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METHODOLOG I CAL ART I C L E

Actigraphy methodology in the Kids Mod PAH trial:
Physical activity as a functional endpoint in pediatric
clinical trials
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Abstract

Pulmonary vasodilator treatment can improve hemodynamics, right ventricular

function, symptoms, and survival in pediatric pulmonary hypertension (PH).

However, clinical trial data are lacking due to many constraints. One major

limitation is the lack of relevant trial endpoints reflective of hemodynamics or

functional status in patients in whom standard exercise testing is impractical,

unreliable, or not reproducible. The Kids Mod PAH trial (Mono‐ vs. Duo Therapy

for Pediatric Pulmonary Arterial Hypertension) is an ongoing multicenter, Phase

III, randomized, open‐label, pragmatic trial to compare the safety and efficacy of

first‐line combination therapy (sildenafil and bosentan) to first‐line monotherapy
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(sildenafil alone) in 100 pediatric patients with PH across North America.

Investigators will measure participants’ physical activity with a research‐grade,
wrist‐worn actigraphy device at multiple time points as an exploratory secondary

outcome. Vector magnitude counts per minute and activity intensity will be

compared between the treatment arms. By directly and noninvasively measuring

physical activity in the ambulatory setting, we aim to identify a novel, simple,

inexpensive, and highly reproducible approach for quantitative assessment of

exercise tolerance in pediatric PH. These data will increase the field's understanding

of the effect of pulmonary vasodilator treatment on daily activity – a quantitative

measure of functional status and wellbeing in pediatric PH and a potential primary

outcome for future clinical trials in children with cardiopulmonary disorders.
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PEDIATRIC PULMONARY
HYPERTENSION

With a prevalence of 2–16 cases per million children,1–3

pediatric pulmonary hypertension (PH) is a rare condition
that can present in children of all ages. Common classifica-
tions of pediatric PH include World Symposium of PH
Group 1 pulmonary arterial hypertension (PAH; idiopathic,
heritable, or associated with congenital heart disease) and
Group 3 PH due to developmental lung diseases.4 In PH,
pulmonary vascular changes including medial hypertrophy,
intimal proliferation, and fibrous occlusion of distal vessels
results in increased right ventricular afterload that manifests
clinically as exercise intolerance and shortness of breath with
exertion. Without treatment, the disease leads to right
ventricular dysfunction, right ventricular failure, and often
death. Although survival has improved with pharmacologic
advances, 5‐year survival from diagnosis of PAH is still only
about 75% and patients often suffer from reduced exercise
capacity.2,5,6 Patients with developmental lung diseases
(Group 3 PH), including bronchopulmonary dysplasia and
congenital diaphragmatic hernia, may be the fastest growing
group of pediatric PH patients,4 and yet neither pediatric or
adult Group 3 patients have been studied in clinical trials.
The ability to reliably assess exercise capacity and tolerance
is limited in both Group 1 (PAH) and Group 3 (lung disease‐
related PH).

CLINICAL TRIALS IN PH

Pulmonary vasodilator treatment can improve pulmo-
nary vascular hemodynamics, right ventricular heart
function, symptoms, exercise capacity and survival.

While many randomized controlled clinical trials have
been performed in adult PH, there have been very few in
pediatric PH.7,8 Consequently, only two pulmonary
vasodilator medications (sildenafil and bosentan) are
approved by the United States Food and Drug Adminis-
tration (FDA) for treatment of children with PH.
Announcement of FDA approval of sildenafil for
children with PH in 2023 translated a longstanding
practice trend into more common practice. Although
children with PH are successfully treated off‐label with
various classes of pulmonary vasodilators based on
expert opinion, small single‐center studies, and extra-
polation from adult data, outcomes would be enhanced
by robust randomized controlled clinical trial data.

ACTIGRAPHY IN PH

One limitation to pediatric PH clinical trials is the lack of
relevant endpoints indicative of hemodynamics or
functional status.9 As exercise intolerance is common
in PH patients, the 6‐min walk distance (6MWD) is one
of the most common primary endpoints in adult PH
trials.9 However, infants and children with PH are often
too young and/or developmentally unable to perform
standard cardiopulmonary exercise testing (CPET) or the
6MWD reliably. In a previous trial of sildenafil in
pediatric PAH, only 49% of participants could reliably
perform CPET. Reasons for not exercising included age,
developmental concerns, inability to reach the pedals on
the stationary bike, intolerance of the mouthpiece to
measure gas exchange, and physical inactivity.7

Actigraphy devices are wearable accelerometers that
can directly and noninvasively measure physical activity
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in the ambulatory setting and may provide a novel,
simple, and inexpensive approach for improved quanti-
tative assessment of exercise tolerance in pediatric
PH.10–12 Multiple adult studies have demonstrated
associations between lower activity measures and worse
quality of life, higher fatigue scores, lower 6MWD, and
worse performance on CPET.13–18 Actigraphy devices
have been used to quantify activity in infants, toddlers,
and older children in diverse settings and with a range of
developmental conditions.19–23 Data from the Pediatric
Pulmonary Hypertension Network (PPHNet) Actigraphy
Working Group demonstrate lower physical activity
levels in infants and children with PH compared to
healthy controls.24,25 Other work demonstrated that time
spent in physical activity correlates positively with
6MWD and negatively with functional class in youth
with PH.26 Higher tricuspid regurgitant jet velocity by
echocardiogram has been associated with fewer daily
steps and greater sedentary time on commercially
available fitness trackers.27 These studies suggest that
application of actigraphy in pediatric PH may meet a
critical need of identifying novel measures that reflect
changes in hemodynamics or functional status in
response to a therapeutic intervention and could be
tested in clinical trials.

KIDS MOD PAH PRIMARY STUDY
DESIGN

Funded by the National Institutes of Health/National
Heart, Lung, and Blood Institute, the Kids Mod PAH trial
(NCT04039464) is a Phase III, randomized, open‐label,
pragmatic trial to compare the safety and efficacy of first‐
line combination therapy (sildenafil and bosentan) to
first‐line monotherapy (sildenafil alone) in 100 pediatric
patients ages 3 months to 18 years with PH from 12
participating PPHNet sites in the United States and
Canada.28 The primary outcome of this study is the
World Health Organization (WHO) functional class at
12 months after initiation of study drug therapy. Consent
forms for the Kids Mod PAH trial are available in English
and Spanish.

Actigraphy is an exploratory secondary outcome that
will be assessed at multiple time points throughout this
multicenter randomized control trial. We will use the
ActiGraph CentrePoint Insight Watch (CPIW; Acti-
Graph, LLC) to measure 7‐day physical activity for study
participants at study months 0 (baseline), 3, 6, 12, 18, and
24. We will capture activity across three axes as vector
magnitude counts per minute (CPM). Activity intensity
will be quantified as the percentage of time spent in

moderate or vigorous activity. By exploring the longitu-
dinal association between actigraphy measures and
WHO functional class, an outcome that has been used
in many adult PH clinical trials, one pediatric PH clinical
trial7 and several pediatric PH retrospective observational
studies,29,30 we will increase understanding of actigraphy
as a valid surrogate endpoint for daily functioning in
future clinical trials.

ACTIGRAPHY METHODS/
PROTOCOL

After informed consent, demographic information,
height, weight, resting blood pressure, and resting
oxygen saturation will be obtained at the screening visit.
A fully charged ActiGraph CPIW device will be worn on
the nondominant wrist (when identifiable) (Figure 1).
Commercially available wrist straps adjust the size for
small infants and children. Families will be instructed to
have the child wear the device for 7 consecutive days
with a goal of ≥8 h of daytime wear per day on ≥4 days.
The same device is intended to be used for each
participant throughout the study. The device will be
programmed to record triaxial activity data at a frequency
of 32 Hz. The primary caretaker will download the
ActiGraph CentrePoint Connect application to their
smartphone or Bluetooth‐enabled device. The primary
caretaker will be asked to sync the ActiGraph daily
during each 7‐day monitoring period so that the local
study team can ensure transmission of data to the
CentrePoint software installed on computers at the sites.
In the event a family does not have access to a Bluetooth‐
enabled mobile device, a syncing hub that can be plugged
into an internet modem will be provided.

A full data set will be downloaded to CentrePoint at
the subsequent in‐person study visit. A syncing cable at
the study site is required to download the entire data set.
If the download demonstrates that the participant has
worn the device for fewer than 4 days during the
monitoring period, the team may request that
the participant wear the device for additional days. In
the unexpected scenario that an ActiGraph needs to be
reused by a subsequent study participant, the monitor
will be inspected for functionality and cleaned with a
hospital‐grade disinfectant or alcohol‐based solution or
wipe before charging and reusing.

During monthly check‐in phone calls for the Kids
Mod PAH trial, study teams will assess for adverse
events, unanticipated problems, or protocol deviations
related to the ActiGraph (i.e., lack of wear) and will
record in study logs.
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ACTIVITY ANALYSES

After local downloads to CentrePoint, raw actigraphy
data will be integrated into 60 s epochs. Any time period
with zero vector magnitude CPM for >90min is
considered sleep or nonwear time. A valid day will be
defined by a minimum of 8 h of wear time. Published
pediatric cut points for wrist‐worn ActiGraph accelerom-
eter counts will be applied to determine time spent in
sedentary, light activity, moderate activity, and vigorous
activity.31–33 Daily averages for wear time, steps, vector
magnitude CPM, and activity intensity categories will be
calculated (Figure 2). Although step counts will not be
available in pre‐ambulatory children, other valuable

measures of physical activity including vector magnitude
CPM will be analyzed. Aggregate daily wear time and
activity data will be accessed via an Application
Programming Interface (API) data pull from the Cen-
trePoint cloud database to a Research Electronic Data
Capture database (RedCap, Vanderbilt University).

The actigraphy field is rapidly advancing. Wearable
technology for monitoring of activity, sleep, and physio-
logic parameters in the home setting continues to evolve.
As such, our approach to data collection and analysis
changed from study conception to inception. We
originally planned to use the ActiGraph GT3XP‐BTLE
hip‐worn accelerometer and perform manual downloads
of activity data from CentrePoint for analysis in a

FIGURE 1 ActiGraph CentrePoint Insight Watch (CPIW). The ActiGraph CPIW will be worn as a wristwatch on the nondominant
wrist (when identifiable). Commercially available wrist straps adjust the size for small infants and children. The device is easily charged via
the wireless charging dock (shown on the right).

FIGURE 2 Sample ActiGraph data. Sample ActiGraph data demonstrating (a) activity intensity, (b) activity counts per day (used to
compute vector magnitude counts), and (C) wear time at different time points are demonstrated. In panel C, the minimum daily wear time
of 8 h is designated by the green horizonal line.
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separate statistical program. However, developing a
process for automated data import from the CentrePoint
cloud database to RedCap via an API pull achieves a
major advance for future pediatric PH clinical trials
studying actigraphy and was a priority for the study
team. As the ActiGraph GT3XP was not compatible with
newer versions of CentrePoint required for the API
connection, we updated the device to the ActiGraph
CPIW and created a direct connection between Centre-
Point and RedCap.

Another area of activity science that is evolving is the
application of cut points to translate step or vector
magnitude counts into activity intensity (sedentary, light,
moderate, vigorous). Cut points are specific to device,
wear location, and age group and are also derived from
small samples of children within a limited age range that
may not be wholly applicable to a particular study
population of interest. Given the age range of partici-
pants in this study, we will apply three published wrist‐
worn cutpoints to determine activity intensity in different
age groups. We will apply the Johannson cutpoints31 for
infant and toddler participants <5 years, the Chandler
cutpoints32 for school children 5–12 years, and the
Crouter cutpoints33 for adolescent participants >12 years.
Additionally, newer approaches such as the “MIMS‐unit
algorithm” may be further refined by other investigators
during the study period. MIMS is a Monitor Independent
Movement Summary unit that summarizes raw acceler-
ometer data in a device‐independent manner, accounting
for differences among research and commercial
devices.34 Application of these open‐source algorithms
to large actigraphy data sets such as in the National
Health and Nutrition Examination Survey has led to the
development of activity percentile curves,35 eliminating
the need for intensity cut points and facilitating increased
standardization of data acquisition and analysis. We will
apply MIMS‐unit algorithms and percentile curves to the
data for this study if they become accessible in
CentrePoint at the time that data analysis is undertaken.

To explore changes in these novel activity metrics,
longitudinal data analyses will be performed examining
actigraphy measures over 2 years of follow‐up. To
compare treatment groups, we will implement una-
djusted and covariate‐adjusted generalized estimating
equations or categorical mixed effect models accounting
for repeated measures of actigraphy (baseline, 3, 6, 12, 18,
and 24 months) using the Poisson link function. We will
adjust for age, gender, and World Symposium of PH
diagnostic group 1 or 3. The primary analysis will be
conducted according to the principle of intention‐to‐treat
with participants analyzed and outcomes attributed
according to the treatment arm to which the participants
were randomized, regardless of subsequent crossover or

postrandomization medical care. We will select the
appropriate working covariance matrix based on the
data to account for within patient correlation. To account
for possible crossovers, we will conduct additional as‐
treated analyses with participants analyzed according to
the treatment actually received for all comparisons. All
models will include study arm, time point for each visit,
and their interactions. This will be done to assess for
differences in longitudinal trajectories in actigraphy
measures by study arm as well to compare outcomes
between arms at pre‐specified time points, such as 12 and
24 months. We will also assess for early changes in
actigraphy measures that might precede changes in
WHO functional class and will model the relationships
between treatment received, actigraphy, and other
exploratory outcomes as independent variables and
WHO functional class status as the dependent variable
using longitudinal proportional odds models. This
analysis will explore the association between actigraphy
measures and WHO functional class at different time
points and can potentially reveal if early changes in
actigraphy measures are associated with WHO functional
class outcomes at 12 and 24 months.

CONCLUSION

The Kids Mod PAH trial will explore the use of
actigraphy to measure physical activity in a large sample
of clinically well‐characterized children with a new
diagnosis of PH receiving two different pulmonary
vasodilator treatment strategies. By directly and non-
invasively measuring physical activity in the ambulatory
setting, we aim to identify a novel, simple, and
inexpensive approach for quantitative assessment of
exercise tolerance in pediatric PH that can be applied
in future trials.
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