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Efficacy of digital health technologies in the management of
inflammatory bowel disease: an umbrella review

Marco Gasparetto, Priya Narula, Charlotte Wong, James Ashton, Jochen Kammermeier, Marieke Pierik, Uri Kopylov, Naila Arebi

The use of digital health technology (DHT) is increasing worldwide. Clinical trials assessing available health tools for
the management of patients with inflammatory bowel disease (IBD) are sparse, with limited evidence-based outcome
data. In this umbrella review, we investigated the effectiveness of DHT in the care of patients with IBD and identified
areas for future research following the Joanna Briggs Institute methodology. Systematic reviews published between
January, 2012, and September, 2024, were identified through searches across nine databases (Ovid Embase, Ovid
MEDLINE, ProQuest PsycINFO, Epistemonikos, Cochrane, Health Evidence, DoPHER, PROSPERO, and CINAHL
via EBSCO), and the results were imported into Covidence software. Inclusion criteria included systematic reviews of
randomised controlled trials (RCTs) involving patients of all ages with Crohn’s disease or ulcerative colitis, using DHT
for diagnostics, treatment support, monitoring, self-management, or increasing participation in research studies,
compared with standard care or alternative interventions. Outcomes included the efficacy and effectiveness of digital
interventions, as reported in the studies. The primary outcome was clinical efficacy reported as one or more of the
following: clinical response or remission, disease activity, flare-ups or relapses, and quality of life. Secondary outcomes
included medication adherence, number of health-care visits, patient engagement (satisfaction and adherence or
compliance with interventions), attendance for all terms of engagement, rate of interactions, knowledge improvement,
psychological outcomes, and cost or cost-time effectiveness. The review protocol was registered in PROSPERO
(registration number: CRD42023417525). AMSTAR-2 was used for methodological quality assessment. Nine relevant
reviews were included, including five with meta-analyses comprising 13-19 RCTs in each review; four reviews were
rated as high quality and five as critically low quality. DHT was not directly beneficial in achieving or maintaining
clinical remission in IBD. In four trials, DHT use was associated with a reduced number of hospital attendances and
increased treatment adherence, supporting its role as an adjuvant to standard clinical practice in IBD. Although
current evidence from several RCTs and systematic reviews does not indicate better clinical outcomes with DHT in
maintaining IBD remission and reducing relapse rates, DHT could be used as an adjuvant resource contributing
towards treatment adherence and reducing hospital visits.

Introduction patient—provider communication and disease monitoring is

Digital health technologies (DHTS) are increasingly used to
support clinical care, increase accessibility to health care,
and improve health outcomes in many chronic diseases,
including inflammatory bowel disease (IBD).! Technologies
accessible to patients, parents, caregivers, and health-care
professionals can facilitate seamless care and innovative
ways of delivering and improving care.

Digital technology in health care refers to digital products
intended to benefit people or the wider health and social care
systems. These digital products include smartphone apps;
standalone software; online tools for treating or diagnosing
conditions, preventing ill health, and improving system
efficiencies; and programmes that can be used to analyse
data from medical devices, such as scanners, sensors,
and monitors.> The term telemedicine or telehealth
encompasses interactions between patients and health-care
providers using one or more such tools.

The rising global prevalence of IBD has placed a huge
burden on health-care systems owing to the increasing use
of health-care resources by patients.’ In recognition of the
challenges in delivering affordable health care, the Lancet
Commission on the cost of IBD in high-income settings®
identified a pressing need to include complementary
methods, such as electronic tools, to deliver health care.
One advantage of digital technology in supporting
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the facilitation of task shifting of care, allowing increased
involvement of nurses and pharmacists in treatment
monitoring.’ Furthermore, youth born in the era of rapid
technological advances have an inherent aptitude for digital
technology, making digital health an acceptable and
attractive option for health-care access. Some digital health
interventions have been partly adopted despite the specu-
lative evidence supporting their role in improving outcomes
in IBD.* The diverse types of interventions and outcomes
studied might account for the uncertainty of benefits. For
instance, in an early multicentre study with a web-based
intervention to guide treatment in ulcerative colitis, quality
of life (QoL) improved only in patients living in Denmark
and not in Ireland® In a large Dutch study using a
telemedicine system called myIBDcoach, the QoL at 1 year
was similar to that of the standard care group.® Despite the
growing adoption and breadth of research using DHT,
evidence supporting the clinical effectiveness of DHT in
IBD management remains inconclusive.

In this umbrella review of systematic reviews, we aimed to
evaluate the effectiveness of DHT in the management of
IBD by summarising the benefits and limitations reported
in existing systematic reviews as a mixed-method review
(narrative and quantitative). We included study interventions,
tools, and services covering the patient journey, including
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diagnostics, treatment support, monitoring, self-
management, and participation in research studies; use
of transformative approaches, such as virtual reality; and
use of information communication technologies, including
mobile applications, social media, chatbots, and electronic
portals, with the perspective of patients as stakeholders. We
believe that this evidence will help to identify research gaps
in DHT for IBD, guiding future studies.

Methods

Review question(s)

The primary research question was to evaluate the effec-
tiveness of DHT on clinical outcomes in IBD. The secondary
questions were related to understanding the nature and
effects of DHT in IBD, including the types of DHT studied,
frequency and duration of use, types of clinical outcomes
studied, and potential differences in the effectiveness of
DHT related to different specific types of DHTs, such as
web-based portal or mobile applications, and different IBD
groups such as Crohn’s disease versus ulcerative colitis,
young versus older adults, and presence or absence of
involvement of health-care professionals.

Inclusion criteria

This umbrella review was conducted following the Joanna
Briggs Institute (JBI) methodology,”® and the study protocol
was aligned with the PRISMA-P 2015 statement.>"" The
inclusion criteria were established using the population,
intervention, comparator, outcomes, and study design
framework to define the scope of this review.”"* The study
population included patients of all ages diagnosed with
Crohn’s disease, ulcerative colitis, or IBD. In terms of
intervention, the search terms were selected to capture
digital technology applications within the review scope,
including diagnostics, treatment support, monitoring, self-
management, participation in research studies, virtual
reality, mobile applications, social media, chatbots, and
electronic portals; the complete list of search terms is
provided in the appendix (pp 10-18). The comparator
included standard care or alternative interventions—
namely, self-management guidance or educational inter-
ventions. Outcomes related to efficacy and effectiveness in
digital interventions were assessed as reported in the
included studies. Primary efficacy outcomes included QoL,
clinical response or remission, disease activity, and flare-ups
or relapses. Secondary outcomes included medication
adherence, number of health-care visits, patient engage-
ment (satisfaction and adherence or compliance with
interventions), attendance across engagement terms, rate of
interactions, knowledge improvement, psychological out-
comes, and cost or cost-time effectiveness, such as incre-
mental cost-effectiveness ratios, average cost-effectiveness
ratios, benefit—cost ratios, and unit costs. Qualitative out-
comes describing the nature of interventions were included
only for studies that reported quantitative meta-analysis
results with effect sizes. Reviews in which references to
conditions other than IBD could not be distinguished were

excluded. Meta-analyses that lacked specific study data
(eg, number of incident events, study population, follow-up
period, relative risks, and 95% Cls) and for which missing
data could not be retrieved from the original studies were
included only in the narrative review.

Exclusion criteria

We excluded technologies solely used by health-care
professionals, such as radiology and endoscopy technolo-
gies for lesion differentiation or diagnostic outcomes,
electronic health records, and health-care administrative
systems. We also excluded reviews examining artificial
intelligence algorithms.

Study screening

Relevant publications were identified through a series
of electronic searches across nine databases from
January, 2012, to September, 2024. Search results were
imported into Covidence software. Duplicates were
removed automatically and manually based on an exact
match of title, date, author, and result. Two reviewers
(NA and MG) independently screened titles and abstracts of
the retrieved articles according to the inclusion and exclu-
sion criteria. When eligibility could not be determined based
on the title or abstract, full texts were assessed. Disagree-
ments between reviewers were resolved through consensus
or by consulting a third reviewer (PN). The third reviewer
(PN) independently assessed titles, abstracts, and full texts
of studies with unresolved discrepancies between the two
primary screeners (NA and MG). A final decision regarding
inclusion or exclusion was made following a discussion
among all three screeners.

Data extraction

Standardised extraction forms were developed in Microsoft
Excel. Two reviewers (NA and MG) independently extracted
data from each eligible systematic review. The data extrac-
tion form is provided in the appendix (p 22). Ambiguities in
data extraction were resolved through discussion or con-
sultation with a third reviewer (PN) when consensus could
not be reached.

The following data were extracted: characteristics of
included reviews (eg, first author, publication year, number
and type of studies included in each review, and total sample
size), population characteristics (disease conditions), inter-
vention and control descriptions (type of digital intervention
or control, sample size of each group, intervention details,
and follow-up duration), and outcomes (name and defi-
nition of outcome, summary effect size with corresponding
95% CI, and number of participants included in outcome
assessments). All extracted data were available in text
format, which eliminated the need to estimate effect sizes
from plots using Ycasd software, as initially planned.'®

Quality of study assessments

The methodological quality of the included reviews (denoted
as [Q=] in the Results) was independently assessed by two
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reviewers (NA and MG) using AMSTAR-2."” Disagreements
were resolved by consulting a third reviewer (PN). The tool
consists of 16 items, each rated as yes, partially yes, or no.
Depending on the score and balance of critical and non-critical
flaws in the article, reviews were classified as high quality,
moderate quality, low quality, or critically low quality.

The following AMSTAR-2 critical domains were deter-
mined a priori: protocol registered before the commence-
ment of the review; adequacy of the literature search;
justification for excluding individual studies; risk of bias
from individual studies being included in the review;
appropriateness of meta-analytical methods; consideration
of risk of bias when interpreting the results of the review;
and assessment of presence and likely impact of publication
bias.”

A recommended framework for interpreting weaknesses
in critical and non-critical items was applied to determine
confidence levels (appendix pp 24-25)."” Appraisers decided
a priori on the most relevant items for assessing the reviews
under consideration.

Data synthesis and statistical analysis
For reviews in which data were not limited to IBD,
individual study effect sizes, Cls, and sample sizes were
extracted, and the pooled effect size was calculated for
IBD-specific studies. For other studies, effect sizes were
collated as differences from the control arm. Since outcome
measures varied across studies, in this umbrella review, we
included only the predefined outcome measures that were
consistently reported across studies.

The review protocol was registered in PROSPERO,
CRD42023417525.

Results

The literature search retrieved 69 studies for title and
abstract screening (figure). Three duplicates were removed.
Ofthe remaining 66 studies, 43 were excluded based on title
and abstract screening. The full texts of the remaining
23 studies were assessed independently by two authors
(NA and MG). A third reviewer (PN) was involved in five
cases for which disagreements arose regarding inclusion or
exclusion after full-text review. Nine systematic reviews met
the inclusion criteria for this umbrella review. The study
inclusion process is summarised in the PRISMA flowchart
(figure).™®™ A list of excluded papers and the reasons for
their exclusion are provided in the appendix (p 1).

Data were extracted by two independent authors for the
nine included systematic reviews (five meta-analyses).
A third author verified and merged the extracted data.

We used the JBI critical appraisal checklist to determine
the methodological quality of the studies.”® Four reviews
were rated as high quality and five as critically low quality.
Complete details of the quality assessment are presented in
the appendix (p 2).

Table 1 presents the characteristics of the five
meta-analyses,”? and table 2 details the four systematic
reviews without meta-analyses.****” Additional information
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| 69 reviews identified through literature search |

—P| 3 duplicate records removed |

A4

| 66 reviews screened by title and abstract |

—>| 43 reviews excluded after screening (out of scope) |

A4

23 reviews screened by full text |

14 reviews excluded after screening:
L 5 conference abstracts

6 narrative reviews (systematic search only)
3 out-of-scope reviews

A A

9 systematic reviews included

Figure: PRISMA flow chart summarising the systematic review inclusion
process.

pertaining to the studies is presented with descriptive
summaries of the main findings in each review and
provided in the appendix (pp 3-7). The AMSTAR-2 quality
ratings for the included systematic reviews are denoted as
“(Q=)" in the following sections.

Only five systematic reviews? % reported results as meta-
analyses using primary effectiveness outcomes such as QoL,
clinical response or remission, disease activity, and relapse
rates. The effectiveness outcomes are reported as they were
presented in the published systematic reviews for
IBD-related QoL. For disease activity, we grouped reviews
that described disease severity and relapse frequency. Only
two reviews?*** reported remission rates as an outcome
(table 3).

Overall, substantial heterogeneity (I%) in effect sizes for
QoL was observed in studies reporting intervention bene-
fits, reducing confidence in the certainty of the effects. In
their review, Gordon and colleagues?' (Q=high) assessed the
quality of evidence by scoring the risk of bias and applying
the Grade of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) framework to evaluate
effect sizes.” The findings suggested, at best, no superiority
of the intervention over usual care, with moderate certainty
in evidence for the adult population.

Although QoL could not be assessed in the systematic
review by Rohde and colleagues® (Q=critically low), as the
effect size included other conditions such as irritable bowel
syndrome (IBS) and coeliac disease, positive differences of
0-25 (95% CI 0-06-0-43) were identified by Hunt and
colleagues® and 1-33 (0-47-2-18) by Walmsley and
colleagues,* albeit with wide Cls. In their systematic review
with meta-analysis, Kuriakose Kuzhiyanja and colleagues?
(Q=high) found improved QoL in the e-health intervention
arm compared with that in the standard care arm.
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Population type and age Number of RCTs Population  Type of intervention Duration of Comparator
size intervention
Pang et al (2022)*° Children and adults with IBD; 17; 4 RCTs in paediatric 2571 Telemedicine: telephone, 6-96 weeks Standard care or usual care
age range 12-69 years population internet, mobile phone and provided by the medical centre
(age <19 years); 13 studies in web-based applications, SMS according to IBD treatment
adult population text messaging, email, guidelines
(age >19 years) telephone calls, telemonitoring,
and tele-education through a
web-based system using
smartphone and tablet apps,
CBT delivered online, and
teleconsulting through
real-time images
Gordon et al (2022)**  Children and adults with IBD; 19 3489 IBD telehealth management: 8-12 weeks Usual care according to IBD
age range 8-95 years telephone, instant messenger, treatment guidelines; sham
video, text message, and web-based interventions;
web-based services self-screening; face-to-face
monitoring
Huang et al (2014)*>  Adults with IBD (age 16 1463 Distance management 48 weeks Standard dlinic follow-up as per
>16 years); mean age range interventions: telemedicine, the institutional protocol at the
41-7-49-0 years web-based intervention, time of the study
telephone clinics, patient-
directed open access clinics, and
other methods that incorporate
patient self-management
strategies for remote
management of patients
Rohde et al (2021)>>  Adults and adolescents with 19; 13 studies related to IBD 2618 Gl e-health interventions: Median 52 weeks Standard dlinical care as per the
chronic gastrointestinal educational text messages (6-104) institutional protocol at the
disorders: IBD, IBS, coeliac (telemedicine), online self- time of the study
disease; mean age range management portals and home
14-9-49-11 years units, self-management online
coaching modules, web-based
mobile disease management
platforms, email reminders for
self-management, digital CBT,
and smartphone apps for
disease management
Kuriakose Children and adults with IBD; 14 RCTs; 3 studies in paediatric ~ 3111 E-health interventions 6-24 months Standard care for IBD, based on
Kuzhiyanja et al age range 8-95 years population (age <18 years); including virtual clinics, evidence-based guidelines—
(2023)* 11 studies in adult population telephone consultations, including initial assessment,

CBT=cognitive behavioural treatment. Gl=gastrointestinal. IBD=inflammatory bowel disease. IBS=irritable bowel syndrome. NA=not applicable. RCT=randomised controlled trial.

(age >18 years)

remote monitoring, or any
web-based health platform for
IBD management

guideline compliant therapies,
planned and urgent office visits,
and supply of educational
leaflets for patients as required

Table 1: Baseline characteristics of five systematic reviews that included a meta-analysis

Secondary outcomes related to medication adherence are
also reported as presented in the systematic reviews; clinic
visits and hospital attendance were grouped (table 3). An
overall reduction in outpatient and hospital visits was
observed; however, the heterogeneity for effects is high,
with I? ranging between 85 and 89 in three of the five
reviews. Likewise, medication adherence improved with the
intervention in two reviews. However, no difference was
found in the third review®* (Q=high), which reported
marked heterogeneity in effect sizes.

Four systematic reviews**? included quantitative data
but did not pool outcomes to estimate an overall effect.
In the systematic review by Knowles and Mikocka-Walus?
(Q=critically low), the effects of mental health inter-
ventions on gastrointestinal disorders were reported.
Since the findings were outside the scope of the review,

we focused on the results of interventions related to
gastroenterology care within controlled study designs.
Three RCTs on IBD (n=397; 212 [intervention] vs 185
[standard care]) were identified.>*** Elkjaer and colleagues®
reported significant differences between the intervention and
standard care groups in compliance (451-20) and patient
knowledge (Crohn’s and Colitis Knowledge Score 5-16). The
median relapse duration was 18 days (95% CI 10-21) in the
intervention group versus 77 days (46-108) in the control
group. The number of acute and routine outpatient visits was
lower in the digital health group than in the control group.
The second study*! was an RCT of home telemanagement
for ulcerative colitis versus best available care for adults
(mean age 41 years [SD 14]). No significant differences were
observed for disease activity, QoL, or adherence during the
12-month follow-up period (date not shown). The third RCT*
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(2014)* chronic gastrointestinal
disorders: IBD, IBS, and coeliac

disease

Helsel et al (2018)° Adult and paediatric patients 11
with chronic gastrointestinal

disorders

Gohil et al (2022)*” Adults and children with IBD

Nguyen et al (2021)* Children and adults with IBD

7 studies; 3 RCTs in
population aged >18 years;
age not specified in 1 RCT
(mean age 43-6 years); 1RCT in
population aged >8 years;

1 RCT in population aged
11-18 years; 1 RCT in
population aged 10-17 years
14 studies; 9 RCTs in adults;
1 RCT in population aged
8-16 years; 2 RCTs in
population aged 10-17 years;
1 RCT in population aged
10-19 years; 1 RCT in
population aged >8 years

technology to promote
physical and psychological
wellbeing

3 related to IBD; n=1133 Mobile health technology
interventions, including
mobile apps, responsive
websites, and other
telemedicine methods, that
focus on digestive disease

symptoms and management

Online educational resources or
courses, telemedicine,
automated reminder text
messages, electronic needle
container

7 related to digital health
technology; children
n=180 children; adults n=1160

14; n=2637 Web-based interventions,
mobile apps, and telemedicine
with phone consultations
offering educational resources

Or courses

IBD=inflammatory bowel disease. IBS=irritable bowel syndrome. RCT=randomised controlled trial.

Population type Included studies Number of RCTs and Type of intervention Comparator
population size
Knowles and Mikocka-Walus Adolescents and adults with 17 (observational and RCTs) 3 on IBD; n=397 Internet-based e-health Standard of care for clinical

management and monitoring

Standard of care for clinical
management and monitoring

Standard of care for clinical
management and monitoring

Standard of care for clinical
management and monitoring

Table 2: Baseline characteristics of four systematic reviews that did not include a meta-analysis

involved an older population (mean age in the intervention
group 62-8 years [SD 11.5]; mean age in the control group
585 years [9-6]) with a 9-month follow-up. No significant
differences were reported for primary or secondary outcomes.

The systematic review by Helsel and colleagues®
(Q=critically low) included gastrointestinal disorders
beyond IBD, such as IBS and colorectal cancer. Outcomes
included disease activity, treatment compliance, patient
satisfaction, and QoL. Three RCTs focused on IBD.>%*
McCombie and colleagues® evaluated cognitive behav-
ioural therapy for IBD rather than a gut-focused interven-
tion, making it irrelevant to the scope of the current review.

Two RCTs reported outcomes for disease activity and QoL.
Elkjaer and colleagues® reported the effect on disease activity
with an Simple Clinical Colitis Activity Index score in
333 patients with IBD randomised to web-based manage-
ment or usual care (control group) and showed an overall
improvement (<5; OR 2-74) compared with that in the
controls. de Jong and colleagues® reported that only the
mean number of hospital admissions was significantly
lower in the telemedicine (n=16) group than in the standard
care (n=29) group (estimated intervention effect —0-05 [95%
CI -0-10 to 0-00]; p=0-046). However, no other significant
outcomes were observed. For QoL outcomes, both disease-
specific and general QoL improved in the web group com-
pared with those in the control group: disease-specific QoL
(OR 1-57; p=0-04), general QoL (p=0-009), vitality (p=0-03),
role emotional (p<0-0001), and social functioning
(p=0-002).> Conversely, in the larger RCT by de Jong and
colleagues,® QoL did not differ between telemedicine
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(baseline: 53-34 [SD 10-29]; 12 months: 54-44 [SD 9-05]) and
standard care (baseline: 53-42 [SD 9-95]; 12 months: 53-71
[SD 9-87]) groups (estimated intervention effect: 1-22 [95%
CI -0-04 to 2-49; p=0-057]). This disparity could be
attributed to differences in the mode of intervention
delivery, with one study using a mobile phone platform,®
whereas another implemented a web-based application.®

The systematic review by Gohil and colleagues? (Q=critically
low) was restricted to assessing the effect on one outcome
measure,—namely medication adherence, and included
seven RCTs, three of which were paediatric studies (n=180).
The duration of the intervention (12 months) was only
reported in one adult study® and one paediatric study*
(four sessions: 60-90 min for the first session, and 45 min
each for the remaining sessions). In contrast, the follow-up
duration reported in all the studies ranged between 1 month
and 1 year. The nature of interventions is described as
behavioural for two paediatric studies®* and cognitive
behavioural in the third one.** The adult studies were
multicomponent interventions®”* and educational.** A detailed
narrative on the relationship between different interventions
and outcomes is included in the appendix (pp 28-29).

The fourth systematic review by Nguyen and col-
leagues* assessed the use of DHT for remote monitoring
and management of IBD across 14 RCTs. The studies
were highly heterogenous with mixed findings as sum-
marised in the appendix (pp 6-7). Three of the studies
investigated the role of DHT in paediatric and adolescent
populations,®* yet none showed any statistically significant
difference for QoL, disease activity, relapse rates, or



http://www.thelancet.com/digital-health

Review

Number Number of Effect size and results, Heterogeneity, >  Comment or conclusions
of RCTs  participants SMD (95% CI; p value)
Primary outcomes
IBD-related QoL
Pang et al (2022)*° 10 1632 0-18 (0-01 to 0-34; p=0-03) 47 Telemedicine associated with higher QoL than
standard care
Gordon et al (2022)** 19 Web-based disease 0-08 (-0-04 to 0-20) Certainty: Web-based disease monitoring is probably equivalent
monitoring n=594; moderate to usual care
usual care n=505
Huang et al (2014)% 3 338 Mean difference 16-30 (1236 t0 20-24; 96 Electronic telemanagement system significantly
p<0-0001) improved QoL
Rohde et al (2021)* 19 2126 Includes other conditions NA Unable to dissect effect size from other
gastrointestinal conditions
Kuriakose Kuzhiyanja et al 6 1422 0-2 (0-05 to 0-35; p=0-008) 1’=36 Higher QoL in the e-health intervention group than
(2023)** that under standard care
Disease activity
Pang et al (2022)*° 7 955 0-08 (-0-09 to 0-24; p=0-38) 0 No significant difference between telemedicine and
standard care
Gordon et al (2022)** 19 Web-based disease 0-09 (-0-11 to 0-29) Certainty: Web-based disease monitoring is probably equivalent
monitoring n=254; moderate to usual care in reducing disease activity
usual care n=174
Huang et al (2014)*—number 4 450 0-33 (0-15 to 0-51; p=0-0007) 75 Electronic web-based distance management did not
of relapses affect the number of relapses
Kuriakose Kuzhiyanja et al 5 495 0-09 (-0-09 to 0-28; p=0-32) 0 No difference between e-health intervention and
(20234 standard care
Remission
Pang et al (2022)*° 7 955 RR 0-94 (0-83 to 1-05; p=0-26) 6 No significant difference in intervention group
between telemedicine and standard care
Kuriakose Kuzhiyanja et al 5 603 OR 1-12 (0-78 to 1-61) 0 No difference between e-health intervention and
(2023)** standard care
Secondary outcomes
Clinic or hospital visits
Pang et al (2022)*°—visits 6 1479 -0-71 (-1-07 to -0-36; p<0-001) 85 Significantly lower in the telemedicine group than in
per patient the standard care group
Gordon et al (2022)** Meta-analysis not possible
Huang et al (2014)**—visits 5 Telemanagement n=156; -0-57 (-0-83 to -0-30; p<0-00001) 89 Electronic telemanagement reduced the number of
per patient) directed open-access clinic visits per year patient
(control) n=386
Rohde et al (2021)*—hospital 19 1176 Effect size d=0-78 (0-24 to 1-33) 8856 Moderate effects on reducing the number of IBD
visits patient visits to the clinic or hospital relative to
control
Kuriakose Kuzhiyanja et al Meta-analysis not possible
(2023
Outpatient visits 6 984 RR 0-85 (0-78 to 0-93; p=0-0003) 22 Considerably fewer clinic visits in the e-health
intervention group than those under standard care
Emergency visits 5 931 RR 0-70 (0-51 to 0-95; p=0-02) 0 Considerably fewer emergency visits in the e-health
intervention group than those under standard care
Hospitalisations 4 767 RR 0-82 (0-52 to 1-29; p=0-38) 0 No difference in IBD-related hospitalisations between
the e-health intervention group and the group
managed with standard care
Medication adherence
Pang et al (2022)*°— 5 1169 0-11 (-0-09 to 0-30; p=0-27); 19; 88 No significant difference between telemedicine and
compliance score relative risk 1-29 (0-77 to 2-17; p=0-33) standard of care
Gordon et al (2022)** 19 Web-based disease MD 0-24 (0-01 to 0-47) Certainty: Web-based disease monitoring probably leads to
monitoring n=340; moderate slightly higher medication adherence than that under
usual care n=331 usual care
Rohde et al (2021)*3 19 1072 Effect size Cohen’sd 0-17 (0-04t0 0-31) 0O Small effect on increased medication adherence
relative to control
IBD knowledge
Kuriakose Kuzhiyanja et al 2 890 0-23 (0-10 to 0-36; p=0-0008) 0 Increased IBD knowledge in the e-health intervention

(2023

group
(Table 3 continues on next page)
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Number Number of
of RCTs  participants

Effect size and results,
SMD (95% CI; p value)

Heterogeneity, > Comment or conclusions

(Continued from previous page)
Self efficacy

Kuriakose Kuzhiyanja et al 2 893
(2023
IBD-related surgery

Kuriakose Kuzhiyanja et al 2 714
(2023

Endoscopic procedures

Kuriakose Kuzhiyanja et al 3 565
(2023

Corticosteroid use

Kuriakose Kuzhiyanja et al 2 366
(2023

-0-09 (-0-22 to -0-05; p=0-21) 0

standard care
RR 0-87 (0-44 to 1.72; p=0-68) 0

standard care
RR 1-00 (0-77 to 1-31; p=0-98) 0

standard care
RR 0-97 (0-47 to 1-98; p=0-93) 0

standard care

No difference between e-health intervention and

No difference between e-health intervention and

No difference between e-health intervention and

No difference between e-health intervention and

I'=heterogeneity (values of 0-40%: might not be important; 30-60%: might represent moderate heterogeneity; 50-90%: might represent substantial heterogeneity; and 75-100%: considerable heterogeneity).
IBD=inflammatory bowel disease. MD=mean difference. NA=not applicable. OR=o0dds ratio. QoL=quality of life. RCT=randomised controlled trial. RR=relative risk. SMD=standardised mean difference.

Table 3: Summary of findings

treatment adherence. Two of the three paediatric studies
reported lower costs for DHT compared with usual care as
face-to-face encounters.**

The summary of findings table (table 3) suggests that
digital technology interventions do not significantly influ-
ence disease activity or clinical remission but might reduce
outpatient and hospital visits and improve medication
adherence and QoL.

Most of the systematic reviews without meta-analyses
listed in the panel and appendix (pp 5-7) included non-
RCTs, which explains why a meta-analysis could not be
performed. Although such studies offer valuable insights
into the nature of the intervention, they are too biased to
draw any conclusions about the effect of the intervention.
Therefore, we focused on RCTs within the systematic
reviews to gauge the effects.

Key observations include that the systematic review by
Knowles and Mikocka-Walus? (Q=critically low) included
three RCTs but did not reveal consistent benefits, with more
negative than positive findings reported. Helsel and col-
leagues® (Q=critically low) included two RCTs showing
benefits for disease activity and fewer hospital visits but
conflicting QoL outcomes; one RCT showed improvement
in disease-specific and general QoL,* whereas the other
reported no differences.® The effect of interventions on
medication adherence appeared more promising in paedi-
atric populations than in adult populations but was not
sustained beyond 20 weeks. Two of three RCTs in the sys-
tematic review by Gohil and colleagues” (Q=critically low)
reported benefits for medication adherence. In contrast,
Nguyen and colleagues* (Q=critically low) summarised the
findings of all RCTs and suggested a possible decrease in the
overall health-care utilisation, mainly hospital visits and
health-care costs, but no effect on IBD-related disease
activity, QoL, or treatment adherence. The review by
Nguyen and colleagues* offers valuable insights into the
limitations of interpreting findings from many studies,
wherein the risk of bias tool was applied to each study

www.thelancet.com/digital-health Vol 7 May 2025

included:* of 14 studies, only three trials met all five criteria
for low risk of bias;*”*** most trials carried concerns and a
high risk of bias affecting the conclusions that can be con-
fidently drawn for most outcomes.>**7## The certainty of
evidence for each outcome was assessed using the GRADE
framework.? In the overall GRADE assessment, the effect of
interventions was either of low or very low certainty. None of
the reviews reported on the potential harms of DHT, and
this outcome was not mentioned in any of the included
studies.

Discussion
In this umbrella review, we evaluated the effect of digital
technologies on IBD care and patient outcomes. While
digital technology contributes to reduced IBD-related
hospital visits, data from multiple RCTs and systematic
reviews show no superiority in achieving or maintaining
IBD remission. Methodological limitations in existing RCT's
and systematic reviews present an opportunity for future
research to re-examine the questions with stronger evidence.

The main limitations of the systematic reviews analysed in
our umbrella review include heterogeneity in clinical
domains and patient populations; variability in intervention
types, frequency, and duration; and inconsistencies in
measurement metrics, which hindered meta-analyses and
quantitative assessments of the effect of digital technology
in this context. A high risk of reporting bias due to the
absence of blinding across all studies, reliance on patient-
reported outcomes subject to recall bias, small sample
sizes affected by attrition, and short follow-up durations that
could underestimate the long-term effectiveness of digital
technology were also noted. Additionally, most studies did
not account for social and demographic factors, including
ethnicity, language, digital access, and literacy, which could
influence the use of digital technology.

We, therefore, recommend that future RCTs assess
standardised interventions by defining types, frequency,
and duration; incorporate long-term follow-up (ideally at
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Panel: Summary of findings for systematic reviews that did not include a meta-analysis

Knowles and Mikocka-Walus (2014)>

Assessed an internet-based e-health technology to promote physical and psychological wellbeing.
Suggested e-health is a promising tool for disease management.
Three RCTs measured different outcomes and reported conflicting findings.

Helsel et al (2018)2°

Assessed telemedicine and mobile health technology in managing disease activity, symptom monitoring, compliance to treatment
protocols, and communication between patients and providers.

The results from IBD studies suggest high medication adherence and good patient satisfaction. However, results on disease activity
and QoL are conflicting.

Conclusions cannot be drawn due to different outcome measures and timepoints used to compare outcomes before and after
intervention vs standard care.

Gohil et al (2022)*

Assessed interventions to enhance medication adherence and their effectiveness in enhancing care.

Digital technologies led to improvement in medication adherence.

Conclusions cannot be drawn due to the poor quality of the studies included and the absence of statistical data (only one study met all
five MMAT criteria).

Nguyen et al (2021)*

Assessed digital health technologies for clinical management and monitoring and reporting the effect on IBD activity, treatment
adherence, Qol, health-care utilisation, and cost-effectiveness.

The review found mixed results from highly heterogeneous studies.

Although the review summarises the possibility of digital interventions to improve outcomes, the majority of studies did not show

clear benefits.

« All the included studies used a web-based or mobile phone-based tool to monitor adherence or remission rates.

+ The effect on disease activity was examined in ten of 14 studies (comprising 1301 of 2637 patients) in this review and no statistical
difference was observed between the control and intervention groups for improving disease activity.

« QoL interventions and cost-effectiveness measures were approximately 30-40% effective.

+ Medication adherence was improved in four of seven studies.

+ Overall, digital interventions showed inconsistent utility across all measured areas. Medication adherence showed the most success

but was assessed in the fewest studies.

IBD=inflammatory bowel disease. MMAT=mix methods appraisal tool. QoL=quality of life. RCT=randomised controlled trial.

least 2 years) to evaluate sustained effectiveness; ensure
adequate sample sizes to mitigate attrition rates; and
implement randomisation strategies that can minimise
social and demographic factors, including access to digital
technologies. Moreover, establishing a defined set of
relevant outcomes would enhance consistency across
future RCTs, including measures such as disease activity,
clinical steroid-free remission, unplanned hospital or
clinic attendances due to IBD relapse, IBD-related QoL,
medication adherence, and patient satisfaction.

On the basis of the preliminary evidence available,
future research should focus on assessing non-inferiority
rather than the superiority of digital technology com-
pared with that of standard care. Despite intrinsic study
limitations, findings from RCTs to date support the role of
digital technology as an adjunct to standard care. While
emerging technologies are increasingly integrated into
real-world IBD management, current evidence primarily
describes their role in complementing and, in some cases,
improving standard clinical care. However, existing trials

have not provided evidence of a direct benefit of digital
technology in achieving or maintaining clinical remission.
Nevertheless, improving study designs is essential to improve
validation and generate high-quality evidence in this field.

In this regard, a James Lind Alliance Priority Setting
Partnership on DHT for children and young people with
IBD, conducted in the UK between 2021 and 2023, helped to
identify 18 priority areas for future research, including
access to health information, disease education, emotional
support, notification of results, communication with health-
care professionals, transition of care, disease monitoring,
and real-world research.*

Until new trials address the priorities, digital technology
and telemedicine should be regarded as important adjuncts
to standard clinical practice. Future research will help to
identify the patient populations that might derive the
greatest benefit from digital technology and telemedicine,
facilitating tailored health-care strategies.

Collectively, this umbrella review provides up-to-date,
evidence-based recommendations on the use of digital
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technology in IBD care while also acknowledging the
strengths and limitations of the analysis. Strengths include
the application of a rigorous and reliable methodology,
including clear definitions of digital technology, well-
defined inclusion and exclusion criteria for literature
selection, systematic data extraction, quantitative study
assessment, and quality appraisal of the included systematic
reviews. Limitations include the exclusion of studies not
published in English and those published before 2012. The
intrinsic limitations of the included RCTs and systematic
reviews influence the strength of the available evidence and
the key conclusions of this work, particularly regarding the
lack of observed superiority of digital technologies in indu-
cing and maintaining IBD remission. However, the limi-
tations do not compromise the methodological rigour of this
umbrella review or its ability to synthesise existing evidence
objectively and provide meaningful recommendations for
future research.

In summary, while our umbrella review offers evidence to
support the use of DHT to reduce IBD-related hospital
visits, it does not show significant or consistent benefits of
using DHT for disease activity, QoL, and medication
adherence. Additionally, the evidence in children is insuf-
ficient to draw definitive conclusions. The quality of the
included systematic reviews (AMSTAR-2)” was high
(no critical or minor flaws) for four systematic reviews?*-222*
and critically low (more than one critical flaw) for the fifth
review that included a meta-analysis.* However, the main
limitation is the inability to recognise the complexity of
DHT as an intervention, with few studies in the systematic
reviews offering sufficient detail to allow a better
understanding of how the effects of interventions are
mediated across different settings and contexts, key
components, and underlying mechanisms.

Further research in this field might be best served via
three approaches. First, the MRC-NIHR framework should
be applied for complex interventions in health care for
future studies on digital technology. The framework guides
researchers to design and conduct research under five
core elements—context, programme theory, stakeholder
engagement, key uncertainties, intervention refinement,
and economic consideration. By applying the framework,
researchers are encouraged to address a broader range of
questions that extend beyond whether an intervention
works to consider the broader impacts, value relative to
resources, mechanisms of change, and real-world decision-
making support. Such an approach will help to generate new
insights into the processes and mechanisms by which
digital technology might improve health care and select
more relevant outcomes.” Second, further RCTs on the
role of digital technology in managing children with IBD
(and any further studies on adults) should include an
appropriate follow-up duration and more detailed descrip-
tions of the digital technology interventions, alongside
capturing outcomes that might be more relevant and
tailored to digital interventions than to standard care. Third,
the recognition of digital technology should be changed

www.thelancet.com/digital-health Vol 7 May 2025

Search strategy and selection criteria

Relevant publications from January, 2012, to December, 2022 were identified through
searches across the following databases: PubMed and MEDLINE via Ovid, Embase via Ovid,
The Cochrane Library and PROSPERO, CINAHL via Ovid and EBSCO, PsycINFO via Ovid,
Epistemonikos, Health Evidence, and DoPHER. The timeframe starting in 2012 was selected
to align with the period of increasing adoption of digital technologies. The Allied and
Complementary Medicine database was excluded, as IBD is not a subject area covered by the
database. Moreover, relevant clinical IBD-related guidelines published from January, 2012 to
January, 2024 were reviewed to identify additional clinically important studies. The
guidelines included were those from the British Society of Paediatric Gastroenterology,
Hepatology and Nutrition the British Society of Gastroenterology, the European Society of
Pediatric Gastroenterology, Hepatology and Nutrition, and the European Crohn’s and
Colitis Organisation. A search strategy incorporating keywords, Medical Subject

Headings terms, and text words was developed and applied in combination (details in
appendix pp 10-21). A repeat search conducted in September, 2023, identified an additional
systematic review. A subsequent re-run on Sept 25, 2024, which incorporated CINAHL via
EBSCO (appendix pp 18-21), did not yield any additional studies. The search was restricted to
English-language articles. Systematic reviews and meta-analyses were included.

from an intervention into a tool designed to capture
outcomes from other interventions. As a tool to capture
outcomes, digital technology offers researchers access to
long-term outcomes of IBD progression that are difficult to
capture in traditional RCTS, as highlighted in the STRIDE*
and SPIRIT* consensus frameworks. Digital technology as
atool relies on patient participation and so it is imperative to
educate them on how to use digital technology to monitor
disease progression with different therapies.

Several digital technologies are in use in clinical practice,
and clinicians should recognise that few digital technologies
are supported by robust evidence showing improved
IBD-related outcomes. Despite the limited evidence, the use
of digital technologies will likely increase, particularly with
the integration of artificial intelligence. Although no repor-
ted adverse effects associated with digital technology use in
IBD care have been identified, potential risks related to
accessibility, data privacy, and clinical decision making
warrant further investigation. The role of digital technologies
for IBD will ultimately depend on the balance between known
and studied benefits and unknown risks.

Clinicians should recognise the dual role of digital
technologies: their complexity as an intervention and
simplicity as a tool for data collection. As a tool, digital
technology captures data through patient engagement and
participation and supports the study of therapeutic out-
comes, particularly as treatment targets continue to evolve
and become more stringent.
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