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Abstract

With increased access to high-speed Internet and smartphone devices, patients have started to use 

mobile applications (apps) for various health needs. These mobile apps are now increasingly used 

in integration with telemedicine and wearables to support fitness, health education, symptom 

tracking, and collaborative disease management and care coordination. More recently, evidence 

(especially around remote patient monitoring) has started to build in some chronic diseases, and 

some of the digital health technologies have received approval from the Food and Drug 

Administration. With the changing healthcare landscape and push for value-based care, adoption 

of these digital health initiatives among providers is bound to increase. Although so far there is a 

dearth of published evidence about effectiveness of these apps in gastroenterology care, there are 

ongoing trials to determine whether remote patient monitoring can lead to improvement in process 

metrics or outcome metrics for patients with chronic gastrointestinal diseases.
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Despite annual expenditures exceeding $2.5 trillion (17% of gross domestic product), the 

quality of U.S. healthcare remains far from optimal.1 Soaring healthcare costs, significant 

variations in management, poor quality outcomes, and increasing fragmentation of care have 

become the major drivers of healthcare reforms, including pay-for-performance, meaningful 

use, and the Affordable Care Act of 2010.2 The Department of Health and Human Services 

recently declared that up to 50% of provider payments would be tied to healthcare quality 

(“performance”) by 2018.3 One of the major drivers of costs and push toward value-based 

care is the increasing prevalence of chronic diseases that affect almost 1 out of every 2 

Americans and account for 75% of the U.S. healthcare burden.4,5 These changes affect the 

management of chronic digestive disorders.6–11
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Digital health is the convergence of the digital and genetics revolutions with health, 

healthcare, living, and society, and the term is often interchangeably used with mHealth or 

mobile health because of the central role played by mobile devices.12 Digital health can be 

an effective tool in chronic disease management because of its widespread reach and 

efficiency it can bring to healthcare delivery. Remote patient monitoring (RPM) is a subset 

of digital health technologies that enable monitoring of patients outside of conventional 

clinical settings (eg, in the home), which may increase access to care and decrease 

healthcare delivery costs.13 The essential elements of RPM include smartphone and mobile 

apps, hardware sensors (including implantable, wearable, and Internet of Things) and 

software sensing technologies, health information technology including electronic health 

records, and genomics.

We will provide an overview of RPM strategies comprising mobile apps, telemedicine, and 

remote sensors and assess the potential opportunities of bringing these innovations for 

improving outcomes and experience of patients with chronic digestive disorders.

Remote Patient Monitoring

RPM can be helpful by managing patients while they remain in their homes, thus reducing 

unnecessary and even routine healthcare visits and their cost. It can provide patients with 

continuous self-monitoring of their health status, personalized healthcare, improved 

adherence, better communication to health provider, self-management of their diseases, and 

better quality of life with both time and cost effectiveness.14,15 As shown in Figure 1, remote 

monitoring and remote consultation mHealth app category hold the potential for revenue 

growth in the next 5 years.

The uses of RPM are getting support from gradually building scientific evidence. In 

Tobacco, Exercise and Diet Messages (TEXT ME) trial published recently in JAMA, Chow 

et al16 reported the impact of personalized texting and feedback for risk factor modification 

in patients with coronary heart disease. At 6 months, levels of low-density lipoprotein–

cholesterol complex were significantly lower in intervention participants (mean difference, 

−5 mg/dL; P = .04), with significant reduction in smoking (26% vs 44%; P < .001) as well as 

reductions in systolic blood pressure (−7.6 mm Hg) and body mass index (−1.3). Similar to 

Tobacco, Exercise and Diet Messages program, BlueStar from WellDoc Communications 

Inc (Baltimore, MD) offers automated semi-personalized guidance messages but also 

combines them with medication and blood sugar logs, health coach support, and report-

sending capabilities via smartphones to provide an integrated remote monitoring program 

for diabetes.17 Patients using BlueStar saw a greater mean hemoglobin A1c decline than 

those receiving usual care, 1.2% (1.9% vs 0.7%) during a 12-month period, and this app was 

the first mobile app to gain approval from the Food and Drug Administration for better 

diabetes management.17

Several systematic reviews show evidence in support of RPM. When mortality was 

measured as a primary outcome for 3337 chronic heart failure patients in a meta-analysis of 

13 studies (2003–2013), RPM was found to significantly reduce chronic heart failure 

mortality (risk ratio, 0.76%) as compared with conventional care.18 McLean et al19 
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performed a meta-analysis to evaluate effectiveness of telemedicine for chronic obstructive 

pulmonary disease patients and included 10 randomized controlled trials measuring quality 

of life, risk of hospitalization, and death as primary outcomes. A significant reduction in 

emergency department visits (odds ratio, 0.27; 95% confidence interval, 0.11–0.66) and 

hospitalization (odds ratio, 0.46; 95% confidence interval, 0.33–0.65) was reported with 

telehealthcare.

RPM also has potential for distant monitoring of patients with asthma to check their 

adherence to inhalers,20 dementia to prevent them getting lost,21 stroke to anticipate and 

assess fall,22 obstructive sleep apnea for diagnosis and treatment response,23 parkinsonism 

for independent daily living,24 bipolar disorders to anticipate mania and depression,25 

postsurgical monitoring of artificial kidney transplants,26 and sensing pressure readings after 

aneurysm repair to predict leakage.27 RPM has improved intensive care unit (ICU) care with 

real-time monitoring that is easily dispersible to distant ICU physicians to provide in time 

interventions.28 RPM is now evolving toward providing patients with complete ambient 

monitoring resulting in independent living while minimizing the health-related risks of 

living alone at the same time, especially for the elderly and for those with chronic 

conditions.29,30

Smartphones and Mobile Apps

Currently, more than two-thirds of Americans have smartphones.31 Americans are also 

increasingly technology-laden, with an average of 4 devices per person; one-third of them 

have an Internet tablet versus just 5% two years ago.31 Since 1985, many low-income 

patients qualify for the LifeLine assistance program (http://www.fcc.gov/lifeline) that 

provides free smartphones and free monthly airtime. Most patients at all socioeconomic 

levels have smartphone or Internet access.32 Rising trends of smartphone usage are being 

observed for healthcare providers as well.33 One study found that almost all of those 

physicians who are in the Accreditation Council for Graduate Medical Education training 

program are currently using smartphones.34

With increased use of smartphones, Internet tablets, and access to high-speed data networks, 

more patients are able to use mobile applications (apps) than ever before. Thus, smartphones 

with health apps provide a good strategy to integrate all the efforts so far because of their 

innate qualities and acceptability to patients and physicians. Majority of patients having 

smartphones report using mobile apps for health needs ranging from health information 

search to wellness to managing their diseases through remote monitoring.35,36, According to 

the Fifth Annual Pulse of Online Health Survey, two-thirds of Americans are interested in 

using mobile phones and health apps to maintain their health, and 79% are willing to use 

wearable devices and remote health sensors.37 At present, there are more than 165,000 apps 

dedicated to mobile health that are available for Android and iOS, a figure that has doubled 

during the last 2 years. Figure 2 shows the current mHealth app landscape, with most of the 

apps targeting fitness (30.9%), wellness (15.5%), medical reference (16.6%), and nutrition 

categories (7.4%), whereas apps providing diagnosis (1.4%), remote consultation (0.6%), 

and medical conditions management (6.6%) are still less than 10% of the current market. In 
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this review, we will discuss in detail the dynamics of the current market and how things are 

changing for the future.

Remote Sensor Technologies

Development of remote health sensors has brought about a revolution in RPM. Sensors 

could be in smartphones, implantable, wearables (like Fitbit or Apple Watch), or placed in 

the surroundings. New sensors are being built that are small in size, better synchronized, 

energy efficient, wireless, and equipped with better biosensing technologies,38,39 thus 

providing unobtrusive and ambient monitoring.40 This has led to the concept of Internet of 

Things,41 which is a scenario in which objects, animals, or people are provided with unique 

identifiers and the ability to transfer data over a network without requiring human-to-human 

or human-to-computer interaction. We are on a continuum from standard sensors to partially 

passive sensors to fully passive sensor development. Fully passive sensors can both collect 

and transmit information to the destined server on their own without any required 

participation from user or patient.42,43

The new age of health sensors can automatically sample blood to measure key biomarkers 

(eg, glucose to electrolytes), be implanted in different tissues such as heart and muscle to 

monitor their activity, be incorporated into pharmaceutical products to monitor patient’s 

compliance. and become part of the patient’s environment in the form of wearable 

accessories such as watches, shoes, or clothing itself43 or in chairs, beds, toilet seats, 

mirrors, etc. A compelling example is that of sensors incorporated into car steering40 

mechanisms with the ability to measure body acceleration, position, orientation, gait, 

emotions, location, behavior, sleep patterns, and vital signs including pulse, respiratory rate, 

blood pressure, oxygen saturation, and temperature.40,42–44 Adopting these sensors in RPM 

marks a transition from a manual world to an automated one in which sensors collect and 

disseminate information in real time to healthcare providers who can use these data for 

surveillance and timely interventions.45 Technologies like Apple HealthKit (Apple 

Computer, Cupertino, CA) are allowing data from multiple sensors to be aggregated and 

delivered to providers integrated with electronic health records. Ongoing pilots are testing 

how best to present data from these sensors to providers without creating information 

overload.46

Mobile Telemedicine

Telemedicine is defined as the use of telecommunication and information technologies to 

provide clinical healthcare at a distance. Traditionally, telemedicine has been thought to be 

beneficial mainly to patients living in isolated communities and remote regions who can 

receive care from doctors or specialists far away without the patient having to travel to visit 

them. Until recently, telemedicine required use of dedicated hardware to be successful, and 

this limited the widespread acceptance of this technology. However, recent developments in 

mobile technology and broadband availability that have allowed smartphones and mobile 

apps to serve as a tool for telemedicine interventions have revolutionized this field because 

of its user friendliness and wider acceptance.46–48 Now patients, caregivers, and healthcare 

professionals in multiple locations can share information and discuss care issues to support 
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urgent consults, remote coaching for fitness, care coordination in chronic diseases, as well as 

to augment remote patient monitoring through mobile technology to reduce the need for 

outpatient and emergency department visits, significantly reducing the overall cost of 

medical care.18,49–58

The role of telemedicine has been well-studied, and evidence with respect to efficacy, 

effectiveness, economics, and clinical preferences has been building.18,50 The failure to 

generate evidence for non-mobile telemedicine in the past was related to the problems of 

complex outcomes comparison and inadequate power in different studies.18,50–52 Recent 

research (especially around mobile telemedicine models) is showing promising results for 

telemedicine effectiveness in decreasing readmission rates and mortality in heart 

failure,53–55 better glycemic and hypertension control in diabetics and hypertensive patients, 

respectively,56,57 and decreased hospital stay and mortality in ICU patients.58

Project ECHO that is funded by Agency for Healthcare Research and Quality is also one of 

the success stories for telemedicine-based consulting. It was started in New Mexico to 

provide guided care to underserved hepatitis C patients through video conferencing tool 

controlled from tertiary healthcare center and enabling primary health care providers to 

provide specialist care to their patients in prisons and distant rural areas.59,60 In a cohort 

study of 407 patients comparing outcome results from 21 ECHO sites with the University of 

New Mexico Hepatitis Clinic, the sustained viral response was found to be equal in both 

groups, proving effectiveness of telemedicine.61 There are now attempts to expand 

telemedicine care and integrate it with RPM for hepatitis C patients through smartphone 

app, physician dashboard, and wireless adherence tracking pill bottles.62

Convergence of Smartphones, Mobile Apps, Sensors, and Telemedicine for 

Chronic Digestive Disorders

Chronic gastrointestinal diseases such as inflammatory bowel disease (IBD) or functional 

gastrointestinal disorders are especially suitable for RPM through a combination of mobile 

apps, sensor-based technologies, and telemedicine. Medical treatment has improved 

significantly in recent years; however, current efforts are largely ameliorative rather than 

curative.63 Many studies have reported increased variation in standards of care in patients 

with IBD and functional gastrointestinal disorders. Irrespective of the strength of a patient’s 

care team or treatment plan, most patients with these gastrointestinal conditions spend less 

than a few hours per year in face-to-face communication with their provider(s). The 

remainder of the year is spent in “self-management.” Indeed, the dominance of self-

management is evident in outcomes. The risk of symptom flare, as well as the interventions 

required to control disease, is directly influenced by patient behaviors that take place outside 

a healthcare setting and that we often do not adequately assess or track (eg, adherence to 

medication, stress levels, depression, health literacy, smoking). This quality makes patients 

with chronic gastrointestinal disorders the ideal candidates to target for improved self-

managed or collaborative management strategies incorporating remote monitoring and 

consultation.64
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Figure 3 shows a schematic of a newly diagnosed IBD patient’s journey and how she/he is 

able to access various resources seamlessly delivered remotely through mobile apps, 

telemedicine, and sensors, enabling him/her to become a more engaged health consumer. 

Although this patient’s journey may seem fictitious at first look, many aspects of remote 

care highlighted in this figure are actually being delivered in a few centers today or are being 

evaluated in clinical trials and will likely become mainstream in the next few years. Table 1 

lists a wide range of apps available in the Apple and Google Play stores for IBD patients 

from apps related to health education, symptom diaries, nutritional guides, weight trackers, 

preparing guides for procedures such as colonoscopy, to chronic disease management. Some 

of the general purpose apps that are not specifically designed for IBD (such as personal 

health records, care coordination) can also prove to be useful in providing comprehensive 

care.

Limitations and Challenges

Acceptability by providers and healthcare systems seems to be the biggest block for 

widespread use of RPM. Patients lose their follow-up and adherence to remote monitoring if 

their physicians are not using them in a required, expected, and desired manner.65 The 

reason for lack of widespread adoption among health systems is multifactorial. First, there is 

inertia to adoption of new technologies, especially considering changes in workflow 

required in already busy schedules of care providers. Second, there are reservations among 

physicians regarding insurance reimbursements for healthcare for remote monitoring and 

telemedicine. Recently, the Center for Medicare and Medicaid Services has approved a 

Current Procedural Terminology code for chronic care management that can support remote 

monitoring beginning 2015. Recent gap analysis done by American Telemedicine 

Association for 50 states reveals positive trends, because almost half of the states are moving 

toward resolving reimbursement issues for telemedicine in the form of policy making and 

legislation at state level. Figure 4 shows favorable parity laws and policies regarding 

reimbursements for telemedicine services adopted by private insurances across all states, 

dividing the states into 4 groups. These groups were categorized by American Telemedicine 

Association by using 13 indicator scores, with group A having the full parity, meaning 

comparable reimbursement policy for telemedicine services when compared with in-person 

services and group F showing the poorest scores.

Another important factor that causes physicians to refrain from adopting digital health 

interventions is the limited evidence published to date to support effectiveness and efficiency 

of these interventions in actual clinical practice (outside pilot interventions). Many of the 

recently published and ongoing trials aim to fill in this gap in digital health evidence and aim 

to share the evidence with the health community through conferences, journals, workshops, 

social media, news, and blogs.43–45,66–69

Privacy, security, and confidentiality of the information are a challenge and prerequisite to 

share health information.67 Data should maintain their integrity, authenticity, confidentiality, 

and availability during storage and exchange. This exchange should be Health Insurance 

Portability and Accountability Act compliant as well.68 A wide variety of available cloud-

hosted solutions aim to protect and secure devices and networks for data sharing, 
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recommend use of personalized pins and logins to use the networks, have encryption and 

decryption steps for preventing leaked data from unauthorized use, and maintain ongoing 

risk analysis by a structured risk management system that eliminates risks and 

vulnerabilities. Still, more remains to be done to prevent against data thefts and breaches.70 

Continuous uncontrolled gathering and sharing of information via modern remote sensors, 

especially those that are embedded in clothes and environment, can compromise patients’ 

privacy.64 Physicians on their side must ensure the security and safety of their smartphones 

and digital devices to be used as a medical tool.71,72 On a similar note, confidentiality of the 

data needs to be maintained to prevent inappropriate use. All the parties whose data are 

going to be collected and shared must be informed about the potential uses of their data. The 

American Medical Association has focused on issues of complementarity and bipartite 

responsibility of shared information in its proposal.73 This transparency will act as a 

confidence building measure and will address an important factor for decreased compliance 

as well.74

In regard to return on investment, effective business models have been lacking to ensure 

adequate return on investment for remote monitoring and consultation. Different tools have 

been proposed to address this issue,75 and efforts are now underway to fill this gap of 

evidence.46,76–78 The major proposed economic benefit of mobile apps and future mobile 

health in this model will not be served by downloads. In fact, it is expected that costs of 

technology investment will be overshadowed by health services being provided by digital 

health companies that will generate revenue by reducing cost of alternate system of 

consultations, decreasing readmission rates, increasing efficiency in monitoring, and 

promoting population-based well-being.14,78–92 In contrast, most of the current app usage is 

limited only to individual unmonitored and single-ended use. That is why health fitness apps 

that are disengaged with rest of the ecosystem will lose major share of the future market and 

be replaced by the apps sharing the burden of healthcare in a structured and scientific 

manner as presented in Figure 1.

Conclusion

The shift from volume-based to value-based healthcare is bound to increase in the next few 

years. RPM through combination of mobile apps, remote sensors, and telemedicine has 

potential to bend the cost curve by bringing efficiency and improving the effectiveness of 

healthcare delivery. RPM is likely to become mainstream not only for chronic disease 

management (such as for IBD, irritable bowel syndrome, or liver diseases) but also during 

episodes of care such as procedure preparation or immediate post-discharge care. By 

engaging with digital health technologies such as RPM, providers can be effective change 

agents and positively impact the rapidly evolving healthcare ecosystem.
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Figure 1. 
mhealth app category business potential in next 5 years showing remote monitoring apps 

have the biggest market potential of all mHealth app categories. With permission from 

Search2-guidance, mHealth app developer Economics 2014.
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Figure 2. 
mHealth app category share. CME, continuing medical education; PHR, patient health 

record. With permission from Search2guidance, mHealth app developer Economics 2014.
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Figure 3. 
A newly diagnosed IBD patient’s care coordination and follow-up in remote monitoring 

platform through a combination of mobile app, telemedicine, and wearables devices. EHR, 

electronic health record.
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Figure 4. 
States with parity laws for private insurance coverage of telemedicine (May 2015) classified 

into 4 groups on the basis of their corresponding scores, with group A having full parity, 

meaning comparable reimbursement policy for telemedicine services when compared with 

in-person services, and group F showing the poorest scores. With permission from American 

Telemedicine Association (ATA).
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Table 1

Overview of Common Apps for Patients With IBD Available in Apple and Google Play Stores and Their 

Purpose

General purpose

  Bathroom scout Provides information about nearest
  restroom facilities.

  Care zone Organizes various aspects of
  disease management for
  patients and their care
  providers.

  Colonoscopy Prep
    Assistant

Helps patients remember details of
  preparation for procedure and
  also keeps record of due
  appointments.

  Lisa’s Diet Diet logging app to find possible
  correlation between specific
  foods ingested and associated
  symptoms severity.

  Personal Health Record This app allows patient’s access to
  their own medical charts
  including medications,
  preventive reminders,
  upcoming appointments, lab
  results, and enables secure
  communication with their
  providers.

  MyCrohnsandColitisTeam
    Mobile

Social network app that helps
  people with the same disease to
  stay connected and share their
  experiences.

Health education

  AnswersIn Crohn’s
    Disease

Provides authentic information
  about different aspects of
  Crohn’s disease from clinical
  features to investigations and
  treatment.

  AnswersIn Ulcerative
    Colitis

A similar app for ulcerative colitis
  like Crohn’s disease app.

  Crohn’s Disease by
    AZoMedical

Provides regularly updated
  information and news about
  Crohn’s disease.

  Inform Health IBD health education app
  developed at Sinai App Lab.
  This has IBD health education
  content categorized into
  multimedia videos, drug
  information, conditions, or
  images.

Symptom tracking

  GI Monitor Keeps real-time record of
  symptoms and helps to find
  possible links among lifestyle,
  diet, and symptoms.

  Poop Time Keeps track of bathroom time.

  Poo Log Handy tool to keep poo log with
  humorous twists.

  myIBD—sickkids Records details about symptoms,
  appetite, and trips to the
  bathroom with graphical
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  presentation of record as well.

  My Pain Diary Keeps record of level of pain and
  helps to find precipitating
  factors such as weather, diet,
  and activities to pinpoint
  triggers.

  GI Buddy Enables patients to track their food,
  symptoms, exercise,
  treatments, and overall quality
  of life with presented reports
  showing general trends of their
  health as well.

Chronic disease management

  IBD Circle Provides a wide range of tools and
  educational material including a
  symptom diary, journals for
  lifestyles and nutrition and
  quality of life index to help
  patients track trends in their
  own health.

  UCLA eIBD App Patients can view their upcoming
  labs, clinic visits, scheduled
  home care, medications, and
  procedures and can contact
  healthcare team through this
  platform.

  HealthPromise App This app developed at Sinai App
  Lab. It helps to track patient’s
  symptoms, quality of life,
  follow-up, and interventions in
  real time and provides point-of-
  care intervention facility from
  physicians at the same time.
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