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Abstract
Background—Although interactive voice response (IVR) calls can be an effective tool for
chronic disease management, many regions of the world lack the infrastructure to provide these
services.

Objective—This study evaluated the feasibility and potential impact of an IVR program using a
cloud-computing model to improve diabetes management in Honduras.

Methods—A single group, pre-post study was conducted between June and August 2010. The
telecommunications infrastructure was maintained on a U.S. server, and calls were directed to
patients’ cell phones using VoIP. Eighty-five diabetes patients in Honduras received weekly IVR
disease management calls for six weeks, with automated follow-up emails to clinicians, and
voicemail reports to family caregivers. Patients completed interviews at enrollment and a six week
follow-up. Other measures included patients’ glycemic control (A1c) and data from the IVR
calling system.

Results—55% of participants completed the majority of their IVR calls and 33% completed 80%
or more. Higher baseline blood pressures, greater diabetes burden, greater distance from the clinic,
and better adherence were related to higher call completion rates. Nearly all participants (98%)
reported that because of the program, they improved in aspects of diabetes management such as
glycemic control (56%) or foot care (89%). Mean A1c’s decreased from 10.0% at baseline to 8.9%
at follow-up (p<.01). Most participants (92%) said that if the service were available in their clinic
they would use it again.

Conclusions—Cloud computing is a feasible strategy for providing IVR services globally. IVR
self-care support may improve self-care and glycemic control for patients in under-developed
countries.

Introduction
Eighty percent of all deaths due to chronic diseases occur among patients in low- to middle
income countries.1-3 Diabetes alone represents an international crisis, with an expected
global prevalence in 2030 of 439 million people compared to 285 million people in 2009.4, 5

The current study was conducted in Honduras, the second poorest country in the Western
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Hemisphere. Limited healthcare resources, inadequate transportation systems, and
populations struggling with growing social instability make Honduras protypical of the
challenges to providing disease management in the most under-developed regions of the
world.

Mobile phones are ubiquitous in developing countries,6 and in Latin America, nearly half a
billion people have cell phones.7-9 In a survey of more than 600 chronically-ill adults in
Honduras, 84% reported telephone access.10 Outgoing telehealth calls to patients’ cell
phones are particularly accessible in Latin America because in many countries, a person can
receive a mobile phone call without a monthly subscription to a calling plan or paying any
“minute” charges.

As in more developed countries,11, 12 telephone disease management is feasible and
beneficial in Latin America. Low-income diabetes patients in Santiago Chile receiving
telephone nurse counseling have better glycemic control than similar patients treated in
usual care,13 and a randomized trial in Argentina found that between-visit telephone support
for heart failure patients significantly reduced long-term readmission rates.14, 15

Unfortunately, decision-leaders across Latin America feel that there is insufficient capacity
to meet the growing need for self-management support within their countries and that
innovation in this important area is lagging.16 Interactive voice response or IVR is the
technology allowing patients to receive information and communicate with others
asynchronously using their mobile- or landline telephones. Using IVR, patients interact with
a structured series of voice-recorded message components and respond to queries for
information either using their touch-tone keypad or voice-recognition technology. Based on
patients’ responses, they receive recorded messages tailored to their individual needs, and
others involved in their care can receive updates about how the patient is doing along with
structured feedback about ways they can promote more effective disease management.
Because the per-contact cost of IVR is low, patients can receive health monitoring and
behavior change messages much more frequently than would be possible in almost any
health care system relying on face-to-face encounters or “live” nurse calls.

Spanish-speakers and other language minority patients in the U.S. are willing to use IVR as
part of their disease management,17-23 and report reliable and clinically-meaningful
information via IVR calls.24-31 Studies have shown that IVR-supported disease management
services can improve outcomes for patients with diabetes and other chronic health
problems.32-38 In Honduras, 81% of chronically-ill adults reported that they were willing to
participate in self-management education via automated calls, and respondents who had
cancelled an appointment due to a transportation problem were particularly likely to report a
willingness to receive support for their self-care via IVR.10 Unfortunately, very low-income
areas in under-developed countries seldom have the resources to implement and maintain
the informatics infrastructure necessary for a program of IVR-supported disease
management.

Cloud computing is an approach to the design of technologic resources in which end-users
(e.g., a clinic or health system) access the computing infrastructure remotely over the
internet. As a result, health care provider organizations do not need to maintain the
hardware, software or expertise that comprise the infrastructure in the “cloud” supporting
them. For IVR-supported disease management programs, a cloud computing model means
that clinics could potentially 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
the central server to patients’ cell phones using the low-cost technology for Voice over IP
(VoIP) that makes possible services such as SkypeTM and VonageTM. Because the fixed
costs of service delivery can be spread across potentially large numbers of users, a cloud
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computing model could be financially sustainable by health care organizations with limited
budgets.

The purpose of the current study was to determine whether a cloud computing approach
could be used to deliver IVR-supported chronic illness care within a very low income
community located in an under-developed area of Latin America. Specifically, we
evaluated: the technical feasibility of delivering IVR-supported diabetes management
internationally, whether patients were willing to enroll in such a program, and the frequency
with which patients would complete IVR disease management calls. We also evaluated
patients’ satisfaction with the service and changes in their health behaviors and glycemic
control over time.

Methods
Site Description and Recruitment

Adult patients with diabetes were identified at the time of outpatient primary care visits to
clinics in a semi-rural region of Honduras. Prior surveys of patients receiving care in the
study site found an average of five years of formal education, 27% of patients reporting
illiteracy, and 44% reporting that they had missed one or more outpatient visits in the prior
year due to cost concerns.10, 39, 40 To be eligible for the current study, patients had to have
access to a cellular phone, a life expectancy of at least one year, and no diagnosed
psychiatric disorders. All patients completed a written informed consent, and the study was
approved by the Human Subjects Committees at the University of Michigan and the local
health center.

Intervention
A translational science approach was used for program development.41 During the planning
phase, investigators traveled to Honduras to established collaborative relationships
supporting the intervention design, implementation, and research plan. IVR health status
monitoring and behavior change calls focused on medication adherence, general health
status, hyperglycemia, hypoglycemia, glucose self-monitoring, and foot care. Calls were
professionally translated into Spanish, recorded by a native Spanish-speaker, and tested by
clinicians and patients in Honduras prior to initiating the study.

The intervention was designed to have three mechanisms of action: First, patients received
recorded information during weekly automated calls about how to better manage their
diabetes based on their symptoms and self-care challenges. Second, patients’ clinical team
received updates via structured emails based on concerning patient reports such as
symptoms of hyperglycemia or low self-monitored glucose levels. Third, patients had the
option of enrolling in the program with an informal caregiver – usually an adult child or
other family member. For such patients, that family member received structured IVR calls to
their cell phone after each patient assessment, that included feedback and suggestions that
the family member could use to support the patient in his/her disease self-care.

Research staff in Honduras used a web interface to enter participants’ telephone numbers
and preferred calling times into the calling database maintained on a server at the University
of Michigan. Using VoIP, the system generated multiple calling attempts to each patient’s
cell phone per calling week. When patients were reached, IVR interactions took roughly 15
minutes to complete.
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Measurement
Participants were asked to complete in-person interviews at baseline and follow-up. Surveys
were constructed in English and professionally translated into Spanish. Depressive
symptoms were measured using the Spanish version of the 10-item CES-D screener (α
reliability in this dataset = .81), with the recommended cutoff indicating significant
depression.42 Diabetes-related distress was measured with the Problem Areas in Diabetes
Scale (PAID, α=.87).43 Medication adherence was measured with the Morisky Index44 (α=.
71). Diabetes self-efficacy was measured using a scale developed by Heisler et al. (α=.64).45

Three items asked about the priority of diabetes relative to other issues (e.g., “I have other
health problems more important than diabetes”). Diabetes-specific social support was
measured using a subscale from the Diabetes Care Profile (α=.91).46 As a measure of
treatment access, patients were asked how long they had to travel to reach their source of
primary care. Illiteracy was self-reported. Self-reported monthly income was annualized and
converted to dollars.

Questions about perceived intervention impact were developed for the study. The first set
used the item stem: “How much would you say that you’ve improved in each of the
following areas as a result of the CarePartner Program?” In the second set, respondents were
asked “Due to the information you received during the automated calls since you have been
in the CarePartner Program, have you ever done any of the following?” Items included
talking with their doctor about diabetes, making changes in their diet, and doing diabetic
foot care. As part of their follow-up survey, participants also were asked to respond to open
ended questions regarding their impressions of the program.

Body Mass Index was calculated based on participants’ height and weight wearing light
clothing. Blood pressure was measured in both arms with a repeat measurement in the arm
with the highest pressure after several minutes of rest. For analyses presented here, we
identified patients over the recommended blood pressure level for persons with diabetes
(i.e., 120/80 mmHg).47 Patients’ glycemic control was measured at baseline and follow-up
using point-of-care analyzers for HbA1c48 and fasting blood glucose (FBG). Due to a
malfunction of the A1c analyzer, 33% of patients at baseline were unable to have that test.
FBG values are highly correlated with A1c’s, and both are used for diagnosing
diabetes.40, 49 In the current study, the correlation between baseline A1cs and FBG was .803
(p<.0001); for patients missing baseline A1c data, we imputed those values based on their
FBG test results. Where relevant, results below are presented for the overall sample with
imputed A1c data and for the subset with measured baseline A1c values. The IVR calling
system recorded the date of each attempted patient contact, the outcome of each attempt
(completed assessment, patient not reached, etc.), and patients’ IVR-reported responses.

Analyses
Engagement with the IVR calls was measured using summary variables representing the
proportion of participation weeks in which an attempted assessment was completed. These
summary data were merged with patient surveys and physiologic measures collected at
baseline and follow-up. Variation in assessment completion rates was examined across
groups defined by patients’ baseline sociodemographic and clinical characteristics. Stepwise
logistic regression with backwards elimination and a p-value > .20 for exclusion was used to
identify baseline characteristics identifying patients who completed their IVR assessment
calls more frequently. In analyses presented here, two logistic models were constructed
using as outcomes completion rates of > 50% and > 80%. Poisson regression was used in
auxiliary analyses using the number of completed calls as the outcome; those analyses are
available on request and had similar findings. Finally, changes between baseline and the six-
week follow-up in patients’ glycemic control were examined, as well as patients’
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impressions at follow-up regarding intervention satisfaction and perceived intervention-
related changes in their diabetes care. Qualitative data were reviewed for key themes.

Results
Baseline Characteristics of Enrollees

Of the 94 patients screened for eligibility, one had no telephone, three were lost to follow-up
before completing the enrollment process, five were excluded due to problems completing
their initial IVR calls, and 85 participated in the study. Enrollees were mainly women (70%)
and on average 55.7 years of age (Table 1). More than half had five or fewer years of formal
education and on average patients’ had annual household incomes of $2,591. Eighty-nine
percent reported taking diabetes related medication, and 85% of those participants reported
at least one episode of cost-related medication non-adherence in the prior year. Baseline A1c
levels based on the imputed sample were on average 10.2% (SD=3.0), and 21% had blood
pressures greater than the recommended level of 120/80 mmHg.

Call Completion Rates
On average, 4.5 call attempts were made per patient per week, yielding 250 successful
contacts. Overall 16 (19%) of participants completed none of their IVR monitoring and
behavior-change calls, 23 (27%) completed 1-2, 26 (30%) completed 3-4, and 20 (23%)
completed 5+.

In bivariate analyses, patients reporting that diabetes was their most significant health
problem were significantly more likely than other participants to complete the majority of
their calls (66% versus 42%, p=.027). In multivariate analyses, call completion rates were
not statistically different across groups defined by patients’ age, gender, educational
attainment, depressive symptoms, or baseline glycemic control (Table 2). Several factors
associated with a greater need for support were positively associated with call completion
rates. Specifically, patients traveling more than an hour to reach their clinic had nearly twice
the odds of completing the majority of their IVR calls, and patients reporting at baseline that
diabetes was their most important health problem had nearly 12 times the odds of
completing half or more of their IVR assessments. Patients reporting more diabetes-related
distress also had a greater likelihood of completing the majority of their assessments.
Patients with high blood pressures at baseline were more likely to complete 50% or more of
their assessments, and these patients were nine times as likely as other patients to complete
80% or more calls. In contrast, patients with poorer medication adherence at baseline were
less likely to complete IVR assessments, and both poor perceived health plus illiteracy were
marginally associated with lower completion rates.

Satisfaction with the System
Sixty four participants (75% of enrollees) completed endpoint surveys. There were no
differences in the baseline glycemic control, medication adherence, diabetes distress,
depressive symptoms, or other characteristics of those who did and did not return for the
endpoint assessment. However, only 29% of patients lost to follow-up completed the
majority of their IVR calls compared to 68% of those with follow-up surveys (p=.001).

Overall, 83% of follow-up survey respondents agreed that the IVR system was easy to use,
84% agreed that the language used was consistent with the language with which they were
familiar, and 89% agreed that the system provided useful suggestions for managing their
diabetes. Seventy percent of participants reported that either all or most of their needs had
been satisfied by the program, and 80% reported that if a friend had a similar need, they
would recommend the CarePartner program to them. Ninety-two percent said that if the
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program were available in the clinic, they would use it again, and 100% said that they were
“very satisfied” (88%) or “generally satisfied” (12%) with the program.

Potential Impacts on Patients’ Self-Care and Glycemic Control
All but one respondent (98%) completing the follow-up survey reported that they had
improved in some aspect of their health and self-care as a result of participating in the
program (figure). More than half (56%) reported that they improved in their blood sugar
control as a result of being in the program, 66% reported that their diet improved, and 89%
reported that due to the information they received during the automated calls their foot care
improved. In the subgroup of patients with A1c values at baseline and follow-up (N=40),
levels improved significant from an average of 10.0% to 8.9%, or a difference of 1.1% (95%
CI: 0.5% – 1.5%). Using imputation for the patients with fasting glucose data at baseline but
no baseline A1c, A1c values decreased 1.3% (95% CI: 0.8% – 1.9%) between baseline and
follow-up. Participants who completed more than half of their weekly IVR assessments had
significantly larger average decreases in their A1c levels than patients who completed fewer
calls (mean change of 1.1% versus .34%; p=.04). Patients who participated with a
CarePartner also had larger decreases in A1c than those who participated alone, although the
result did not reach statistical significance (1.1% versus 0.41%; p=.23).

Qualitative Data
In response to the open-ended question about participants’ favorite part of the program,
many patients spoke in general terms about appreciating the “advice” and “attention” they
received. Other respondents mentioned that they appreciated program features such as
“explanations of low and high blood sugar,” “advice on how to treat high and low blood
pressure,” and “advice about how to take care of [my] feet.” When asked about their least
favorite aspect of the program, participants mainly focused on the sound quality and
problems with calls cutting-off prematurely. When asked what they would change about the
program, the majority responded that there was nothing they would change.

Discussion
To our knowledge, this is the first study to demonstrate the technical feasibility,
acceptability, and potential impact of an mHealth tool for chronic disease management that
can be provided to resource-poor areas of under-developed countries using a cloud-
computing model and standard mobile phones. Call completion rates were acceptable, and in
follow-up interviews, patients reported that the service was easy to use and provided
information useful for their diabetes self-care. More than 90% of patients at follow-up
reported that they would use such a service if it were available in their clinic. Most also
reported important changes in their self-management, and pre-post changes in patients’ A1c
were clinically significant. These changes in glycemic control are particularly notable
because A1c is an objective measure of patients’ diabetes-related risk, and because changes
measured after only six weeks would tend to under-estimate the long-term impact on
patients’ health status.

Because this disease management tool uses cloud computing and only requires cell phones,
it could be used to expand access to health information in low income communities around
the world. To be sustainable, such service models will require a feasible financial plan for
system adoption and maintenance, either through health ministries, regional private sector
providers, or large insurers. A more robust and portable software platform also will be
required, ideally allowing the system to be maintained within multiple regional service
points that receive technical support and system updates from a centralized source. Models
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that blend centralization and decentralization of resources may address the technical issues
contributing to the sound quality problems reported by some patients in the current study.

It was encouraging to see that call completion rates were consistent across groups defined by
patients’ age, gender, and educational attainment, and that the significant number of patients
with depression did not have increased difficulty participating. Several factors associated
with a greater need for self-management support were associated with higher call
completion rates. Specifically, patients with longer travel times to the clinic, greater diabetes
distress, and higher blood pressures all completed more of their calls controlling for
covariates. In contrast, poorer perceived health status, illiteracy and medication adherence
problems may be associated with worse call completion rates. Taken together, these findings
suggest that interventions such as this hold promise for reaching some of the most
vulnerable patients, but more intensive targeting and training may be required to ensure that
patients who need additional motivation and ongoing support are appropriately served.

This model is feasible in areas with little infrastructure for developing and maintaining an
IVR program. Costs for VoIP calls between the United States and Latin America are often
less than $0.03 per minute although there is substantial variation across countries and
providers. Nevertheless, the quality and durability of the telecommunication network can
affect the success of these programs. In the current study, several weeks of nearly hurricane-
level storms interrupted VoIP calls to participants’ telephones. While this can be
circumvented by increasing the number of call attempts (something that was done in this
study), ultimately, services such as this must depend on the local telephone service.

Provision of information-based services within resource-poor environments will require
careful considerations of how to make such services relevant given the sometimes daunting
barriers to access. In the current study, much of the information provided during IVR calls
focuses on behaviors such as blood glucose self-monitoring, medication adherence, and
regular follow-up with patients’ clinical team. Each of these activities assumes the
availability of resources that may not always be accessible to low-income patients in
developing countries. In a prior study within this same clinic,10 43% of survey respondents
reported that they had to miss an appointment in the prior year due to transportation
problems, 44% reported missing an appointment due to cost problems, and 63% reported
cost-related medication non-adherence. That latter number was even higher in the current
study (85%). Mobile technologies may provide information to patients that circumvents the
need for in-person visits and may be able to alert them to the importance of their
medications or low-cost options for receiving care. Between-visit IVR assessments also
could allow health systems to more effectively target scarce medical resources.
Nevertheless, advice to use medications or other resources will have little effect if patients
or their health systems are unable to access these necessities.

Moreover, many low-income patients have low health literacy, including poor understanding
of their self-management goals or preventive medicine and little familiarity with physiologic
markers of their disease status such as A1c.50 Although interventions such as this one can
play a crucial role in improving that understanding, the effectiveness of such programs may
be constrained by patients’ ability to process the information provided. To be truly effective,
new services such as this one must be culturally sensitive to those beliefs, while using
effective behavior change approaches to move patients to a more active role in their disease
management.

A limitation of the current study is that the sample was too small to detect potentially
important differences in system usability or impact across patient subgroups identifying
those who would or would not be especially likely to benefit from this type of service. Also,
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patients participated in the study for only six weeks, and this limited our ability to examine
temporal trends in participants’ service use. It may be that system usage wanes over time or
that it increases as participants become more accustomed to the program and initial technical
challenges are addressed. The limited time frame of this study is particularly important
because one of the principle outcomes, i.e., participants’ A1c-measured glycemic control,
represents a running average of blood sugar values over the prior 10-12 weeks. Because of
that, it is possible that the pre-post changes we report here under-estimate the true impacts of
this intervention on patients’ physiologic health. On the other hand, this study did not
include a control group, so we cannot definitively attribute changes in patients’ health or
self-care to the intervention. Regression to the mean, Hawthorne effects, and other artifacts
of participation in a research study may have contributed to the differences we observed
between patients’ baseline and follow-up assessments. Finally, 25% of patients were lost to
follow-up. Although patients who did and did not complete follow-up surveys were similar
on a wide variety of baseline measures, those who failed to complete the follow-up
assessment also completed fewer of their IVR calls and may have been less satisfied with
their experience.

Taking these caveats into account, we conclude that a cloud computing model for IVR-
supported diabetes management can be accessed by clinics and patients in remote areas of
under-developed countries and used to provide low-cost self-care monitoring and behavior
change support. Despite very little formal education or prior experience with IVR services,
diabetes patients in Honduras were able to use such a system, and reported that it was
acceptable and helpful for their diabetes self-management. Pre-post changes in patients’ A1c
levels suggest that such a service may improve patients’ disease outcomes. Future controlled
studies with larger samples, longer follow-up, and patients from other geographic areas are
warranted to determine whether this service model is sustainable and has clear impacts on
patients’ health.
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Figure.
Percent of patients reporting an improvement as a result of being in the CarePartner Program
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Table 1

Baseline Characteristics of the Sample

All Patients
% or

mean(SD)

With
CarePartner

% or
mean(SD)

Without
CarePartner

% or mean(SD)

N 89 63 26

Female (a) 70.1 68.9 76.9

Age 55.7(11.0) 52.2(11.6) 59.5(11.2)

Years of Education 4.7(4.1) 4.9(4.0) 4.1(4.2)

Annual Household Income $2591(2521) $2639(2467) $2469(2705)

Number of Family in Household 4.0(2.5) 4.0(2.5) 4.0(2.6)

Insulin Use 12.6 11.5 15.4

Body Mass Index 29.3(6.7) 29.8(7.1) 28.1(6.7)

Depressed(b) 53.3 55.6 48.2

A1c 10.2(3.0) 10.3(2.9) 9.9(3.3)

BP > 120/80 21.1 19.1 25.9

(a)
P=.04. No other differences between patients with and without a CarePartner were observed.

(b)
CESD-10 scores > 4.
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