
Cervera‑Torres et al. 
BMC Medical Informatics and Decision Making          (2022) 22:215  
https://doi.org/10.1186/s12911-022-01935-1

STUDY PROTOCOL

Digital health for emotional 
and self‑management support of caregivers 
of children receiving growth hormone 
treatment: a feasibility study protocol
Sergio Cervera‑Torres1, Francisco José Núñez‑Benjumea1, Antonio de Arriba Muñoz2, 
Irene Alice Chicchi Giglioli1 and Luis Fernández‑Luque1*    

Abstract 

Background:  Caregivers of children undergoing growth hormone treatment often face stress and stigma. In this 
regard, family-centered approaches are increasingly considered, wherein caregivers’ mental wellbeing is taken into 
account to optimize children’s health-related outcomes and behaviors (e.g., treatment adherence). Here, mindful‑
ness and parenting-based programs have been developed to support the mental wellbeing of caregivers and, in 
turn, promote richer interactions with the children. Nevertheless, this type of program can face drawbacks, such as 
the scheduling and availability of family members. Recent digital health (DH) solutions (e.g., mobile apps) are show‑
ing promising advantages as self-management support tools for improving wellbeing and behaviors related to the 
treatments. Although, further evidence is necessary in the field of Growth Hormone Treatment (GHt). Accordingly, 
this study aims to examine the usability of a mobile DH solution and the feasibility of a DH intervention designed to 
promote emotional and mental wellbeing of caregivers of children undergoing GHt.

Methods:  This is a prospective mixed-methods (qualitative-quantitative) exploratory study composed of two sub-
studies, including caregivers of children undergoing GHt. Sub-study one (SS1; n = 10) focuses on the usability of the 
DH solution (detecting potential barriers and facilitators) and an ad hoc semi-structured interview will be adminis‑
tered to the caregivers after using the DH solution for one month. Sub-study two (SS2; n = 55) aims to evaluate the 
feasibility of the DH intervention on caregivers’ perceived distress, positive affectivity, mental wellbeing, self-efficacy, 
together with the children’s quality of life and treatment adherence. All these parameters will be assessed via quan‑
titative methods before and after 3-months of the DH intervention. Usability and engagement will also be assessed 
during and at the end of the study.

Results:  It is expected that significant amounts of data will be captured with regards of the feasibility of the DH 
solution.

Discussion:  The manuscript provides a complete protocol for a study that will include qualitative and quantitative 
information about, on one hand, the user-friendliness of the DH solution, and on the other, the effects on caregiv‑
ers’ emotional, as well as, behavioral parameters in terms of the usability and engagement to the DH solution. The 
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Background
Growth hormone is prescribed in children for a range of 
health conditions related to growth problems and short 
stature, and in particular patients with growth hormone 
deficiency compared with peers of the same age and sex 
[1, 2]. Furthermore, short stature in children has also 
been reported to be associated with psychosocial stress, 
social isolation, bullying, and impaired social competen-
cies [3–5]. This problem extends to caregivers (usually 
parents), that have to deal with various stressors about 
child’s health, such as daily stressors (managing daily 
routine as ensuring treatment adherence) and emotional 
stressors (e.g., anxiety, worrying) [6, 7] and as well as 
social stigma [8, 9], ultimately caregivers can be affected 
by emotional fatigue and burnt out.Therefore, caregivers 
are at risk for developing psychosocial problems, such 
as anxiety and depression, which can reasonably lead to 
greater difficulties in handling effectively the child’s ill-
ness and development. A child’ mental health develop-
ment depends on their parents or caregivers who serve 
as primary sources of support in reaching an adaptive 
development. Studies on the importance of parents’ men-
tal wellbeing in the child development have showed that 
a poorer parents’ mental wellbeing is related to a higher 
mental, emotional or development disability [10]. In par-
ticular, parental stress has been associated with less effec-
tive parenting [11] and poorer adherence of children to 
medical treatment [12]. On contrary, positive affect states 
have been found to be associated with health-related 
quality of life (HrQoL) in adolescents with Type I diabe-
tes [13]. In a similar vein, self-efficacy as perceived con-
trol and capability to implement a course of action [14] 
and mental wellbeing have also been found positively 
related to pediatric health outcomes [15]. However, these 
factors has been extensively investigated within pediatric 
areas such as Type-I diabetes, cancer [16], and chronic 
pain [17], other pediatric areas such as growth conditions 
are misrepresented.

These are leading to serious consideration of family-
centered approaches targeting the mental wellbeing 
of caregivers as a pivotal factor to optimize children’s 
health outcomes, such as treatment adherence [18–20]. 
Accordingly, cognitive behavioral therapy (CBT) and 
mindfulness-based cognitive therapy (MBCT) have dem-
onstrated positive outcomes regarding stress and healthy 

quality of life of caregivers and children [21]. On one 
side, CBT includes the awareness of useless and nega-
tive thoughts and related-behaviours, reframing them 
with positive and useful thoughts and behaviours. On 
the other hand, MBCT aims to support patients to pay 
attention to their thoughts without judgment, accepting 
them and reducing the impact of negative and useless 
thoughts and behaviours, thus, providing tools to cope 
with the stressful situations [22, 23]. In this theoretical 
context, psychoeducational modules, as well as activities 
such as mindfulness, have been used, showing a decrease 
of stress and an increase in mental wellbeing. Accord-
ing to the previous evidence, mindfulness activities spe-
cifically designed to improve parents’ self-efficacy and 
stress management have been shown to promote richer 
interactions with the children [21, 24]. In a similar vein, 
standardized parenting programs have been developed to 
promote positive parenting skills (e.g., problem-solving 
and communication techniques) [25].

However, despite these positive results, parents often 
experience practical barriers for participation in this type 
of interventions, such as travelling distance, and timing 
costs, looking for resources to take care of the children 
(e.g., babysitters), and absence from work [26, 27].

To overcome these issues, digital health (DH) solutions 
are enabling more accessible self-management supports 
and less costly family-centered intervention modalities 
[28–30]. A few recent pilot and feasibility studies are 
showing positive outcomes on the efficacy of caregiver 
interventions of children with chronic conditions, such 
as diabetes, and pediatric transplants through mobile 
apps [28, 29]. Similarly, other studies using web applica-
tions are showing that DH interventions are feasible to 
deliver training programs targeting, among others, par-
enting stress, problem-solving skills, protective parent-
ing behavior, or self-efficacy of caregivers of children 
with chronic conditions (e.g., cancer, or obesity; see the 
review [31]). Interestingly, to our knowledge, none of the 
studies delivered a mobile-based DH intervention, via 
smartphone for caregivers of children undergoing GHt. 
Starting from these premises, the aim of this study is to 
investigate the usability of the mobile DH solution, called 
Adhera® Caring, and the trial design and feasibility of 
Adhera Caring intervention evidence-based on CBT and 
MBCT for caregivers’ mental wellbeing. Accordingly, the 

findings will contribute to the evidence planning process for the future adoption of digital health solutions for car‑
egiver support and better health-related outcomes.

Trial registration ClinicalTrials.gov, ID: NCT04812665.
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study protocol targets to obtain qualitative and quanti-
tative answers to the following three research questions 
and derived hypotheses:

1.	 What is the overall usability experience of caregivers 
using Adhera Caring?

	 Hypothesis 1: Participants will show an acceptable 
usability experience of the DH solution.

2.	 What effect does the intervention through 
Adhera  Caring have on the levels of psychological 
distress, mental well-being, self-efficacy, of caregivers 
of children undergoing GHt for short stature?

	 Hypothesis 2: The intervention will improve the lev-
els of psychological distress, and will promote posi-
tive affect, self-efficacy, and mental wellbeing.

3.	 Which insights can be obtained regarding parental 
concerns, the children’s quality of life, and adherence 
to treatment?

Hypothesis 3: It can be expected that promoting levels 
of positive affect, self-efficacy, and mental wellbeing will 
be positively associated with children’s quality of life and 
treatment adherence.

The Adhera® Caring digital health intervention
Own prior research has built upon mental health and 
technology acceptance theoretical frameworks [32] to 
test behavioral change and mental health support via 
digital techniques within health-related areas such as 
smoking cessation [33]. We developed a digital solution 
incorporating three main components. An educational 
health content component provides general health infor-
mation about a particular condition and information 
on self-care and stress management. The solution also 
incorporates a mental-wellbeing module, which also 
includes psychoeducational information and different 
actionable activities such as attention exercises based on 
mindfulness. Finally, a recommender system, based on 
artificial intelligence (AI), which delivers short messages 
in the form of quick actionable suggestions or educa-
tional reinforcement.

Building upon this structure, the Adhera Caring is a 
DH intervention mobile-app-based that has been specifi-
cally designed to support caregivers of children under-
going a GHt for short stature with regards of reducing 
psychological distress and improving their overall men-
tal wellbeing, positive affect, and self-efficacy. Accord-
ingly, the Adhera Caring DH intervention program 
includes: a) a psychoeducational module; b) a mental 
wellbeing module to reduce psychological distress and to 

promote positive affect and mental wellbeing; c) a behav-
ioral change module aiming at providing brief psychoe-
ducational messages, promoting healthier lifestyles and 
self-efficacy.

Adhera Caring: psychoeducational modules
The psychoeducational modules have been designed 
to provide specific educational contents on childhood 
growth disorder and the related GHt, as well as benefits 
and secondary effects of the GHt, and problem-solv-
ing suggestions on how to support the children during 
the entire GHt process. This content includes 39 units 
divided into four sections) managing growth hormone 
deficiency; b) habits that improve life with growth hor-
mone deficiency; c) adjusting to living with a growth 
hormone deficiency; d) taking care of yourself to be able 
to take care of your child (Fig. 1). The read contents will 
be marked with a tag and a progress bar appear accord-
ing to the read contents. At the end of each module, the 
last unit consists of a quiz with multiple choices. After 
each answer, an explanation will be provided to the user 
(Fig. 2). All the material contents have been setup accord-
ing to the Patient Education Materials Assessment Tool 
(PEMAT) guide on the understandability and actionabil-
ity materials.

Adhera Caring: the behavioral change module
The behavioral change module reinforces the psychoedu-
cational module by delivering brief educational messages 
on the childhood growth disorder, as well as support in 
managing psychological distress, improving self-efficacy 
(caregiver perception of their ability to manage child-
related stressful situations e.g., facing fear to the treat-
ment), personal skills for self-regulation (in stressed and 
anxiety events). It also provides lifestyles suggestions and 
action planning (actions to perform the desired behaviors 
and coping or maintaining planning) that will be sent to 
the patient with a set frequency (one daily; Fig.  3). The 
messages have been defined and validated by clinicians 
and behavioral change experts. When a message will be 
sent by this module, patients can then read them from an 
inbox of messages in their Adhera Caring app. The sent 
messages will be selected by the artificial intelligence of 
the Adhera Precision Digital Companion™  Platform to 
maximize the interest of the message for each patient—so 
each patient will receive tailored messages. Each message 
can then be rated between 1 and 5 stars, as feedback for 
the system to learn about the patients’ preferences and 
improve their future recommendations.

Adhera Caring: mental well‑being module
The mental wellbeing module provides patients with evi-
dence-based CBT and MBCT-based activities to improve 
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their mental wellbeing. They include visually guided 
activities to perform using the phone, audios where a 
psychologist instructs the patient how to relax, and audio 
files with relaxing music. In addition, other mental-well-
being activities are also explained to be done without the 
need of using the smartphone. Pre- and post- each activ-
ity, user will rate on a 1–5-Likert scale mental wellbeing 
emotional states. A final report on the before and post 
mental wellbeing rates will be showed to the user (Fig. 4).

Digital health ecosystem for treatment adherence
The recruitment for Adhera Caring Digital Health 
Intervention relies on the existing digital health eco-
system around the growth hormone treatment with 
recombinant human GH (r-hGH, somatropin, Saizen®, 
the healthcare business of Merck KGaA, Darmstadt, 

Germany) [34], that includes the use of an automated 
electronic injection device called Easypod™, that can 
be used voluntarily by the patient (and/or caregiver) 
to administer the growth hormone therapy [35]. The 
device transmits the data (time, date and dose) to a 
secure web-based portal called Easypod Connect where 
clinicians can monitor and manage herence levels of 
patients. This platform will be used to screen poten-
tial participants in the study with sub-optimal levels of 
adherence, and will be used to capture information on 
the impact of the intervention in adherence.

The solution Adhera  Caring is part of the Adhera® 
Health  Precision Digital Companion™ Platform, which 
has been developed using the best practices with 
regards of data protection and quality management in 
accordance with the guidelines of the ISO 27001 and 
ISO 13465.

Fig. 1  Adhera Caring: psychoeducational modules
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Methods
Design and setting
This is a prospective mixed-methods usability and fea-
sibility study intervention, see Additional File 1 for 
SPIRIT diagram. The study will be composed of two 
single group sub-studies (SS1 and SS2) targeting car-
egivers of children undergoing GHt in accordance 
with general clinical practice in Spain and the Miguel 
Servet Children’s University Hospital (Zaragoza, Spain) 
where patients are already supervised by a pediatric 
endocrinologist.

The goal of sub-study 1 (SS1; n = 10) is to gain quali-
tative insights about psychological burdens experienced 
by caregivers of children undergoing GHt, and barriers/
facilitators after using the DH solution for one month. 
Insights from SS1 will serve to provide an optimized 

version of the mobile solution for its use in sub-study 
2 (SS2; n = 55). In this case, psychological parameters 
in terms of psychological distress, positive affect, men-
tal wellbeing, and self-efficacy will be targeted and 
assessed before and after using the DH solution (pre-
post design). Children’s quality of life, treatment adher-
ence, and system usability.

Sample size
In qualitative research, the sample size cannot be conclu-
sively estimated since it is determined by the saturation 
of the data acquired during the analysis of the qualita-
tive data (e.g., semi-structured interviews). However, the 
sample size in SS1 has been estimated as n = 10, based 
on similar studies assessing the acceptance of a mobile 

Fig. 2  Adhera Caring: The quiz unit (gamification element) with the explanation of the answer
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solution, wherein the sample size for interviews and 
feasibility pilots was between 10–20 participants [36, 
37]. Data saturation in the qualitative thematic analysis 
is expected to be achieved in less than ten subjects due 
to the focused nature of the study. In the case that this 
saturation is not achieved, the sample will be extended to 
include ten more participants.

In SS2, a sample size of n = 55, has been estimated by 
the GPower v.3.1.9.2 software. Specifically, a study design 
with 55 participants is appropriate to detect a low-to-
medium effect size (Cohen’s d = 0.40) with a probability 
of α = 0.05 associated with a power of 1—ß = 0.08. The 
estimation is based on mean group differences between 
the baseline assessment and 3-months of follow-up (i.e., 
two-sided one-sample t-test).

Participants will be followed after Informed Consent 
Form (ICF) signature at the hospital to the end of the 
data collection period. It should be noted that in SS1, 
participants would engage with the solution for 1 month 
after recruitment. Since SS1 mainly focuses on usability, 

we estimated a period of one month, so that participants 
have a reasonable time to test the DH solution and subse-
quently rise concerns, barriers or facilitators when using 
the app. During this one-month observation time, par-
ticipants will be supported if any doubt or concern arises.

In SS2 participants will be able to engage with the solu-
tion, for 3  months. The timing has been established on 
the standard mindfulness-based training programs that 
last a minimum of eight weeks [38]. Since the DH solu-
tion is self-administered, we added one extra month so 
that participants have more time to engage with the pro-
posed activities. Major protocol amendments, if any, will 
be rigorously handled and updated at the ClinicalTrials.
gov registry. The present study protocol has been elabo-
rated following the recommendations for study protocols 
[39] based on the CONSORT extension statement for 
feasibility trials and the Standard Protocol Items: Recom-
mendation for Interventional Trials (SPIRIT; see Addi-
tional file 1).

Eligibility criteria
The sample of the study will be identified according to 
the following inclusion criteria: a) caregivers are legal 
guardians of children who receive GHt in accordance 
with approved indications in Spain, and b) adherence to 
GHt monitored in the last month prior to enrollment 
indicates a ratio less than 85%, since it has been consid-
ered as an index of relatively sub-optimal adherence [40, 
41]. Also, participation in the study requires: c) explicit 
agreement on data sharing regarding adherence to GHt 
gathered through the Easypod Connect, d) participants 
must be able to interact and willing to install, the DH 
solution of the study in their smartphone, and e) partici-
pants must sign the specific ICF for the study.

Consequently, exclusion criteria define those candi-
dates without an Android smartphone or not being able 
to interact with it cannot participate in the study, because 
the solution only works through this operative system. 
Moreover, only one legal guardian per child can partic-
ipate in the study, and participants in SS1 will not take 
part in SS2.

Recruitment
Participants will be recruited from the Pediatric Endo-
crinology unit at the Miguel Servet Children’s University 
Hospital. This public hospital provides pediatric health 
attention to the regional area of Zaragoza (Spain), which 
covers an approximate 367,110 inhabitants. Participants 
will be recruited at the pediatric unit by the study site 
investigator, which is a pediatric endocrinologist expe-
rienced in the management of children with growth 
disorders and their associated team. Enrollment in the 
study will be based on the information available in the 

Fig. 3  Adhera Caring: Motivational messages and ratings
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Electronic Health Record (EHR) of potential participants. 
Whenever a candidate is found suitable, participation 
in the study will be offered during routine consulta-
tions. Participants will sign an informed consent during 
routine clinical visits to the center. For accessing treat-
ment, adherence data (via Easypod-Connect) of children 
aged 12 years old and over, a specific ICF will need to be 
signed according to the Spanish regulation.

Participants will be free to discontinue the study at any 
time. Reasons to abandon the study will be recorded in 
the Electronic Case Report Form (eCRF; e.g., no per-
ceived benefit of the mHealth solution, failure to attend 
the scheduled visit, etc.).

Planned study DH intervention
SS1 will consists of three visits:

a.	 Enrolment: participants will sign the ICF and com-
plete a paper-based questionnaire on demographic 

variables. The estimated recruitment duration has 
been established in a time of 3 months.

b.	 Baseline assessment: participants will complete a 
paper-based questionnaire on anxiety, depression 
and stress (for more details, see the 2.5 section on the 
outcome variables). After answering to the question-
naire, participants will download on their own smart-
phone the DH solution Adhera Caring and a training 
on how to use this tool will be provided. Participants 
will take Adhera Caring with them to home and 
could use it as often as they like.

c.	 Post-assessment (follow-up visit): after one month, 
during the standard care visit, participant will par-
ticipate in a semi-structured interview.

SS2 will include the same visits of the SS1 and the 
estimated recruitment duration has been established 
in a time of 6  months. Psychological distress, posi-
tive affect, self-efficacy, mental wellbeing, and chil-
dren’s quality of life will be collected at baseline and 

Fig. 4  Mental Wellbeing activities and emotional pre-and post-evaluation
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follow-up visits using paper-based questionnaires. In 
addition, a system usability questionnaire will also be 
administrated during the last visit (Fig. 5).

Outcome variables
Research question 1 (Primary outcome)
Initially, the study aims to understand the psychological 
burdens experienced by caregivers of children undergo-
ing GHt, and the perceived barriers/facilitators concern-
ing the adoption of a DH solution. To do so, a group 

of ten caregivers will engage with the DH solution for 
1 month. Subsequently, an ad hoc semi-structured inter-
view based on mental health and technology acceptance 
theoretical framework [42] will serve to gather qualita-
tive information about those user experiences (SS1; see 
Additional File 2). Such qualitative information will be 
contextualized by minimal quantitative data in terms 
of demographics (caregiver: age, gender, marital sta-
tus, employment status, education level according to 
the European Qualification Framework [43]; children 

Fig. 5  Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT). Schedule of enrollment, interventions, and assessments 
planned in the study
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(patient): age, gender) screening of caregivers’ current 
level of psychological distress and usability and engage-
ment with the solution. The following instruments to 
assess these outcomes:

•	 Psychological Distress: DASS-21 (Depression, Anxi-
ety, Stress Scale; [44, 45]; Cronbach’s alpha 0.90—
0.96). The scale contains 21 items with three sub-
scales assessing symptoms of depression (e.g., I felt I 
wasn’t worth much as a person), anxiety (e.g., I felt 
scared without any good reason), and stress (e.g., 
I found it difficult to relax) during the last week. 
Scores range from 0 (never experienced) to 3 (almost 
always). Total scores represent general psychological 
distress.

•	 System Usability: SUS (System Usability Scale; [46]; 
Cronbach’s alpha 0.92). 10-item scale based on a 
5-point Likert scale measuring strength and agree-
ment of usability (e.g., I thought the solution was easy 
to use).

•	 Engagement: Measured by means of user logs includ-
ing mobile-based user profiling.

Research question 2 (Primary and Secondary outcomes)
SS2 will assess, as a primary outcome, caregivers’ positive 
affect related to the use of the DH solution. In this case, 
caregivers will engage with the solution for three months.

•	 Positive Affect: the positive affect subscale of the 
PANAS (Positive and Negative Affect Schedule 
(PANAS; [47]; Cronbach’s alpha 0.92) will be used. 
This subscale is composed of 10 items and will evalu-
ate experienced positive states (e.g., enthusiastic) 
from 1 (“never”) to 5 (“very much”) during the last 
month.

SS2 will also explore whether using the DH solution 
affect psychological distress by the DASS-21 and:

•	 Mental Wellbeing: the MHC-SF (Mental Health Con-
tinuum in Short Form; [48, 49]; Cronbach’s alpha 
0.94) evaluates from 0 (“never”) to 5 (“Every day”) the 
felt experience during the last month regarding three 
dimensions of mental wellbeing: emotional (e.g., I felt 
happy), psychological (e.g., I liked most parts of my 
personality), and social wellbeing (e.g., I belonged to 
a community).

•	 Self-Efficacy: the GSE (General Self-Efficacy Scale; 
[50, 51]; Cronbach’s alpha 0.90) is a 10-item scale 
assessing perceived self-efficacy (e.g., “I can solve 
most problems if I invest the necessary effort”) from 
1 (“not at all true”) to 4 (“exactly true”).

Research question 3
Finally, SS2 will also explore several dimensions related 
to the children’s quality of life and GHt adherence.

•	 The parents’ version of the QoLISSY (Quality of Life 
Inventory Short Stature Youth; [52]; Cronbach’s 
alpha 0.78—0.96) will be used to assess QoL dimen-
sions. It includes three core sub-scales, physical 
(6 items; e.g., Because of my child’s height (s)he 
has more trouble reaching things than others his/
her age), social (8 items; e.g., Because of his/her 
height (s)he is treated differently), and emotional (8 
items; e.g., Because of his/her height (s)he is shy) 
aspects of HrQoL. Additional sub-scales cover cop-
ing (10 items; e.g., When (s)he feels bad about his/
her height (s)he tries to think of something nice), 
beliefs about height (4 items; e.g., My child believes 
that being tall helps in life), and specific questions 
for parents (11 items). These items refer to parents’ 
worries about the future of their child in relation to 
his short stature and effects of the child’s short stat-
ure on the parents’ feelings (e.g., My child worries 
about whether (s)he will grow enough). The items 
are responded from 0 (“not at all”) to 4 (“always”).

•	 Children’s Quality of Life: the parent version of the 
KIDSCREEN-10 ([53]; Cronbach’s alpha 0.82) con-
tains 10 items (e.g., has your child felt well and fit?) 
in 5 point Likert response format, from “not at all” 
to “extremely”.

Finally, behavioral parameters in terms of usability 
(by the SUS) engagement (by logs) with the DH solu-
tion will be measured together with children’s adher-
ence to the treatment through the Easypod Connect 
(time, date and dose) [35]

Data management and quality control
All the data gathered in the study will be recorded in an 
electronic case report form (eCRF). This eCRF will be 
built upon the OpenClinica suite Community v3.4. The 
main purpose of the eCRF is to obtain data required by 
the study in a complete, accurate, legible, and timely 
manner. The data in the eCRF will be consistent with 
the relevant source documents.

The clinical investigator is responsible for ensuring 
that the data collected in the course of this study is 
accurate and documented appropriately on all applica-
ble forms. Data will be processed, evaluated, and stored 
in anonymous form in accordance with the data protec-
tion regulation. The clinical investigator must ensure 
that the eCRFs and any other associated documents 
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contain no mention of any subject names. The data will 
be entered into a validated database. Database lock will 
occur once quality control and quality assurance proce-
dures and coding activities have been completed.

Data analysis plan
Qualitative data in SS1 will be gathered by means of 
video/audio interview recordings, which need to be 
transcribed and coded, first, to be able to manage a 
more standard dataset. Subsequently, all recordings 
will be deleted to preserve participants’ anonymity. At 
least two different reviewers conduct data analyses, 
independently. Through the iterative process, themes 
and subthemes will be identified and coded as barri-
ers or facilitators associated with the use of the eHealth 
solution (Deductive part). Thematic content analysis 
will be performed afterwards (Inductive part) (37, 54). 
Descriptions of demographic, clinical, and usability 
data will be reported in a specific section.

Quantitative data in SS2 will be gathered in a different 
dataset. Descriptions of demographic and the study out-
comes (frequencies, mean, standard deviation, median, 
maximum-minimum values data, skewness, and kur-
tosis) will be reported in a specific section. To analyze 
intervention effects on the primary outcome (i.e., Positive 
Affect), one sample t-test between baseline and 3-month 
follow-up scores will be performed. Similarly, pre-post 
data regarding the secondary outcomes (I.e., psycho-
logical distress, self-efficacy, mental wellbeing, and chil-
dren’s quality of life) will also be examined by t-tests. 
Bonferroni correction will be used to account for multi-
ple comparison testing. A non-parametric approach (I.e. 
Mann- Whitney U test) will be used in the case that the 
data shows departures from normality distributions.

In addition, exploratory analyses will also include 
correlations to identify relevant associations between 
demographic, primary, secondary outcomes, as well as, 
childrens’ QoL, treatment adherence, and usability.

Results
The recruitment process for the SS1 is planned to start 
by June 2021 and the qualitative analysis is expected 
to be done by September 2021. Regarding SS2, the 
recruitment process is planned to start by January 2022 
and the primary impact analysis is foreseen to be con-
ducted by February 2023. This protocol describes a 
novel approach to the mental wellbeing of caregiver of 
children undergoing a stressful treatment such as the 
GHt. Furthermore, the protocol presents a scalable tool 
showing how a collaboration between companies and 
public health care system might promote such technol-
ogy into the global health care market.

According to our research questions and hypothesis, 
we will expect that:

•	 In SS1, the usability of the designed DH solution 
will be acceptable. Furthermore, in SS2 we expect 
high scores in the SUS (Hypothesis 1).

•	 A decrease on the levels of psychological depression, 
anxiety, and measured by the DASS-21 (Hypothesis 
2)

•	 An improvement of positive affect (by the PANAS), 
self-efficacy (by the GSE), and mental wellbeing (by 
the MHC-SF), and particularly, emotional and psy-
chological wellbeing. (Hypothesis 2)

•	 Finally, those psychological variables are positively 
associated with the children’s quality of life and treat-
ment adherence. (Hypothesis 3).

Discussion
The study protocol aims to investigate the usability user 
experience and the intervention feasibility of Adhera 
Caring DH that has been developed upon principles 
of technology acceptance [25]. The results of this study 
will provide relevant information to support the mental 
well-being of caregivers, in this case of children under-
going GHt but with the long-term goal that the Adhera 
Precision  Digital Companion Platform will be used 
and its effectiveness evaluated by caregivers of children 
with different clinical conditions, such as diabetes mel-
litus and chronic diseases with prolonged subcutaneous 
treatments (e.g., immunodeficiencies, rheumatological 
diseases). CBT and MBCT have been proposed as the 
main techniques to increase, on one hand, the caregiv-
ers’ awareness of their children’s medical condition, their 
own useless and negative thoughts and related-behav-
iours, reframing them with positive and useful thoughts 
and behaviours; and on the other, to provide activities to 
support patients to pay attention to their thoughts with-
out judgment, accepting them and reducing the impact 
of negative and useless thoughts and behaviours, thus, 
providing tools to cope with the stressful situations. 
Changes of caregivers’ negative thoughts and affect states 
into positives could have relevant implications into the 
treatment adherence, quality of life and children develop-
ment [6, 15]. Indeed, caregivers represent the first source 
for a healthy children mental wellbeing development and 
in the current healthcare system it is hard to provide 
caregivers’ support and DH interventions can provide it 
on a larger scale which would be reflected in the future 
quality of life in the long term. However, more research is 
needed on both the usability and the effectiveness of this 
type of intervention to achieve a randomized control trial 
and Adhera Caring fits into this research framework.
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According to this, it is also relevant to present some 
limitations of the actual DH research and the future chal-
lenges. Among these limitations, the intervention does not 
investigate potential effects of each of the three modules 
(I.e., educational, behavioral change, and mental wellbe-
ing) in isolation but as a whole. In this regard, own prior 
research demonstrates that motivational messages follow-
ing a behavioral-change model can be effective in the con-
text of smoking cessation [26]. Therefore, further research 
is needed to clarify the concrete impact of these compo-
nents in the particular context of a DH solution targeting 
caregivers of children undergoing GHt. Another limitation 
is that children involved in the study can be at different 
GHt intervention stages. In this regard, it is reasonable that 
caregivers’ concerns and mental health (e.g., psychological 
distress) could also be heterogeneous. Future studies could 
investigate effects of the intervention in recently diagnosed 
children so that parent can get presumably more profit of 
the content delivered by the DH solution.
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