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since the COVID-19 pandemic. RPM encompasses a wide range of

tools and technologies that enable the longitudinal collection of

Tel: (212) 241-0150 biometric, behavioral, and biochemical data outside the conventional
Fax: (646) 537-8647 clinic setting. These programs have been successfully integrated across
E-mail: robert.hirten@mountsinai.org several medical subspecialties, such as cardiology, endocrinology, and

psychiatry, where the availability of real-time data has facilitated timely
evaluation and management of chronic conditions. Building on these
successes, the field of inflammatory bowel disease (IBD) has begun
adopting RPM and connected health technologies to enhance both
access to and quality of care. These innovations include the integration
of point-of-care testing for conventional biomarkers, the development
of novel biomarkers from other biospecimens (eg, mucus and sweat),
and the advent of passive physiologic monitoring aimed at predicting
and preventing disease relapses. This article examines current literature
on RPM across chronic diseases, explores its emerging applications in

IBD, and presents key barriers hindering its broader implementation.

hronic disease management is hindered by inconsistent fol-

low-up, fragmented care, and escalating cost—challenges that

were underscored during the COVID-19 pandemic when
in-person care became restricted. In this setting, remote patient moni-
toring (RPM) has emerged as a tool to bridge care gaps and extend man-
agement beyond traditional clinical encounters."? By enabling proactive,
longitudinal collection of biometric, behavioral, and biochemical data,
connected technologies are reshaping health care delivery into more effi-
cient, patient-centered models. RPM has already become integral to care
in fields such as cardiology, endocrinology, and psychiatry, with adop-
tion expanding rapidly across other specialties.”” In gastroenterology,
inflammatory bowel disease (IBD), with its chronic, relapsing course
and need for ongoing personalized management, is ideal for RPM inte-
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Types of Remote Patient Monitoring

RPM involves the collection of clinical data outside tradi-
tional health care settings and has become an increasingly
important tool in patient-centered care.® By enabling con-
tinuous data collection in real-world environments, RPM
supports a paradigm shift from reactive to proactive mon-
itoring. This enables earlier detection of disease activity,
targeted preventative strategies, and timelier therapeutic
interventions. The information generated through RPM
can be categorized into 3 domains: biometric, behavioral,
and biochemical.

The biometric domain refers to the longitudinal
measurement of physiologic parameters such as heart rate
(HR), body temperature, and blood oxygen saturation.””
These metrics can provide early signals of clinically mean-
ingful changes, including acute illness, psychological
stress, or other health events.'”!" The behavioral domain
captures factors such as mood, sleep, physical activity,
and treatment adherence. By capturing real-time daily
events, these measures help contextualize clinical status
and support more personalized care approaches.”® The
biochemical domain encompasses the remote collection
of biospecimens, such as blood, saliva, or sweat, for the
analysis of disease-specific biomarkers.'>'3

RPM can be delivered through passive or active
modalities. Passive monitoring leverages connected
technologies to collect physiologic data continuously
and unobtrusively, whereas active monitoring gener-
ally requires patient engagement, such as performing
home-based point-of-care (POC) testing.'* For optimal
effectiveness, RPM must be supported by enabling
technologies, including cloud-based data infrastructure,
smartphone interfaces, and artificial intelligence (Al) or
machine learning—driven analytics."'® When integrated
propertly, these systems provide clinicians with real-time,
multidimensional insights into patient health trajectories,
facilitating more timely and individualized interventions.

Implementation of Remote Patient
Monitoring Across Chronic Diseases

In clinical practice, the implementation of RPM varies
across care settings. In academic medical centers, RPM
often leverages institutional infrastructure and elec-
tronic health record systems to integrate real-time data
directly into clinical workflows and patient records.”
This enhances patient care and supports large-scale
research, quality improvement initiatives, and population
health management through reductions in health care
utilization.'®?" Private practices frequently partner with
third-party companies and rely on commercially available
platforms. These programs are typically designed to opti-

mize clinical outcomes while improving efficiency and
cost-effectiveness. Regardless of setting, successful RPM
models share common elements, including integrated sys-
tems to manage incoming data streams and standardized
protocols to ensure timely identification and response to
clinically significant findings.

The adoption of RPM differs by specialty, reflecting
variations in disease characteristics, care delivery mod-
els, and technologic infrastructure. In psychiatry, RPM
ranges from wearable devices that collect biometric data
to digital platforms that administer daily mood surveys,
enabling early identification of worsening mental health
symptoms.*"* Wrist-worn actigraphy and accelerometry
have emerged as digital biomarkers in the monitoring of
mood disorders. For example, one study reported that
individuals with late-life depression exhibited reduced
physical activity and slower fine motor movements, which
were associated with impaired activities of daily living
and lower quality of life.”® In another study, machine
learning models applied to biometric data from wear-
able devices (eg, Fitbit) were able to predict episodes of
major depression, mania, and hypomania within a 3-day
window, achieving area under the curve (AUC) values of
0.937, 0.957, and 0.963, respectively.** This passive col-
lection of biometric data, when integrated with regularly
administered digital symptom surveys, has demonstrated
utility in predicting relapse in schizophrenia. In one pilot
study, the rate of behavioral anomalies, defined by shifts
in self-reported symptoms along with wearable-derived
mobility and sociability metrics, was 71% higher during
the 2 weeks preceding relapse, highlighting the potential
for early clinical intervention.”

In endocrinology, finger stick glucose testing repre-
sented one of the earliest forms of remote biochemical
monitoring, improving the safety and accuracy of insulin
% One study found that higher fre-

quency of finger-stick glucose monitoring was associated

self-administration.

with a greater reduction in glycated hemoglobin indepen-
dent of baseline glucose or diabetes regimen, indicating
an important relationship between self-monitoring fre-
quency and glycemic control.?® This laid the framework
for subsequent continuous glucose monitoring (CGM),
which captures real-time glucose fluctuations and provides
a dynamic, longitudinal view of glycemic control.?”* In
a well-defined national cohort of nearly 13,000 patients
from the Veterans Affairs health care system, CGM was
associated with a 21% reduction in all-cause mortality,
9% reduction in all-cause hospitalizations, 12% reduc-
tion in hyperglycemia-related hospitalizations, and 16%
reduction in cardiovascular events.”

Cardiology has taken an even broader approach, with
extensive research exploring the use of remote blood pres-
sure monitoring, electrocardiographic (ECG) tracking,
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and pulmonary artery pressure monitoring in patients with
heart failure.’*# Given the discrepancy often observed
between clinic- and home-based blood pressure measure-
ments, RPM has been increasingly adopted to provide a
longitudinal, real-world assessment of hypertension bur-
den in high-risk patients. In one study, 12 weeks of home
blood pressure telemonitoring in patients with hyperten-
sion led to a higher reduction in systolic blood pressure
than in those receiving routine care (12 mm Hg vs 7 mm
Hg, respectively; P<.001).> Another notable application
of RPM is the use of insertable cardiac monitors (ICMs),
which enable continuous, long-term ECG monitoring in
patients with atrial fibrillation. This has been shown to be
valuable for the evaluation of cryptogenic stroke, where
underlying arrhythmias have been identified in 8.9% of
patients who had ICMs, compared with 1.4% of patients
who had conventional ECG monitoring.* Similarly,
RPM has become popular within heart failure, where pul-
monary artery pressure monitoring has been shown to be
associated with reduced symptom burden and improved
quality of life (odds ratio [OR], 1.69) as well as decreased
rate of clinical deterioration (OR, 0.45).>! Overall, the
development of these technologies in cardiology has facili-
tated continuous physiologic assessment, earlier detection
of decompensation, and more personalized treatment
strategies. The future of RPM will likely be shaped by
disease-specific needs and the willingness of practitioners
to integrate these tools into routine care.

The broad adoption of RPM across specialties
underscores both its clinical promise and implementation
challenges. Since the COVID-19 pandemic, uptake has
accelerated, as patients and providers have grown increas-
ingly comfortable with digital health tools.*** By sup-
porting frequent at-home communication with clinicians,
RPM enables proactive disease management, improves
outcomes and satisfaction, and may also advance health
equity by reducing the burden of in-person visits on
patients facing professional, caregiving, or transportation

barriers.®3¢3°

Remote Patient Monitoring and
Improvements in Care

Across multiple specialties and practice settings, RPM has
demonstrated measurable benefits for patient care. Stud-
ies show that RPM can improve medication and medical
device adherence, particularly in high-risk and vulnerable
patient populations.®4%4
tuberculosis treatment in Tibet found that integration of
RPM into a digital health platform significantly improved
treatment adherence (90% vs 63%; P<.0001) and success
(94% vs 73%; P<.0001) compared with those undergo-
ing usual care.”” Similar successes have been seen with

For example, a study assessing
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medical device adherence, the most studied of which is
the continuous positive airway pressure (CPAP) device.
CPAP is widely used but limited by poor adherence, with
most studies citing a 30% to 50% nonadherence rate.®®
One study of patients with high cardiovascular risk found
that the integration of a multimodal telemonitoring RPM
system resulted in higher hours of CPAP adherence (5.28
vs 4.75 hours; P=.05) and improved patient-reported
outcomes (Epworth Sleepiness Scale and Physical Short
form; P<.05) compared with those undergoing usual
care.! Together, these findings suggest a role in leveraging
RPM and digital health solutions to improve treatment
adherence, especially in high-risk patient populations.

RPM also enables the detection of meaningful sub-
clinical changes before the onset of symptoms or overt
deterioration in several conditions, allowing providers
to intervene earlier and more effectively.*** These pro-
active measures have the potential to reduce emergency
department visits and hospitalizations—a benefit already
observed in certain specialties. For example, in cardiology,
integrating RPM into the management of heart failure
has been associated with improved clinical outcomes and
cost-effectiveness.”* A recent meta-analysis found that
RPM was associated with a 22% and 19% lower odds
of heart failure—related hospitalization and mortality,
respectively, compared with usual care.”® Notably, studies
that incorporated self-management education (P<.028)
and telemedicine check-ins (P=.047) demonstrated the
greatest reductions in hospitalization risk.”* However,
there was significant heterogeneity between studies, likely
reflecting variations in the types and implementation
of RPM technologies. As access to these technologies
expands and provider familiarity increases, a broader
population of patients across a range of chronic diseases
may benefit.

In addition to its clinical benefits, RPM has been
found to have high levels of patient engagement and
satisfaction. These positive perceptions are thought to
be driven in large part by RPM’s ability to facilitate close
communication with care teams, enhance patients’ under-
standing of their health, and reduce the need for travel
and time away from professional or personal responsibili-
ties.®* One study of the Mayo Clinic health care system
found that RPM implementation after hospitalization or
in patients with chronic illnesses was met with significant
satisfaction, with 93.58% of individuals reporting being
satisfied with the RPM program and 92.76% stating
they would recommend it to individuals with similar
conditions.” Additionally, continuous monitoring with
feedback provides reassurance and strengthens patients’
confidence in the self-management of their disease.®
These factors, combined with the longitudinal data RPM
provides to practitioners, are believed to play a key role
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in reducing emergency department visits and hospital-
izations across conditions. This approach has already
demonstrated efficacy across several specialties, including
oncology, cardiology, pulmonology, and nephrology,
among others.”™

Current Landscape in Inflammatory Bowel
Disease

As the management of IBD continues to shift toward a
treat-to-target approach, the need for continuous and reli-
able monitoring through RPM has grown substantially.
Current technologies under development include a vari-
ety of biochemical markers, such as stool, blood, sweat,
and salivary assays, as well as efforts to integrate and vali-
date novel biometric measures. Together, these tools have
the potential to expand monitoring capabilities, establish
new therapeutic targets, and enable earlier, more effective
interventions.

Extension of Care Integration Models

Longitudinal RPM with fecal calprotectin (FC) testing
has become increasingly popular owing to its noninvasive
nature and high sensitivity for detecting intestinal inflam-
mation. Several companies have introduced home-based
assays that are both feasible and acceptable to patients.”
For example, one study evaluating the now discontin-
ued IBDoc RPM program, which integrated FC and
patient-reported outcomes, found a 96% satisfaction rate,
with 80% of patients expressing interest in continued
use.” In terms of diagnostic accuracy, studies have varied
in their findings. One study found that a POC FC assay
demonstrated a moderate positive correlation (correlation
coeficient of 0.685) with laboratory-based testing, achiev-
ing a sensitivity of 82% and specificity of 85% using an
FC cutoff of 150 ug/g.’® However, other studies found
that mild to moderate elevations in home-based FC test-
ing (<500 ug/g) correlated closely with conventional lab-
oratory results, whereas higher values (>500 ug/g) showed
less reliability.””*® Clinical implementation of home FC
testing has been associated with closer contact with health
care providers and treatment escalation, with one study
finding home-based FC testing was associated with a
33% odds of treatment increase compared with 15% of
controls.”” Despite initial positive findings, RPM studies
utilizing stool-based testing have yet to show significant
changes in long-term clinical outcomes.” Further, these
studies have consistently found that patient adherence
remains a key limitation to broader implementation.
Challenges likely stem from historically low completion
rates of laboratory-based FC testing, compounded by the
practical difficulties of performing repeated home-based

biochemical self-assessments.®

Blood-based POC testing is emerging as an import-
ant tool in IBD, with applications for its use in both dis-
ease activity assessment and therapeutic drug monitoring.
C-reactive protein (CRP), one of the most widely used
biomarkers of systemic inflammation, has become a key
target for POC assay development. One study found
that capillary-based finger-stick CRP assays correlate sig-
nificantly with venous CRPs (P<.001), whereas another
found that capillary CRPs report slightly lower values than
venous samples.®"> Despite this, capillary CRP has been
found to be sufficiently accurate to differentiate between
mild and moderate-to-severe disease activity in IBD and
other immune-mediated inflammatory disorders such as
rheumatoid arthritis.®> POC assays for therapeutic drug
monitoring are also in development, with early studies
demonstrating high concordance between finger-stick—
based measurements and gold-standard laboratory testing
for infliximab and vedolizumab (Entyvio, Takeda) drug
and antibody levels.®*¢* In one study, although POC test-
ing for infliximab demonstrated a mean difference of 1.46
ug/mL compared with enzyme-linked immunosorbent
assay measurements, the assays showed 87.4% overall con-
cordance and comparable rates of anti-infliximab antibody
detection (2.2% vs 3.7%, respectively).® Together, these
findings add to the growing body of literature supporting
POC testing for biomarkers and drug levels in IBD.

Sweat-based biomarkers represent another promising
avenue for noninvasive IBD monitoring. IBD AWARE
was among the first devices to demonstrate the feasibility
of continuously measuring inflammatory and immune
markers in sweat, including CRP and interleukin-6 (IL-
6).°° According to a pilot study, sweat-based CRP mea-
surements at a threshold of 938.9 pg/mL differentiated
inflamed from noninflamed states with 82% sensitivity
and 70% specificity. Similarly, sweat-derived tumor necro-
sis factor—a. showed strong discriminatory performance in
distinguishing individuals with active IBD from healthy
controls, with an AUC of 0.962.% Although currently
investigational, sweat-based sensors appear both feasible
and acceptable to patients and hold promise as a novel
tool for longitudinal disease activity monitoring.

Emerging biochemical RPM approaches include
salivary and colorectal mucus biomarkers for minimally
invasive disease monitoring. Saliva is particularly attrac-
tive given its ease of collection and is being studied across
a range of chronic and infectious diseases.®® In IBD, sev-
eral salivary proinflammatory cytokines, including IL-6
and matrix metalloproteinase-10, correlate with serum
concentrations, suggesting potential utility for noninva-
sive monitoring of systemic inflammation.®”° Colorectal
mucus biomarkers, although more cumbersome to collect,
have also demonstrated promise. Although traditionally
obtained during endoscopic procedures, advancements
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Table 1. Advantages and Limitations of Remote Monitoring Modalities in IBD

Modality Advantages

Limitations Stage of development

Fecal calprotectin
(home test)

Noninvasive and validated biomarker of intes-
tinal inflammation; aligns with treat-to-target

Suboptimal adherence, reduced
accuracy at higher concentrations,

Commercially
available (Europe,

monitoring (infliximab, vedolizumab)

strategies and patient burden of repeated limited in United
sampling States)
Blood-based POC | Established biomarkers (eg, CRP) and Finger stick required, early-stage Early clinical
assay rapid turnaround; enables therapeutic drug validation, and not yet widely validation

available

Sweat sensor Noninvasive and potential for continuous,

real-time analyte (CRD, IL-6, TNF-a)

Investigational, no regulatory Pilot studies

approval, and small pilot cohorts

monitoring only
Salivary Very easy, painless collection and potential for | Limited IBD-specific data, Exploratory
biomarkers frequent longitudinal monitoring; cytokines | variability, and not validated for

correlate with serum levels clinical use
Colorectal mucus | Promising diagnostic accuracy when Collection cumbersome, scalability | Exploratory

biomarkers combined with fecal calprotectin and novel uncertain, and limited validation

inflammatory marker candidates
Wearable device Passive, continuous data collection and widely | Signal interpretation, limited Growing evidence or
(HR, HRV, sleep, | adopted in general population; can detect specificity for IBD, and integration | research setting
steps) physiologic changes weeks before flare into workflows not standardized

CRP, C-reactive protein; HR, heart rate; HRV, heart rate variability; IBD, inflammatory bowel disease; IL-6, interleukin-6; POC, point-of-care;

TNF-a, tumor necrosis factor—ct.

over the past decade have led to the development of self-col-
lection kits, which allow patients to self-swab the external
anal region immediately after defecation and then store
this sample in a buffering agent for subsequent laboratory
analysis.”! Individually, these mucus biomarkers exhibit
variable predictive accuracy for detecting inflammatory
activity. However, their diagnostic performance improves
significantly when used in combination with established
markers like FC. For example, one study found that
the combination of mucus-derived eosinophil-derived
neurotoxin and FC achieved a sensitivity of 91% and a
specificity of 89% for detecting active inflammation in
individuals with IBD.”? Further, these biomarkers pro-
gressively declined throughout the subsequent treatment
course, reflecting therapeutic response. Additional explor-
atory studies have examined other mucus biomarkers,
such as total protein and mucin 2, which differentiate
individuals with active IBD from those with irritable
bowel syndrome and healthy controls.”" However, neither
salivary or colorectal mucus biomarkers have undergone
sufficient validation for routine use in IBD, and further
investigation is required.

Given the challenges of adherence to frequent
biochemical sampling, biometric monitoring through

Gastroenterology & Hepatology Volume 21, Issue 12 December 2025

wearable technology has gained increasing attention.
These devices capture physiologic parameters such as HR,
heart rate variability (HRV), activity, and sleep, which can
be leveraged to identify and predict inflammatory activ-
ity.”*’% In the IBD Forecast study, HR, HRV, and activity
were not only altered during periods of inflammation
and symptoms, but also demonstrated subtle changes
up to 7 weeks prior to flare onset.”” HRV metrics even
distinguished whether symptomatic flares had underlying
inflammation. A post hoc analysis of this study revealed
alterations in sleep architecture, specifically increased
rapid eye movement and reduced light sleep, starting
approximately 45 days before inflammatory activity.”®
Collectively, these findings highlight the potential of
wearable devices to detect early physiologic signatures of
impending disease activity, offering a noninvasive com-
plement to biochemical monitoring (Table 1).

Gaps in Evidence and Implementation
Science

Despite growing evidence supporting the benefits of RPM

in IBD, several barriers continue to limit its widespread
implementation. A major challenge is the lack of regula-
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Table 2. Barriers and Facilitators to Remote Patient Monitoring Implementation in IBD

Domain Barriers Facilitators
Technology fatigue, burden of frequent sampling, anxiety Digital health coaches and care coordinators,
Patient or uncertainty with self-monitoring, and variable long-term streamlined and user-friendly interfaces, and
adherence real-time feedback and education
. . . Integration with EHR systems, standardized
. Data overload from continuous streams, workflow disruption, . L .
Provider L 1. alert thresholds, and Al-driven clinical decision
and uncertain reimbursement or liability
support tools
. . Policy and reimbursement reform, payer coverage
Limited regulatory approval for biomarkers (stool, blood, R > pay &
System . . . ot o models, scalable and cloud-based platforms, and
digital), device costs, and risk of widening inequities in access .
equity-focused deployment
. Lt Ongoing RCTs, validation studies across diverse
. Limited long-term outcomes data, adherence variability, and 50INg ’ .
Evidence - v populations, and support from cross-discase
lack of validation for emerging biomarkers evidence
%

Al artificial intelligence; EHR, electronic health record; IBD, inflammatory bowel disease; RCTs, randomized controlled trials.

tory approval for key remote monitoring tools, including
POC blood and stool assays and digital biomarkers.
This gap may reflect unresolved questions regarding the
optimal frequency of monitoring, the patient populations
most likely to benefit, the relative effectiveness of different
modalities, and the overall cost of large-scale implementa-
tion.”” Even with regulatory approval, patient-level chal-
lenges persist, such as long-term adherence, technology
fatigue, and anxiety related to self-monitoring. At the
health system level, barriers include uncertain reimburse-
ment strategies, streamlined integration into current
workflows, and risks of worsening inequities in access to
connected technologies. Addressing these barriers will
require well-designed clinical trials that integrate RPM as
part of therapeutic interventions to generate the evidence
needed for regulatory approval and sustained integration.
Additionally, prior studies have identified limited long-
term adherence as a major barrier to RPM in IBD.”*”° To
address this challenge, many programs are incorporating
digital health coaches and remote care coordinators to
support patient navigation and communication, which
has been found to be effective in other conditions utiliz-

ing RPM (Table 2).50¢!

Future Directions

The future of RPM in IBD will be driven by technological
innovation aimed at establishing reliable disease biomark-
ers and improving patient adherence. A central avenue
is the integration of Al into RPM platforms to enhance
prediction of disease flares and treatment responses.®
Passive, multimodal monitoring, which combines phys-
iologic, behavioral, and biochemical inputs, offers the

potential for greater predictive accuracy and improved
adherence compared with active monitoring.* Advances
in remote biosensing, ranging from ingestible sensors to
real-time cytokine-detecting patches, may provide even
deeper insights into IBD activity.**® However, the clin-
ical impact of these innovations will depend on parallel
progress in regulatory pathways, reimbursement strate-
gies, and health system integration to enable scalability of
RPM in IBD care.

Conclusion

Remote monitoring represents a transformative frontier
in the care of patients with IBD, with the potential to
improve quality, efficiency, and accessibility of care.
Lessons from other medical fields, including cardiology,
psychiatry and endocrinology, illustrate the opportunities
and challenges of embedding RPM within an evolving
IBD management paradigm. Realizing this potential will
require robust clinical evidence, thoughtful implementa-
tion strategies, continued technologic development, and
a commitment to equitable access. By addressing these
needs, the IBD treatment paradigm can shift toward a
prevention-focused, patient-centered model that improves
outcomes for both patients and providers.

Disclosures

Dr Said has no relevant conflicts of interest to disclose. Dr
Hirten reports receiving consulting fees from Bristol Myers
Squibb and AbbVie; stock options from Salvo Health; and
research support from Janssen, Intralytix, EnLiSense, and the
Crohn’s and Colitis Foundation.

762 Gastroenterology & Hepatology Volume 21, Issue 12 December 2025



References

1. Best J. Wearable technology: COVID-19 and the rise of remote clinical moni-
toring. BMJ. 2021;372(413):n413.

2. Watson AR, Wah R, Thamman R. The value of remote monitoring for the
COVID-19 pandemic. Zelemed ] e-Health. 2020;26(9):1110-1112.

3. Imberti JE Tosetti A, Mei DA, Maisano A, Boriani G. Remote monitoring
and telemedicine in heart failure: implementation and benefits. Curr Cardiol Rep.
2021;23(6):55.

4. Reddy S, Wu CC, José A, Hsieh JL, Rautela SD. Personalized virtual care using
continuous glucose monitoring in adults with type 2 diabetes treated with less
intensive therapies. Clin Diabetes. 2023;41(3):452-457.

5. Ekekezie O, Hartstein GL, Torous J. Expanding mental health care access-re-
mote therapeutic monitoring for cognitive behavioral therapy. JAMA Health
Forum. 2023;4(9):e232954.

6. Tan SY, Sumner J, Wang Y, Wenjun Yip A. A systematic review of the impacts
of remote patient monitoring (RPM) interventions on safety, adherence, quali-
ty-of-life and cost-related outcomes. NP/ Digit Med. 2024;7(1):192.

7. Shufelt CL, Kim A, Joung S, et al. Biometric and psychometric remote mon-
itoring and cardiovascular risk biomarkers in ischemic heart disease. / Am Heart
Assoc. 2020;9(18):¢016023.

8. Godfrey A, Vandendriessche B, Bakker JB et al. Fit-for-purpose biometric mon-
itoring technologies: leveraging the laboratory biomarker experience. Clin Trans!
Sci. 2021;14(1):62-74.

9. Manta C, Jain SS, Coravos A, Mendelsohn D, Izmailova ES. An evaluation of
biometric monitoring technologies for vital signs in the era of COVID-19. Clin
Transl Sci. 2020;13(6):1034-1044.

10. Goergen CJ, Tweardy MJ, Steinhubl SR, et al. Detection and monitoring of
viral infections via wearable devices and biometric data. Annu Rev Biomed Eng.
2022;24:1-27.

11. Hickey BA, Chalmers T, Newton P, et al. Smart devices and wearable tech-
nologies to detect and monitor mental health conditions and stress: a systematic
review. Sensors (Basel). 2021;21(10):3461.

12. Bandodkar AJ, Jeang WJ, Ghaffari R, Rogers JA. Wearable sensors for bio-
chemical sweat analysis. Annu Rev Anal Chem (Palo Alto Calif). 2019;12(1):1-22.
13. Sempionatto JR, Lasalde-Ramirez JA, Mahato K, Wang J, Gao W. Wear-
able chemical sensors for biomarker discovery in the omics era. Naz Rev Chem.
2022;6(12):899-915.

14. Foster C, Schinasi D, Kan K, Macy M, Wheeler D, Curfman A. Remote
monitoring of patient- and family-generated health data in pediatrics. Pediatrics.
2022;149(2):¢2021054137.

15. Claggett J, Petter S, Joshi A, Ponzio T, Kirkendall E. An infrastructure frame-
work for remote patient monitoring interventions and research. / Med Internet Res.
2024;26:¢51234.

16. Cao M, Ramezani R, Katakwar VK, et al. Developing remote patient mon-
itoring infrastructure using commercially available cloud platforms. Front Digit
Health. 2024;6:1399461.

17. Gandrup J, Ali SM, McBeth J, van der Veer SN, Dixon WG. Remote symptom
monitoring integrated into electronic health records: a systematic review. / Am
Med Inform Assoc. 2020;27(11):1752-1763.

18. Ryan P, McGrath C, Lawrie I, Fitzsimons C, O’Shea J, De BrUn J. Enhancing
efficiency in a cardiac investigations department by increasing remote patient mon-
itoring. Int | Qual Health Care. 2019;31(suppl 1):29-34.

19. Jafri FN, Johnson K, Elsener M, et al. A quality improvement-based approach
to implementing a remote monitoring-based bundle in transitional care patients
for heart failure. /t Comm ] Qual Patient Saf. 2024;50(11):775-783.

20. Klersy C, De Silvestri A, Gabutti G, et al. Economic impact of remote patient
monitoring: an integrated economic model derived from a meta-analysis of ran-
domized controlled trials in heart failure. Eur J Heart Fail. 2011;13(4):450-459.
21. Goldberg SB, Buck B, Raphacly S, Fortney JC. Measuring psychiatric symp-
toms remotely: a systematic review of remote measurement-based care. Curr Psy-
chiatry Rep. 2018;20(10):81.

22. Denyer H, Carr E, Deng Q, et al. A 10-week remote monitoring study of
sleep features and their variability in individuals with and without ADHD. BMC
Psychiatry. 2025;25(1):294.

23. O’Brien JT, Gallagher P, Stow D, et al. A study of wrist-worn activity mea-
surement as a potential real-world biomarker for late-life depression. Psychol Med.
2017;47(1):93-102.

24. Lee HJ, Cho CH, Lee T, et al. Prediction of impending mood episode
recurrence using real-time digital phenotypes in major depression and bipolar
disorders in South Korea: a prospective nationwide cohort study. Psychol Med.

REMOTE PATIENT MONITORING AND CONNECTED TECHNOLOGIES IN IBD

2023;53(12):5636-5644.

25. Barnett I, Torous J, Staples P, Sandoval L, Keshavan M, Onnela JP. Relapse
prediction in schizophrenia through digital phenotyping: a pilot study. Newropsy-
chopharmacology. 2018;43(8):1660-1666.

26. Montero AR, Toro-Tobon D, Gann K, Nassar CM, Youssef GA, Magee ME.
Implications of remote monitoring technology in optimizing traditional self-mon-
itoring of blood glucose in adults with T2DM in primary care. BMC Endocr
Disord. 2021;21(1):222.

27. Crossen SS, Romero CC, Lewis C, Glaser NS. Remote glucose monitoring is
feasible for patients and providers using a commercially available population health
platform. Front Endocrinol (Lausanne). 2023;14:1063290.

28. Martens T, Beck RW,, Bailey R, et al; MOBILE Study Group. Effect of con-
tinuous glucose monitoring on glycemic control in patients with type 2 diabetes
treated with basal insulin: a randomized clinical trial. JAMA. 2021;325(22):2262-
2272.

29. Reaven PD, Macwan S, Newell M, et al. Initiation of continuous glucose mon-
itoring and mortality in type 2 diabetes. Diabetes Technol Ther. 2025;27(10):778-
789.

30. Sanders P, Piirerfellner H, Pokushalov E, et al; Reveal LINQ Usability
Investigators. Performance of a new atrial fibrillation detection algorithm in a
miniaturized insertable cardiac monitor: results from the Reveal LINQ Usability
Study. Heart Rhythm. 2016;13(7):1425-1430.

31. Brugts JJ, Radhoe SP, Clephas PRD, et al; MONITOR-HF investigators.
Remote haemodynamic monitoring of pulmonary artery pressures in patients
with chronic heart failure (MONITOR-HF): a randomised clinical trial. Lancet.
2023;401(10394):2113-2123.

32. Meng WW, Bai YY, Yan L, et al. Effect of home blood pressure telemoni-
toring plus additional support on blood pressure control: a randomized clinical
trial. Biomed Environ Sci. 2023;36(6):517-526.

33. Sanna T, Diener HC, Passman RS, et al; CRYSTAL AF Investigators. Crypto-
genic stroke and underlying atrial fibrillation. IV Engl | Med. 2014;370(26):2478-
2486.

34. Muller AE, Berg RC, Jardim PS]J, Johansen TB, Ormstad SS. Can remote
patient monitoring be the new standard in primary care of chronic discases, post-
COVID-19? Telemed ] e-Health. 2022;28(7):942-969.

35. Pronovost PJ, Cole MD, Hughes RM. Remote patient monitoring during
COVID-19: an unexpected patient safety benefit. JAMA. 2022;327(12):1125-
1126.

36. Baughman D], Botros PA, Waheed A. Technology in medicine: remote patient
monitoring. FP Essent. 2024;537:21-25.

37. Haddad TC, Maita KC, Inselman JW;, et al. Patient satisfaction with a multisite,
multiregional remote patient monitoring program for acute and chronic condition
management: survey-based analysis. / Med Internet Res. 2023;25:¢44528.

38. Mooney K, Beck SL, Wilson C, et al. Assessing patient perspectives and the
health equity of a digital cancer symptom remote monitoring and management
system. JCO Clin Cancer Inform. 2024;8:¢2300243.

39. Holtz BE, Urban FA, Oesterle J, Blake R, Henry A. The promise of remote
patient monitoring. Telemed ] e-Health. 2024;30(12):2776-2781.

40. Wei X, Hicks JP, Zhang Z, et al. Effectiveness of a comprehensive package
based on electronic medication monitors at improving treatment outcomes among
tuberculosis patients in Tibet: a multicentre randomised controlled trial. Lancet.
2024;403(10430):913-923.

41. Pépin JL, Jullian-Desayes I, Sapéne M, et al. Multimodal remote monitoring
of high cardiovascular risk patients with OSA initiating CPAP: a randomized
trial. Chest. 2019;155(4):730-739.

42. Amico KR, Lindsey JC, Hudgens M, et al; TERA Study Team. Randomized
controlled trial of a remote coaching mHealth adherence intervention in youth
living with HIV. AIDS Behav. 2022;26(12):3897-3913.

43. Rotenberg BW, Murariu D, Pang KP. Trends in CPAP adherence over
twenty years of data collection: a flattened curve. J Orolaryngol Head Neck Surg.
2016;45(1):43.

44. Lauteslager T, Dishakjian V, Watson L, Savarese J, Williams AJ, Leschziner
GD. Detecting early signs of deterioration and preventing hospitalizations in
skilled nursing facilities using remote respiratory monitoring. Respir Med Case Rep.
2024;50:102044.

45. Leo DG, Buckley BJR, Chowdhury M, et al; TAILOR investigators. Interac-
tive remote patient monitoring devices for managing chronic health conditions:
systematic review and meta-analysis. / Med Internet Res. 2022;24(11):¢35508.

46. Mokri H, Clephas PRD, de Boer RA, van Baal P, Brugts JJ, Rutten-van Mélken
MPMH. Cost-effectiveness of remote haemodynamic monitoring by an implant-
able pulmonary artery pressure monitoring sensor (CardioMEMS-HF system) in

Gastroenterology & Hepatology Volume 21, Issue 12 December 2025 763



SAID AND HIRTEN

chronic heart failure in the Netherlands. Eur ] Heart Fail. 2024;26(5):1189-1198.
47. Schmier JK, Ong KL, Fonarow GC. Cost-effectiveness of remote cardiac mon-
itoring with the CardioMEMS heart failure system. Clin Cardiol. 2017;40(7):430-
436.

48. De Lathauwer ILJ, Nieuwenhuys WW, Hafkamp F, et al. Remote patient
monitoring in heart failure: a comprehensive meta-analysis of effective programme
components for hospitalization and mortality reduction. Eur ] Heart Fail.
2025;27(9):1670-1685.

49. Prasse T, Yap N, Sivakanthan S, et al. Remote patient monitoring following
full endoscopic spine surgery: feasibility and patient satisfaction. / Neurosurg Spine.
2023;39(1):122-131.

50. Artico ], Zecchin M, Zorzin Fantasia A, et al. Long-term patient satisfaction
with implanted device remote monitoring: a comparison among different sys-
tems. ] Cardiovasc Med (Hagerstown). 2019;20(8):542-550.

51. Pritchett JC, Borah BJ, Desai AD, et al. Association of a remote patient mon-
itoring (RPM) program with reduced hospitalizations in cancer patients with
COVID-19. JCO Oncol Pract. 2021;17(9):¢1293-¢1302.

52. Sanabria M, Buitrago G, Lindholm B, et al. Remote patient monitoring pro-
gram in automated peritoneal dialysis: impact on hospitalizations. Perit Dial Int.
2019;39(5):472-478.

53. de Graaf G, Timmermans I, Meine M, et al. Economic evaluation of remote
monitoring of patients with an implantable cardiac defibrillator (REMOTE-CIED
study). J Telemed Telecare. 2024;30(7):1173-1185.

54. Hernandez-Quiles C, Bernabeu-Wittel M, Barén-Franco B, et al. A random-
ized clinical trial of home telemonitoring in patients with advanced heart and lung
diseases. J Telemed Telecare. 2024;30(2):356-364.

55. Wei SC, Tung CC, Weng MT, Wong JM. Experience of patients with
inflammatory bowel disease in using a home fecal calprotectin test as an objective
reported outcome for self-monitoring. Intest Res. 2018;16(4):546-553.

56. Vinding KK, Elsberg H, Thorkilgaard T, et al. Fecal calprotectin measured by
patients at home using smartphones—a new clinical tool in monitoring patients
with inflammatory bowel discase. Inflamm Bowel Dis. 2016;22(2):336-344.

57. Heida A, Knol M, Kobold AM, Bootsman J, Dijkstra G, van Rheenen PE.
Agreement between home-based measurement of stool calprotectin and ELISA
results for monitoring inflammatory bowel disease activity. Clin Gastroenterol
Hepatol. 2017;15(11):1742-1749.¢2.

58. Haisma SM, Galaurchi A, Almahwzi S, Adekanmi Balogun JA, Muller Kobold
AC, van Rheenen PE. Head-to-head comparison of three stool calprotectin tests for
home use. PLoS One. 2019;14(4):e0214751.

59. Ostlund I, Werner M, Karling P Self-monitoring with home based fecal
calprotectin is associated with increased medical treatment. A randomized
controlled trial on patients with inflammatory bowel disease. Scand | Gastroenterol.
2021;56(1):38-45.

60. Khakoo NS, Lewis A, Roldan GA, et al. Patient adherence to fecal calprotectin
testing is low compared to other commonly ordered tests in patients with inflam-
matory bowel disease. Crohns Colitis 360. 2021;3(3):0tab028.

61. Takacs M, Hellige A, Schuster T, Schleifenbaum S, Fsll D, Weber JM. P323
Successful validation of the quantum blue quantitative rapid test to monitor C-re-
active protein in capillary blood of patients suffering from chronic inflammatory
diseases. / Crohns Colitis. 2020;14(1):S315.

62. Volkers A, Léwenberg M, Braad M, et al. Validation study of novel point-of-
care tests for infliximab, adalimumab and C-reactive protein in capillary blood
and calprotectin in faeces in an ambulatory inflammatory bowel disease care set-
ting. Diagnostics (Basel). 2023;13(10):1712.

63. Levitte S. Point-of-care assays for infliximab therapeutic drug monitoring in
patients with IBD: Is quicker better? Dig Dis Sci. 2024;69(1):5-6.

64. Nasser Y, Labetoulle R, Harzallah I, Berger AE, Roblin X, Paul S. Comparison
of point-of-care and classical immunoassays for the monitoring infliximab and
antibodies against infliximab in IBD. Dig Dis Sci. 2018;63(10):2714-2721.

65. Valdés-Delgado T, Aguado-Paredes A, Merino-Bohérquez V, et al. Performance
of a new rapid point-of-care test for infliximab levels in patients with inflammatory

bowel disease: a comparison to ELISA. Dig Dis Sci. 2024;69(1):228-234.

66. Hirten RP, Lin KC, Whang ], et al. Longitudinal monitoring of IL-6 and
CRP in inflammatory bowel disease using IBD-AWARE. Biosens Bioelectron X.
2024;100435.

67. Hirten RP, Lin KC, Whang J, et al. Longitudinal assessment of sweat-based
TNF-alpha in inflammatory bowel disease using a wearable device. Sci Rep.
2024;14(1):2833.

68. Kumari S, Samara M, Ramachandran RA, et al. A review on saliva-based health
diagnostics: biomarker selection and future directions. Biomed Mater Devices.
2023;1-18.

69. Majster M, Lira-Junior R, Hé6g CM, Almer S, Bostrdm EA. Salivary and
serum inflammatory profiles reflect different aspects of inflammatory bowel discase
activity. Inflamm Bowel Dis. 2020;26(10):1588-1596.

70. Aleksandra Nielsen A, Nederby Nielsen J, Schmedes A, Brandslund I, Hey H.
Saliva interleukin-G in patients with inflammatory bowel disease. Scand J Gastroen-
terol. 2005;40(12):1444-1448.

71. Loktionov A, Chhaya V, Bandaletova T, Poullis A. Assessment of cytology and
mucin 2 in colorectal mucus collected from patients with inflammatory bowel
disease: results of a pilot trial. / Gastroenterol Hepatol. 2016;31(2):326-333.

72. Loktionov A, Chhaya V, Bandaletova T, Poullis A. Inflammatory bowel discase
detection and monitoring by measuring biomarkers in non-invasively collected
colorectal mucus. J Gastroenterol Hepatol. 2017;32(5):992-1002.

73. Engel T, Ben-Horin S, Beer-Gabel M. Autonomic dysfunction correlates with
clinical and inflammatory activity in patients with Crohn’s discase. Inflamm Bowel
Dis. 2015;21(10):2320-2326.

74. Sadowski A, Dunlap C, Lacombe A, Hanes D. Alterations in heart rate vari-
ability associated with irritable bowel syndrome or inflammatory bowel disease: a
systematic review and meta-analysis. Clin Transl Gastroenterol. 2020;12(1):¢00275.
75. Hirten RP, Danieletto M, Sanchez-Mayor M, et al. Physiological data collected
from wearable devices identify and predict inflammatory bowel disease flares. Gas-
troenterology. 2025;168(5):939-951.¢5.

76. Hirten RP, Danieletto M, Whang JK, et al. Wearable devices identify altered
sleep characteristics and sleep trajectories in active inflammatory bowel disease
[published online June 26, 2025]. Clin Gastroenterol Hepatol. doi:10.1016/j.
cgh.2025.06.003.

77. Nguyen NH, Martinez I, Atreja A, et al. Digital health technologies for
remote monitoring and management of inflammatory bowel disease: a systematic
review. Am ] Gastroenterol. 2022;117(1):78-97.

78. Puolanne AM, Kolho KL, Alfthan H, Firkkildi M. Is home monitoring of
inflammatory bowel disease feasible? A randomized controlled study. Scand ] Gas-
troenterol. 2019;54(7):849-854.

79. Goren M, Talan A, Haj O, et al. P0267 Proactive remote monitoring of
inflammatory bowel disease for improved outcomes and flare prediction. / Crohns
Colitis. 2025;19(suppl 1):i701-i702.

80. Miranda R, Oliveira MD, Nicola P, Baptista FM, Albuquerque I. Towards a
framework for implementing remote patient monitoring from an integrated care
perspective: a scoping review. Int | Health Policy Manag. 2023;12:7299.

81. Persell SD, Petito LC, Anthony L, et al. Prospective cohort study of remote
patient monitoring with and without care coordination for hypertension in pri-
mary care. Appl Clin Inform. 2023;14(3):428-438.

82. Kopylov U, Verstockt B, Marigorta UM, et al. Results of the 9th Scientific
Workshop of the European Crohn’s and Colitis Organisation (ECCO): artificial
intelligence in medical management and precision medicine [Published online
August 12, 2025]. J Crohns Colitis. doi:10.1093/ecco-jcc/jjaf134.

83. Harindranath S, Desai D. Wearable technology in inflammatory bowel disease:
current state and future direction. Expert Rev Med Devices. 2025;22(2):121-126.
84. Cohen AB, Mathews SC. The digital outcome measure. Digit Biomark.
2018;2(3):94-105.

85. Dong MD, Salwen-Deremer JK, Siegel CA. Remote monitoring for patients
with inflammatory bowel disease: current status and the future of the field. Gastro-
enterol Hepatol (N'Y). 2024;20(10):621-627.

764 Gastroenterology & Hepatology Volume 21, Issue 12 December 2025



