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Abstract

The purpose of this study was to test the effect of computer-generated, tailored feedback on the quality of
chronic disease management for type 2 diabetes when provided to a patient prior to a scheduled physician visit. A
stand-alone computer application was developed to provide tailored feedback aimed at empowering patients to
engage more actively in their diabetes management. Adults with type 2 diabetes (n¼ 203) were randomly assigned
to groups receiving either efficacy (positive) messages (n¼ 68), risk (negative) messages (n¼ 67), or to a delayed
treatment control group (n¼ 68). The intervention was delivered prior to a patient’s visit with his or her physician
so that patients would have the opportunity to discuss the messages at the clinical appointment.

Although there were no significant differences in the percentage of participants who received intensified care
or routine tests between the control and intervention groups, we learned that more directive messaging may be
needed to help patients effectively manage their diabetes.

Patients may benefit from directive feedback, providing them with specific questions to ask their physician that
can lead to improved care, rather than receiving general and educational informational messages. (Population
Health Management 2009;12:197–204)

Introduction

Diabetes is one of the most prevalent chronic dis-

eases in the United States. This chronic disease affects
approximately 20.8 million people in the United States, with
6.2 million of these individuals remaining undiagnosed.1 Of
diagnosed cases, 90%–95% are type 2 diabetes.2

Though guidelines for caring for patients with diabetes
are available from a variety of organizations, such as the
American Diabetes Association (ADA), and medical ex-
perts,3–5 wide differences in blood sugar control and quality
of care remain.6,7 In the Third National Health and Nutrition
Interview Examination Survey, fewer than half of Americans
with known diabetes met blood sugar goals (glycosylated
hemoglobin [A1c] <7%) and fewer than 30% reported having
an A1c test at least once each year.6 Another study found
that fewer than 20% of 2865 adults with diabetes who re-
ceived care at community health centers met similar blood
sugar goals.7 Given the 35% increase in the risk of micro-

vascular complications for each percentage increase in A1c,
improvement in diabetes care is not only desirable, but also
increasingly necessary.3,8

Research has shown that getting patients actively involved
in the management of their chronic illness is essential to
improving care.9,10 In one intervention that had a significant
positive effect on improving glucose control, patients with
diabetes met with an assistant who reviewed their medical
record and, using a diabetes care algorithm, encouraged the
patients to use the information to negotiate medical decisions
with their doctors.9 This finding supports the fact that pa-
tients who are encouraged to ask their physician for treat-
ments are more likely to receive them.11

Further research conducted on improving quality of care
for chronic conditions through patient involvement utilizes
the Chronic Care Model, which employs 6 basic elements
for improving chronic illness (eg, self-management support,
decision support, clinical information systems).12 Use of the
model is intended to foster productive interactions between
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patients who proactively participate in their care and pro-
viders who can draw on the expertise of guideline-based
reminders and decision support.10,13 Preliminary results
suggest that organizational interventions based on this model
lead to improvements in chronic diseases.12 The intervention
in this study is based on active participation of both patients
and providers, using tailored messaging.

Tailoring health messages to individual patients has been
identified as a key way of making information more relevant
to its intended audience and, as a result, more effective.14

Studies demonstrating positive results have tested tailored
messages to determine their effects on behavior changes
ranging from quitting smoking and eating fruit to increas-
ing physical activity and receiving preventive medical ser-
vices.15–19 In addition, research has shown that the type of
message an individual receives with regard to health-related
behaviors can impact the effectiveness of the message. A re-
cent study showed that positive and neutral messages were
more successful in facilitating self-reported hearing protection
behaviors among coal miners than negative messages.20

Past research has examined the use of computer-generated
decision support reports for both physicians and patients to
help increase recommended services utilization for individuals
with diabetes.21–24 However, no study to date has examined
the effects of computer-generated decision support messages,
given to a patient prior to a scheduled clinical appointment,
on the improvement of chronic disease management.

Therefore, we conducted a study to assess the effectiveness
of computer-tailored diabetes care messages to empower
patients to ask their physicians about improvements that
could be made to their diabetes self-management. The re-
search seeks to determine how the type of message received
by patients—risk-oriented (negative) or efficacy-oriented
(positive)—impacts the effectiveness of the message. In ad-

dition, we wanted to determine if patients who received the
tailored messages inquired about these messages at their clin-
ical appointment. The hypothesis was that efficacy-oriented
messages would lead to greater improvement in diabetes
management than risk-oriented messages. We were also in-
terested in determining if the interventions would lead to
greater physician compliance with diabetes care guidelines,
and would empower patients to discuss diabetes manage-
ment with their physicians.

Methods

Study design

Using a randomized controlled trial, 203 adults with type 2
diabetes were assigned to 1 of 2 intervention groups or to a
delayed treatment control group. The intervention, delivered
prior to a patient’s visit with their primary care physician
(PCP), included an assessment of adherence to standards of
care for diabetes management. One group then received
efficacy-oriented (positive) tailored messages (n¼ 68), and
the other received risk-oriented (negative) messages (n¼ 67)
about their diabetes care. An exit interview was conducted
with both groups within 72 h of the patient’s physician visit.
The delayed treatment group (n¼ 68) received the efficacy-
oriented messages after their exit interview. Approval for the
study was obtained from the Institutional Review Board,
Office of Research Administration at The Miriam Hospital in
Providence, Rhode Island.

Subjects

The study population (�age 21 years) was receiving rou-
tine outpatient care for type 2 diabetes between September
2003 and July 2004 (Fig. 1). Participants were recruited
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through an advertisement on www.google.com. Interested
individuals (n¼ 249) contacted the study’s research assistant
and were screened for eligibility based on the following cri-
teria: (1) upcoming visit scheduled within 6 weeks with
physicians who cared for their diabetes, (2) self-reported type
2 diabetes mellitus that was not related to pregnancy, (3) self-
reported use of a glucometer 1 or more times in the past
month, (4) a visit to a PCP for diabetes care at least once in the
past 12 months, and (5) access to the Internet at home or at
work. Forty-six patients were excluded for the following
reasons: (1) not diagnosed with diabetes; (2) had type 1 dia-
betes; (3) lived outside the United States; or (4) the study
closed before their scheduled PCP visit. All of the remaining
203 patients completed the post-visit questionnaire with no
attrition.

Intervention

The intervention consisted of 3 main components. First, a
telephone survey was administered to assess the degree to
which certain ADA guidelines were being met for compli-
ance to care.3 These guidelines included the following: (1)
blood pressure (BP)< 130=80; (2) low-density lipoprotein
(LDL) cholesterol< 100 mg=dL (5.5 mmol=L); (3) A1c< 7.0%;
(4) blood test for A1c within the past 6 months; (5) tests for
LDL, A1c, and urine protein within the last year; (6) foot
exam, eye exam, and flu shot within the last year; and (7) a
diabetes self-management course and appointment with a
dietitian or nutritionist within the past year.3

Second, tailored, computer-generated reminders aimed at
empowering patients to engage in their diabetes management
more actively were mailed to both intervention groups. These
reminders suggested appropriate tests and treatments for
which the patient was due, as well as guideline-based changes
to treatment.5,25,26 The type of messages participants received
differed between the 2 intervention groups. The efficacy-
oriented (positive) message group received a message dis-
cussing the health benefits of diabetes management. For
example, patients with LDL �100 mg=dL received messages
such as: ‘‘It’s important for people like yourself with diabetes

to keep blood pressure well controlled, to protect the heart
and the kidneys … ’’ Conversely, patients in the risk-oriented
(negative) message group received a message discussing the
risks of poor diabetes management. For example, patients
with BP �130=80 received the following message: ‘‘High
blood pressure can be deadly for people with diabetes. It can
severely damage the heart, it can cause your kidneys to mal-
function, and it can also lead to blindness … ’’ Table 1 presents
additional examples.

Lastly, pocket-sized charts were provided to participants
on which to enter key clinical data and track it over time
before a primary care visit. The information collected on the
charts included BP, A1c, LDL, urine protein, and fasting
plasma glucose levels. These pocket-sized cards have been
shown to be accurate at assisting patients to collect key clinical
data during visits with health care providers.17

Procedures

Eligible individuals were mailed consent forms. Those who
completed and returned the consent form were considered
to be enrolled participants. Participants then completed a
telephone-based pre-visit questionnaire, based on the ADA
guidelines, approximately 10 days before their planned visit
date with their PCP. Using an automated computer algo-
rithm, participants were then randomly allocated to 1 of
3 groups: control, risk-oriented message group, or efficacy-
oriented message group. Each of the 2 intervention groups
were mailed computerized reports 1 week prior to their
scheduled primary care visit. These tailored messages were
generated based on the patient’s answers to the pre-visit
questionnaire. These reports contained the patient’s recent
test results (ie, blood pressure, cholesterol, A1c) along with
his=her currently prescribed medications. Further, the com-
puterized report included a personalized assessment plan
that contained several efficacy or risk-oriented messages re-
lating to blood pressure, cholesterol, blood sugar, and urine
protein, as well as offered educational information on diabe-
tes and diet. Patients assigned to the control group received
reports containing the efficacy message shortly after the visit

Table 1. Tailored Messages

Uncontrolled
parameter Risk-oriented message Efficacy-oriented message

Blood pressure High blood pressure can be deadly for people with
diabetes. It can severely damage the heart,
it can cause your kidneys to malfunction,
and it can also lead to blindness

Controlling blood pressure can be particularly
helpful for people with diabetes. By keeping your
blood pressure controlled, you can protect your
eyes, heart, and kidneys. You can take simple and
effective steps to keep your blood pressure under
control.

Cholesterol High blood cholesterol can be deadly for people
with diabetes. It greatly increases the chances
of a heart attack or stroke. High cholesterol
is a high-risk factor for people with diabetes.

Controlling blood cholesterol can be particularly
helpful for people with diabetes. By keeping
cholesterol controlled, you can greatly lower your
chances of a heart attack or a stroke. You can take
simple and effective steps to control your blood
cholesterol level.

Blood sugar High blood sugar causes much of the damage
from diabetes. It damages the heart, eyes, and
kidneys, leading to heart attacks, blindness,
and kidney failure. High blood sugar is a
high-risk factor for people with diabetes.

Controlling blood sugar is essential for people with
diabetes. Good blood sugar control can greatly
help to protect your eyes, heart, and kidneys. You
can take simple and effective steps to control
your blood sugar level.
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with their PCP. For example, the control group would receive
a message such as, ‘‘Having a yearly flu shot each fall or early
winter is essential for people with diabetes. You can take
simple and effective steps to protect yourself from getting a
severe case of the flu.’’ No face-to-face visits were scheduled
with research staff for this study.

Within 72 hours of the patient’s visit with their PCP, a re-
search assistant administered a telephone follow-up survey.
The research assistant did not know which group the patients
had been randomly assigned to at the time of survey admin-
istration. The follow-up survey asked patients about coun-
seling and other care that may have happened during their
visit, including physical activity counseling, medication dose
changes, and cholesterol testing (see Table 3).

Patient-reported information was the only source of data,
as providers were not interviewed and research staff did not
have access to patient charts. Patients were compensated with
a $50 gift card following completion of the follow-up survey.

Measures

The main outcome measures of the study were patient-
reported medication dose increases and the addition of
medication(s) to control blood pressure, blood glucose, and
LDL cholesterol. The need for intensified blood glucose
therapy was defined as an A1c level �7% and=or the mean of
3 recent fasting blood glucose levels �126 mg=dL. The need
for intensified hypertensive therapy was defined as BP
�130=80. The need for intensified LDL therapy was defined as
LDL �100 mg=dL.3 In addition, patient satisfaction with the
physician visit was measured using a validated 9-item mea-
sure.27 These measures were collected during the telephone
follow-up survey after the physician visit.

Statistical analysis

Intent-to-treat analysis looked for changes in diabetes care,
comparing the control group to each intervention group.
Outcomes of interest were intensification of care to lower
blood glucose, BP, and LDL, based on information from the
follow-up survey. To further explore changes in care, the
analysis also compared the combined intervention groups vs.
the control group, then compared the 2 intervention groups to
each other. A number of subgroup analyses were performed.
These determined whether participants in need of intensified
care, a subgroup of the overall sample, actually received care,
according to the exit surveys. For example, participants not
meeting LDL goals at baseline were included as the denomi-
nator in the cholesterol care subgroup analysis. Numerators
were calculated based on the number of eligible participants
who received improved care. Finally, differences in patient
visit satisfaction among the intervention groups and the
control group were examined for significance.

Results

Participants in the control and intervention groups were
statistically similar with regard to all characteristics exam-
ined, except sex and history of high blood pressure (Table 2).
The mean (SD) age of participants was 51.8 (11.0) years. The
majority of participants were white, insured, were planning
to attend a routine care visit (rather than an urgent visit), and
had been with their physician for 3 or more years. Of the 135

participants who received the feedback document prior to
the visit (the intervention groups), 116 reported reading all or
most of the document.

Table 3 presents the percentage of participants in each
condition who received intensified care or routine tests at
their PCP visit. There were no significant differences in the
percentage of participants who received intensified care or
routine tests between the control, efficacy-oriented message,
and risk-oriented message groups.

For example, there was no significant difference in the
number of patients in each group who reported that their
physician changed any dose of their diabetes medication
(22.0, 31.6, and 25.4, respectively, P¼ 0.50). The same pattern
held true for routine testing. For example, there were no sig-
nificant differences in the number of patients in each group
who reported that their physician recommended that they
have their blood tested for cholesterol (63.2, 55.9, and 58.2,
respectively, P¼ 0.67). Subsequent analyses that compared
the control condition to the grouped intervention conditions
(risk-oriented message and efficacy-oriented message), as
well as those that compared the risk-oriented message con-
dition to the efficacy-oriented message condition, likewise
showed no significant differences in intensification of care
during provider visits.

The exploratory subgroup analyses examined whether care
was intensified for patients not meeting diabetes care goals at
baseline. Again, no significant differences between the con-
trol, efficacy-oriented message, and risk-oriented message
groups were revealed (data not presented). Last, analyses of
measurements of patient satisfaction with the physician visit
also showed no significant differences (data not presented).

Discussion

The aim of this study was to examine whether the use of
computer-tailored diabetes care reminders, which were aimed
at empowering patients, influenced the care that they received
and also improved their self-management of type 2 diabetes.
Research has shown not only that computerized prompts for
both physicians and patients have been successful in in-
creasing the performance of certain preventive care proce-
dures, but also that patients who are more proactive in
requesting treatments are more likely to receive them.11,15,16 It
was hypothesized that the interventions would lead to greater
physician compliance with diabetes care guidelines and
would empower patients to discuss diabetes management
with their physicians. The main observation of the study,
however, was that the computerized interventions did not
result in increased counseling compared to the control group.

In addition, it was hypothesized that the efficacy-oriented
messages would lead to greater improvement in chronic
disease self-management than the risk-oriented messages.
Research has shown that positive (‘‘gain-framed’’) messages
appear to have a greater impact than negative messages.20

Analyses of the study data indicated that participants who
received the efficacy-oriented messages were no more likely
to receive diabetes-related intensification of care and routine
care than those who received risk-oriented messages. Simi-
larly, limiting the analysis to those with uncontrolled type 2
diabetes did not show that participants received improved
processes of care. Satisfaction with care also was unaffected
by participant condition.
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Few studies have examined the use of computer-tailored
messages to overcome clinical inertia in chronic disease
management.28 The results, however, were still unexpected,
given the consistently positive findings of similar interven-
tions aimed at increasing preventive services utilization.29

There are a few possible explanations for these findings. First,
the tailored message was provided only once, rather than
repeatedly, as previous work has shown to be effective.30,31

Second, the intervention may not have been directive enough.
The tailored messages used in this study were general and not
specific in nature. Previous research on tailored messages has
shown that patients need and desire more ‘‘directive’’ infor-
mation.32,33 Perhaps the take-away message to ask their
doctor for a needed test or increased dose of medication was
lost within the additional educational content. Instead of the
message, ‘‘Controlling blood pressure can be particularly
helpful for people with diabetes. By keeping your blood
pressure controlled, you can protect your eyes, heart, and

kidneys. You can take simple and effective steps to keep your
blood pressure under control,’’ we could have stated, ‘‘We see
that your blood pressure is elevated. You should try to engage
in cardiovascular activity for 20 minutes at least 3 times a
week and also follow a healthy diet. These lifestyle changes
will help to protect your eyes, heart, and kidneys.’’ In another
study that used a similar Web-based intervention to overcome
clinical inertia among patients with migraine, the intervention
suggested specific questions to ask.28 It is possible, there-
fore, that without specific suggestions, patients are less able
to translate what they learn into action during the doctor–
patient interaction.

Third, the population examined in this study was different
from previous populations examined. While the intervention
has been shown to be successful in increasing preventive care
procedures and changing adverse health behaviors in other
studies, it may not have been successful in this study as a
result of the change in population. Perhaps tailored messages

Table 2. Characteristics of Study Participants

Control condition
n¼ 68

Efficacy-oriented
message condition

n¼ 68

Risk-oriented
message condition

n¼ 67 P value

Mean age 52.7 51.0 52.0 0.65

Sex, female (%) 54.4 69.1 77.6 0.01

Race, white (%) 86.8 77.9 83.6 0.39

Ethnicity, Hispanic (%) 4.4 7.4 6.0 0.77

Insured (%) 94.1 95.6 88.1 0.21

Education level, college graduate (%) 51.5 42.7 44.8 0.56

Household income >$50,000 (%) 33.8 36.8 35.8 0.94

Mean number of diabetes provider visits in past year 6.4 7.1 7.6 0.74

History of high blood pressure (%) 75.0 66.2 55.2 0.05

History of high blood cholesterol (%) 58.8 64.7 59.7 0.75

History of heart disease (%) 19.1 20.6 25.4 0.65

Diabetes complication history (%) 50.0 42.7 49.3 0.64

Blood sugar level controlled (%) 56.1 47.4 53.9 0.73

Blood pressure controlled (%) 32.8 25.0 34.3 0.45

LDL cholesterol controlled (%) 42.1 25.0 35.7 0.52

General health, fair or poor (%) 26.5 39.7 34.3 0.26

Last time went online for health information,
in the last week (%)

57.4 60.3 67.2 0.49

Visit reason:

–Routine examination (%) 50.0 57.4 53.7 0.65

–A brand new problem (%) 7.4 1.5 4.5

–Follow-up (%) 39.7 35.3 38.8

–Other (%) 2.9 5.9 3.0

Length of physician-patient relationship 0.80

–less than 6 months (%) 23.5 22.1 17.9

–between 6 months and 1 year (%) 11.8 5.9 9.0

–between 1 year and 3 years (%) 27.9 29.4 25.4

–3 years or longer (%) 36.8 42.7 47.8

LDL, low-density lipoprotein.
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are not effective quality improvement tools for individuals
with chronic diseases such as diabetes. Further research is
warranted to determine if this statement is accurate.

There are a few limitations to this study. The sample size
of overall participants was small, and when participants
were broken into and examined as subgroups, the sample
sizes decreased further. As none of the analyses of outcome
measures achieved statistical significance, it is possible that
sample size may be at fault. For example, when examining
the results of the 2 main outcome questions from the exit
survey—about starting or modifying the dose of a diabetes
medication—the control condition was the lowest of all
3 groups, yet for neither was the difference significant. It is
possible that a larger sample size would have led to signifi-

cant differences, but it is unlikely that these differences would
have been clinically meaningful.

An additional limitation of the study findings was the use of
self-reported data. Participant self-report as the sole method
of data collection can be questionable due to its subjective
nature. In measuring this type of clinical activity, authors
have reported mixed results on the validity of self-report
shortly after a doctor visit.34,35 Based on the findings of pre-
vious research, it is possible that this method of data collection
underestimated the effectiveness of the intervention, as pa-
tients have a tendency to underreport services compared to
direct observation.34 A recent study observed that, in most
cases, doctors do tell patients about new medications they are
starting. For example, when starting cardiovascular medica-

Table 3. Intensification of Care and Routine Testing Across Groups

Control condition,
n¼ 68 (%)

Efficacy-oriented
message condition

n¼ 68 (%)

Risk-oriented
message condition

n¼ 67 (%) P value

Intensification of Care

Did your doctor recommend that you START
taking a new medication for your diabetes?

8.8 11.8 13.4 0.69

Did your doctor recommend that you CHANGE
the dose of at least 1 medicine that you were
already taking for your diabetes?

22.0 31.6 25.4 0.50

Did your doctor recommend that you START taking
a new medication for your blood pressure?

8.2 4.4 8.5 0.68

Did your doctor recommend that you CHANGE the
dose of at least 1 medicine that you were already
taking for your blood pressure?

8.3 11.4 17.1 0.44

Did your doctor recommend that you START taking
a new medication for your blood cholesterol?

7.3 2.6 14.0 0.17

Did your doctor recommend that you CHANGE the
dose of at least 1 medicine that you were already
taking for your cholesterol?

5.3 6.9 5.3 0.95

Routine Testing

Did your doctor recommend that you have a blood
test for HEMOGLOBIN ‘‘A ONE C’’? A blood test
called hemoglobin ‘‘A one C’’ measures the average
level of blood sugar over the previous 3 months,
and is a test you cannot do at home.

63.2 72.1 59.7 0.30

Did you have your blood pressure checked? 98.5 95.6 97.0 0.60

Did your doctor recommend that you have your
blood tested for cholesterol?

63.2 55.9 58.2 0.67

Did someone weigh you? 92.7 97.1 91.0 0.33

Did your doctor recommend that you have an eye exam
in which your pupils will be dilated? (This test is usually
done by an ophthalmologist or an optometrist and
makes your eyes temporarily sensitive to bright light.)

50.0 51.5 38.8 0.27

Did your doctor recommend that your urine be checked
for protein? People with diabetes often have a test of
their urine looking for ‘‘protein’’ or ‘‘microalbumin’’ to
measure how well the kidneys function.

42.7 55.9 47.8 0.30

Did you receive a pneumonia vaccination? 1.5 5.9 3.0 0.36

Did your doctor recommend that you take a course or
class on how to manage your diabetes yourself?

17.7 26.5 26.9 0.36
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tions, providers mentioned that they were starting a cardio-
vascular medication 98% of the time, and mentioned the
specific name of the medication 74% of the time.36 What is not
known is how often doctors tell patients about dose adjust-
ments, but the available evidence suggests that patients
would underreport these changes, due either to doctors not
telling them or to not remembering.

The finding that the tailored messages did not impact the
care reported is surprising, based on previous research.
However, there are several factors, as aforementioned, that
may be responsible for the seemingly ineffectiveness of the
intervention. Perhaps most important may be the content of
the message.

Implications/Recommendations

One implication or recommendation is that tailored mes-
sages should provide a specific directive action for partici-
pants to follow (ie, explicit instruction to ask their physician
questions about tests, medications, or treatment goals). Rather
than ‘‘educating’’ patients with diabetes about the risks of
high blood pressure or benefits of controlling their blood
pressure, patients should receive a message ‘‘directing’’ them
to ask their physician what they can do to lower their blood
pressure. It is possible that the removal of extraneous infor-
mation and the arming of patients with merely the appro-
priate questions to ask their physicians will lead to patient
engagement in their care and an increase in guideline-based
care. Given the success of these direct-to-consumer interven-
tions11 and the sharp rise in consumer-directed health plans,37

effective patient-directed interventions to improve the quality
of care are an area of great need.
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