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Abstract: Pediatric growth hormone (GH) deficiency is a licensed indication for replacement therapy with recombinant human
growth hormone (r-hGH). Treatment, consisting of daily subcutaneous injections, extends from the time of diagnosis until cessation of
linear growth at completion of puberty. Suboptimal adherence to r-hGH therapy is common and has been well documented to
substantially impair the growth response and achievement of the optimal goal which is attainment of adult height within the genetic
target range. The causes of poor adherence are complex and include disease-, patient-, doctor-, and treatment-related factors.
Interventions for suboptimal adherence are important for a long-term successful outcome and can include both face-to-face and
digital strategies. Face-to-face interventions include behavioral change approaches such as motivational interviewing and non-
judgmental assessment. Medical and nursing staff require training in these techniques. Digital solutions are rapidly advancing as
evidenced by the electronic digital auto-injector device, easypod® (Merck Healthcare KGaA, Darmstadt, Germany), which uses the
web-based easypod® connect platform allowing adherence data to be transmitted electronically to healthcare professionals (HCPs),
who can then access GH treatment history, enhancing clinical decisions. Over the past 10 years, the multi-national Easypod® Connect
Observational Study has reported high levels of adherence (>85%) from up to 40 countries. The easypod® connect system can be
supported by a smartphone app, growlink™, which facilitates the interactions between the patients, their care team, and patient support
services. HCPs are empowered by new digital techniques, however, the human–digital partnership remains essential for optimal
growth management. The pediatric patient on r-hGH therapy will benefit from these innovations to enhance adherence and optimize
long-term response.
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Introduction
Adherence to a therapeutic regimen is an essential component of the success of any prescribed therapy. In the case of
treatment of pediatric growth disorders, prescribed therapy in the form of recombinant human growth hormone (r-hGH)
will generally be started in early childhood when the child presents with short stature and continued for many years. The
aim is to normalize height during childhood and adolescence and achieve an adult height consistent with the genetic
target of the family.1 Such a therapeutic regimen, consisting of daily subcutaneous injections lasting for many years,
places a considerable psychological and physical burden on the patient to adhere. There is also a pressure on healthcare
professionals (HCPs) responsible for this care to induce a beneficial long-term result.2
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Two important considerations linked to good adherence to r-hGH are necessary for optimal outcomes. These are, first,
the extent to which the patient’s behavior matches agreed recommendations from their HCP and, second, persistence with
the therapy, ie lack of discontinuation.3 Adherence can be defined as the extent to which the patient follows a prescribed
therapeutic regimen and, in the case of r-hGH, the extent to which daily r-hGH injections are taken. The success of
r-hGH therapy, as in other chronic conditions, is thought to be dependent on the patient’s ability to maximally adhere to
their treatment regimen.2,3

In this review, we will discuss the challenges, both to the patient and HCP, of maintaining a high level of adherence to
r-hGH, and the factors which have been shown to influence adherence both negatively and positively. We will summarize
feedback data from both HCPs and patients, and discuss knowledge from other more advanced therapeutic areas
regarding the importance of data generation and analysis to understand how to positively support adherence. Our aim
is to look forward to future developments in digital health which will positively impact on adherence. We will discuss the
contribution of behavioral support and its digitalization as a means of supporting the family and patient, and conclude by
debating the importance of design of adherence support, with continuous evaluation cycles of new digital tools, in order
to achieve maximal personalized impact on the adherence paradigm and the patient’s journey.

Identifying Factors That Affect Adherence
Since the development and widespread clinical use of r-hGH in 1985, a range of growth disorders have been approved for
this treatment by regulatory organizations such as the US Food and Drug Administration and European Medicines
Agency.4 Initially, GH deficiency (GHD) was approved, followed by non-GH-deficient disorders such as Turner
syndrome, short stature related to birth size small for gestational age (SGA), and idiopathic short stature.5 Treatment
of these disorders until adult height is reached is, by definition, demanding and the issue of good adherence to the
prescribed therapy is highly relevant to the final outcome.6

Thus, begins a multi-year journey involving daily injections and regular consultation visits (typically every 6
months) to assess growth and metabolic parameters. Along this journey and depending on the healthcare setting, the
child and his/her parents receive various levels of information, support, and encouragement to comply with the therapy
regimen. HCPs may also be involved in dealing with clinical, emotional, and behavioral issues that may arise during
teenage years. Adolescents with GHD may require transitional care and continued r-hGH therapy through into
adulthood to optimize body composition maturation and metabolic factors that could adversely affect their cardiovas-
cular health.7,8

Factors adversely affecting adherence which are encountered by HCPs include managing clinical, emotional, and
behavioral issues arising during teenage years.9 Other factors shown to be strongly associated with non-adherence and
lack of persistence include poor understanding of both the condition and consequences of missed r-hGH doses, injection
discomfort, dissatisfaction with growth outcomes compared with pediatric endocrinologist predictions, and inadequate or
problematic contact with HCPs.10

Participatory Medicine and Digital Health Interventions
Digital health technologies have become an essential part of daily life and, consequently, they have high potential to
support patients and caregivers in their health management. As early as 1996, research showed the positive impact of
digital tools in diabetes patient education for children.11 However, the wider adoption and implementation of such
technologies is still a major challenge.12 The scientific community has been looking into many factors that address
adoption and acceptance of technologies and these often highlight human factors such as usability, perceived usefulness,
and literacy levels.13,14 These factors related to the adoption of technology have some similarities to drivers for
medication adherence,15–17 including education or how the medication is being introduced.

Addressing the patients’ and caregivers’ perspectives is crucial, especially in areas where digital health interventions
are supporting medication adherence or other long-term self-management behaviors. In the case of digital interventions
in pediatrics, a key aspect to consider is the interplay between caregivers and patients especially during the transition to
adult care18 or patient-initiated medication. For example, a key moment to intervene is when injections are transitioning
from being delivered by the caregivers to the children themselves.
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In recent years, a lot of effort has been put into the use of new methodologies to capture end-user’s feedback when
using digital interventions, including participatory research and design research.19 Such methodologies facilitate the
capture of feedback and the perspective of patients and caregivers for adjusting behavioral interventions.20 This feedback
can then be used to adjust digital interventions to minimize adoption challenges. For example, the project Sisom (from
the Norwegian phrase “Si det Som det er”, meaning “Tell it how it is”) focused on capturing the feedback of children
with chronic conditions using a child-friendly patient-reported outcome mobile solution designed to enhance nurse–
patient relationships.21 Another example is the mobile solution Pain Squad™ for children with oncologic pain, for
example, where patients were heavily involved in the design to maximize adherence to the use of the mobile-based pain
diary.22 A more recent example, explained below, is the CARING study which focuses on the feasibility of supporting the
emotional wellbeing of caregivers in a mobile-based digital intervention.23

Several factors are important when capturing feedback from patients and caregivers for the development of digital
health interventions. Studies have shown that socio-cultural factors such as gender, ethnicity, and education level are
relevant in the adoption of such digital health technologies.24–26 Also, caregivers’ and patients’ perspectives concerning
digital health interventions should be included in the analysis of healthcare delivery since, in most cases, the roll-out and
implementation of such solutions will impact the provision of healthcare. To address this “service delivery” angle,
methods aligned with service design are often applied.14 Finally, emerging research highlights the relevance of addres-
sing digital health literacy as an enabler for adoption. Consequently, it represents a major aspect to consider when
studying the patients’ and caregivers’ perspectives. For example, high levels of digital health literacy reduce risks
regarding the adoption and safe usage of digital health tools by both caregivers and patients.27

Improving Adherence with Digital Solutions in Growth Disorders Treated with r-hGH
There are several ways of administering r-hGH to pediatric patients, including syringes, pens, and auto-injector devices.
One such device, the easypod® autoinjector, transmits data to a web-based platform that allows HCPs to monitor
adherence and access longitudinal patient data. To test the impact of this digital ecosystem on adherence, the Easypod®
Connect Observational Study (ECOS) was performed across multiple countries.28 The ECOS demonstrated how a digital
health ecosystem, that records dose, date, and time of r-hGH administration, can help to maintain high adherence
(≥85%; mg injected/mg prescribed) over the course of several years in different countries.28 Real-world data extracted
from the easypod® connect ecosystem support these findings. In an analysis performed from 2007 to the end of 2020,
adherence data were available for 20,264 patients from 38 countries.29,30 Levels of high adherence increased over time in
European (76% in 2010; 82–84% in 2015–2019; 86% in 2020), North American (Canadian) (65% in 2010; 68% in 2015;
88% in 2019–2020), and Asian (58–62% in 2014–2015; 68–73% in 2016–2020) patients.29,30 No consistent change in
adherence was found among Latin-American and Caribbean patients.29,30 Importantly, the observed adherence levels also
had a statistically significant effect on change in Height Standard Deviation Scores (∆HSDS) from treatment start. Mean
∆HSDS were 0.4, 0.7, 1.0, and 1.1 after 12, 24, 36, and 48 months treatment, respectively, in patients with high (≥85%)
monthly adherence, 0.3, 0.6, 0.8, and 0.9 in patients with intermediate (>56–84%) monthly adherence and 0.2, 0.5, 0.6,
and 0.7 in patients with low (≤56%) monthly adherence.29,30

The Use of Patient-Generated Data to Develop Digital Tools
Expansion of digital health ecosystems, like easypod® connect, through addition of new digital tools that have been
co-created with HCPs and patients, offers an exciting opportunity to further improve both adherence and clinical
outcomes for patients with growth disorders. When developing such digital tools, we propose following an iterative
cycle that leverages the use of patient-generated data (Figure 1). The approach implies that defined hypotheses are
validated based on patient-generated data prior to the design of prototypes, which are then tested in a clinical setting
as the basis for future hypotheses. This continuous feedback loop can help pinpoint areas for improvement based on
pre-defined patient populations. First, a team of interdisciplinary HCPs defines a hypothesis to improve management
towards an optimal outcome based on their clinical experience. For example, they propose a mathematical model that
predicts future therapy response based on experience and demographic information. Once the hypothesis has been
thoroughly defined, data scientists use information from connected devices and other data sources, such as electronic
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health records, to develop, analyze, and validate data-driven models in an experimental setting. If successful, an
experimental model (prototype) is designed and tested in collaboration with the HCP team, taking end-user feedback
into consideration. An enhanced digital ecosystem is then established as the basis for real-world evaluation of
(determinants) of use and outcome, for example, in prospective clinical trials. This enhanced ecosystem not only
has the potential to improve disease management, but also serves as the basis for hypothesis generation within the
next iterative loop. Over time, with increased patient-generated datasets, improved synergy between experienced
teams, and new assumptions and hypotheses, this agile and incremental approach to the development of digital
ecosystems will reflect the evolution of healthcare provision.

Importance of Behavioral Support for Adherence
To complement digital solutions, the use of psychology-based approaches within the healthcare environment can be
beneficial to support HCPs in learning how to help patients to make healthy choices and decisions in their lives. HCPs are
uniquely positioned within clinical settings to monitor, support, and promote adherence behaviors due to their existing
supporting relationships with patients and their families.31 Importantly, HCPs are trusted by their patients and are often
the people patients will turn to when they are thinking about making a health-related change. Addressing adherence-
related issues within routine clinical practice can be a struggle, as patients and/or their families generally find it difficult
to talk openly about adherence and are often reluctant or apprehensive to disclose treatment non-adherence.32 Thus, it is
important for medical and nursing HCPs to be supported in core training to develop and reinforce key consultation
behaviors and skills, ie motivational interviewing (MI).33

Motivational Interviewing
MI is a skill which can benefit both medical and nursing HCPs. Examples of the benefits of MI can be taken from
experience in making healthy life choices. When considering these choices, reaction to the individual can be unhelpful,
such as not listening or negatively encouraging regressive behavior. By contrast, a helpful response to the same life
choices would consist of positive reactions such as genuine empathetic listening and exploration of the individual’s
feelings without judgement. This behavior typifies the spirit of MI, the key principles of which are partnership,
acceptance, compassion, and evocation (PACE). Collaboration is important because partnership on an equal level with
the patient is a key aim. Acceptance leads to better understanding of the decisions and choices that patients and families
are making without judgement. These choices are accepted and the HCP responds with guidance. Compassion is a further
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Figure 1 Continuous feedback loop based on patient-generated data. The data provided by patients, the HCP team and data scientists contribute to the development of an
enhanced ecosystem.
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component that is combined with Evocation, which means drawing out a patient’s inner motivation and commitment, and
building on this to effect change.2,33

The OARS Approach
Core skills in MI can be discussed under the acronym OARS, which stands for Open questions, Affirmations, Reflective
listening, and Summarising.2,33 The conversation can be structured by following these headings. Open questions such as
“what”, “how”, and “why” will open conversations and evoke dialogue. Other examples would be “what are your hopes
for your consultation today?” and “I am curious to learn how you have been getting on with your injections?” These
questions can be prefaced by saying “help me understand … ” and the conversation can develop by inviting the patient or
family to talk about what is on their mind and what their needs and their priorities are. Affirmations are about helping
patients to recognize their own strengths and positive beliefs that are going to help them to adhere to r-hGH therapy.
Examples could be to say to a patient, “I can see it took courage for you to try this out today” or to a parent, “your
creative ideas around this are very helpful”. Reflective listening consists of not only listening and reflecting back what is
said, it also helps in verbalizing the thinking and feelings that lie underneath, showing a depth of empathy that leads to
further conversations. The last skill here is summarizing, which serves the useful purpose of wrapping up conversations
and can be started by saying “let me see if I have got this right, you are feeling this on one hand and perhaps feeling this
on the other?”.

Psychologically-Based Patient Support Programs
Pediatric endocrinology nurse specialists can play a key role in addressing and managing the needs of patients prescribed
r-hGH treatment and their families within their medical consultations. In view of this, psychologically-based patient
support programs (PSPs) have been designed to help support patients and families to better manage their condition and
treatment, with the purpose to optimize treatment adherence and improve clinical outcomes. These programs have
demonstrated improved outcomes in a wide variety of diseases, through multidisciplinary HCP training and coaching;
therefore, it is crucial for HCPs to begin to implement these new approaches within clinical practice in order to make
a positive impact.34,35

One such PSP is TuiTek®, a digital, multicomponent, personalized program designed to support the needs of patients,
caregivers, and HCPs throughout the treatment care pathway. The intervention comprises two key service components: 1)
a PSP training session, which aims to provide the HCP with the tools and strategies to deliver the TuiTek® PSP and 2)
a PSP Manual, consisting of A) a personalization screener, for HCPs to identify the key issues and challenges faced by
patients and caregivers, and tailor the patient support; and B) a set of personalized one-to-one telephone call guides and
resource packs which utilize a range of behavior change techniques (BCTs) and principles of MI, to support the HCP to
engage in high-quality adherence-focused conversations with the patient during scheduled outbound calls with
caregivers.

HCP-led calls which use BCTs and implement MI principles have been shown to affect meaningful behavior change
across different health conditions such as increasing physical activity and improving diet,36,37 as well as demonstrating
a positive impact on treatment adherence.38 This aligns with the findings of the TuiTek® PSP which has been shown to
positively address disease- and treatment-related barriers amongst caregivers regarding optimal adherence of their
children to GH treatment; this, in turn, has the potential to improve adherence levels and patient clinical health outcomes.

ADHERA CARING: An Example of Digitalized Patient Support
Caregiver emotional distress has been found to be a driver of poor adherence and self-management skills in pediatrics
and growth disorders.39–41 This includes aspects related to anxiety and fear of the medication itself, but also aspects such
as poor communication between parents and children. Overall, poor emotional wellbeing has a direct impact on the self-
efficacy of both caregivers and patients themselves which ultimately will drive poor self-management behaviors.

There is a body of literature in pediatrics showing the efficacy of interventions to address the emotional wellbeing of
caregivers of children living with chronic conditions. These include the use of techniques such as cognitive behavioral
therapy and mindfulness.42,43 As a result, caregivers are better equipped to handle emotional stressors. Also, there is
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evidence of the positive impact of enhancing parenting skills such as communication to help cope with stressful
situations related to the self-management of a chronic condition.44

In the CARING study, a digitally enabled intervention was designed and implemented to complement the work of the
pediatric endocrinology unit in the University Hospital of Miguel Servet in Zaragoza, Spain.23 The clinicians identified
children with suboptimal adherence using the easypod® connect platform, their caregivers were then invited to
participate in a study that includes the use of a digital program to deliver an intervention designed to improve the
mental wellbeing of caregivers.

The digital intervention was powered by the ADHERA CARING platform that incorporates educational content to
improve self-management skills, including gamification elements (eg quizzes), and is designed to ensure understandability
and usability. This is complemented by content addressing mental-wellbeing based on cognitive behavioral therapy,
including content such as videos of relaxation techniques aimed at helping families to reduce anxiety before injections.
Furthermore, tailored motivational messages were sent to caregivers to reinforce engagement and therapeutic effectiveness.
The behavioral design of the intervention was based on the Integrated Model for Behavioral Change (I-CHANGE).20

The first phase of the study included the recruitment of 10 caregivers who tested the program for a month and
provided feedback in a semi-structured interview. The qualitative feedback data was used to identify areas for improve-
ment and adjustment of the intervention prior to starting the second phase of the study which is aimed at quantifying the
clinical impact of such an intervention. The preliminary results achieved in the first phase of the study showed high
engagement and positive feedback; in addition, participants highlighted the importance of such interventions not only
when adherence is suboptimal but also at the initiation of the treatment.23

Unmet Needs in Growth Disorder Management: Digital Solutions
There are several unmet clinical needs related to the management of a child with GHD. The first is the late age of
diagnosis. In a recent study of 39 children with GHD, the mean age of diagnosis was 4.6 years in Germany, 7.0 years in
the UK, and 9.4 years in the USA.45 The late age of diagnosis has a negative impact on the adult height achieved after
r-hGH therapy.1 The subjects with abnormal variables are sent for investigation and diagnosis.46 Such a technique of
height screening has not yet been demonstrated to work in a real-world busy inner-city environment.

A second unmet need relates to the poor quality of growth response to r-hGH therapy, for which there are a wide range of
causes. Therapy needs to be individualized, in terms of starting dose, for every child starting therapy. The “one-dose-fits-all”
philosophy which was widely practiced in the 1980s and 1990s can no longer be defended and is inconsistent with the current
standards of precision medicine.47 Many children are receiving inadequate doses of r-hGH with a lack of sophisticated dose
individualization taking into consideration the known predictive factors.48 In addition, GH responsiveness may be affected
by influences outside the GH-IGF-1 axis such as genetic variants which can induce a degree of GH resistance.49 In these
subjects, r-hGH therapy should logically be discontinued. The range of responses to r-hGH also extends to children with
more severe GH deficiency, who respond well to r-hGH doses below the recommended dose. A third unmet need relates to
patients displaying poor adherence to r-hGH therapy, as discussed in this article.

Finally, the standard of transitional care of the adolescent with GHD after completion of linear growth from pediatric
to adult care is highly variable between centers and countries.50 Several digital tools are available to assess a young
patient’s readiness for transition, including the Transition Readiness Assessment Questionnaire. This has been used in
endocrinology to compare young people with Turner syndrome to those with type 1 diabetes, and revealed that those with
Turner syndrome are less mature in the management of their healthcare and may find the process of transfer to adult
services difficult.51 This aspect is, however, also connected with national healthcare policies. Mobile devices, such as
smartphone apps (e.g. Tiny Medical Apps’ Digital Health Passport app), have been developed that can assist young
people in self-managing their condition.

Conclusions
We believe that supporting patients across their disease journey means more than just providing them and their
physicians with an effective therapy. Beyond the prescription of r-hGH, it means providing all stakeholders involved
with the tools, information, services, and support needed to achieve the goal of effective treatment and clinical benefit.
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Methods for assessment of adherence need to be standardized, both from the point of view of definition of adherence and
its measurement.52 For GH-deficient patients, caregivers, and HCPs, this has meant a change in the attitude towards
r-hGH adherence and embracing the concept of a successful human–digital partnership which is essential to achieve these
goals.2 The relationship between poor adherence and poor response to r-hGH therapy is well established.53 While
enthusiasm and support for digital health technologies was slow at first, these efforts have accelerated with broader
awareness and acceptance amongst both patients and HCPs. New digital technologies will evolve and the introduction of
innovations and new technologies, while providing challenges for patients and HCPs, have the potential to further
improve the personalized management of the GH-deficient patient receiving r-hGH therapy. The development of digital
ecosystems reflecting the evolution of healthcare provision and an agile incremental approach of their enhancements by
Iterative loops has the potential to improve disease management.
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