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Abstract

Telephone-Linked Care (TLC) technology has been developed and applied as

an alternative to and a supplement for office visits as a means to deliver ambulatory care. TLC is
used to monitor patients with chronic diseases, counsel patients on important health behaviors,
and provide information and support to home caregivers of patients with disabling conditions.
TLC speaks to patients over the telephone in their homes using computer-controlled digitized
human speech. Patients use their telephone keypad to communicate. TLC conversations last 2—-15
minutes per call and take place weekly for periods of at least 3 months. The conversations
consist of a salutation, password verification, the core clinical part, and a closing. The structure
of the clinical part is similar for each of the application groups: chronic disease, health behavior,
and caregiver support. The system architecture consists of linked voice and database components
and their subcomponents. Preliminary evaluation indicates that TLC is well accepted by patients
and their providers and can improve clinical outcomes.
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A visit to a physician’s office is the principal source
of health care for the majority of Americans, with
more than 650 million physician office visits occurring
in 1991." Despite the importance of the office visit, its
content and structure have changed little over time.
With the advent of managed care systems, however,
there is now new pressure to improve the efficiency
and outcomes of these visits. Thus, in many settings
time scheduled for an office visit has been drastically
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reduced, enabling more patients to be seen in the
course of the day and driving down unit costs. Al-
though greater efficiency has been achieved, health
care providers feel the stress of delivering high quality
care in less time. In response, they are seeking new
ways to care for patients that maximize both quality
of patient care and practice efficiency.

The telephone has been used in health care for a cen-
tury,” and more advanced telecommunications tech-
nology has been in use for more than three decades.’
Despite this history and recent rapid developments in
the telecommunications field,* the use of telecommu-
nications technology to deliver health care remains
underdeveloped, although it offers great potential to
improve ambulatory care practice. For some time,
practitioners have used the telephone as an outreach
mechanism to contact patients and for patients to con-
tact them.” In recent years automated telephone sys-
tems have been introduced to remind patients about
their appointments,”” promote attendance in drug
treatment programs,’® administer health question-
naires,” educate patients,'’ and assess substance
abuse." As the demands on ambulatory care practice
increase, however, further innovative uses of telecom-
munications technology are needed to enhance both
the quality and efficiency of ambulatory care practice.
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Figure 1 Overview of TLC functions. The patient ini-
tiates the process by telephoning TLC (A). TLC carries
out a conversation with the patient and stores informa-
tion provided by the patient in a database (B). TLC issues
patient reports to the patient’s physician or other pro-
vider (C) and to the patient (D). The physician reads the
report, and it is placed in the patient’s medical record
(E), whether this is paper or electronic.

Over the past decade, our unit has utilized telecom-
munications technology to develop a Telephone-
Linked Care (TLC) system that carries out totally au-
tomated telephone encounters with patients. These
virtual visits over the telephone have been designed
for a variety of clinical situations, including the care
of patients with chronic disease and individuals re-
quiring health behavior change. The purpose of this
paper is to discuss our work and highlight the ways
in which telecommunications technology can be used
to help clinicians establish new means of communi-
cating with patients that enhance the provision of
health care services.

Overview of the Telephone-Linked Care (TLC)
System

Brief Description of TLC

TLC is a computer-based telecommunications system
that converses with patients and other individuals in
their homes over the telephone (Fig. 1)."” The system
carries out automated, telephone-based health care
encounters with patients that supplement and com-
plement office visits between patients and their health
care providers. Patients can begin using TLC on re-
ferral from their providers or on their own initiative.
During TLC telephone encounters, the system speaks
to patients using computer-controlled digitized hu-
man speech. The patients, in turn, communicate with
TLC by depressing the keys on their telephone key-
pad or by speaking into the telephone receiver. Dur-

ing each conversation, TLC asks the patients clinical
questions and comments on their responses; it also
can provide information and counseling. Depending
on the clinical domain of the particular TLC applica-
tion and the patients” responses, a conversation can
last between 2 and 15 minutes. Likewise, the number
of TLC conversations per patient and their frequency
can also vary. Typically, patients converse with TLC
on a weekly schedule and continue for periods of at
least 3 months. Some TLC applications allow the pa-
tients to call whenever they want. For most TLC sys-
tems, responsible health care providers receive routine
reports at periodic intervals that summarize the pa-
tients” status. TLC also sends special alert reports to
providers when the patients’ clinical condition war-
rants immediate notification. In some applications, the
patients receive regular reports that complement the
content of the TLC conversations. Figure 1 illustrates
the interconnections between TLC, the patient, and
the physician or other provider.

Types of TLC Applications

The clinical applications of TLC and their current
status are shown on Table 1. These applications fall
into three groups. One group assists clinicians who
care for ambulatory patients with chronic illnesses (in-
cluding high-risk pregnancy, which is a temporary
“chronic” condition). These applications monitor the
status of the patient’s health condition and transmit
important clinical information from the patient to the
clinician. For example, in TLC-Hypertension,”” pa-
tients monitor their blood pressure weekly and report
the values to TLC. TLC, in turn, provides the patients’
clinicians with the blood pressure information, dis-
played in a graphical format. Depending upon the ur-
gency of the information, the clinicians will receive it
on alert reports sent immediately (electronically or by
fax) or on standard monthly reports. The objective of
TLC monitoring of patients with chronic illnesses is
two-fold. First, by providing very complete and
timely patient information to clinicians, we expect
that they would adjust therapy better and conse-
quently better control the patients” diseases. Second,
for those chronic health conditions for which patients
can and frequently do experience exacerbations, we
expect that TLC would be able to detect deterioration
early, and by notifying clinicians, facilitate interven-
tions to abort the exacerbations. Chronic diseases in
which exacerbations are common include asthma,
chronic obstructive lung disease, congestive heart fail-
ure, angina pectoris, and high-risk pregnancy.

A second group of TLC applications (Table 1) ad-
dresses changing or sustaining important health care
behaviors."*"* Many of these are lifestyle behaviors.
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Table 1 m

Clinical Applications of TLC

Applications

Current Status

Chronic disease management

Hypertension Evaluated

Angina pectoris Being evaluated

Congestive heart failure Designed
(CHF)

Chronic obstructive pulmo-  Programmed
nary disease (COPD) Being designed

Childhood asthma Programmed

Diabetes mellitus Programmed

Chronic disability —Func- Programmed
tional

Impairment

Hih-risk pregnancy

Health behavior management
Medication-taking Evaluated

Physical activity

Pilot test evaluation com-
pleted & full evaluation in

progress

Diet—general Pilot test evaluation com-
pleted

Diet—Ilow fat Being evaluated

Diet—weight management  Designed

Cigarette smoking Programmed

Mammography screening Designed

Care-giver support

Alzheimer’s disease Being evaluated

Thus, these TLC applications could be used by indi-
viduals who have a disease, such as diabetes mellitus,
or by other individuals who are apparently free of
disease but who are at risk for developing a health
problem in the future because of an unhealthy life-
style. The design of these applications utilizes both
behavioral theory (i.e., the nature of the behavior and
how it is sustained or changed) and the behavior
change heuristics of expert clinicians.

A third group of applications (currently with one ex-
ample) provides support, both informational and
emotional, to individuals who care for a person at
home with a serious health condition.”” The need for
this type of application is likely to increase in the fu-
ture as the American population ages and the burden
of chronic disease and disability grows. For personal
and financial reasons, families often wish to keep a
disabled member out of a nursing home but need help
in taking care of that person at home. The availability
of service organizations to help these caregivers is
limited in the United States. The TLC caregiver ap-
plications help the caregiver deal with specific issues
that come up in the care at home of individuals with
specific health conditions. For example, in the
Alzheimer’s disease application, TLC provides infor-
mation on how to manage specific disruptive behav-
iors (e.g., having a tantrum) that frequently affect Al-
zheimer’s disease patients.

The boundaries between the groups of TLC applica-
tions are not absolute. For example, many of the
chronic disease applications contain behavioral sub-
modules within them. In practice, a particular patient
or group of patients can use one or more TLC appli-
cations during the same time period, and specific TLC
applications can be “called” while a patient is using
another application. For example, a person using
TLC-Diabetes could choose to start using a physical
activity promoting application as an option during a
TLC-Diabetes conversation.

System Description

Structure of TLC Conversations

Table 2 shows the structure of a TLC conversation
with a patient. The conversation begins with a salu-
tation that announces to the patient that TLC is calling
or has been reached. For example, a TLC application
for promoting regular physical activity being tested at
Harvard Pilgrim Health Care (HPHC) begins as fol-
lows: “Hello! You've reached Harvard Health Care’s
Telephone Linked Care or TLC.” The conversation
goes on to request that the patient enter his or her
password, which is a personal identifier number.
Once this is confirmed, the clinical core of the TLC
conversation can begin (Table 3). At the very end of
the conversation, TLC makes a closing remark and
then hangs up. In the HPHC physical activity appli-
cation, for example, the system says: “Good-bye, [pa-
tient’s name]. Before we end, if you have any diffi-
culty or concerns about working with TLC, please call
1-800-XXXX and leave a message explaining what the
problem is, and your name and phone number. A
member of the TLC team will get back to you shortly.”

Content of the Clinical Core of a TLC
Conversation

Chronic Disease Applications

The content of the clinical core of the conversation
differs among the TLC applications. For each group
of applications (see Table 1), however, there is a com-
mon general structure. The structure of the clinical
core for the chronic disease applications, shown in Table

Table 2 m

Structure of a TLC Conversation

Salutation

Password (PIN) Verification
Conversation clinical core
Closing
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Table 3 m

Conversation Clinical Core

Chronic Disease Applications

Health Behavior Applications

Caregiver Support Applications

Assess disease

Device results Performance

Symptoms Behavioral

Physical findings Goal attainment

Functioning Intervention
Assess use of prescribed treatments Goal setting

Knowledge

Adherence

Counsel adherence (if required)

Assess health behavior

Assess caregiver needs & stress
Giving information & practical advice
Giving emotional support

3, begins with an assessment of the disease. In this part,
TLC asks the patient to provide information about the
status of his or her disease. If patients are using an
instrument to self-monitor themselves, TLC asks them
to report the instrument’s results. A common instru-
ment used in self-monitoring is a bathroom scale. Pa-
tients using TLC in weight management, control of
hypercholesterolemia, and congestive heart failure are
asked to weigh themselves regularly, in a standard-
ized way, and to report their weights to TLC. Some
patients self-monitor using more specialized devices,
such as a sphygmomanometer, blood glucose monitor,
or peak flow meter. Before they begin using TLC, they
are given a calibrated device and are taught a stan-
dardized protocol to use the device properly. There-
after, they use the device regularly and report results
to TLC. For example, in TLC-Diabetes, the system
asks the patient to enter selected home blood glucose
test values (the highest and the lowest during the pre-
vious week, and the number above and below certain
thresholds). In TLC-Asthma, an application designed
for children with asthma, TLC tells the user: “Now
pick up your peak flow meter and check your peak
flow three times. When you are done, enter the big-
gest number. I'll wait until you are ready.” As more
patient self-monitoring devices and tests become
available for home use, we expect to incorporate them
into TLC chronic disease applications.

Asking patients with a chronic disease questions
about key symptoms is a common way clinicians assess
disease status. Similarly, much of the content of TLC
chronic disease applications is devoted to collecting
information on symptoms. In TLC-Angina, for ex-
ample, the system queries the patient about the num-
ber of episodes of angina experienced during the pre-
vious week, the duration of the longest episode, the
severity of the most severe episode, which activities
and at what level of exertion brought on the angina,
and whether the angina pain experienced was typical
for the patient or different. If the angina is different,
TLC inquires whether the patient experienced asso-
ciated symptoms, such as shortness of breath.

For those diseases in which patients can observe im-
portant physical findings, TLC will ask patients to re-
port these findings in its assessment of the disease.
For example, in TLC-CHF, a TLC application for con-
gestive heart failure, the system asks about ankle
swelling (pedal edema), a common physical finding
in this disease.

In most TLC chronic disease applications, there are
questions that address the level of patient functioning.
In both TLC-Angina and TLC-Chronic Lung Disease,
for example, we have incorporated the Chronic Res-
piratory Disease Questionnaire (CRQ)" into the ques-
tioning of the patients by TLC. At the time patients
begin to use these two TLC systems, they identify the
five most important activities they engage in that are
most affected by their disease. During subsequent
TLC conversations, the system asks them to identify
which of the selected activities they engaged in during
the previous week. If they did not do the activity, they
are asked whether fear of symptoms stopped them
from trying. If they did the activity, TLC asks them to
rate the severity of symptoms experienced. From this
information, the system calculates a CRQ score and
reports it to the responsible clinicians.

In addition to monitoring the status of the disease,
TLC chronic disease applications assess the patient’s use
of prescribed treatments (Table 3). The most important
of these are medications. All TLC chronic disease ap-
plications contain a medication module with two
parts. The first part assesses whether the patient un-
derstands which medications he or she should be tak-
ing and how to take them. It establishes agreement or
disagreement between the patient’s understanding of
what the physician prescribed and the physician’s ac-
tual prescription. The second part assesses the pa-
tient’s adherence to the regimen. Some TLC chronic
disease applications contain a third part that counsels
nonadherent patients to take all of their prescribed
medications.

The medication knowledge part begins with a question
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about whether the physician changed the medication
regimen since the last TLC conversation. If so, TLC
checks to see if its medication files for the patient have
been updated since the last TLC call. If not, it skips
the medication module, and a TLC Data Manager
checks with the patient’s physician to update the reg-
imen. If there has been no change to the regimen, TLC
verifies the patient’s understanding of the regimen for
each prescribed medication. The system first checks
on the medication’s name, then the unit dose amount,
frequency of administration, and finally conditions of
administration (route, time of day, with or without
food, etc.). A TLC Data Manager would report all dis-
crepancies to the patient’s physician.

Next, TLC addresses the issue of medication adherence.
It begins with the question shown by Haynes to elicit
the most truthful responses: “Frequently, people don’t
take all of their medications. Did you miss taking any
of your [medication name] during the past week?”"”
If the patient answers in the affirmative, TLC deter-
mines the amount (usually number of pills) missed.
From this, it calculates an adherence rate (amount
taken/amount prescribed). At times, some patients
take extra medicine in addition to their prescribed
doses, so TLC inquires about these extra doses in a
separate question.

In some TLC chronic disease applications, TLC offers
to counsel patients who are not taking all of their pre-
scribed medication. For example, in TLC-Hyperten-
sion,” the medication adherence counseling part com-
pares the patient’'s adherence to antihypertensive
medications reported during the call with that re-
ported previously (mean adherence over the previous
4 weeks). The system further links the adherence level
and the change in adherence with the level of the pa-
tient’s blood pressure. For example, the system might
remark: “Today I see that you are taking all of your
blood pressure medications, which is an improvement
for you. Previously, you were taking your medications
only 78% of the time. I also see that your blood pres-
sure is much better controlled today. It is 134 over 86,
an improvement over the recent past when the aver-
age was 162 over 94. Keep it up!” In TLC-Angina, we
have gone one step farther to inquire from the patient
why he or she has missed some medication doses. The
system inquires whether the patient forgot to refill a
prescription, forgot some doses, or thought the med-
ication was causing side effects. Depending upon the
patient’s answer, TLC gives the patient particular ad-
vice for dealing with the reason(s) for medication non-
adherence.

Health Behavior Applications

The organizational structure of the clinical core for the

health behavior applications, shown in Table 3, shares
some elements with the chronic disease applications;
however, for the most part, it is quite different. Like
the chronic disease applications, the health behavior
applications entail multiple conversations over time,
since behavior change takes time. Thus, the clinical
core begins with an assessment of the health behavior,
just as the chronic disease applications begin with an
assessment of the disease. This assessment has both a
performance component and a behavioral component (Ta-
ble 3). For example, in TLC-ACT," an intervention for
promoting regular physical activity, performance of
the behavior is assessed by questioning whether the
person engaged in any moderate or more strenuous
physical activity during the previous week and, if so,
on how many days and for how many minutes on
average per day. Performance is also measured by a
reading taken from a pedometer that the person wears
on the day prior to each TLC call.

The behavioral component of the assessment deals
with the person’s intention to engage in the behavior
at a goal level. For physical activity, the ultimate goal
is for TLC users to do moderate-intensity physical ac-
tivity (like a brisk walk) on at least 5 days per week
for at least 30 minutes each day.""” Depending on the
person’s intention to be this active, he or she is chan-
neled into a particular part of TLC-ACT. For example,
for a person who is not active, an appropriate beha-
vorial process would be for the person to learn about
the positive health effects of regular exercise and the
detrimental effects of a sedentary lifestyle.

For most of the health behavior applications, there is
a third component of the assessment, a goal attainment
component (Table 3). This entails a comparison of the
person’s current performance (using one or more
measures of performance) and the goal the person set
for himself during the previous conversation. This
strategy of setting intermediate, small, easily achiev-
able goals and then comparing later performance to
the goals is derived from Social Learning Theory.”
Achievement of intermediate goals has been shown to
promote the sense of self-efficacy, which in turn facil-
itates long-term behavior change. Individuals who
use TLC-ACT, for example, establish their personal
goal for physical activity for each upcoming week at
the end of each TLC-ACT call. During each subse-
quent TLC call, the system compares the users’ per-
formance with the personal goals they set during that
previous call.

Following assessment, the patient who uses a TLC
health behavior application enters the intervention part
of the core of the conversation (Table 3). Here, the
patient receives information and counseling to affect
behavior change. For each application, this section is
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Figure 2 Sample patient report for

These two graphs show the average amount ofexercise youreported
to TLC eachmonth. The U.S. Surgeon General recommends thatyou
getatleast30 minutes of moderate intensity activity on fivedaysofthe

week. Congratulations! Youhavereachedthisgoal.

TLC-ACT. This is an example of a pa-
tient report for TLC-ACT, an applica-
tion for promoting physical activity. The
upper two graphs display the patient’s
average level of physical activity per
month. The graph on the left plots the
average number of days per week that
the patient was active. The graph on the

Digiwalker reading of Physical Activity

right depicts the average number of
minutes of activity per active day. The
graph at the bottom of the page dis-
plays the average pedometer readings
reported by the patient.

Start 1 Month 2 Months 3 Months

4 Months

5 Months

4137 5985 3641 3966

2873

6360

Thistable shows Digiwalkerreadingsthatyoureportedto TLC. These
readings measure the number of steps you walked orraninaday. The
number will increase withmore exercise. Wenotethatoverthe past
month, youhavemadealargeincreaseinyourDigiwalkerreading.

Keep itup!

modeled on the basis of specific health behavior the-
ories, the results of health behavior research studies,
and the judgment of expert clinicians. For example, in
TLC-Mammography the intervention part is orga-
nized around 34 factors that women commonly iden-
tify as barriers to getting a mammogram, such as con-
cerns about a painful procedure, cost, and/or
concerns about losing a breast.”’ These factors have
been identified in studies of women who do not get
mammograms. In TLC-Mammography we have or-
ganized these factors into seven groups. During TLC-
Mammography conversations, the system first in-
quires whether a woman has issues in any of the
seven groups. If so, the system probes further into the
specific factors within the selected groups.

The last part of the clinical core for the TLC health
behavior applications deals with goal setting. As dis-
cussed above, at the end of each TLC-ACT conversa-
tion, the user sets a personal goal for physical activity
for the upcoming week. This goal may be less than,
the same as, or more than the systems’ ultimate goal
for the person of 30 minutes of moderate-intensity ex-
ercise on at least 5 days a week.

Caregiver Support Applications

For the third set of applications, the caregiver support
applications, the structure of the clinical core of the
conversation is also shown in Table 3. The conversa-
tion begins by assessing caregiver needs and stress, con-
tinues with giving information and advice, and in some
cases, offering emotional support. Our examples are
drawn from the first caregiver support application,
TLC-Alzheimer’s Disease (TLC-AD),"” an application
for supporting the caregiver role of individuals, typ-
ically family members, who take care of Alzheimer’s
disease patients living at home.

Like the chronic disease and health behavior appli-
cations, the caregiver support applications begin with
an assessment component. In TLC-AD, this is an as-
sessment of the caregiver’s needs in the care of the
Alzheimer’s patient, called the care recipient, and the
resulting stress on the caregiver. At the beginning of
each conversation with a caregiver, TLC-AD assesses
which of 18 commonly manifested disruptive behav-
iors (e.g., tantrums) the care recipient is displaying.
For each behavior identified, TLC asks the caregiver



Journal of the American Medical Informatics Association Volume 4 Number 6 Nov / Dec 1997 41 9

to describe the frequency and intensity of the behav-
ior, the degree to which the disruptive behavior
causes the caregiver stress, and the level of that stress.

Next, the caregiver can receive information and practical
advice on how to deal with a specific disruptive be-
havior. TLC uses vignettes to communicate some of
the information and advice. These vignettes describe
how a hypothetical caregiver deals with a care recip-
ient who exhibits the particular disruptive behavior
in question. For example, if a caregiver reports that
his or her Alzheimer’s relative is wandering away
from home, TLC-AD explains to the caregiver how to
make a footprint of the care recipient and how to store
cotton balls with the person’s scent to aid in a poten-
tial search. The system goes on to recommend that the
care recipient wear an identification bracelet, and it
relates a vignette about an Alzheimer’s patient named
John who “... refused to wear a bracelet, since he
thought it was girlish, so everyone in the household
got one and then he wanted to wear his!” If desired,
the caregiver can choose other informational topics
that explain how to identify triggers in the environ-
ment that provoke disruptive behaviors and receive
advice on how to prevent such occurrences. They can
also access a resource module, which provides infor-
mation on how to contact regional and national Alz-
heimer’s disease community services.

In subsequent conversations, TLC-AD assesses the
usefulness of the information and advice it provided
earlier. If the advice was not helpful, caregivers are
asked if they would like additional information and
advice on how to manage specific disruptive behav-
iors, in which case TLC-AD offers another tier of in-
formation and advice. If the advice was not useful,
TLC-AD suggests that the caregivers post their spe-
cific problems on the TLC-AD community voice-mail
bulletin board, which is linked electronically to the
telecommunications system. This is the emotional sup-
port component. Here, users can get support from
other Alzheimer’s caregivers who can leave personal
voice-mail messages that give emotional support and
practical advice. The goal is to mimic a caregiver sup-
port group via the telephone to reduce the isolation
felt by caregivers, especially those who cannot leave
their homes to participate in traditional support
groups.

TLC-AD also reassess the caregiver’s level of stress
related to managing disruptive behaviors; if the stress
level consistently rises, an Alert Report is faxed to the
provider who referred the caregiver. This report iden-
tifies the type(s) of disruptive behaviors occurring in
the caregiving situation and the changes in the care-
giver’s stress level.

TLC Conversation Superstructure

For each TLC application, there is a superstructure
operating above the structure of the individual TLC
conversations, described above. This superstructure
controls which parts of the basic conversation are
used in a given conversation, and it employs two
strategies: (1) parceling out the conversation content
across multiple conversations, and (2) using contin-
gencies to determine whether specific conversation
content should be covered. These strategies serve to
limit the duration of each conversation with a patient,
and make the content of each conversation more rel-
evant to a patient’s clinical situation at a particular
time.

An example of the first strategy of distributing con-
tent over multiple conversations is found in TLC-Low
Fat, an application that educates and counsels indi-
viduals on how to reduce fat, especially saturated fat,
in their diets. The conversation architecture in TLC-
Low Fat is a cycle of six TLC conversations. Each con-
versation covers food consumption questions in one
or two food groups, food selection at one type of res-
taurant (e.g., Italian), and selective questions on food
purchasing, preparation, garnishing, and serving. Al-
together, the six conversations cover all of TLC-Low
Fat’s content, with the material in each conversation
covering part of the total.

TLC-Angina uses the second strategy of controlling
the level of detail in the questioning by TLC, contin-
gent on patient status at the time of the call. In this
application, patients receive a full assessment of their
angina once every 4 weeks. During the interim, TLC
only asks four to six basic questions about the angina,
with the principal question being whether the angina
has worsened in terms of frequency, severity, or du-
ration of episodes. A patient who indicates that it is
worse will have a full angina assessment. A similar
strategy is employed for the medication assessment
and medication counseling parts. TLC-ACT also uses
contingencies to control the conversation content. One
such contingency is to relinquish control of the con-
tent and duration of the conversation to the patient.

Feedback and Reports to Patients and Providers

Much of the information, advice, support, and coun-
seling by TLC is done in response to the answers pa-
tients give to TLC questions (Fig. 2). This TLC feed-
back also serves to maintain the human side of the
conversation, supporting the “feel” of the conversa-
tion as a true dialogue. For example, in TLC-ACT, a
patient who is not exercising is asked why and is pre-
sented with some common reasons why people do not
exercise. If the person does not select any of the op-
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tions presented, TLC responds by saying: “You ha-
ven't selected any reason. Perhaps none of these is
relevant to you.” This response both acknowledges
and legitimizes the patient’s answer to a TLC-ACT
question. At another point in the conversation, TLC
addresses the benefits of exercise and asks the patient
whether it has an effect on cholesterol levels. If the
patient answers yes, TLC responds with, “That’s
right! HDL, or good cholesterol, goes up with physical
activity. Higher levels of the good cholesterol carry
away the bad cholesterol from your body, and this
means your chance of getting a heart attack is much
lower.” This response, in addition to acknowledging
the person’s answer to a TLC question, provides in-
formation. Later on in the TLC-ACT conversation, the
system suggests that the patient look out for infor-
mation on exercise in the media. The rationale for this
advice (and the information provided on cholesterol,
as well) is drawn from behavioral theory and is
termed “consciousness raising.” Next, TLC-ACT asks
the patient if he or she plans to adopt the suggestion.
If the patient agrees, TLC says, “That’s good! There’s
always some new information on exercise in the me-
dia. If it would be helpful, you could even write down
what you have learned.” This feedback acknowledges
the patient’s answer, reinforces the advice given, and
provides an additional suggestion that might increase
the level of consciousness raising. Thus, TLC feedback
to patients maintains the dialogue, acknowledges and
legitimizes patients’ responses, provides information,
and motivates behavior change.

Feedback to patients and their providers can also be
in the form of written reports (both in printed and
electronic formats). The purpose of the reports is to
provide important information to the recipient and to
affect the recipient’s behavior.

For patients, the reports are a tangible record of their
use of TLC. For example, in TLC-ACT, patients re-
ceive monthly reports that graphically display their
pedometer readings reported to TLC over time, as
well as changes over time in the number of days per
week they exercise and the number of minutes they
exercise per day (Fig. 2). Written text below each
graph interprets the graph for the patient.

The goal of the Patient Report is to demonstrate how
the patients are doing and to motivate them to be
more active. In most TLC applications, physicians and
other health providers also receive reports on individ-
ual patients.

Figure 3 depicts a sample Physician Report that was
generated by TLC-Angina. The report indicates the
level of urgency and displays important information
about the patient’s condition. Similar reports are pro-

duced in other TLC applications. Like laboratory test
reports, TLC Physician Reports communicate the pa-
tients’ clinical status and, in some instances, would
trigger physician action, such as contacting a patient
to change medications.

TLC Computer System Architecture and
Processing

The TLC computer system consists of dual micro-
processors; one microprocessor operates a Run-Time
Subsystem, and a second microprocessor controls a
Database Management Subsystem.” The Run-Time
Subsystem executes TLC conversations with patients,
whereas the Database Management Subsystem stores
and outputs TLC data. In designing TLC, we sepa-
rated these two subsystems so that either part could
be changed or replaced without affecting the other.
This modular approach allows us to introduce and
integrate with minimal effort new commercial or in-
house software and hardware products. In fact, dur-
ing the past decade, we have changed both subsys-
tems, independently of each other, and we expect to
do so again in the near future. In the following dis-
cussion, we will demonstrate how the subsystems are
currently configured and how they interface.

Figure 4 displays the TLC system architecture, with
the Run-Time Subsystem shown at the top half of the
figure and the Database Management Subsystem at
the bottom half. Each component in the figure is as-
signed a unique number that is denoted in the text
below in boldface. In the figure, the arrows between
the components indicate their interconnections.

The Run-Time Subsystem (1) contains the Interactive
Voice Response (IVR) Component (3) and three data
tables: a Patient-Specific Data Table (5), a Public Data
Table (6) and a Results Table (7). The heart of the Run-
Time Subsystem is the IVR Component, which exe-
cutes and speaks TLC conversations by integrating
telephone hardware, touch-tone telephone decoding,
and digital and analog voice translation. The TLC
conversations spoken by the IVR Component are con-
trolled by programmed scripts stored in the IVR Com-
ponent. Figure 5 denotes part of a programmed script
for TLC-Angina. In the figure, the spoken text is ital-
icized and surrounded by quotation marks. The num-
ber to the left of the text is the segment number of the
programmed script. The segments (or groups of lines)
of the script are numbered sequentially, beginning
with “1.” In addition to the italicized spoken text, the
programmed script segments contain instructions for
obtaining information from the patient user and the
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system’s database—(C) and (D) in Figure 5, storing
data in the database (E), manipulating this data (F),
and controlling the flow of the conversation (B). The
entire programmed script of a TLC application may
contain hundreds of segments of English language
text and the associated instructions. The IVR Com-
ponent executes the programmed script beginning
with the first script segment and proceeds to other
segments by using data-driven logic embedded
within the script segments.

A TLC conversation is established between the patient
(item 4 in Figure 4) and the IVR Component (3) when
a patient makes a call to, or receives a call from, the
TLC system. This initiates the operation of the Run-
Time Subsystem (1), demonstrated at the top half of
Figure 4. Once a telephone connection is established,
the IVR Component executes the first segment of pro-
grammed script, which results in the salutation and
password request being spoken. To produce the hu-
man speech, the IVR Component translates digitized
voice data into speech. Next, the IVR Component
waits for the patient to enter a password via the
touch-tone keypad on the patient’s telephone. Having

received and decoded the touch-tones into their
equivalent numerical values, the IVR Component au-
thenticates the password entered by the patient by
searching a list of valid passwords stored in the Pa-
tient-Specific Data Table (5). After accepting a valid
password, the IVR Component executes the rest of the
programmed script for a particular TLC application.

Evaluating the instructions in the programmed script
segments requires data input into the IVR Component
from patients using their telephones to generate
touch-tones (4) and from data residing in two data
tables in the Run-Time Subsystem: the Patient-Specific
Data Table, mentioned above, and a Public Data Table
(7). The Patient-Specific Data Table supplies data to
the IVR Component on the patients’ names, pass-
words, dates of birth, their physicians’ names, and
other patient attributes entered when patients are reg-
istered to use TLC. This table also provides the IVR
component with selected information entered by pa-
tients during prior TLC calls. The Public Data Table
(7), a second data table in the Run-Time Subsystem,
has the special function of enabling the IVR Compo-
nent to speak variable words or phrases, such as the
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patient’s physician’s name. Speech of this type is re-
ferred to as a “donut.” The Run-Time Subsystem con-
tains a third table, the Results Table (6). It contains all
information gathered from the patient’s touch-tone in-
put during a single TLC conversation and calculations
made within the script (e.g., a patient’s overall med-
ication adherence). Data transfers from the Results Ta-
ble to the Patient-Specific Data Table are discussed be-
low. In certain TLC applications, the script requests a
call transfer to or from an external Voice Mail system
(20) through a PBX. This is used in TLC-AD to create
both a community voice-mail bulletin board and a
personal voice-mail system.

The Database Management Subsystem (2), displayed
at the bottom half of Figure 4, contains the Master
Patient Tables (8), which are the repository for all pa-
tient data, and four special components: an Initiali-
zation Component (9), a Reporting Component (10),
a Download Component (11), and an Upload Com-
ponent (12). The Database Management Subsystem
collects, stores, transfers, and outputs data. It collects
patient enrollment information from its Initialization
Component (9). Using the initialization system, a TLC
Data Manager (21) can enter patient-specific infor-
mation, such as the patient’s name, that is used by the
IVR Component during TLC conversations. The Ini-
tialization Component, in turn, transfers this infor-

mation to the Master Patient Tables (8), where it is
stored, and to the Public Data Table, where it is also
stored in the specific form of donuts. Whereas the Pa-
tient-Specific Data Table, resident in the Run-Time
Subsystem described earlier, contains only patient
data used in TLC conversations, the Master Patient
Tables have all patient data that have been collected,
whether used in TLC conversations or not.

The Upload Component (12) transfers data collected
from patients during TLC conversations from the Re-
sults Table in the Run-Time Subsystem to the Master
Patient Tables in the Database Management Subsys-
tem. Following the execution of the Upload Compo-
nent, the Download Component (11) updates the
Patient-Specific Data Table’s (5) records with infor-
mation collected during the most recent TLC conver-
sation. The Patient-Specific Data Table is then ready
for the patient’s next TLC call. The Master Patient Ta-
bles provide data for the Reporting Component (10),
which generates the following four types of reports:

Alert Reports (13). The reporting system scans the
Master Patient Tables for specific data elements that
indicate an alert (or urgent condition) for the patient.
The information is sent immediately to the patient’s
physician, either via fax (17), printer (18), the Internet
(19), or a telephone call from the TLC Data Manager
(21).
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Monthly Reports (14). The reporting system sends the
responsible physician a monthly Physician Report on
the patient’s status (Fig. 2), which can be transmitted
like the Alert Reports. Patient Reports (Fig. 3) can also
be sent regularly, typically by mail.

Operations Reports (15). The TLC Data Manager is
notified about system problems when they occur. In
addition, the status of the system is reported regularly,
such as the number of times patients called in (or
failed to call in) as scheduled or the number of times
that the TLC system called out.

Research Reports (16). For research purposes, TLC op-
erators can generate statistically-oriented summaries
of selected data items that were gathered by TLC for
any given time period. For example, one may wish to
analyze the patients” blood pressures reported to TLC
over a specific time period.

When the reporting system generates a report, it con-
verts data in the Master Patient Tables into a format
appropriate for visual display (such as tables and
graphs). The Reporting System (10) that generates re-
ports consists of forms, tables, queries, macros, and
procedural code. Items (17), (18), and (19) at the bot-
tom of Figure 4 represent the modes of communica-
tion available to the TLC System to transmit the data
outputs. Any of the types of reports listed can be sent
through any of these modes of communication. The
Internet mode includes the transport of reports to re-
mote FTP sites, attached to e-mail messages, or posted
as Web pages.

Evaluation of TLC

Thus far, one chronic disease application (TLC-Hy-
pertension) and one health behavior application (TLC-
Medication Adherence) have been evaluated in a
randomized clinical trial. The applications were com-
bined and tested in a community-based clinical trial
conducted in 29 communities in the Boston metro-
politan area involving 267 elderly hypertensive pa-
tients cared for by 132 physicians.'” The subjects were
randomly assigned to either a group that used TLC
weekly as a supplement to their usual medical care or
to a group that had their usual medical care alone.
The study follow-up period was 6 months. The study
hypotheses were that TLC users, in comparison with
controls, would sustain greater improvements in med-
ication adherence and blood pressure control.

TLC users had a mean medication adherence im-
provement of 18% compared with 12% for the usual
care group (p = .03) (Table 1). For patients who were
nonadherent with their antihypertensive medications
at baseline, the effect of TLC on adherence was greater

25. (A) “On a scale of 1 to 10, how would you rate the severity of
this angina attack? Remember, a rating of one means barely
perceptible pain, and 10 means the worst pain you ever had.
Press the number key that corresponds with your rating.”

(C) [Severity Current Weeks]=[Phone Data Read]
(E) [Database Write]=[Severity Current Weeks]
(B) GOTO 26

26. (A) “You pressed [Severity Current Week].”
(C) [Severity Last Week]=[Database Read]
(D) [Severity Last 4 Weeks]=[Database Read]

(F) If ([Severity Current Week]-[Severity Last Week]>=2)
Or ([Severity Current Week]-[Severity Last 4 Weeks]>=2)
Then

(G) [MD Alert]=Yes
(E) [Database Write]=[MD Alert]
(B) GOTO 28
Else
(B) GOTO 27

Figure 5 Part of the programmed script for TLC-An-
gina. This example represents “segments” 25-26 of a
script that totals 120 “segments.” The material in quo-
tations (A) is the English language script spoken by TLC.
The numbers to the left of the script are labels to identify
the “segment” location of each script segment. GOTO
statements (B) control the flow of the conversation from
segment to segment. Phrases surrounded by square
brackets are system variables. Data are collected from a
patient response (depressing a key on the telephone key-
pad) to a TLC question (C). Data can also be accessed
from the TLC database (D) or stored in the database (E).
Conditional statements are embedded within the script
(E) and can control the flow of the conversation as well
as determine what data are stored or retrieved from the
database. Some data stored (G) trigger other actions: in
this case, an immediate report to the patient’s physician.

(36% vs. 26%, p = .03). Mean diastolic blood pressure
(DBP) decreased 5.2 mmHg among TLC users com-
pared with 0.8 mmHg for control group subjects (p =
.02). Among nonadherent patients, mean DBP de-
creased 6.0 mmHg for TLC users but increased 2.8
mmHg in the usual care group (p = .01). The level of
blood pressure improvement that resulted from TLC
use is associated with an observed 40% reduction in
stroke risk and a 10-15% reduction in coronary heart
disease risk.” Patient satisfaction with TLC in this
study was high. Most patients found that it was easy
to use (94%), made them more aware of their hyper-
tension (95%), and relieved their worries about their
disease (79%). Eighty-five percent of the 102 partici-
pating physicians whose patients were TLC users
stated that they read TLC reports regularly, and 84%
said they placed the reports in their patients’ medical
records. Forty percent claimed to discuss the infor-
mation on the TLC reports regularly with their pa-
tients.

Two other TLC health behavior applications have
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been evaluated in randomized pilot studies: TLC-Low
Fat and TLC-ACT. TLC-Low Fat, designed to modify
dietary behavior in patients with hypercholesterole-
mia, was tested with 49 adults whose total cholesterol
was =240 mg/dL.” At the end of a 3-month inter-
vention period, TLC-Low Fat users had a greater de-
crease in total cholesterol than non-users (mean =
—21.3 mg/dL vs. +1.3 mg/dL, p < 0.01).

The second randomized pilot study evaluated the first
version of TLC-ACT. The application targeted seden-
tary elders and was designed to motivate them to
walk regularly for exercise." Sixty-eight individuals,
aged 60 years and older, were randomly assigned to
use TLC or not to use it. After 3 months of follow-up,
TLC users walked more per week than control group
subjects (mean = 120 minutes vs. 40 minutes, p = .065).
TLC user satisfaction with both the Low Fat and ACT
applications was high, similar to that reported by
users of the hypertension application.

Patients who have used TLC have ranged in age from
their 20s to their 90s; there has been a diversity of
educational, socioeconomic, and racial/ethnic back-
grounds, as well. A study of TLC use by elders
showed that only cognitively impaired individuals
were unable to use TLC without assistance.* A person
who is able to use a telephone unassisted can use
TLC. Overall, we conclude that TLC use, thus far, is
associated with positive changes in targeted health be-
haviors and improvement in disease control. Patients
have been satisfied with their use of the system, and
physicians integrate TLC reports into their medical
practices.

Current Status and Future Plans

Table 1 shows the current status of TLC projects. We
are currently applying the technology to more com-
plex chronic diseases, to health behaviors that are
more difficult to modify (cigarette smoking and mam-
mography screening), and to new target populations
such as children (asthma) and caregivers (Alzheimer’s
disease). We will also tackle the issue of how to “com-
bine” applications—that is, how to monitor patients
with multiple chronic diseases and health behavior
needs without overwhelming them with too many
separate TLC conversations. There is also the need to
creatively explore the interplay between the TLC con-
versations, written materials sent to the patients and
their providers (whether these are generated by TLC
or not), the use of other communication vehicles
(video and computer), and the role of human provid-
ers of health services. In the current model for using
TLC in the health care delivery system, TLC functions
as a combination of a test (it provides information to

clinical decision makers) and also an independent
provider of care (it helps modify patient health be-
havior).

Use of the system is not predicated on any change in
how health care providers function. In fact, we expect
this to change, and we plan to develop systems of care
in which TLC applications interface with providers
with redefined responsibilities. For example, caring
for patients with high-risk pregnancy often entails the
use of nurses who monitor these patients through of-
fice visits and over the telephone. Our TLC-High Risk
Pregnancy application could be tailored to be used by
these nurses as the “front end” of a monitoring sys-
tem. This would change their work responsibilities,
and would result in a redefinition of their role. Finally,
we will be engaged in a number of technical devel-
opments, including the introduction of speech recog-
nition and integration with the Internet. Over time we
expect to change the platform of TLC applications to
whatever home communication/information/enter-
tainment device becomes established in the market-
place.

Conclusions

The telephone is and will remain in the near future
the most common telecommunications link between
health care providers and their patients.” While most
Americans have access to a telephone, access to com-
puter networks still remains limited only to those
with resources, knowledge, and computer skills.”
This has raised some concern among health care ad-
vocates who feel that the disadvantaged may be left
off of the new telecommunications highway.” For this
reason, telephone-based information system interven-
tions offer particular promise because they address
the access problem and offer a reasonable cost alter-
native to computer hardware systems in patient’s
homes. The TLC system provides an example of the
utility of this approach.

As the next millennium approaches, the virtual health
care visit will become more commonplace. Telecom-
munications technology is undergoing rapid changes
that will greatly affect the health care arena. We expect
there will be devices available to patients in their
homes that will integrate and improve upon the fea-
tures of today’s telephone, television, video, and com-
puter technology.

Given the level of patient acceptance to date of the
first wave of telecommunications technology, we spec-
ulate that the market demand for technology-based
delivery systems used by patients in their homes will
be strong.
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