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Abstract

Background: Telemonitoring for inflammatory bowel disease (IBD) has not consistently demonstrated superiority over standard
care; however, noninferiority may be an acceptable outcome if remote care proves to be more efficient.

Objective: This study aims to compare the remission time and quality of life of patients with active IBD managed through
standard care versus the TECCU (Telemonitoring of Crohn Disease and Ulcerative Colitis) app.

Methods: A 2-arm, randomized, multicenter trial with a noninferiority design was conducted across 24 hospitals in Spain. The
study included adult patients with IBD who were starting immunosuppressive or biological therapy. Participants were randomized
into 2 groups: the telemonitoring group (G_TECCU) and the standard care group (G_Control). The follow-up schedule for the
telemonitoring group (G_TECCU) was based on contacts via the TECCU app, while the control group (G_Control) adhered to
standard clinical practice, which included in-person visits and telephone calls. In both groups, treatment adjustments were made
based on the progression of disease activity and medication adherence, assessed using specific indices and biological markers at
each check-up. The primary outcome was the duration of remission after 12 weeks, while secondary outcomes included quality
of life, medication adherence, adverse events, and patient satisfaction.

Results: Of the 169 patients enrolled, 158 were randomized and 150 were analyzed per protocol: telemonitoring (n=71) and
control (n=79). After 12 weeks, the time in clinical remission was not inferior in the telemonitoring group (mean 4.20, SD 3.73
weeks) compared with the control group (mean 4.32, SD 3.28 weeks), with a mean difference between arms of –0.12 weeks (95%
CI –1.25 to 1.01; noninferiority P=.02). The mean reduction in C-reactive protein values was –15.40 mg/L (SD 90.15 mg/L;
P=.19) in the G_TECCU group and –13.16 mg/L (SD 54.61 mg/L; P=.05) in the G_Control group, with no significant differences
between the 2 arms (P=.73). Similarly, the mean improvement in fecal calprotectin levels was 832.3 mg/L (SD 1825.0 mg/L;
P=.003) in the G_TECCU group and 1073.5 mg/L (SD 3105.7 mg/L; P=.03) in the G_Control group; however, the differences
were not statistically significant (P=.96). Quality of life improved in both groups, with a mean increase in the 9-item Inflammatory
Bowel Disease Questionnaire score of 13.44 points (SD 19.1 points; P<.001) in the G_TECCU group and 18.23 points (SD 22.9
points; P=.001) in the G_Control group. Additionally, the proportion of patients who adhered to their medication significantly
increased from 35% (25/71) to 68% (48/71) in the G_TECCU group (P=.001) and from 46% (36/79) to 73% (58/79) in the
G_Control group (P=.001). The satisfaction rate remained stable at around 90%, although noninferiority was not demonstrated
for the secondary outcomes.

Conclusions: Telemonitoring patients with active IBD is not inferior to standard care for achieving and maintaining short-term
remission. The TECCU app may serve as a viable alternative follow-up tool, pending confirmation of improved health outcomes
and cost-effectiveness over the long-term.

Trial Registration: ClinicalTrials.gov NCT06031038; https://clinicaltrials.gov/ct2/show/NCT06031038

International Registered Report Identifier (IRRID): RR2-10.2196/resprot.9639

(J Med Internet Res 2024;26:e60966) doi: 10.2196/60966
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Introduction

Inflammatory bowel disease (IBD) primarily consists of Crohn
disease (CD) and ulcerative colitis (UC), both of which are
chronic, relapsing conditions characterized by inflammation of
the gastrointestinal tract. Because of its chronic nature, IBD
requires continuous and personalized monitoring to prevent
medium- and long-term complications. Therefore, effective
monitoring strategies must be implemented throughout the

disease course to optimize the management of patients with
IBD.

Unlike other chronic conditions, IBD primarily affects young
individuals during their prime period of personal development.
Consequently, IBD is associated with high levels of school and
work absenteeism, varying degrees of disability [1], interference
with social activities, and a reduced health-related quality of
life (HRQoL) [2-4]. In addition, patients with IBD place
significantly greater demands on health care resources compared
to those with other conditions [2]. As a result, IBD has a
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considerable medical, social, and economic impact, further
amplified by the global increase in its incidence and prevalence
in recent years [3,4]. In this context, the most recent data
available for Spain show an overall IBD incidence of 16 cases
per 100,000 persons per year [5].

To address the challenges in managing these patients,
telemedicine applications have been developed to enhance
adherence and improve clinical outcomes [6]. Telemonitoring
is the primary form of telemedicine used in IBD, concentrating
on the structured and continuous monitoring of clinical data
that patients self-report from their usual environment. In recent
years, web-based telemonitoring systems have been developed,
including mobile health (mHealth) tools, which are more
cost-effective than home-automated telemanagement programs
[7]. Web-based telemonitoring systems are safe, feasible, and
cost-effective solutions for patients with IBD [8-12].
Furthermore, their use leads to fewer outpatient visits and
hospital admissions [8,9,11,13-17], resulting in reduced health
care costs [8,13,14].

Telemonitoring can, in fact, address many aspects of the
STRIDE-II strategy for the early detection of potential
complications in IBD [18]. Symptomatic responses and
remission can be assessed using validated patient-reported
outcome measures. Additionally, point-of-care tests now enable
the measurement of fecal calprotectin (FC) near the patient.
However, to date, telemonitoring has not demonstrated
superiority over standard care in terms of health outcome
improvements [8,10,11,13,15,19,20], and inconsistent results
have been observed across different populations [7].

Even so, noninferiority can be considered an advance if the
intervention provides other benefits, such as the cost reductions
previously reported with telemonitoring
[8,10,11,13,14,17,21,22]. In this context, we have developed a
web-based telemanagement system called TECCU

(Telemonitorización de la Enfermedad de Crohn y Colitis
Ulcerosa, or Telemonitoring of Crohn Disease and Ulcerative
Colitis) for the remote monitoring of patients with
moderate-to-severe IBD who are starting treatment with
immunosuppressants or biological agents [23]. In a pilot
randomized trial, TECCU was shown to be a safe method for
improving disease outcomes, with a more cost-effective profile
than standard care, though the improvement in disease control
was not statistically superior [20,24,25].

Therefore, telemonitoring has not been demonstrated to be either
superior or noninferior to standard care in improving health
outcomes, and this lack of data complicates decision-making
when considering investments in mature telemedicine programs.
As a result, telemonitoring has not been implemented in a
structured manner in daily practice, and the reproducibility of
results achieved so far has been limited to a few centers. Given
these considerations, we adopted a novel noninferiority design
for a multicenter trial conducted on a nationwide scale in Spain.
This study aims to evaluate the time in remission and QoL of
patients with IBD with moderate-to-severe activity managed
through telemonitoring (G_TECCU) compared with standard
care (G_Control) after 12 weeks.

Methods

Study Design
A randomized, open, multicenter, noninferiority trial was
conducted across 24 hospitals in Spain. The country has 17
autonomous communities, and patients from 10 of these regions
participated in the study, as illustrated in the map in Figure 1.
The project was promoted by GETECCU, and the study design
was discussed in successive research meetings before final
protocol approval. The trial is registered on ClinicalTrials.gov
with the identifier NCT06031038.
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Figure 1. Geographical locations of the participating centers. TECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring
of Crohn’s Disease and Ulcerative Colitis.

Patient Selection and Recruitment

Data Collection
Patients were recruited at the 24 participating hospitals between
September 2020 and April 2023. The collected data were
assessed, stored in a database, and made available for interim
analysis starting March 19, 2024 [26,27]. Patients were included
consecutively from the outpatient clinics of the IBD Units or
the Gastroenterology wards. The inclusion and exclusion criteria
(see below) were verified at each visit.

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: patients aged 18 years
or older diagnosed with CD or UC according to internationally
accepted criteria [26,27] and initiation of therapy with
immunosuppressants or biological agents (with or without
steroids) or both due to disease activity occurring no more than
1 week before inclusion in the study. Active disease at the time
of inclusion was defined using clinical indices, biological
markers, or endoscopic activity: Harvey-Bradshaw Index (HBI)
>4 for CD or Simple Clinical Colitis Activity Index (SCCAI)

>2 for UC; or FC values ≥200 μg/g; and/or moderate to severe
endoscopic activity (ulcers in CD/endoscopic Mayo Index ≥2
for UC).

The exclusion criteria were as follows: cognitive or sensory
impairment; inability to speak or read Spanish without a legally
authorized representative capable of participating in the study;
transient patients; inability to manage a smartphone, tablet, or
computer; lack of a telephone line; participation in other clinical
trials during the inclusion period; uncontrolled medical or
psychiatric conditions; presence of ileorectal or ileal pouch-anal
anastomosis; recipients of a definitive ileostomy; perianal
disease; patients with cancer undergoing active treatment;
terminal patients or individuals receiving palliative care as
defined by the Spanish Society of Palliative Care;
institutionalized patients; patients or first-degree relatives who
are part of the research team or staff members of the research
or health centers participating in the study; and patients
undergoing specific follow-up in other units (eg, hemodialysis,
transplants) requiring mandatory hospital visits at least every
2 months.
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Recruitment Process
Patients underwent a face-to-face interview with research staff
involved in the study during outpatient visits to the IBD units
or during hospitalization for an IBD flare-up. These interviews
provided information about the care program and the study, and
they were used to obtain written informed consent before
inclusion in the study. For patients who agreed to participate,
baseline data were collected using a notebook specifically
designed for this purpose. Additionally, data regarding biological
parameters were obtained from blood and stool samples
collected at the initial study visit. If the same biological
parameters had been obtained in standard clinical practice less
than 2 weeks before enrollment in the study, they were accepted
as baseline values.

After a 12-week follow-up, coinciding with the patient’s visit
to the IBD unit as part of their routine health care, a face-to-face
interview was conducted to complete the case report and collect
data on the following: clinical activity indices, QoL using the
9-item Inflammatory Bowel Disease Questionnaire (IBDQ-9),
patient satisfaction with treatment, activity at work and
productivity, medication adherence, and adverse events (AEs).
Additionally, biological parameters from blood and stool
samples were measured again during this visit.

Randomization
Eligible patients were randomized in a 1:1 ratio into 2 groups:
1 group underwent remote monitoring through TECCU
(G_TECCU), while the other group received standard care,
which consisted of in-person outpatient visits to the IBD units
combined with telephone calls made by physicians or specialized
nurses, following standard clinical practice (G_Control). The
allocation schedule was based on computer-generated random
numbers with a block size of 4 patients. Allocation concealment
was ensured using a web-based open-source application for
randomization in clinical trials to generate a random allocation
sequence. Once a number was assigned, it could not be
reassigned, and the members of the research team who were in
contact with the patients did not have access to the
randomization tables or lists.

The follow-up schedule was the same for both groups, consisting
of an in-person visit at baseline and at 12 weeks. The differences
between the groups lie in the intermediate controls: in-person
visits or telephone calls for G_Control and the TECCU app for
G_TECCU. Moreover, additional clinical visits and telephone
calls were made at the discretion of the health care providers in
both arms if necessary, based on the patient’s clinical evolution.
Neither the patients nor the researchers were masked to the
intervention; however, the results were analyzed by an
independent statistician who was blinded to the group
identification.

Interventions

TECCU Telemonitoring App
For G_TECCU, monitoring and management were conducted
remotely through the updated TECCU management platform,
which was set up according to the patient’s preferences gathered
from a series of focus groups [28]. This platform addresses the

needs of patients, professionals, and the organization to ensure
the efficient provision of health services. It is a multiplatform
and flexible solution that supports clinical decision-making and
can be integrated with electronic medical records. It is
configurable, allowing plans and thresholds to be customized
for specific patient profiles. The platform also enables the
creation of alerts using different variables, facilitating a holistic
approach to patient care.

TECCU operates through a secure web page with an HTTPS
app for mobile phones and tablets. During telemonitoring,
patients connect to the platform via the app using their personal
code and respond to various questionnaires about their disease
in the form of chat messages. The questions pertain to the
variables used to assess disease status at each check-up, in
accordance with a preestablished schedule. Furthermore, the
number of check-ups can be increased if necessary to adequately
monitor disease evolution during follow-up.

In addition, patients received advice, reminders, and educational
materials about their disease and its prevention. The specialized
health care personnel at each IBD unit received information
from the patients, which was filtered through an intelligent
prioritization system to generate alerts based on an integrated
intervention protocol. Upon receiving an alert, the health care
personnel implemented action plans in accordance with the
established intervention protocol to adjust medication and
follow-up schedules as needed. These alerts were triggered
based on responses to questions regarding activity indices, AEs,
and fecal or blood results. Treatments were adjusted using the
platform’s messaging system, along with telephone calls or
in-person visits when patients required training on the
administration of new medications.

Standard Care Provided by the IBD Units
The G_Control patients received the usual care provided by the
IBD Units (outpatient clinic) for those with moderate-to-severe
disease activity, based on national and European clinical
guidelines [26,27,29]. Treatment was adjusted according to the
evolution of disease activity and medication adherence,
measured through specific indices and biological markers during
visits or via telephone calls for issues that could be monitored
during intermediate check-ups. Additionally, the time in
remission was assessed weekly throughout the follow-up based
on the patient’s self-recorded clinical activity in a home diary.

This care was complemented by ad hoc hospital care in cases
of IBD flare-ups. In such instances, intensive care was
maintained until the patient’s condition stabilized, after which
they returned to a follow-up regimen based on standard care
through the IBD unit. Patients in both arms were provided with
all educational materials about IBD available for the remote
monitoring of patients. Questionnaires on HRQoL, satisfaction,
and work productivity were completed at baseline and again at
12 weeks.

Study Outcomes

Overview
The variables measured at baseline included sociodemographic
information, smoking status, disease profile and activity,
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treatment received, HRQoL, work productivity, impairment in
daily activities, medication adherence, and patient satisfaction.

Primary Outcome
The primary outcome of the study was to determine the time in
remission after 12 weeks of follow-up. This was evaluated by
assessing disease activity at baseline and at each check-up during
the 12-week follow-up period established for this analysis.
Clinical disease activity was evaluated using the modified HBI
for patients with CD [30] and the SCCAI, also known as the
Walmsley Index, for patients with UC [31]. Clinical remission
was defined as an HBI of ≤4 for patients with CD or an SCCAI
of ≤2 for patients with UC.

Biological markers were measured at baseline and 12 weeks
after inclusion. The laboratory parameters were C-reactive
protein (CRP) levels (mg/L) and FC levels (μg/g). Changes in
medication were made based on these markers and clinical
disease activity indices, following specific intervention plans.

Secondary Outcomes
The HRQoL of patients was evaluated at baseline and week 12
using the specific IBDQ-9, a validated tool consisting of 9 items
across 4 dimensions: bowel symptoms, systemic symptoms,
emotional status, and social behavior. Each item is scored on a
7-point Likert scale, yielding an overall score that ranges from
7 (lowest QoL) to 63 (highest QoL), which is then calculated
as a percentage of the maximum score.

The impact of the disease on work productivity and daily
activities was assessed at baseline and at week 12 using the
Work Productivity and Activity Impairment (WPAI)
questionnaire [32]. This questionnaire consists of 6 items that
evaluate the disease’s effect on work and daily activities over
the past 7 days. The WPAI generates 4 scores expressed as
“impairment percentages,” with higher scores indicating a
greater impact. The Spanish version has been validated and
demonstrated reproducibility in patients with CD.

Medication adherence was evaluated using the 8-item Morisky
Medication Adherence Scale (MMAS-8) [33,34], which has
been utilized in clinical trials involving patients with IBD [19].
Patient satisfaction with the care received was assessed using
an adapted version of the Client Satisfaction Questionnaire. In
addition, patient-reported outcomes concerning health status,
the presence of abdominal pain, stool frequency, and blood in
the stool were also recorded. The safety of the interventions
was evaluated by measuring the number of emergency
department visits, unscheduled outpatient visits, hospitalizations,
and AEs related to medication use.

Statistical Analysis
As this is a noninferiority study, we conducted a per-protocol
analysis. The characteristics of the participants were described
using the mean, SD, 95% CI, median, IQR, and range for
quantitative variables, as well as absolute and relative
frequencies for qualitative variables. Possible baseline
differences between the 2 study groups were compared using
the Student t test for independent samples or the Mann-Whitney
U test for quantitative variables, and the chi-square test or Fisher

exact test for qualitative variables. Time in clinical remission
was summarized using the mean, SD, median, IQR, and range.

The sample size was estimated based on the results of the pilot
trial, which indicated that patients in the control group remained
in remission for a median of 14.3 weeks, whereas those in the
G_TECCU group had a median remission time of 17.9 weeks.
These differences in time to remission were evaluated with a
noninferiority limit of –1.5 weeks, considering this difference
to be clinically irrelevant within the 12-week follow-up period
of this interim analysis. Noninferiority was assessed by
calculating the mean and 95% CI for the difference in the
variable of interest between the groups. This was done by
comparing the limits of the CI with the predefined noninferiority
margin using a Student t test. Accepting an α risk of .025 in a
1-sided test, a β risk of .2, and an SD of 3.2, it was determined
that 71 patients were needed in each group. Furthermore,
assuming a loss rate of 15%, a total of 168 patients was required
for the study.

Changes in secondary outcomes from baseline were described
by applying appropriate estimators based on the type of
variables, as previously outlined. Possible differences in
secondary outcomes between the 2 groups were compared using
the Student t test for independent samples, the Mann-Whitney
U test for quantitative variables, and the chi-square or Fisher
exact test for qualitative variables. All analyses were conducted
using SAS statistical software version 9.4 (SAS Institute), with
a 1-sided significance level of .025 accepted for all analyses.

Ethical Considerations
The study protocol was approved by the local independent ethics
committee at La Fe University and Polytechnic Hospital,
Valencia (v0.3, 14/07/2020), and by the Spanish Agency of
Medicines and Medical Devices (AEMPS/Agencia Española
de Medicamentos y Productos Sanitarios: 30/07/2020). The
study was conducted in accordance with the following: the
“Note for Guidance on Good Clinical Practice”
(CPMP/ICH/135/95, May 1, 1996); Royal Decree 223/2004
(February 2004); the Helsinki Declaration on ethical principles
for medical research involving human subjects, as adopted by
the General Assembly of the World Medical Association (7th
revised version, Seoul, 2008); guidelines from the International
Conference on Harmonization; and the official regulations
imposed by the participating centers.

Results

Study Sample and Baseline Characteristics
A total of 169 patients with complex IBD were enrolled in the
study between September 15, 2020, and April 28, 2023. Of
these, 11 patients were excluded: 4 due to screening failure, 2
due to a lack of baseline data, and 5 who withdrew before
randomization. The remaining 158 patients proceeded to
follow-up, with 74 (47%) in the G_TECCU group and 84 (53%)
in the G_Control group. During the study period, 8 patients (3
from G_TECCU and 5 from G_Control) did not complete the
12-week follow-up. The reasons for this are detailed in Figure
2. As such, the 71 patients in the G_TECCU group and 79
patients in the G_Control group who completed the 12-week
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follow-up period were analyzed per protocol (N=150).
Additionally, all randomized patients (n=158) were analyzed
according to the intention-to-treat principle. The per-protocol
population was used to summarize patient disposition and

baseline characteristics (Figure 2; also see Multimedia Appendix
1 for the CONSORT-EHEALTH [Consolidated Standards of
Reporting Trials of Electronic and Mobile Health Applications
and Online Telehealth] checklist [35]).

Figure 2. Study flowchart. G_CONTROL is the group receiving standard care with in-person visits and telephone calls as usual practice; G_TECCU
is the group receiving remote monitoring. IBD: inflammatory bowel disease; TECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa
or Telemonitoring of Crohn’s Disease and Ulcerative Colitis.

The baseline demographic and clinical characteristics are
presented in Table 1. The overall mean age of the participants
was 37.8 (SD 18.7) years. Of the 150 patients, 83 (55%) were
male and 67 (45%) were female. Among the included patients
(n=150), 58 (39%) had UC, and 92 (61%) had CD, all of whom
were capable of using the technology. The education levels of
the patients were as follows: primary education (12/150, 8%),
secondary education (70/150, 47%), and university education
(68/150, 45%). Regarding employment status, 100 (66.7%)
patients were actively employed, 19 (12.7%) were students, 17

(11.3%) were unemployed, 10 (6.7%) were retired, and 4 (2.7%)
were houseworkers. At the onset of the study, 109 (72.7%)
patients initiated treatment with biological agents (adalimumab
in 55/109, 50.5%, patients), 25 (16.7%) with
immunosuppressants (azathioprine in 23/25, 92%, patients),
and 16 (10.7%) with combination therapy. No significant
differences were observed in the baseline characteristics of
patients according to the treatment initiated
(immunosuppressants, biological agents, or combination
therapy).
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Table 1. Baseline characteristics of the study patients.

Standard care (n=79)TECCUa (n=71)Total (N=150)Characteristic

36.80 (18-62)38.83 (18-66)37.76 (18-66)Age (years), mean (range)

Gender, n (%)

33 (42)34 (48)67 (45)Female

46 (58)37 (52)83 (55)Male

Education level, n (%)

7 (9)5 (7)12 (8)Primary

36 (46)34 (48)70 (47)Secondary

36 (46)32 (45)68 (45)University

Smoking status, n (%)

12 (15)15 (21)27 (18)Current smoker

23 (29)27 (38)50 (33)Former smoker

43 (54)29 (41)72 (48)Nonsmoker

23.93 (5.76)23.35 (4.01)23.65 (4.98)BMI (kg/m2), mean (SD)

Disease profile, n (%)

35 (44)23 (32)58 (39)Ulcerative colitis

44 (56)48 (68)92 (61)Crohn disease

2 (3)1 (1)3 (2)Prior IBDb-related surgeryc, n (%)

68 (86)61 (86)129 (86)Previous treatments for IBD, n (%)

36 (46)30 (42)66 (44)Immunosuppressors

21 (27)15 (21)36 (24)Biological agents

52 (66)44 (62)96 (64)Steroids

38 (48)30 (42)68 (45)Sulfasalazine and 5-aminosalicylates

10 (13)6 (8)16 (11)Other treatments

11 (14)10 (14)21 (14)No previous treatment, n (%)

Current treatment, n (%)

17 (22)8 (11)25 (17)Only immunosuppressors

51 (65)58 (82)109 (73)Only biological agents

11 (14)5 (7)16 (11)Combination therapy

aTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
bIBD: inflammatory bowel disease.
cWithin the past 2 months before study enrollment.

Regarding their clinical status (Table 2), 58 of 150 (38.7%)
patients were in clinical remission at baseline; however, they
were included in the study due to FC levels exceeding 200 µg/g
or the presence of moderate to severe endoscopic activity.
Concerning biological markers, the mean CRP value was 18.5
(SD 73.4) mg/L, while the mean FC level was 1631.1 (SD
2722.4) µg/g. Among the 24 patients with UC who entered the
study following an endoscopic evaluation, 8 (33%) had a Mayo

Index of 2, indicating moderate activity, while 16 patients (67%)
had a Mayo Index of 3, indicating severe activity. Among the
34 patients with CD who underwent a baseline endoscopy, 27
(79%) exhibited ulcers. Furthermore, 61 of 150 (41%) patients
demonstrated good adherence to medication (25/71, 35%, in
the G_TECCU group and 36/79, 46%, in the G_Control group).
Patient satisfaction, as measured by specific questionnaires,
yielded a score of 87.3 (SD 11.2).
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Table 2. Evaluation of disease activity, impact on patient’s quality of life and daily life, satisfaction with the medical care received, and medication
adherence at baseline.

Standard care (n=79)TECCUa (n=71)Total (N=150)Characteristic

Clinical activity b

25 (32)33 (46)58 (39)SCCAIc<3 or HBId<5 (but fecal calprotectin >200 μg/g or endoscop-
ic activity), n (%)

6.46 (3.45)6.78 (2.37)6.59 (3.05)SCCAIe, mean (SD)

5.48 (3.10)3.94 (2.97)4.68 (3.11)Harvey-Bradshaw indexf, mean (SD)

Biological activity, mean (SD)

17.02 (54.13)20.26 (90.96)18.53 (73.43)C-reactive protein level (mg/L)

1614.9 (3322.9)1418.7 (1977.1)1631.1 (2722.4)Fecal calprotectin level (μg/g)

Endoscopic activity, n/N (%)

3/15 (20)5/9 (56)8/24 (33)Mayo score of 2g

12/15 (80)4/9 (44)16/24 (67)Mayo score of 3h

17/20 (85)10/14 (71)27/34 (79)Patients with Crohn disease with ulcers

Quality of life i

50.36 (19.76)59.01 (21.79)54.69 (20.46)IBDQ-9j score, mean (SD)

36 (46)25 (35)61 (41)Medication adherencek, n (%)

87.13 (11.84)88.04 (10.44)87.31 (11.17)Patient satisfaction score, mean (SD)

Work productivity and activity impairment, median (IQR)

9.72 (0-100)3.34 (0-66.7)7.14 (0-100)Work hours missed

40.00 (10-80)30.00 (0-70)40.00 (0-75)Impairment while working

50.00 (14.9-93)41.21 (0-82)50.00 (10-90)Overall work impairment

50.00 (20-70)40.00 (20-70)50.00 (20-70)Activity impairment

aTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
bClinical remission was defined as HBI ≤4 for patients with Crohn disease or Walmsley score ≤2 for patients with ulcerative colitis.
cSCCAI: Simple Clinical Colitis Activity Index.
dHBI: Harvey-Bradshaw Index.
ePatients with ulcerative colitis: higher scores indicate worse clinical conditions.
fPatients with Crohn disease: score ranges from 0 to 19, where the higher the score the worse the clinical condition.
gModerate disease.
hSevere disease.
iThe higher the score, the better quality of life.
jIBDQ-9: 9-item Inflammatory Bowel Disease Questionnaire.
kScore ranges from 0 to 8, with scores of 8 reflecting high adherence.

Efficacy Assessment: Disease Activity
The mean time in clinical remission after the 12-week follow-up
was 4.26 (SD 3.49) weeks for the entire study cohort. Based on
the noninferiority statistics, the follow-up with TECCU was not
inferior to standard care, with a mean time in remission of 4.20

(SD 3.73) weeks for the G_TECCU patients compared with
4.32 (SD 3.28) weeks for the G_Control patients (noninferiority
P=.02; see Table 3). The mean difference in clinical remission
between the 2 groups was –0.12 weeks, with a 95% CI of –1.25
to 1.01 (G_TECCU vs G_Control, P=.02; see Figure 3A).
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Figure 3. (A) Differences in the time in clinical remission between the 2 arms by the PP population. (B) Differences in the time in clinical remission
between the 2 arms by the ITT population. (C) Differences in the time in clinical remission between the 2 arms by the PP population in multiplicity
adjustments. (D) Differences in the time in clinical remission between the 2 arms by the ITT population in multiplicity adjustments. The data are shown
for the whole cohort of patient analyzed and for specific subgroup (patients with UC or CD) analysis. Control: group of IBD patients receiving standard
care with in-person visits; TECCU: group of IBD patients receiving remote monitoring. The dashed vertical line represents the non-inferiority margin
of -1.5 weeks. CD: Crohn disease; ITT: intention to treat; PP: per-protocol; TECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa
or Telemonitoring of Crohn’s Disease and Ulcerative Colitis; UC: ulcerative colitis.
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Table 3. Time in clinical remission by the per-protocol population.

Noninferiority test P valueaRangeMedian (IQR)Mean (SD)Participants, nTime in clinical remission (weeks)

.02bOverall

0.00-14.294.42 (0.45-6.67)4.26 (3.49)150Total

0.00-14.294.33 (0.16-8.00)4.20 (3.73)71TECCUc

0.00-12.434.61 (0.57-6.33)4.32 (3.28)79Controld

.87Colitis ulcerative

0.00-10.864.00 (0.01-7.60)3.92 (3.49)58Total

0.00-10.000.45 (0.00-4.78)2.92 (3.64)23TECCU

0.00-10.864.71 (0.49-7.86)4.57 (3.27)35Control

.003bCrohn disease

0.00-14.294.57 (0.64-6.53)4.48 (3.49)92Total

0.00-14.294.71 (0.69-8.08)4.82 (3.65)48TECCU

0.00-12.434.41 (0.58-6.07)4.12 (3.30)44Control

aNoninferiority limit=–1.5.
bSignificant.
cTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
dControl represents a group of patients with inflammatory bowel disease receiving standard care with in-person visits.

The subgroup analysis for patients with CD revealed a mean
difference in clinical remission of +0.70 weeks for G_TECCU
compared with G_Control (95% CI –0.75 to 2.15; P=.003).
Given the statistical significance, the noninferiority of TECCU
was confirmed in this subgroup. By contrast, the mean difference
in clinical remission for patients with UC was –1.65 weeks
between G_TECCU and G_Control (95% CI –3.49 to 0.19;
P=.87), indicating that noninferiority of TECCU could not be
confirmed in this cohort (Figure 3A). Similar results were
observed in the intention-to-treat population and after adjusting
for multiple tests (see Tables 4-6 and Figure 3B-3D).

After 12 weeks, the mean SCCAI significantly improved in
both the G_TECCU (mean change –3.78, SD 3.16, P<.001) and
G_Control patients with UC (mean change –4.11, SD 4.31;
P<.001). Similarly, the mean HBI value also showed a
significant improvement in G_TECCU patients (mean change
–1.42, SD 2.69; P<.001) and G_Control patients (mean change

–2.07, SD 4.06; P=.002). However, the improvements in SCCAI
(P=.27) and HBI (P=.26) scores were not significantly different
between the 2 intervention arms.

Disease activity was also assessed based on CRP and FC levels
(Figure 4). The mean CRP value significantly decreased after
12 weeks compared with baseline in both groups, with a mean
reduction of –15.40 (SD 90.15) mg/L (P=.19) in the G_TECCU
group and –13.16 (SD 54.61) mg/L (P=.05) in the G_Control
group. However, this improvement in CRP did not significantly
differ between the 2 groups (G_TECCU vs G_Control: P=.73).
Similarly, the mean FC levels were significantly lower after 12
weeks compared with baseline in both study groups. The
G_TECCU group experienced a mean reduction of 832.3 (SD
1825.0) mg/L (P=.003), while the G_Control group had a mean
reduction of 1073.5 (SD 3105.7) mg/L (P=.03). However, there
were no significant differences between the 2 groups (P=.96).
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Table 4. Time in clinical remission by the intention-to-treat population.

Noninferiority test P valueaRangeMedian (IQR)Mean (SD)Participants, nTime in clinical remission (weeks)

.008bOverall

0.00-14.294.33 (0.31-6.33)4.14 (3.47)158Total

0.00-14.294.23 (0.16-7.70)4.13 (3.69)74TECCUc

0.00-12.434.41 (0.42-6.07)4.14 (3.28)84Controld

.90Colitis ulcerative

0.00-10.864.00 (0.00-5.86)3.74 (3.45)62Total

0.00-10.000.60 (0.00-4.60)2.89 (3.57)24TECCU

0.00-10.864.65 (0.29-7.60)4.28 (3.31)38Control

.003bCrohn disease

0.00-14.294.53 (0.61-6.36)4.39 (3.47)96Total

0.00-14.294.71 (0.67-8.00)4.73 (3.64)50TECCU

0.00-12.434.33 (0.57-6.01)4.03 (3.28)46Control

aNoninferiority limit=–1.5.
bSignificant.
cTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
dControl represents a group of patients with inflammatory bowel disease receiving standard care with in-person visits.

Table 5. Time in clinical remission by the per-protocol population in multiplicity adjustments.

Noninferiority test P valueaRangeMedian (IQR)Mean (SD)Participants, nTime in clinical remission (weeks)

.02bOverall

0.00-14.294.42 (0.45-6.67)4.26 (3.49)150Total

0.00-14.294.33 (0.16-8.00)4.20 (3.73)71TECCUc

0.00-12.434.61 (0.57-6.33)4.32 (3.28)79Controld

.87Colitis ulcerative

0.00-10.864.00 (0.01-7.60)3.92 (3.49)58Total

0.00-10.000.45 (0.00-4.78)2.92 (3.64)23TECCU

0.00-10.864.71 (0.49-7.86)4.57 (3.27)35Control

.003bCrohn disease

0.00-14.294.57 (0.64-6.53)4.48 (3.49)92Total

0.00-14.294.71 (0.69-8.08)4.82 (3.65)48TECCU

0.00-12.434.41 (0.58-6.07)4.12 (3.30)44Control

aNoninferiority limit=–1.5.
bSignificant.
cTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
dControl represents a group of patients with inflammatory bowel disease receiving standard care with in-person visits.
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Table 6. Time in clinical remission by the intention-to-treat population by multiplicity adjustments.

Noninferiority test P valueaRangeMedian (IQR)Mean (SD)Participants, nTime in clinical remission (weeks)

.008bOverall

0.00-14.294.33 (0.31-6.33)4.14 (3.47)158Total

0.00-14.294.23 (0.16-7.70)4.13 (3.69)74TECCUc

0.00-12.434.41 (0.42-6.07)4.14 (3.28)84Controld

.90Colitis ulcerative

0.00-10.864.00 (0.00-5.86)3.74 (3.45)62Total

0.00-10.000.60 (0.00-4.60)2.89 (3.57)24TECCU

0.00-10.864.65 (0.29-7.60)4.28 (3.31)38Control

.003bCrohn disease

0.00-14.294.53 (0.61-6.36)4.39 (3.47)96Total

0.00-14.294.71 (0.67-8.00)4.73 (3.64)50TECCU

0.00-12.434.33 (0.57-6.01)4.03 (3.28)46Control

aNoninferiority limit=–1.5.
bSignificant.
cTECCU: Telemonitorización de la Enfermedad de Crohn y Colitis Ulcerosa or Telemonitoring of Crohn Disease and Ulcerative Colitis (represents a
group of patients with inflammatory bowel disease receiving remote monitoring).
dControl represents a group of patients with inflammatory bowel disease receiving standard care with in-person visits.

Figure 4. Evolution of the mean of (A) C-reactive protein and (B) fecal calprotectin levels over the study period in the 2 arms. Control: group receiving
standard care with in-person visits; TECCU: group receiving remote monitoring. TECCU: Telemonitorización de la Enfermedad de Crohn y Colitis
Ulcerosa or Telemonitoring of Crohn’s Disease and Ulcerative Colitis.

The difference in the mean change in CRP levels between the
groups after 12 weeks was –2.25 mg/L for G_TECCU compared
with G_Control (95% CI –28.19 to 23.69); however,
noninferiority of TECCU could not be demonstrated
(noninferiority P=.73). Similarly, noninferiority was not
demonstrated for the reduction in FC levels among G_TECCU
patients, with a mean change difference of 241.2 μg/g compared
with G_Control (95% CI –806.9 to 1289.2, noninferiority
P=.96).

Health-Related Quality of Life
The mean IBDQ-9 scores increased from 59.01 (SD 21.8) to
72.44 (SD 20.3) in G_TECCU patients, indicating a mean
improvement of 13.44 points (SD 19.1, P<.001). In G_Control
patients, scores improved from 50.36 (SD 19.8) to 68.58 (SD
20.2), reflecting a mean improvement of 18.23 points (SD 22.9;
P=.001; Figure 5). However, because the mean difference
between the 2 groups was –4.79 (95% CI –12.9 to 3.3; P=.90)
and the CI crossed the noninferiority margin, the noninferiority
of TECCU in improving the IBDQ-9 score could not be
demonstrated.
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Figure 5. Evolution of the IBDQ-9 score over the study period in the 2 arms. Control: group receiving standard care with in-person visits; TECCU:
group receiving remote monitoring. IBDQ-9: 9-item Inflammatory Bowel Disease Questionnaire; TECCU: Telemonitorización de la Enfermedad de
Crohn y Colitis Ulcerosa or Telemonitoring of Crohn’s Disease and Ulcerative Colitis.

Work Productivity and Activity Impairment
Regarding the impact of the disease on work productivity and
daily activities, a significant improvement in WPAI scores was
observed at 12 weeks compared with baseline in the G_Control
arm (P=.001 for all scores). By contrast, TECCU only
demonstrated a significant improvement in impairment while
working (mean improvement –17.74, SD 39.65; P=.003) and
in activity impairment (mean improvement –14.49, SD 30.69;
P=.002). However, no significant differences between the 2
arms were found in work hours missed due to health problems
(P=.21), impairment while working (P=.38), overall work
impairment (P=.19), or activity impairment (P=.11).

Medication Adherence
After 12 weeks, the proportion of patients adhering to their
medication increased significantly in the G_TECCU group
(rising from 25/71, 35%, to 48/71, 68%; P=.001) and in the
G_Control group (increasing from 36/79, 46%, to 58/79, 73%;

P=.001). However, this improvement in medication adherence
did not differ significantly between the 2 arms (G_TECCU vs
G_Control: P=.46). Additionally, the MMAS-8 score in
G_TECCU patients improved significantly after 12 weeks, with
a mean baseline value increasing from 7.07 (SD 1.03) to 7.50
(SD 0.86), representing a mean improvement of 0.48 (SD 1.6,
P=.002). Similarly, the MMAS-8 score improved significantly
in the G_Control group after 12 weeks, rising from a mean
baseline value of 7.25 (SD 1.1) to 7.57 (SD 1.2), reflecting a
mean improvement of 0.29 (SD 1.3, P=.09; Figure 6). The
difference in the mean change of the MMAS-8 score between
the 2 arms was 0.19 (95% CI –0.24 to 0.63; P=.39), indicating
a trend toward statistical significance regarding the
noninferiority of G_TECCU compared with G_Control (P=.07).

Changes in medication were made for 24 of the 150 patients
(16%) during the study period, with no significant differences
observed in the number of patients who changed their
medication between the groups (G_TECCU: 12/71, 17%,
patients vs G_Control: 12/79, 15%, patients; P=.77).

Figure 6. Evolution of the MMAS-8 score over the study period in the 2 arms. Control, group receiving standard care with in-person visits; TECCU,
group receiving remote monitoring. MMAS-8: 8-item Morisky Medication Adherence Scale; TECCU: Telemonitorización de la Enfermedad de Crohn
y Colitis Ulcerosa or Telemonitoring of Crohn’s Disease and Ulcerative Colitis.

J Med Internet Res 2024 | vol. 26 | e60966 | p. 14https://www.jmir.org/2024/1/e60966
(page number not for citation purposes)

Aguas et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Patient Satisfaction
In the G_TECCU group, the mean satisfaction questionnaire
score improved from 88.04 (SD 10.3) to 90.51 (SD 9.7; P=.04),
while in the G_Control group, it increased from 87.13 (SD 12.3)

to 89.57 (SD 8.5; P=.12). The mean improvement in satisfaction
scores was 2.47 (SD 8.6) for G_TECCU (P=.04) and 2.43 (SD
11.2) for G_Control (P=.12); however, the noninferiority test
between the groups was not significant (P=.97; Figure 7).

Figure 7. Evolution of the patient satisfaction score over the study period in the 2 arms. Control: group receiving standard care with in-person visits;
TECCU: group receiving remote monitoring. CSQ: Client Satisfaction Questionnaire; TECCU: Telemonitorización de la Enfermedad de Crohn y Colitis
Ulcerosa or Telemonitoring of Crohn’s Disease and Ulcerative Colitis.

Use of Health Care Resources and Safety
Emergency department visits were significantly higher in the
G_TECCU group compared with the G_Control group (13/71,
18%, G_TECCU vs 5/79, 6%, G_Control; P=.02). However,
the intervention did not result in significant differences in
unscheduled outpatient visits (19/71, 27%, G_TECCU vs 16/79,
20%, G_Control; P=.35) or hospitalizations (5/71, 7%,
G_TECCU vs 2/79, 3%, G_Control; P=.19). A total of 70 AEs
were recorded in the G_TECCU group in 39 of 71 (55%)
patients, while 60 AEs were noted in the G_Control group in
31 of 79 (39%) patients. However, the differences between
groups did not reach statistical significance (P=.054).

Among these AEs, 5 resulted in patient loss during the follow-up
period, with 2 in the G_TECCU group and 3 in the G_Control
group. A total of 17 AEs were related to medication, comprising
8 of 71 (11%) patients in the G_TECCU group and 9 of 79
(11%) patients in the G_Control group, with no significant
differences between the groups (P=.98). Notably, none of the
patients died during this period.

Discussion

Principal Findings and Comparison With Prior Work
To the best of our knowledge, this is the first trial using a
noninferiority design to compare telemonitoring with standard
care for patients with moderate-to-severe IBD. In previous
studies, telemonitoring was shown to be safe and to improve
both health outcomes and costs [8,9,11,13-15]. In fact,
telemonitoring can meet the treat-to-target strategy by addressing
many variables of the STRIDE-II recommendations [18], but
it failed to demonstrate superiority over standard care in many
studies [8,10,11,13,14,17]. Nonetheless, noninferiority would
also be an acceptable goal if, in return, telemonitoring improves
the efficiency of care. In light of the positive results obtained

with TECCU in a pilot trial carried out on patients with active
IBD [20], here we demonstrate on a nationwide scale that
telemonitoring with the TECCU app is not inferior to standard
care in inducing and maintaining remission over 12 weeks.

The main outcome of this study was the time patients remained
in remission, which is relevant because we evaluated the
evolution of clinical activity throughout the follow-up period,
not just the clinical status at the end of the trial, as reported thus
far [13,15,19,20,36]. The mean period in remission with
telemonitoring was 4.20 weeks, a relatively short time that was
probably related to the selection of patients during the induction
phase of treatment. Then, in this work, we evaluated the first
12 weeks after initiating biological agents or
immunosuppressants to manage persistent disease activity or a
flare-up. Indeed, the mean time in remission was essentially the
same as that achieved through standard care, and its distribution
in each group was sufficiently similar to demonstrate
noninferiority.

A subgroup analysis confirmed the noninferiority of TECCU
for patients with CD, but it was inconclusive for patients with
UC. Furthermore, the improvement in clinical activity was
consistent with the reduction in the markers of inflammation
(CRP and FC) over time. These data imply that patients with
active IBD benefit from both telemonitoring and standard care,
and while telemonitoring may not improve disease activity
compared with in-person visits, it may enhance other health
outcomes, reduce costs, decrease time off work, and lower the
number of hospital visits, among other benefits.

In this sense, the TECCU app previously demonstrated greater
cost-effectiveness than standard care in a similar subset of
patients [24,25], as subsequently reproduced in other settings
[37,38]. Therefore, telemonitoring stands out as an interesting
alternative to standard care in the follow-up of patients with
IBD, whether they are experiencing active disease or not. Either
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of these options could be used complementarily during a
patient’s follow-up, based on the preferences of both patients
and health care providers in each case. In this regard,
telemonitoring apps can leverage the advancements achieved
during the COVID-19 pandemic [39].

As witnessed here, enhanced QoL and medication adherence
are generally inversely correlated with disease activity [7]. The
IBDQ-9 and the MMAS-8 medication adherence scores
improved in both the TECCU and control groups after 12 weeks,
indicating a trend toward statistical significance in the
noninferiority of G_TECCU compared with G_Control in
medication adherence. The improvement in HRQoL could be
attributed to the reduction in disease activity in both groups
following the escalation of medication, rather than solely to the
follow-up method itself. Furthermore, the enhancement in
HRQoL was similarly linked to a significant improvement in
work productivity and a reduction in activity impairment (as
measured by the WPAI) at 12 weeks compared with baseline
in both groups.

Another notable finding was that a higher proportion of patients
in the G_TECCU group had emergency department visits.
However, there were no significant differences between the
groups concerning unscheduled outpatient visits,
hospitalizations, or AEs. Taken together, these results indicate
that the telemonitoring follow-up schedule should be tailored
to each patient, and the learning curve for implementing this
approach may vary between centers. This aspect will be further
analyzed after the completion of the 12-month follow-up period
of this trial.

The efficacy of telemonitoring lies in its capacity to deliver
interventions tailored to the varying clinical scenarios presented
by patients who are open to using remote care, rather than solely
focusing on how these interventions are provided. In fact,
various patient profiles have been identified as predictors of
failure in a telemedicine context, partly due to the diverse
demographic and socioeconomic characteristics of the patients
[40]. In this context, patient satisfaction remained stable in both
the G_TECCU and G_Control groups in our trial, with values
around 90% after 12 weeks. It is important to note that the
G_TECCU group had received standard care before being
enrolled in the study, and the switch to telemonitoring did not
diminish their level of satisfaction, even though their disease
activity was uncontrolled at that time.

Strengths and Limitations
The main strength of this study is that it was designed as a
randomized controlled trial, allowing us to assess the impact of
a web-based telemonitoring system on disease outcomes in the
follow-up of IBD and to compare this with standard care.

Additionally, we selected patients during the induction phase
of biological agents or those initiating immunosuppressants due
to active IBD or a flare-up, a specific population of IBD that
has been underrepresented in previous studies [8,13,15,19,41].

Moreover, the use of validated indices of activity and biological
markers (CRP and FC) that correlate well with endoscopic
activity [42-45] added value to the assessment of remote
monitoring. Additionally, the follow-up schedule was consistent
across both arms and was adapted to daily practices in the
management of IBD, which enhances the reproducibility of the
results obtained. Finally, this nationwide study includes patients
recruited from 24 hospitals across Spain, further enhancing the
external validity of our findings.

Among the limitations of this study, the follow-up period was
only 12 weeks. While this time frame may be adequate to
evaluate the induction phase of therapies, it may be too short
to fully assess the maintenance period, especially because
patients and physicians need some time to learn how to use the
telemonitoring platform. Therefore, trials with longer follow-up
periods will be necessary to confirm the efficacy of this
web-based system in improving long-term disease outcomes.
Indeed, the follow-up of the patients enrolled in this study
continues, and there are intentions to extend this period to 52
weeks for as many of these patients as possible.

Besides, the sample size may be too small to compare disease
outcomes in specific patient subgroups (eg, patients with UC
or CD and those receiving different medications). In addition,
given the nature of the interventions assessed, neither the
patients nor the researchers were blinded to the intervention;
however, the data obtained were analyzed by an independent
statistician who was blind to group identification. Finally, we
excluded patients with active perianal disease,
ileo-rectal/ileo-pouch anal anastomosis, or stoma; therefore, the
impact of TECCU on surgical patients, in whom physical
examination is very important, remains unclear.

Conclusions
This Spanish multicenter trial conducted on behalf of
GETECCU studied patients with active IBD who began using
biological agents or immunosuppressant drugs, demonstrating
that the TECCU app is not inferior to standard care for achieving
and maintaining remission in the short term. Noninferiority
could represent a meaningful advancement if, as seen in other
studies, telemonitoring improves additional health outcomes
and reduces costs. The TECCU app is also associated with
improved medication adherence and HRQoL; however, a
reduction in costs still needs to be demonstrated over a longer
follow-up period.
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