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Abstract

Background: Noncardiac chest pain has a high prevalence and is associated with reduced quality of life, anxiety, avoidance of
physical activity, and high societal costs. Thereisalack of an effective, low-cost, easy to distribute intervention to assist patients
with noncardiac chest pain.

Objective: Inthisstudy, we aimed to investigate the effectiveness of internet-based cognitive behavioral therapy with telephone
support for noncardiac chest pain.

Methods: We conducted a randomized controlled trial, with a 12-month follow-up period, to compare internet-based cognitive
behavioral therapy to a control condition (treatment as usual). A total of 162 participants aged 18 to 70 years with adiagnosis of
noncardiac chest pain were randomized to either internet-based cognitive behavioral therapy (n=81) or treatment as usual (n=81).
The participants in the experimental condition received 6 weekly sessions of internet-based cognitive behavioral therapy. The
sessions covered different topics related to coping with noncardiac chest pain (education about the heart, physical activity,
interpretationg/attention, physical reactions to stress, optional panic treatment, and maintaining change). Between sessions, the
participants also engaged in individually tailored physical exerciseswith increasing intensity. In addition to internet-based cognitive
behavioral therapy sessions, participants received a brief weekly call from a clinician to provide support, encourage adherence,
and provide access to the next session. Participants in the treatment-as-usual group received standard care for their noncardiac
chest pain without any restrictions. Primary outcomes were cardiac anxiety, measured with the Cardiac Anxiety Questionnaire,
and fear of bodily sensations, measured with the Body Sensations Questionnaire. Secondary outcomeswere depression, measured
using the Patient Health Questionnaire; health-related quality of life, measured using the EuroQol visual analog scale; and level
of physical activity, assessed with self-report question. Additionally, asubgroup analysis of participantswith depressive symptoms
at baseline (PHQ-9 score =5) was conducted. Assessments were conducted at baseline, posttreatment, and at 3- and 12-month
follow-ups. Linear mixed models were used to evaluate treatment effects. Cohen d was used to calcul ate effect sizes.
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Results: Inthe main intention-to-treat analysis at the 12-month follow-up time point, participants in the internet-based cognitive
behavioral therapy group had significant improvements in cardiac anxiety (—3.4 points, 95% CI -5.7 to —1.1; P=.004, d=0.38)
and a nonsignificant improvement in fear of bodily sensations (—2.7 points, 95% CI 5.6 to 0.3; P=.07) compared with the
treatment-as-usual group. Health-related quality of life at the 12-month follow-up improved with statistical and clinical significance
in the internet-based cognitive behavioral therapy group (8.8 points, 95% Cl 2.8 to 14.8; P=.004, d=0.48) compared with the
treatment-as-usual group. Physical activity had significantly (P<.001) increased during the 6-week intervention period for the
internet-based cognitive behavioral therapy group. Depression significantly improved posttreatment (P=.003) and at the 3-month
follow-up (P=.03), but not at the 12-month follow-up (P=.35). Participants with depressive symptoms at baseline seemed to have
increased effect of the intervention on cardiac anxiety (d=0.55) and health-related quality of life (d=0.71) at the 12-month
follow-up. In the internet-based cognitive behavioral therapy group, 84% of the participants (68/81) completed at least 5 of the
6 sessions.

Conclusions: This study provides evidence that internet-based cognitive behavioral therapy with minimal therapist contact and
afocus on physical activity is effective in reducing cardiac anxiety and increasing health related quality of life in patients with

noncardiac chest pain.
Trial Registration:

(J Med Internet Res 2022;24(1):€33631) doi: 10.2196/33631

Clinical Trials.gov NCT03096925; http://clinicaltrials.gov/ct2/show/NCT03096925
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Introduction

Background

Noncardiac chest pain is the most common final diagnosis for
patients presenting with chest pain at acardiac unit [1]. Almost
half of patients with noncardiac chest pain experience ongoing
complaints that negatively affect their overal quality of life
after initial noncardiac chest pain diagnosis, and the associated
societal costsare aso high[2,3]. Typical consequencesinclude
cardiac anxiety, fear of bodily sensations, and avoidance of
physical activity [2,4,5].

Psychol ogical treatment based on cognitive behavioral therapy,
delivered face-to-face by trained clinicians, has yielded
promising results for noncardiac chest pain [6]. There are,
however, saveral challenges with the dissemination of ordinary
face-to-face cognitive behavioral therapy to patients with
noncardiac chest pain, including a shortage of specialists who
provide cognitive behavioral therapy, lack of motivation among
patients with noncardiac chest pain to receive psychological
treatment, and the fact that typica care providers (eg,
cardiologists and cardiac nurses) often do not have the skillsto
provide such treatment [6].

Evidence-based face-to-face cognitive behavioral therapy for
noncardiac chest pain is quite time-consuming and costly, with
anormal treatment span of 6 to 12 sessions, each lasting 45 to
60 minutes each. To address this barrier, 2 randomized
controlled trials [7,8] tested shorter duration face-to-face
cognitive behavioral therapy specifically designed for
noncardiac chest pain. For patients experiencing sustained
noncardiac chest pain—related complaints 6 months after
diagnosis, a 3-session face-to-face cognitive behavioral therapy
with emphasis on exposure to physica activity was effective
in reducing noncardiac chest pain—related complaints [7].
Furthermore, depression was a significant predictor of poor
outcome [2], and fear of bodily sensations was an important
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mediator for change[7]. Conversaly, another large randomized
controlled trial [8], which included an unselected group of
patientswith noncardiac chest painimmediately after receiving
their noncardiac chest pain diagnosis, found that 3to 4 sessions
of face-to-face cognitive behavioral therapy were not effective
in reducing noncardiac chest pain—related complaints. It is
difficult to fully determinethe reasonsfor these disparate results;
however, one [7] focused on physical activity and included
patientswho had significant complaints 6 months after theinitial
diagnosis of noncardiac chest pain; in contrast, the other [8] did
not specifically focus on physical activity and included all
patients with noncardiac chest pain immediately after their
cardiac evaluation, regardless of the severity of their symptoms
and duration of illness.

I nternet-based cognitive behavioral therapy hasthe potential to
increase accessibility and can be delivered at reduced costs
compared with those of face-to-face cognitive behavioral
therapy. Two pilot studies[9,10] have shown promising results
for noncardiac chest pain: a small randomized controlled trial
[9] (intervention group: n=7; treatment-as-usual control group:
n=8) found that a4-session internet-based cognitive behavioral
therapy yielded greater reductions in cardiac anxiety and
depression; however, because it was designed to revea probable
differences between the groups, it was underpowered to test
statistical significance. Mourad et a [9] concluded that their
brief internet-based cognitive behavioral therapy intervention
was feasible to deliver, and though it was likely to be effective,
a larger sample would be needed to adequately evaluate
effectiveness. Concurrently and independently, our research
group found that 6-session internet-based cognitive behavioral
therapy wasfeasible and led to asignificant reduction in cardiac
anxiety for unselected noncardiac chest pain patients in an
uncontrolled, open pilot study (n=10) [10]. Participantsin this
study were offered the internet-based cognitive behavioral
therapy immediately after acardiac condition had been excluded
and received a brief weekly therapist call in addition to discuss
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home assignments and reinforce session content. The
intervention content was based on a brief face-to-face treatment
previously found to be effective in [7], and it had a similar
emphasis on physical activity.

Objectives

The purpose of this study was to further evaluate the
effectiveness of theinternet-based cognitive behavioral therapy
intervention for noncardiac chest pain from our pilot study [10],
in arandomized controlled trial with sufficient statistical power.
The primary goa was to investigate the effects of the
intervention on cardiac anxiety and fear of bodily sensations.
The secondary goals were to evaluate changes in depression,
quality of life, and physica activity, and to investigate the
differential effects of this internet-based cognitive behavioral
therapy in asubgroup of participantswith depressive symptoms
at baseline.

Methods

Design

This study was a 2-arm randomized controlled trial. One arm
received trestment as usual, and the other received internet-based
cognitive behavioral therapy for noncardiac chest pain.
Participants were assessed pre- and posttreatment as well as at
3- and 12-month follow-up time points.

Participants and Recruitment

Participants were recruited a the Serlandet Hospital,
Kristiansand, Norway. A member of the research group screened
all patients with chest pain as their main complaint who had
been referred to the cardiac unit (including an inpatient and an
outpatient unit) for participation. The member of the research
group informed cardiol ogists about possible eligible patients.
The cardiologists used a checklist with inclusion and exclusion
criteria as well as the definition of noncardiac chest pain to
determinethe eligibility of each patient. The cardiologist briefly
explained the project to eligible patients. If the patient agreed,
amember of the research group immediately provided further
verbal and written information about the trial before the
recruitment procedure.

Eligible patients were aged 18 to 70 years, had no cardiac or
other somatic disease that could explain their chest pain
symptoms, no history of or ongoing severe heart disease, and
did not meet any of thefollowing exclusion criteria: (1) language
difficulties; (2) inability to perform at least moderate physical
activity due to physical constraints, (3) obvious cognitive
impairment (eg, severe intellectual disability, psychosis,
dementia, or intoxication); (4) no regular access to a computer
or tablet with internet connection; and (5) severe somatic
comorbidities (eg, cancer, severe kidney failure).

If patients had been examined with coronary computed
tomography angiography, only patients with coronary artery
blockage lessthan 50% were eligible. All eligible patientswere
asked to sign apaper consent form if they agreed to participate.

https://www.jmir.org/2022/1/e33631
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Intervention

The brief internet-based cognitive behaviora therapy with
minimal therapist contact has been previously described [10].
Theintervention was adjusted and improved based on feedback
from participantsin the pilot study [10]. Internet-based cognitive
behavioral therapy sessions (Figure 1; Multimedia Appendix
1) were completed autonomously once per week for 6 weeks.
Between sessions, participants received support calls from a
therapist.

Theinternet-based cognitive behavioral therapy was specifically
designed and adapted for noncardiac chest pain (1) to provide
an aternative explanation for their chest pain, (2) to provide
tools and education on how to handle bodily discomfort, (3) to
encourage physical activity with the aim that the participants
experienced its safety, and (4) to provide information on
strategies that can prevent relapse.

The first session was completed on a computer or tablet at the
cardiac unit immediately after the cardiac examination was
completed. The sessions covered different topicsrelevant to the
noncardiac chest pain patients (Figure 2). At the end of every
session, each participant completed a detailed activity plan for
the following week. Adherence to these activities was reported
to the therapist electronically. The activity plan focused on
individually tailored physical exerciseswithincreasing intensity.
In addition, participants were encouraged to perform an attention
task regularly after the third session. Once a week, a brief
support call (5-7 minutes duration), designed to reinforce the
session content, discuss home-based tasks, and troubleshoot
problems, was made by the same therapist. The support call had
3 predefined elements: (1) discussion about the previousweek’s
physical activities and tasks, (2) discussion about the previous
week’s session, and (3) general information about the following
week's session. The participants were given access to the
subsequent week’s internet-based cognitive behavioral therapy
session after the support call. The completed sessionsremained
accessible to the participant throughout the project period.

Participants in the control group received treatment as
usual—personal consultation with a doctor at the cardiac unit
after compl eting the cardiol ogi ¢ investigations. The consultation
included information regarding the results of the examination
and advice on medication, diet, and physical activity. The
intervention group received internet-based cognitive behavioral
therapy in addition to personal consultation at the cardiac unit.
Lottery tickets (each with a price of €5, approximately US
$5.67) were sent to al participants after they completed
assessments to enhance adherence.

A unigque code was used to access the intervention platform.
Theintervention platform included session-by-session content
and homework exercises. Data were stored using pseudonyms
on a secure server in Oslo, Norway. This server is backed up
every 24 hours by another secure server in Amsterdam,
Netherlands. Only the therapist could link the code to the
participant. No personal identifiableinformation was collected,
and | P addresses were not logged.
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Figure 1. Screenshot from the internet-based cognitive behavioral therapy at week 3.
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Figure 2. Flowchart for internet-based cognitive behavioral therapy. NCCP: noncardiac chest pain [10].

|

Session 1 ]7

+ Brief internet-based session at the hospital

- General information about the heart
- Diagnostic procedures for chest pain

+ Introduction and planning of physical activity

Session 2

|

+ Information about physical activity

+ Continue to monitor and plan physical activity

Therapist phone
call

Therapist phone
call

|

Session 3 ]7

+ Psychoeducation on interpretations and attention:

- How excessive worry and focus on pain can
increase pain levels
- How one can shift attention (cognitive flexibility)

I
NNV

+ Continue to monitor and plan physical activity

Therapist phone
call

|

Session 4 ]7

+ Physical reactions to pain and worry/stress

+ Continue to monitor and plan physical activity

/N

Therapist phone
call

|
|

Session 5

+ Optional panic treatment session

+ Continue to monitor and plan physical activity

Therapist phone
call

I

Session 6

+ Coping strategies and maintaining change

+ Behaviour that can contribute to sustaining NCCP

/NN

symptoms and how to address such behaviour
+ Continue to monitor and plan physical activity

Therapist phone

Thesen et a

call

Assessments and Outcomes

Participants completed web-based self-report questionnaires at
baseline and posttreatment, and at 3- and 12-month follow-up
time points. The primary outcome measures were sum SCores
for the 18-item Cardiac Anxiety Questionnaire (CAQ), which
measures worry or fear of heart sensations, avoidance of
physical activity due to fear of €liciting heart symptoms,
heart-focused attention, and reassurance seeking [11,12], and

https://www.jmir.org/2022/1/e33631
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the 17-item Body Sensations Questionnaire (BSQ), which
measures worry about specific bodily sensations [13].

The CAQ has a sum score that ranges from 0 to 72, with each
item scored on a scale of 0 to 4. Higher scores indicate more
symptoms. The CAQ is well validated, has good interna
consistency (Cronbach a=.84), and high test—retest reliability
(r=0.88) [14].
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The BSQ has atotal score that ranges from 17 to 85, with each
item scored on a scale of 1 (not worried) to 5 (extremely
frightened) [15]. The BSQ has been used in several noncardiac
chest pain trials[4,7], has high internal consistency (Cronbach
0=.87), and moderate test—retest reliability (r=0.66) [13].

Secondary outcome measures were the 9-item Patient Health
Questionnaire (PHQ-9) score, the EuroQol Visual Analog Scale
(EQ-VAYS) score, and physical activity assessment.

The PHQ-9 includes and assesseslevel of depression. Eachitem
is scored from O to 3, and the sum range ranges from O to 27.
Higher scoresindicate greater depression. We used a sum score
=5 to indicate mild depressive symptoms. The PHQ-9 is well
validated, hashigh internal consistency (Cronbach a=.89), high
test—retest reliability (r=0.84) [16], and also validated in a
web-based format [17].

The EQ-VAS measures the user’s overall rating of their health
[18] using avisua analog scalethat is presented as aline from
0to 100, where O isdefined asthe worst imaginable health state
and 100 is the best.

Participants  were  further  assessed usng an
investigator-developed, nonvalidated question that assessed
physical activity level: “How many times each week on average
do you perform physical activity more than 30 min?”.

Clinical Relevance

No minima clinically important difference thresholds have
been established for the CAQ and BSQ. For PHQ-9, we defined
adifference of 3 points or areduction of 20% from baseline as
the minimal clinically important difference based on values
from studies [19-21]. The minimal clinically important
difference for EQ-VAS has not been established specificaly
for noncardiac chest pain, but previous studies on cancer and
COPD [22-24] have proposed that changein therange of 5.4-7.0
pointsisclinically relevant.

Adverse Events

The risk of serious adverse events due to internet-based
cognitive behavioral therapy was considered low prior to the
trial, and adverse events were not systematically collected.
PHQ-9 scores were reviewed for each participant. Participants
with ascore =20 (severe depression) or ascore of 3 on question
9 (which addresses suicidal ideation) were contacted. A decision
by the principal investigator (TT) was made regarding the need
for apsychiatric evaluation and whether to contact their general
practitioner.

Randomization and Blinding

The participants were randomized 1.1 without stratification or
the use of known blocks. The study used a web-based
randomization procedure performed at a remote location
(Web-CRF at the Norwegian University of Science and
Technology in Trondheim). Because the intervention was
internet-based cognitive behavioral therapy, blinding was not
possiblefor the participant or therapist. Outcome measureswere
collected electronically, and except for the PHQ-9 scores, were
not known to the therapist or the research group during the study
period.

https://www.jmir.org/2022/1/e33631

Thesen et a

Sample Size

The study was powered to detect a Cohen d effect size of at
least 0.5. The power calculations were based on the resultsfrom
the pilot trial [10] and a previous study with brief face-to-face
cognitive behavioral therapy for noncardiac chest pain [7]. A
2-sided test, with a<.05 and power >80% was used, and a
sample size of 63 participants in each group was needed to
detect a mean difference between groups of 5.1 points on the
BSQ with astandard deviation of 10.2. To tolerate an anticipated
20% dropout rate, atotal sample size of 80 participantsin each
group was deemed appropriate.

Data Analysis

Primary analyses were conducted using intention-to-treat
analysis, in which participants were analyzed according to the
group they had been randomized. In the secondary per-protocol
analysis, participants were excluded if they (1) did not complete
at least 5 of 6 sessions; (2) did not complete al assessments; or
(3) were found after randomization not to have been eligible
based on the inclusion and exclusion criteria. Linear mixed
models were used to evaluate treatment effects. Linear mixed
modelstakeinto account repeated measuresfor each participant.
Thefixed part of the model included agroup indicator variable
(intervention or treatment as usual), a time variable
(posttreatment, 3-month follow-up, and 12-month follow-up),
and an interaction term between the group indicator and time
variable. Baseline scores were included as covariates in the
fixed portion of the analysis. Maximum likelihood estimations
were used to estimate the effects on al outcomes.
Between-group effect sizes (Cohen d) were calculated for
selected time points. We used SPSS statistical software (version
25, IBM Corp) for al anayses.

Patient | nvolvement

One person with noncardiac chest pain experience participated
in the development of the internet-based cognitive behavioral
therapy intervention. This person reviewed each session during
the development phase and provided input on the relevance of
the topics and the didactics of the intervention.

Ethics

The study protocol was approved by the Regional Committee
for Medical Research Ethics (2014/2031).

Results

Participants were recruited consecutively (Figure 3) from April
3, 2017 to March 26, 2018, with a 6-week pause from May to
June 2017 (total recruitment period: 10.5 months).

Of 796 patients with chest pain who were screened for
participation, 504 patientsfulfilled criteriafor noncardiac chest
pain; 231 patients were invited to participate, and 162 accepted
and were randomly allocated (intervention group: n=81;
treatment-as-usual group: n=81). One participant withdrew
consent and requested that their collected data be deleted;
therefore, 161 participantswereincluded in the intention-to-treat
analysis(Table 1). One participant had severe comorbid disease,
which was discovered after randomization, and another had
severe depressive symptoms that required specialist treatment;
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these patients were excluded from the per-protocol analysis. In  participants. In the per-protocol analysis, 55 participantsin the
the intervention group, 68 (84%) completed the internet-based  intervention group and 61 participantsin the treatment-as-usual
cognitive behavioral therapy (at least 5 of 6 sessions). group were included. The groups were well balanced for
Posttreatment assessments were completed for 133, 3-month  demographic and clinical data.

assessments for 126, and 12-month assessments for 117

Figure 3. Flow of participants during the study period. NCCP: non-cardiac chest pain; TAU: treatment as usual.
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Table 1. Demographic and clinical data collected at baseline.
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Characteristic Intervention group (n=80), n (%) Treatment asusua (n=81), n (%) Full sample (n=161), n (%)
Gender

Men 36 (45) 38 (47) 74 (46)

Women 44 (55) 43 (53) 87 (54)
Age (years), median (range) 53 (20-69) 51 (30-69) 52 (20-69)
Married or cohabiting 64 (80) 68 (84) 132 (82)
Highest education

Primary or high school 18 (23) 18 (22) 36 (22)

Vocational school 29 (36) 30(37) 59 (37)

College or university 33(41) 33(41) 66 (41)
Occupational status

Full work 43 (54) 48 (59) 91 (57)

Part time work 16 (20) 9(11) 25 (16)

Disability 14 (18) 18 (22) 32 (20)

Retired 4(5) 5(6) 9(6)

Sick leave 34 1(1) 4(3)
Comorbid disorders?

Somatic 42 (53) 41 (51) 82 (52)

Mental health 10 (13) 11 (14) 21(13)
Chest pain duration

0-1 month 22 (28) 24 (30) 46 (29)

2-6 months 29 (36) 28 (35) 57 (35)

>6 months 29 (36) 29 (36) 58 (36)
Chest pain frequency

Never 2(3) 4(5) 6 (4)

Seldom 41 (51) 37 (46) 78 (48)

Weekly 20 (25) 26 (32) 46 (29)

Daily 17 (21) 14 (17) 31(19)

8According to self-report.

Primary Outcomes

In the intention-to-treat analysis (Table 2), statistically
significant reductionsin CAQ score at the 3-month (P=.03) and
12-month follow-up (P=.004) were observed in the intervention
group compared with the treatment-as-usual group. The effect
size at 12-month follow-up was small to moderate (d=0.38).
Accordingly, the BSQ scores were significantly reduced at
posttreatment (P=.03) and at the 3-month follow-up (P=.04).

https://www.jmir.org/2022/1/e33631
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In the secondary per-protocol analysis (Table 2), participants
in the intervention group showed statistically significant
reductionsin CAQ scores at the 3-month (P=.02) and 12-month
(P=.002) follow-up compared with those in the
treatment-as-usual group. Hence, the BSQ scores in the
per-protocol analysis were significantly reduced at al time
points (posttreatment: P=.02; 3-month follow-up: P=.008;
12-month follow-up: P=.04).
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Table 2. Comparison of outcome measures between groups.
Outcome Score, mean (SD) Intention-to-treat analysis Per-protocol analysis
Intervention®  Treatment asusual® 9% Cl Pvalue®  95%Cl P value®
Primary
Cardiac Anxiety Questionnaire
Baseline 23.2(9.8) 23.4(10.3) Reference N/AE Reference N/A
Post 175(9.1) 18.4(9.7) -1.0(-33t01.2) .36 -12(-36to11) 31
3 months 14,5 (7.9) 18.1(10.4) —25(-4.810-0.2) .03 —2.9(-5.3t0-0.5) .02
12 months 13.8(8.7) 17.6 (11.2) -3.4(-5.7t0-1.1) .004 —3.7(-6.0t0-1.3) .002
Body Sensations Questionnaire
Baseline 36.8 (11.6) 36.7 (12.9) Reference N/A Reference N/A
Post 31.3(9.7) 335 (12.5) -3.1(-6.0t0-0.3) .03 -35(-6.5t0-0.5) .02
3 months 29.7 (9.9) 32.2(12.6) -3.0(-5.9t0-0.1) 04 —4.1(-71t0-1.1) .008
12 months 29.2 (10.3) 31.3(12.2) —2.7(-5.6100.3) .07 -3.1(-6.1t0-0.1) 04
Secondary
Patient Health Questionnaire-9
Baseline 6.9 (4.7) 6.9 (5.0) Reference N/A Reference N/A
Post 49(3.9) 6.6 (5.2) -1.6 (-2.7t0-0.6) .003 —2.1(-3.2t0-0.9) <.001
3 months 4.4(3.5) 5.9 (4.6) -1.3(-2.4t0-0.2) .03 -1.7 (-2.8t0-0.5) .004
12 months 48(3.8) 5.3 (5.0) -05(-1.7t00.6) 35 -0.9(-2.0t00.3) 13
EuroQol Visual Analog Scale
Baseline 63.5(20.2) 63.4 (19.4) Reference N/A Reference N/A
Post 69.0 (19.9) 62.0 (21.6) 7.7(1.9t013.4) .009 10.5 (4.4 t0 16.6) .001
3 months 71.8 (19.0) 61.1(20.6) 10.3 (450 16.2) .001 12.1(6.1t0 18.2) <.001
12 months 71.8 (19.0) 61.8 (22.4) 8.8 (2.81014.8) 004 10.0 (4.0t0 16.1) 001
Physical activityf
Baseline 3.0(1.9) 3.4(2.6) Reference N/A Reference N/A
Post 45(19) 33(2.1) 1.3(0.8t01.8) <.001 16(1.1to2.1) <.001
3 months 3.7(1.9) 34 (2.4) 0.3(-0.2t00.8) .19 0.5(0t01.0) .06
12 months 3.7(2.0) 35(2.1) 0.1(-0.410 0.6) 65 0.3(-0.21t00.7) 30

8 ntervention: baseline (n=80); post (n=64); 3 months (n=59); 12 months (N=56).

B Treatment as usual: baseline (n=81); post (n=69); 3 months (n=67); 12 months (n=61).

CEstimated mean differences between groups adjusted for baseline values (linear mixed models).

dEstimated mean differences between groups adjusted for baseline values (linear mixed models); n=55 in the intervention group and n=61 in the

treatment-as-usua group.
EN/A: not applicable.
*Number of times with moderate physical activity >30 minutes a week.

Secondary Outcomes

Intheintention-to-treat analysis, participantsin the intervention
group reported a datistically significant improvement in
depression posttreatment (P=.003) and at the 3-month follow-up
(P=.03) compared with the treatment-as-usual group.

Health-related quality of lifeimproved, reaching both statistical
(posttreatment: P=.009; 3-month follow-up: P=.001; 12-month
follow-up: P=.004) and clinical significancein theintervention

https://www.jmir.org/2022/1/e33631

group at all time points. The effect size at 12-month follow-up
was small to moderate (d=0.48). Physical activity increased
significantly in the intervention group posttreatment compared
with treatment-as-usual group (P<.001). In the per-protocol
analyses, all secondary measures improved to a greater extent
in the intervention group than in the treatment-as-usual group
(Table 2).

Participants scoring =5 on the PHQ-9 showed greater
improvements in all outcome measures in favor of the
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intervention group in the intention-to-treat analysisand also in
the per-protocol analysis (except for cardiac anxiety at

follow-up.

posttreatment) (Table 3). Effect sizes were moderate for CAQ

Table 3. Comparison of outcome measures for participants with baseline depression scores (PHQ-9 =5).

Thesen et a

(d=0.55) and EQ-VAS (d=0.71) scores at the 12-month

Outcome Score, mean (SD) Intention-to-treat analysis Per-protocol analysis
Intervention?  Treatment asusual®  95%Cl Pvaue®  9%Cl P value®
Primary
Cardiac Anxiety Questionnaire
Baseline 25.6(9.9) 256 (10.3) Reference N/AE Reference N/A
Post 20.2 (9.6) 20.7 (10.0) -0.6(-3.6102.3) .66 -0.6(-3.8102.6) 71
3 months 16.3 (8.4) 21.8(10.7) -3.9(-6.9t0-0.9) 01 -46(-7.8t0-14)  .006
12 months 15.3 (9.4) 21.3(12.4) -4.7(-7.9t0-16) .003 -50(-8.3t0-1.8)  .002
Body Sensations Questionnaire
Baseline 39.7 (12.0) 38.6 (14.2) Reference N/A Reference N/A
Post 32.2(10.3) 34.0 (13.0) -3.7(=7.410-0.1) 04 -41(-81t0-01)  .046
3 months 30.3(10.9) 33.0(12.6) -4.0(-7.8t0-0.3) 04 57(-96t0-17)  .006
12 months 31.4(11.4) 33.1(14.0) —35(-7.4100.4) .08 -41(-80t0-01) .04
Secondary
Patient Health Questionnaire-9
Baseline 9.4 (4.1) 9.3(4.4) Reference N/A Reference N/A
Post 6.4 (4.1) 9.1(5.0) —2.4(-4.0t0-0.8) .003 -31(-48to-14)  .001
3 months 5.6 (3.8) 7.8(4.4) -1.7 (-3.3t0-0.0) 047 —23(-4.1t0-06)  .008
12 months 59 (4.1) 7.7 (5.3) -1.3(-3.0t0 0.4) 14 -1.8(-3.5t0-0.1) .04
EuroQol Visual Analog Scale
Baseline 59.9 (21.9) 58.3 (20.5) Reference N/A Reference N/A
Post 65.9 (21.0) 55.2 (21.0) 9.9(2.1t017.7) 01 14.4 (5.7 0 23.1) .001
3 months 68.0 (20.4) 54.3 (20.9) 11.3(3.2t0 19.4) .007 13.5 (4.7 10 22.2) .003
12 months 70.9 (21.0) 54.6 (24.8) 12.4 (4.1t0 20.8) .004 14.2 (5.4t0 22.9) .002
Physical ac’[ivityf
Baseline 28(1.7) 3.2(2.3) Reference N/A Reference N/A
Post 45 (2.0) 34(2.2) 1.3(0.7t0 2.0) <.001 17 (11t0 2.4) <.001
3 months 3.7(2.0) 34(2.3) 0.4 (-0.3t0 1.1) 24 0.6 (-0.1t0 1.2) .09
12 months 3.7(2.1) 34(2.3) 0.2(-0.4t00.9) 48 0.4 (-0.2t0 1.1) 20

8 ntervention: baseline (n=51); post (n=40); 3 months (n=35); 12 months (n=34).
b Treatment as usual: baseline (n=53); post (n=43); 3 months (n=41); 12 months (n=35).

CEstimated mean differences between groups adjusted for baseline values (linear mixed models).

dEstimated mean differences between groups adjusted for baseline values (linear mixed models); n=34 in the intervention group and n=35 in the

treatment-as-usual group.

EN/A: not applicable.

Number of times with moderate physical activity >30 minutes a week.

Adver se Events and Protocol Deviations

The participants of the intervention group did not report any
serious adverse events in the telephone contacts with the
therapist. Two participants screened had serious depression
(scores>20 on the PHQ-9): one patient in the treatment-as-usual

https://www.jmir.org/2022/1/e33631

RenderX

group required an acute psychiatric evaluation and wasreferred
to the psychiatric specialist team. The other participant (in the
intervention group) wanted to continue with the intervention.

In agreement with the participant, the general practitioner was

informed of the intervention, and the participant continued the

treatment.

JMed Internet Res 2022 | vol. 24 | iss. 1 | €33631 | p. 10
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Discussion

Principal Findings

In this randomized controlled trial, we compared the
effectiveness of internet-based cognitive behavioral therapy and
treatment as usua in patients with noncardiac chest pain. Our
findings provide strong evidence for the effectiveness of
internet-based cognitive behavioral therapy after a negative
cardiac evaluation in a hospital setting. Participants receiving
internet-based cognitive behavioral therapy experienced
improvements in cardiac anxiety, fear of bodily sensations,
depressive symptoms, health-related quality of life, and physical
activity level. Participants with depressive symptoms at baseline
showed greater improvements after internet-based cognitive
behavioral therapy on aimost all outcome measures compared
with those who were not depressed at baseline.

Most (163/231, 70%) patients who were invited agreed to
participate, and 84% of participants (68/81) in the intervention
group completed at least 5 of the 6 internet-based cognitive
behavioral therapy sessions. Thisindicatesthat theintervention
had a high acceptability. The cumulative therapist time spent
for each internet-based cognitive behavioral therapy participant
totaled 60 to 70 minutes, including the time spent providing
information about the intervention at the hospital. This makes
the intervention considerably less costly and time-consuming
(per patient) than even brief face-to-face cognitive behavioral

therapy.

Primary Outcomes

Cardiac anxiety did not significantly improve at the
posttreatment assessment in the internet-based cognitive
behavioral therapy group compared with the treatment-as-usual
group. However, athough the improvements within the
intervention group during the intervention period were large,
improvements in the treatment-as-usual group were also
substantial. This may indicate that an examination by a
cardiologist, which is often combined with computed
tomography angiography, can contribute to reducing cardiac
anxiety. One might expect that improvement in cardiac anxiety
in the treatment-as-usual group would be temporary, but the
improvements were similarly maintained in the
treatment-as-usual group at the 3- and 12-month follow-ups.
However, cardiac anxiety in the intervention group improved
significantly more than in the treatment-as-usual group at the
3- and 12-month follow-ups in both the intention-to-treat and
per-protocol analyses, suggesting that the exclusion of cardiac
conditions combined with internet-based cognitive behavioral
therapy yield a better effect on cardiac anxiety over time.

As with cardiac anxiety, the improvements in fear of bodily
sensations within the intervention group were large and
comparable to findings in a previous study [7]. However, the
treatment-as-usual group also improved substantially; at the
12-month follow-up, the intervention group reported a
nonsignificant improvement of 2.7 points (P=.07) in the
intention-to-treat analysis and a dstatistically significant
improvement of 3.1 points (P=.04) in the per-protocol analysis.
These improvements in the treatment-as-usual group were
somewhat surprising, given that in [7], the treatment-as-usual

https://www.jmir.org/2022/1/e33631
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group actually showed increased BSQ scores at the 12-month
follow-up. In [7], the intervention group had substantially and
significantly less symptoms on BSQ a 12 months
(between-group difference: 7.5 points). The smaller
improvement in BSQ in our study might be explained by the
fact that the participantsin [7] had significant noncardiac chest
pain-related complaints at thetime of study inclusion (6 months
after receiving a noncardiac chest pain diagnosis). Therefore,
in[7], thetime period most likely associated with anaturalistic
remission of noncardiac chest pain symptoms was compl eted,
thuseliminating potential participantswith very mild symptoms
and little room for improvement from the analysis of key
outcome measures.

Secondary Outcomes

PHQ-9 depression scores improved significantly more in the
intervention group than in the treatment-as-usual group
posttreatment (P=.003) and at the 3-month follow-up (P=.03),
but there was no significant difference at the 12-month follow-up
(P=.35). It is important to note that the sample had a low
baseline score of 6.9 on the PHQ-9, indicating only mild
depressive symptoms on average. These low baseline scores
reduced the likelihood of finding a significant difference in
depression between the internet-based cognitive behavioral
therapy and treatment-as-usual groups. Health-related quality
of lifeimproved substantially in theintervention group, whereas
a dight deterioration was observed in the treatment-as-usual
group. This may suggest that even if patients with noncardiac
chest pain experience improvement in cardiac anxiety and fear
of bodily sensations without specific treatment, they might
struggle to regain a normal quality of life. This corresponds
well with the findings of other studies [5,25,26]. The
improvement in EQ-VAS in the intervention group was
statistically significant (posttreatment: P=.009; 3 months:
P=.001; 12 months. P=.004) and clinically relevant at al points
of time.

There was a significant increase in physical activity in the
intervention group posttreatment (P<.001), suggesting that the
participants adhered to the physical activity—related elements
of our intervention. Thisinitia increase in physical activity in
the internet-based cognitive behavioral therapy group was not
maintained at the 3- and 12-month follow-up. Clinical
impressions suggest that a key element in the internet-based
cognitive behavioral therapy was exposure to increased heart
rates, followed by the observation that the participants did not
experience a health catastrophe. We did not include a specific
measure to monitor the intensity of physical activities, but
participants who were more physically active also exposed
themselves more often to activities that increased their heart
rate. We hypothesize that even atemporary increasein activity
level with a focus on achieving a high heart rate may have
lasting positive effects on cardiac-related anxiety and
psychological limitations associated with physical activity.

Subgroup Analysis of Patients With a PHQ-9 Score
>5 at Basdline

Studies that included noncardiac chest pain patients regardless
of baseline noncardiac chest pain—related symptom levels, such
as[8] and our study, might have difficulty detecting significant
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differences when baseline scores are low. We found larger
effects on most outcome measures among internet-based
cognitive behavioral therapy participants with baseline PHQ-9
scores =5. Patients with noncardiac chest pain and with
depressive symptoms might benefit more from internet-based
cognitive behavioral therapy, and PHQ-9 scores should be
further analyzed as a possible predictor of treatment effects.
Given that internet-based cognitive behavioral therapy was
effective for the participant group asawhole, offering alow-cost
intervention with no known side effects to all patients with
noncardiac chest pain regardless of symptom levels at a busy
cardiac unit might be advantageous from an implementation
perspective, even though internet-based cognitive behavioral
therapy might not be needed for those with low depression
scores at baseline.

Comparison With Prior Work

Previously, only one small pilot randomized controlled trial [9]
tested the effectiveness of internet-based cognitive behavioral
therapy for noncardiac chest pain and did not find statistically
significant differences in CAQ or BSQ scores; however, the
study was clearly underpowered. In another recent study [8],
3- or 4-session face-to-face cognitive behavioral therapy were
compared with treatment asusual in an unsel ected group of 424
noncardiac chest pain patients recruited at the hospital
immediately after their cardiac examination, and health anxiety
improved at the 3-month follow-up in the intervention group
compared with in the treatment-as-usual group, but these
improvements were not sustained at the 12-month follow-up.
The main difference between [8] and our study is that our
intervention focused on exposure to physical activity (which
was not emphasized in [8]). Notably, Jonsbu et a [7] found
sustained improvementsin BSQ, avoidance of physical activity
and depression 12 months after the participants completed their
exercise-focused cognitive behavioral therapy treatment. Our
focus on physical activity may account for the enduring effects
of our intervention. Cognitive behavioral therapy is often more
powerful when maladaptive cognitions are challenged during
systematic exposure [27].

Strengths and Limitations

This study has several significant strengths. First, a high
percentage of potential candidates accepted and participated
(162/231, 70%), perhaps because the patients were recruited in
a cardiac setting. Second, adherence to the internet-based
cognitive behavioral therapy was high (68/81, 84%), and sample

Thesen et a

retention at the 12-month follow-up was acceptable (117/162,
72.2%). Third, the study was performed in a routine clinical
setting with few exclusion criteria, which strengthens the
generalizability of the results. Fourth, the intervention required
approximately 1 hour of therapist time per patient and was easy
to administer. Finally, outcome measures were collected
electronically, and randomization was performed el ectronically
at aremote location.

This trial also had some limitations. First, the therapist (TT)
who conducted all the check-in calls during this study
participated in the development of the intervention and had
previous cognitive behavioral therapy training, which may have
increased the effect of internet-based cognitive behavioral
therapy in this study. In addition, all check-in calls were made
by the same therapist, except during a period of a few weeks.
Second, the control group only received treatment as usual (we
did not use a sham intervention as a control condition). Third,
neither the therapist nor the participants could be blinded to the
intervention. Fourth, computer literacy and internet accesswere
required in order to utilize the intervention. Finaly, the
assessment of physical activity and analysis of PHQ-9 =5 were
not described in the original trial registration. A recent study
[8] found that brief cognitive behaviora therapy without a
particular focus on physical activity does not have an effect on
noncardiac chest pain, suggesting that physical activity is an
important aspect of the treatment. The analysis of PHQ-9 =5
was added because previous research found that higher
depression scores predicted poorer outcomes in patients with
noncardiac chest pain [2,28].

Clinical Implications and Further Research

An easily accessible, low-cost, and effective internet-based
cognitive behavioral therapy for noncardiac chest pain has the
potential to improve care and quality of life in a large and
underserved group of patients. Further research is needed to
investigate whether standard staff working at the cardiac unit
can provide this type of care effectively and to determine
whether certain patient subgroups benefit more or lessfrom this
type of intervention.

Conclusions

This study provides evidence that internet-based cognitive
behavioral therapy with minimal therapist contact and with a
focuson physical activity iseffectivein reducing cardiac anxiety
and increasing health-related quality of life in patients with
noncardiac chest pain.
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