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Abstract

Background: The use of technology to support health and health care has grown rapidly in the last decade across all ages and
medical specialties. Newly developed eHealth tools are being implemented in long-term management of growth failure in children,
a low prevalence pediatric endocrine disorder.

Objective: Our objective was to create a framework that can guide future implementation and research on the use of eHealth
tools to support patients with growth disorders who require growth hormone therapy.

Methods: A total of 12 pediatric endocrinologists with experience in eHealth, from a wide geographical distribution, participated
in a series of online discussions. We summarized the discussions of 3 workshops, conducted during 2020, on the use of eHealth
in the management of growth disorders, which were structured to provide insights on existing challenges, opportunities, and
solutions for the implementation of eHealth tools across the patient journey, from referral to the end of pediatric therapy.

Results: A total of 815 responses were collected from 2 questionnaire-based activities covering referral and diagnosis of growth
disorders, and subsequent growth hormone therapy stages of the patient pathway, relating to physicians, nurses, and patients,
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parents, or caregivers. We mapped the feedback from those discussions into a framework that we developed as a guide to integration
of eHealth tools across the patient journey. Responses focused on improved clinical management, such as growth monitoring and
automation of referral for early detection of growth disorders, which could trigger rapid evaluation and diagnosis. Patient support
included the use of eHealth for enhanced patient and caregiver communication, better access to educational opportunities, and
enhanced medical and psychological support during growth hormone therapy management. Given the potential availability of
patient data from connected devices, artificial intelligence can be used to predict adherence and personalize patient support.
Providing evidence to demonstrate the value and utility of eHealth tools will ensure that these tools are widely accepted, trusted,
and used in clinical practice, but implementation issues (eg, adaptation to specific clinical settings) must be addressed.

Conclusions: The use of eHealth in growth hormone therapy has major potential to improve the management of growth disorders
along the patient journey. Combining objective clinical information and patient adherence data is vital in supporting decision-making
and the development of new eHealth tools. Involvement of clinicians and patients in the process of integrating such technologies
into clinical practice is essential for implementation and developing evidence that eHealth tools can provide value across the
patient pathway.

(J Med Internet Res 2021;23(5):e27446) doi: 10.2196/27446
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Introduction

eHealth Implementation
The implementation of eHealth solutions in clinical practice is
growing rapidly [1]. Digitalization of the health sector is
bringing many opportunities, such as the collection of
patient-generated data [2] and the provision of health services
over distance, also known as telehealth [3]. These technological
advances are supporting a paradigm shift towards more
integrated health care [4]. However, implementing technologies
in the highly complex setting of health care delivery faces many
challenges, which include both technical and human factors (eg,
organizational issues, service integration, usability, legal
frameworks, privacy) [5].

Opportunities of eHealth for Patient Empowerment
in Growth Hormone Therapy
Pediatric endocrinology (the management of endocrine disorders
in children) has adopted eHealth solutions for decades. For
example, diabetes mellitus education uses game-based
interventions [6,7], and more recent advanced technologies,
such as augmented reality [8] and robotics [9], have been
integrated into education and assistive care in diabetes mellitus.
These approaches have traditionally looked at chronic conditions
that require intensive lifestyle modifications, where lack of
adherence to medication has a negative impact, with an
increased risk of health complications and hospitalization.

Similarly, one of the areas that may benefit from implementation
of novel eHealth tools is the long-term use of growth hormone
therapy in the management of childhood growth failure. Growth
hormone therapy is indicated for a heterogeneous set of growth
disorders; in addition to growth hormone deficiency, approved
pediatric indications include Turner syndrome, short stature
after being born small for gestational age, Noonan syndrome,
Prader-Willi syndrome, SHOX (short stature
homeobox-containing gene) deficiency, chronic renal failure,
and idiopathic short stature, although licensed indications vary
by country and growth hormone formulations [10,11].

Importantly, growth hormone affects not only growth of
children, but also metabolism, cardiovascular health, bone
strength, and quality of life in the short and long term [12-14].
These effects continue into adult life, and a proportion of
patients treated as children continue to require growth hormone
therapy as adults. During the transition from pediatric to adult
care, eHealth tools have been shown to be important in
supporting patients to achieve positive outcomes and enhance
ongoing engagement with health care [15,16].

The case of growth hormone therapy is somewhat different from
that of diabetes because patients do not require intensive or
large-scale lifestyle modifications. Because growth hormone
therapy is administered by daily injection, the most important
self-management behavior is adherence to medication, which
affects long-term outcome. Growth hormone therapy for children
with short stature must be administered consistently and with
a high level of adherence over many years for an effective gain
in height and optimal adult height [17]. Therapy is required
from early childhood to adolescence; therefore, support and
involvement of the patient's family and caregivers are crucial
to achieving the best outcomes. Thus, eHealth tools to support
growth hormone therapy must be developed with a holistic
approach that involves the family and must also take into
consideration physiological, psychological, and developmental
changes as children grow, with a view to using these tools over
many years [18,19]. Additionally, some of the conditions that
are supported with growth hormone therapy are classified as
rare diseases (incidence <1 in 2500 [20]), posing extra
challenges. Physicians'knowledge may be limited, which can
often lead to delayed referral and diagnosis, and the small
number of patients creates difficulties in collection of data to
generate large and meaningful data sets unless performed on
an international scale. The collection of adherence data is of
crucial importance [21] to optimizing adherence and improving
adult height [22,23].

An optimal adult height is attained through the early recognition
and understanding of the different causes of growth failure, thus
leading to early referral, diagnosis, and growth hormone therapy
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initiation. As mapped out in Figure 1, outcomes can be improved
at all stages of the patient journey through comprehensive
monitoring of growth, education, and clinical support to achieve
a high level of therapy adherence. We surmised that eHealth

tools could play a significant role in the management of growth
disorders and growth hormone therapy through additional and
comprehensive support and monitoring.

Figure 1. Patient journey for children with growth failure and those who receive growth hormone therapy. GH: growth hormone; GP: general practitioner;
HSDS: height standard deviation score; Ht: height; HV: height velocity; IGF-1: insulin-like growth factor-1; PSP: pediatric specialist physician; SDS:
standard deviation score.

Objective
We aimed to develop a framework for using eHealth tools in
the identification, investigation and diagnosis of growth failure
and the management of growth hormone therapy in pediatric
patients. Development of this framework was carried out as a
multistep process, guided by the principles of participatory
research involving key informants across a series of workshops
and virtual activities. Similar approaches have been widely
applied in medical informatics to identify implementation
challenges of digital health tools [24], including the application
of the Delphi method [25] in other endocrine disease areas [26]
and eHealth for pediatrics [27].

Methods

Initially, we conducted 3 online webinars with presentations
and interactive discussions around key concepts and issues of
eHealth, including data science and use in pediatric patients
with growth failure and growth hormone therapy. Based on
active involvement in this initial step, a group of 12 participants
were subsequently invited to more detailed discussions. This
report describes the approach that was adopted for these online
detailed discussion workshops and is outlined (Figure 2) and
explained in more detail in the following sections.

The 12 participants were pediatric endocrinologists who have
experience in the treatment of growth disorders. Convenience

sampling was used to select participants on the basis of previous
participation, interest or experience in eHealth activities, and
patients'use of connected injection devices for growth hormone
therapy. Sampling also considered participants on the basis of
providing worldwide geographical representation, with
participants from Argentina, Brazil, Finland, France, Germany,
Malaysia, Sweden, Spain, Taiwan, and the United Kingdom,
encompassing a wide base of health care and socioeconomic
conditions. The participants completed preparation activities
that included reading relevant publications [28-30],
brainstorming activities (see Multimedia Appendix 1), and
completing an adapted version of the eHealth literacy scale
(eHEALS) survey [31] related to digital health literacy (see
Multimedia Appendix 2).

The brainstorming activities solicited opinions of the participants
on opportunities, challenges, and established or potential eHealth
tools relating to 3 stakeholder groups: (1) pediatric
endocrinologists, (2) patients and their parents/caregivers, and
(3) nurses. Simultaneously, the pediatric endocrinologists
completed a survey about their perception of eHealth tools in
aiding clinical decisions and their confidence in use of such
tools, with results quantified as proportions of respondents
agreeing or disagreeing with the statements on a 5-point scale.
The brainstorming activities and surveys were designed using
the SurveyMonkey tool (SVMK Inc).
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Figure 2. Workshop participation methodological steps. Each step was carried out twice, first in relation to referral and diagnosis stages and second
in relation to all stages from growth hormone therapy initiation to completion.

For the first online workshop, the physicians completed the
brainstorming exercise and eHealth literacy questionnaire with
respect to the first part of the patient journey (Figure 1), through
referral and diagnosis. For the second online meeting, the
exercise and questionnaire were completed with respect to the
subsequent stages of the patient journey from start of growth
hormone therapy, through monitoring, tracking, and assessment
of outcomes, to either growth hormone discontinuation or into
the transition phase from pediatric to adult care for patients still
requiring growth hormone therapy.

In each case, the brainstorming responses were initially
categorized according to common themes, which were then
discussed in the online workshops under the moderation of PD
who was the key facilitator and with additional availability of
textual responses. The brainstorming responses for each of the
3 categories of opportunities, challenges, and eHealth tools were
finally categorized as relating to process, clinical pathway
(including diagnostics for the first meeting), or education. These
3 main categories reflected important aspects for the
implementation of eHealth solutions in clinical practice and
formed the basis for the framework for best practices: (1)
processÐresponses that related to everyday tasks that aided the
distance and time logistics required by the specified people for

delivery of health care; (2) clinicalÐresponses relating to the
medical condition, including those relating to establishing
diagnosis; and (3) educationÐresponses relating to digital
technologies that can enhance learning and understanding of
the condition, and therapy for either health care specialists or
the patients and families.

Results

Survey Responses
A total of 815 responses were received from the 2 brainstorming
exercises, comprising 419 in relation to referral and diagnosis
stages and 396 relating to growth hormone therapy stages. In
each case, the responses were grouped and categorized; Figure
3 shows the grouped responses relating to physicians for the
referral and diagnosis stages, while Figure 4 shows the growth
hormone therapy stages (responses relating to
patients/parents/caregivers can be found in Multimedia
Appendix 3 for referral/diagnosis and Multimedia Appendix 4
for growth hormone therapy, and responses relating to nurses
in Multimedia Appendix 5 for referral/diagnosis and Multimedia
Appendix 6 for growth hormone therapy). In the following
subsections we describe the responses provided, assigned to
each group in turn.
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