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IMPORTANCE Cognitive behavioral therapy for chronic pain (CBT-CP) is a safe and effective
alternative to opioid analgesics. Because CBT-CP requires multiple sessions and therapists
are scarce, many patients have limited access or fail to complete treatment.

OBJECTIVES To determine if a CBT-CP program that personalizes patient treatment using
reinforcement learning, a field of artificial intelligence (AI), and interactive voice response
(IVR) calls is noninferior to standard telephone CBT-CP and saves therapist time.

DESIGN, SETTING, AND PARTICIPANTS This was a randomized noninferiority, comparative
effectiveness trial including 278 patients with chronic back pain from the Department of
Veterans Affairs health system (recruitment and data collection from July 11, 2017-April 9,
2020). More patients were randomized to the AI-CBT-CP group than to the control (1.4:1)
to maximize the system’s ability to learn from patient interactions.

INTERVENTIONS All patients received 10 weeks of CBT-CP. For the AI-CBT-CP group, patient
feedback via daily IVR calls was used by the AI engine to make weekly recommendations for
either a 45-minute or 15-minute therapist-delivered telephone session or an individualized
IVR-delivered therapist message. Patients in the comparison group were offered 10
therapist-delivered telephone CBT-CP sessions (45 minutes/session).

MAIN OUTCOMES AND MEASURES The primary outcome was the Roland Morris Disability
Questionnaire (RMDQ; range 0-24), measured at 3 months (primary end point) and
6 months. Secondary outcomes included pain intensity and pain interference. Consensus
guidelines were used to identify clinically meaningful improvements for responder analyses
(eg, a 30% improvement in RMDQ scores and pain intensity). Data analyses were performed
from April 2021 to May 2022.

RESULTS The study population included 278 patients (mean [SD] age, 63.9 [12.2] years; 248
[89.2%] men; 225 [81.8%] White individuals). The 3-month mean RMDQ score difference
between AI-CBT-CP and standard CBT-CP was −0.72 points (95% CI, −2.06 to 0.62) and the
6-month difference was -1.24 (95% CI, -2.48 to 0); noninferiority criterion were met at both
the 3- and 6-month end points (P < .001 for both). A greater proportion of patients receiving
AI-CBT-CP had clinically meaningful improvements at 6 months as indicated by RMDQ (37%
vs 19%; P = .01) and pain intensity scores (29% vs 17%; P = .03). There were no significant
differences in secondary outcomes. Pain therapy using AI-CBT-CP required less than half of
the therapist time as standard CBT-CP.

CONCLUSIONS AND RELEVANCE The findings of this randomized comparative effectiveness
trial indicated that AI-CBT-CP was noninferior to therapist-delivered telephone CBT-CP and
required substantially less therapist time. Interventions like AI-CBT-CP could allow many more
patients to be served effectively by CBT-CP programs using the same number of therapists.
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C hronic pain is a prevalent and increasing problem1-3 that
has been associated with work interruption, emo-
tional distress, and risky behaviors, including sub-

stance use.4 Treatment has emphasized pharmacotherapy and
surgery, both of which are potentially costly options with vari-
able efficacy and substantial risks.5-7 Cognitive behavioral
therapy for chronic pain (CBT-CP) is a safe, evidence-based al-
ternative with moderate to large effects on outcomes.8-11 Typi-
cally delivered by a therapist during 6-12 weekly in-person
sessions, CBT-CP targets maladaptive thought processes and
promotes adaptive behaviors. Because therapists are scarce,
multiple in-person sessions are burdensome, and reimburse-
ment is limited, many patients do not have easy access to
CBT-CP or receive a lower dose than intended.12 Given ongo-
ing concern about the epidemic of opioid-related harms,
broader access to CBT-CP is vitally important.13-15

To improve access to CBT-CP, Heapy and colleagues16

developed the Cooperative Pain Education and Self-
Management (COPES) intervention using individually tai-
lored interactive voice response (IVR) calls to deliver CBT-CP
content and therapist feedback. A randomized trial found
that COPES achieved outcomes that were noninferior to
standard in-person therapist-delivered CBT-CP. Although
that trial supports the use of IVR-based CBT-CP, the ideal
duration and mode of CBT-CP sessions remains unknown,
and programs vary substantially.17 Patients with complex
issues may benefit from longer sessions, others may be moti-
vated by brief, live synchronous sessions, and still others
may respond better to the less burdensome delivery of sup-
port afforded by IVR.18

As a follow-up to COPES, we developed a CBT-CP inter-
vention using artificial intelligence (AI) to automatically ad-
just the modality of weekly therapist interactions based on
patient feedback reported daily via IVR. We evaluated that in-
tervention (AI-CBT-CP) relative to therapist-delivered tele-
phone CBT-CP in the REACT (Responsive, Efficient, Acces-
sible Chronic Pain Technology) comparative effectiveness
trial.19 In REACT, weekly recommendations were made by AI-
CBT-CP regarding the mode and duration of therapist-patient
interactions using reinforcement learning—a type of AI com-
monly used in robotics in which an intelligent agent learns to
progressively refine decisions based on probabilistic trials of
new choices coupled with feedback about the response. Re-
inforcement learning algorithms similar to those applied in
REACT are the basis of recommendations on platforms such
as Netflix and Amazon.com.20 We hypothesized that AI-
CBT-CP would produce improvements in pain-relevant out-
comes that were not meaningfully inferior to therapist-
delivered telephone CBT-CP.

Methods
The research protocol was approved by the Human Subjects
Committees in 2 Department of Veterans Affairs (VA) medical
centers. All patients provided written informed consent. The
trial was registered and the Consolidated Standards of Report-
ing Trials (CONSORT) reporting guidelines were used to identify

key information for reporting trial results. The trial protocol
is available in Supplement 1.

Patient Recruitment
Patients with chronic back pain were identified from the medi-
cal records of 2 VA health care systems from June 2017 to Sep-
tember 2019 using codes from the International Classifica-
tion of Diseases, Ninth Revision (ICD-9) and the International
Statistical Classification of Diseases and Related Health Prob-
lems, Tenth Revision (ICD-10). Eligible patients had 2 or more
documented reports of moderate or greater pain intensity on
the Numerical Rating Scale (NRS; score, ≥4) during the prior
year21; moderate or greater pain-related disability using the
Roland Morris Disability Questionnaire (RMDQ; score, ≥5)22;
moderate or greater musculoskeletal pain during 3 or more
of the prior 6 months21; self-reported ability to walk at least
1 block; no symptoms or diagnoses of suicidality, severe
depression,23 uncontrolled psychosis, bipolar disorder, ac-
tive substance use disorder, dementia, a disabling sensory defi-
cit, or a life-threatening medical condition (eg, end-stage heart
failure); a touch-tone telephone; no planned surgical inter-
vention for pain; and no current participation in CBT-CP.

Randomization
After completing baseline assessments, patients were random-
ized to AI-CBT-CP or therapist-delivered telephone CBT-CP,
stratified by recruitment site. Allocation was concealed using
sequentially numbered, sealed envelopes containing com-
puter-generated treatment assignments. To maximize the abil-
ity of AI-CBT-CP to learn from patient feedback, patients were
randomized disproportionately into the AI-CBT-CP group
(ratio, 1.4:1.0).

CBT-CP Elements in Both Groups
Both groups received a CBT-CP manual describing 10 weekly
modules addressing 8 pain coping skills. All patients received
an Omron HJ-320 pedometer (Omron Healthcare) for moni-
toring step counts.24 During each session, patients chose a be-
havioral goal and received a daily walking goal of 110% of the

Key Points
Question Can a cognitive behavioral therapy intervention for
chronic pain (CBT-CP) that adjusts treatment using artificial
intelligence (AI-CBT-CP) based on feedback about patient progress
achieve outcomes that are not inferior to standard telephone
CBT-CP while reducing therapist time?

Findings This randomized comparative effectiveness trial of
AI-CBT-CP found that its outcomes were not inferior to those
of 45-minute telephone therapist sessions, with less than half
the therapist time. At 6 months, more patients who experienced
AI-CBT-CP had clinically meaningful improvements in physical
function and pain intensity.

Meaning The findings of this randomized trial indicated that
AI-CBT-CP can achieve noninferior and possibly better outcomes
relative to standard CBT-CP while increasing access and reducing
therapist costs.
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prior week’s average steps. Therapists were master’s- or PhD-
level clinicians trained by a PhD-level or advanced practice reg-
istered nurse-level CBT-CP therapist. Therapists used a treat-
ment manual and attended weekly group supervision to
prevent intervention drift. A PhD-level researcher reviewed a
sample of audiotaped sessions and rated treatment fidelity.25

Therapist-Delivered Telephone CBT-CP (Comparison Group)
Patients in the comparison group were offered 10 weekly,
45-minute therapist-delivered telephone CBT-CP sessions.
Sessions included a review of the patient’s pedometer logs
and skill practice, a presentation of new skill information, the
selection of behavioral goals, and the use of problem-solving
techniques to address goal completion barriers.

AI-CBT-CP Intervention
Session Recommendations or “Action Choices”
Each week, AI-CBT-CP recommended 1 of 3 options for each
patient’s session. Option 1 was an asynchronous (recorded)
IVR-delivered session using content from the COPES trial,
which included a voice message with individualized thera-
pist feedback based on the participant’s IVR-reported data
(further details to follow).16 Feedback messages acknowl-
edged progress, identified connections between pain and other
patient reports, and provided reinforcement. Option 2 was
a 15-minute synchronous (live) telephone session in which the
therapist provided reinforcement and addressed skill prac-
tice barriers. Patients who missed the session received IVR
feedback. Option 3 was a 45-minute synchronous (live) tele-
phone session that prioritized problem-solving difficulties
with skill practice and progress toward physical activity goals.
Patients could identify up to 3 problems to address; and en-
couragement, education, and problem solving were pro-
vided as needed. Patients who missed the session received
IVR feedback.

Monitoring Patient Progress
The AI-CBT-CP session recommendations were based on in-
formation patients reported via brief (<5 minutes) daily IVR
calls. During these calls, patients reported information about
their step counts, sleep, pain intensity, interference, mood,
self-efficacy, CBT skill practice, and progress toward behav-
ioral goals. Patients who missed 2 or more consecutive calls
were contacted to troubleshoot problems and encourage en-
gagement. Patients who missed more than 4 calls in a given
week were automatically assigned a 15-minute session.
Patients were informed via IVR about the modality of their
session for the week.

Evaluating Weekly Changes in Patient Status
To make session recommendations, AI-CBT-CP modified its
probability distribution across the 3 possible session types or
action choices, with the goal of optimizing the patient’s fu-
ture status. Patients’ status each week was evaluated by the
system based on a score composed in equal proportions of
(1) the patient’s step counts reported daily via IVR, and (2) the
patient’s experience of pain-related interference measured via
2 questions from the Brief Pain Inventory, also reported daily

via IVR.26 Each week, AI-CBT-CP calculated the expected value
of this score (the “reward” in AI) for each of the 3 action choices
based on scores received after prior recommendations for that
patient and others in the AI-CBT-CP group. If there was a tie
in expected reward scores between more and less resource
intensive action choices (eg, 45-minute session and IVR-
delivered session), the expected reward scores associated with
live therapist contacts were discounted using a cost factor of
−0.02 for a 15-minute session and −0.06 for a 45-minute
session.

Contextualized Learning
In calculating the expected reward associated with the 3 ac-
tion choices, AI-CBT-CP used a multidimensional matrix of
patient characteristics and experiences that allowed the sys-
tem to personalize its recommendations. These variables re-
flected the patient’s historical levels of physical activity, pain
intensity, sleep, CBT skill practice, and the ordinal session num-
ber associated with a given reward-recommendation pair
(eg, second session, ninth session).

Calculation
In calculating the dynamic relationship between action choices
and expected rewards for each patient each week, AI-CBT-CP
used the reinforcement learning algorithm LinUCB,20 which
is a nonparametric algorithm designed to adapt decisions rap-
idly in the context of sparse data. This is important because,
unlike online adaptive systems that may receive millions of
inputs per minute, AI-CBT-CP received feedback on less than
a dozen parameters each week for a relatively small number
of patients.

Measurement
Primary Outcome
Outcomes were measured via telephone or mailed surveys at
3 months (primary outcome) and 6 months post baseline. Mea-
sures were selected based on expert recommendations from
the IMMPACT trials (Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials).21,27 The primary outcome
for the trial was the RMDQ,21,27,28 a measure of pain-related
disability for individuals with chronic noncancer pain.22

Secondary Outcomes
Pain intensity was assessed using the pain NRS.21 Pain-
related interference was measured using the Brief Pain Inven-
tory interference items.21,26 Depression symptoms were as-
sessed using the Patient Health Questionnaire.23 We used the
Veterans SF-1229 to assess health-related quality of life within
subdomains measuring patient physical functioning and men-
tal functioning. Patients’ overall impression of change since
starting treatment was assessed using the Patient Global Im-
pression of Change measure (PGIC).21 A widely adopted con-
sensus statement and other experts in pain research recom-
mend not only examining average changes in pain outcomes,
but also the proportion of patients with clinically meaningful
improvement in pain outcomes using standardized thresh-
olds for defining improvement.21,30 Similar to the COPES trial,16

we used the recommended 30% improvement to identify
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responders regarding changes in RMDQ, NRS, and Brief Pain
Inventory scores; and the recommended threshold of at least
moderately better for the PGIC.21

Treatment Fidelity
A PhD-level CBT-CP expert ensured fidelity of treatment by
rating a sample of audiotaped sessions for adherence and com-
petence. A revised version of the Yale Adherence and Compe-
tence Scale was used to perform the rating.25

Sociodemographic Information
Race and ethnicity were self-reported using standard US Cen-
sus categories. Age, educational attainment, and other socio-
demographic variables were also self-reported.

Sample Size and Power Calculation
The study was powered to detect noninferiority in RMDQ scores
in the AI-CBT-CP group relative to the group receiving stan-
dard therapist-delivered telephone CBT-CP. Prior recommen-
dations for minimally significant changes in RMDQ scores range
from 2 to 8 points, and we selected the more stringent nonin-
feriority margin of 2.22,31,32 To detect noninferiority with 90%
power and type I error (1-sided) of 0.025, assuming an SD of
4.5 and an allocation ratio of 1.4:1, we needed 128 patients
in the AI-CBT-CP group and 93 in the comparison group. To
account for attrition, we recruited 278 patients.

Statistical Analysis
Baseline differences across groups in end point measures and
other potential prognostic indicators were examined. The ana-
lytic cohort was intent-to-treat. A mixed model was used for
repeated measurements to analyze RMDQ outcomes, includ-
ing patients as random intercepts, and fixed effects of time
(3-month, 6-month), treatment group, a treatment group-by-
time interaction, the baseline value of the outcome, and re-
cruitment site. Mixed models included all patients with avail-

able outcome data (ie, a patient was included in the analysis
if they had an outcome at 3 months, even if they were miss-
ing at 6 months, and vice versa). Sensitivity analysis using mul-
tiple imputation for missing data that included all patients
showed substantively the same results (available on request).
Because age can be an important predictor of RMDQ scores33,34

and randomization groups had marginally different mean
(SD) ages at baseline—62.9 (13.1) years among the AI-CBT-CP
group vs 65.5 (10.6) years among the CBT-CP group (dif-
ference, 2.6 years; 95% CI, -0.1 to 5.8; P = .06)—age was in-
cluded as a covariate in outcome analyses. Secondary con-
tinuous outcomes were analyzed using similar mixed models.
Responder analyses of binary outcomes used generalized
linear mixed models with a logit link, time, treatment group,
time-by-treatment interaction, baseline values of the out-
come, site, and age as fixed effects; and patients as random
intercepts. The PGIC model did not include baseline values
because baseline values are not applicable to the measure.

Statistical tests were 2-tailed and P values < .05 were
considered to be statistically significant. Data analyses
were performed from April 26, 2021, to May 18, 2022, using
SAS,version 9.4 (SAS Institute Inc) and Stata, version 16.1
(StataCorp LLC).

Results
The study population comprised 278 patients (mean [SD] age,
63.9 [12.2] years; 248 [89.2%] men and 21 [12.5%] women;
36 [13.1%] Black, 225 [81.8%] White, and 14 [5.0%] individu-
als who self-reported being of other race or multiracial). Of the
278 total patients, 168 were randomized to the AI-CBT-CP group
and 110 to the comparison group. Follow-up was high for both
groups (Figure 1): 235 of 278 patients (85%) provided out-
comes at the 3-month follow-up; 235 (85%) at the 6-month
follow-up; and 251 (90%) provided outcomes for 1 or more end
points. Other than the marginal difference in mean age, there
were no notable baseline differences in participant character-
istics between groups (Table 1). Patients reported several risk
factors for poor health outcomes; more than half reported
1 or more emergency department visits in the prior year and
28.6% were hospitalized.

Engagement in Treatment and IVR Call Completion
Patients receiving AI-CBT-CP completed more treatment weeks
than those in the comparison group (Mann-Whitney rank sum
comparison, P < .001; Figure 2); 81.5% completed all 10 mod-
ules compared with 57.3% of comparison-group patients. Pa-
tients in the AI-CBT-CP group completed 9220 of 10 504
(87.8%) IVR calls. The AI-CBT-CP intervention made recom-
mendations for weeks in which patients completed 3 or more
IVR calls, and this was possible 94.2% of the time (1436 of 1525
treatment weeks). Patients received the session type recom-
mended (ie, without substitution) 80.3% of the time. More
details about AI-CBT-CP patient engagement with the inter-
vention have been published.35

A total of 45.8% of AI-CBT-CP sessions were delivered via
IVR, 41.6% were 15-minute synchronous (live) sessions, and

Figure 1. CONSORT Diagram

1354 Assessed for eligibility

333 Consented

278 Randomized and enrolled

1021 Excluded
692 Refused
294 Ineligible
35 Unable to reach

55 Excluded
10 Refused
35 Ineligible
10 Unable to reach

145 Completed 3-mo follow-up
140 Completed 6-mo follow-up

90 Completed 3-mo follow-up
95 Completed 6-mo follow-up

168 Randomized to AI-CBT-CP 110 Randomized to telephone CBT-CP
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12.6% were 45-minute synchronous sessions. Compared with
the standard CBT-CP intervention, the use of IVR and brief
therapist contacts among the AI-CBT-CP group translated into
a substantial reduction in therapist time. Assuming patients
in both groups completed all 10 prescribed sessions, with the
given distribution of session types, the AI-CBT-CP group would
have received 26% as much synchronous therapist contact as
controls, ie, 119 minutes per patient vs 450 minutes for con-
trols. Even considering the greater number of contact weeks
among patients receiving AI-CBT-CP, total live therapist time
was only 30% as much as standard CBT-CP (ie, 111 minutes
in an average of 9.3 sessions vs 365 minutes in an average of
8.1 sessions among controls). If asynchronous therapist

effort is included (ie, approximately 15 minutes preparing and
recording each IVR message), AI-CBT-CP therapist time was
48% of that needed for standard CBT-CP.

Changes in Primary and Secondary Outcomes
At 3 months (primary end point), the mean RMDQ score was
10.95 (SE, 0.42) in the AI-CBT-CP group and 11.66 (SE, 0.53)
in the comparison group (Table 2). The between-group differ-
ence was −0.72 points (95% CI, −2.06 to 0.62; P < .001 for non-
inferiority), and because the upper limit of the confidence
interval was below the noninferiority margin of 2.0 (), we
concluded that AI-CBT-CP was noninferior to therapist-
delivered telephone CBT-CP intervention. At 6 months, the dif-

Table 1. Baseline Characteristics of Patients, by Randomization Group

Characteristic

Randomization group
Standardized
differencea

AI-CBT-CP,
No. (%)

Telephone CBT-CP,
No. (%)

Total patients 168 110 NA

Age, mean (SD), y 62.9 (13.1) 65.5 (10.6) 0.22

Sex

Male 147 (87.5) 101 (91.8)
0.14

Female 21 (12.5) 9 (8.2)

Race

Black 26 (15.7) 10 (9.2)

0.21White 133 (80.1) 92 (84.4)

Otherb 7 (4.2) 7 (6.4)

Hispanic ethnicity 6 (3.6) 5 (4.6) 0.05

Married/partnered 108 (64.7) 70 (64.2) 0.01

Education

High school or less 29 (17.4) 27 (24.8)
0.18

Some college 138 (82.6) 82 (75.2)

Employment status

Employed 50 (30.5) 34 (31.8)
0.03

Not employed 114 (69.5) 73 (68.2)

Distance to VA, miles

<10 20 (11.9) 23 (20.9)

0.2410-19 36 (21.4) 21 (19.1)

≥20 112 (66.7) 66 (60.0)

Outpatient visits in past year

≤5 52 (31.1) 27 (24.8)

0.19
6-10 39 (23.4) 34 (31.2)

11-20 37 (22.2) 23 (21.1)

>20 39 (23.4) 25 (22.9)

ED visits in past year

0 visits 74 (44.3) 52 (48.1)

0.201 40 (24.0) 31 (28.7)

≥2 53 (31.7) 25 (23.1)

Admitted in past year

0 admissions 114 (68.3) 83 (76.1)

0.231 43 (25.7) 18 (16.5)

≥2 10 (6.0) 8 (7.3)

Missed physician visit in past year

0 visits 97 (58.1) 71 (65.7)

0.221 39 (23.4) 16 (14.8)

≥2 31 (18.6) 21 (19.4)

Abbreviations: AI, artificial
intelligence; CBT-CP, cognitive
behavioral therapy intervention
for chronic pain; ED, emergency
department; VA, Department of
Veterans Affairs health facility.
a Differences in means or proportions

between groups, divided by
a pooled estimate of the standard
deviation.

b Respondents who self-reported
more than 1 race; none reported
being American Indian or Alaska
Native, Asian, or Native Hawaiian
or other Pacific Islander.
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ference between AI-CBT-CP and the comparison group indi-
cated that AI-CBT-CP was not only noninferior but marginally
statistically superior (mean difference, −1.24; 95% CI, −2.48
to 0; P = .05). There was no evidence of a difference between
groups regarding any secondary outcome at either assess-
ment time.

Responder Analysis
At 3 months, there was no significant difference between
groups in the proportion of patients with a clinically mean-
ingful improvement in scores for any of the primary or sec-
ondary outcome measures (Table 3). At 6 months, a higher pro-
portion of patients in the AI-CBT-CP group had a clinically
meaningful improvement in RMDQ scores relative to compari-
son patients (37% vs 19%; P = .01; number needed to treat
[NNT] = 6). Also at 6 months, a greater proportion of patients
receiving AI-CBT-CP reported a clinically meaningful improve-
ment in NRS scores (29% vs 17%; P = .03; NNT = 9). Differ-
ences in the proportion of patients reporting improvement in

Figure 2. Number of Completed Treatment Sessions,
by Randomization Group

1.0

0.8

0.6

0.4

0.2

0
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Treatment weeks completed, No.

AI-CBT-CP

Telephone CBT-CP

100 1 2 3 4 5 6 7 8 9

Abbreviations: AI, artificial intelligence; CBT-CP, cognitive behavioral therapy
for chronic pain.

Table 2. Primary and Secondary Outcomes (Mean Values) at Baseline, 3 Months, and 6 Months, and Differences Between Groups

Scale

AI-CBT-CP
(n = 168)

Telephone CBT-CP
(n = 110) AI- vs telephone

CBT-CP,
mean (95% CI) P valueaNo. Mean (SE) No. Mean (SE)

RMDQb

Baseline 153 13.48 (0.33) 98 13.37 (0.43) NA NA

3 mo 145 10.95 (0.42) 90 11.66 (0.53) −0.72 (−2.06 to 0.62) <.001 (noninferiority)

6 mo 139 11.26 (0.40) 95 12.50 (0.49) −1.24 (−2.48 to 0) <.001 (noninferiority)

Pain Numerical Rating Scalec

Baseline 152 6.16 (0.12) 97 6.25 (0.15) NA NA

3 mo 142 5.04 (0.15) 89 5.13 (0.19) −0.09 (−0.59 to 0.40) .71

6 mo 138 5.34 (0.15) 94 5.70 (0.19) −0.36 (−0.84 to 0.11) .13

Brief Pain Inventory Interferenced

Baseline 152 4.72 (0.17) 98 4.92 (0.21) NA NA

3 mo 145 3.92 (0.16) 89 3.93 (0.20) −0.01 (−0.52 to 0.50) .98

6 mo 138 4.04 (0.16) 93 4.45 (0.20) −0.41 (−0.91 to 0.09) .11

PHQ-9 Depression Scalee

Baseline 153 6.23 (0.42) 98 6.42 (0.51) NA NA

3 mo 145 6.72 (0.38) 90 7.23 (0.48) −0.51 (−1.71 to 0.69) .40

6 mo 138 6.88 (0.38) 94 7.38 (0.46) −0.50 (−1.68 to 0.67) .40

Physical Composite summaryf

Baseline 153 27.28 (0.67) 98 27.23 (0.91) NA NA

3 mo 145 30.49 (0.65) 90 30.68 (0.82) −0.19 (−2.24 to 1.87) .86

6 mo 140 29.97 (0.68) 95 29.99 (0.84) −0.03 (−2.16 to 2.10) .98

Mental Composite summaryg

Baseline 153 46.97 (1.01) 98 46.25 (1.28) NA NA

3 mo 145 49.04 (0.72) 90 48.10 (0.91) 0.94 (−1.35 to 3.23) .42

6 mo 140 48.54 (0.73) 95 46.72 (0.89) 1.82 (−0.45 to 4.09) .12

Abbreviations: AI, artificial intelligence; CBT-CP, cognitive behavioral therapy for
chronic pain; NA, not applicable; PHQ-9, Patient Health Questionnaire-9;
RMDQ, Roland Morris Disability Questionnaire.
a For the primary outcome (RMDQ), the P values are from noninferiority tests.

For the other outcomes, the P values are from 2-sided difference tests. Means
at 3 and 6 mo are least-squares means (adjusted means) from the mixed
models. Means at baseline are raw means.

b Scale, 0-24 (higher scores indicate greater physical disability).

c Scale, 0-10 (higher scores indicate worse pain).
d Scale, 0-10 (higher scores indicate greater interference).
e Scale, 0-27, (higher scores indicate more depression symptoms).
f Scale, 0-100 (higher scores indicate better function).
g Scale, 0-100 (higher scores indicate better function).
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PGIC at 6 months also favored AI-CBT-CP (50% vs 34%), al-
though the difference did not reach statistical significance
(P = .06).

Discussion
In this trial, patients with chronic back pain randomized to
10 weeks of AI-CBT-CP had noninferior outcomes for pain-
related functioning at 3 months post baseline compared with
patients randomized to 10 weeks of 45-minute telephone ses-
sions with a CBT-CP therapist. The AI-CBT-CP group had a mar-
ginally statistically significant better average RMDQ score at
6 months; however, this difference between groups is below
the threshold considered clinically meaningful. At 3 and
6 months, average scores for other outcomes did not differ
significantly between groups.

Responder analyses provide an easily interpretable mea-
sure of intervention effectiveness for clinicians and policy
makers and are a recommended secondary analysis in pain
studies.16,21,36 Using recommended thresholds, at 6 months
almost twice as many patients receiving AI-CBT-CP had a clini-
cally meaningful improvement in the primary outcome mea-
sure (RMDQ) and in pain intensity. Also at 6 months, a greater
proportion of the AI-CBT-CP group reported that they had ex-
perienced at least moderate improvements since starting treat-
ment (50% vs 34%; P = .06). Given the distribution of session
types, AI-CBT-CP achieved these outcomes with only 30%
of the clinician time required for the comparison program of
weekly 45-minute therapist sessions.

Patients in the AI-CBT-CP group received a larger treat-
ment dose than patients in the comparison group (82% com-

pleted all weekly sessions vs 57%). This is consistent with find-
ings from the COPES trial in which IVR-delivered treatment
demonstrated an advantage over in-person treatment regard-
ing the number of sessions completed (8.9 vs 6.6).16 How-
ever, it is important to note that in the current trial, the in-
crease in patient engagement was demonstrated although the
comparison intervention was also delivered by telephone.

Like clinicians, AI-CBT-CP can only make effective deci-
sions about treatment course if it has feedback from reliable
and valid assessments about patient status over time. In this
study, brief daily IVR calls were successful in obtaining
this feedback; AI-CBT-CP had the data it needed to make a de-
cision 94% of the time. Other methods of collecting patient
feedback (eg, text messaging, smartphone applications, au-
tomatically uploading pedometer readings, environmental
sensors) should be explored as alternative strategies for pro-
viding interventions such as AI-CBT-CP with the information
they need to be effective.

In contrast to other applications of reinforcement learn-
ing for which AI systems can learn from millions of data points
in short intervals, the AI engine in this intervention received
data on only a relatively small number of patients and inter-
actions. Consequently, the program’s effectiveness in this trial
may represent a lower bound of what could be expected if it
were implemented in larger samples of patients over longer
time periods. Secondary analysis of data from the AI-CBT-CP
group suggest that the intervention increased its effective-
ness as it gained experience through patient interactions.35

Future studies should seek to maximize the experience of
AI-CBT-CP and similar programs through trials with larger
populations and quantify more precisely the influence of pro-
gram learning on patient health status.

Table 3. Clinically Significant Improvement in Outcomes From Responder Analyses

Scale

AI-CBT-CP
(n = 168)

Telephone CBT-CP
(n = 110)

Adjusted odds ratio
(95% CI) P valueTotal No. No. (%) Total No. No. (%)

RMDQa

3 mo 145 54 (37) 90 29 (32) 1.51 (0.49-4.65) .47

6 mob 139 51 (37) 95 18 (19) 4.71 (1.39-15.93) .01

NRSc

3 mo 142 38 (27) 89 29 (33) 0.78 (0.22-2.73) .69

6 mod 138 40 (29) 94 16 (17) 4.54 (1.14-18.10) .03

BPIe

3 mo 145 53 (37) 89 33 (37) 1.00 (0.37-2.68) >.99

6 mo 138 46 (33) 93 27 (29) 1.35(0.49-3.70) .56

PGICf

3 mo 142 65 (46) 88 43 (49) 0.84 (0.37-1.90) .68

6 mog 137 68 (50) 90 31 (34) 2.24 (0.97-5.16) .06

Abbreviations: AI, artificial intelligence; BPI, Brief Pain Inventory;
CBT-CP, cognitive behavioral therapy intervention for chronic pain;
NNT, number needed to treat; NRS, Numerical Rating Scale; PGIC, Patient
Global Impression of Change; RMDQ, Roland Morris Disability Questionnaire.
a Clinically significant improvement defined as a 30% improvement in scores

relative to baseline.
b Absolute difference, 18%; NNT = 6 (95% CIs, 4-15).
c Clinically significant improvement defined as a 30% improvement in scores

relative to baseline.
d Absolute difference, 12%; NNT = 9 (95% CI, 4-81).
e Clinically significant improvement defined as a 30% improvement in scores

relative to baseline.
f Clinically significant improvement defined as report of at least “moderately

better” pain control relative to baseline.
g Absolute difference, 16%; NNT = 7 (95% CI, 4-44).
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The AI algorithm used to drive decision-making in the cur-
rent intervention reflected a large number of design features
and decisions informed by a panel of CBT-CP experts and best
practices in reinforcement learning.19 Some of these deci-
sions were made with incomplete information, and different
results may have been obtained with different features. For ex-
ample, AI-CBT-CP was designed to discount rewards achieved
through more human resource intensive options. The magni-
tude of those cost coefficients and other program features are
subjective, and future research should evaluate their associa-
tions with system performance and outcomes.

Limitations
This trial had several limitations. The results of both interven-
tions were relatively modest. Patients were recruited from the
US VA health care system, and the ways in which the trial imple-
mentation and findings would be different if conducted in other
settings is difficult to anticipate. In general, patients in the
VA system tend to be older, White, and male, and have a high
burden of comorbid illnesses, poor health-related quality of
life, mental health disorders, and substance use problems.
These factors may limit the extent to which a new mode of
treatment such as AI-CBT-CP can improve pain outcomes.37-39

Future interventions should consider integrating this model
of CBT-CP with a focus on comorbid conditions that can affect

pain outcomes, such as posttraumatic stress disorder, depres-
sion, and substance use disorders. Alternatively, patients in the
VA are often highly compliant with expectations such as re-
sponding to IVR calls,16,40,41 and that modality of data collec-
tion for AI-CBT-CP feedback (and consequently, AI-CBT-CP’s
decisions) may be less successful in other contexts. As in most
pain trials, outcomes were self-reported and it was not pos-
sible to blind patients to their randomization condition;
consequently, outcomes may reflect reporting bias.

Conclusions
This randomized noninferiority comparative effectiveness
trial indicated that despite using less therapist time, AI-
CBT-CP achieved outcomes that were noninferior to out-
comes of patients offered an equal number of 45-minute tele-
phone sessions with a CBT-CP therapist. Responder analyses
suggest that during 6 months, more patients may achieve
clinically meaningful improvements in pain control with AI-
CBT-CP than with standard CBT-CP approaches. Given that
AI-CBT-CP required less clinician-patient contact time, pa-
tients may find the intervention more convenient, and health
systems could use it to treat more patients without addi-
tional clinical resources.
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