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Abstract

Background & Aims: Digital health technologies may be useful tools in the management
of chronic diseases. We performed a systematic review of digital health interventions in the
management of patients with inflammatory bowel diseases (IBD) and evaluated its impact on
1) disease activity monitoring, 2) treatment adherence, 3) quality of life measures, and/or 4)
healthcare utilization.

Methods: Through a systematic review of multiple databases through August 31, 2020, we
identified randomized controlled trials (RCTSs) in patients with IBD comparing digital health
technologies vs. standard-of-care for clinical management and monitoring, and reporting impact
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on IBD disease activity, treatment adherence, quality of life, and/or healthcare utilization or
cost-effectiveness. We performed critical qualitative synthesis of the evidence supporting digital
health interventions in patients with IBD, and rated certainty of evidence using GRADE.

Results: Overall, 14 RCTs were included (median, 98 patients; range, 34—-909 patients; follow-
up <12 months) and compared web-based interventions, mobile applications, and different
telemedicine platforms to standard-of-care clinic-based encounters. Though overall disease
activity and risk of relapse was comparable between digital health technologies and standard-of-
care (very low certainty of evidence), digital health interventions were associated with lower
rate of healthcare utilization and health care costs (low certainty of evidence). Digital health
interventions did not significantly improve patients’ quality of life and treatment adherence
compared with standard-of-care (very low certainty of evidence). Trials may have intrinsic
selection bias due to nature of digital interventions.

Conclusions: Digital health technologies may be effective in decreasing healthcare utilization
and costs, though may not offer advantage in reducing risk of relapse, quality of life and
improving treatment adherence in patients with IBD. These techniques may offer value-based
care for population health management.
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INTRODUCTION

Inflammatory bowel diseases (IBD) are lifelong conditions associated with significant
morbidity, high burden of healthcare utilization, decrease worked productivity and disability.
(1, 2) Care for IBD is chronic, complex and associated with significant healthcare costs. In
the United States, annual US healthcare spending on IBD has increased from $6.4 billion

in 1996 to $25.4 billion in 2016, corresponding to a per patient increase in spending from
$5714 to $14,033.(3) Approximately, 56% of total healthcare spending is attributed to
inpatient and emergency department visits while pharmaceutical costs accounted for 20%.
Given the chronic and unpredictable nature of IBD with high frequency of unplanned
healthcare utilization and increasing use of expensive, targeted, and disease-modifying
therapies, population health management strategies, which involve coordination of care at a
population level to improve outcomes and effectively manage clinical and financial risks, are
important for effective and efficient care management.(4) Traditional structured clinic-based
encounters where providers and patients have limited time and resources are frequently
episodic and reactive with significant variability in quality of care, whereas effective
population health management requires proactive, planned, and individualized long-term
chronic care management.(5-8) Digital health technologies can overcome the physical and
time limitations of traditional face-to-face encounters through remote monitoring of disease
activity, increasing access to healthcare providers via mobile technologies, and enhance
patient participation through individualized alerts and action plans.(8)

With the rapid technological advances, digital health tools and telemedicine (defined as
diagnosis, treatment and monitoring of disease by means of the internet, mobile phone
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applications and wearable devices) can potentially provide an opportunity for high-value
care, by improving efficiency in healthcare delivery.(9) Multiple trials on the development
and implementation of multi-dimensional digital health technologies and telemedicine have
variably impacted clinical outcomes, remote disease monitoring, IBD-related quality of life
(QoL) and healthcare utilization.(10, 11)

Hence, to evaluate components and impact of digital health interventions on key clinical and
healthcare-related outcomes compared to standard-of-care (SoC), we performed a systemic
review of randomized controlled trials (RCTs) on digital health technologies in patients with
IBD.

MATERIALS AND METHODS

We performed this systematic review according to the guidelines as prescribed by the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Supplementary Appendix, PRISMA checklist), and the process followed an a priori
established protocol.

Selection criteria

We included RCTs in (A) adult and/or pediatric patients with IBD, comparing (B) digital
health interventions (e.g., web-based, telemedicine, mobile telephone applications) with (C)
SoC clinical management, and (D) evaluating the impact of these interventions on clinical
outcomes, QoL measures, disease monitoring, treatment adherence, and/or healthcare
utilization. We excluded non-randomized studies and single-arm, pre-post cohort studies.

Search strategy

We performed a systematic review from inception to August 31, 2020 using a structured
systematic literature search of multiple electronic databases: MEDLINE (PubMed),
EMBASE, and Cochrane Library, without any language restrictions. The search strategy
involved combining controlled vocabulary with keywords and MeSH terms for telemedicine
(which includes mobile health, mHealth, telehealth, eHealth) combined with inflammatory
bowel diseases (Supplementary Appendix, search strategy). Two authors (IM, SS)
independently reviewed the title and abstract of studies identified in the search to exclude
studies that did not meet the inclusion criteria as set forth a priorito address the

research question of interest. After reviewing the title and abstracts of potential studies, we
examined the remaining articles’ full text to determine whether the study included relevant
information. Next, the bibliographies of selected articles and review articles on the topic
were manually searched for additional inclusion in our systematic review. Lastly, a manual
search of conference proceedings of major gastroenterology conferences between 2016—
2020 (Digestive Diseases Week, American College of Gastroenterology annual meeting,
Crohn’s and Colitis Congress, European Crohn’s and Colitis Organization annual meeting)
was reviewed to identify additional studies published only in abstract form. Disagreements
regarding inclusion/exclusion of studies were resolved by a third author (NHN).
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Data extraction

We used a standardized case report form to collect data on the following: 1) study
characteristics: primary author and time period of study or year of publication, location

of the population studied, patient population (adults or children), single or multicenter,
number of groups in the trials, number of study participants, and attrition rates (defined

as the number patients either lost to follow-up, dropped out of the study, and/or did

not follow study protocol); 2) patient characteristics: IBD subtype, age, proportion of
males, proportion of smokers, proportion with CD, disease duration, medications at time

of enrollment; 3) digital health technologies: telemedicine, web-based, mobile applications,
including specific patient- and provider-facing components of interventions; and 4) outcome
measurements collected and organized by themes: disease activity indices, QoL measures,
treatment adherence, healthcare utilization (e.g., hospitalizations, surgeries, emergency
room (ER) visits, office visits, procedures, telephone encounters) and cost-effectiveness.
Additionally, we sought to describe the components of digital health interventions, and
their relative impact on clinical outcomes, by the phase of care (pre-visit planning, pre-

and post-medication administration), whether digital health intervention was administered
to supplement or replace SoC face-to-face encounters, active or passive engagement of
healthcare providers, and focus of the interventions (patient- or provider-centered).

Quality assessment of included studies

We evaluated the studies for risk of bias using Version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2).(12) RoB2 includes domains of bias focusing on different
aspects of trial design, conduct, and reporting with a series of signaling questions within
each domain aimed at evaluating the salient features of the trial that may be at risk of
bias. Based on answers to the signaling questions, a judgement can be rendered as ‘Low’
or “High’ risk of bias or ‘Some concerns.” Guidance on the use of this tool and additional
information can be found elsewhere.(12)

Synthesis and analysis of included studies

Since the studies included multi-dimensional interventions, different measurement tools to
evaluate a range of clinical outcomes, we opted to synthesize the evidence qualitatively,
and refrained from performing a meta-analysis. We summarized findings by themes and

in the context of a common clinical outcome (e.g., monitoring/assessing disease activity,
evaluating QoL, treatment adherence, and healthcare utilization). We reported certainty of
evidence using the GRADE (Grading of Recommendations Assessment, Development and
Evaluation) approach.

We also summarized findings by the type of digital health interventions — web-based

(e.g., secure messaging using web portal), patient portal, bidirectional communication

using mobile technologies (e.g., secure text messaging, applications for self-reporting of
symptoms), and/or combination. Where data was available, we attempted to qualitatively
evaluate the influence of the intensity/frequency and workflow of digital health technologies
on the intended outcomes.
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Based on our search strategy, we obtained 1015 articles for screening. After applying our
inclusion and exclusion criteria, a total of 14 RCTs were included in this systematic review.
(11, 13-25) Figure 1 details the study selection flowsheet. Table 1 provides an overview of
the studies included in the review, and Supplementary Table 1 details intervention, outcomes
and measurement tools in these studies. From the fourteen studies, five studies were based
in the United States while the rest were in Europe.(16, 17, 21, 24, 25). Five studies included
children or adolescents only.(13-15, 20, 24). Most studies had follow-up periods of 12
months or less.(11, 13, 16-25). The control arm in all studies were patients who received
standard of care, traditional healthcare delivery systems as prevalent at the time and place in
which the studies were conducted.

Characteristics of the patients included in the studies are described in detail in
Supplementary Table 2 and include demographics data, disease phenotype, and concurrent
medications at the time of enrolment. There was limited description of social determinants
of health, including health literacy, affordability and access to care of study participants

in the included trials, and whether the intervention was tailored to be culturally sensitive.

In Tables 2-5, studies are organized by themes to allow for qualitative assessments of

the impact of digital health technologies on specific domains of patient care. None of

the RCTs blinded patients or investigators. All patients were recruited in the ambulatory
setting. Median sample size was 98 patients (range, 34 to 909 patients), with relatively short
follow-up period (most studies had follow-up between 6 and 12 months). High attrition
was noted across all studies, ranging from 8% to 40%. Five studies were deemed to be at
high-risk of bias due to significant methodologic flaws across multiple domains.(13-15, 21,
22) Figure 2 details the risk of bias assessment for each study.

Impact of digital health interventions on disease activity

Ten studies evaluated the impact of digital health interventions on disease activity and
focused on web-based interventions, smartphone applications, and telemedicine to monitor
patients’ disease activity level; five studies focused on children or adolescents only (Table
2).(13-20, 23, 24) All ten studies relied on symptom-based indices for evaluating disease
activity. For adults with Crohn’s disease, the most commonly used disease activity index
was the Harvey Bradshaw Index (HBI), and for children was the Pediatric Crohn’s Disease
Activity Index (PCDAL). In patients with ulcerative colitis, studies with adults relied on
Simple Clinical Colitis Activity Index (SCCAI), Seo Index, or Partial Mayo score, while
studies in children relied on Pediatric Ulcerative Colitis Index (PUCALI).

In the largest RCT of web-based intervention, Elkjaer and colleagues randomized a total of
333 patients (233 patients in Denmark and 100 patients in Ireland) with mild-to-moderate
UC, treated with aminosalicylates (5-ASAs), to ‘Constant-care’ (patients were asked to
recognize signs of relapse and log onto the website and record daily disease activity score
until they entered the green zone, considered as quiescent disease), or SoC.(19) Overall,
the authors did not observe any significant differences in disease activity between the

two groups. In a secondary analysis, the authors observed numerically more frequent, but
significantly shorter duration of relapses in the intervention group compared to the SoC
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group [Denmark: median 18 days (95% CI, 10-21) vs 77 days (95% CI, 46-108), p<0.001;
Ireland: median 30 days (95% CI, 2-37) vs 70 days (95% ClI, 7-217), p<0.03]. Using the
same platform as ‘Constant-care’, Carlsen and colleagues evaluated the effectiveness of
web-based management vs. SoC in two cohorts: (1) monitoring disease activity in children/
adolescents with IBD (young.constant-care.com) who were not on biologic therapy (non-
biologic cohort), and (2) safety of personalizing infliximab therapy in patients receiving
infliximab (biologic cohort).(14, 15) They observed no significant differences in C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) between the two groups in the
non-biologic cohort. In the biologic cohort, patients in the intervention group could have
significantly longer intervals between infliximab doses without an increase in the risk of
developing clinically meaningful immunogenicity to infliximab, suggesting that web-based
monitoring of infliximab was safe. Del Hoyo and colleagues developed a web-based system
(Telemonitoring of Crohn’s Disease and Ulcerative Colitis — TECCU) to remotely monitor
patient self-reported symptoms using a mobile- and web-based platform while Heida used
a combination of email reminders, patient self-reported symptoms and a centralized website
to monitor patients.(18, 20) Neither study observed a significant difference in the proportion
of patients experiencing relapse between those randomized to digital health intervention vs.
So0C.(18, 20) In the only RCT of web-based management in the United States, Cross and
colleagues evaluated the impact of patients self-reporting symptoms to a web portal in 25
patients with UC (UC HAT) compared to “best available care” (BAC) for 12 months.(16)
The authors did not observe a significant difference in disease activity and proportion of
patients with clinical remission at the end of follow-up [60% of BAC and 68% of UC HAT
patients were in remission at baseline (p=0.56); at 12 months, 77% of BAC and 76% of

UC HAT patients were in remission (p=0.92)]. However, the intervention group had a 32%
attrition rate, which could have affected these results.

In a separate large, multicenter RCT of telemedicine in the United States of 348 patients
with IBD, Cross and colleagues randomized patients into two intervention groups (patients
received disease-activity-based text messages weekly (W) or every other week (EOW) in
addition to routine clinical care) or SoC and stratified by disease subtype.(17) While disease
activity scores decreased and clinical remission rates increased from baseline to the end

of follow-up for all groups, there were no significant differences among the three groups
(CD patients: remission rates at baseline were 54%, 60% and 61% and increased to 64%,
61%, and 70% in the control, EOW, and W groups, respectively; UC patients: remission
rates at baseline were 54%, 60%, and 61% and increased to 82%, 78%, and 67% in the
control, EOW, and W groups, respectively). The intervention group that received weekly
text messages had the highest attrition rate (19%) at the end of follow-up compared to the
every-other-week (14%) and control (9%) groups. In a similar telemedicine study but in

51 children with IBD, Miloh and colleagues evaluated the effectiveness of interactive text
messaging, in addition to SoC, to SoC alone and did not observe a significant difference

in changes in disease activity between the two groups though both groups had high

attrition rates (27% and 29% in the intervention and control, respectively).(24) Akobeng and
colleagues attempted to evaluate the effectiveness of replacing clinic visits with telephone
consultation in a group of 86 children/adolescents from the United Kingdom and assessed
disease activity as a secondary outcome measure.(13) The authors did not find a significant
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difference in the frequency of relapses between the intervention group and SoC group
though the number of respondents were very low (4 and 1 participants in the control and
intervention group) to draw meaningful conclusions.

Using IBD-specific mobile applications (IBDsmart and IBDoc), McCombie and colleagues
performed a non-inferiority RCT in 199 IBD patients and compared a mobile and web-based
intervention to standard of care and evaluated disease activity as a secondary outcome.(23)
At the end of 12 months of follow-up, the intervention group met its noninferiority outcome
of no significant difference in symptom score compared to SoC.

Overall, there were no significant differences in different digital health technologies in
impacting disease activity compared to SoC; however, the findings of these studies were
limited by the small sample size, short duration of follow-up and evaluated disease activity
as a secondary outcome. Additionally, many digital health interventions directed towards
disease activity monitoring relied on patients self-reporting of their symptoms without
accompanying objective markers of disease activity, such as biochemical and endoscopic
data. Furthermore, the high attrition rates suggest difficulty with patient engagement, which
may have affected the results of these studies. Overall, the benefit of using digital health
interventions over standard of care for improving disease activity in patients with IBD is
uncertain (very low certainty of evidence: evidence rated down for serious risk of bias,
inconsistency and imprecision).

Impact of digital health interventions on quality of life

Eleven studies evaluated the impact of digital health technologies on IBD-related QoL
(Table 3).(11, 13-20, 23, 25) QoL was measured using: IBD questionnaire, short IBDQ
(SIBDQ), IBDQ-9, IBDQShort-Form 36/12 (SF-36 and SF-12), and Pediatric IBD-specific
IMPACT-III.

In a large RCT of telemedicine in 348 adult patients with IBD in the United States, Cross
and colleagues evaluated the impact of telemedicine on IBD-related QoL. They observed
no significant difference in the QoL in patients receiving weekly vs. every other week

text tailored messages vs. SoC; however, patients receiving text messages every other

week had longitudinal improvement in QoL.(17) Using the same cohort but focusing on
depressive symptoms and generic QoL, Schliep and colleagues did not observe a significant
improvement in QoL in the intervention group compared to controls.(25) In two large
multicenter RCTs of adult patients with IBD conducted in Europe, De Jong and colleagues
observed a trend with improved QoL scores for patients enrolled in the intervention group
(mylIBDcoach) compared to SoC, while Elkjaer and colleagues only noted a significant
improvement in QoL scores for the intervention group (Constant-care) in Denmark but

not in Ireland compared to controls.(11, 19) In a smaller study of adult IBD patients in
Spain, Del Hoyo and colleagues did not observe a significant difference in QoL between
intervention group and control groups.(19) In four studies of web-based interventions in
children/adolescents, there were no significant differences in improvement of QoL between
the intervention and SoC groups.(14-16, 20)
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In a non-inferiority RCT of mobile-based technology (mobile applications, IBDsmart and
IBDoc) in adults with IBD in New Zealand by McCombie and colleagues, the intervention
group met its primary endpoint of noninferiority to SoC with respect to QoL scores and
symptoms after 12 months of follow-up suggesting that mobile-based technology could
potentially replace face-to-face care.(23) In a separate study in children with IBD in the
United Kingdom, Akobeng and colleagues enrolled patients into telephone encounter visits
only compared to in-person clinic visits and did not notice worsening of QoL scores in the
intervention group compared to the control.(13)

Overall, digital health interventions were not more effective than SoC in improving QoL and
this was consistent across different countries and patient populations (children, adolescents,
and adults). A potential limitation of this finding is the short follow-up time in these studies,
which could have affected the adoption of these technologies. Overall, the benefit of using
digital health interventions over standard of care for improving quality of life in patients
with IBD is uncertain (very low certainty of evidence: evidence rated down for serious risk
of bias, inconsistency and imprecision).

Impact of digital health interventions on healthcare utilization and cost-effectiveness

Ten studies evaluated the impact of digital health technologies on healthcare utilization and
cost-effectiveness with many of the studies evaluating these outcomes as secondary aims
(Table 4).(11, 13, 15, 17-21, 23, 24) Outcomes that were measured included proportion of
hospitalizations, surgeries, emergency room visits, office visits, procedures, treatment with
intravenous medications or corticosteroid use, and/or telephone/electronic encounters.

Two large studies, Cross and colleagues in the United States and De Jong and colleagues

in Europe, demonstrated the positive impact of telemedicine and web-based interventions in
reducing hospitalizations in adult patients with IBD compared to SoC.(11, 17) Four studies
reported significantly lower number of outpatient visits/encounters in patients who received
digital health interventions, without accompanying increase in disease-related complications
(such as flares or hospitalizations) compared to SoC.(15, 18, 20, 23) In three studies that
evaluated healthcare-related costs between digital health technologies and SoC, the authors
found that there was significant cost savings with web-based interventions or replacing
face-to-face clinic visits with telephone consultations.(13, 19, 20) One study demonstrated
that the duration of appointment visit and wait time was not significantly different in patients
who received remote telemedicine encounter with an IBD specialist compared to routine
face-to-face standard encounter.(21)

No reduction in the proportion of surgeries, emergency room visits, procedures, or treatment
with intravenous medications or corticosteroid use were associated with digital health
technologies in the studies that reported these outcomes. However, a significant limitation
of these studies is that the authors did not evaluate individual components of healthcare
utilization such as IBD-related hospitalization, IBD-related surgeries, corticosteroid use,
etc., so the studies were significantly underpowered to detect potential differences. Overall,
digital health interventions may decrease overall healthcare resource utilization, primarily
related to decreasing outpatient visits in patients with IBD (low certainty of evidence:
evidence rated down for risk of bias, imprecision). The benefit of using digital health
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interventions over standard of care for decreasing unplanned healthcare utilization such as
hospitalization or emergency department visits in patients with IBD is uncertain (very low
certainty of evidence: evidence rated down for risk of bias, inconsistency and imprecision).

Impact of digital health interventions on treatment adherence

Seven studies evaluated the impact of web-based interventions and mobile technologies in
evaluating treatment adherence (Table 5).(11, 15, 16, 18, 19, 22, 24) Studies used different
measurement tools to evaluate treatment adherence: Morisky Medication Adherence Score
(low adherence was defined as a score less than 6), Compliance Questionnaire, and Medical
Adherence Report Scale (MARS).

There were conflicting data on the impact of web-based technologies on treatment
adherence with smaller studies reporting no significant differences in treatment adherence in
patients enrolled in web-based interventions compared to standard care while larger studies
reported a significant difference. In a RCT in the United States, Cross and colleagues did
not observe a significant difference in medication adherence in 25 adults with UC who were
randomized to web-based intervention group (UCHAT) compared to SoC.(16) This finding
was also observed in two small studies conducted in Europe by Carlsen and colleagues
(young.constant-care.com) in 53 children and Del Hoyo and colleagues (TECCU) in 63
adults that evaluated the use of web-based technologies on medication adherence to SoC.
(15, 18) Meanwhile, two large multicenter RCTs on web-based intervention in Europe
conducted by De Jong (mylBDcoach; 905 adults) and Elkjaer (Constant-care; 485 adults)
observed significantly higher rates of treatment adherence in patients enrolled in a web-
based strategy compared to SoC.(11, 19). In two studies that evaluated mobile-based
technology on the impact of treatment adherence, the authors did not observe any significant
different in adherence at the end of follow-up. Linn and colleagues evaluated the effect of
weekly personalized text messages compared to SoC in 160 adult patients and did not find
a significant difference in treatment adherence at the end of six months, while Miloh and
colleagues evaluated the effect of two-way interactive text messaging compared to SoC in
51 children and did not find a significant difference in treatment adherence at the end of

12 months.(22, 24) Overall, digital health technologies appeared to be most beneficial if
they were web-based compared to mobile-based technologies though there were no trials
directly comparing these different modalities. Overall, the benefit of using digital health
interventions over standard of care for improving treatment adherecne in patients with IBD
is uncertain (very low certainty of evidence: evidence rated down for serious risk of bias,
inconsistency and imprecision).

Impact of digital health interventions on other outcomes

Eight studies evaluated outcomes on patient/parent satisfaction, work productivity and
activity of daily living, acceptability and usability of digital health technologies, self-
efficacy, school absence and knowledge base (Supplementary Table 3).(11, 13, 15, 18,

19, 21-23) Overall, patients, parents and providers were satisfied and willing to adopt
digital health technologies. There were mixed results with improvement of self-efficacy and
knowledge base though digital health interventions were not associated with worse scores in
these domains.
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DISCUSSION

Summary of evidence and key findings

In this systematic review of 14 RCTs comparing different digital health technologies vs.
SoC in patients with IBD, we made some key observations. Digital health technologies

did not result in lower rates of disease relapses compared to SoC. However, relapse rates
were comparable to patients who received routine face-to-face encounters suggesting that
digital health technologies may offer a safe and effective complimentary mechanism for
chronic care management. Digital health interventions were associated with lower burden
of healthcare utilization, primarily driven by lower rates of office visits, without any higher
risk of unplanned hospitalizations, emergency room visits, surgeries, and/or corticosteroid
use compared with SoC. Since IBD are chronic conditions, patients often require lifelong
therapy, which may make treatment adherence difficult, especially in children/adolescents
who may need supervision. Based on results from two large, multicenter RCTs in

Europe (myIBDcoach and Constant-Care), web-based technologies were associated with
significantly higher rates of treatment adherence compared to SoC.(11, 19) Furthermore,

in studies that evaluated the impact of digital health technologies on healthcare costs,

three studies demonstrated significant cost savings with web-based interventions or
telephone consultations compared to face-to-face clinic visits.(13, 19, 20) Overall, QoL and
satisfaction with the use of digital health technologies was comparable to SoC suggesting
that patients, parents of children/adolescents, and providers were willing to adopt digital
health technologies in routine clinical practice. Lastly, there were no negative outcomes
associated with the application and adoption of digital health technologies reported in any of
the studies included in this systematic review.

Our current findings suggest that digital health technologies may offer an opportunity to
replace or at least supplement SoC traditional face-to-face office visits, with potentially

a decline in healthcare utilization and costs without negative consequences on disease
activity, QoL and treatment adherence. In a systematic review of digital health technologies
in patients with viral hepatitis B or C, Haridy and colleagues evaluated 80 studies that
evaluated electronic medical record interventions, telemedicine, mobile health, devices,
clinical decision support, web-based, social media and electronic communication and found
that digital health technologies significantly increased screening rates for HCV and HBV
and not associated with worse virologic responses to treatment.(26)

Gaps in the literature and opportunities for future studies

An opportunity for research is the application of digital health technologies in community
and rural settings, since many of the studies included in our systematic review recruited
patients at tertiary referral centers which had expertise in managing patients with 1BD.
Application and adoption of digital health technologies may be beneficial in areas where
there is limited IBD experience. There was intrinsic selection bias for participants who
are savvy and have access of digital health tools in the included RCTs. Recruitment into
these trials was challenging with a significant proportion of eligible patients declining to
participate. Cross and colleagues reported several challenges in recruitment in their home
telemanagement trial related to difficulty in randomization and blinding and defining a
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“control group” who receive variable degree of “best available care”.(27) Several other
factors can contribute to low recruitment in clinical trials of IBD, with ongoing efforts to
improve trial design, processes and methodology to improve recruitment.(28-31) Whether
these interventions can be readily implemented and be similarly effective in a population
enriched in negative social determinants of health such as racioethnic minorities, low
literacy level, limited affordability, etc., is a major knowledge gap that merits future studies.
Additionally, digital health interventions, either as supplement or as a replacement to SoC,
may be beneficial in specific care settings in which patients are at high risk of unplanned
healthcare utilization: 1) offering post-discharge nurse-led telemedicine visits in lieu of
in-person clinic visit to improve patient engagement and identify patients at high-risk of
readmission, 2) remote monitoring of high-risk patients starting biologic therapy and/or
corticosteroids for severe disease, to identify early response to therapy, 3) preventative health
to ensure timely administration of vaccinations, and 4) multi-disciplinary collaboration
with other healthcare stakeholders (e.g., social worker, pharmacist, dietician, nurse case
managers, primary care physicians, and surgeons).

Many studies in our systematic review recruited patients who were not on biologic
therapies, immunosuppressants or corticosteroids which suggests that these patients had
predominantly mild-moderate disease. Therefore, the findings of our systematic review may
not be applicable to patients with moderate-severe disease. Furthermore, while some studies
attempted to randomize patients by disease severity and IBD subtype, future studies on
digital health interventions should adopt these randomization schemas to account for these
factors. As the field has evolved from non-specific, symptom-driven treatment goals to more
objective treat-to-targets such as endoscopic remission and/or normalization of biochemical
results (such as CRP or fecal calprotectin), future studies on the impact of digital health
interventions in disease monitoring should incorporate these newer targets, which are at less
risk of bias compared to symptom-drive targets, which have not been shown to correlate well
with disease activity.(32, 33)

While there were generally positive results associated with the use of digital health
technologies, adherence to these technologies was a concern as studies reported high rates
of attrition during follow-up in patients who received these interventions, which suggests
fatigability with long term use. Future studies on understanding the reasons for this attrition
would be crucial to the wide adoption of digital health interventions across various clinical
settings and different populations. With the advancement in digital health technologies and
the increased adoption of video visits during COVID-19 pandemic, studies should look

at the impact of combining different digital health technologies on patient engagement,
adherence as well as outcomes.

Due to the heterogeneous clinical domains, patient populations, and different measurement
metrics, we were unable to perform meta-analyses to quantitatively assess the impact of
eHealth technologies in IBD patients compared to standard-of-care. In the absence of
quantitative synthesis, statistical assessment of publication bias could not be assessed.
While we conducted a thorough systematic review of published studies, the possibility
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of reporting bias or file drawer bias (negative studies not being reported) cannot be ruled

out. Current RCTs of digital health interventions are at high risk of bias due to lack

of blinding across all studies which could have affected the treatment effect sizes, patient-
reported outcomes which are subject to recall bias, small sample sizes that were significantly
affected by attrition rates, and short follow-up durations which could have affected the

rate of adoption, and effectiveness, of digital health technologies. Additionally, social
determinants of health factors (such as ethnicity, language, digital access, and literacy) that
may influence implementation, adoption, and interpretability of digital health technologies
were not considered in these studies.

In summary, digital health interventions may offer advantages for value-based care and
population health management in patients with IBD by reducing healthcare utilization and
costs, though the studies so far have failed to see benefits over SoC in improving disease
activity, QoL and treatment adherence. Future studies addressing specific aspects of setting,
design or delivery of digital health interventions that may improve patient engagement,
efficiency of care and patient-centered outcomes are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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STUDY HIGHLIGHTS
WHAT IS KNOWN

. Traditional clinical encounters in patients with IBD are often reactive and
episodic, with significant variability in care.

. Digital health technologies may be promising for chronic care models.
WHAT IS NEW HERE

. Digital health technologies, including mobile applications, patient portals and
telemedicine, may lower burden of unplanned healthcare utilization and costs,
compared with traditional encounters in patients with IBD.

. These interventions may not be more effective than traditional encounters in
improving disease activity, quality of life or treatment adherence.

. Digital health technologies may be effective population health management
tools in patients with IBD.
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Electronic database search:
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from conference proceedings
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1015 Abstracts Reviewed
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v
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58 Full Texts Reviewed
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A 4
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* No primary data or duplicates — 21
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quantitative synthesis

Impact on disease
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Impact on quality of
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