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Accepted: 13 Apr 2025 management of chronic pediatric diseases. This challenge can result in unfavorable clinical

outcomes, increased healthcare costs, and reduced quality of life. This narrative review examines
and synthesizes the existing evidence on the effectiveness of integrated approaches (combining
health psychology principles and digital technologies) for enhancing pediatric medication adherence.
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Methods: This study was a narrative review based on a systematic search across PubMed, Scopus,
Web of Science, and PsycINFO from 2013 to 2025. The inclusion criteria comprised studies that
examined integrated interventions in children with chronic diseases. The psychological principles
included theoretical foundations such as motivational interviewing, parent education, and behavior
change frameworks. The digital technologies encompassed mainly Wearables/ Telemonitoring, Web
Portals, Mobile Apps, and other digital tools. Study selection and data extraction were performed
according to the PRISMA narrative-adapted guidelines.

Results: Digital technologies, including wearable devices, physical monitoring systems,
web portals, mobile applications, and other useful technologies, are effective in promoting
medication adherence among pediatric patients with chronic diseases. By providing reminders,
feedback, and education, these tools increased self-efficacy and intrinsic motivation. They
improved patients’ and families’ quality of life, consistent with the principles of health
psychology regarding behavior change. Parental involvement was a key factor in the success of
these interventions, with the highest effectiveness observed in diseases such as asthma, Type 1
diabetes, and epilepsy. Simultaneously, digital access inequality, low health literacy, and privacy
concerns were identified as major challenges in implementing these programs.

Conclusions: This review reveals that an integrated approach grounded in digital health
psychology provides a comprehensive and effective framework for enhancing pediatric
medication adherence. This approach not only targets the multiple barriers to adherence but

. . also improves treatment outcomes and reduces readmissions. Nevertheless, effectiveness is
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o : influenced by factors such as active parental involvement, digital health literacy, and cultural
D|g|ta|lhealth, !—Ieallth :  and economic barriers. For future research, the development of integrated models using
behavior, Medication :  systematic frameworks, the engagement of stakeholders, the conduct of longitudinal trials with
adherence, Patient large and diverse samples, and the examination of ethical and legal dimensions, including data
compliance, Pediatrics : security and informed consent, are essential.
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Introduction

ediatric patients with chronic or acute diseas-

es, such as asthma, type 1 diabetes, leukemia,

and long-term inflammatory disorders, face

unique challenges in managing their health [1-

3]. This group, which includes those under 18
years of age, is more susceptible than other age groups
to problems related to self-care and treatment manage-
ment due to developmental characteristics, heavy reli-
ance on parents, and limitations in understanding the
nature of the illness and the treatment process [4]. One
of the major challenges in this area is medication ad-
herence, defined as the correct and consistent use of
medication in accordance with the prescribed dosage,
timing, and the physician’s instructions throughout the
treatment period [5]. Research has shown that poor ad-
herence is highly prevalent in this group and can lead
to deterioration in health status, increased emergency
room visits, recurrent hospitalizations, and higher care
costs [1, 6-8]. Medication non-adherence in pediatric
patients with chronic diseases can double the risk of
readmission and significantly increase healthcare costs
[9]. Beyond physical outcomes, non-adherence reduces
the quality of life for the children and the family, creat-
ing a psychological burden, including anxiety and de-
pression [10].

Multiple factors contribute to non-adherence, includ-
ing unpleasant medication taste, complexity of the
treatment regimen, psychological barriers, and execu-
tive difficulties. Therefore, designing multifaceted in-
terventions that engage the family and are grounded
in the principles of health psychology and behavioral
sciences is of paramount importance [11, 12]. In this
regard, leveraging validated theoretical models such
as the Health Belief Model and Self-Regulation Theory
allows for the design of educational and motivational
programs and the establishment of sustainable medi-
cation habits [13, 14]. Scientific evidence also indicates
that such interventions, especially when the family is
involved, are effective in enhancing medication adher-
ence [15, 16].

In recent years, digital health tools such as electronic
medication monitors, smart inhalers, mobile applica-
tions, and smart pillboxes have been increasingly used
in managing pediatric health behaviors by providing
immediate feedback and personalized support [17-20].
Digital health tools include a range of technologies that
utilize electronic capabilities and internet connectivity
to provide real-time monitoring, user-centered interac-
tion, and instant feedback [21]. Recent reviews have
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shown that these tools can improve medication adher-
ence and some clinical outcomes, although the quality
of evidence and uniformity of results have varied. For
example, a systematic review conducted between 2014
and 2022 examined 14 randomized controlled trials on
mobile applications. The results indicate that most of
these applications have improved pediatric medication
adherence [22]. Furthermore, technologies such as SMS
messaging or mobile applications have shown promis-
ing effects in the Pediatric population. However, results
have been scattered, and the need for longer-term stud-
ies is felt [23].

However, most previous studies have focused only on
one of the two areas—psychological interventions or
digital technology—and a comprehensive review that
examines both dimensions in an integrated manner
within the pediatric population is very limited. More-
over, many conventional interventions have failed to
effectively address the specific developmental and be-
havioral needs of pediatric patients, resulting in limited
effectiveness. Furthermore, in the design of many pedi-
atric medication programs, sufficient use of evidence-
based health psychology interventions has not been
made, leading to reduced sustainability of behavioral
changes. Conversely, existing studies have paid less at-
tention to the role of psychological factors in the accep-
tance and use of digital tools, even though these factors
can determine the level of engagement and the actual
effectiveness of these technologies. Finally, the available
data on the long-term outcomes of digital interventions,
including sustainable changes in health behaviors, fam-
ily outcomes, and effects on the health system, remain
limited [1, 11, 24-26]. Therefore, the present study aims
to conduct a narrative review that, by integrating psy-
chological interventions and digital technology, address-
es the design of targeted, sustainable, and generalizable
solutions to enhance pediatric medication adherence.

Materials and Methods

This study was designed as a narrative-descriptive and
analytical review to conceptually examine the combined
role of health psychology-based interventions and digi-
tal health solutions in enhancing Pediatric medication
adherence. In narrative reviews, the focus is on critical
analysis, conceptual synthesis, and interpretation of
findings, rather than on comprehensive searching and
quantitative synthesis, as in systematic reviews. To en-
hance clarity and reporting quality, recognized criteria
for evaluating narrative reviews guided the writing of
this section; specifically, the principles articulated in the
SANRA (scale for the assessment of narrative review ar-
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ticles) scale were utilized to ensure items such as clarity
of purpose, logical description of source selection, ra-
tional organization, and critical discussion were main-
tained in the text. This approach ensures that the nar-
rative review, while maintaining explanatory flexibility,
demonstrates acceptable methodological criteria.

Databases and search strategy

Electronic search was conducted across key databases,
including PubMed (MEDLINE), Scopus, Web of Science,
PsycINFO, and the Cochrane Library. Supplementary
search was also conducted in Google Scholar and by re-
viewing the reference lists of selected articles to identify
influential studies and gray literature. The search was
limited to English-language studies published between
2013 and 2025 to gather evidence on novel technolo-
gies and contemporary applications. The scope of the
review was restricted to studies that explicitly addressed
the combination of health psychology components
(such as parent-pediatric education, motivational inter-
viewing, behavioral strategies, cognitive restructuring,
and programs based on the health belief theory) with
digital health tools (such as mobile applications, SMS/
text messaging, loT devices, Telemedicine, and elec-
tronic medication monitors) and whose main outcome
was at least one of the indicators of medication adher-
ence, caregiver involvement, or related clinical out-
comes. Search terms were a combination of keywords
and subject headings, for example: (“Digital health”
OR “mobile health” OR “E-health” OR “mobile applica-
tions” OR “telemedicine”) AND (“health behavior” OR
“behavioral intervention” OR “health psychology”) AND
(“medication adherence” OR “treatment adherence”
OR “medication compliance” OR “patient compliance”)
AND (“children” or “children” or “adolescents”).

Inclusion and exclusion criteria

Included studies were primarily experimental, includ-
ing randomized clinical trials, quasi-experimental stud-
ies, and mixed-methods designs that provided valid
guantitative or qualitative data. Other articles, such as
systematic reviews, scoping reviews, and purely theo-
retical studies, were used solely for background context.

Study selection process

In the initial stage, titles and abstracts were screened
by two independent researchers using Rayyan software,
according to the inclusion and exclusion criteria. Articles
that met the inclusion criteria were reviewed in the sec-
ond stage as full-text. Any disagreements between the
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two researchers were resolved through discussion and,
if necessary, by consulting with other researchers.

Data extraction

Data were extracted in a structured manner using a
standard form. The extraction template included infor-
mation on the author(s) and year of publication, coun-
try of study, sample characteristics (size, age group,
clinical diagnosis, role of caregivers), description of the
intervention (psychological components and techno-
logical tools), adherence measures and methods (objec-
tive monitoring, self-report, caregiver report), relevant
clinical outcomes, and implementation considerations
(acceptance, continued use, digital access, and digital
literacy). Data extraction was performed independently
by two researchers, and discrepancies were resolved
through joint discussion or referral to other researchers.

Quality assessment and data analysis

A formal risk-of-bias assessment using quantitative
tools was not performed, but the quality of the studies
was qualitatively assessed. In the critical analysis, crite-
ria such as study design, sample size, clarity of outcome
measures, follow-up duration, and the psychological
rationale of the intervention were considered as inter-
pretive weighting indicators. Furthermore, the review
explicitly examined critical ethical and legal issues re-
lated to the use of digital tools in pediatric population
(data privacy, age-appropriate consent/assent, the role
of caregivers, regulatory implications, and risks related
to inequality in access and digital literacy) and framed
them within the context of implementability, practical
recommendations for research and implementation
were provided based on these considerations. His em-
phasis on ethical and equity dimensions is a key com-
ponent of the narrative and is highly recommended in
reviews focusing on digital health and vulnerable popu-
lations.

Data synthesis

The synthesis of findings was conducted thematically
and conceptually. Thematic and summary matrices
were used to highlight patterns and to compare them.

Study flow

A total of 66 articles were identified through the
search. Then, 66 articles were identified as eligible for
full-text evaluation. Following careful review, 44 studies
ultimately met the inclusion criteria for this review and
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were included in the final analysis. The flow of study se-
lection was conducted in accordance with the PRISMA-
Narrative Adapted guideline.

Results

The synthesis of current studies indicates that integrat-
ed approaches that embed health psychology principles
into digital technologies represent the most effective
framework for enhancing medication adherence in the
pediatric population. The predominant focus of exist-
ing research has been on the pediatric age group (un-
der 18 years) with chronic conditions such as asthma,
type 1 diabetes, epilepsy, ADHD, and cancer [27]. It is
noteworthy that, while the theoretical foundations of
health psychology (such as Motivational Interviewing
and feedback) have a long history of improving clinical
outcomes, recent evidence suggests that translating
these principles into operational capabilities within digi-
tal tools has revolutionized their effectiveness [28, 29].

Recent evidence also demonstrates the significant poten-
tial of pure digital interventions. For example, a 2021 re-
view indicates that, in pediatric patients with asthma, the
use of mobile applications, reminder text messages, and
telemonitoring improved medication adherence across
several studies; however, the evidence regarding the im-
pact of these interventions on disease control was report-
ed as less conclusive [18]. Nevertheless, the main advance-
ment in recent years has been the emergence of “digital
health psychology” as an independent field, in which vari-
ous apps serve as comprehensive digital assistants by in-
herently integrating functions such as reminders, tracking,
and training [30]. A crucial point is the conscious and struc-
tured integration of health psychology theoretical frame-
works—such as the health belief model, the theory of
planned behavior, and the reinforcement of self-efficacy—
into the core design of these tools, which directly enhances
their effectiveness [31, 32]. For instance, designing digital
interventions based on the health belief model has helped
improve adherence by influencing parental beliefs about
disease severity and treatment barriers [32].

Multiple factors influence the effectiveness of these
digital interventions. The active involvement of parents
and caregivers has been identified as a key determinant
factor in the success of digital interventions [33]. Em-
powering caregivers through digital platforms regard-
ing medication management and the consequences of
non-adherence has led to significant improvement in
outcomes, particularly in diseases such as epilepsy and
asthma [33]. However, families’ digital health literacy
directly affects the adoption and effective use of these
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technologies [34]. Furthermore, cultural-linguistic barri-
ers [35] and socio-economic challenges, such as family
economic status and unequal access to digital technolo-
gies (like smartphones and the internet), can limit the
effectiveness of interventions and contribute to the
widening of health disparities [4, 36].

Digital tools are diverse, and differences in design,
content, and interaction lead to varying effects on ad-
herence [37]. Digital interventions have significant po-
tential not only to increase medication adherence but
also to directly affect psychological indicators such as
self-efficacy, symptom awareness, disease-related anxi-
ety, health-related quality of life (HRQoL), and caregiver
burden [38]. In other words, medication applications do
not only improve “adherence,” they can also strengthen
“self-efficacy in medication management,” “parental
awareness of symptoms,” and “reduction of anxiety re-
lated to fear of forgetting or error in medication admin-
istration,” which in turn facilitates the improvement of
HRQolL and the reduction of the family’s psychological
burden [39].

These tools can be grouped into 4 main categories:
Wearables/telemonitoring [40], Web Portals [41], Mo-
bile Apps [42], and other digital tools [43]. Each of these
categories is introduced in detail below.

Wearables/telemonitoring

The wearables/telemonitoring category includes
physical devices equipped with sensors that automati-
cally or semi-automatically collect and transmit health
data. Example tools include ePRO diary (handheld de-
vice for pain logging) [44], AdhereTech (smart pill bottle)
[45], Wisepill (connected pillbox) [46], Smartwatch app
(smartwatch application for asthma) [47], and Store-and-
Forward home video systems [48]. These tools enable
objective, real-time monitoring of health parameters
(such as medication consumption, pain, and respiratory
symptoms). For example, loT devices such as smart in-
halers enable objective monitoring of medication use
and provide real-time feedback to pediatric patients and
their parents. Studies have confirmed that these systems
can automatically record medication timing and provide
feedback to patients [49]. Electronic medication moni-
toring devices are accurate tools for recording medica-
tion consumption patterns and identifying instances of
non-adherence, providing the treatment team with ob-
jective, quantitative data [27]. Although these technolo-
gies offer significant opportunities, they face challenges
such as high costs, training requirements, and privacy
and equitable access issues [27, 50].
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Web portals

The Web Portals category encompasses browser-based
management systems that provide access to health in-
formation, treatment plans, and communication tools.
Examples include constant-care.com (for inflammatory
bowel disease) [51], MyAsthma (for pediatric asthma)
[52], and Diabit (social and educational network for
diabetes) [53]. These platforms typically include various
functions such as patient and parent education, symp-
tom monitoring, setting disease management goals,
medication reminders, and facilitating communication
with the treatment team. Their advantages include easy
access, customizability, and the active involvement of
young people in managing their own health. However,
challenges exist, including a gradual decline in user en-
gagement and barriers to digital literacy and access [54].

Mobile apps

The mobile apps category includes installable pro-
grams on mobile phones or tablets that offer a wide
range of self-care functionalities. Examples for medica-
tion adherence include Medisafe (medication remind-
er) [42], AiCure (visual confirmation of pill ingestion us-
ing artificial intelligence) [55], and Pill-photo (pill photo
logging) [56]. These applications aid in better disease
management by providing personalized programs [54].
One systematic review showed that among a large
number of medication adherence applications, only
a limited number possessed scientific evidence [57].
Other reviews suggest that mobile applications can lead
to meaningful improvement in disease control (such as
asthma) and increased adherence to treatment [58].

Other digital tools

Other digital tools include advanced and emerging
technologies, such as smart devices and digital pills
(Proteus, [59]). It also includes chatbot programs and
sentiment analysis (such as the co-pilot for health proj-
ect) [60]. Artificial intelligence applications guide health
behaviors by interpreting user emotions, providing sup-
portive conversation, personalized self-care recommen-
dations, and smart nudging. They can foster a sense of
control, trust, and self-efficacy, influencing the dimen-
sions of digital health psychology [61, 62]. Although
these apps provide low-cost, accessible interventions,
they have limitations, such as the need for clinical vali-
dation and privacy concerns [63, 64].
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This digital transformation extends medication adher-
ence support beyond clinical encounters and embeds
it in children’s daily lives, providing continuity, ecologi-
cal validity, and behavioral reinforcement in natural
contexts. Within this framework, each category of digi-
tal tools presents specific advantages and limitations:
wearable devices and remote monitoring systems offer
high precision in tracking medication intake and health
status through real-time, objective feedback, whereas
mobile applications and web portals enable scalable
interventions and active user engagement. Neverthe-
less, each of these tools faces particular challenges; for
instance, wearables are associated with high costs and
privacy concerns, mobile applications often experience
low user retention, and web portals require sustained
motivation and digital literacy. Furthermore, emerging
technologies such as Al-driven chatbots and digital pills
hold considerable potential for personalizing behavioral
interventions. Yet, rigorous clinical trial validation is es-
sential to ensure their safety, ethical use, and psycho-
logical appropriateness.

Discussion

The findings of this narrative review demonstrate that
the integrated approach based on digital health psychol-
ogy provides a comprehensive and effective framework
for enhancing medication adherence in the Pediatric pop-
ulation. In this framework, psychological principles (such
as increasing motivation, providing targeted education,
and strengthening family-treatment team interaction) act
as the theoretical foundation for designing digital inter-
ventions. Furthermore, digital tools such as therapeutic
applications and personalized algorithms have enabled
real-time monitoring and timely interventions [62, 65].
The resulting synergy from this strategic integration can
lead to reduced medication errors, improved treatment
outcomes, and a significant enhancement in the quality
of life of pediatric patients [10, 27, 65].

This narrative review provided valuable insights into
the role of digital health psychology in enhancing Pediat-
ric medication adherence; however, several limitations
are noteworthy. First, because the research is narrative,
the review process was not conducted using systematic
frameworks such as PRISMA, which may introduce bias
into study selection and reduce reproducibility. Second,
there was considerable heterogeneity in the reviewed
studies, particularly in the type of digital tools (mobile
software, web platforms, wearable sensors, electronic
medication monitoring systems, and artificial intelli-
gence tools), target populations, and outcome indica-
tors, making direct comparison and synthesis of results
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difficult. Third, publication bias is a possibility, as studies
with positive results are often published, while negative
or non-significant findings are less frequently reported.
Fourth, technological and infrastructural challenges, in-
cluding the need for high-speed internet, software and
hardware incompatibility, high costs, and user resis-
tance to new technologies, represent significant limita-
tions on the generalizability of the findings. Finally, most
research has been conducted in high-resource, affluent
societies, limiting the transferability of results to diverse
cultural and economic contexts.

In light of these limitations, future research should
achieve greater transparency and rigor by utilizing sys-
tematic frameworks (PRISMA). The development of
integrated models that merge psychological interven-
tions with digital health technologies can yield higher
effectiveness. Furthermore, the participation of various
stakeholders, including Pediatric patients, parents, and
the treatment team, in the design and evaluation of
future interventions is essential to achieve higher ac-
ceptance, efficiency, and meaningfulness. Cost-benefit
analyses and the conduct of longitudinal randomized
controlled trials with large, diverse samples can also
help examine the sustainability and long-term effec-
tiveness of these interventions [1, 66]. Finally, the em-
pirical investigation of ethical and legal dimensions,
including data security, informed consent, and the digi-
tal rights of Pediatric patients, is an essential prerequi-
site for future research that will ensure the successful
implementation of digital interventions in the Pediatric
healthcare system.

Conclusion

This review reveals that an integrated approach
grounded in digital health psychology provides a com-
prehensive and effective framework for enhancing pe-
diatric medication adherence. This approach not only
targets the multiple barriers to adherence but also
improves treatment outcomes and reduces readmis-
sions. Nevertheless, effectiveness is influenced by fac-
tors such as active parental involvement, digital health
literacy, and cultural and economic barriers. For future
research, the development of integrated models using
systematic frameworks, the engagement of stakehold-
ers, the conduct of longitudinal trials with large and
diverse samples, and the examination of ethical and
legal dimensions, including data security and informed
consent, are essential.
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