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Aims Cardiac anxiety, which is cardiac-related fear and avoidance behaviours, is common following myocardial infarction (MI) and
has been associated with increased risk for cardiovascular events. However, there are currently no treatments specifically
designed to target cardiac anxiety. The aim of the two pilot studies was to evaluate an exposure-based cognitive behavioural
therapy protocol (MI-CBT) targeting cardiac anxiety following Ml, assessing feasibility, acceptability, and the intervention’s
potential for reducing cardiac anxiety and improving health-related quality of life (QoL).

Methods A series of two sequential, uncontrolled pilot studies were conducted. In Pilot Study 1 (n = 15), MI-CBT was delivered via face-to-

and results face videoconference, while Pilot Study 2 (n = 23) was delivered online. Patients with a history of MI (=6 months before assessment,
type 1 ST- or non-ST-segment elevation M|, and elevated cardiac anxiety as per clinical interview) were included. The interventions
lasted 8 weeks and were therapist-led, with key components including exposure to cardiac-related symptoms and reduction of
avoidance behaviours. Participants completed self-rated assessments, including the Cardiac Anxiety Questionnaire (CAQ) and
the 12-ltem Short Form Health Survey (SF-12), at baseline, post-treatment, and 6-month follow-up. Treatment adherence
and satisfaction were high. Cognitive behavioural therapy led to a large reduction in cardiac anxiety, as measured by the CAQ
(P <0.001), and significant improvements in health-related QoL, as measured by the SF-12 (P < 0.001), in both pilot studies.

Conclusion These studies suggest that exposure-based CBT is a feasible, acceptable, and promising approach to reduce cardiac anxiety and
improve QoL following MI. A randomized controlled trial should be conducted to evaluate the efficacy of the intervention.

Lay summary In these two studies, we wanted to see if 8 weeks of cognitive behavioural therapy for heart-related anxiety after a heart attack
could be a viable treatment approach, and whether it could help reduce the anxiety related to the heart and improve quality of life.
Key findings:
» Participants were satisfied with the treatment and reported that they had less anxiety related to the heart, as well as improved
quality of life
+ Cognitive behavioural therapy targeting heart-related anxiety may be a promising way of treating anxiety related to the heart
following a heart attack.
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Introduction

Myocardial infarction (M) is an acute cardiovascular event associated
with adverse health outcomes and mortality." Following Ml it is com-
mon to experience psychological distress, with approximately
one-third of patients developing clinically significant anxiety, depres-
sion,” and cardiac-related fear and avoidance behaviours, i.e. cardiac
anxiety.? Psychological distress is a well-known risk factor for adverse
cardiovascular outcomes* and has been linked to pathophysiological
pathways including sympathetic activation, autonomic dysregulation
and systemic inflammation.® Psychological distress is also linked to
behavioural risk factors such as an unhealthy lifestyle including
smoking, poor diet and low levels of exercise, incompliance with
medical recommendations,® and reduced participation in cardiac
rehabilitation.”

More specifically, cardiac anxiety has been shown to increase the risk
for recurrent cardiovascular events post-Ml (hazard ratio = 1.77)%° and
is associated with elevated depressive symptoms.” This association sug-
gests that the relationship may arise from secondary effects of cardiac
anxiety, such as avoidance behaviours and reduced quality of life, which
contribute to the development of depressive symptoms. Cardiac anx-
iety specifically refers to distress about the heart’s function, hypervigi-
lance towards cardiac-related symptoms, and related avoidance
behaviours.'® This is distinct from general anxiety, which encompasses
a broader range of worry themes; panic disorder, which centres on fear
of panic attacks'"; or health anxiety, characterized by a persistent fear
of having or developing a serious illness and may include but is not
limited to cardiac-related fears.'” A potential behavioural pathway is
that fear of cardiac-related symptoms (e.g. chest pain, increased heart
rate, palpitations, shortness of breath) and fear of recurrent Ml
following the cardiac event lead to hypervigilance and avoidance beha-
viours'® (e.g. avoidance of physical activity or being alone), which
creates a self-reinforcing vicious cycle. Cardiac anxiety, unlike general
anxiety and depression, offers a disease-specific framework for under-
standing the unique psychological challenges post-Ml, allowing for more
targeted interventions to address specific fears and avoidance beha-
viours associated with the cardiac event.

Reduced Cardiacanxiety
\J ')

Exposure-based cognitive behaviour therapy (CBT) targets the cycle
of anxiety, avoidance behaviour, and associated impairments'> and has
been shown to effectively alleviate psychological distress related to
somatic disorders.”*"® CBT can be effectively administered online,
achieving treatment outcomes that are similar to those of traditional
face-to-face therapy, while also increasing scalability."® CBT post-MI
has shown promising results in reducing anxiety, depression,'” and miti-
gating adverse cardiac outcomes'®. However, no CBT protocol has
been specifically designed with an exposure-based approach to address
cardiac anxiety following an M|, emphasizing the need for a scalable clin-
ical intervention.

Given how cardiac anxiety may affect the patient’s ability to re-
cover post-Ml, there is a clinical need to develop and evaluate a
CBT protocol, which specifically targets cardiac anxiety. We have
previously developed an exposure-based CBT protocol targeting
cardiac anxiety in patients with atrial fibrillation (AF)'>"*2% demon-
strating significant improvements in cardiac anxiety and disease-
specific Quality of Life (QoL). In these two pilot studies, we adapted
the previously evaluated CBT protocol to specifically address cardiac
anxiety in post-MI patients, incorporating patient-reported experi-
ences and clinical observations.

The primary aim of the two sequential non-randomized pilot studies
was to evaluate the feasibility and acceptability of an exposure-based
CBT protocol targeting cardiac anxiety post-MI (MI-CBT). Secondary
aims were to investigate if MI-CBT potentially leads to reduction in car-
diac anxiety and improvement in QoL, and to investigate cardiac anxiety
as a putative mediator of treatment effect on health-related QolL.

Methods
Study design

Two sequential uncontrolled pilot studies were conducted at the
Karolinska University Hospital in Stockholm, Sweden. In Pilot study
1 (n =15), MI-CBT was delivered face-to-face via video conference, while
Pilot study 2 (n = 23) used a text-based internet-delivered format. To assess
aspects as feasibility, acceptability and patient safety, and enhance treatment
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development, we conducted a stepwise evaluation of the MI-CBT by start-
ing with a face-to-face format, and then moving to an internet-based format.
Both studies employed a pretest-posttest design and included a 6-month
follow-up and shared the same study design, recruitment, and inclusion
procedures.

Recruitment for Pilot study 1 started on 7 December 2020 and ended on
26 January 2021, and the last data were collected on 10 December 2021.
Recruitment for Pilot study 2 started on 29 October 2021 and ended on
1 March 2022, and the last data were collected on 5 December 2022.
Trial protocols were pre-registered at ClinicalTrials.gov: NCT04649307
(Pilot study 1) and NCT05128981 (Pilot study 2); and approved by the
Swedish Ethical Review Authority no: 2020-05466 (Pilot study 1) and
2021-04488 (Pilot study 2).

Participants

Eligibility criteria for participation in the studies included the following: (A)
MI > 6 months before assessment (type 1 ST- or non-ST-segment elevation
MI); (B) elevated cardiac anxiety causing significant distress or limitation in
daily activities [Cardiac Anxiety Questionnaire (CAQ); score >20]*"; (C)
medical care as deemed adequate by the discretion of the study cardiologist
and in accordance with current clinical guidelines®%; (D) able to read and
write in Swedish; (E) age 18—69 years (face-to-face CBT) or age 18-75 years
(online CBT). Exclusion criteria were: (F) heart failure with severe systolic
dysfunction, an ejection fraction at 35% or under; (G) significant valvular dis-
ease; (H) planned or recently performed coronary artery bypass surgery or
other invasive treatment; (I) other severe medical iliness; (J) any medical re-
striction to physical exercise; (K) severe psychiatric disorder, severe depres-
sion, or risk of suicide; or (L) alcohol dependence.

Trial participants were asked to refrain from engaging in any concurrent
psychological treatment until the conclusion of CBT. Additionally, partici-
pants were advised to continue their current pharmacological therapy un-
less clinical adjustments were deemed necessary. The age range of 18—69 as
an inclusion criterion in the first pilot study was influenced by the ongoing
COVID-19 pandemic, as we needed to adhere to the social distancing
guidelines for age groups 70 and older set forth by the Public Health
Agency of Sweden during this period. See the Supplementary material
online for a more detailed description of the measures taken due to the on-
going COVID-19 pandemic during Pilot Study 1.

Recruitment and determination of eligibility

Patients in the respective studies were recruited nationally via self-referral
in response to advertisements in social media, and information directed to
cardiology practices. Applicants registered via a secure webpage and
completed online screening, including informed consent, medical history,
demographics, the CAQ,?" the Alcohol Use Disorders Identification Test
(AUDIT), and the Patient Health Questionnaire-9 (PHQ-9).2* The eligibil-
ity criteria (A-J) were assessed based on the screening data, medical re-
cords, and a telephone interview by a study cardiology nurse (E.O).
Subsequently eligibility criteria B, K, and L were assessed via a structured
telephone-based clinical interview by a licensed psychologist (J.S, B.E.L)
or last year clinical psychologist student (L.M., |.B.), under supervision by
the last author (J.S.). The MI diagnosis, medical history, medical records,
pharmacology treatment, and cardiac parameters were reviewed by the
study cardiologist (H.S, L.G.M,, S.K.) before decision on inclusion was made.

Procedures

Assessments in both of the studies were completed online at baseline,
weekly during treatment, post-treatment, and 6 months follow-up, with
no interference of study personnel. After inclusion in the study, participants
completed baseline assessment online and started treatment within 4 days.

Intervention

The intervention was based on a CBT protocol targeting cardiac anxiety in
patients with AF, developed by Sarnholm et al.’>"*2° previously evaluated in
a series of clinical trials. The CBT protocol (MI-CBT) was developed and tai-
lored to the clinical presentation of Ml patients by the lead author (J.S.) and
underwent further development and refinement before the second study,
during which the online manual was finalized. The MI-CBT intervention was
therapist lead (see Therapist support below), lasted for 8 weeks and was

delivered face-face or via the internet, respectively, in eight interactive treat-
ment modules. The treatment targets cardiac anxiety i.e. fear and hypervi-
gilance towards cardiac-related symptoms, fear or recurrent M| and
cardiac-related avoidance behaviour and includes the following treatment
components: (i) psychoeducation on common emotional and behavioural
reactions following Ml and on cardiac anxiety and avoidance behaviours” im-
pact on QoL. Education on benign vs. acute cardiac symptoms and when to
seek medical care; (i) labelling exercise (i.e. labelling of cardiac-related
symptoms, thoughts, imagery, feelings, and behavioural impulses) to prac-
tice a more neutral stance towards bodily sensations and reduce fear and
hypervigilance; (iii) interoceptive exposure to cardiac-related symptoms
such as an increase in heart rate, palpitations, or shortness of breath.
Participants were instructed to induce these sensations through various ex-
ercises, such as running on the spot, lying on their left side while placing a
hand on their heart, or hyperventilating; (iv) systematic in-vivo exposure
to avoided activities and situations (such as engaging in physical activity,
going for a walk alone or planning activities for the future); (v) reduction
of cardiac-related avoidance- and control behaviours (such as constantly
monitoring the heart or excessive healthcare seeking); (vi) relapse preven-
tion strategies to manage symptoms such as of chest pain or external stres-
sors, and how to maintain treatment gains. Participants were encouraged to
use components 1-5 in conjunction to enhance the effect of exposure. For
example, going for walks alone, increase the heart rate and label their
cardiac-related symptoms and emotional reactions while refraining from
engaging in control behaviours, such as checking their pulse. See Box 1
for an overview of the treatment.

Patient safety measures

Education on common benign cardiac related symptoms (e.g. palpitations
from physical activity, chest tightness due to musculoskeletal pain) vs. acute
cardiac symptoms and when to seek medical care (e.g. chest pain over
30 min unresponsive to nitro-glycerine, chest pain/pressure with shortness
of breath and cold sweats) was provided in the first module. This aimed to
help participants distinguish between manageable symptoms and those re-
quiring medical attention. Physical activity, as recommended by clinical
guidelines,”® posed no risks for MI patients in the two pilot studies.
However, participants were advised to stop the exposure exercise and in-
form their physician if they experienced exercise-induced chest pain or
fainting sensations. Treating therapists could also consult the study nurse
and cardiologist throughout the treatment if concerns arose about partici-
pants’ well-being or if they needed advice on adapting exposure exercises to
medical needs. Both the study nurse and the cardiologist were also able to
access the platform to give written feedback and supervision to the treating
psychologist.

Therapist support

The first pilot study comprised of 8 weekly face-to-face videoconference
sessions with a licensed psychologist (B.L, B.E.L, ].S.). Text modules and
weekly homework assignments were delivered online in conjunction with
the session. The second pilot study consisted of eight interactive text-based
treatment modules delivered via the internet over 8 weeks. The treatment
was guided by licensed psychologist (J.S.) or last year clinical psychologist
student under supervision (L.G.M., |.B.). The therapists gave feedback on
weekly homework assignments, and guided the participants through the
treatment. All study therapist received training on how to deliver
MI-CBT by senior author (J.S.) and on the medical aspects of Ml by the study
cardiologist (H.S., L.G.M.). Fidelity to the MI-CBT protocol was monitored
weekly by the senior author (J.S.) in both studies, and no deviations from the
treatment protocol were identified.

Measures

Feasibility and adherence to treatment

Treatment satisfaction was measured by the Client Satisfaction
Questionnaire (CSQ-8)% at post-treatment. The total score ranges from
8 to 32, with a higher score indicating a higher level of satisfaction with
the intervention. Adherence to treatment was assessed by the number of
completed treatment modules over the 8-week treatment period.
Treatment completion was defined as the completion of four modules,
as the main treatment content is covered in the initial four modules and
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Box 1 Treatment overview

Module 1—Introduction and Common emotional reactions

psychoeducation. following Ml

The interaction between cardiac

anxiety and avoidance behaviour

Setting goals

Mapping of avoidance- and
control-behaviours

Module 2—Interoceptive Exposure to physical sensations to

exposure reduce associated fear

Self-observation through labelling

Module 3—Introduction to Introduction of gradual exposure to

exposure in-vivo situations, places and activities

Reduction of avoidance- and

control-behaviours

Module 4—Cardiac related
anxiety and thoughts

Introduction and rationale on
strategies to manage thoughts and

worries

Modules 5, 6, 7—Continuing Continuous work with gradual

exposure and reclaiming interoceptive and in vivo exposure

activities Combining the treatment strategies

Module 8—Summary and Summary of treatment

relapse prevention Identifying risk situations

Plan for future work towards goals

participants have commenced exposure exercises. Adverse events related
to the CBT-treatment were assessed weekly during treatment, at post-
treatment and at 6-month follow-up. Adverse events related to the treat-
ment were rated from a mild negative effect to a very negative effect, range
1-3, as well as the short- and long-term impact of the adverse event.?’”

Continuous outcomes

The primary outcome for both studies was health-related Qol, measured
by the 12-Item Short-Form Health Survey (SF-12).% SF-12 consists of eight
domains covering different life areas, such as physical functioning, bodily
pain, general health and mental health. The eight domains are summarized
into a Mental Health Summary score (SF-12 MCS) and Physical Health
Summary score (SF-12 PCS), ranging from 0 to 100, with a higher score in-
dlcatmg better QoL. Secondary outcomes included: Cardiac anxiety
CAQQ fear of bodily symptoms (Body Sensation Questionnaire;
BSQ),”” physical activity (The Godin Leisure-time Exercise Questionnaire;
GSLTPAQ),* fear of movement (Tampas Scale for Kinesiophobia Heart;
TSK Heart),>' depressive symptoms (Patient Health Questionnaire-9;
PHQ- 9) 24 generalized anxiety (Generalized Anxiety disorder 7;
GAD-7)*? and perceived stress (Perceived Stress Scale-4; PSS-4).3 (See
the Supplementary material online for detailed descriptions of the second-
ary outcomes.) Other outcomes included in Pilot study 2 are reported in
the Supplementary material online.

Power analysis

The first pilot study aimed to include 20 participants to achieve 80% power
for observing a standardized mean difference of at least d = 0.65 between
pre-treatment and post-treatment, corresponding to an NNT =3.
However, recruitment was concluded at 15 participants because the prin-
cipal aim of investigating the feasibility and acceptability of the intervention
was deemed to have been achieved. Similarly, the initial aim for the second
study was to include 30 participants, but recruitment concluded at 23 par-
ticipants because we observed feasibility and acceptability and preliminary
analysis of data from the first pilot study indicated that a within-group effect

size of at least d = 0.8 could be expected, meaning that 20 participants were
needed to achieve 90% power.

Analysis

Within-group changes were investigated using within-group t-test where
we compared baseline assessment with the post-treatment and 6-month
follow-up assessment, respectively. Cohen’s d effect sizes were calculated
as the within-group average change divided by the baseline standard devi-
ation of the respective measure, and 5000 bootstrap replications were
used to obtain 95% confidence intervals (Cls) for the effect sizes.
Because only one participant in each study failed to complete post-
treatment or 6-month follow-up assessment, no method of missing data
handling was employed.

The potential mediating effects of cardiac anxiety (CAQ) on the treat-
ment’s effect on the primary outcome measure (SF-12) were analysed using
exploratory mediation analysis. The mediation analyses were conducted
based on the 8 weekly measurements of CAQ and SF-12 collected during
the treatment. In Pilot study 1, we also included weekly measures of the
perceived stress measure PSS-4 and physical activity measure GSLTPAQ,
which were also investigated as potential mediators. See Supplementary
material online for a more detailed description of the mediation analysis.

Results

Sample

The baseline characteristics of the samples of both studies are displayed
in Table 1. The sample in Pilot study 1 (MI-CBT, face-to-face via video
conference) consisted of 15 participants [mean age 56.5+ 2.5, 11
(73%) males, 1.9 + 1.4 years since MI] and Pilot study 2 (internet-
delivered MI-CBT) included 23 participants [mean age 62 +7.8, 14
(61%) males, 3.9 + 4.2 years since MI]. The majority of the participants
had no prior MI [0 (0%) in Pilot study 1 and 4 (83%) in Pilot study 2].
Body mass index (BMI) in both studies indicated overweight (Pilot study
126.5 + 5.4, Pilot study 2 27.3 + 5.2). Insomnia was the most prevalent
psychological condition in both studies, affecting 80% of participants in
Pilot Study 1% and 43% in Pilot Study 2. Based on the baseline
GSLTPAQ scores, participants in both pilot studies were classified as
physically active. The average baseline CAQ score corresponded to
clinical significant cardiac anxiety,” 39.7+8.7 in Pilot study 1 and
35.1 + 9.1 in Pilot study 2. Figure 1A and 1B outlines the steps involved
in evaluating eligibility and tracking follow-up throughout the studies.

Recruitment and retention

The recruitment goal in Pilot study 1 was achieved in 2, 4 months and in
5 months in Pilot study 2, respectively. The retention was high in both
studies with 93.4% completing all outcome measures in Pilot study 1%
and 95.7% in Pilot study 2.

Treatment activity and satisfaction with
the treatment

Treatment satisfaction according to CSQ-8¢ was high, with an average
of 29.7 (+4.1) out of 32 points in Pilot study 1 and 28 (+4.6) in Pilot
study 2. This corresponds to ‘very satisfied’ with the treatment. We ob-
served high adherence and treatment completion in both studies. In
Pilot study 1 all participants were considered treatment completers
(n=15; 100%), and participants completed on average 7.8 modules
(+0.8, range, 5 to 8). In Pilot study 2, a majority (n = 17; 74%) were con-
sidered treatment completers, with an average completion rate of 5.9
modules among all participants (+ 2.4, range, 1 to 8). In Pilot study 2,
one participant reported progression of cardiac disease and discontin-
ued the treatment after completing the first module.
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Table 1 Participants characteristics at baseline
Pilot study 1 Pilot study 2
(n=15) (n=23)
Male 11 (73%) 14 (61%)
Age, yr 56,5+25 62.01+78
Employment status
Employment 11 (73%) 12 (52%)
Sick leave 1(7%) 0 (0%)
Retired 3 (20%) 9 (39%)
Unemployed 0 (0%) 2 (9%)
Highest completed education
Primary 1(7%) 3 (13%)
Secondary education 1(7%) 5 (13%)
Tertiary 11 (74%) 25 (65%)
Other 1(7%) 0 (0%)
Most recent Ml
Years since Ml 19+14 39+42

Type of Ml

PCI

CABG

Conservative treatment
Medical history

Smoker

Diabetes

Previous stroke

Angina pectoris

Atrial fibrillation
Hypertension

Previous Ml

Mental health characteristics
Insomnia

Depressed mood

Any anxiety disorder
Baseline characteristics

BMI

Blood pressure systolic, mmHg
Blood pressure diastolic, nmHg
Heart rate, bpm

Ejection fraction, %

Current medication

Beta blocker

ACEiI/ARB

Calcium channel blocker
Lipid-lowering agents

ASA

DAPT

SSRI

Anxiolytics, ‘as needed’

Sleep medication

NSTEMI, 9 (60%) NSTEMI, 10 (43%)
STEMI, 10 (43%)

STEMI, 6 (40%) Unspecified, 3

(13%)
15 (100%) 17 (74%)
0 5 (22%)
0 1 (4%)
0 (0%) 1 (4%)
1(7%) 2 (9%)
2 (13%) 0 (0%)
2 (13%) 3 (13%)
1(7%) 0 (0%)
7 (47%) 15 (65%)
0 (0%) 4 (17%)
12 (80%) 10 (43%)
7 (47%) 6 (26%)
6 (40%) 6 (26%)
265+54 273+52
1245+ 121 1288+ 134
787+79 774+83
64.8+88 614+86
49.9 £147 5239 + 57
11 (73%) 16 (70%)
11 (73%) 20 (87%)
3 (20%) 4 (17%)
15 (100%) 22 (96%)
10 (67%) 17 (74%)
8 (53%) 6 (26%)
2 (13%) 1 (4%)
0 (0%) 1 (4%)
1(7%) 5 (22%)
Continued

Table 1 Continued
Pilot study 1 Pilot study 2
(n=15) (n=23)

Cardiac rehabilitation

Currently attending 1(7%) 2 (9%)
Attended in past 6 (40%) 14 (61%)
Was not offered 5 (33%) 3 (13%)
Discontinued due to 3 (20%) 4 (17%)

COVID-19

Values are mean + SD or n (%).

BMI, body mass index; PCl, percutaneous coronary intervention; bpm, beats per
minute; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; ASA, acetylsalicylic acid; DAPT, dual antiplatelet therapy; SSRI, selective
serotonin reuptake inhibitor.

?Five datapoints missing from the sample and not included in the calculation.

Adverse events

There were no serious adverse events or medical incidents reported in ei-
ther of the studies. The majority of adverse events were rated as mild and
transient and related to discomfort during exposure exercises, increased
cardiac-related attention, or stress due to participating in the study. In
Pilot study 1, seven adverse events were reported by four participants
(27%) over the treatment, and in Pilot study 2, four adverse events were
reported by four participants (17%). No adverse events were reported
post-treatment or at 6 months follow-up in either of the pilot studies.

Primary and secondary outcomes

Table 2 displays the estimated within-group mean changes. At post-
treatment, compared with baseline, health-related QoL was significant-
ly improved on both mental QoL (SF-12 MCS, P-value: < 0.001 for both
studies) and physical QoL (SF-12 PCS, P-value: 0.036 for Pilot study 1,
P-value: 0.008 for Pilot study 2). The improvements in mental QoL from
baseline remained significant at the 6-month follow-up in both studies,
whereas physical QoL (SF-12 PCS) was only significant in Pilot study 1
at the 6-month follow-up. We also observed a large and significant re-
duction in cardiac anxiety (CAQ) in both pilot studies (P-value: < 0.001
for both studies). These results were maintained at the 6-month follow-
up. The results on the majority of outcome measures showed a consist-
ent pattern. Fear of bodily symptoms (BSQ), depression (PHQ-9),
general anxiety (GAD-7), and perceived stress (PSS-4) all, except
PSS-4 in Pilot study 2, showed statistically significant improvement in
estimated mean changes from baseline to post-treatment in both stud-
ies, although improvements in PSS-4 were not statistically significant at
the 6-month follow-up in Pilot study 2. There were no significant effects
on physical activity (GSLTPAQ) in either study. For effect size calcula-
tions, see Supplementary material online, Table S7.

Mediation analysis

In Pilot study 1, we started with single-mediator analysis and retained
significant mediators in a multiple mediator analysis. For the SF-12
MCS subscale as outcome, GSLTPAQ was not found to mediate
change (data not shown) whereas both PSS-4 and CAQ were found
to mediate change (data not shown) and were included in the multiple
mediator analysis. In the multiple mediation analysis on SF-12 MCS,
PSS-4 was still a significant mediator, ab = 0.86, 95% CI [0.52, 1.35],
whereas CAQ was not a mediator, ab=0.23, 95% CI [-0.24, 0.73].
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Completed the online screening to Pilot study1
(n=28)

Excluded after registration (n = 3)
Study full at registration (n = 1)
Cardiac event other then Ml (n = 2)

v

v

Telephone assessment by cardiac nurse (n = 25)

Excluded at nurse assesment (n = 4)
No reply (n = 1)
Cardiac event # Ml (n = 3)

v

v

Telephone assessment by psychologist (n = 21)

Excluded at psychologist assesment (n = 5)
Subclinical cardiac anxiety (n = 2)

» Other psychological treatment (n = 1)

Declined participation (n = 1)

Cognitive difficulties (n = 1)

v

Assessment by cardiologist (n = 16)

Excluded at cardiologist assesment (n = 1)
Other medical condition (n = 1)

v

Included in intervention (n = 15)

_| Drop-out during intervention
| Work-related stress (n = 1)

v

Completed post-treatment questionnaires
(n=15)

|

Completed six-month follow-up
questionnaires (n = 14)

Figure 1 (A) Flow of participants through the study. (B) Flow of participants through the study.
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Completed the online screening to Pilot study2 (n=47)

Excluded after registration (n = 14)
Incomplete online registration (n = 6)

A

» CAQ <20 (n=6)

Cardiac event # Ml (n = 1)
Not able to reach (n = 1)

Telephone assessment by cardiac nurse (n = 33)

\4

Excluded at nurse assesment (n = 4)
Declined therapy (n = 1)

Coronary artery spasm (n = 1)

Other psychological treatment (n = 1)
SCAD (n=1)

Telephone assessment by psychologist (n = 29)

»| Other primary psychiatric disorder (n = 2)

Excluded at psychologist assesment (n = 6)
Subclinical cardiac anxiety ot (n = 3)

A\ 4

Unstable medication (n =1)

Assessment by cardiologist (n = 23)

\4

Included in intervention (n =23)

_| Drop-out during intervention

v

"| Progression cardiac disease (n = 1)

(n=22)

Completed post-treatment questionnaires

v

Completed six-month follow-up
questionnaires (n = 22)

Figure 1 Continued

For the SF-12 PCS subscale, neither GSLTPAQ nor PSS-4 where signifi-
cant single mediators (data not shown) and we therefore only report
the single mediator analysis with CAQ, which was statistically signifi-
cant, ab=1.15, 95% CI [0.50, 2.08].

In Pilot study 2, only CAQ was measured weekly together with SF-12
and therefore only single mediator analysis could be performed.
Cardiac Anxiety Questionnaire was a significant mediator of change
on both the SF-12 MCS subscale, ab=1.00, 95% CI [0.77, 1.24] and
the SF-12 PCS subscale, ab=0.77, 95% CI [0.44, 1.36].

Changes in cardiac health and medication

In Pilot study 1, one participant reported perceived worsening of car-
diac symptoms in the post-treatment period (increased AF), while
five participants (33%) reported perceived deterioration of cardiac
symptoms at the 6-month follow-up assessment. In Pilot study 2, one
participant reported a perceived worsening post-treatment (onset of
AF), and four participants (17%) reported perceived deterioration of
cardiac symptoms at the 6-month follow-up assessment. The reported
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Table 2 Estimated between-group differences in mean change at post-treatment (8 wk) and at 6 months

follow-up

Pilot study 1

Change from baseline to
post-treatment

Change from baseline to
6-month follow-up

Outcome Baseline Post-treatment 6-month follow-up
SF-12PCS 40370 46.7+11.8 457 £9.7
SF-12MCS 39382 50.9+10.2 49.5+10.7
CAQ 39.7+87 198+83 218+76

BSQ 451 +£126 328+98 334+£109

TSK heart 39+87 32955 329+43

PSS-4 79+25 35+29 43+25
GSLTPAQ 564 +389 61.9 +447 60.8 +35.5
GAD-7 807+34 31134 32+36
PHQ-9 10.2+5.0 46+25 47+36

Mean change (95% CI) P-value
6.4 (0.5 to 12.3) 0.036
11.6 (6.1to 17.1) <0.001
—19.9 (=24.9 to -15.0) <0.001
—12.3 (-17.8 to —6.8) <0.001
—6.07 (9.8 to -2.3) 0.004
—4.4 (-6.5t0-23) <0.001
5.5 (-17.0 to 28.1) 0.607
—-49 (=71t0-27) <0.001
—5.6 (-82t0-3.0) <0.001

65 (1110 11.9) 0.021
9.5 (2.3t0 16.7) 0014
~18.6 (-24.0 to —13.3) <0.001
—12.5 (-184 0 —6.7) <0.001
~70 (<117 to -2.3) 0.007
—3.4 (-49 to -2.0) <0.001
2.1 (=259 to 30.2) 0872
—47 (6.7 to -2.7) <0.001
—50 (-7.3t0 -2.8) <0.001

Pilot study 2

Change from baseline to
post-treatment

Change from baseline to
6-month follow up

Outcome  Baseline  Post-treatment 6-month follow-up
SF-12PCS  445+99 49.7 £89 488+9.3
SF-12MCS  41.4+10.5 517+86 50.6+9.0

CAQ 35191 156 +£11.4 181+114

BSQ 403 +11.2 294+£122 277 +99

TSK heart 347 +54 31.8+50 30.6 +44

PSS-4 52+31 3.6+30 4+34
GSLTPAQ 9581775 127.3 £200.7 60.6 +79.3
GAD-7 88+55 26+32 27+29
PHQ-9 9.0+57 35+£37 43+44

48 (1410 82) 0.008
9.7 (5.2 to 14.2) <0.001
—19.0 (=24.0 to —14.0) <0.001
~108 (-14.8 to -6.8) <0.001
—2.6 (~5.6 to 0.4) 0.087
13 (26 t0 -0.1) 0039
286 (—9.5 to 86.8) 0318
—60 (-83t0-37) <0.001
~50 (~7.0 to -3.0) <0.001

39 (-0.5to 8.3) 0077
08 (0.4 1to 1.3) <0.001
~16.5 (214 to ~11.6) <0.001
~125 (-16.3 to -8.7) <0.001
~38(-62t0-13) 0.004
-1.0 (-26 t0 0.7) 0.231
~38.1 (~103.1 to 26.8) 0236
—6.0 (-85 to —3.4) <0.001
—42 (=63 to -2.1) <0.001

Note: Raw scores are presented as mean + SD. Estimated differences are presented with 95% confidence intervals.
Cl, confidence interval; SF-12 PCS, Short-Form Health Survey SF-12 Physical Health Summary score; SF-12 MCS, Short-Form Health Survey Mental Health Summary score; CAQ, Cardiac
Anxiety Questionnaire; BSQ, Body Sensation Questionnaire; TSK heart, Tampas Scale for Kinesiophobia Heart; PSS-4, Perceived Stress Scale-4; GSLTPAQ, The Godin Leisure-time

Exercise Questionnaire, PHQ-9, Patient Health Questionnaire.

changes in cardiac health at 6-month follow-up in both studies included
progression of AF, increase of cardiac-related symptoms, e.g. chest
pains and shortness of breath. There were no invasive cardiac proce-
dures, cardiac events, or recurrent Mls reported at post-treatment in
either of the studies. At 6-month follow-up, one participant in Pilot
study 1 reported having undergone an ablation due to AF, and one par-
ticipant reported a recurrent MI. There were few changes in medica-
tion reported (See Supplementary material online, Table $2).

Discussion

These two pilot studies evaluated a CBT protocol targeting cardiac
anxiety following M, with regards to the feasibility, acceptability, and
the intervention’s potential for reducing cardiac anxiety and improv-
ing QoL. The results suggest that the MI-CBT intervention, both in a
face-to-face via video conference and through online CBT, is both
feasible and acceptable. Both formats showed high participant reten-
tion, high completion rates and adherence to the treatment, satisfac-
tory clinical safety, and overall satisfaction with the intervention. We

observed significant improvements, with similar results between
face-to-face and online CBT, across multiple domains, including
both mental and physical health-related QoL and cardiac anxiety.
Similar patterns were noted for other outcomes, such as fear of
bodily symptoms, symptoms of depression, and general anxiety.
The treatment effects were largely sustained at the 6-month
follow-up.

The results are consistent with our research group’s previous studies
on online exposure-based CBT for AF and premature ventricular extra
bvaelts,15'19'20’34 as well as exposure-based CBT for other somatic
conditions.?”*® The results also align with other CBT studies targeting
general anxiety and depression in patients with coronary heart
disease.**>® Moreover, we now demonstrate that CBT focusing on ex-
posure can be beneficial for patients experiencing anxiety following MI.
The findings of these two pilot studies suggest that addressing cardiac
anxiety could be a pathway in mitigating the psychological aftermath fol-
lowing an MI. The mediation analyses suggested that reduced cardiac
anxiety was associated with increased physical QoL in both studies. In
Pilot study 1, perceived stress was a dominant mediator of change in
mental QoL compared to cardiac anxiety, which was a somewhat
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unexpected result. This result could not be replicated in Pilot study 2
because PSS-4 was not included among the weekly measurements. It
is possible that cardiac anxiety has a more pronounced effect on physical
limitation, whereas the exposure treatment may have improved patients’
sense of being able to cope with daily stressors, which in turn improved
their general mental health. Importantly, Pilot study 2 suggests that the
internet-based format appears viable for the target population, although
the results need to be replicated in a larger trial. This approach may offer
a cost-effective and scalable intervention,34 as indicated in our previous
study on exposure-based CBT for AF, minimal therapeutic time was re-
quired, and a reduction in AF-specific healthcare seeking was observed.”
Strengths of the studies include the interdisciplinary collaboration, with
comprehensive psychological and cardiac assessments conducted before
enrolment, as well as supervision by a nurse and cardiologist during
treatment. These measures ensured patient safety and that participants
were able to fully engage in exposure strategies during treatment.
Exposure-based approaches are often underused in psychological treat-
ment,* potentially more so in cardiac patients due to patient-safety con-
cerns. This interdisciplinary collaboration is both valuable and pivotal,
serving as a pilot for a method of delivering exposure-based CBT to pa-
tients following MI. Other strengths include that the samples in both studies
were broadly similar to the general Ml population in key baseline character-
istics such as sex (60—70% male participants), BMI (indicating overweigh‘c),40
and around 20—40% of participants reporting depression and other anx-
iety.? This similarity enhances the potential generalizability of the findings
to the broader population of Ml patients. However, the primary outcome
measure, SF-12, serves as a general assessment of health-related quality of
life and may have been too broad to effectively evaluate QoL in this specific
target group. Therefore, future studies should consider using a disease-
specific QoL measure to more directly assess cardiac-related aspects.
There are several limitations that need to be considered. As uncon-
trolled pilot studies, the results we observed are based on within-group
comparisons, which limit internal validity compared to a randomized
between-group design. Causality cannot be inferred, and the outcomes
may have been influenced by external factors such as the passage of
time, caregiver attention, or participants’ expectations of improvement.
The studies were limited by small sample sizes, making it difficult to
draw broad conclusions, and the mediation analysis was further con-
strained by the use of different mediators in each study. In addition, sim-
ultaneous participation in cardiac rehabilitation (one participant in Pilot
study 1 and two participants in Pilot study 2) could potentially have in-
fluenced the outcomes. Future studies should explore how CBT and
cardiac rehabilitation interact and influence each other’s effects.

Conclusions

The studies show that exposure-based CBT targeting cardiac anxiety
post-Ml was both feasible and acceptable. The findings suggest that ad-
dressing cardiac anxiety may be a promising approach in alleviating psy-
chological distress and improving quality of life following an MI.
However, additional research and a larger randomized controlled are
necessary to validate these findings and further explore the impact of
intervening on cardiac anxiety in post-MI recovery.
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