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Take Home Message
In a longitudinal study of stable pulmonary hypertension patients, there was a non-linear
association between 6MWD and step counts at higher levels of exercise capacity and average

step counts were associated with disease-specific and global HRQOL.
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To the editor:

Pulmonary arterial hypertension (PAH) is a progressive, non-curable disease with significant
associated comorbidity, including reduced exercise capacity [1] and poor health-related quality
of life (HRQOL) [2]. Exercise capacity is frequently measured by the six-minute walk test
(6MWT) [3]. The 6BMWT is easy to perform and correlates with disease severity and HRQOL [4].
However, the 6MWT has limitations such as the need for a clinic visit to perform [4] and ceiling
effects which reduce the sensitivity to changes among patients [5].

Commercially available activity trackers have the potential to monitor ambulatory
function continuously beyond onetime measures of exercise capacity. For the PAH population,
data on ambulatory activity may provide a more sensitive means to assess changes in clinical
status [4] and be informative to the assessment of new therapies; however, an understanding
of the long-term correlation between physical activity and both 6MWD and patient-centered
outcomes such as HRQOL is needed as prior studies were limited to short-term follow-up [6-9].

The primary aims of this prospective cohort study were to assess the correlation
between 6 MWD and physical activity (step counts) and to examine associations between
physical activity and HRQOL among patients with PAH and chronic thromboembolic pulmonary
hypertension (CTEPH) over an extended period.

We enrolled patients 218 years-old from the University of Michigan Medical Center

between June and November 2016 at the time of a PAH clinic visit and followed them until their



next scheduled appointment. Participants were included if they had a diagnosis of PAH or
CTEPH according to World Health Organization (WHO) Criteria [10] and WHO functional class |
to Ill symptoms [3] on stable PAH medications for > 3 months without comorbid conditions that
limited activity. The study was approved by the Institutional Review Board and informed
consent was obtained (HUMO00110649).

At each visit, a 6BMWT was performed and physical activity quantified using average
daily step counts for two weeks acquired with the Fitbit Zip™ accelerometer. Days with <200
steps were excluded and weeks with >4 excluded days were considered non-valid. Participants
were instructed to wear the Fitbit Zip™ during waking hours and to continue their usual level of
activity. HRQOL measured using the emPHasis-10 questionnaire, a PAH-specific instrument
used to determine the impact of PAH symptoms on patients’ lives [11], and several non-disease
specific Patient-Reported Outcomes Measurement Information System (PROMIS) short form
domain measures (physical function-v1.2, fatigue-v1.0, illness impact-v1.0, satisfaction with
roles-v1.0 and ability to participate in social roles-v2.0) [12].

The primary outcomes of the study were (1) correlation of 6MWT and physical activity,
(2) association between physical activity and HRQOL, and (3) association between physical
activity change and HRQOL change between baseline and follow-up. Visual inspection of
scatterplots suggested a curvilinear relationship between step counts and 6MWD. The inclusion
of step count as a second-order term (quadratic) improved the model fit. A p-value of <0.05
was used to determine significance. Analyses were conducted using STATA 14 (College Station,

TX).



Of the 87 consecutive patients screened, 36 either didn’t meet inclusion criteria or met
exclusion criteria, 11 were eligible but did not participate, and 1 enrolled but elected not to
participate, leaving 39 participants in the study [mean age 61+12, 85% (n=33) female, 90% PAH
(n=35), 10% CTEPH (n=4)]. A total of 34 participants (87%) had valid mean step counts for the
initial visit, 69% (n=27) for the follow-up visit, and 64% (n=25) for both and were included in the
change between visits analysis. Participants were followed for a median (interquartile range) of
6.1 (4.6, 6.4) months between visits.

The mean (+SD) steps and 6MWD were 4391 (+2442) steps and 460 (+107) meters.
Average daily step count was significantly associated with 6MWD (R=0.71, R?=0.51, p<0.001)
(Figure 1a). Average daily step counts and HRQOL measures remained stable between visits.
Higher average daily step counts were positively associated with lower PH symptoms burden
(EmPHasis-10 score) and PROMIS domains including higher self-reported function, lower
fatigue, higher satisfaction with social roles, and decreased psychosocial illness impact (Figure
1b). The adjusted analyses examining the association between change in step counts and
change in HRQOL measures are also reported in Table 1 and reflect the clinical stability in all
measures between visits.

Our findings support the stability and reliability of continuous long-term monitoring of
physical activity in PAH and CTEPH patients. Over a median follow-up of about 6 months in
clinically stable participants, physical activity measured by average daily step counts did not
change and was strongly associated with 6MWD. The current use of 6MWD to monitor exercise
capacity is well-established. Thus, 6MWD is frequently used as an efficacy outcome in clinical

trials [13]. However, given the limitations, there has been increasing interest in using



continuous device monitoring to assess ambulatory function [4]. The confirmation of the
stability and reliability of physical activity using measures over an extended period builds on
prior work of shorter duration and is a necessary first step in understanding if physical activity
monitoring adequately addresses these limitations [6-9].

Additionally, there was a high correlation between physical activity and 6MWD which
has been previously described [6-8]. However, we observed this relationship to be non-linear
suggesting that at higher ambulatory activity (daily step counts), the 6MWD lost discriminatory
value. This may represent the previously reported ceiling effect where the 6MWT was unable to
differentiate response to therapies in participants with higher exercise capacity [5]. With the
use of early combination therapies, participants enrolling in clinical trials are changing and tend
to have improved exercise tolerance limiting the ability to use 6MWD in these patients [14].
Our findings suggest that ambulatory step count monitoring has the potential to be more
sensitive to changes in functional capacity among active individuals.

Ambulatory step count monitoring in our study was associated with HRQOL including
the EmPHasis-10 survey and several general health domains. These findings are particularly
important given the evolving emphasis at the World Symposium on PH on translating clinical
trial results into meaningful outcomes for participants rather than less patient-centered
outcomes such as 6MWD [15]. As a result, home activity monitoring has the potential to offer a
more complete understanding of ambulatory activity and should be considered as an
exploratory patient-centered outcome in clinical trials.

Our study has limitations. Participants overall found using the Fitbit Zip™ to be

acceptable, wearing the device for 77% of eligible days. Despite this, 36% of participants



(14/39) did not provide step count data at both visits. Involving patients in the research design
may better elucidate the optimal strategy to improve compliance. Although our median follow-
up was 6-months, the duration was too short in this clinically stable group to detect changes in
physical activity and HRQOL. A larger, longer study or a study aimed at increasing physical
activity is necessary to determine if physical activity is sensitive to change or if improving
physical activity improves clinically important outcomes.

Our results suggest step counts provide a clinically useful method for measuring
ambulatory function among patients with PAH and CTEPH which correlated with 6MWD and
HRQOL. It is recommended that investigators using devices which measure step counts examine
their data for non-linear correlations with other measures. Lastly, given the relationship of daily
physical activity and HRQOL, future studies which promote regular physical activity for a goal of

improving HRQOL are warranted.
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Figure 1 legend.

a. Scatter plot with regression line showing the relationship between 6MWD and average daily
step counts. Average daily step count was significantly associated with 6MWD (R=0.63, R*=0.39,
p<0.001). Model fit improved when step counts included as a second order variable (R=0.71,
R?=0.51, p<0.001) (shown in figure).

b. Results of the multivariable linear regressions adjusting for age and sex. HRQOL and change
in HRQOL were the dependent variables with average daily step counts and change in average
daily step counts the primary independent variables. Regression coefficient with standard
errors in parentheses, p-value and R? displayed for each model. The emPHasis-10 score ranges
from 0 — 50 with higher scores representing worse symptom burden and QOL [12]. PROMIS
results are transformed using a T-score metric with a mean of 50 and a standard deviation of 10
for the general United States population. A higher score indicates more of the domain being

evaluated [13]. PROMIS = Patient-Reported Outcomes Measurement Information System.



a) Relationship Between 6MWD and Average Daily Step Count
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Step count (per -1.690 1.425 0.826 -1.534 -1.020 1.419
1000 steps) (0.463) (0.373) (0.538) (0.521) (0.398) (0.520)
p-value 0.001 0.001 0.133 0.006 0.015 0.010
R? 0.24 0.32 0.10 0.19 0.17 0.19
Change between visits
Step count (per 0.008 -0.107 -0.465 0.859 1.361 -0.058
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p-value >0.20 >0.20 >0.20 >0.20 0.081 >0.20
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