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Abstract
Background—Patient self-care support via Interactive Voice Response (IVR) can improve
disease management. However little is known about the factors affecting program engagement.

Methods—We compiled data on IVR program engagement for 1,173 patients with: heart failure,
depression, diabetes, and cancer who were followed for 28,962 person-weeks. Patients in
programs for diabetes or depression (N=727) had the option of participating along with an
informal caregiver who received electronic feedback based on the patient’s IVR assessments.
Analyses focused on factors associated with completing weekly IVR calls.

Results—Patients were on average 61 years old, 37% had at most a high school education, and
48% reported incomes < $30,000. Among patients given the option of participating with an
informal caregiver, 65% chose to do so. Patients completed 83% of attempted IVR assessments,
with rates higher for heart failure (90%) and cancer programs (90%) than for the diabetes (81%) or
depression programs (71%) (p<0.001). Among patients in diabetes or depression programs, those
opting to have feedback provided to an informal caregiver were more likely to complete
assessments (adjusted odds ratio: 1.36; 95% CI: 1.06, 1.75). Older patients had higher call
completion rates, even among patients > 75 years of age. Missed clinic appointments, prior
hospitalizations, depression program participation, and poorer mental health were associated with
lower completion rates.

Conclusions—Patients with a variety of chronic conditions will complete IVR self-care support
calls regularly. Risk factors for missed IVR calls overlap with those for missed appointments.
Involvement of informal caregivers may significantly increase engagement.
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Introduction
Activities competing for clinicians’ attention during visits with chronically-ill patients far
exceed available time,1,2 and patients needing support for self-management are often the
ones most likely to miss their appointments.3,4 Although telephone follow-up improves
disease management,5–8 clinician-delivered telephone care has shown limited cost
savings.9–11 Automated technologies for monitoring and education via mobile phones, i.e.,
mobile health or “mHealth,” may fill the gap between what patients need and what clinicians
can deliver sustainably.

Most mHealth studies have focused on text messaging or SmartPhones. Text messaging
interventions can have positive effects on disease self-management,12–15 but are challenging
for individuals with limited vision, dexterity, or literacy. Also, text messaging is less
interactive than clinician counseling, limiting the depth of information exchanged.
Smartphones allow more complex information exchanges,16–19 but may be difficult for
patients with limited computer literacy or incomes.

“Interactive Voice Response” or IVR allows patients to communicate with clinicians
asynchronously using a mobile or landline telephone. Patients using IVR hear recorded
messages and respond to queries using their touch-tone keypad or voice-recognition. Based
on their responses, patients receive tailored, recorded health information. Clinicians or
family caregivers can receive automated updates and recommendations based on patients’
responses. IVR monitoring can provide reliable and valid information about patients,20–27

and IVR-supported nursing care can improve self-care and health outcomes.28–34 IVR calls
may be useful in developing countries, where mobile phones are common.34–36

Despite the potential benefits of IVR-supported self-management, concerns remain that
patients may be unable to use IVR or perceive it as an effort to limit access to clinicians via
“robo-calls.” Most studies describe IVR use in small samples from clinical trials, and few
reports include information regarding trends in IVR call completion or patient determinants
of engagement. Moreover, no studies have examined the extent to which informal caregivers
impact patients’ use of mHealth services such as IVR, despite the importance of caregivers
in promoting self-management.37

Here we describe the experience of 1,173 chronically-ill patients enrolled in four IVR
monitoring and self-management support programs. We report patients’ IVR assessment
completion rates, trends in completion, and characteristics associated with persistent
participation. Patients with diabetes or depression participating in clinical demonstration
programs had the option of participating with an informal caregiver who received automated
feedback based on patients’ IVR-reported information. Because caregiver support is
associated with improved disease management,37,38 we used these data to test the hypothesis
that caregiver feedback increases patients’ engagement in mobile health communication.

Methods
Study Design

We analyzed pre-existing data from four IVR chronic disease self-management support
programs serving English-speaking patients with heart failure, depression, diabetes, or
cancer. The study was approved by university and Department of Veterans Affairs (VA)
Human Subjects Committees.
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Eligibility Criteria
In each program, patients were initially identified from electronic medical records. Patients
were ineligible if they: had diagnoses of cognitive impairment, schizophrenia, or bipolar
disorder; had a limited life expectancy (e.g., end-stage renal disease); were not receiving the
majority of their primary care in the recruitment site; or were unable to respond to IVR calls
using a touch-tone telephone.

Characteristics Common to All Programs
Patients presented with each program were told that its goal is to help the patient stay as
healthy as possible by providing support for their disease self-management. Enrollers
explained that the IVR calls could: help to remind the patient about what to do to manage
their self-care effectively, provide feedback to the patient’s clinicians, and update a family
member or friend so that they can better support the patient’s efforts to stay well.

IVR systems were programmed to automatically attempt to contact patients a maximum of
three different times each week that the patient indicated were convenient. For each calling
time, up to three attempts were made (i.e., a maximum of nine attempts per week). Patients
were given a toll-free number that they could use to contact program staff during business
hours and request an immediate IVR call. At the beginning of each IVR call, patients’
identities were verified using their self-reported birth year. Call content for each program
was developed by specialists in the clinical area, health behavior change, and IVR program
design. Calls used tree-structured algorithms to present recorded queries and tailored
information. Calls lasted 5–20 minutes depending on the problems reported. Clinician
experts and participating primary care sites defined criteria for faxing alerts to clinicians
based on patients’ responses. With the exception of the automatic transfer to staff at a
national suicide hotline described below (for depression program patients), clinicians
evaluated fax alerts and contacted patients for follow-up using their own staff, clinical
protocols, and judgment.

Involvement of Informal Caregivers or “CarePartners”
Some patients enrolled with a family member or friend who we refer to as their
“CarePartner.” Based on patients’ IVR assessments, CarePartners received automated emails
with feedback about the patient’s status and how they could support the patient’s self-
management. Feedback regarding urgent patient reports was sent via IVR, and CarePartners
had the option to call a toll-free number to receive their weekly update. For patients in the
heart failure and cancer programs, caregiver participation was required, and enrollees were
randomized to receive CarePartner feedback, while control-group caregivers did not.
Analyses testing the impact of CarePartner feedback in those trials will be reported
elsewhere. For the diabetes and depression programs, CarePartner participation was
optional. In all programs, patients received identical IVR messages, regardless of
CarePartner involvement.

Program-Specific Features
Heart Failure—The heart failure CarePartner program is a randomized trial among
patients managed at the Cleveland VA Medical Center. IVR calls monitored patients’
weight, dyspnea, salt and fluid intake, and medication adherence; and patients were provided
immediate feedback to improve self-management. Participants received weekly IVR calls
for 12 months and were required to enroll with an informal caregiver. Only caregivers
randomized to the intervention arm received weekly emails about the patient’s status with
suggestions for how they could support self-management. Fax alerts were generated
automatically to the clinical team in the event that patients reported frequent or worsening
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shortness of breath, acute weight gain, medication adherence problems, or overconsumption
of salt and fluids. Patients were enrolled between June 2009 and December 2011, and 57%
of eligible patients chose to participate. Ninety-four percent of patients remained enrolled
throughout the program.

Depression—The depression CarePartner program is an ongoing demonstration project
that includes patients from 12 Michigan primary care practices. IVR calls monitor patients’
depression symptoms using the PHQ-939 and provide advice to improve medication
adherence and prompt appropriate clinical follow-up. For patients reporting suicidal
ideation: an alert is automatically faxed to the clinical team, patients are instructed to contact
their provider or 911, and patients are given the option to connect immediately to a suicide
hotline. Faxes also are generated when patients experience a significant increase in their
PHQ-9 scores or medication adherence problems. Patients included in this report were
enrolled between March 2010 and January 2012, during which 95% of eligible patients
chose to participate. Patients participated for 3–4 months, and 85% of patients remained
enrolled throughout the program.

Diabetes—The diabetes CarePartner program is a demonstration program offered in a
Midwestern VA health services network (i.e., VISN 11). IVR calls monitor patients’
symptoms, blood glucose readings, medication adherence, and blood pressure. Based on
information reported, patients receive tailored suggestions for managing blood sugar and
improving medication adherence. Faxes to the clinical team are generated when patients
report medication adherence problems, high or low blood sugar, or high or low blood
pressure. Patients included in this report were recruited between March 2010 and January
2012, during which 86% of eligible patients chose to participate. Patients received IVR calls
for 12 weeks and 95% remained enrolled throughout that time.

Cancer—The cancer CarePartner program is a randomized trial conducted in four VA
oncology clinics nationwide40 for patients with solid tumors within 10 weeks of initiating
chemotherapy. Patients were excluded if they had treatment involving bone marrow
transplantation, were in hospice, or did not have a CarePartner. IVR calls monitor and
provide self-care support for managing eight prevalent chemotherapy symptoms. Feedback
alerts are generated to the clinical team when patients report medium or high severity
symptoms. Data for the current study were collected from patients enrolled between October
2010 and January 2012, during which 38% of eligible patients chose to participate. Patients
received weekly IVR calls for 10 weeks, and 95% of patients remained enrolled throughout
that time. Only CarePartners randomized to the intervention group received email alerts and
access to a website with tailored decisional support.

Data Analysis
Each IVR system captured data on the calling process, including the date and time of each
call attempt. We created a dataset including one record representing each patient-week of
follow-up, with an indicator for whether or not the patient completed that week’s
assessment. Follow-up time excluded periods when calls were suspended at the patient’s
request, e.g., because of hospitalization or travel. Additional patient-level information was
compiled from screening interviews and baseline surveys, including sociodemographic
characteristics and health status (measured by the SF-1241 and reports of hospitalizations
within the year prior to enrollment). As part of their baseline survey, patients reported
whether they had missed one or more outpatient visits in the prior year.

In initial analyses, we examined variation in patient characteristics across programs using
chi-square, t-tests, and one-way ANOVA. We used multivariate logistic regression models
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to identify predictors of whether a weekly IVR assessment was completed. We used the
cluster command in Stata (version 11.2) to compute model-free coefficient standard errors
that took into account the clustering of person-weeks by patient. Potential patient-level
predictors included patient demographics, measures of vulnerability (prior missed
appointments, prior hospitalizations, and SF-12 mental and physical functioning scores), and
program type. SF-12 scores were standardized before entering into multivariable models.
Models also included a variable for the number of weeks elapsed between patient enrollment
and the call week. Models included terms representing the main effects of heart failure,
diabetes, and cancer program participation (relative to depression) as well as interactions
between each program and time since enrollment. Parameters with p-values > 0.40 were
dropped from the final model.

Based on model coefficients, we computed predicted probabilities of call completion
separately by program. For those computations, other patient characteristics were set to the
distribution average, and plots of the predicted probability of completing a weekly
assessment by time were constructed using the prgen command in Stata. We constructed
plots predicting call completion over 52 weeks for patients in the heart failure program, and
over 12 weeks for patients in programs for depression, diabetes, and cancer. We used a
similar multivariate logistic regression model and cubic splines to graphically display
variation in call completion rates across patient ages.

For the 727 patients in the depression and diabetes programs who were given the option of
participating with or without a CarePartner, we used bivariate analyses and a multivariate
model to identify the patient characteristics associated with that choice. We then re-
examined the predictors of call completion, using a logistic regression model as above,
including an indicator for whether the patient participated with a CarePartner.

Results
Patient Characteristics

Of the 1,173 patients whose data are represented in these analyses, 394 (34%) participated in
the heart failure program, 442 (38%) in the depression program, 285 (24%) in the diabetes
program, and 52 (4%) in the cancer program. Patients were a mean of 61 years of age
(SD=13.4), with 22% of all participants over age 70. Most patients were white (78%) and
male (70%). A total of 37% of patients had a high school education or less, and 48% had
annual household incomes of $30,000 or less. At baseline, 41% of patients rated their
physical health as fair or poor, and 40% had been hospitalized in the year prior to
enrollment. Variation in patient characteristics across programs is presented in Table 1.

Call Completion
Patients received IVR calls for a total of 28,962 person-weeks. The median number of
weeks participants received calls was 16 (interquartile range: 11–34). The length of follow-
up varied by program design, with heart failure participants having the longest participation
(Table 2). Overall, patients completed assessments in 24,053 of the weeks (83%) during
which a call was attempted. As shown in Table 2, call completion rates were higher for
patients enrolled in the heart failure (90%) and cancer programs (90%) than for those in the
diabetes (81%) or depression programs (71% p<0.001). Based on the multivariate logistic
model (Table 3), older age was significantly associated with greater odds of completing a
weekly IVR call (adjusted odds ratio [AOR]: 1.13 per 10 year increase in age; 95% CI: 1.03,
1.23). Call completion rates increased over time among patients in the heart failure program
(p<0.001), but decreased over time among patients in the depression program (p<0.001).
Overall, lower mental health summary scores at enrollment, one or more missed clinic
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appointments in the prior year, prior hospitalization, and increasing weeks of program
participation were significantly associated with lower odds of completing a weekly call.
Odds of call completion were not associated with patients’ race, marital status, educational
attainment, or income.

For patients in the heart failure program, calls were consistently answered for a year of
follow-up with roughly 90% of patients completing calls in any given week (Figure 1). Call
completion rates were consistent over three months among patients with diabetes, but
decreased over this time period among patients with depression or cancer. Call completion
rates increased monotonically with patient age, with the highest completion rates among
patients older than 75 (Figure 2).

CarePartner Selection and Impact on Call Completion
Of the 727 patients with diabetes or depression given the option to participate with an
informal caregiver, 65% chose to do so. Bivariate and multivariate analyses identified no
significant sociodemographic or clinical predictors of choosing to enroll with a CarePartner.
Participation with a CarePartner was associated with increased odds of completing an IVR
assessment (AOR 1.36, 95% CI: 1.06, 1.74) compared to participation alone (Table 3). We
identified no interaction between having a CarePartner and patients’ marital status, i.e.,
CarePartner participation was associated with an increased odds of completing IVR
assessments whether or not the patient was married.

Discussion
This study is noteworthy because it includes over a thousand patients with a variety of
chronic conditions, in both clinical demonstration programs and randomized trials. As such,
the experience reported here is likely to represent what can be expected when IVR disease
management programs are translated into primary care and specialty practice. Our data
suggest that many concerns regarding IVR self-management support services are
unfounded:

Concern #1: Patients will not answer IVR calls. We found that IVR call completion
rates were generally high.

Concern #2: Socioeconomically vulnerable patients will be less likely to use IVR. IVR
call completion did not vary by race, education, marital status, or income. This suggests
that IVR may be one means for eliminating disparities in access to health information
supporting disease self-management.

Concern #3: Older patients will not use IVR. While some might assume that older
patients who often have poorer computer literacy42 would avoid using IVR, we found
that the odds of call completion increased significantly with age, even among patients
greater than 75 years old. This suggests that IVR may be an appropriate strategy for
increasing monitoring and self-care support for frail elders, particularly those who have
difficulty attending face-to-face clinic appointments.

Concern #4: Patients with mental illness will not participate in IVR self-management
support programs. Depression program patients completed 10–20% fewer assessments
than patients in other programs, however their call completion rates were still
reasonably high (71%). Both depression program participation per se and lower baseline
SF-12 mental health functioning scores were associated with less frequent call
completion. Patients with mental illness may benefit from additional support (e.g. a
CarePartner) to maintain adherence to IVR calls. In the current study, only depression
program patients were recruited from non-VA healthcare systems. VA has made an
enormous investment in patient centered care and service integration, and VA patients
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tend to be highly satisfied with their healthcare. As a result, it may be that differences
between VA and non-VA services, rather than between patients with and without
depression are responsible for some of the variation in call completion rates we
observed. Similarly, the gender effect suggested in Table 3 may also represent a “VA
effect.”

Concern #5: IVR participation will wane significantly over time. While we did see
some decline over time, patients with heart failure followed for up to a year completed
90% of their weekly calls. As in a previous report,43 call completion rates decreased
among patients with depression and cancer. It is unclear whether patients tired of the
IVR interactions or felt they had learned a sufficient amount about their self-care.
However, user fatigue is likely, and future applications should seek to address fatigue
using intelligent algorithms that adapt to patients’ changing needs.44

Despite the favorable findings, IVR cannot fully address the barriers to health service
engagement among some of the most high risk patients. Patients who had missed a prior
clinic visit, had been hospitalized, and had lower mental health functioning at enrollment
missed their IVR calls at higher rates. The optimal “dose” of IVR intervention remains
unknown, and it could be that these vulnerable patients benefit disproportionately, despite a
lower exposure to the service. Studies of IVR self-management support among
socioeconomically vulnerable patients in Honduras and Mexico suggest that patients can
benefit from IVR self-management support, despite call completion rates of less than
60%.34,45 Ultimately, usability testing and qualitative research on specific programs for
specific populations will be important to ensure that these services meet diverse patients’
needs.

Although the current study’s compilation of a large sample of patients from multiple IVR
programs is a strength, it also implies important limitations in our ability to examine the
predictors of call completion separately within each program. For example, because we
limited the multivariate analyses of completion rates to information collected uniformly
across programs, we could not examine the potentially important role of disease-specific
quality-of-life measures (e.g., the Minnesota Living with Heart Failure Questionnaire46) or
disease-specific physiologic information (e.g., cancer type or diabetes patients’ glycemic
control). In particular, the predictors of decreased (or increased) call completion over time
may vary across programs, although those three-way interactions (e.g., program-by-time-by
baseline SF-12 scores) could not be examined exhaustively in the current study.

To our knowledge, this is one of the only patient-focused health IT applications that includes
feedback to an informal caregiver. The current study suggests that most patients will enroll
in IVR self-management support programs with a caregiver if given the option. This is
consistent with other research showing that most chronically-ill adults have significant
family member or friend involvement in their health care.47 Patients who elected
CarePartner involvement were more likely to complete their IVR calls, and this increase was
independent of the patient’s marital status. That CarePartner selection was not associated
with other identified patient characteristics suggests that its relationship with program
engagement represents a direct effect of caregiver feedback. Nevertheless, it remains
possible that unmeasured confounders uncorrelated with patient demographics explain the
relationship between patients’ participation with a CarePartner and tendency to respond to
more of their IVR calls. Future studies should investigate patient perceptions of the benefits
of including caregivers in mHealth monitoring, and future mHealth chronic illness
interventions using technologies other than IVR should evaluate the effect of caregiver
participation on patient engagement.
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It is important to remember that patient responsiveness to IVR interventions is largely
determined by specific program characteristics, such as call frequency, length, complexity,
feedback to others, and the targeted health problem. Thus, these results should be taken as a
starting point for understanding the expected engagement of patients using IVR. It is
unknown how these findings will generalize to other populations, particularly patients with
cognitive and other mental health limitations. However, much of the research on IVR patient
monitoring has come from psychiatry,48–50 and the current study suggests that patients with
depression will use IVR self-management support. Future research should explore IVR use
by community-dwelling patients with mild dementia, schizophrenia, and active substance
abuse. Finally, the current study did not have available information about important
psychosocial factors, such as health literacy or self-efficacy, which could determine patients’
willingness to complete IVR calls and their ability to utilize the information.

In summary, we found that in a large sample of patients participating in four IVR disease
management programs, proactive IVR assessment and behavior change calls were a viable
way to gather patient data and provide self-management education between visits. Call
completion rates decreased over time among patients with depression or cancer, but
remained consistent among patients with diabetes and heart failure patients receiving calls
for a year. When given the option, many chronically ill patients choose to have feedback
about their health and self-care challenges delivered to an informal caregiver. Caregiver
feedback can increase call completion rates, and interventions including an emphasis on
caregiver involvement should be explored further. Future studies should continue evaluating
the impact of IVR self-management support systems on patients’ treatment outcomes.
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Figure 1. Probability of Call Completion Over Time by Program
Dashed lines represent 95% confidence bands. Predicted probabilities were generated from
multivariable logistic regression models using the predictors shown in the first column of
Table 3.
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Figure 2. Probability of Call Completion by Patient Age
Dashed lines represent 95% confidence bands. Predicted probabilities were generated from a
multivariable logistic regression model using the predictors shown in the first column of
Table 3. Age was modeled using cubic splines with four knots in order to detect non-linear
age effects on the probability of call completion.
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