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Abstract
Technological advances now permit self-management strategies using mobile applications which could greatly benefit patient
care. The purpose of this study was to investigate whether the use of the inflammatory bowel disease (IBD) digital health
monitoring platform, HealthPROMISE, leads to better quality of care and improved health outcomes in IBD patients. IBD
patients were recruited in gastroenterology clinics and asked to install the HealthPROMISE application onto their smartphones.
Patient satisfaction, quality of care, quality of life, patient symptoms, and resource utilization metrics were collected throughout
the study and sent directly to their healthcare teams. Patients with abnormal symptom/SIBDQ scores were flagged for their
physicians to follow up. After one-year, patient outcome metrics were compared to baseline values. Overall, out of 59 patients
enrolled in the study, 32 patients (54%) logged into the application at least once during the study period. The number of IBD-
related ER visits/hospitalizations in the year of use compared to the prior year demonstrated a significant decrease from 25% of
patients (8/32) to 3% (1/32) (p = 0.03). Patients also reported an increase in their understanding of the nature/causes of their
condition after using the application (p = 0.026). No significant changes were observed in the number of quality indicators met
(p = 0.67) or in SIBDQ scores (p = 0.48). Given the significant burden of IBD, there is a need to develop effective management
strategies. This study demonstrated that digital health monitoring platforms may aid in reducing the number of ER visits and
hospitalizations in IBD patients.
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Introduction

Inflammatory bowel disease (IBD) is comprised of Crohn’s
disease (CD) and ulcerative colitis (UC), which are conditions
involving chronic inflammation in the gastrointestinal tract
[1]. Patients with IBD may experience diarrhea, abdominal
pain, weight loss, bloody stools, and various extra-intestinal
manifestations. Further, IBD is often associated with mood
disorders, such as anxiety and depression, and may cause sig-
nificant emotional distress [2]. Patients with IBD consistently
report lower quality of life scores, higher rates of healthcare
use, and decreases in productivity [3, 4].

The exact etiology of IBD remains unknown, however, it is
speculated that genetically susceptible individuals may exhibit
abnormal immune responses to triggers that subsequently lead
to intestinal inflammation [5]. As a result, IBD is typically a
chronic, lifelong condition where patients fluctuate between re-
missions and relapses. Therefore, current treatments are largely
focused on symptom management and prevention of relapses.
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To avoid urgent care, hospitalizations, and surgery, proac-
tive care through ‘Treat to Target’ strategies aimed at the
normalization of a patient’s symptoms and inflammatory
markers are now considered best practice [6]. In spite of these
evidence-based recommendations, these strategies are diffi-
cult to implement in regular clinical practice where patients
are only seen every few months and ultimately leads to in-
creased variation in the standards of care for patients with IBD
[7]. Therefore, it is important for healthcare providers to pro-
vide patients with effective self-management strategies to
complement outpatient care.

With the rapid rise of smart phones, electronic health
(eHealth) monitoring platforms may be a promising medium
to achieve a ‘Treat to Target’ goal. eHealth involves the use of
technologies that facilitate health-related communication be-
tween patients and health care providers. It also provides pa-
tients with a means of tracking their medical information,
learning about their condition, and getting their questions an-
swered. A study by Wang et al found that patients who use
smartphone applications (apps) to monitor their medical con-
ditions felt more secure about their condition, participated in
their health more, and felt like they were well taken care of
outside of the clinical setting [8]. Further, the use of mobile
health applications has been associated with decreases in cost
and increases in convenience, productivity, and efficiency [9].

Studies investigating health monitoring platforms created for
other chronic diseases such diabetes, cardiovascular diseases,
asthma, and digestive diseases show promising improvements
in clinical outcomes in some but not all studies [10, 11].
Further, studies have noted that research for digestive disease-
specific applications are limited compared to other chronic dis-
eases and that the majority of applications suffer from a lack of
professional medical involvement [12]. Consequently, the evi-
dence supporting IBD-specific health monitoring platforms, par-
ticularly those that include medical involvement, is limited [13].

The purpose of this study was to investigate the effect of
implementing the IBD health monitoring platform,
HealthPROMISE, in clinical practice and to evaluate whether its
use leads to better quality of care and improved health outcomes.

Methods

HealthPROMISE health monitoring platform

HealthPROMISE is a cloud-based digital therapeutics and
IBD monitoring application developed within the Sinai
AppLab at the Icahn School of Medicine in Mount Sinai
(New York, NY) in conjunction with healthcare providers
treating IBD patients [14]. The application is now licensed
to Rx.Health (Rx.Health, Inc., New York, NY) and available
as part of American Gastroenterological Association Digital
Transformation Network.

HealthPROMISE was developed based on patient input
and designed to promote patient participation. Its creation
was guided by a study that found three parameters that char-
acterized the needs of IBD patients [15]. The investigators
noted that patients complained of a lack of information dis-
semination by their providers, struggles with the social im-
pacts of IBD, and called for a tool that facilitates symptom
monitoring with physician feedback to patient input. Through
the application, patients are able to track their symptoms, med-
ications, quality of life scores (measured by Short
Inflammatory Bowel Disease Questionnaire (SIBDQ), quality
of care scores (measured by IBD quality indicators developed
by the Canadian Association of Gastroenterology), visits with
physicians, emergency room (ER) visits, or hospitalizations.
They can then access their personal data through an individual
patient dashboard where they can view the details of their
different ePRO domains and their longitudinal trends
(Fig. 1). Their physicians are also able to keep track of the
data, suggest changes in lifestyle or treatment, or facilitate a
clinic visit. Further, the application also permits the flagging
of patients with suboptimal disease control, medication non-
adherence, or extra-intestinal complications which may re-
quire further attention.

Within the HIPAA compliant HealthPROMISE dashboard,
structured information and ePROs coming from the applica-
tion are uploaded in real-time. With the recent integration of
electronic health records, the dashboard now contains data
columns related to C-reactive protein, erythrocyte sedimenta-
tion rate, and recent medical visits, next to ePRO columns to
provide a 360-degree view of patients’ symptomology and
inflammatory markers in one snapshot (Fig. 2). During
COVID, we have also built in automation tools within the live
dashboard to efficiently manage entire populations at IBD
centres. A snapshot view of the application shows all the pa-
tients who are enrolled with alerts next to patients whose
thresholds for ePROs are exceeded. From this view, care
teams can select all patients with alerts and send them
an individual or “bulk” messages using text or a chat
feature with a link to an automated program for patients
to request in-person or video visits appointments (in-
stead of waiting on phone lines).

Study protocol

Participants were recruited from March 1, 2018 to September
30, 2018 at the gastroenterology clinics at McMaster
University Medical Centre (Hamilton, Ontario). Eligible pa-
tients were 18 years or older, diagnosed with IBD, and have
access to the application (via mobile phone, tablet, computer,
etc). Exclusion criteria included the inability to communicate
with investigators, comply with the study requirements, or the
presence of any condition that may make it difficult to use the
HealthPROMISE application, such as dementia.
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Once enrolled in the study, patients received a quick briefing of
HealthPROMISE, a walkthrough of the app, and access to a train-
ing video. Patients then completed a series of baseline question-
naires and were asked to fill out the symptom score indices in the

application once every 2weeks. The data enteredwasmade visible
through a secure online dashboard that is monitored by the
healthcare provider’s team, including the most responsible physi-
cian and a nurse practitioner. Follow up was completed after

*

Fig. 1 Individual patient view of the HealthPROMISE live dashboard showing details of all domains within ePROs (collected from the app) with
longitudinal trends (courtesy Rx.Health, All4IBD program)

Fig. 2 Population-level view of the HealthPROMISE live dashboard
with columns for ePROs (collected from the app), inflammatory
markers (collected from electronic health records) and alerting feature

(based on clinical logic and best practices). The care teams can sort
patients at highest risk and send them texts, chat links, or initiate video
visits from the dashboard itself (courtesy Rx.Health, All4IBD program)
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52 weeks and patients were asked to complete a series of end-of-
study questionnaires. Patients who were not completing study
questionnaires as expected were reminded monthly through a no-
tification from the app. Meanwhile, there is a physician dashboard
that sends periodic notifications to the healthcare team to remind
them to contact the patient and provide feedback on patient inputs.

Study instruments

A combination of quality indicators, symptom score in-
dices, and study questionnaires were used to evaluate
patients during this study.

Quality indicators

ACanadian Association of Gastroenterology consensus meet-
ing of gastroenterologists, surgeons, nurses, and patients iden-
tified forty-five quality indicators that IBD Centres of
Excellence in Canada should aspire to achieve [16]. The num-
ber of quality indicators met serves as a proxy for the quality
of care score of IBD patients. Patient-specific quality indica-
tors from this meeting were implemented into the Canadian
version of HealthPROMISE and can be found in the
Supplementary Material (Table S1). Patients were asked to
update their quality indicator checklist every 3 months.

Disease specific quality of life questionnaire and
symptom score indices

The Short Inflammatory Bowel Disease Questionnaire
(SIBDQ) is a validated tool for the measurement of health-
related quality of life in adult patients with IBD [17]. The
questionnaire is based on four domains: bowel symptoms,
emotional health, systemic systems, and social function.
Furthermore, patient reported outcome (PRO) scores were
used to monitor Crohn’s disease and ulcerative colitis activity.
For Crohn’s disease, patients were asked components of the
Harvey-Bradshaw Index including the severity of their ab-
dominal pain and the average number of liquid bowel move-
ments they’ve had in the past week [18]. Meanwhile, for ul-
cerative colitis, patients were asked components of the Mayo
score including their stool frequency and the presence of rectal
bleeding [19]. The SIBDQ and patient reported outcome
scores are fully integrated within the HealthPROMISE appli-
cation and patients are asked to complete them every 2 weeks.
Based on their bi-weekly responses, clinicians can identify
patients who are not in good control of their condition who
may need additional interventions or referrals. Patients were
also asked to complete a baseline SIBDQ and an end-of-study
SIBDQ at 52 weeks to determine overall quality of life im-
provements after HealthPROMISE use.

Patient satisfaction with care

To evaluate patient satisfaction, their perceptions regarding
their understanding of IBD, and their relationship with their
healthcare team, a satisfaction questionnaire was administered
at baseline and after 52 weeks of using HealthPROMISE. A
patient satisfaction questionnaire that was previously validated
for chronic disease management in an outpatient setting was
adapted for this study and can be found in the Supplementary
Material (Table S2) [20]. Responses were recorded on a five-
point Likert-type scale ranging from strongly disagree to
strongly agree for the endorsement of each statement.

Statistical analysis

All patient data were collected through their electronic health
records (EHRs), the HealthPROMISE dashboard, and study
questionnaires. Data were then analyzed using GraphPad
Prism (version 5.03, GraphPad Software, San Diego, CA,
USA) and SAS 9.4 (Cary, NC, USA). Comparisons of means,
such as the number of hospitalizations/ER visits prior to and
after 52 weeks of HealthPROMISE use, were analyzed with the
Student’s t test. SIBDQ and quality indicator scores were com-
pared using the Wilcoxon signed rank test given these were not
normally distributed. Meanwhile, patient satisfaction was di-
chotomized into patients satisfied with care versus those who
are not, and a comparison was made between the percentage of
patients satisfied prior and after the use of HealthPROMISE
using the chi-square test. Alpha was set to 0.05 and p-values
of <0.05 were considered statistically significant.

Ethics statement

This study was approved by the Hamilton Integrated Research
Ethics Board. Written informed consent was obtained from all
participants before enrolling in the study.

Results

Participants

A total of 59 patients were enrolled into the study. 32 (54%) of
these patients logged into the HealthPROMISE application at
least once over the 12-month follow up period (median 6
logins, range 1–52). Out of the 32 participants, 37.5% were
female (n = 12) with a median age of 28.5 years (Table 1).
From the 27 patients that did not use the application, the rea-
sons provided at the end of the study period included: techni-
cal difficulties (6), forgot their password (5), lost interest (5),
were too busy (4), felt their condition was adequately con-
trolled (2), and 5 patients did not respond. These patients were
excluded from the analysis.
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Quality indicators and health-related quality of life

Analysis of the PACE IBD quality indicators revealed that
there was no significant difference in the number of indicators
met after one year of HealthPROMISE use (median = 7.5,
IQR 3–10.75) compared to the year prior to use (median =
7.5, IQR 6.25–10.75) (p = 0.67).

Further, analysis of SIBDQ scores as a proxy measurement
for health-related quality of life and symptom control revealed
no significant difference in baseline scores (median = 21, IQR
17.5–43.5) compared to end-of-study scores (median = 22,
IQR 12.75–38.5) (p = 0.48).

Patient satisfaction

Patient satisfaction questionnaires administered at baseline
and after 1 year of using the HealthPROMISE platform re-
vealed a significant increase in the number of patients who
strongly agree or agree with the statement, “I am satisfied that
I understand the nature and causes of my health condition”
(74.2% versus 96.8%, p = 0.026) (Table 2). Satisfaction scores
regarding the relationship that patients have with their physi-
cians and patient knowledge of disease prevention/treatment
showed no significant differences after 1 year.

Hospitalizations and emergency room visits

Over the course of follow-up, 13 patients (40.6%) were called
by their healthcare team due to a high SIBDQ or partial
Harvey Bradshaw Index score indicating sub-optimal man-
agement of their disease. Meanwhile, 7 patients (21.9%) had
an expedited clinic visit scheduled to discuss their condition
and 8 patients (25%) had their management and treatment
plans changed to better control their condition. 1 patient
(3%) was sent to the hospital by their healthcare practitioner
as a result of symptoms consistent with a bowel obstruction.

Over the course of the study, there was 1 IBD-related
hospitalization/ER visit in the year of using HealthPROMISE
(3%) with a mean number of visits per patient of 0.03 (SD =
0.18). This is a significant decrease compared to the 8 IBD-
related hospitalizations/ER visits in the year prior to use of
HealthPROMISE (25%) with a mean number of visits per pa-
tient of 0.25 (SD = 0.51) (p = 0.03) (Fig. 3).

Discussion

Due to the nature of IBD, patients often require medication
adjustments or outpatient clinic visits, and have high
healthcare utilization rates [21]. Consequently, IBD strains
medical resources, leads to long wait lists for specialist care,
and may disproportionately affect individuals that have bar-
riers to care [22]. Therefore, patient engagement, with the
guidance of their healthcare team, may provide an effective
method to target key drivers of IBD flare-ups such as smoking
andmedication non-adherence [23]. Thus, this study sought to

Table 1 Patient demographics

Characteristics N =32

Age (years), median (IQR) 28.5 (22–38)

Sex, n (%)

Male
Female

20 (62.5)
12 (37.5)

Diagnosis, n (%)

Crohn’s disease
Ulcerative colitis

23 (71.9)
9 (28.1)

Smoking status, n (%)

Active smoker
Past smoker
Non-smoker

5 (15.6)
5 (15.6)
22 (68.8)

Table 2 Patient satisfaction at baseline and after 1 year of
HealthPROMISE use

Question Number of
patients who
strongly agreed or
agreed at baseline

Number of patients
who strongly agreed
or agreed after
1 year of
HealthPROMISE
use

p
value

I am satisfied with the
patient education at
McMaster
University Medical
Centre

30/31 29/31 1.0

I am satisfied that my
doctor told me
about my condition,
the treatment
options and how I
can stay healthy.

31/31 31/31 1.0

I am satisfied that I
understand the
nature and causes of
my health condition

23/31 30/31 0.026

I am satisfied that I
know the different
medical treatment
options available
for my health
condition

28/31 30/31 0.61

I am satisfied that I
know how to
prevent further
problems with my
health condition

23/31 28/31 0.18
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assess the impact of HealthPROMISE use on the quality of
life, quality of care, and healthcare utilization of IBD patients.

Notably, the significant decrease from a 25% to 3% yearly
ER/hospitalization rate after HealthPROMISE implementa-
tion represents a promising practical benefit of health moni-
toring applications (p = 0.03). This decrease is likely to be a
direct result of the interventions that were prompted by
concerning questionnaire scores on the application.
Therefore, the use of a secure provider dashboard allows the
team to be earlier informed and subsequently earlier address a
patient who may be deteriorating. These results directly sup-
port published literature that demonstrate a decrease in hospi-
talizations in heart failure patients and chronic obstructive
pulmonary disease (COPD) patients using mobile monitoring
technologies [24, 25]. Further, while booking clinic visits or
virtual visits to frequently follow-up with IBD patients regard-
less of their management status may be slow, ineffective, and
low yield, with a steady stream of patient information from the
application, physicians can quickly notice trends in symptom-
atology and effectively triage those who may need more ur-
gent care. Additionally, the application provides a medium for
both continuous and on-demand access to healthcare which is
advantageous compared to the sporadic nature of clinic visits
or virtual visits where patients may wait weeks to months for
care and may forget about the course and severity of their
symptoms. Further, where patients may pay out-of-pocket
for healthcare, digital health applications could provide a more
affordable and accessible means of communicating with their
healthcare team [26].

We did not note any significant differences in IBD quality
indicator or SIBDQ scores after HealthPROMISE implemen-
tation. These findings contribute to the mixed evidence of
eHealth in other chronic health conditions. Numerous system-
atic reviews of mobile health monitoring in diabetes mellitus,
cardiovascular disease, chronic lung disease, digestive dis-
eases, and IBD found that approximately half of all included
studies demonstrated statistically significant improvements in
clinical outcome measures [10, 11, 21]. In an interim analysis

of 320 IBD patients enrolled in a pragmatic randomized con-
trolled trial of the HealthPROMISE application, Atreja et al.
showed that the application led to significant improvement in
quality indicators (15% vs 34%, P < 0.05), however, they
found no improvements in quality of life scores [27]. Our
findings could be attributed to a variety of factors in addition
to differences in measurement and attribution. One consider-
ation is that a number of factors are one-time considerations,
for instance, having tuberculosis and hepatitis B screening
conducted prior to initiation of advanced IBD therapy.
Patients who started the study with tests already completed
in the past would continue to answer that these tests were done
throughout the study. Another factor would be that not all
quality indicators are relevant to all participants. For example,
the quality indicator encompassing smoking cessation advice
would only be relevant to patients who smoke.

Previous studies have suggested that the majority of IBD
patients felt their knowledge about their condition was inade-
quate and would like more information [28]. As a result, IBD-
specif ic educat ional mater ia l is inc luded in the
HealthPROMISE application and patients are encouraged to
explore the articles. Our study found that at baseline, IBD
patients are generally very satisfied with the education they
receive from their healthcare team. However, patients were
more satisfied with their knowledge about the nature and
causes of their health condition after HealthPROMISE use.
These findings could be attributable to the nature of traditional
out-patient encounters which often involves a heavy emphasis
on diagnosis, treatment, and prevention. As a result, patients
are often not well-informed about the epidemiology, symp-
toms, and causes of their medical condition, which often are
multi-factorial and not very well understood. However, we
acknowledge the subjectivity from self-assessments of an in-
dividual’s understanding of IBD. Future studies using objec-
tive measurements, such as a short quiz, could provide more
objective results.

Our study participants were relatively young, with a medi-
an age of 28.5 years (IQR 22–38). As younger individuals are
more likely to use technology for non-health related purposes
when compared to older adults, they may be more likely to
adopt eHealth applications [29]. The key challenge of most
eHealth applications is its high attrition rate. As such, many
eHealth studies have demonstrated that as few as 10% to 25%
of recruited participants enter data by the end of the study [30].
This is consistent with our study which noted an attrition rate
of 45.8% (27/59) despite the use of monthly reminders sent to
participants and continuous testing/adjustments to improve
the interface and navigation within the app. However, another
similar review noted that no studies found any significant
differences in the demographics or clinical features between
the groups that dropped out and those who did not [10].
Therefore, the risk of attrition bias in this study is assumed
to be minimal. Nevertheless, factors that have been found to
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enhance engagement with eHealth applications and could be
included in future studies include decreasing the frequency of
data collection, increasing the frequency of follow ups, and
ensuring adequate study/technological support [30].

Overall, HealthPROMISE differentiates itself from
many of the IBD-specific mobile health applications
through the use of validated measurement tools, such
as the SIBDQ, and a physician dashboard that connects
the healthcare team with patients. However, there are
several limitations to our study. First, our sample size
was relatively small and combined with high rates of
attrition, while consistent with other eHealth studies,
potentially introduce a risk of attrition bias and reduced
our ability to assess changes in outcomes. Further, as
with many studies that involve mobile health applica-
tions, there may be selection bias as mainly participants
that have the appropriate device, internet, and are com-
fortable with technology, will enroll in the study.
Lastly, as participants were recruited from a single med-
ical centre and geographical demographics were not col-
lected, we could not investigate whether participants
were more likely to use the application if they lived
further from the medical centre or in rural communities.
However, previous studies on eHealth have found that
remote monitoring is an effective and reliable way to
increase access to services to patients in remote and
rural communities [31]. Future studies should involve
a large sample size with diverse subsets of participants
to investigate the generalizability of findings. Further,
investigations evaluating acceptability and costs would
help determine the feasibility of widely implementing
mobile health applications in the management of IBD.

Conclusion

Health applications can provide an efficient, reliable, and con-
sistent stream for the collection of clinical data and allows for
more physician-patient interaction time to be directed towards
counselling. Medical conditions that require frequent medical
care, such as IBD, may benefit most from eHealth technolo-
gies involving proactive symptom management. This study
demonstrated that HealthPROMISE, may increase levels
of patient education and improve patient outcomes
through reducing ER visits and hospitalizations. Health
monitoring platforms, like HealthPROMISE, have the
potential to scale, could be incorporated into electronic
health records, and with the changing landscape of vir-
tual care brought about by the COVID-19 pandemic,
could become an essential part of healthcare.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s10916-021-01706-x.
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