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ABSTRACT

Background: Digital health interventions might extend service provisions for youth with chronic medical con-
ditions (CC) and comorbid mental health symptoms. We aimed to comprehensively evaluate the efficacy of
Internet- and mobile-based interventions (IMIs) for different psychological and disease-related outcomes in
children and adolescents with CC.

Method: Studies were identified by systematic searches in CENTRAL, Embase, MEDLINE/PubMed and PsycINFO,
complemented by searches in reference lists of eligible studies and other reviews. We included studies, when they
were randomized controlled trials (RCTs) comparing the efficacy of an IMI to control conditions in improving
psychological and disease-related outcomes in youth (mean age < 18 years) with CC. Study selection, data
extraction and risk of bias assessment were conducted independently by two reviewers. Meta-analyses were
performed within a random-effects model, and Hedges’ g (with 95% confidence intervals) was calculated as
effect size measure. Primary outcomes were comorbid mental health symptoms (i.e., depression, anxiety and
stress), as well as quality of life and self-efficacy.

Results: A total of 19 randomized controlled trials (2410 patients) were included in this meta-analysis. IMIs were
associated with improvements in self-efficacy (g = 0.38; 95% CI, 0.15 to 0.61; I> = 0) and combined disease-
related outcomes (g = —0.13; 95% CI, —0.25 to —0.01; I =21). Meta-analyses on other outcomes were non-
significant, and some pre-planned analyses were not feasible because of a shortage of studies.

Conclusion: The available evidence on IMIs for improving mental and health-related outcomes in youth with CC is
limited. Our findings point to a rather small benefit and limited efficacy. Future research is needed, to
comprehensively assess the potential of IMIs to extend collaborative care, and to identify factors contributing to
improved user-centered interventions with better treatment outcomes.

1. Introduction

and psychological care (Mokkink et al., 2008).
Functional impairments in daily lives due to the CC are substantial,

Chronic medical conditions (CC) in children and adolescents are
highly prevalent (van der Lee et al., 2007), and are associated with
substantial personal suffering and disease burden worldwide (WHO,
2018). These medical conditions comprise a range of different disorders,
including diabetes, respiratory diseases or chronic pain (WHO, 2018),
with prevalence rates between 13 and 27% in western countries like the
US (van Cleave et al., 2010). Although there is no consensual definition
of CC, these non-communicable diseases are typically characterized by a
long duration (at least three months; van der Lee et al., 2007), functional
impairment (van der Lee et al., 2007), absence of cure or presence of
disease progression (Stanton et al., 2007), physical disability or pain (de
Ridder et al., 2008), and the need for extensive (continuous) medical

and include hampered school attendance, interference with positive
relationships to peers or social isolation, as well as specific challenges
associated with the medical therapy and adherence to treatment
(Compas et al., 2012). Thus, CC interfere with normal psychosocial
development and can lead to negative psychological outcomes in youth,
like prolonged stress (Compas et al., 2012), reduced quality of life (QoL;
Holmbeck et al., 2002) or symptoms of depression (Pinquart and Shen,
2011) and anxiety (Cobham et al., 2020). Although effective psycho-
therapeutic interventions for these mental health issues exist (Zhou
et al., 2015; Zhou et al., 2019), the availability and uptake of evidence-
based face-to-face treatments is limited (Gloff et al., 2015) due to
different structural and individual barriers, involving shortage of service
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supplies with long waiting times (Andrade et al., 2014), high economic
costs (Mojtabai, 2005), or stigma threat (Gulliver et al., 2010).

Digital health interventions, delivered via the Internet or mobile
devices, might be a promising alternative to overcome these barriers and
contribute to the extension of mental health care practices for children
and adolescents with CC (Lunkenheimer et al., 2020). Possible advan-
tages of Internet- and mobile-based interventions (IMIs) might be their
delivery mode irrespective of the constraints of space and time, potential
anonymity and flexibility in conduct, special attractiveness for youth,
potential cost-effectiveness, as well as scalability on a larger scale on a
steady basis (Andersson et al., 2019; Domhardt et al., 2018; Domhardt
and Baumeister, 2018; Ebert et al., 2018). Obviously, some assets are
especially important when the access to conventional mental health care
services for youth with CC is even further reduced — as observed during
the Covid-19 crisis (Torous and Wykes, 2020). Regardless of contem-
porary circumstances, IMIs can be implemented as stand-alone in-
terventions, as part of blended-therapy approaches or within a
framework of stepped and collaborative care (Andersson et al., 2019;
Domhardt et al., 2018; Domhardt and Baumeister, 2018; Ebert et al.,
2018; Yonek et al., 2020). Of note, interventions with accompanying
human support evince consistently higher effect sizes than pure self-help
interventions for depression and anxiety symptoms in adults (Bau-
meister et al., 2014; Domhardt et al., 2019), reaching even comparable
effect sizes to face-to-face psychotherapies in some instances (Carlbring
et al., 2018). Meta-analytic evidence also indicates that internet-based
interventions are efficacious in treating symptoms of anxiety and
depression in children and adolescents, with medium to large and small
to medium effect sizes respectively (Domhardt et al., 2020b). There are
also preliminary indications derived from single studies that internet-
based interventions might be acceptable (Lenhard et al., 2017) and
cost-effective in youth (Jolstedt et al., 2018).

However, the evidence-base in regard to the efficacy of IMIs specific
for youth with CC and comorbid mental health problems is fragmented
and constrained by several shortcomings. For example, Vigerland et al.
(2016) found in subgroup analyses a medium overall effect (standard-
ized mean difference, SMD, 0.85; 95% CI, 0.63 to 1.07) for internet-
based cognitive behavior therapy (iCBT) for some somatic conditions
(i.e., functional gastrointestinal disorder, insomnia and chronic pain),
omitting mobile-based interventions and therapeutic approaches
beyond CBT. Furthermore, Fedele et al. (2017) found a small effect for
mobile-based interventions for various health outcomes in youth with or
without CC (SMD, 0.22; 95% CI, 0.14 to 0.29), reporting only an overall
estimate with high clinical heterogeneity and neglecting fine-grained
analyses on specific outcomes and subgroups. Other meta-analyses
were constrained by a small number of included trials (Low and Ma-
nias, 2019; Thabrew et al., 2018), focusing either on specific control
conditions (i.e., treatment-as-usual; Low and Manias, 2019) or psycho-
logical outcomes (i.e., symptoms of depression and anxiety; Thabrew
et al., 2018), evincing non-significant findings for QoL, self-efficacy, and
self-management (Low and Manias, 2019), as well as depression and
anxiety symptom severity (Thabrew et al., 2018). Altogether, important
research questions in regard to the efficacy and effect-modifying factors
of IMIs for youth with CC are unsettled to date.

Hence, this meta-analysis aims to extend the current evidence-base
by comprehensively investigating the efficacy of IMIs for novel and
(disorder-)specific outcomes, as well as by resolving methodological
shortcomings of prior reviews, focusing on three overarching research
questions: First, to assess the efficacy of IMIs in improving psychological
outcomes (i.e., depression, anxiety and stress symptom severity, as well
as QoL and self-efficacy) in youth with CC. Second, to assess the efficacy
of IMIs in improving disease-related physical/somatic outcomes, self-
management and treatment adherence in regard to the CC. Third, to
identify moderators of intervention effects.
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2. Method

This meta-analysis is reported in accordance to the PRISMA guide-
lines (Moher et al., 2009; Table S1 in the supplementary material) and
was registered with Open Science Framework (https://osf.io/83cwt/).

2.1. Eligibility criteria

Only randomized controlled trials (RCTs) published in English lan-
guage were eligible for inclusion. Participants were children and ado-
lescents (0-18 years; mean age < 18) diagnosed with a CC, with the
diagnosis established by a qualified health care professional or
confirmed by valid diagnostic instruments. All CC as defined by the
WHO (2018) and van der Lee et al. (2007) were eligible for inclusion.
Interventions had to be delivered digitally via Internet- or mobile-based
communication technology (e.g., web-platform, mobile health app for
smartphones or tablets) and had a psychotherapeutic or medical focus (i.
e., provided health- and/or mental-health-related support, with or
without human guidance in an individual setting; group-based in-
terventions were not included). Comparison conditions eligible for in-
clusion were various active and passive control groups (e.g., wait-list,
treatment-as-usual or active treatments). Outcomes were mental health
symptoms, physical/somatic symptoms related to the CC, QoL, self-
efficacy, self-management and treatment adherence in regard to the
CC. Outcome measures eligible for inclusion were standardized ques-
tionnaires or structured interviews, relying on self-, and/or parent
report, or clinician ratings. Studies that evaluated IMIs targeting parents
or legal guardians of youth with CC were also included, as long as they
were primarily intended to improve outcomes in children (<12 years)
and adolescents (13-18 years).

2.2. Literature search and study selection

The search strategy was twofold. First, systematic searches were
conducted in CENTRAL, Embase, MEDLINE/PubMed and PsycINFO,
with a predefined set of search strings specifically developed for each
database in Ovid, from database inception to May 15, 2019 (Table S2 in
the supplementary material/e-Component). Second, reference lists of all
eligible studies and other relevant reviews (Fedele et al., 2017; Kew and
Cates, 2016; Lancaster et al., 2018; Thabrew et al., 2018) were manually
searched to identify further studies that met our inclusion criteria.

One reviewer (A.S.) screened all titles and abstracts and discarded
obviously irrelevant articles. Afterwards, the full texts of all potentially
relevant articles were screened in terms of the aforementioned eligibility
criteria independently by two reviewers (A.S. and L.S.).

2.3. Data extraction

Two independent reviewers (A.S. and L.S.) extracted data from the
included studies. Disagreements were solved by consultation of a third
reviewer (M.D.).

2.4. Risk of bias assessment

The methodological quality of included studies was assessed inde-
pendently by two reviewers (A.S. and L.S.) with the Cochrane risk of bias
assessment tool (Higgins et al., 2011) on all seven criteria: (1) random
sequence generation, (2) allocation concealment, (3) blinding of par-
ticipants and personnel, (4) blinding of outcome assessment, (5)
incomplete outcome data, (6) selective reporting and (7) other bias. Of
note, although blinding of participants and personnel is hardly to be
achieved in psychotherapy research (Munder and Barth, 2018), it might
be principally possible in pure self-help IMIs (Domhardt et al., 2020a;
Furukawa et al., 2019).

The included studies were rated as having “low”, “unclear” or “high
risk of bias” on each domain. Inter-rater reliability was calculated using
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Fig. 1. PRISMA flow chart.

Cohen’s Kappa.

2.5. Data analysis

Random effects meta-analyses were performed to compute estimates
of intervention effects for each a priori defined primary and secondary
outcomes, contrasted with either active, passive or combined (i.e.,
active and passive) control conditions. Standardized mean differences
(SMD) with 95% confidence intervals (95% CI) were calculated for
continuous outcomes. Hedges’ g, which corrects for biases due to small
sample sizes (Cuijpers, 2016), was deployed.

Statistical heterogeneity was assessed with Cochran’s Q and the I*-
statistic, which designates the level of heterogeneity in percentages
(Cuijpers, 2016; Higgins et al., 2003). It is assumed that a percentage of
25% indicates low, 50% moderate and 75% high statistical heteroge-
neity (Higgins et al., 2003). Forest plots were used for a visual presen-
tation of the presence and nature of statistical heterogeneity. The
possible influence of publication bias was planned to be determined by
Egger’s regression test for funnel plot asymmetry (at least 10 trials per
meta-analysis; Higgins and Green, 2011) and the trim-and-fill method
(Duval and Tweedie, 2000).

In order to identify possible moderators, subgroup analyses were
intended to be performed in case of three or more studies per subgroup
for: (1) variations of IMIs (internet-based psychotherapy, guided self-

help, unguided self-help), (2) type of delivery (internet- vs. mobile-
based), (3) psychotherapeutic background (CBT vs. other approaches),
(4) type of CC, (5) participants (children, adolescents, parents/care-
givers or families), (6) type of outcome assessment (self-report or ratings
by parents/caregivers or clinicians/personnel), (7) type of control con-
dition and (8) study quality.

3. Results
3.1. Study selection

The systematic literature search identified a total of 5099 references.
Finally, 19 studies (Berndt et al., 2014; Carlsen et al., 2017; Fiks et al.,
2015; Franklin et al., 2006; Guendelman et al., 2002; Gustafson et al.,
2012; Hanberger et al.,, 2013; Hicks et al., 2006; Jan et al., 2007;
Johnson et al., 2016; Joseph et al., 2013; Law et al., 2015; Newcombe
etal., 2012; Newton et al., 2009; Newton and Ashley, 2013; Nijhof et al.,
2012; Palermo et al., 2009; Stinson et al., 2010; Stinson et al., 2016)
representing 2410 participants fulfilled our eligibility criteria and were
included in this meta-analysis. The detailed study selection process and
reasons for exclusion are outlined in the PRISMA flow chart in Fig. 1.



Table 1
Main characteristics of included studies.
Study Chronic Population Age M Intervention Theoretical foundation/ Intervention components Control Primary outcome Post- Follow-
condition (recruitment) (SD); (name) treatment approach group treatment up
range (weeks) (months)
TAU plus mobile
b-b Ani i ;
68 children and 13.05 OT web-based . Telemonitoring: tracks health t_hrop-ometrlc data;
Berndt et al. Type-1 disease German Diabetes . . . metabolic control parameters;
7 adolescents (2.45); L. .. I information, sharable with TAU . -
(2014)/GER  diabetes . monitoring Association guidelines . . diabetes-related knowledge/
(clinic) 8-18 L professionals and family members R
applications children and adolescents
(Mobil Diab)
Carlsen et al. 29 children and 14.86 Web-based Panent-mag‘naged Symptor.n mom.tor.l ng with Abﬂ{t}.’ of the program
. Inflammatory . eHealth, with symptom- electronic traffic light system: (Individual treatment
(2017)/ . adolescents =) disease L TAU . R 4-12 24 (max.)
bowel disease .. L. monitoring; Constant schedules next treatment intervals)/children and
DNK (clinic) 10-17 monitoring .
-care.com depending on cut off scores adolescents
Identification of parents’ concerns
Decision support system and goals for asthma treatrrilent-; TAU plus Acceptability (-)f -as‘thma care/
. Web-based s tracking of symptoms, medication " parents and clinicians;
Fiks et al. 60 parents 8.3 (1.9); to both clinicians and . decision . R .
. Asthma . support portal . side effects & progress toward satisfaction with the portal, 26 -
(2015)/USA (clinic) 6-12 parents; electronic . support . .
(MyAsthma) goals; asthma educational experience using the portal/
health records system Lo
content; access to the asthma care parents and clinicians
plan
' Automated, scheduled text Gl}"cemlc control .(HbAl ¢); Self-
. TAU plus mobile- . efficacy (SED)/children and
. 92 children and messaging system: weekly .
Franklin et al. Type-1 adolescents 13.17 based support Social cognitive theo: reminder of goals set, daily tipsto =~ TAU adolescents; Diabetes 52
(2006)/UK diabetes - (-);8-18 system (Sweet s R . 8 7 yup knowledge (DKN)/children and
(clinic) reinforce & optimize self- X
Talk) management and control adolescents; Social support
8 (DSSI)/children and adolescents
Web-based self- Interactive communication
Guendelman 134 children 12.1 management The National Heart, Lung  device: instant feedback about
et al. Asthma and adolescents (2.6); education and Blood Institute asthma symptoms, use of Asthma diary ~ Physical activity 6 3
(2002)/USA (clinic) 8-16 program (Health recommendations medication and health service,
Buddy) school attendance and activities
Psychoeducation, adherence
. B Mobile-based strategies, dec151?n-mak1ng tools,
Gustafson 301 families 7.92 support system and support services; monthly TAU plus Symptom free days; adherence
et al. Asthma (managed care (2.52); pp 4 Self-efficacy theory calls to the parent; medication asthma to Asthma controller 12 6,9,12
o (CHESS) plus case L. . . L . .
(2012)/USA organizations) 4-12 adherence; symptom-monitoring; information medications (diary)/children
management .
psychosocial challenges and
support
Self-management portal: diabetes-
Web-based related information, social
Hanberger . 13.25 Self-management; user- networking functions, enabling Clinical variables (HbAlc,
. 474 families network and . Lo .
et al. Type 1 diabetes .. 3.7); . centred design process; communication with peers and TAU numbers of severe 52 -
(clinic) education portal . . .
(2013)/SWE 0-18 (Diabit web 2.0 portal health-professionals; services for hypoglycemia)
medical prescription renewal,
appointments, etc.
47 families 11.7 Relaxation techniques, cognitive
Hicks et al. icians’ ) - i i in (di i
icks et a Pediatric Pain (p]‘fysmlans @.1); Web-based CBT CBT stra'te'gles: psychoedl}canon, Wait-list Pain (diary)/children and 1 5
(2006)/CAN offices and 016 program positive lifestyle choices (e.g. on adolescents
school) diet, exercise, and social activity)
Web-based Internet-based diary cards for PEF records/children; Asthma
Jan et al. . 10.44 educational and Global Initiative for sym.ptom recording, peak . symptom (dlary)/chllidren;
164 children L expiratory flow rate, symptomatic ~ TAU plus Pulmonary spirometric tests;
(2007)/ Asthma (clinic) (2.83); monitoring Asthma program support information; action plan; asthma dia Pediatric Asthma Quality of 12 -
TWN 6-12 program (Blue guidelines pp i plam 4 Y

Angel)

uploading and retrieving data for
personal and physicians use

Life/children and caregivers;
Childhood ACT/children and

(continued on next page)
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Table 1 (continued)

Study Chronic Population Age M Intervention Theoretical foundation/ Intervention components Control Primary outcome Post- Follow-
condition (recruitment) (SD); (name) treatment approach group treatment up
range (weeks) (months)
caregivers; Survey of asthma
knowledge/caregivers;
Treatment adherence (ACT)/
children; Adherence to the
diaries (survey on satisfaction)/
children
Tools to create and print a
Web-based structured medication list, to
licati h i hedul h
Johnson et al. 98 adolescents 14.05 2?:1;2:222 IaI::icicaiiSES]:(l)grzc ueec:tlae ttgxfac TAU and Asthma management self-
- Asthma (academic (1.68); . Behavior change theory T 4 . . efficacy (Child Asthma Self- 3 -
(2016)/USA . monitoring and message reminder for each dose, action list R
medical center) 12-17 . Lo L Efficacy Scale)/adolescents
SMS dosing and to visualize medication
reminders (MMH) adherence performance for each
medication
Health messages and information
Health belief model, on medication adherence, “inhaler
Web-based, attribution theos nearby”, smoking reduction/ Generic
Joseph et al. Asthma 422 adolescents 156 (=) tailored behavioral theo:y ' cessat}i,o;'r tailore%:l feedback; risk asthma 52
(2013)/USA (school) 15-19 intervention (Puff Avior ¥ ’ g X
R motivational assessment reports; four education
City) . . .
interviewing submodules on (e.g., emotional
support, motivation, etc.)
Web-based family Education; relaxation; cognitive
14. BT -MAP L L iali .
Law et al. Pediatric 83 families 45 ¢ (Wel? . ) strategies; sleep hygiene Specialized Headache frequency (diary)/
(2015)/USA Headache (clinic) a.n; plus specialized CBT education; operant training; head-ache adolescents 8-10 8
11-17 headache s op & treatment
communication
treatment
Interactive online skills training
Newcombe Chronic 42 children and 13.58 Web-based ) Fhat ta}'geted p'roblems in .g'eneral Depression (CES—DC)'/chlldren
. problem-solving . in addition to illness-specific . and adolescents; Social problem
et al. respiratory adolescents (1.92); Problem solving therapy Wait-list . B -
. . program (Breathe problems; (a)synchronous solving (SPSI-R:SF)/children
(2012)/AUS condition (clinic) 10-17 N i J
Easier Online) communication platform for and adolescents
peers; homework assignments
78 adolescents 14.4 Pedo.meter plus American Diabetes Pedometers and motivational text . ..
Newton et al. . . Mobile-based . . . Physical activity (step count and
. Type 1 diabetes  (diabetes (2.37); Association messages to increase physical TAU 12 -
(2009)/NZL . weekly text . .. self-report)/adolescents
services) 11-18 recommendations activity
messages
Blog, chat room and discussion
forums with weekly topics HRQOL (DQOLY)/adolescents;
Web-based (“Frustrations with diabetes”; Self-Efficacy (Diabetes Self-
Newton and 59 adolescents . .
Ashley Type-1 (Diabetes 14.5 (-); networking portal ~ Bandura’s self-efficacy “Benefits of good control”; TAU Management)/adolescents; 7
(201 3‘) JUSA diabetes Center) 13-18 (Diabetes Teen theory “Family”; “Friends”; “Body image, Outcome Expectations
Talk) exercise and diet”; “Community, (Diabetes Self-Management)/
school and sports”; “Worries about adolescents
diabetes™)
Guided and tailored iCBT with 21 School attendance (percentage
15.85 modules and a comprehensive of the normal school schedule)/
Nijhof et al. Chronic fatigue 135 adolescents a '3). Web-based CBT CBT psychoeducation part (e.g., goals; TAU parents; Fatigue (CIS-20)/ 2%
(2012)/NLD  syndrome (clinic) 1 2 1;3 (FITNET) sleep routine; cognition; fatigue adolescents; Physical
specific interventions; physical functioning (CHQ-CF87)/
activities and balance) adolescents
14.8 Child modul hoeducation; L
Palermo et al. Pediatric Pain 48 families (2.00: Web-based family CBT and social learning str;ss lzoneu :tsi\(lzszr:loiieor?sciiin Wait-list Activity limitations (CALI)/ 810 3
(2009)/USA (clinic) o CBT (Web-MAP) frameworks R 8 . ? P children and adolescents; Pain
11-17 breathing & relaxation;

(continued on next page)
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Table 1 (continued)

Study Chronic Population Age M Intervention Theoretical foundation/ Intervention components Control Primary outcome Post- Follow-
condition (recruitment) (SD); (name) treatment approach group treatment up
range (weeks) (months)
distraction; cognitive skills; sleep (diary)/children and
hygiene and lifestyle; staying adolescents
active; relapse prevention)
Parent modules (psychoeducation;
stress & negative emotions;
operant strategies; modeling;
sleep hygiene & lifestyle;
communication; relapse
prevention)
Arthritis-specific information/
psychoeducation; arthritis
medications; managin,
Web-based self- Multicomponent &8 .
symptoms, stress and negative
Juvenile 14.5 management treatment protocol based thoughts; relaxation; distraction;
Stinson et al. o . 46 adolescents ’ program (Teens on self-management y iy . ? Tele-phone HRQOL (JAQQ)/adolescents
. idiopathic (1.48); > . K other types of care (exercise, 12 -
(2010)/CAN " (care center) Taking Charge) strategies, disease- . . o support and parents
arthritis 12-18 R . nutrition, splints); self-monitoring
plus telephone specific information, and X .
. and supports; lifestyle issues;
support social support L. .
transitional care issues; two
modules specifically for parents/
caregivers
Peer mentoring program with 10 Feasibility (recruitment and
Juvenile 14.3 Web-based Peer mentoring with a sessions of 20-30 min Skype video withdrawal rates, program
Stinson et al. idiopathic 30 adolescents a '7} mentoring focus on skills training, calls; the training manual for peers Wait-list adherence, completed 8
(2016)/CAN arthIr)itis (clinic) 1 2 1,8 program self-management and provided suggested topics (e.g., questionnaires, program
(iPeer2Peer) social support strategies coping strategies, lifestyle engagement and satisfaction)/

management, communication)

adolescents

Abbreviations: ACQ, Asthma Control Questionnaire; ACT, asthma control test; ARCS, Adult Responses to Children’s Symptoms; AUS, Australia; BMI, body mass index; CDI, Children’s Depression Inventory; CALI, Child
Activity Limitations Interview; CAN, Canada; CASES, Children’s arthritis self-efficacy; CBT, cognitive behavior therapy; CES-DC, Center for Epidemiologic Studies Depression Scale for Children; CHQ-CF87, child health
questionnaire physical functioning subscale; CIS, checklist individual strength; DISABKIDS, Quality of live questionnaires for children with chronic conditions; DKA, diabetic ketoacidosis; DKN, diabetes knowledge score;
DNK, Denmark; DQOLY, quality of life for youth scale; DSSI, diabetes social support interview; ED, emergency department; GER, Germany; HRQOL, health related quality of life; IFX, infliximab; JAQQ, Juvenile Arthritis
Quality of Life Questionnaire; M, mean; Max, maximal; MEPS, Medical issues, exercise, pain and social support questionnaire; MMH, MyMediHealth; NA, not applicable; NLD, Netherlands; NLZ, New Zealand; PAQLQ,
Pediatric Asthma Quality of Life Questionnaire; PedsQL, Pediatric Quality of Life Inventory; PEF, peak expiratory flows; PSQ, perceived severity of stress questionnaire; QPP, Patients’ Perspective questionnaire; RCADS,
Revised Child Anxiety and Depression Scale; RCMAS, Revised Children’s Manifest Anxiety Scale; RPI, Recalled Pain Inventory; SD, standard deviation; SED, self-efficacy for diabetes; SPSI-R:SF, Social Problem-Solving
Inventory-Revised Short Form; SQOL, subjective quality of life; SWE, Sweden; SWE-DES-SF, Swedish Diabetes Empowerment Scale, short version; TAU, Treatment as usual; TWN, Taiwan; UK, United Kingdom, VAS, visual

analogue scale.
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Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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0% 28% 50% 78%  100%

. Low risk of bias

I:l Unclear risk of hias

[l Hioh risk of bias

Fig. 2. Risk of bias assessment presented as percentages across all included studies.

3.2. Study characteristics

The main characteristics of included studies are detailed in Table 1.
Of the 19 eligible RCTs, five studies focused on diabetes (Franklin et al.,
2006; Newton et al., 2009; Hanberger et al., 2013; Newton and Ashley,
2013; Berndt et al., 2014), seven on chronic respiratory conditions —
among them six exclusively on asthma - (Fiks et al., 2015; Guendelman
et al., 2002; Gustafson et al., 2012; Jan et al., 2007; Johnson et al., 2016;
Joseph et al., 2013; Newcombe et al., 2012), three on pediatric pain
(Hicks et al., 2006; Law et al., 2015; Palermo et al., 2009), two on ju-
venile idiopathic arthritis (Stinson et al., 2010; Stinson et al., 2016), and
one study each on chronic fatigue syndrome (Nijhof et al., 2012) or
inflammatory bowel disease (Carlsen et al., 2017). The vast majority of
studies (94.7%) were conducted in western countries. Seven trials
enrolled adolescents, five mixed samples of children and adolescents,
five used families as entity for analysis and one trial either only children
or parents. The mean sample size was 127 patients (SD = 129.88), with a
mean age of 13.2 years (SD = 2.23), and 60.6% of participants were
being females. Internet-based interventions were evaluated in 13 studies
(68.4%) and mobile-based interventions were examined in three studies
(15.8%); interventions combining web-based and mobile-based com-
ponents were evaluated in three studies (15.8%). The three most
frequently researched theoretical foundations and treatment approaches
in IMIs were CBT (k = 4 studies; 21.0%), disorder-specific treatment
guidelines (k = 4; 21.0%) and self-efficacy or self-management ap-
proaches (k = 4; 21.0%). Other theoretical orientations and treatment
approaches evaluated in one study each (k = 1; 5.3%) were problem-
solving therapy, skills-training, social cognitive theory, symptom-
monitoring, decision-support-systems, behavior change and mixed ap-
proaches. Post-treatment assessment was 17 weeks (SD = 16.52) after
base-line on average.

3.3. Risk of bias assessment

The results of the risk of bias assessments are detailed in Figs. 2 and
3. The criterion least met was blinding of participants/personnel, as
most studies were rated with a high risk of bias on this domain (89%). In
the other domains, studies were predominantly rated with low risk of
bias (random sequence generation: 63%; allocation concealment: 58%;
blinding of outcome assessment: 58%; incomplete outcome data: 89%;
selective reporting: 63%; other bias: 95%). The inter-rater reliability
between reviewers was adequate (Cohen’s Kappa = 0.78).

3.4. Meta-analyses

Random-effects meta-analyses were performed on 16 comparisons
altogether (Table 2). Studies that reported multiple outcome measures
for the same outcome domain were aggregated into a single effect size
for each outcome.

An overall effect size was calculated for all psychological and
disease-related outcomes combined, resulting in a non-significant Hed-
ges' g of —0.08 (95% CI, —0.17 to 0.00; k = 19 studies; n = 2410 par-
ticipants; P = 0%; Fig. S1).

3.5. Primary outcomes

One effect size was calculated for all psychological outcomes (studies
that reported multiple outcomes were aggregated into a single effect
size). IMIs showed no significant improvement in psychological out-
comes at post-intervention when compared to controls (g = —0.14; 95%
CI, —0.30 to 0.02; k = 11; n = 598; I* = 0%; Fig. §2).

3.5.1. Depression symptom severity

For depression severity at post-intervention, IMIs evinced no signif-
icant differences compared to control conditions (g = —0.29; 95% CI,
—0.631t00.05; k =3; n=134; P= 0%; Fig. S3).

3.5.2. Quality of life

IMIs showed no significant differences in the level of QoL at post-
intervention compared to controls (g = —0.04; 95% CI, —0.24 to 0.15;
k = 7; n = 403; I = 0%; Fig. $4).

3.5.3. Self-efficacy

A small effect was found in favor of IMIs compared to non-active
control conditions for increasing the level of self-efficacy at post-
intervention (g = 0.38; 95% CI, 0.15 to 0.61; k = 5; n = 300; P= 0%);
Fig. S5).

3.6. Secondary outcomes

One effect size was calculated for all disease-related physical and
somatic outcomes combined (multiple outcomes were aggregated into a
single effect size). IMIs revealed a small significant effect in improving
disease-related somatic outcomes at post-intervention compared to
controls (g = —0.13; 95% CI, —0.25 to —0.01; k = 13; n = 1676; P=
21%; Fig. S6).

3.6.1. Diabetes related outcome

The aggregated effect size for changes in HbAlc in comparison of
IMIs to non-active controls at post-intervention was not significant (g =
—0.03; 95% CI, —0.18 to 0.12; k = 4; n = 680; P= 0%; Fig. S7).

3.6.2. Chronic respiratory diseases related outcomes

The efficacy for asthma symptoms was evaluated with random-
effects meta-analyses specific for day and night symptoms. IMIs
evinced no significant differences on day (g = —0.13; 95% CI, —0.35 to
0.09; k = 3; n = 628; I? = 34%; Fig. $8) and night symptom severity (g =
—0.05; 95% CI, —0.2t0 0.11; k = 3; n = 628; P= 0%; Fig. S9) at post-
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Fig. 3. Risk of bias assessment: review authors’ judgements about each risk of
bias item for each included study.

intervention when compared to active controls. Furthermore, the effect
size on the number of missed school days in patients with asthma
revealed no significant differences (g = —0.11; 95% CI, —0.29 to 0.07; k
= 2; n = 475; I? = 0%; Fig. S10).

3.6.3. Health service utilization

The two meta-analyses on the number of care visits revealed no
advantages of IMIs, either when they were compared to combined
control conditions (g = —0.02; 95% CI, —0.17 t0 0.13; k = 4; n = 663; P
= 0; Fig. S11) or compared to active controls only (g = —0.05; 95% CI,
—0.211t00.11; k =3; n = 603; I> = 0; Fig. S12). Furthermore, no sig-
nificant differences in the number of hospitalizations at post-
intervention were found between IMIs and active controls (g = —0.38;
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95% CI, —0.85 to 0.1; k = 3; n = 603; P= 82%; Fig. S13).

3.6.4. Pain intensity

The meta-analysis for pain intensity at post-intervention missed
statistical significance, favoring IMIs compared to combined controls
conditions (g = —0.33; 95% CI, —0.67 to 0.02; k = 5; n = 240; P= 43%;
Fig. S14). When excluding the single study with an active comparison
condition (Law et al., 2015), the meta-analysis revealed a moderate
effect size in favor of IMIs compared to non-active controls in reducing
pain intensity (g = —0.5; 95% CI, —0.81 to —0.18; k = 4; n = 163;
Fig. $15), with reduced statistical heterogeneity (12 = 0%).

3.6.5. Medication adherence

No significant differences were found for medication adherence at
post-intervention between IMIs and active controls (g = —0.15; 95% CI,
—0.58t0 0.28; k = 3; n = 412; P= 68%; Fig. S16).

3.7. Subgroup analyses and assessment of publication bias

Subgroup analyses were not possible, because of the limited number
of trials per subgroup except for analyses on QoL. The analyses for
studies focusing on type-1 diabetes (Berndt et al., 2014; Newton et al.,
2009; Newton and Ashley, 2013) and studies investigating diseases
other than diabetes (Hicks et al., 2006; Johnson et al., 2016; Stinson
et al., 2010; Stinson et al., 2016) did not result in significant differences
in the level of QoL at post-intervention (Fig. S17). Pre-planned analyses
to determine the possibility of publication bias were not feasible,
because of the small number of studies per comparison.

4. Discussion

This systematic review comprehensively evaluated research inves-
tigating the efficacy of digital health interventions in improving psy-
chological and disease-related outcomes in youth with CC. Altogether,
19 RCTs representing 2410 patients were identified and included in this
meta-analysis. Our results indicate that IMIs might be beneficial in
improving levels of self-efficacy and some disease-related somatic out-
comes; however, the effect sizes were small (to moderate) and most
meta-analytic comparisons revealed no beneficial effects of IMIs over
control conditions on a range of outcomes. These findings are in line
with previous reviews (Kew and Cates, 2016; Lancaster et al., 2018;
Thabrew et al., 2018), suggesting a limited benefit of IMIs in children
and adolescents with CC. This empirical knowledge is of high relevance,
since the digitalization of psychotherapeutic and psychosocial in-
terventions is often considered as a powerful way — or even panacea — to
overcome existing treatment gaps. Yet, the present study points to the
need to look carefully on the specific benefits and limitations of IMIs in
different populations and health care settings, especially when it comes
to pediatric patients with comorbid mental health symptoms.

The ability to cope and psychologically adjust to CC is of great
importance (de Ridder et al., 2008), and patients™ self-efficacy beliefs
(Bandura, 1978) and self-management (Ng et al., 2018) might be key to
this endeavor. We found evidence that IMIs can increase the levels of
self-efficacy in regard to the disease in children and adolescents with CC;
a finding which is consistent with research by Lancaster et al. (2018)
that has documented an increase in self-efficacy in patients through
digital monitoring tools too. In their review of 13 RCTs, they also found
promise that IMIs might increase the disease-related self-management in
youth, which was not corroborated in our meta-analysis. Principally, the
strength of IMIs to support the self-efficacy and self-management in
juvenile patients seems not to be comparable to the magnitude of IMIs in
adults with CC, consistently evincing larger effect sizes for a range of
psychological outcomes (Bendig et al., 2018).

Furthermore, except for the meta-analyses on disease-related so-
matic outcomes and pain intensity (compared to non-active controls),
our meta-analytic review revealed predominantly non-significant
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Table 2

Meta-analytic comparisons.
Outcome k Controls Sample size (IG/CG) Meta-analyses Heterogeneity

g P 95% CI Q P 12 (%)

Primary outcomes
All psychological outcomes 11 Any control condition 308/290 —0.14 0.09 —0.30, 0.02 8.49 0.58 0
Depression symptom severity 3 Any control condition 69/65 —0.29 0.1 —0.63, 0.05 1.96 0.37 0
QoL 7 Any control condition 205/198 —-0.04 0.67 —0.24, 0.15 2.4 0.88 0
Self-efficacy 5 Non-active control condition 156/143 0.38 0.001 0.15, 0.61 2.44 0.65 0
Secondary outcomes
All somatic outcomes 13 Any control condition 851/825 -0.13 0.03 —0.25, —0.01 15.27 0.23 21
Type-1 diabetes
HbAlc 4 Non-active control condition 349/331 —0.03 0.67 —0.18,0.12 1.87 0.6 0
Asthma
Day symptoms 3 Active control condition 312/316 —0.13 0.25 —0.35, 0.09 3.01 0.22 34
Night symptoms 3 Active control condition 312/316 —0.05 0.56 —0.20, 0.11 0.58 0.75 0
Missed school days 2 Active control condition 230/245 -0.11 0.24 —0.29, 0.07 0 0.99 0
Health care utilization
Care visits 4 Any control condition 326/337 —0.02 0.8 -0.17,0.13 2.52 0.47 0
Care visits 3 Active control condition 293/310 —0.05 0.54 —0.21, 0.11 0.98 0.61 0
Hospitalization 3 Active control condition 293/310 -0.38 0.69 —0.85, 0.1 16.42 <0.001 82
Pain
Pain intensity 5 Any control condition 127/113 —-0.33 0.06 —0.67, 0.02 6.94 0.14 43
Pain intensity 4 Non-active control condition 87/76 -0.5 0.002 —0.81, 0.18 1.95 0.58 0
Adherence
Medication adherence 3 Active control condition 206/206 -0.15 0.5 —0.58, 0.28 6.22 0.04 68

Abbreviations: CG, control group; IG, intervention group; IMI, internet- and mobile-based intervention; k = number of studies; QoL, quality of life.

findings. These rather sobering results are in accordance with prior re-
views (Kew and Cates, 2016; Lancaster et al., 2018; Thabrew et al.,
2018), which equally could not find beneficial effects of IMIs in youth
with CC for a range of psychological and disease-related outcomes, like
depression and anxiety symptoms (Thabrew et al., 2018), QoL (Lan-
caster et al., 2018), disease status (Kew and Cates, 2016; Thabrew et al.,
2018), health service utilization (Kew and Cates, 2016; Lancaster et al.,
2018), and medication adherence (Lancaster et al., 2018). However,
since we were able to include substantially more studies than former
meta-analyses and evaluated novel outcomes additionally, the current
findings are more robust and further underpin the assumption that IMIs
might not be as powerful in pediatric patients with CC than in youth
with mental disorders alone (Domhardt et al., 2020b; Vigerland et al.,
2016) or in youth without clinically relevant pathology (Fedele et al.,
2017). Nevertheless, since some comparisons only scantly missed sig-
nificance, other reviews have revealed more encouraging findings for
IMIs (Fedele et al., 2017; Hieftje et al., 2013), the question arises why
the findings of the current meta-analysis are rather disenchanting. This
is even more pressing, since the evidence-base for the effectiveness for
psychological treatments delivered face-to-face for various mental
health issues for youth without CC is well-ascertained (Zhou et al., 2015;
Zhou et al., 2019), and there is some evidence that these interventions
are also effective for several outcomes in youth with CC (Bennett et al.,
2015; Kahana et al., 2008; Kibby et al., 1998; Sanders et al., 1994). For
example, two systematic reviews revealed that face-to-face psychologi-
cal interventions are effective for disease-management and emotional/
behavioral problems (Kibby et al., 1998), as well as for symptoms of
depression and anxiety (Bennett et al., 2015) in children and adolescents
with CC, all with large effect sizes respectively. Similar to the theoretical
foundations of IMIs found in our study, the majority of interventions in
both reviews (Bennett et al., 2015; Kibby et al., 1998) were based on
principles of CBT and related behavioral interventions.

The present predominantly non-significant findings in our meta-
analysis might be due to several reasons. First, some IMIs had no clear
psychotherapeutic foundation and were merely intended to assist the
patients” self-management in one specific aspect (e.g., monitoring) and
not to reduce mental health symptoms — while these outcomes were

assessed in primary studies. As such, some interventions themselves
might not have been suitably designed in order to achieve relevant effect
sizes for youth with CC, lacking sophisticated psychotherapeutic com-
ponents and strategies directly targeting comorbid mental health
symptoms. Furthermore, a substantial number of IMIs (8 out of 19) are
older than ten years, presumably not representative to the mobile
technology and platforms available today. Second, although we were
able to include substantially more studies than prior reviews (Low and
Manias, 2019; Thabrew et al., 2018), single meta-analytic comparisons
might be still underpowered to detect significant effects (Cuijpers et al.,
2014; Harrer et al., 2019; Hedges and Pigott, 2001) — which might be in
addition (very) small for single-component interventions, but clinically
relevant for patients nonetheless (Domhardt et al., 2019). Third (and
clinically most relevant), given the high strain and specific needs of
youth with CC, it might be that this particular group of patients is not
responsive to IMIs to the same extent than other patient populations
(Andersson et al., 2019; Bendig et al., 2018; Domhardt et al., 2020b).
Additionally, empirical knowledge on moderators, for example in regard
to therapist involvement (Baumeister et al., 2014; Domhardt et al.,
2020a; Reyes-Portillo et al., 2014), support by parents (Domhardt et al.,
2020b; Fedele et al., 2017) or developmentally-related differences in age
groups (Reins et al., 2020; Thabrew et al., 2018), is still largely pending,
but is central to inform the allocation of individual patients to the most
fitting psychological intervention, either delivered face-to-face or via
digital technology. Next to these efforts toward precision medicine
(Cohen and DeRubeis, 2018) and “precision digital health” (Domhardt
et al., accepted), important future directions for forthcoming research
are on how to best improve interventions and maximize treatment
outcomes. At that, involving the patients’ perspective into intervention
development (Geirhos et al., submitted; Holmes et al., 2018; Low and
Manias, 2019) and disentangling the active ingredients of interventions
by means of component and mediation studies (Domhardt et al., 2020c)
might be key avenues, to increase the potential benefits of digital health
interventions for youth with CC and other underserved populations.
Besides several strengths (e.g., comprehensive scope, rigorous study
selection and data extraction, low statistical heterogeneity across most
meta-analyses and high overall quality of included studies), this review
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has also limitations. First, the results need to be interpreted with
caution, as the number of eligible studies was rather small and some pre-
planned analyses on specific outcomes were not possible. Second,
distinctive conclusions are challenging, because of differences in in-
terventions and treatment approaches (Table 1), as well as types of CC
diseases and outcomes. Third, the generalizability of this meta-analytic
review might be curtailed, since the vast majority of studies were con-
ducted in western countries and resorted to predominantly older female
adolescents. Hence, generalizations should only be applied to the CC and
populations included in this meta-analysis. Lastly, the intended tests for
publication bias, as well as pre-planned subgroup and moderator ana-
lyses were not feasible, given the lack of maturity of this specific
research field.

5. Conclusion

The findings of this meta-analysis point to a limited benefit and ef-
ficacy of digital health interventions in children and adolescents with
CC. Yet, we also found indications that IMIs improve self-efficacy and
disease-related somatic outcomes in pediatric patients, warranting
further investigations. Moreover, future high-quality research is ur-
gently needed, to identify factors contributing to improved user-
centered interventions with better treatment outcomes; as well as to
comprehensively weigh the actual potential of IMIs to (cost-)effectively
scale up and complement collaborative mental health care for youth
with CC.
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