional Medical Center (CHRMC) approved the study and enrolled patients provided
informed consent.

2.3. Statistical analyses

3. Results

All descriptive statistics were presented as means + standard deviations and ranges where
appropriate. Simple linear regression analysis was used to examine the relationship between
individual baseline lung function expressed as FEV; percent-predicted and mean step rate
during the well state. Correlation of daily step rates for an individual within a health state (ill
or well) was determined by calculating the intraclass correlation coefficient (ICC). (Note:
calculation of ICC was to quantify the day-to-day variation in step rates within a given
health state, and not to evaluate test reliability of the pedometer itself). Differences in day-
to-day step rates within a 7-day period were also analyzed using one-way repeated measures
ANOVA.

Mean daily step rates were compared between ill and well periods using general estimating
equation linear regression with the Huber-White estimator of variance to account for within-
subject correlation. The same approach was used to compare mean daily step rates by yes or
no response to the CFRSD items. A sensitivity analysis was conducted using pedometer-
recorded step counts (as opposed to step rates) to determine whether adjusting for hours of
device use influenced the results. All statistical testing was two-sided and performed at the
5% significance level using STATA 10.0 software.

3.1. Patient Characteristics

Fifty-two eligible CF patients were interested in primary study participation. Twelve eligible
patients were excluded because they could not be scheduled for the initial study visit due to
family time conflicts and 2 decided not to participate following the initial study visit but the
specific reason for not participating was not declared. Out of the 38 individuals recruited for
the primary study, 7 individuals did not experience an ill period during the study and 1
individual did not use the pedometer during at least one well period, with the result that 30
participants had pedometer data from at least one ill and one well period and were
subsequently included in the analysis (Figure 1).

At the time of enrollment, participants were predominantly above the age of 19 years (70%),
female (57%), and white (93%) with a mean (x SD) percent-predicted FEVq of 57 (+ 25)
(Table 1).
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3.2. Aim 1: To evaluate the feasibility of using pedometers to measure step counts

Twenty-seven of 30 participants used the pedometer during two well periods as
recommended in the study protocol, resulting in an adherence rate of 90%. Participants used
the pedometer for a mean (= SD) of 5.4 (+ 1.0) out of 7 days during ill periods and 5.2 (=
1.3) out of 7 days during well periods, with an overall adherence rate of 76%. Pedometer
recordings by day of week was distributed fairly evenly across the week, with a low of 11%
of total recordings from Mondays and a high of 18% of total recordings from Fridays. The
fairly even distribution of pedometer recordings throughout the week did not differ by health
state (ill versus well: chi-square p-value = 0.76) or age group (12 to < 18 years versus 19 to
38 years: chi-square p-value = 0.97). The mean number of hours of use per day was slightly
lower during ill compared to well periods, with 11.7 ( 3.1) hours of use during ill periods
and 12.2 (% 3.0) hours of use during well periods, but the difference was not statistically
significant (mean difference: 0.5 hours; 95% CI for mean difference: -0.1 to 1.1 hours). The
mean number of hours of use per day was similar for adolescents (12 to 18 years) and adults
(19 years and older) with a mean difference of 0.1 hours (95% CI for mean difference: -0.6
to 0.7). The mean number of hours of use per day was slightly higher on weekdays with 12.1
(= 3.1) hours of daily use compared to weekends with 11.7 ( 3.1) hours of daily use, but
once again the difference was not statistically significant (mean difference: 0.5 hours; 95%
CI for mean difference: -0.2 to 1.1) and did not differ by health state (mean difference when
ill: 0.4 hours; 95% CI for mean difference when ill: -0.6 to 1.5 versus mean difference when
well: 0.4 hours; 95% CI for mean difference when well: -0.4 to 1.2). The intraclass
correlation coefficient for daily mean step rate measurements within a given health state for
an individual was fair, with a coefficient of 0.43 when ill and 0.47 when well. Furthermore,
the step rate did not differ significantly day-to-day within a given 7-day period when
analyzed using one-way repeated measures ANOVA (ill period p=0.24; well period p=0.55).

3.3. Aim 2: To determine if pedometer-recorded step rates differ for individuals based on
health status (ill vs. well)

The mean pedometer-recorded step count was 4589 during the ill state and 6246 during the
well state, with a mean difference of 1647 steps per day (95% CI for mean difference: 331 to
2983 steps per day). Similarly, the mean pedometer-recorded step rate increased by 35% or
137 (95% CI 27 to 247) steps per hour during the well state compared to the ill state
(p=0.015). Despite this difference, mean step rate decreased for 12 of 30 individuals during
the well state compared to the ill state. For these 12 individuals, the mean step rate
decreased by 93 (95% CI 51 to 135) steps per hour. These 12 individuals were more likely
to be 19 years or older and have worse lung function compared to those individuals whose
mean step rate increased from ill to well, but the difference in lung function was not
statistically significant (Table 2).

3.4. Aim 3: To explore the relationship between pedometer-recorded step rate and self-
reported symptoms based on the CFRSD

Mean step rate decreased significantly with the presence of the following self-reported
respiratory symptoms: difficulty breathing, cough, chest tightness, and feeling tired (Table
3). Mean step rate also decreased significantly with the presence of the following emotional
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impact items: feeling worried, feeling cranky, and feeling frustrated. Presence of productive
cough, wheezing, fever, chills, feeling sad, and difficulty sleeping did not significantly
change step rates. Individuals that missed work or school due to illness and/or reported a
reduction in usual activity levels had lower mean step rates. Individuals that reported a
greater amount of time spent sitting or lying down also had lower mean step rates (Figure 2).
In a sensitivity analysis, the relationship between daily step counts (as opposed to step rates)
and self-reported symptoms was explored. These results were similar to our primary analysis
(Appendix Table 1, Appendix Figure 1).

3.5. Subgroup analyses of mean step rate by age and gender

When well, the mean step rate was 377 (95% CI 34 to 720) steps per hour higher for
adolescents (12 to 18 years) compared to adults (19 years and older). Although males had
slightly higher mean step rates compared to females when well, this difference was not
statistically significant (mean difference: 78 steps per hour; 95% CI for mean difference
-193 to 349).

3.6. Relationship between baseline lung function and mean step rate

Additional analyses evaluated the relationship between disease severity based on FEV
percent-predicted and mean step rate when well. On average, the mean step rate during the
well state increased by 9.4 (95% Cl 2.1-16.7) steps per hour with every 1-unit increase in
baseline FEV percent-predicted (r=0.53; p=0.014). The linear relationship is described by
the following regression equation: mean step rate = 9.4*(FEV1 % predicted) + 3.0. The
variability in mean step rate increased at higher levels of baseline lung function (Figure 3).

4. Discussion

Although numerous studies have examined the use of accelerometers in CF patients [10-21],
to our knowledge this is the first study to examine the feasibility of using pedometers in CF
patients and to evaluate their use during changes in health status. Pedometers offer several
practical advantages over accelerometers as they are easier to use and much more
affordable. Based on the results of this small study, the use of pedometers to monitor step
counts in CF adolescents and adults during a 7-day ill or well period appears to be feasible.

Pedometer-recorded step counts for CF adolescents and adults when ‘well” was just over
6000 steps per day and this is about 50% lower than values reported in the literature for
healthy adolescents and young adults. Expected values for healthy adolescents and young
adults range between 9000-13000 steps per day, depending on age and sex [26-28].
Although the underlying reasons for reduced pedometer-recorded step counts for stable CF
individuals in our study are likely complex and multifactorial, it can be partly explained by
the reduced lung function and respiratory symptoms of our study sample. We demonstrated
lower mean step rates among individuals with lower baseline lung function (Figure 3) and in
the presence of specific respiratory symptoms such as dyspnea, cough and chest tightness
(Table 3). Other physiologic factors that may have contributed to the reduced step counts but
not analyzed in our study include skeletal muscle dysfunction and poor nutritional status
[20, 29, 30]. Non-physiologic factors such as high treatment burden and differences in the
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type of physical activity CF individuals engage in (e.g. rowing, biking, resistance training)
may also explain the lower daily step counts for CF individuals relative to the general
population [31-33].

Pedometer-recorded step rates were 35% higher in the well state relative to the ill state,
suggesting that pedometers can be used to detect changes in physical activity levels with
changes in health status. However, this finding needs to be interpreted with caution as 12 of
30 (40%) individuals actually had a decrease in their pedometer-recorded step rate when
well compared to ill (as noted by the high standard deviation of the mean step rates). We
found no evidence that this was due to reactivity bias due to the novelty of using a
pedometer for the first time during the ill state [34]. We suspect that individuals whose
pedometer-recorded step rates paradoxically increased when they were ill compared to well
may have held jobs that were sedentary in nature and therefore time off from work due to
illness may have freed up more time for exercise. Although we do not have records of
employment to substantiate this, 11 of 12 individuals that experienced a paradoxical increase
in step rate when ill were above the age of 19 years and therefore were more likely to be
employed. Alternative but less likely explanations for why these individuals may have
increased their step rates when ill compared to well include: 1) increased emphasis on
walking/exercise during illness to facilitate airway clearance; 2) change in the type of
physical activity from intense exercises such as rowing or resistance training (not captured
by a pedometer) when well to less intense exercises such as walking when ill; and 3)
increasing trips to the doctor's office during periods of illness.

As expected, pedometer-recorded step rates decreased significantly with self-reported
symptoms of difficulty breathing, cough, chest tightness, and feeling tired. There was no
significant decrement in pedometer-recorded step rates with symptoms of wheeze, fever and
chills, but these symptoms were uncommon occurring in less than 10% of patients, likely
resulting in under-powering of this analysis. Pedometer-recorded step rates decreased with
symptoms such as feeling worried, cranky or frustrated, suggesting that an unstable
emotional state can adversely affect physical function. More likely, a tumultuous emotional
state may be the result of bothersome respiratory symptoms, which ultimately limits
physical activity.

This study provides preliminary validation for activity-related questionnaire items in the
CFRSD. Individuals that self-reported reductions in usual activity or increasing time spent
sitting or lying down had lower pedometer-recorded step rates. In light of these findings, the
CFRSD does not appear to be adversely influenced by recall or response bias. As the
widespread use of pedometers to monitor physical activity levels in CF patients outside of
the context of a clinical trial is unlikely, data supporting the validation of a questionnaire
like the CFRSD is important.

Our study is subject to limitations. First, participants were not blinded to daily pedometer
step counts, as the device step count was not concealed. Knowledge of the daily pedometer
step count could have influenced the response to questionnaire items, especially those
related to activity. Second, the generalizability of our feasibility findings to study subjects
under 12 years of age is questionable as pedometers might be perceived as toys, and
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therefore the pedometer readings might be unreliable due to improper use. Future studies
will need to assess the feasibility of pedometer use in this patient age group. Third, although
we chose the most accurate pedometer available on the market based on clinical studies,
pedometers are inherently prone to measurement error when used in free-living situations, as
steps can erroneously be recorded with any movement of the hip and may be less accurate at
faster walking speeds [35]. Lastly, although we could quantify the number of steps taken
with pedometers we could not determine: 1) distance walked as we did not have individual
stride length; 2) cadence or intensity of walking; 3) the amount of time spent walking at
different intensity levels; 4) the timing and intensities of other types of exercise that do not
involving walking and therefore may not be measured by pedometers; and 5) whether the
device was adhered to during all waking hours.

In conclusion, the use of pedometers to measure daily step counts in adolescent and adult CF
patients is feasible and the recordings can be used to detect changes in step rates with
changes in health status and self-reported symptoms. Pedometer-recorded step rates also
correlate with activity-related items from the CF Respiratory Symptom Diary. The use of
pedometers to more objectively monitor physical activity as an endpoint in clinical trials
appears promising but warrants further study.
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Appendix
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Appendix Figure 1. Relationship Between Mean Step Count and Self-Reported Frequency of
Time Spent Sedentary

Appendix Table 1
Mean Step Count by CF Respiratory Symptom Diary

Response

Mean Step Count by CFRSD Response
CFRSD Item” No Yes Difference (95% ClI)

Symptom Items

Difficulty Breathing 6387 4082 -2305 (-1130 to -3480)
Cough 6399 5527 -871 (-93 to -1649)
Cough Up Mucus 5742 5555 -188 (+1110 to -1485)
Chest Tightness 6234 4282 -1952 (-1086 to -2817)
Wheeze 5700 5238 -463 (+261 to -1187)
Tired 6291 4614 -1678 (-684 to -2672)
Fever 5636 5252 -385 (+1641 to -2410)
Chills 5672 4993 -679 (+221 to -1580)
Emotional Items
Feeling Worried 5783 3604 -2179 (-1472 to -2886)
Feeling Cranky 5824 4202 -1622 (-805 to -2438)
Feeling Sad 5675 5093 -583 (+852 to -2017)
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Mean Step Count by CFRSD Response
CFRSD Item” No Yes Difference (95% CI)
Feeling Frustrated 5818 4261 -1557 (-440 to -2674)
Activity Items
Difficulty Sleeping 6362 5429 934 (+3673 to -1806)
Missed Work or School 6379 2802 -3577 (-838 to -6317)
Reduced Usual Activity 6421 3133 -3288 (-1257 to -5319)
*
This table includes 15 of 16 CFRSD items with a binary response
Items highlighted in bold are statistically significant
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Eligible individuals interested in study participation (N = 52)

Unable to be scheduled for the initial study visit due to
family time conflicts (N =12)

Decided not to participate after initial study visit (N = 2)

h 4

Individuals enrolled (N = 38)

Did not experience an ‘ill’ period during the study (N =7)

4" Missing pedometer data from ‘well’ state (N = 1)
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Individuals with pedometer data from at least
one ‘ill’ and one ‘well’ period (N = 30)

Figure 1. Study Population
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Table 1
Baseline Patient Characteristics
Patient Characteristics (N=30) N %
Female gender 17 57%
White ethnicity 25 93%"
Age in years, mean (SD) and range 22 (7) 12-38
Age group (years)
12t018 9 30%
19+ 21 70%

FEV,% predicted, mean (SD) and range 57 (25)  25-107

*
Denominator 27 since 3 missing ethnicity values
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Table 2
Baseline Patient Characteristics By Direction of Change in Mean Step Rate from |1l to
Well
Change in Individual Mean Step Rate from Il to Well
Patient Characteristics Increased (N=18) Decreased (N=12) p-value
Age group (years)
12t0 18 8 1 0.03
19+ 10 11
Female gender 56% 58% 0.89
FEV1 % pred - mean (SD) 63 (27) 49 (19) 0.11
111 during 1st recording period 56% 50% 0.78
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Table 3
Mean Step Rate by CF Respiratory Symptom Diary Response

Mean Steps Per Hour by CFRSD Response

CFRSD Item” No Yes Difference (95% CI)

Symptom Items

Difficulty Breathing 549 346 -203 (-98 to -307)

Cough 647 462 -184 (-43 to -326)

Cough Up Mucus 524 459 -65 (+42 to -172)

Chest Tightness 529 378 -151 (-74 to -229)
Wheeze 490 444 -46 (+7 to -99)

Tired 544 388 -155 (-63 to -247)

Fever 482 470 -12 (+146 to -171)

Chills 486 434 -52 (+17 to -120)

Emotional Items

Feeling Worried 494 332 -162 (-85 to -239)
Feeling Cranky 499 360 -139 (-77 to -300)
Feeling Sad 489 413 -76 (+15 to -167)
Feeling Frustrated 498 369 -129 (-48 to -211)

Activity Items

Difficulty Sleeping 469 532 63 (+258 to -132)
Missed Work or School 541 249 -292 (-82 to -501)
Reduced Usual Activity 545 287 -257 (-95 to -420)

*
This table includes 15 of 16 CFRSD items with a binary response

Items highlighted in bold are statistically significant
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