
Vol.:(0123456789)1 3

Lung (2019) 197:501–508 
https://doi.org/10.1007/s00408-019-00239-y

PULMONARY HYPERTENSION

Counting Steps: A New Way to Monitor Patients with Pulmonary 
Arterial Hypertension

Sameep Sehgal1,9  · Ananda Chowdhury2 · Fadi Rabih3 · Abhishek Gadre4 · Margaret M. Park5,6 · Manshi Li7 · 
Xiaofeng Wang7 · Kristin B. Highland8 · STep-count using an Accelerometer for Monitoring PAH—STAMP Study 
group

Received: 25 January 2019 / Accepted: 11 May 2019 / Published online: 29 May 2019 
© Springer Science+Business Media, LLC, part of Springer Nature 2019

Abstract
Rationale Activity levels in patients with pulmonary arterial hypertension (PAH) have correlated with surrogate markers of 
disease severity. It is not known whether physical activity measures are useful in monitoring patients with PAH.
Objectives This pilot study aimed to evaluate whether change in physical activity measured by an accelerometer correlates 
with changes in six-minute walk distance (6MWD), echocardiographic parameters, NT-proBNP, or health-related quality-
of-life measures (HRQOL).
Methods The study design was a prospective, observational study in subjects with prevalent PAH. Subjects wore a wrist-
worn accelerometer (Fitbit Charge HR®) between two outpatient visits. Daily step count and activity levels were recorded, 
and the change over time was correlated with changes in 6MWD, echocardiographic parameters, HRQOL, and NT-proBNP.
Measurements and Main Results 30 subjects were enrolled, of which 20 patients had adequate accelerometer data to be 
analyzed over the study duration. The mean duration of follow-up was 136.4 ( ± 47.3) days. The change in daily step count 
correlated with a change in 6MWD (r 0.43, p 0.05). Changes in duration spent in moderately active (r 0.52, p 0.02), lightly 
active (r 0.48, p 0.05), and sedentary activity levels (r − 0.54, p 0.02) correlated with a change in HRQOL. Changes in 
activity levels did not correlate with echocardiographic measures or NT-pro BNP.
Conclusions Changes in daily step count and time spent at fairly active, lightly active, and sedentary activity levels correlate 
with changes in 6MWD, and HRQOL in subjects with PAH suggesting that accelerometry may be a useful monitoring tool.
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Abbreviations
6MWD  Six-minute walk distance
6MWT  Six-minute walk test

BMI  Body mass index
CTEPH  Chronic thromboembolic disease
ERA  Endothelin receptor antagonist
HRQOL  Health-related quality of life
PA  Pulmonary artery
PAH  Pulmonary arterial hypertension
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PCWP  Pulmonary capillary wedge pressure
PDE-5  Phosphodiesterase type 5
PVR  Pulmonary vascular resistance
RA  Right atrium
RHC  Right heart catheterization
RV  Right ventricle
SPD  Steps per day
TAPSE  Tricuspid annular plane systolic excursion
VAS  Visual analog scale
WHO FC  World health organization functional class
WSPH  World Symposium on pulmonary hypertension

Introduction

The six-minute walk test (6MWT) is a measure of sub-max-
imal exercise capacity and is an accepted surrogate endpoint 
in pulmonary arterial hypertension(PAH) as it correlates 
with survival, functional class, hemodynamics, echocardio-
graphic parameters, biomarkers and health-related quality 
of life (HRQOL) [1, 2].

Activity monitors, have been used to measure an indi-
vidual’s activity using step-counts [3, 4]. Accelerometers 
are a valid, and reliable measure of activity in patients with 
chronic lung diseases [3, 5, 6]. The validity, reliability, wide-
spread availability, ease of use, high compliance, and eco-
nomic viability of accelerometers provide us with a unique 
opportunity to measure activity of PAH patients as they go 
about their daily lives.

Patients with PAH are less physically active than healthy 
controls [7–9]. Physical activity levels have correlated 
with markers of severity. Ulrich S et al. measured activity 
for 2 weeks using an ActiGraph in patients with PAH and 
chronic thromboembolic pulmonary hypertension (CTEPH) 
[10]. After a four-year follow-up, patients with > 15 h of 
activity had a greater transplant-free survival compared to 
patients with < 15 h per day of activity. Okumus et al. found 
that steps per day (SPD) in patients with PAH correlated 
with HRQOL measures, WHO functional class (WHO FC), 
and six-minute walk distance (6MWD) [4].

The Fitbit Charge HR™ is a commercially available 
device, which contains a tri-axial accelerometer. It is worn 
around the wrist and continuously measures activity and 
heart rate. Activity levels are calculated, using proprie-
tary algorithms, and displayed as steps taken and level of 
intensity.

While physical activity is known to correlate with 
6MWD, it is unknown whether change in physical activ-
ity correlates with changes in markers of PAH severity. 
We studied physical activity changes in individual patients 
and their correlation with changing disease severity. We 
hypothesized that a change in physical activity over time, 
detected by the Fitbit Charge HR®, correlates with a change 

in 6MWD. This pilot, prospective, observational study was 
conducted in patients with prevalent WSPH group one PAH 
being followed at the Cleveland Clinic.

Methods

The study was approved by the IRB at the Cleveland Clinic 
(IRB number 15–1392).

Subject Selection and Duration

Subjects with hemodynamically confirmed WSPH group 
one PAH, who could ambulate were enrolled. A conveni-
ence sample of 30 subjects was selected since a sample size 
of 30 would produce an approximate normal sampling dis-
tribution for the sample mean [11]. Patients were monitored 
prospectively between two subsequent clinical visits, which 
were at least 3 months apart. Society guidelines recommend 
performing a 6MWT every 3–6 months in stable patients, 
and change in exercise capacity over this duration has been 
noted in several clinical trials [12]. We thus anticipated a 
change in physical activity over a similar duration.

Endpoints

– Primary endpoint—Correlation of change in SPD with 
changes in 6MWD between two consecutive outpatient 
visits.

– Exploratory endpoints—Correlation of changes in meas-
ures of physical activity (SPD, level of activity) with 
changes in “traditional” PAH parameters (WHO FC, Nt-
proBNP, echocardiographic indices, and HRQOL)

Study Visits

Study visits occurred during two routine consecutive out-
patient appointments. During both visits, patients received 
‘routine care’, which included WHO FC stratification, 
6MWT, blood work, and echocardiogram if clinically indi-
cated. Echocardiograms were analyzed following American 
Society of Echocardiography guidelines [13, 14]. Subjects 
completed the EuroQol-5D questionnaire and visual analog 
scale, which is an instrument to measure generic HRQOL. 
During the first visit, a Fitbit Charge HR™ was set up and 
given to the patient. A similar protocol was followed during 
the follow-up visit.

Monitoring Physical Activity

We used the Fitbit Charge HR™ to measure physical activity 
due to its widespread availably, ease of use, and acceptabil-
ity with users. An anonymized online profile for each subject 
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was created, and the Fitbit Charge HR™ was set up. They 
were instructed to wear it on the non-dominant wrist, for ‘as 
long as possible’, except during exposure to water. Data col-
lected included step count, and time spent in various activity 
levels. The level of activity was determined by Fitbit® using 
proprietary algorithms. Compliant days were defined as any 
day in which the patient had a measured step count. Days 
without recorded activity were censured from the analysis.

Analysis

We correlated physical activity measured by the acceler-
ometer over the first two weeks, with baseline “traditional” 
PAH parameters [15]. We analyzed the subgroup of sub-
jects who had data available for > 75% of the study duration 
with respect to change over time (per protocol analysis). We 
measured change over time by measuring the slope of graph 
of activity measures over the duration of the study. This was 
assessed for correlation with a change in PAH parameters 
between the two visits.

Statistical Analysis

Clinical parameters were summarized as sample mean with 
standard deviation or median with interquartile range for 
continuous variables, as frequency (proportion) for categori-
cal variables. Pearson correlation coefficient was used for 
measuring the strength and relationship between baseline 
measures with activity level, and between changes in physi-
cal activity and changes in “traditional” PAH parameters. 
Analysis of Variance (ANOVA) was used for functional 
class comparison. Scatter plots with fitted line and parameter 
estimates were generated to show the correlation between 
the average step count and 6MWD. The level of statistical 
significance was set at p < 0.05 (two tailed). All analyses 
were performed using SAS 9.4 for Linux (SAS, Cary, North 
Carolina).

Results

Patient Characteristics and Follow‑Up (Fig. 1)

Thirty subjects were enrolled in the study; two patients with-
drew consent after enrollment. All were on medical man-
agement, and most were on combination therapy (Table 1). 
Twenty subjects had available accelerometer data for > 75% 
of study duration, and five subjects did not have any accel-
erometer data. The mean duration of follow-up was 136.4 
( ± 46.3) days. There was no difference in baseline charac-
teristics of patients who completed the study and those who 
did not.

Baseline Measures and Physical Activity 
(Table S1, Fig. S1)

PAH parameters recorded during the screening visit were 
correlated with physical activity during the first two weeks. 
A significant correlation between the mean SPD, and 6MWD 
(r 0.55; p 0.04) was noted. Subjects in WHO FC one and two 
had a higher mean SPD (6571.1 vs. 4560.5 steps; p 0.007) 
and 6MWD (453.16 vs 333.52 meters; p 0.0003) compared 
to subjects who were in WHO FC three and four. No cor-
relation between SPD, and invasive hemodynamic measures, 
NT-proBNP levels, echocardiographic indices was seen. The 
6MWD also did not correlate with invasive hemodynamic 
parameters, NT-proBNP or echocardiographic indices.

Changes in Physical Activity Clinical Parameters 
Over Time (Table 2, Fig. S2)

Twenty subjects completed follow-up with accelerometer 
data available for more than 75% of the study duration. Data 
from this subgroup of subjects was analyzed (per protocol 
analysis) We plotted each patient’s physical activity meas-
ures, over the follow-up duration, as the representation of 
change over time. The slope of this plot was correlated with 
a change in 6MWD between the two visits. A change in SPD 
correlated with a change in 6MWD (r 0.43; p 0.05).

HRQOL (Table 3)

Changes in daily time spent in “moderate” and “light” 
activities correlated with changes in the EurQol-5D index 
and EuroQol VAS. A change in time spent in “sedentary 

30 pa�ents 
enrolled 

28 pa�ents

5 pa�ents-
No accelerometer data 

available 

1 pa�ent- adverse 
event- rash

23 pa�ents–
accelerometer data 

available 

20 pa�ents-more 
than 75 % 

compliance

3 pa�ents-
1 to 75 % 

compliance

2 pa�ents 
withdrew consent  

Fig. 1  Study flow-patient enrollment and follow-up
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activity” had an inverse correlation with changes in the 
EuroQol-5D index and EuroQol VAS. However, SPD, and 

6MWD did not have a statistically significant correlation 
with EuroQol index or EuroQol VAS score.

Table 1  Patient and disease 
characteristics

Data presented as number (percentage) or mean (standard deviation), Median [P25, P75]
BMI Body mass index, ERA Endothelin receptor antagonist, PA Pulmonary artery, PAH Pulmonary arterial 
hypertension, PCWP Pulmonary capillary wedge pressure, PDE-5 Phosphodiesterase type 5, PVR Pulmo-
nary vascular resistance, RA Right atrium, RHC Right heart catherization, RV Right ventricle, TAPSE Tri-
cuspid annular plane systolic excursion

Age (years) at enrollment 50.49 ± 12.97

Sex 26-female, 4-male
Common Co morbidities (%) Hypertension 36.7

Obstructive sleep apnea 33.3
Obesity 26.6
Hypothyroidism 20
Asthma 16.7
Chronic kidney disease 10
Osteoarthritis 10
Atrial fibrillation 10

Cause of PAH 23- idiopathic, 7- CTD
WHO functional class (%) I II III IV

19 46.7 36.7 6.7
BMI 29.5[25.0,37.0]
Time between RHC and enrollment (years) 4 ± 2.5
Mean RA Pressure (mm Hg) 8.0 [5.0,10.0]
PA Mean (mm Hg) 49.0 [44.0,58.0]
PCWP (mm Hg) 12.0 [9.0,13.0]
Cardiac Index-Thermo / Indirect Fick 3.1 ± 0.85/2.6 ± 0.72
PVR (Woods Unit) 7.0 ± 2.2
NT-proBNP 268.0 [85.0,754.0]
Time between echo and enrollment 9.8 days (SD 28.4 days) 88% on day of enrolment
TAPSE ( mm) 18.8 ± 3.1
RV strain 6 walls − 18.2 ± 5.3
Six-minute walk distance in meters 401.3 ± 101.9
Mean daily step count—first 2 week (steps/

day)
5847.5 ± 3320.6

Therapy at the time of inclusion (% of subjects 
on treatment)

PDE-5 inhibitors 90%
ERA 70%
Prostacyclin 63%
Selixipag 3%

Table 2  Correlation of change 
in accelerometer measured 
physical activity with changes 
in six-minute walk distance over 
the duration of the study

Data presented as correlation coefficients r
Bold values indicate statistical significance (p < 0.05)

  Slope daily step 
counts

Slope very 
active minutes

Slope fairly 
active minutes

Slope light 
active minutes

Slope seden-
tary minutes

N = 20 r p r p r p r p r p

Six-minute walk 
distance delta

0.43 0.05 0.09 0.69 0.32 0.16 0.41 0.07 − 0.09 0.69
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Echocardiographic Indices and Serum Biomarkers

85% (17/20) of patients had baseline and follow-up echocar-
diography done, and 50% (10/20) patients had baseline and 
follow-up NT-proBNP levels measured. Changes in physical 
activity measures did not correlate with changes in echocar-
diographic parameters or NT-proBNP levels.

Hospital Admissions (Fig. 2)

Two subjects required hospital admission for worsening 
PAH. Subject one had a decline in weekly mean SPD from 
a peak of 13,000 SPD to 2000 SPD in the week preceding 
her hospital admission (84.6% drop). The mean SPD for sub-
ject twenty decreased from 3000 to 1500 SPD in the week 
preceding his hospital admission (50% drop). The decline in 
both cases was gradual over a period of four weeks preced-
ing the hospital admission.

Compliance (Fig. S3)

Compliant days were defined as any day with a recorded 
step count. Sixty-eight percent of the subjects were compli-
ant for > 75% of the duration of the study, while twenty one 
percent were compliant for < 25% of the study duration. In 
the subgroup of subjects who wore and synced the acceler-
ometer for at least one day, the mean compliance was 87%, 
with 83% being compliant for > 75% of the study duration.

Ease of Use (Table S2)

Most subjects in the study found the wrist-worn accelerom-
eter to be an acceptable measure of activity, technically easy 
to use and charge, and would be willing to use it outside of 
a research study.

Discussion

Physical activity is any activity produced by skeletal mus-
cles that produce movement, and exercise capacity is defined 
as the maximum amount of physical exertion a person can 
sustain [16]. Measurement of submaximal exercise capac-
ity with a 6MWT has been an important surrogate for out-
comes in PAH, but has several limitations including cost, 
resource intensiveness, and a ceiling effect in patients with 
mild impairment [17, 18]. Although physical activity can 
be affected by cardiopulmonary status, muscular strength, 
and motivation, the ability to measure longitudinal physi-
cal activity adds another weapon in our arsenal to monitor 
patients objectively over time. In this pilot study, we looked 
at the accelerometer measured physical activity as a surro-
gate tool for monitoring subjects with PAH.

We found a significant correlation between SPD meas-
ured during the first two weeks of the study with baseline 
6MWD. Not surprisingly, subjects with a higher WHO FC 
were significantly less active than subjects with a lower 
WHO FC. These findings conform to prior studies, which 
demonstrated that physical activity correlates with submaxi-
mal exercise capacity and WHO FC. Mainguy et al. found a 
strong correlation between 6MWD and SPD in patients with 
idiopathic and scleroderma associated PAH [19].

We found an inverse correlation between subject’s body 
mass index and physical activity levels as well as 6MWD. 
This is similar to findings from the REVEAL registry in 
which obesity was associated with lower 6MWD [20]. In 
our subjects, both the 6MWD and physical activity measures 
did not correlate with invasive hemodynamic measurements, 
echocardiographic measures of RV function, and NTproBNP 
levels. These findings should be interpreted with caution. 
The hemodynamic measurements in our patients were not 
contemporaneous with time of enrollment in the study, and 
echocardiography was performed only if clinically indicated. 
All these factors, together with our small sample size, may 
explain this finding. In contrast to our findings, Ulrich et al. 

Table 3  Correlation of changes 
in accelerometer measured 
physical activity and six-minute 
walk distance with EURO-QOL 
measured HRQOL

Data presented as correlation coefficients, r
Bold values indicate statistical significance (p < 0.05)
VAS Visual analog scale

  Slope 
daily step 
count

Slope very 
active min-
utes

Slope 
mod-
erately 
active 
minutes

Slope 
lightly 
active 
minutes

Slope seden-
tary minutes

Change in 
Six-min-
ute walk 
distance

r p r p r p r p r p r p

EuroQol VAS score delta 0.21 0.39 − 0.06 0.80 0.52 0.02 0.48 0.05 − 0.54 0.02 0.19 0.42
EuroQol-5D index delta 0.42 0.07 0.05 0.80 0.47 0.03 0.64 0.002 − 0.45 0.04 0.39 0.06
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reported that subjects in the group with the lowest PA pres-
sures had increased activity duration [10].

A change in SPD correlated with a change in 6MWD over 
the duration of this study. This finding is significant since 
it provides a method to continuously monitor patients for 
clinical change over a prolonged duration of time, poten-
tially via telemedicine. Given the high degree of uncertainty 
surrounding the utility of patient-generated health data and 
its use, this study highlights a potential, clinically relevant 
use [21].

HRQOL is often considered the most meaningful dis-
ease measure from a patient perspective and in patients with 
PAH, improvement in HRQOL with treatment have been 
observed [22]. Studies have demonstrated that an improve-
ment in 6MWD of 31–33 m has shown clinically meaningful 
improvement in HRQOL [23]. In our patients, a change in 
6MWD did not correlate with a change in HRQOL meas-
ures; rather changes in physical activity levels over time 
correlated with change in HRQOL. SPD and activity lev-
els measure two different aspects of physical activity in an 

Fig. 2  Daily step count in two patients admitted to the hospital for 
worsening pulmonary hypertension. Number of weeks from study 
enrollment plotted in X axis, mean daily step count (a), mean light 

activity duration (b), sedentary activity duration (c) plotted on y axis. 
Blue line—patient 1, red line—patient 20. Arrow marks the week of 
hospitalization on X axis
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individual. SPD is a measure of the sum of all physical activ-
ity; activity levels define the intensity of activity that was 
involved [24]. The reason for the discrepancy between SPD 
and activity levels and correlation with outcomes is unclear. 
We speculate that the ability to spend time in higher inten-
sity activities may have a greater impact on quality of life 
than the total daily activity or submaximal exercise capacity, 
thus being a more sensitive marker of change. Our patients 
spent minimal time being “very active”, thus no significant 
change or correlation with severity was seen. The 6MWD 
has the limitation of a “ceiling effect” in detecting change in 
patients with mild/moderate disease [18, 18]. Our patients 
had well-preserved 6MWD and were mostly clinically stable 
during the duration of the study thus limiting the utility of 
6MWD in our study population. Physical activity measures 
do not seem to have this limitation, which may be of interest 
when monitoring patients with early or mild disease. These 
findings will need to be confirmed in larger trials to further 
characterize this relationship and identify a clinically mean-
ingful change in activity levels.

Zijlstra et al., measured activity in children with PAH over 
one week, and found it to be a good predictor of outcomes 
such as PAH-related hospitalizations [8]. The decrease in 
physical activity levels in the two hospitalized patients prior 
to admission give us a unique insight into physical activity 
decline weeks prior to clinical worsening. Both patients had 
a gradual and significant decline weeks before presenting 
to the hospital. Thus, a drop in physical activity may be a 
potential biomarker for clinical worsening in between clinic 
visits, allowing for early intervention. However, due to our 
small sample size, we were not able to identify factors that 
predict a decline in walk distance or hospital admissions.

Patient compliance and acceptance to using a wrist worn 
accelerometer was better than previously described for other 
home monitoring devices such as peak flow measurement 
[25, 26]. Fourteen percent of our patients never used the 
accelerometer at all, which is similar to studies in patients 
with other pulmonary conditions [3]. In patients who used 
the device for at least one day, the compliance was excel-
lent at 87%. This study was conducted in the “real-world” 
scenario, with no additional support by the study team. 
When considering long-term monitoring, these would be 
important characteristics favoring the use of a wrist-worn 
accelerometer.

There are several limitations to our study. Our cohort 
included patients with prevalent, stable PAH, who in most 
cases remained clinically stable during the study duration. 
Several of our patients had comorbidities that could have 
impacted physical activity. However, since such comorbidi-
ties in PAH are common, this seems to be representative 
of the larger population living with PAH [20]. A short fol-
low-up duration and the lack of significant change during 
the follow-up period may have limited the ability to detect 

correlation with change. A small sample size of 30 patients, 
of which only two-thirds completed the study is certainly 
a limitation to the widespread applicability of the results. 
However, the results of this pilot study provide important 
data for future study design using physical activity as a lon-
gitudinal monitoring tool. The use of an accelerometer may 
have impacted the daily physical activity of patients, espe-
cially in the first few weeks of use, although the effect last-
ing over the entire study duration is unlikely. The explora-
tory outcome measures of echocardiographic indices and 
serum biomarkers were only obtained based on clinical need 
as deemed by the treating physician, thus limiting the sta-
tistical power to detect changes. We used a commercially 
available accelerometer due to its widespread availability 
and acceptability among patients, while acknowledging the 
disadvantages of proprietary algorithms which are unavail-
able for scrutiny and have not been clinically validated. To 
use physical activity monitoring in clinical practice, several 
issues will need to be considered: utility in patients with 
very limited activity, device selection, interoperability with 
electronic health records, and optimal measure of activity.

Studies to date have measured physical activity over a 
short duration of time in PAH patients, showing significant 
correlation with severity of disease. To our knowledge, this 
is the first study exploring the role of monitoring physical 
activity over a long duration and demonstrating that chang-
ing physical activity correlates with the changes in markers 
of PAH severity and HRQOL in individual patients.

SPD and time spent at various activity levels are the best 
measures of physical activity, and a combination of these 
two measures provide the best overall picture of activity 
and change in PAH severity over time. Larger, multicenter 
studies are needed to further explore accelerometry use as a 
monitoring tool, perhaps as an exploratory endpoint in future 
clinical trials. Despite several limitations and unknowns, 
activity measurement has great potential for longitudinal 
monitoring in PAH.
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