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ABSTRACT
Chronic pain is a medical condition that severely
decreases the quality of life for those who struggle to
cope with it. Interactive voice response (IVR)
technology has the ability to track symptoms and
disease progression, to investigate the relationships
between symptom patterns and clinical outcomes, to
assess the efﬁcacy of ongoing treatments, and to
directly serve as an adjunct to therapeutic treatment for
chronic pain. While many approaches exist toward the
management of chronic pain, all have their pitfalls and
none work universally. Cognitive behavioral therapy
(CBT) is one approach that has been shown to be fairly
effective, and therapeutic interactive voice response
technology provides a convenient and easy-to-use
means of extending the therapeutic gains of CBT long
after patients have discontinued clinical visitations.
This review summarizes the advantages and
disadvantages of IVR technology, provides evidence for
the efﬁcacy of the method in monitoring and managing
chronic pain, and addresses potential future directions
that the technology may take as a therapeutic
intervention in its own right.
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INTRODUCTION
During the past two decades, there has been
considerable growth in the use of computer-mediated technologies for assessment and treatment.
One such technology is interactive voice response
(IVR), an automated telephone-based interface that
provides patients and research subjects with direct
access to pre-recorded questionnaires, educational
materials, custom messages, and even therapeutic
assistance [1]. Typically, patients or research subjects are provided with a phone number to connect
to a computer database interface that provides highquality pre-recorded interactions. Using a branched
logic format, IVR menus are navigated and questions are answered by pressing speciﬁc buttons on a
touch-tone keypad that correspond to different
options or responses. These selections are then
TBM

Implications
Researchers: this detailed review of the literature will give broad information about the use of
telephone-based technology in clinical research.

Practitioners: this review of the literature will
give practitioners information on how the
telephone-based technology can help patients
with chronic pain to prevent relapse into pain
behavior.
Policymakers: this review of the literature may
help policymakers in making decisions regarding
insurance coverage for computerized treatments.

stored for later analysis. Additionally, some IVR
systems provide patients and subjects with the
ability to record their own verbal responses to
open-ended questions. Many modern applications
of IVR now utilize voice recognition software rather
than touch-tone responding for increased convenience. The continued success of IVR as a clinical
and research method is due in part to improvements in voice recognition software and in part to
development of open-standard IVR platforms such
as the World Wide Web Consortium’s Voice
Extensible Markup Language and the Speech
Application Language Tags Forum [2]. There are
also several companies (e.g., TeleSage, Chapel Hill,
NC and DirectConnect, Omaha, NE) that provide
access to established IVR systems.
Some of the simplest and most common applications of IVR to clinical research are participant
screening, study enrollment, and group randomization [3, 4]. Computer algorithms can be used to
analyze subjects’ responses to demographic questions (e.g., age and gender) in order to determine
study eligibility and to randomly assign participants
to different experimental conditions. Some other
established applications of IVR include survey/
questionnaire administration [5–7]; tracking of
medication adherence [8, 9]; smoking cessation
education and counseling [10, 11]; alcohol and
substance abuse withdrawal and relapse tracking
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[12–15]; monitoring of drinking [16–19], smoking
[20], and binge eating behaviors [21]; screening for
and monitoring symptoms of depression [22–25],
anxiety [23], and OCD [26, 27]; reporting on the
efﬁcacy and side effects of pharmaceutical regimens [9, 25, 28]; symptom monitoring in cardiac
patients [29]; and psychological performance
assessment [30].
In addition to passively using IVR to monitor
ongoing medical conditions, IVR is also applied as
an adjunct to medical treatment. For example, IVR
has been employed to assist with weight loss and
cholesterol management [31], to facilitate healthier
lifestyles in a pre-diabetic population [32], to help
monitor and improve glucose levels in patients with
diabetes [33], to teach and facilitate stress management techniques [34], to improve patient safety after
hospital discharge [35], to provide brief intervention
for alcohol abuse [13, 36–38], to assist with smoking
cessation [39], and for clinical interventions such as
self-administered psychotherapy for depression [40]
and relapse prevention following cognitive behavioral
therapy (CBT) for alcohol use [41].
IVR has proved to be an extremely effective tool
in the study of chronic pain, as well. Most patients
with chronic pain experience periods of ﬂuctuating
symptom severity. Due to this variability, IVR can
be a powerful monitoring tool in that patients are
able to report symptom severity on an hourly, daily,
weekly, or real-time event-contingent basis, allowing
clinicians and researchers to control or, if utilized in
a properly designed study, eliminate the inﬂuence of
recall bias on perception of symptom severity. IVR
is also useful for keeping track of medication need
and adherence, efﬁcacy and adverse side effects of
medications, and effectiveness of ongoing therapeutic
regimens. Overall, it has been clearly demonstrated
that inclusion of IVR in chronic disease management
has the potential to improve clinical outcomes while
decreasing treatment-associated costs [42, 43]. This
review will focus speciﬁcally on applications of
IVR to the study and treatment of chronic pain,
though its applicability to the study and treatment of
other psychological disorders is also suggested by the
current literature.

ADVANTAGES OF IVR IN CLINICAL RESEARCH
The major appeals of using IVR in clinical research
are its convenience of remote access, high level of
accessibility, and cost-effectiveness [44]. Telephones
are simple to use and familiar to people of most
demographics, an advantage of IVR over some of
the similar internet-based approaches that are also
currently being employed. IVR systems are available 24 h per day, are accessible by multiple patients
at the same time, can utilize different languages for
survey administration, and are capable of reaching
broad populations. IVR is easier to access than inperson interviews for populations with socioeconomic concerns that may rule out easy computer
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access, might have difﬁculty with the unfamiliarity
of computer-based approaches, or live too far away
to realistically visit the research center on a regular
basis. IVR systems can also be used to initiate
calls, text messages, or even emails to act as
reminders for those who have not called in by a
certain prearranged time.
Unlike traditional telephone interviews and written questionnaires, IVR systems are capable of
collecting information and immediately storing it
in a computer database without the need for
labor-intensive clinician or researcher involvement [45], even for extremely large numbers of
study participants. Research has demonstrated
that IVR interviews are as valid as in-person
written questionnaires, live telephone interviews,
and internet-based approaches when using measures such as symptom-quantifying questionnaires
[6, 7, 12, 45–49].
One of the few difference observed between
symptom reporting via IVR and in-person interviews is that some groups of subjects report an
increased sense of anonymity that allows them to
honestly disclose sensitive information to an automated system that they might be too embarrassed or
otherwise unwilling to discuss face-to-face or via a
written questionnaire [2, 12, 23, 50–53]. For
example, studies show that subjects report higher
levels of drug and alcohol abuse when using IVR
as compared to live interviews [18, 37, 49, 54].
Compared to in-person and live telephone surveys, IVR ensures consistent phrasing, pacing, and
intonation of questions being asked, and negates any
interviewer bias that might otherwise exist [2]. IVR
can also present questionnaires to multiple participants at the same time, does not depend on
participant literacy, and can utilize as many different
languages as are needed. Hundreds or thousands of
calls can be processed in a single day [55]. In
general, participants in IVR studies report that the
experience is both easy and convenient [27, 42, 56,
57]. Up to 85% of participants reported satisfaction
with using an IVR system, 82% believed that IVR
should accompany routine health care, 76% would
choose to receive automated calls in the future, and
only 16% were bothered by receiving automated
IVR calls/reminders [42, 43, 58].
Research has shown that levels of IVR compliance tend to be relatively high. In two longitudinal
studies utilizing daily reporting, participants placed
calls more than two out of every 3 days when
reporting on the severity of pain symptoms and
medication usage [59], as well as to enhance brief
alcohol intervention (91% median call rate) [13]. In
one study, one fourth of diabetes patients completed
as many as 91% of daily calls [43]. In another
experiment, more than 80% of participants with
chronic pain completed 50% or more of daily calls
[60]. In a research setting, compliance can be further
improved by offering incentives for placing on-time
calls to the IVR system, or for consecutive daily/
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weekly calls. Combination of daily incentives with
bonuses for completing consecutive calls on all
7 days of a calendar week resulted in a total data
capture rate of 98.8% (93.8% on-time) [54]. Within a
population of recovering alcohol and drug users,
IVR compliance levels were higher than completion
rates for written daily questionnaires [12]. Daily pain
reporting using electronic diaries [61] appears to
have comparable levels of compliance (94%) to
IVR, as well. Unlike pencil-and-paper and electronic
diaries, however, IVR also has the ability to track
patient compliance in real time and bring compliance
concerns to the attention of researchers before they
become too severe [55].
One of the most useful advantages of IVR systems
is that they allow subjects to easily place reports in
an event-contingent, real-time basis (e.g., immediately after a change in symptom severity) or
according to a speciﬁc schedule, both of which have
advantages over reports placed retrospectively.
These momentary and daily assessments result in
more accurate reports than retrospective assessments, possibly by reducing or eliminating recall
biases [61–66]. Possible explanations for this effect
are that patients might retrospectively fail to consider pain-free periods when reporting average pain
levels [64], place disproportionate weight on peak or
more recent symptom experiences [67], employ
various cognitive heuristics, or even just have
difﬁculty remembering all pertinent events over
a longer reporting period [67]. A summary of
IVR’s advantages and disadvantages is presented
in Table 1.
DISADVANTAGES OF IVR IN CLINICAL RESEARCH
Some disadvantages of IVR in research include the
initial time and ﬁnancial commitments required to
write scripts, develop recordings, and acquire the
necessary hardware and software to run an IVR

system, as well to maintain equipment and back-up
data over time [50]. However, the up-front costs of
programming and hardware acquisition are ﬁxed
costs that can be spread out across an unlimited
number of participants. Alternatively, it is possible
to contract IVR setup and maintenance to one of
several companies that offer this service, but this
option represents a signiﬁcant ﬁnancial commitment, as well. While the IVR hosting costs are not
ﬁxed, the incremental cost of adding new participants is quite small. Whichever option is employed,
steps to prevent loss of data (e.g., due to computer
downtime, power outage, phone service interruption, etc.) must be taken. It is also imperative that
stored IVR data be maintained just as securely as
any other patient records.
Another major disadvantage of IVR is that some
participants of low socioeconomic status or who live
in remote regions may not have regular access to
telephone service. There is evidence that cellular
phone use is prevalent enough even in developing
countries [68] to support over-the-phone interventions as viable models, but subjects who participate
in IVR studies using cellular phones run the risk of
poor reception and dropped calls. Most studies
address these concerns by utilizing toll-free phone
numbers that participants can use to access the IVR
system for free and allowing IVR computers to
pause a session when a call is disconnected, continuing
the session at the same location when the participant
reconnects.
While IVR compliance rates are high, they are
not perfect. Sophisticated statistical techniques such
as multi-level analyses [69, 70] are required for
interpretation of within-subject causal relationships
since the data tend to be highly correlated. If such
analyses are planned, studies should incorporate
reminder calls and incentives for compliance.
Although the available software can analyze data
with missing days, the underlying assumption is

Table 1 | Advantages and disadvantages of IVR in clinical research

Advantages

Disadvantages

Easy 24/7 system access from most locations
Cost-effectiveness
Familiarity with telephone technology
High level of compliance
Increased perceived anonymity
Ability to collect real-time momentary assessments
More accurate than retrospective reporting
Consistency of survey administration
Not dependent on patient literacy
Not dependent on patient computer skills
Allows for a large numbers of participants
Allows simultaneous access to multiple patients
Efﬁcient data collection and storage
Efﬁcient tracking of recruitment and compliance
Inclusion of automated reminders

Unreliable telephone access in some areas
Survey interruption due to dropped calls
Not all instruments/surveys are validated for IVR
Inability to answer participant questions in real time
Inability of patients to seek clariﬁcation during survey
Less personal than meeting with a clinician
Requires script validation, piloting, participant training
Requires staff to program and maintain IVR system
Costs associated with setup or commercial hosting
Limited to auditory presentation (lack of visuals)

Table adapted from Abu-Hasaballah et al. [2]
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that behaviors are the same on non-reporting
days as on days when calls are made. Another
approach is to analyze “dyads,” or blocks of two
consecutive days upon which daily calls are
placed [70].
Another concern in IVR use for symptom monitoring is reactivity: high-frequency reporting might
actually inﬂuence the severity of symptoms being
reported. For example, some concern exists that
frequent reporting of symptoms might result in
rumination/catastrophizing regarding those symptoms, thereby increasing their severity [63], though
other reports suggest that this is might not be the
case [61, 64]. The possibility of “stereotypic
responding,” or habitually responding in the same
manner rather than accurately assessing and reporting symptom states at the time of reporting, should
also be considered [63]. It must also be kept in mind
that the validity and effectiveness of only a limited
number of questionnaires, surveys, and therapeutic
approaches have been tested using IVR, to date.
Adaptation of new surveys to IVR systems may
require script validation and extensive piloting [2],
and it is possible that not all methods will maintain
validity when employed via IVR.
One proposed weakness of IVR is the lack of
personal interaction that comes with in-person interviews. Though this can actually be considered a
strength when collecting sensitive information about
socially unacceptable behaviors, depressed research
subjects reported a stronger ability to describe their
feelings during in-person interviews and rated
interview experiences with clinicians higher than
IVR [23]. While clinicians are able to tailor personal
feedback for individual patients using IVR, this may
not be as effective as using in-the-moment prompts
to delve deeper into issues as they arise. While many
IVR systems let patients listen to questions more
than once, they do not allow patients to seek
clariﬁcation regarding survey items or ask questions
of their own as they would do during an in-person
interview [2, 55]. Despite these disadvantages,
however, IVR could be an extremely useful and
cost-effective method for many experimental and
clinical approaches. Perhaps the most proven application of IVR is for longitudinal tracking of
symptom progression in a regular, reliable manner.

IVR FOR SYMPTOM MONITORING IN CHRONIC PAIN
Most patients experience ﬂuctuations in pain severity that last hours, days, weeks, or months. IVR
technology allows patients to monitor and report the
severity of their symptoms as frequently as desired
or in real time on an event-contingent basis (e.g.,
when migraine symptoms begin). Daily data
concerning pain severity, negative affective components of pain, and the deleterious effects of chronic
pain on day-to-day life can be monitored to create a
bigger picture of the progression of the disorder on a
short-term and longitudinal basis.
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IVR has been utilized to track changes in the
severity of pain symptoms and treatment outcomes
in patients with both short-term [45] and chronic
pain [44, 71, 72]. The results of many questionnaires
that assess pain severity via IVR are not statistically
different from those obtained using traditional live
telephone interviews [45] and in-person evaluations
[47]. Validity of daily IVR reports has also been
compared to retrospective reports covering previous
1, 3, 7, and 28 days [67]. It has also been suggested
that, for chronic pain in particular, speciﬁc processes
that occur within a given day likely have stronger
effects on symptom severity than processes that
occur across multiple days [69, 73]. Retrospective
reports of pain severity tend to be higher than realtime daily reports, suggesting that daily IVR reporting is more accurate than recalled ratings reported
retrospectively [67]. For example, daily reports of
pain severity averaged over the course of a week are
typically higher than weekly reports of pain severity
[55]. It has also been shown that IVR’s accuracy is
not entirely dependent on real-time, event-contingent
reporting: end-of-day IVR ratings of pain severity
do accurately reﬂect real-time reports provided
throughout that day [62]. This suggests that once-daily
IVR symptom reports are an accurate measure of
chronic pain progression.
IVR is also a useful tool for tracking changes in
symptom presentation over extended periods of
time [45, 74, 75]. IVR is especially useful in the
study of chronic pain because of its ability to
monitor not only pain severity, but also comorbid
symptoms such as depression, anxiety, and quality
and quantity of sleep [70, 76]. Many of the
emotional symptoms that present comorbidly with
chronic pain can be assessed by adapting established
questionnaires (e.g., the Hamilton Depression Rating
Scale [77]) for IVR use. Examination of the relationship
between negative emotions (anger, sadness, and stress)
and pain variables using IVR has revealed signiﬁcant
correlations between emotion variables, pain severity,
and ability to control pain [60]. Because these relationships exist, it is important that IVR systems that track
depressive systems be programmed to notify study
personnel if a subject reports an increased incidence of
dangerous thoughts or behaviors. Depending on
patient responses, follow-up interventions cannot only
be arranged when necessary, but also custom-tailored
for individual patients [78].
These ﬁndings are important because they provide insight into the relationships between negative
emotions and pain, and suggest that therapeutic
interventions for chronic pain might be effective in
reducing both pain severity and negative emotions.
The novel use of IVR to perform accurate symptom
monitoring may extend the gains of chronic pain
treatment by providing regular and/or real-time
assessments of the chronic pain progression and its
relationship to mood, stress, and coping. Taken one
step farther, IVR is also a useful tool for gauging the
efﬁcacy of ongoing treatments.
TBM
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IVR FOR ASSESSMENT OF TREATMENT EFFICACY
IN CHRONIC PAIN
As useful a tool as IVR is for monitoring symptom
status and pain progression under normal daily
circumstances, it is also a helpful tool for quantifying
the effectiveness of ongoing treatments for chronic
pain. IVR is utilized during pharmaceutical trials in
order to track pain symptoms, negative emotions
associated with pain, and adverse side effects of
speciﬁc medications [9, 79–81]. Some studies merely
examine symptoms and side effects longitudinally,
while others take advantage of IVR’s ability to
provide regular and/or real-time data in order to
examine time of pain onset, time for symptoms to
fade after medication administration, satisfaction
with pain control, and patterns of associated negative emotions and quality of sleep [82, 83]. Further,
examination of the relationships between symptom
progression, negative affect, type of therapeutic
approach, and the level of success of treatment
may offer insight into why some treatments work for
some patients but not others, or even assist with
deciding which treatment options to pursue for
speciﬁc patients.
The effectiveness of therapeutic interventions such
cognitive behavioral therapy and coping skills
training for treating chronic pain disorders has been
known for some time [73, 84–92]. More recently,
IVR has also been used as a follow-up to treatment
in order to assess the efﬁcacy of therapeutic
interventions. This data stresses the importance of
coping skills and control of catastrophizing to
successful treatment of chronic pain [93, 94].
Patients who received eight sessions of pain coping
skills training reported signiﬁcantly decreased levels
of pain severity and degree of catastrophizing
2 months after surgical intervention for pain [94].
IVR provides an easy and convenient way to track
these symptoms and quality-of-life concerns longitudinally, both during and after the completion of
therapeutic intervention.

THERAPEUTIC IVR FOR EXTENDING TREATMENT GAINS
IN CHRONIC PAIN
Patient use of CBT skills over time tends to decline
once CBT has ceased, and treatment gains accomplished by CBT are not maintained if patients stop
using coping skills [44, 95–97]. If patients continue
to use and practice these skills, the therapeutic effect
is not only maintained but is augmented [44, 98].
The creation of automated IVR systems that not
only monitor symptoms, but also guide patients
through reminders and practice sessions of the
coping skills learned in CBT represent a convenient
and inexpensive method that may greatly contribute
to extending therapeutic treatment gains [44, 71].
The therapeutic interactive voice response (TIVR)
program developed by Naylor et al. is a telephone
interface that is capable of collecting data from
patients just as standard IVR systems do, but also
TBM

provides therapeutic beneﬁts that persist long past
the actual duration of psychotherapeutic intervention [44, 71]. One experiment followed 11 weekly
90-min sessions of CBT with 4 months of daily
TIVR that utilized a relapse prevention model of
behavioral change [59, 99] to decrease pain severity
and improve coping. Many of the coping skills
that are taught to patients [59] with chronic
musculoskeletal pain as part of a CBT regimen
[85] can be easily converted into TIVR review
and practice sessions [44]. These coping skills
have been shown to be most successful when
practiced regularly outside of the clinical setting.
To extend therapeutic gains of group CBT, TIVR
has been effectively applied to the treatment of
chronic pain by reinforcing pain coping skills and
providing patients with educational support that
can be accessed on-demand.
This speciﬁc TIVR regimen consists of four
components: (1) automated access to self-monitoring
of symptoms, (2) didactic review sessions of coping
skills, (3) guided behavioral rehearsals of pain
management skills, and (4) personalized encouragement and reinforcement. The relationship between
these four components of TIVR and their roles in
relapse prevention are outlined in Fig. 1.
Symptom self-monitoring is comprised of a daily
questionnaire to assess levels of pain, mood, and
stress, use of pain medications, and a variety of
other parameters. Didactic review sessions and
guided behavioral rehearsals are offered for eight
different coping skills learned previously during
group therapy such as relaxation techniques, cognitive skills, activity–rest pacing, and reappraisal of
pain. This variety of coping techniques ensures that
patients are aware of multiple options for coping
with pain, an important part of the relapse prevention model [59, 99]. The guided rehearsals not only
remind patients of their coping options but may also
enhance patients’ feelings of self-efﬁcacy in their
ability to deal with their pain. Self-efﬁcacy may
improve because TIVR promotes self-directed treatment by allowing patients to be proactive and
monitor the relationships between continued use of
coping skills and improvement of pain-related
symptoms [44]. It has been suggested that IVR’s
ability to help patients set and achieve small,
realistic, and incremental goals may contribute to
increased self-efﬁcacy [100]. The ﬁnal component of
the TIVR approach (personalized encouragement)
consists of monthly messages for each patient
recorded by the CBT group therapist. These messages
contain a summary of the patient’s daily reports to the
TIVR system for the past month, insights into
possible relationships between reported pain,
negative emotions, and use of coping skills;
suggestions for pain management tactics; and
verbal encouragement. The treatment efﬁcacy
assessments for monthly messages can be easily
visualized by compiling the data into a longitudinal
chart of symptom progression (Fig. 2).
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Fig 1 | A relapse prevention model of coping with pain: this model depicts the interrelationships between chronic pain,
psychosocial stressors, therapy, and coping skills use for chronic pain. Adapted from F. Keefe by M. Naylor [59], reprinted
with permission

The relapse prevention model suggests that this
regular monthly feedback, which simulates the
weekly feedback provided during the initial CBT
training, likely helps patients to gauge their progress
and recognize successes and problems in coping
with difﬁcult situations [101]. The personalized
monthly messages may also serve to further
strengthen patients’ sense of self-efﬁcacy.
After 4 months of TIVR, patients reported that
the method reinforced the skills that they learned

during face-to-face CBT, enhanced their motivation
to continue using coping skills, and provided
structure that helped the new skills become habits
[44, 71]. The data showed that patients who were
randomized to the TIVR program experienced
signiﬁcant improvements after both 4 and 8 months
of CBT as compared to baseline and to control
subjects who received CBT but did not participate in
TIVR [71]. TIVR subjects also reported decreased use
of opioid analgesics [59]. Considered together, these

Fig 2 | Single subject daily TIVR data: an example of an IVR daily data chart depicting trends in and relationships between
pain, coping, and catastrophizing over a 4-month calling period (7-day moving averages). Currently, these charts are
utilized by the clinician to monitor patient symptom progression and create feedback messages. In the future, graphs like
this might also be sent to patients via email or smartphone applications for visual emphasis of treatment progress
page 98 of 101
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results strongly suggest that TIVR has the ability to
extend the treatment gains associated with CBT for
coping with chronic pain long after clinical visitations
have ceased.

FUTURE DIRECTIONS AND CONCLUSIONS
Since TIVR was ﬁrst demonstrated to be an
effective adjunct to therapy for chronic pain, a
similar system was employed to treat pain and other
symptoms in cancer patients [78]. In this study,
patients in both an “Automated Telephone Symptom Management” group and a “Nurse-Assisted
Symptom Management” control group showed
clinically signiﬁcant improvements in symptom
severity. The authors suggested that these speciﬁc
patient responses could effectively be used to tailor
follow-up assessments and interventions to speciﬁc
patient needs. Another recent pilot study [41]
investigated the use of TIVR for relapse prevention
following CBT for alcohol use disorders. Automated
IVR “self-administered psychotherapy” has proven
to be an effective mediator of symptoms of depression
[40] and, while not speciﬁcally IVR-based, there is
evidence that self-administered and minimal-contact
therapies are also useful in treating anxiety [102]. In
combination with the ﬁndings regarding TIVR and
chronic pain, these results suggest that TIVR might be
successfully applicable to treating a variety of other
medical conditions in addition to chronic pain.
Current research is being conducted to test the
hypothesis that TIVR without personalized monthly
messages from a therapist can be as effective as with
monthly messages. If conﬁrmed, the TIVR method
would become even more affordable to the general
public. Because some patients might beneﬁt from
using a more visual interface than that provided by
IVR, further investigation is required to determine
whether the effectiveness of TIVR could be further
improved by adaptation to an internet-based
approach. Such an approach could include prerecorded visual interactions with an actual or simulated
therapist, or even just written text presented simultaneously with pre-recorded messages/questions. It
would even be possible to incorporate video communication into this type of approach, allowing for both
automated and live interactions with a therapist.
Adaptation of TIVR to a smartphone application is
another possible next step for this emerging technology.
This would allow both the visual interactions that are
currently achievable via the internet as well as the
convenience of accessing the IVR system using a
portable, hand-held device.
Another possibility that merits further investigation is whether IVR as a therapeutic intervention is
effective enough to actually replace CBT for people
who cannot afford therapy or for whom CBT is
unavailable. Overall, IVR has so far proven to be an
effective, convenient, inexpensive, and reliable
method for monitoring symptom severity, tracking
treatment progress, and for extending the therapeutic
TBM

gains of clinical interventions for chronic pain. As
technology improves, and as more questionnaires,
surveys, and therapeutic interventions are adapted for
automated administration, IVR will likely play an
increasingly important role in both clinical research
and treatment regimens for patients with many
different psychological and physiological disorders.
We therefore recommend that IVR-based treatment
approaches be employed by multidisciplinary clinics
and practitioners who treat patients with chronic
pain. Further, as IVR-based interventions are
clinically beneﬁcial, versatile, and cost-effective;
we advise that policymakers endorse insurance
coverage of IVR for pain management as part of
comprehensive treatment plans.
Acknowledgment of support: This research was supported by grants
from the National Institute of Drug Addiction (NIDA) R21 DA016115 and National
Institute of Arthritis, Musculoskeletal Diseases (NIAMS) R01 AR052131.
Open Access: This article is distributed under the terms of the Creative
Commons Attribution License which permits any use, distribution, and
reproduction in any medium, provided the original author(s) and the source
are credited.

1. Corkrey R, Parkinson L. Interactive voice response: review of
studies 1989–2000. Behav Res Methods Instrum Comput.
2002;34(3):342.
2. Abu-Hasaballah K, James A, Aseltine RH. Lessons and pitfalls of
interactive voice response in medical research. Contemp Clin
Trials. 2007;28(5):593-602.
3. Byrom B. Using IVRS in clinical trial management. Appl Clin
Trials. 2002;11(10):36-43.
4. McEntegart D. Forced Randomization: When Using Interactive
Voice Response Systems. 2003.
5. Troutman WG, Murray LL, Norlander B. An estimation of the
annual incidence of poisoning using automated telephone
polling. Clin Toxicol. 1990;28(2):193-202.
6. Havice M. How response rates compare for human and
digitized phone surveys. Journal Q. 1989;66(1):137-142.
7. Havice M, Banks M. Live and automated telephone surveys: a
comparison of human interview and an automated technique. J
Mark Res Soc. 1991;33(2):91-101.
8. Leirer VO, Morrow DG, Tanke ED, Pariante GM. Elders’ nonadherence: its assessment and medication reminding by voice
mail. Gerontologist. 1991;31(4):514.
9. Webster L, Jansen JP, Peppin J, et al. Alvimopan, a peripherally
acting mu-opioid receptor (PAM-OR) antagonist for the treatment of opioid-induced bowel dysfunction: results from a
randomized, double-blind, placebo-controlled, dose-ﬁnding
study in subjects taking opioids for chronic non-cancer pain.
Pain. 2008;137(2):428-440.
10. Burke A. Examining the use of a fully-automated interactive
voice response tobacco cessation support line. Am J Heal
Promot. 1993;8(2):93.
11. Ramelson HZ, Friedman RH, Ockene JK. An automated
telephone-based smoking cessation education and counseling
system. Patient Educ Couns. 1999;36(2):131-144.
12. Alemi F, Stephens R, Parran T, et al. Automated monitoring of
outcomes. Med Decis Making. 1994;14(2):180.
13. Helzer JE, Rose GL, Badger GJ, et al. Using interactive voice
response to enhance brief alcohol intervention in primary care
settings. J Stud Alcohol Drugs. 2008;69(2):251-258.
14. Budney AJ, Moore BA, Vandrey RG, Hughes JR. The time course
and signiﬁcance of cannabis withdrawal. J Abnorm Psychol.
2003;112(3):393.
15. Ayer LA, Harder VS, Rose GL, Helzer JE. Drinking and stress: an
examination of sex and stressor differences using IVR-based
daily data. Drug Alcohol Depend. 2010.
16. Kranzler HR, Abu Hasaballah K, Tennen H, Feinn R, Young K.
Using daily interactive voice response technology to measure
drinking and related behaviors in a pharmacotherapy study.
Alcohol Clin Exp Res. 2004;28(7):1060-1064.
17. Perrine M, Mundt J, Searles J, Lester L. Validation of daily selfreported alcohol consumption using interactive voice response
(IVR) technology. J Stud Alcohol Drugs. 1995;56(5):487.
page 99 of 101

SYSTEMATIC REVIEWS

18. Helzer JE, Badger GJ, Rose GL, Mongeon JA, Searles JS. Decline
in alcohol consumption during two years of daily reporting. J
Stud Alcohol. 2002.
19. Searles JS, Perrine M, Mundt JC, Helzer JE. Self-report of
drinking using touch-tone telephone: extending the limits of
reliable daily contact. J Stud Alcohol. 1995.
20. Mundt JC, Perrine M, Searles JS, Walter D. An application of
interactive voice response (IVR) technology to longitudinal
studies of daily behavior. Behav Res Methods. 1995;27
(3):351-357.
21. Bardone A, Krahn D, Goodman B, Searles J. Using interactive
voice response technology and timeline follow-back methodology
in studying binge eating and drinking behavior: different
answers to different forms of the same question? Addict
Behav. 2000;25(1):1-11.
22. Baer L, Jacobs DG, Cukor P, O’Laughlen J, Coyle JT, Magruder
KM. Automated telephone screening survey for depression.
JAMA. 1995;273(24):1943.
23. Kobak K, Greist J, Jefferson J, Mundt J, Katzelnick D.
Computerized assessment of depression and anxiety over
the telephone using interactive voice response. MD Comput:
Comput Med Pract. 1999;16(3):64.
24. Rush AJ, Bernstein IH, Trivedi MH, et al. An evaluation of the
quick inventory of depressive symptomatology and the hamilton
rating scale for depression: a sequenced treatment alternatives to relieve depression trial report. Biol Psychiatry.
2006;59(6):493-501.
25. Moore HK, Wohlreich MM, Wilson MG, et al. Using daily
interactive voice response assessments: to measure onset of
symptom improvement with duloxetine. Psychiatry (Edgmont).
2007;4(3):30.
26. Baer L, Brown-Beasley MW, Sorce J, Henriques AI. Computerassisted telephone administration of a structured interview for
obsessive-compulsive disorder. Am J Psychiatry. 1993.
27. Marks I, Baer L, Greist J, et al. Home self-assessment of
obsessive-compulsive disorder. Use of a manual and a computerconducted telephone interview: two UK-US studies. Br J Psychiatry.
1998;172(5):406.
28. Mundt JC, Clarke GN, Burroughs D, Brenneman DO, Griest JH.
Effectiveness of antidepressant pharmacotherapy: the impact
of medication compliance and patient education. Depression
Anxiety. 2001;13(1):1-10.
29. Patel UH, Babbs CF. A computer-based, automated, telephonic
system to monitor patient progress in the home setting. J Med
Syst. 1992;16(2):101-112.
30. Mundt JC, Kelleher PF, Perrine M, Searles JS. Psychological
performance assessment via interactive voice response systems.
Behav Res Methods. 1997;29(4):506-518.
31. Robinson JG, Conroy C, Wickemeyer WJ. A novel telephonebased system for management of secondary prevention to a
low-density lipoprotein cholesterol<= 100 mg/dL. Am J Cardiol.
2000;85(3):305-308.
32. Estabrooks PA, Smith-Ray RL. Piloting a behavioral intervention
delivered through interactive voice response telephone
messages to promote weight loss in a pre-diabetic population.
Patient Educ Couns. 2008;72(1):34-41.
33. Meneghini LF, Albisser AM, Goldberg RB, Mintz DH. An
electronic case manager for diabetes control. Diabetes Care.
1998;21(4):591.
34. Schneider SJ, Schwartz M, Fast J. Computerized, telephonebased stress management program 1993.
35. Forster AJ, Van Walraven C. Using an interactive voice response
system to improve patient safety following hospital discharge. J
Eval Clin Pract. 2007;13(3):346-351.
36. Rose GL, MacLean CD, Skelly J, Badger GJ, Ferraro TA, Helzer JE.
Interactive voice response technology can deliver alcohol
screening and brief intervention in primary care. J Gen Intern
Med. 2010;25(4):340-344.
37. Rose GL, Skelly JM, Badger GJ, Maclean CD, Malgeri MP, Helzer
JE. Automated screening for at-risk drinking in a primary care
ofﬁce using interactive voice response. J Stud Alcohol Drugs.
2010;71(5):734-738.
38. Mundt JC, Moore HK, Bean P. An interactive voice response
program to reduce drinking relapse: a feasibility study. J Subst
Abus Treat. 2006;30(1):21-29.
39. Schneider S, Schwartz M, Fast J. Computerized, telephonebased health promotion: I. Smoking cessation program.
Comput Hum Behav. 1995;11(1):135-148.
40. Osgood-Hynes DJ, Greist JH, Marks IM, et al. Self-administered
psychotherapy for depression using a telephone-accessed
computer system plus booklets: an open US-UK study. J Clin
Psychiatry. 1998.
41. Rose G, Skelly J, Badger G, Naylor M, Helzer J. Interactive voice
response for relapse prevention following cbt for alcohol use
disorders: a pilot study. Psychol Serv. 2011; in revision.
page 100 of 101

42. Piette J. Interactive voice response systems in the diagnosis
and management of chronic disease. Am J Manag Care. 2000;6
(7):817-827.
43. Piette JD. Satisfaction with automated telephone disease
management calls and its relationship to their use. Diabetes Educ.
2000;26(6):1003.
44. Naylor MR, Helzer JE, Naud S, Keefe FJ. Automated telephone as
an adjunct for the treatment of chronic pain: a pilot study. J
Pain. 2002;3(6):429-438.
45. Shaw WS, Verma SK. Data equivalency of an interactive voice
response system for home assessment of back pain and
function. Pain Res Manag: J Can Pain Soc. 2007;12(1):23.
46. Dillman D, Phelps G, Tortora R, et al. Response rate and
measurement differences in mixed-mode surveys using mail,
telephone, interactive voice response (IVR) and the Internet.
Soc Sci Res. 2009;38(1):1-18.
47. Lam MY, Lee H, Bright R, Korzenik JR, Sands BE. Validation of
interactive voice response system administration of the short
inﬂammatory bowel disease questionnaire. Inﬂamm Bowel Dis.
2009;15(4):599-607.
48. Coons SJ, Gwaltney CJ, Hays RD, et al. Recommendations on
evidence needed to support measurement equivalence
between electronic and paper based patient reported outcome
(PRO) measures: ISPOR ePRO Good Research Practices Task
Force Report. Value Health. 2009;12(4):419-429.
49. Alemagno S, Cochran D, Feucht TE, Stephens R, Butts J, Wolfe
S. Assessing substance abuse treatment needs among the
homeless: a telephone-based interactive voice response system.
Am J Public Health. 1996;86(11):1626.
50. Couper M, Singer E, Tourangeau R. Does voice matter? An
interactive voice response (IVR) experiment. J Off Stat. 2004;20
(3):551-570.
51. Turner CF, Ku L, Rogers SM, Lindberg LD, Pleck JH, Sonenstein
FL. Adolescent sexual behavior, drug use, and violence:
increased reporting with computer survey technology. Science.
1998;280(5365):867.
52. Corkrey R, Parkinson L. A comparison of four computer-based
telephone interviewing methods: getting answers to sensitive
questions. Behav Res Methods. 2002;34(3):354-363.
53. Kreuter F, Presser S, Tourangeau R. Social desirability bias in
CATI, IVR, and web surveys: the effects of mode and question
sensitivity. Public Opin Q. 2009.
54. Searles JS, Helzer JE, Walter DE. Comparison of drinking
patterns measured by daily reports and timeline follow back.
Psychol Addict Behav. 2000;14(3):277.
55. Stone AA, Broderick JE. Real time data collection for pain:
appraisal and current status. Pain Med. 2007;8:S85-S93.
56. Hall JA, Huber DL. Telephone management in substance abuse
treatment. Telemed J E-health. 2000;6(4):401-407.
57. Mooney KH, Beck SL, Friedman RH, Farzanfar R. Telephone
linked care for cancer symptom monitoring. Cancer Pract.
2002;10(3):147-154.
58. Piette JD, McPhee SJ, Weinberger M, Mah CA, Kraemer FB. Use
of automated telephone disease management calls in an
ethnically diverse sample of low-income patients with diabetes.
Diabetes Care. 1999;22(8):1302.
59. Naylor MR, Naud S, Keefe FJ, Helzer JE. Therapeutic interactive
voice response (TIVR) to reduce analgesic medication use for
chronic pain management. J Pain. 2010;11(12):1410-1419.
60. Naylor MR, Krauthamer GM, Naud S, Keefe FJ, Helzer JE.
Predictive relationships between chronic pain and negative
emotions: a 4-month daily process study using Therapeutic
Interactive Voice Response (TIVR). Compr Psychiatry. 2011.
61. Stone AA, Broderick JE, Schwartz JE, Shiffman S, Litcher-Kelly L,
Calvanese P. Intensive momentary reporting of pain with an
electronic diary: reactivity, compliance, and patient satisfaction.
Pain. 2003;104(1–2):343-351.
62. Broderick JE, Schwartz JE, Schneider S, Stone AA. Can end-of-day
reports replace momentary assessment of pain and fatigue? J Pain.
2009;10(3):274-281.
63. Broderick JE. Electronic diaries: appraisal and current status.
Pharm Med. 2008;22(2):69.
64. Stone AA, Broderick JE, Shiffman SS, Schwartz JE. Understanding
recall of weekly pain from a momentary assessment perspective:
absolute agreement, between-and within-person consistency, and
judged change in weekly pain. Pain. 2004;107(1–2):61-69.
65. Fredrickson BL. Extracting meaning from past affective experiences:
the importance of peaks, ends, and speciﬁc emotions. Cogn Emot.
2000;14(4):577-606.
66. Gorin A, Stone A. Recall biases and cognitive errors in
retrospective self-reports: a call for momentary assessments.
Handb Health Psychol. 2001;23:405-413.
67. Broderick JE, Schwartz JE, Vikingstad G, Pribbernow M, Grossman
S, Stone AA. The accuracy of pain and fatigue items across
different reporting periods. Pain. 2008;139(1):146-157.
TBM

SYSTEMATIC REVIEWS

68. Kaplan WA. Can the ubiquitous power of mobile phones be
used to improve health outcomes in developing countries.
Global Health. 2006;2:9.
69. Afﬂeck G, Tennen H, Keefe FJ, et al. Everyday life with osteoarthritis
or rheumatoid arthritis: independent effects of disease and gender
on daily pain, mood, and coping. Pain. 1999;83(3):601-609.
70. Naylor MR, Krauthamer GM, Naud S, Keefe FJ, Helzer JE. Predictive
relationships between chronic pain and negative emotions: a
4-month daily process study using therapeutic interactive voice
response (TIVR). Compr Psychiatry. 2011;52(6):731-736.
71. Naylor MR, Keefe FJ, Brigidi B, Naud S, Helzer JE. Therapeutic
interactive voice response for chronic pain reduction and
relapse prevention. Pain. 2008;134(3):335-345.
72. Statland JM, Wang Y, Richesson R, et al. An interactive voice
response diary for patients with non-dystrophic myotonia.
Muscle Nerve. 2011;44(1):30-35.
73. Keefe FJ, Afﬂeck G, Lefebvre JC, Starr K, Caldwell DS, Tennen H.
Pain coping strategies and coping efﬁcacy in rheumatoid
arthritis: a daily process analysis. Pain. 1997;69(1–2):35-42.
74. Shaw WS, Pransky G, Patterson W, Winters T. Early disability
risk factors for low back pain assessed at outpatient occupational health clinics. Spine. 2005;30(5):572.
75. Hahn B, Watson M, Yan S, Gunput D, Heuijerjans J. Irritable
bowel syndrome symptom patterns: frequency, duration, and
severity. Dig Dis Sci. 1998;43(12):2715-2718.
76. Husain MM, Rush AJ, Trivedi MH, et al. Pain in depression:
STAR* D study ﬁndings. J Psychosom Res. 2007;63(2):113-122.
77. Mundt JC, Kobak KA, Taylor L, et al. Administration of the Hamilton
Depression Rating Scale using interactive voice response technology. MD Comput: Comput Med Pract. 1998;15(1):31-39.
78. Sikorskii A, Given CW, Given B, et al. Symptom management for
cancer patients: a trial comparing two multimodal interventions.
J Pain Symptom Manag. 2007;34(3):253-264.
79. Masand PS, Pae CU, Krulewicz S, et al. A double-blind, randomized, placebo-controlled trial of paroxetine controlled-release in
irritable bowel syndrome. Psychosomatics. 2009;50(1):78.
80. Diener H, Dodick D, Aurora S, et al. OnabotulinumtoxinA for
treatment of chronic migraine: results from the double-blind,
randomized, placebo-controlled phase of the PREEMPT 2 trial.
Cephalalgia. 2010;30(7):804.
81. Solomon S, Frishberg B, Hu XH, Markson L, Berger M. Migraine
treatment outcomes with rizatriptan in triptan-naive patients: a
naturalistic study. Clin Ther. 2001;23(6):886-900.
82. Hu XH, Raskin NH, Cowan R, Markson LE, Berger ML. Treatment
of migraine with rizatriptan: when to take the medication.
Headache: J Head Face Pain. 2002;42(1):16-20.
83. Heapy A, Sellinger J, Higgins D, Chatkoff D, Bennett TC, Kerns
RD. Using interactive voice response to measure pain and
quality of life. Pain Med. 2007;8:S145-S154.
84. Basler HD, Jakle C, Kroner-Herwig B. Incorporation of cognitivebehavioral treatment into the medical care of chronic low back
patients: a controlled randomized study in German pain
treatment centers. Patient Educ Couns. 1997;31(2):113-124.
85. Keefe FJ, Beaupre P, Gil K, Rumble M, Aspnes A. Group therapy
for patients with chronic pain. In: Turk DC, Gatchel RJ, eds.
Psychological approaches to pain management. New York:
Guilford; 2002:234-255.

TBM

86. Vlaeyen JWS, Haazen IWCJ, Schuerman JA, Kole-Snijders AMJ.
Behavioural rehabilitation of chronic low back pain: comparison of
an operant treatment, an operant-cognitive treatment and an
operant-respondent treatment. Br J Clin Psychol. 1995.
87. Arnstein P, Caudill M, Mandle CL, Norris A, Beasley R. Self
efﬁcacy as a mediator of the relationship between pain
intensity, disability and depression in chronic pain patients.
Pain. 1999;80(3):483-491.
88. Cole JD. Psychotherapy with the chronic pain patient using
coping skills development: outcome study. J Occup Heal
Psychol. 1998;3(3):217.
89. Geisser ME, Robinson ME, Keefe FJ, Weiner ML. Catastrophizing,
depression and the sensory, affective and evaluative aspects of
chronic pain. Pain. 1994;59(1):79-83.
90. Keefe FJ, Caldwell DS, Williams DA, et al. Pain coping skills
training in the management of osteoarthritic knee pain-II:
follow-up results. Behav Ther. 1990;21(4):435-447.
91. Keefe FJ, Caldwell DS, Williams DA, et al. Pain coping skills
training in the management of osteoarthritic knee pain: a
comparative study1. Behav Ther. 1991;21(1):49-62.
92. Lawson K, Reesor KA, Keefe FJ, Turner JA. Dimensions of
pain-related cognitive coping: cross-validation of the factor
structure of the Coping Strategy Questionnaire. Pain.
1990;43(2):195-204.
93. Litt MD, Shafer DM, Ibanez CR, Kreutzer DL, Tawﬁk-Yonkers Z.
Momentary pain and coping in temporomandibular disorder
pain: exploring mechanisms of cognitive behavioral treatment
for chronic pain. Pain. 2009;145(1–2):160-168.
94. Riddle DL, Keefe FJ, Nay WT, McKee D, Attarian DE, Jensen
MP. Pain coping skills training for patients with elevated
pain catastrophizing who are scheduled for knee arthroplasty: a quasi-experimental study. Arch Phys Med Rehabil.
2011.
95. Basler HD. Group treatment for pain and discomfort. Patient
Educ Couns. 1993;20(2–3):167-175.
96. Lanes TC, Gauron EF, Spratt KF, Wernimont TJ, Found EM,
Weinstein JN. Long-term follow-up of patients with chronic back
pain treated in a multidisciplinary rehabilitation program.
Spine. 1995;20(7):801.
97. Turk DC, Rudy TE. Neglected topics in the treatment of chronic pain
patients—relapse, noncompliance, and adherence enhancement.
Pain. 1991;44(1):5-28.
98. Philips C, Rachman S. The psychological management of
chronic pain: a treatment manual. New York: Springer; 1996.
99. Keefe FJ, Van Horn Y. Cognitive behavioral treatment of
rheumatoid arthritis pain maintaining treatment gains. Arthritis
Rheum. 1993;6(4):213-222.
100. Friedman RH. Automated telephone conversations to assess
health behavior and deliver behavioral interventions. J Med
Syst. 1998;22(2):95-102.
101. Marlatt GA. Relapse prevention: maintenance strategies in the
treatment of addictive behaviors. New York: The Guilford Press;
2005.
102. Newman MG, Erickson T, Przeworski A, Dzus E. Self help and
minimal contact therapies for anxiety disorders: is human
contact necessary for therapeutic efﬁcacy? J Clin Psychol.
2003;59(3):251-274.

page 101 of 101

