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ABSTRACT 
 

Chronically ill patients‘ health outcomes and ability to achieve behavioral targets 

increasingly are used as measures of treatment quality. While telephone care management 

has strong evidence for its benefit, such programs are resource intensive, and there is 

limited evidence that they result in cost savings. Automated telehealth programs 

delivered via mobile devices, i.e., mobile health or ―mHealth‖ tools, could improve the 

quality of self-management support in ways that are both accessible to patients and 

fiscally viable for healthcare providers. mHealth includes services delivered via Short 

Messaging Service (SMS or text messaging), Smartphones, and automated telephone 

management and self-care support calls. Evidence suggests that each of these approaches 

may improve the quality and outcomes of care, although each has unique limitations, and 

no one program will meet the needs of every patient. Next generation mHealth programs 

should take advantage of advances in informatics strategies for adapting communication 

to each patient‘s unique learning style, preferences, and changing needs. There is 

substantial evidence that mHealth services are feasible and potentially effective in low- 

and middle-income countries, although evidence is still lacking regarding the ways in 

which such programs can be delivered on a large scale and tailored to the needs of special 

populations. 
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INTRODUCTION 
 

The Importance of Telehealth for Assuring Quality in Chronic Illness Care 
 

As noted in other chapters, systems to promote quality in the care of patients with chronic 

health conditions increasingly are judged not only by structural criteria (e.g., the availability 

of care managers) or processes (e.g., regular glucose testing), but also on the outcomes 

achieved in terms of patients‘ physiologic control and ability to make behavior changes. 

Despite that high standard, clinicians‘ ability to promote effective care management during 

standard outpatient visits is extremely limited. The number of activities competing for 

clinicians‘ time during brief physician encounters far exceeds available human resources, [1, 

2] and patients who need additional assistance are often the ones most likely to miss their 

clinical appointments. [3, 4] Because of this, telephone outreach to patients between standard 

visits is essential to identify health and behavioral problems and provide the counseling that 

patients need to optimize self-care. 

There is abundant evidence that telephone follow-up between face-to-face encounters 

improves the quality and outcomes of chronic illness care. Telephone counseling for 

depressed patients can assure guideline-concordant service delivery, reduce medication non-

adherence, and prevent recurrent depressive episodes. [5] For patients with both depression 

and comorbid diabetes, intensive nurse care management between visits can improve patients‘ 

mood, glycemic control, quality of life, medication adherence, and physical activity. [6-8] 

Hundreds of trials have proven that telephone follow-up can reduce heart failure patients‘ risk 

for readmission and death. [9] A review of trials for hypertensive patients concluded that the 

benefit of telephone follow-up is roughly equivalent to the impact of some antihypertensive 

drugs, [10] and a meta-analysis demonstrated that home blood pressure monitoring is far 

more effective when accompanied by telephone care. [11] 

Most studies of the benefits of telephone care have been conducted in industrialized 

countries; however, evidence indicates that telephone disease management also is beneficial 

in low- and middle-income countries. [12] Investigators from Santiago, Chile, reported that 

low-income diabetes patients receiving telephone nurse counseling have better glycemic 

control than similar patients treated in usual care. [13] 

A randomized trial in Argentina found that post-discharge telephone support for heart 

failure patients significantly reduced readmission rates with benefits maintained for multiple 

years. [14, 15] Unfortunately, decision-leaders across Latin America report that the region‘s 

capacity to deliver telephone follow-up is inadequate to meet the growing need, and that 

innovation in approaches to between-visit support is lagging behind the demand for these 

services. [16] 

 

 

Resource Gaps Limit the Dissemination of Effective Telephone Care 

Programs 
 

Telephone care programs rarely reach patients who might benefit because there is limited 

evidence that such programs result in cost savings for health systems and third-party payers. 
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Telephone follow-up is labor intensive, and nurses often must make multiple attempts to 

connect with patients by phone. In one study, investigators reported that depression patients 

frequently failed to keep telephone appointments, care managers often placed more than five 

calls to reach a participant, and that the majority of care manager time was spent in outreach 

rather than counseling. [17]. 

These administrative costs coupled with the costs of telephone counseling itself make 

telephone care management resource-intensive, and such programs would need evidence for 

cost-savings realized within the short-term perspective of decision-makers to justify their 

adoption in primary care. 

Unfortunately, studies of care management (most of which is telephone care 

management) rarely have demonstrated those savings. In a review of 15 randomized trials 

including claims data for more than 18,000 chronically-ill patients, investigators found that 

only two studies showed significant reductions in health care costs. [18] Other studies 

including data on hundreds of thousands of patients receiving care management in ―real-

world‖ settings also have found that improving quality while reducing costs is extremely 

difficult. [19] 

When telemedicine-based approaches have been specifically examined, investigators 

have reached similar conclusions, i.e., that costs are at least as great if not greater than usual 

care. [20] 

In fact, a systematic review of 55 telemedicine studies found little evidence that such 

programs are cost effective, [21] and third party payment for such programs has lagged 

behind evidence for their benefits for treatment quality and access. [22] To meet the 

imperative of improving quality without incurring unsupportable costs, patients, health 

systems, and healthcare payers increasingly look to the growing array of automated 

technologies that can deliver health information to patients between visits via patients‘ mobile 

phone, i.e., mobile health or ―mHealth‖ tools. 

 

 

PURPOSE OF THIS CHAPTER 
 

This chapter describes the benefits and potential pitfalls of mobile health technology  

for improving the quality and outcomes of chronic illness care. Key innovations are described 

for interventions that make use of: short messaging service (SMS) or text messaging, 

Smartphones, and automated telephone management and self-management support calls.  

The chapter also includes a discussion of some of the next-generation approaches to 

developing Health applications that may increase their impact by taking advantage of 

advances in the field of artificial intelligence for adapting to differences in patients‘ 

preferences, learning styles, and changing needs over time. 

                                                        

 The broader field of ―telemedicine‖ includes areas that are not reviewed here, such as: video consultation between 

patients and clinicians, clinician-to-clinician information sharing (e.g., interpretation of medical images by 

specialists in remote locations), specialized devices for monitoring physiologic parameters in patients‘ homes 

(e.g., computer-enabled glucometers), and distance learning for clinicians via ‗cyber-seminars‘ and other 

videoconferencing approaches.  Some of the information in the section on SMS originally appeared in: Piette 

JD, Lun KC, Moura LA, Fraser HSF, Mechael PN, Powell J, Khoja S. Impacts of eHealth on outcomes of care 

in low- and middle-income countries: where do we go from here? WHO Bulletin, 2012;90(5):366-372. 
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TEXT MESSAGING OR SHORT MESSAGING SERVICE 
 

Definition and Functionality 
 

Short messaging service (SMS or text messaging) interventions are designed to improve 

self-management support and outcomes through: (1) reminder messages that improve 

adherence to treatment protocols; (2) psycho-educational messages that assist patients in 

modifying health behaviors; and (3) messages that prompt timely clinical follow-up for 

emerging problems. SMS interventions can rely on one-time or repeated messaging to 

patients, with those messages triggered automatically or by clinicians. 

Some SMS services incorporate bi-directional messaging, i.e., using SMS feedback from 

patients to tailor further automated communication or direct clinical services and follow-up 

consultation. 

 

 

Impacts on Treatment Quality and Outcomes 
 

SMS interventions can improve chronically-ill patients‘ health behaviors and physiologic 

outcomes not only in industrialized countries, but also in less developed parts of the world. 

[23-26] Based on a review of seven intervention studies, including four randomized trials, 

Wei et al. concluded that text messaging showed significant promise for improving adherence 

rates. [23] 

Liew et al. found that both text message reminders and ―live‖ telephone calls improved 

attendance rates for chronic disease follow-up among patients in Malaysia, with no 

statistically significant differences in impact between the SMS and live communication 

modalities. [27] Other controlled trials suggest that SMS can improve outcomes including 

weight loss, physical activity, and sunscreen use. [28-30] Studies of SMS services supporting 

diabetes self-management show potential for improving health behaviors and physiologic 

control. [24-26] Asthma peak flow monitoring can be improved by text-based  

interventions. [31] 

However, not all SMS studies have had found positive outcomes: a study of home blood 

pressure monitoring among hypertension patients found no significant effect, [32] and 

controlled evaluations of SMS appointment reminders implemented in China, Brazil, 

Australia, and the United Kingdom (U.K.) have showed mixed results. [25] Two text 

messaging studies are worthy of emphasis because of their rigor and encouraging findings. 

With 5800 participants, the txt2stop trial sought to improve six month smoking cessation 

rates in the U.K. through a series of motivational text messages to smokers. [33] Patients were 

randomized to receive those messages or text messages unrelated to smoking but designed to 

encourage continued participation in the study. Smoking cession was biochemically 

confirmed. At six months, txt2stop more than doubled biochemically-confirmed quit rates 

(Table 1). [33] Although most participants continued to smoke, this low-cost intervention 

could be financially viable on a large scale, and the improvement in quit rates suggests that 

for every 20 patients receiving the service, one more cessation can be achieved. 
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Table 1. Primary and Secondary Outcomes from a Trial of  

SMS Smoking Cessation Support 

 

 

 

Intervention 

(SE) 

Control  

(SE) 

Relative risk (95% 

CI) 

 

p value 

Primary outcome  

(6 months) 

    

Biochemically 

verified continuous 

abstinence  

10.7% (0.6) 4.9% (0.4) 2.20 (1.80–2.68) <0.0001 

     

Secondary outcomes 

(4 weeks) 

    

No smoking in past 7 

days 

28.7% (0.8) 12.1% (0.6) 2.37 (2.11–2.66) <0.0001 

     

Secondary outcomes 

(6 months) 

    

28-day continuous 

abstinence 

19.8% (0.8) 13.5% (0.7) 1.47 (1.30–1.66) <0.0001 

No smoking in past 7 

days 

24.2% (0.8) 18.3% (0.8) 1.32 (1.19–1.47) <0.0001 

Involvement in 

vehicle crashes 

4.5% (0.4) 3.8% (0.4) 1.16 (0.89–1.51) 0.27 

Pain in thumb while 

texting 

4.5% (0.4) 4.5% (0.4) 1.00 (0.78–1.28) 0.99 

Notes: SMS = short-messaging service or text messaging. Data are percentage (SE) or relative risk 

(95% CI). All secondary outcomes were self-reported. 

Reprinted with permission from: Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, 

Rodgers A, Cairns J, Kenward MG, Roberts I. Smoking cessation support delivered via mobile 

phone text messaging (txt2stop): a single-blind, randomised trial. The Lancet, 2011;378:49-55. 

 

In another encouraging trial, investigators found that text messages to health workers in 

Kenya significantly improved the quality of care for children with malaria. [34] In Africa, 

health workers with limited training often fail to adhere to treatment guidelines, which in turn 

leads to poor quality of care and preventable complications. In this study, investigators 

randomized health workers in 107 health facilities to usual care or to receive six months of 

SMS messages on their personal mobile phones. Messages emphasized early and aggressive 

treatment for young children showing signs of malaria and highlighted the importance of 

counseling mothers about medication adherence and follow-up. One hundred and nineteen 

health workers received the intervention messages, and management practices were assessed 

for more than two thousand children needing treatment. The simple series of reminders and 

prompts improved the quality of pharmacotherapy by 23.7% immediately following the 

intervention and by 24.5% six months later (Figure 1). 
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Adapted from data reported in: Zurovac D, et. al. The effect of mobile phone text-message reminders 

on Kenyan health workers‘ adherence to malaria treatment guidelines: a cluster randomised trial. 

The Lancet 2011;378(9793):795-803. *Correct management was measured based on a composite 

indicator of compliance with all four ―mandatory‖ malaria treatment tasks plus at least four of the 

six recommended dispensing and counseling tasks. 

Figure 1. The Effect of Text Message Reminders to Health Workers in Kenya on Adherence to Malaria 

Treatment Guidelines. 

 

Summary of Benefits and Limitations 
 

SMS messages have broad reach since they can be used with almost all mobile phones 

and since texting is increasingly common worldwide. SMS may assist patients in less-

developed countries, [23-26] although there is limited information about the reach and 

effectiveness of SMS interventions in those areas. SMS services are more difficult for 

individuals with limited vision, dexterity, or literacy, all of which may be more common in 

less-developed regions. [35, 36] SMS self-care supports are less interactive than counseling 

by a clinician, and this limits the amount and type of information that can be exchanged 

between patients and their healthcare team. Despite advances in the science of natural 

language processing, computers still cannot interpret the non-standard spelling and grammar 

from patients‘ text messages, so information gathering must be limited to simple numeric 

information (e.g., a glucose level) or very limited vocabulary (e.g., ‗yes‘ or ‗no‘ responses). 

 

 

SMARTPHONES 
 

Definition and Functionality 
 

Smartphones are mobile phones enabled with additional features that are more commonly 

associated with desktop or laptop computers, including graphical screens, video and audio 
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displays, cameras, and connections to the internet. Smartphones can manage databases of 

documents or numerical information, and can retrieve information rapidly in a variety of 

formats. Smartphones have the SMS capabilities of standard mobile phones, but also can be 

used to collect information from users through ―forms‖ in which patients report information 

via a touch-screen, thereby allowing more extensive patient reporting, despite the problems of 

recognizing SMS text messages mentioned above. Smartphones can use global positioning 

systems (GPS) to provide patients and their clinicians with information that is particularly 

relevant given their geographic location. Finally, additional hardware can be added to 

Smartphones so that they can monitor physiologic parameters and provide feedback to 

patients and their healthcare teams based on those clinical measures. 

 

 

Impacts on Treatment Quality and Outcomes 
 

Despite widespread interest in the advanced functionality of Smartphones, the number 

and rigor of published studies addressing their impact on treatment quality is surprisingly 

small. Many of the studies to date have focused on the unique capacity of Smartphones to 

enhance physiologic and behavioral monitoring. For example, Smartphone applications have 

been developed to provide: real-time electrocardiographic monitoring for detecting cardiac 

arrhythmias, [37] monitoring for tremor frequency among patients with Parkinsonism and 

related disorders, [38] monitoring for symptoms of colitis, [39] remote monitoring of artificial 

hearts, [40] and a way of tracking dementia patients‘ location using GPS. [41] Other 

applications have used Smartphones as a tool for videoconferencing between patients and 

their healthcare teams. [42] Recorded video reminders have been developed to help patients 

with early dementia manage activities of daily living. [43] Applications focused on mental 

healthcare [44-46] and preventative behavior change such as smoking cessation [47] have 

been a particularly important focus. However, a review of smoking cessation iPhone ―apps‖ 

found that they rarely adhere to established guidelines for smoking cessation by 

recommending proven treatments such as pharmacotherapy or a quit line. [47] 

 

 

Summary of Benefits and Limitations 
 

Smartphones potentially offer a much richer communication experience than 

communication via SMS, since audio, video, and graphics can be used to communicate 

information to patients. In particular, creatively-used graphics could assist patients who have 

limited literacy by conveying information about their self-care that would be difficult to 

communicate via text. Because patients can provide information using ―forms‖ completed via 

their touch-tone phone, information can be gathered about their self-care needs that is more 

complex than that which would be possible via SMS. Because Smartphones are essentially 

hand-held computers that can connect with the Internet, the information potentially at 

patients‘ fingertips is as rich as the Web itself. 

The number one barrier to Smartphone use is the cost of the devices. Smartphones are 

beyond the financial reach of many patients in industrialized countries, with an even smaller 

number of patients able to afford them in low- and middle-income countries. Smartphone use 

typically requires users to have a monthly subscription plan; those plans plus additional 
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charges for data transfer and other features can become unaffordable for many patients. 

Finally, patients who can afford Smartphones in less-developed countries still may not be able 

to count on reliable Internet access or coverage that reaches geographically remote areas. 

 

 

AUTOMATED TELEPHONE MONITORING 

AND BEHAVIOR-CHANGE CALLS 
 

Definition and Functionality 
 

―Interactive Voice Response‖ or IVR is another technology allowing patients to receive 

information and communicate with others asynchronously using their mobile or landline 

telephone. Using IVR, patients interact with a structured series of recorded message 

components (similar to voicemail), and respond to queries using their touch-tone keypad or 

voice-recognition technology. Based on their responses, patients receive recorded messages 

tailored to their individual needs. While some IVR systems require patients to call-in to 

interact with the system, others that focus on ongoing behavior change or care management 

make proactive calls. People involved in patients‘ care (e.g., clinicians or family caregivers) 

can receive updates based on patients‘ responses during IVR calls, along with structured 

feedback about what those people can do to improve the patient‘s disease management and 

outcomes. Those updates can be delivered via IVR, structured emails, SMS, faxes, pagers, or 

web-based summary reports. 

 

 

Impacts on Treatment Quality and Outcomes 
 

Our research team has been developing and evaluating IVR systems for self-management 

support for nearly twenty years. Since 2005, more than 1500 patients with chronic diseases 

including diabetes, depression, heart failure, hypertension, and cancer have completed more 

than 25,000 IVR assessment and behavior change calls, including Spanish-speaking patients 

in the U.S., Honduras, and Mexico. Additional programs for patients with decompensated 

cirrhosis, adrenal cancer, chronic pain, and other conditions are under development. As 

described below, most patients are satisfied with IVR self-management support, [48, 49] and 

studies suggest that IVR services can improve the quality and outcomes of care. 

IVR monitoring can provide reliable and valid information about patients‘ status between 

outpatient clinic visits. [50-53] In two large randomized trials, English- and Spanish-speaking 

diabetes patients reported valid and reliable clinical information during IVR calls. [54] 

Patients using IVR can report reliably about sensitive issues including alcohol-related 

problems and HIV risk behaviors. [55-62] IVR assessments can substantially decrease the 

staffing time required for monitoring low-risk events. [63] In one study, older adults with 

complex neuropsychological deficits completed IVR assessments consistently and with good 

convergent validity when compared to other measures. [64] Depressive symptoms and 

anxiety can be assessed accurately using IVR; [65-68] and other problems such as back pain, 

[69] smoking, [70] addiction severity, [71-73] and health-related quality of life [74] have 

been reliably reported by patients using IVR calls. Non-English speaking patients in the U.S. 
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are willing to use IVR as part of their disease management [54, 75-80] and report reliable and 

clinically-meaningful information. 

IVR-supported nursing care can improve patients‘ self-care and health outcomes. In a 

trial of lower-income diabetes patients in the U.S., [81, 82] participants receiving IVR calls 

reported significantly better self-care than control patients at their 12-month follow-up in the 

areas of home glucose monitoring, foot care, and weight monitoring. Intervention patients 

were substantially less likely than controls to report one or more problems with medication 

adherence at follow-up (44% versus 64%), and more than twice as many intervention patients 

had acceptable glycemic control at 12 months (18% versus 8%). Compared to controls, 

intervention patients reported fewer symptoms of diabetes and depression, were more 

satisfied with their care, had greater perceived access to care, and had more confidence (i.e., 

self-efficacy) in managing their self-care (all p<0.05). A similar trial in another healthcare 

system had comparable findings. [83] 

Other studies also have shown that IVR services can improve healthcare and health 

outcomes of patients with a range of chronic conditions. IVR assessments can be an efficient 

alternative to ―live‖ assessments for the prevention of cognitive impairment among 

community-dwelling older adults. [84] IVR assessments can improve medication adherence 

in patients with a variety of health conditions including asthma and cardiac surgery. [85, 86] 

In a diverse low-income population of diabetes patients served by a safety-net healthcare 

system, investigators found that an IVR service coupled with nurse care management 

achieved physical activity objectives at modest cost. [87] Other studies have reported 

important improvements in the body-mass index of children participating in a lifestyle change 

intervention, [88] smoking cessation rates among heart disease patients, [89] unhealthy 

drinking among HIV patients, [90] and mental health symptoms among caregivers of patients 

with Alzheimer‘s disease. [91] 

Compared to other mobile-health technologies, IVR monitoring and behavior-change 

calls may be particularly useful in low- and middle-income countries, where it is often 

possible to receive a mobile phone call without a monthly subscription to a calling plan or 

paying any ―minute‖ charges. In a survey of more than 600 chronically-ill patients in 

Honduras, 81% reported that they were willing to participate in self-management education 

via IVR calls, and respondents who had cancelled appointments due to transportation 

problems were particularly likely to report a willingness to receive support for their self-care 

via IVR. [92] 

Unfortunately, very low-income areas in under-developed countries seldom have the 

resources to implement and maintain the telehealth infrastructure necessary for a program of 

IVR-supported disease management. One solution is to design national or regional programs 

using cloud computing models. Using cloud computing, end-users (e.g., a clinic or health 

system) access the telecommunications infrastructure remotely over the Internet. As a result, 

health care provider organizations do not need to maintain the hardware, software or expertise 

that supports their mHealth program. For IVR-supported disease management, clinics can use 

a cloud-based model to access the program from almost anywhere in the world. Patient 

information can be entered via the system‘s website, and IVR calls can be generated from a 

central server to patients‘ cell phones using the low-cost technology for Voice over IP (VoIP) 

that makes possible services such as Skype
TM

 and Vonage
TM

. Because the fixed costs of 

service delivery can be spread across large numbers of users, a cloud computing model could 

be financially sustainable by health care organizations with limited budgets. 
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We tested the feasibility of delivering IVR diabetes management calls to patients in 

Honduras using cloud computing. [93] Despite patients‘ limited literacy and incomes, most 

had cell phones, most who were approached enrolled in the program, and most patients 

completed the majority of their IVR calls. At follow-up, patients reported high levels of 

intervention satisfaction and improvements in their self-care. Hemoglobin A1c levels (a 

measure of blood glucose control) improved significantly, and patients reported 

improvements in their perceived health and self-care behaviors. Because the study did not 

include a control group, health benefits potentially attributable to the intervention could not 

be differentiated from secular trends or other potential biases. 

In a follow-up study, we conducted a randomized trial of automated telephone 

monitoring and behavior change support calls to hypertensive patients in Honduras and 

Mexico. [94] The telecommunications infrastructure for the IVR calls was maintained on a 

U.S. server and interfaced with local telephone systems via Session Initiation Protocol (SIP) 

lines and VoIP technology. Automated calls used a tree-structured algorithm to gather 

information about the patient‘s blood pressure, medication adherence, and diet; and to provide 

tailored advice based on the patient‘s responses. Intervention patients were given an 

electronic home blood pressure monitor and were instructed how to measure their blood 

pressure and keep a written record of the results. 

Weekly outgoing IVR calls were designed to have three mechanisms of action: First, 

during the calls, patients were reminded to check their blood pressure regularly and were 

asked about: recent systolic values above and below the normal range, medication adherence, 

and intake of salty foods. Based on their reports, patients received additional self-care 

information automatically during the call and were prompted to seek medical attention or 

medication refills to address unacceptably high or low blood pressure. Second, structured 

email alerts for health workers were generated automatically when patients reported systolic 

blood pressures >140 mmHg (non-diabetic patients), >130 mmHg (diabetic patients), or a 

systolic blood pressure <100 mmHg (all patients). Alerts also were generated if the patient 

reported rarely or never taking their blood pressure medication or less than a two-week 

supply. Third, patients had the option of enrolling with a family member or friend, who 

received a brief automated telephone update regarding the patient‘s self-reported health status 

each week, including information about the patient‘s hypertension self-care and how that 

caregiver could help the patient self-manage more effectively. 

A total of 200 patients were enrolled in the trial, including 100 patients in Mexico and 

100 in Honduras. A total of 181 enrollees (91%) returned for follow-up at six weeks. 

Participants had an average of 6.5 years of formal education and a median annual household 

income of $2,900. On average, participants had a baseline systolic blood pressure of 154 

mmHg and a diastolic pressure of 90 mmHg. One hundred seventeen patients (65% of the 

overall sample) had low literacy or high hypertension information needs and were included in 

a pre-planned subgroup analysis. These patients had similar average baseline blood pressures 

as patients with lesser information needs. 

Intervention patients completed 379 automated calls during 565 patient-call weeks, 

yielding an average call completion rate of 67%. At follow-up, intervention patients reported 

a variety of responses to information provided during the calls, including: taking medication 

more regularly (70%), avoiding unhealthy foods (70%), and talking with their doctor about 

hypertension (61%). Twenty percent of intervention patients reported receiving a call from a 

doctor as a result of an alert generated from their IVR calls. Ninety-four percent of 
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intervention patients reported using their home blood pressure monitors at least several times 

per week. 

Satisfaction with the IVR calls was high (Table 2). More than 88% of patients reported 

that the automated calling system was easy to learn and use, and 93% reported that the 

automated calls included useful information for managing their hypertension. Overall, 94% of 

intervention patients reported being very satisfied with the intervention, and 76% reported 

that the program was ―excellent.‖ 

 

Table 2. Satisfaction with Weekly Automated Monitoring and Self-Management 

Support Calls among Hypertensive Patients in Honduras and Mexico 

 

 

Percent 

User-friendliness of the Intervention 

 Was easy to learn and use 88.5 

Understood the feedback about health 94.9 

Had problems receiving calls 29.9 

Had problems responding during calls 16.9 

IVR provided useful suggestions 93.5 

IVR questions sometimes hard to understand 16.9 

Had problems understanding the IVR voice 9.1 

The language was what I'm familiar with 83.2 

The calls were too long 2.6 

The calls provided enough useful information 93.5 

  Overall how would you rate the program? 

 Excellent 75.9 

Good 23.0 

  How much did the program meet your needs 

 Almost all needs were met 52.9 

The majority of needs were met 31.0 

  Did this program help you manage your hypertension? 

 Yes a great deal 91.9 

Yes some 8.1 

  In general how satisfied were you with the program? 

 Very satisfied 94.2 

Somewhat satisfied 5.8 

Notes: N=89. IVR = interactive voice response or ―automated calls‖. 

Table adapted and reprinted with permission from: Piette JD, et al. Hypertension management using 

mobile technology and home blood pressure monitoring: results of a randomized trial in two 

low/middle income countries. Telemedicine and e-Health 2012;18(8):613-620. 

 

In the overall sample, intervention patients at follow-up had systolic blood pressures that 

were 4.2 mmHg lower on average than control patients (p=0.09; Figure 2). In the subgroup 

with low literacy or high information needs, intervention patients had an average 8.8 mmHg 
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reduction in systolic blood pressure relative to controls (p=0.002). According to Joint 

National Committee (JNC-7) guidelines for blood pressure control, 57% of intervention 

patients had controlled blood pressure at follow-up compared to 38% of the comparison 

group (p=0.006). [95] Compared to controls, intervention patients at follow-up had fewer 

depressive symptoms and fewer medication related problems, such as uncertainty as to 

whether their medication is important, worry about the long-term effects of their medication, 

or confusion by the complexity of the regimen. Intervention patients reported better overall 

health at follow-up, as well as greater overall satisfaction with care, and satisfaction with care 

specifically related to their hypertension (each p< 0.05). 

 

 

Summary of Benefits and Limitations 
 

IVR self-management support programs can be used with any standard cell phone and 

(unlike SMS or Smartphone applications) can also be used with land-line phones. Because no 

reading or writing is required, IVR interactions are accessible to low-literacy populations as 

well as those with vision problems. IVR interactions can include complex dialogues during 

which patients can report detailed information about their status and receive progressively 

tailored feedback about their health and self-care. 

 

 
Reprinted with permission from: Piette JD, et al. Hypertension management using mobile technology 

and home blood pressure monitoring: results of a randomized trial in two low/middle income countries. 

Telemedicine and e-Health 2012;18(8):613-620. 

Figure 2. Effects on Systolic Blood Pressure of Automated Telephone Monitoring and Self-

Management Support for Hypertensive Patients in Honduras and Mexico. 
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Finally, IVR interactions are low cost since patients do not need to pay data plan charges 

or text messaging charges for communicating about their health and self-care. Several 

randomized trials indicate that IVR interventions can improve the quality and outcomes of 

chronic illness care, including the care of patients in low- and middle-income countries. 

However, IVR services do have some limitations. IVR interactions may be cumbersome 

for communicating long messages verbally. Outgoing IVR interactions typically require 

patients to participate when the call is placed, and while patients sometimes can specify when 

they are likely to be available, changes in their schedule may be more difficult to 

accommodate. Finally, unlike documents sent to patients via a Smartphone, patients using 

IVR cannot review information after the fact. 

 

 

DISCUSSION 
 

Next Generation Systems 
 

Regardless of whether communication is via SMS, Smartphone, or automated assessment 

and self-management support calls (i.e., IVR), most proactive mHealth patient interactions 

require some algorithm for determining what information to request from the patient, what 

information to provide the patient, and how to determine what additional actions should be 

taken based on patients‘ responses (e.g., feedback to the clinical team). In the vast majority of 

instances, these algorithms represent ―expert systems‖ that use tree-structured protocols for 

identifying problems and giving advice. Expert systems are based on the combined 

experience and expertise of the developers, clinical consultants, and behavior-change experts. 

The best expert systems are then refined based on experience with representative patients and 

clinicians in ―real-world‖ practices where the device will be deployed. 

Regardless of the complexity of the underlying conversation map, interactions based on 

expert systems inevitably represent developers‘ best guess regarding the types of comments 

and questions that will be most useful in supporting the patient‘s self-management. For a 

given patient, such guesses may be incorrect because: (1) imperfect experience with the target 

population means that, on average, patients‘ needs are different than what the experts 

expected; (2) even if the system targets an ―average‖ patient well, variation around that 

average mean that individuals‘ needs and learning styles are not well accommodated; (3) 

unpredictable changes in a patient‘s health status or self-management support needs, e.g., a 

change from oral antihyperglycemic medication to insulin, cannot be accommodated easily 

given that the underlying structure is ridged and incapable of ―listening‖ to variation in the 

patients‘ needs around their overall average; and (4) as patients‘ health declines or they 

master a given self-management task, their need for information support will evolve, and an 

expert system that worked at the beginning may become increasingly unhelpful after multiple 

interactions. Because expert systems do a poor job of adapting to individual patients‘ needs, 

they can lack the credibility that patients expect. By way of analogy, no patient would 

continue to see a physician if that provider repeatedly asked for the same information during 

every encounter, gave identical self-management advice, or failed to adapt their management 

goals to important events such as the onset of depressive symptoms or a recent 

hospitalization. Such rigidity is in sharp contrast to new paradigms driving changes in health 
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care, such as ―patient centeredness‖ [96] and ―individualized medicine‖ [97] that emphasize 

the importance of tailoring treatment based on fundamental differences between patients, 

rather than using a ―one-size-fits-all‖ approach. 

Well-established informatics strategies are available for improving on deterministic 

mobile-health programs so that they can provide a more patient-centered experience and 

adapt to users‘ unique learning styles, preferences, and needs. [98] Many of these strategies 

have been developed for use through Web-based applications such as Amazon.com, Netflix, 

or Pandora.com. [98] These ―intelligent‖ systems automatically learn from users what works 

for them, adapt to patients‘ implicit values (e.g., by watching what they buy on-line), and 

recommend options based on the ways in which one patient is similar in their behavior to 

certain others. Of course, the goal of mHealth applications is to promote the best possible 

health outcomes – rather than to sell products. However, some principles underlying 

marketing and health promotion are similar: maximizing the utility of information for the 

user, building trust in the information source, and creating loyalty for use over the long term. 

[99, 100]  

The problem of how best to promote medication adherence is illustrative of the ways in 

which adaptive dialogues could improve the effectiveness and user satisfaction for mobile 

health tools. Medication adherence is notoriously poor among chronically-ill patients, [101] 

and at least as poor in low- and middle-income countries as it is in the industrial world. [102] 

In an era of exciting advances in pharmatherapy for worldwide epidemics of chronic diseases, 

the problem of medication adherence will become even more important to address. [103, 104] 

Patients‘ reasons for non-adherence vary, with some patients uncertain about the correct 

regimen, some who do not agree that their medication is necessary, some who have concerns 

about side-effects, some who are worried about the cost, and still others who simply have 

difficulty managing a systematic medication regimen in the context of their busy lives. [101] 

Moreover, some patients are more persuaded by health messages that emphasize short-term 

benefits while others have a longer-term perspective. Finally, for some patients, framing the 

message in terms of avoiding negative outcomes is most effective, while other patients are 

more persuaded by messages emphasizing the benefits to be gained by changing a health 

behavior. [105, 106] Adaptive dialogues could identify which message characteristics work 

for which patients, and modify their style and content to meet the patient‘s unique and 

changing needs. While health psychologists and behavioral researchers have identified some 

of the determinants of behaviors such as medication adherence among patients in 

industrialized countries, far less is known about the way in which patients‘ learning style, 

motivation, and barriers to treatment affect self-management in less-developed regions. Thus, 

advances in mHealth technology that seek to employ new adaptive designs should be 

accompanied by continued qualitative and quantitative research to truly understand the 

barriers and facilitators of self-care in less developed countries. 

 

 

OTHER ISSUES 
 

As described in this chapter, SMS, Smartphones, and IVR each has a distinct array of 

advantages and disadvantages (Table 3), and no single approach is clearly the best choice for 

all patients or all health care systems. 
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Table 3. Advantages and Disadvantages of Three Mobile Health Technologies for 

Improving the Quality of Chronic Disease Self-Management Support 

 

 Short Messaging 

Service (SMS or text 

messaging) 

 

Smartphones 

 

Automated Calls 

Development 

Cost 

Low Low Low 

    

Delivery Cost Low Low Medium 

    

Cost to the 

Patient 

Low. Some patients 

using cell phones must 

pay to respond to text 

messages. 

High. Smartphones are 

prohibitively expensive 

for some patients, and 

some applications require 

a data plan. 

Low. Some patients 

using cell phones must 

pay ―minute charges‖ 

to receive a call. 

    

Literacy 

Requirements 

Texts can be written at 

a low literacy level 

although some reading 

is required. 

Some information is text, 

although graphics, audio, 

and video can sometimes 

be used. 

Literacy not required 

since information is 

conveyed aurally. 

    

Potential 

Complexity of 

the Interaction 

Low. Only short, 

simple messages can be 

sent via SMS with very 

little patient-response 

data or dialogue. 

Moderate. Smartphones 

can send complex multi-

media messages and 

collect detailed 

information via forms. 

Extensive dialogues with 

patients are cumbersome. 

High. Extensive 

dialogues are possible 

within a given 

interaction. Longer 

messages may be 

cumbersome and 

patients cannot review 

information provided 

at a later time. 

    

Other 

Physical 

Requirements 

Patients must be able to 

text with fine motor 

control and good 

vision. 

Patients must be able to 

navigate a touch screen. 

Some systems also require 

texting. 

Patients must have 

good hearing and be 

able to respond to 

questions via a touch-

tone phone. 

    

Potential 

Reach 

Broad. Can be used 

with all standard cell 

phones. 

Limited. Patients must be 

able to use a Smartphone. 

Most functions also 

require Internet access. 

Broad. Can be used 

with all standard cell 

phones as well as land-

line phones 

    

Evidence for 

Impact 

Strong evidence for 

impacts on behaviors 

and on some health 

outcomes. 

 

Weak evidence for 

impacts on behaviors and 

outcomes. 

Strong evidence for 

impacts on behaviors 

and some health 

outcomes 
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Just as no physician should rely on only one drug and dosing option for all patients with 

hypertension, health systems should develop a portfolio of mHealth tools and tailor their use 

to the needs of individual patients and problems. Regardless of the type of service employed, 

between-visit monitoring systems that result in more frequent patient contact run the risk of 

increasing health service use and cost, because relatively crude data streams may compel 

clinicians to follow-up on a greater number of minor or self-limiting conditions. Thus, great 

care needs to be taken in developing the content of these interactions, as well as the ways in 

which mHealth services fit with the work flow in patients‘ system of care. 

More evidence is needed on the impacts of mHealth in low- and middle-income 

countries. Unfortunately, the benefits of mHealth in these settings can be particularly hard to 

measure. For example, many patients in less-developed areas face barriers to medication 

taking that cannot be resolved solely via increased access to health information, e.g., limited 

supplies in pharmacies, inadequate insurance, and inability to retrieve medications due to 

other commitments. [102] Development of mobile health services for language minority 

patients, e.g., the many indigenous communities in Latin America, is an important priority, 

but given that such patients often face these non-information-related barriers to treatment 

access, research on the effectiveness of these applications will have to be carefully designed 

to identify significant impacts. 

As noted previously, there is increasing evidence that mHealth applications are feasible, 

and some studies have measured their impact on the quality and outcomes of care. However, 

highly controlled studies fail to answer questions about the reach of mHealth in vulnerable 

communities or whether such systems can be adopted, scaled, and maintained outside of the 

environments in which they are originally studied. New approaches to implementation 

science, emphasizing both qualitative and quantitative methods, community-based 

participatory research, and organizational theory can complement controlled trials and ensure 

that mHealth systems are relevant and flexible enough to adapt to multiple environments. 

[107] Traditionally-designed large multi-site trials are expensive and can take years to 

produce information. Investment in such studies should be carefully weighed against funding 

larger numbers of smaller and innovative (albeit less definitive) studies of solutions adapted 

to different cultures and settings. 

 

 

CONCLUSION 
 

People with chronic diseases – like the rest of the societies in which they live – are 

increasingly mobile, and mobile patients require mobile health support to meet their ongoing 

needs for assistance with self-management. A vast body of evidence has shown that targeted 

telehealth delivered by trained clinicians can improve the quality of self-care support and 

many important health outcomes. However, cost constraints will continue to limit the 

availability of these services, and mHealth tools could fill the gap between what patients need 

and what their health system can provide. SMS, Smartphones, and IVR each provide a unique 

platform for developing mHealth services and a variety of trials indicate that such tools may 

provide a low-cost solution to the challenges of providing ongoing patient care at a distance. 

Research on new models of mHealth should emphasize creative approaches to addressing the 

epidemic of chronic disease in low- and middle-income countries, and to the application of 
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adaptive dialogue design techniques that tailor patients‘ information based on their unique 

history, preferences, and needs. 
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