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Aims

Methods
and results

Conclusion

While elevated levels of anxiety are associated with worse prognosis of cardiovascular disease (CVD), this association may
vary between different aspects of anxiety. The aim of this study was to analyse self-reported behavioural, physiological, affect-
ive, and cognitive aspects of anxiety and their relation to the risk of recurrent CV events.

This prospective cohort study utilized data from the U-CARE Heart trial. Participants (N = 935, post myocardial infarction)
answered the Hospital Anxiety and Depression Scale (HADS: Anxiety subscale) and the Cardiac Anxiety Questionnaire
(CAQ: Fear, Avoidance & Attention subscales). HADS Anxiety reflected physiological aspects, CAQ Fear reflected cognitive
and affective aspects, CAQ Avoidance reflected behavioural aspects, and CAQ Attention reflected cognitive aspects of anx-
iety. Cox regression was used to estimate the risk between anxiety and recurrent major adverse cardiac event (MACE).
During the follow-up period (mean 2.9 years), 124 individuals (13%) experienced a specified MACE endpoint. HADS
Anxiety and CAQ Total were both associated with increased risk of MACE [hazard ratio (HR) = 1.52, 95% confidence interval
(CI): 1.15-2.02 and HR =1.30, 95% Cl: 1.04—1.64, respectively]. Among the CAQ subscales, there was support for an asso-
ciation between Avoidance and risk of MACE (HR =1.37, 95% Cl 1.15-1.64), but not for Attention and Fear.

The results support that anxiety is associated with an increased risk of recurrent MACE in post-myocardial infarction patients.
The association between anxiety and risk was strong for the aspects of anxiety relating to behaviour and physiology, while the
support for an association with cognitive and affective aspects was lacking.
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Graphical Abstract

Association of anxiety and recurrent cardiovascular events: investigating different aspects of anxiety

To investigate the association between different aspects of anxiety and risk of recurrent cardiovascular events in

patients post myocardial infarction

Baseline data collected using: <,
a ° Hospital Anxiety and Depression .‘ ()

‘A& Patients with Ml

“‘ Mean follow-up time ~3y

J Scale (HADS)

Affective (CAQ Fear)
When | have chest discomfort or | feel my heart
is beating fast | get frightened

Behavioural (CAQ Avoidance)
| avoid activities that make my heart beat faster

Cognitive (CAQ Attention & Fear)
I pay attention to my heart beat

Physiological (HADS Anxiety)
| feel tense or 'wound up’

post-Ml patients

Anxiety * Aspects * Cardiovascular disease * Morbidity ¢ Myocardial infarction ¢ Recurrent MACE
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Composite outcome:
Acute Coronary Syndrome,
v = Heart Failure, Stroke,
Cardiovascular Death &
Cardiac Interventions

Standardized hazard ratio for composite outcome

CAQ Fear (lEEES

: I.10
CAQ Avoidance (LR 1.37
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CAQ Attention (EIFEY)

HADS Anxiety

® The results support the association between anxiety and recurrent CV events among

® There is a clear association between the aspects of anxiety relating to behaviour and

physiology and risk of recurrent Major Adverse Cardiac Event (MACE)

Novelty

picture.

parency and improves clinical utility and replicability.

¢ Considering all phenomenological aspects of anxiety: affective, cognitive, behavioural, and physiological, gives a wider and more comprehensive

* Building on previous research of cardiac anxiety and risk of recurrent cardiovascular (CV) events, with larger sample size, more events and
controlling for more CV risk factors, strengthens the evidence base.
* Rigorous consideration of confounding, illustrated with a causal diagram, and complemented by several supplementary analyses, gives trans-

Introduction

Cardiovascular disease (CVD) is the main cause of mortality world-
wide." Among patients with CVD, it is common to observe a higher
prevalence of psychological distress, such as anxiety and depression,
acting bidirectionally as both risk factors and consequences of CVD.?
Anxiety as a risk factor has become increasingly investigated, but re-
search has revealed somewhat inconsistent results.® Generally,
meta-analyses indicate that high levels of anxiety are associated with
worse CVD prognosis.*” However, some individual studies indicate
no association—or even a reversed relation—between anxiety and
morbidity in various cardiac patients.'®"8

A reason for this may be that anxiety can be defined in various ways.
For example, it may refer to either psychiatric disorders or symptom
levels, be reported as trait or state anxiety or refer to any of several
symptom dimensions. Sometimes, it is defined by the stimulus evoking
anxiety, typically different forms of phobias.'” One such example is car-
diac anxiety (CA),?° which is common among patients both with and
without CVD.?" Cardiac anxiety is not a psychiatric diagnosis but is as-
sessed based on symptom levels on the CA Questionnaire (CAQ),
which has three subscales: Fear (CAQ-F), Avoidance (CAQ-Av), and
Attention (CAQ-Att).>%?2 The subscales of the CAQ relate to a com-
mon way of categorizing anxiety based on phenomenological attributes.
For example, in cognitive behaviour therapy, symptoms of anxiety are
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classified in affective, physiological, cognitive, and behavioural subsys-
tems.*® Regarding the CAQ, the subscale Fear would relate to affective
and cognitive symptoms, Avoidance to behavioural symptoms and at-
tention to cognitive symptoms, while no subscale of the CAQ relates
to physiological symptoms of anxiety. Assessing physiological symp-
toms of anxiety (e.g. tightness in the chest, rapid heartbeat, or nausea)
in patients with CVD may prove challenging, due to symptom overlap
between the conditions.”* The Hospital Anxiety and Depression Scale
(HADS) was designed with this in mind and can be used to assess symp-
toms of anxiety and depression in the presence of somatic disease.”®
Furthermore, as six out of the seven items on the anxiety scale
(HADS-A) contain a component of arousal, reflecting the experience
of physiological tension and unease, it would seem adequate in assessing
the physiological aspect.

There is both empirical and theoretical support of the notion that
different aspects of anxiety relate differently to prognosis of CVD.
The theorized pathways between anxiety and CVD are behavioural
and physiological.3 Most risk factors for CVD that also have been asso-
ciated with anxiety belong to these two categories (e.g. sedentary be-
haviour, substance abuse, inflammation, dysregulated ANS, etc.).>?
Empirically, one study investigated the association between CAQ sub-
scales and risk of recurrent major adverse cardiac events (MACE) after
myocardial infarction (I"II).27 They only found evidence for an associ-
ation between CAQ-Av and recurrent MACE.?” However, the sample
was quite small (n = 193), which may have caused associations between
risk and other subscales to go undetected.?® Additionally, this study ad-
justed for age, gender, previous M, left ventricular ejection fraction
(LVEF), and depressive symptoms in the analyses. There are other
known risk factors for CVD that also may be anxiolytic, for example dis-
ease markers like hypertension and diabetes, ' sociodemographic
factors like education and country of birth***® and social support.**3*

While behavioural and physiological pathways are thought to contrib-
ute negatively, cognitive aspects of anxiety could possibly be protective
against recurrent cardiovascular (CV) events. For example, one study
found that CAQ-Att was associated with less smoking, more frequent
physical activity and better adherence to cardiac rehabilitation.”" Still,
direct evidence of a protective association between CAQ-Att and risk
of MACE is lacking,®” and more research is needed. Understanding
the nuanced connections between anxiety and recurrent CV events is
crucial for developing targeted interventions, improving patient quality
of life, and refining healthcare practices in CV care.

The aim of this study was to evaluate the association between specific
anxiety subscales and the risk of recurrent MACE in post-MI patients. It
was hypothesized that symptoms of avoidance and physiological arousal
would have a more pronounced relation to the risk of a recurrent
MACE than cognitive or affective symptoms.

Methods

Study design and participants

This study is a prospective cohort study, utilizing data from the U-CARE
Heart trial. The U-CARE Heart trial was a Swedish multi-centre rando-
mized controlled trial (RCT) evaluating the effect of internet-delivered cog-
nitive behavioural therapy (iCBT) in patients who had a recent MI. All
participants of the U-CARE Heart trial had provided informed consent.
For further details regarding study design and results, we refer to previous
reports.®*” Ethical approval was signed by the regional Ethics Committee
in Uppsala (2011/217). The choice of a prospective cohort design enabled
the longitudinal evaluation of anxiety’s impact on cardiovascular events over
a span of over 5 years.

Procedure

The current study included 935 participants that were screened for eligibil-
ity for the RCT. All screened participants were <75 years of age, had an

acute Ml within 8-10 weeks before screening, had no language difficulties
and were willing to participate online. Participants were recruited during
routine follow-up visits in 25 Swedish cardiac clinics from September
2013 to December 2016. Consenting participants were sent an email
with a password to a secure internet-based portal where they completed
the screening assessment in the time-period of 8—10 weeks after hospital
discharge. The screening assessment included a compilation of self-report
questionnaires and was conducted before the randomization procedure.®”
Patients who scored >7 on either the depression or anxiety subscale of the
HADS were randomized. In total, 239 fulfilled this criterion, and 117 were
randomized to treatment. Very weak to no evidence of effectiveness for the
treatment was found,>®3” and treatment adherence was low (71117 com-
pleted more than 1 treatment module).*®

Measures
Outcome

Mean follow-up time was 2.87 years [standard deviation (SD) + 1.12] and
the longest follow-up period was 5.27 years. Data on CV events and mortal-
ity during follow-up were obtained from the Patient Registry and the Cause
of Death Registry of the National Board of Health and Welfare in Sweden.*
This is a high quality registry covering 100% of all deaths that occur in
Sweden,* except those who may have emigrated. ICD-10 diagnostic codes
were used.*" A composite MACE outcome was created comprising time
from the date of the screening assessment to the first occurrence of any
of the following diagnoses: CV death (ICD cause of death code I), acute cor-
onary syndrome (ACS) (ICD codes 120, 121, and 122), heart failure (HF) (ICD
codes 150 and 111.0), stroke (ICD codes 161, 162, 163, and 164), and coronary
revascularization (intervention codes FNGO00, FNG02, FNGO05, FNG10, and
FNC).

Cardiac anxiety questionnaire

The CAQ is a measure of CA.%° It consists of 18 items rated on a 5-point
Likert scale with scores ranging from 0 (never) to 4 (always), where a high
score indicates more symptoms. The authors of the questionnaire recom-
mend dividing the score by the number of items,?® making the total
(CAQ-T) and subscale scores range between 0 and 4. Factor analysis has
shown it is best supported by a 3-factor structure, with the subscales
Fear, Avoidance, and Attention.?? In our sample, the internal consistency
ranged from o=0.88-0.92 for the total score and the subscales
Avoidance and Fear, while the subscale Attention had o = 0.76.

Hospital anxiety and depression scale

The HADS is used to assess symptoms of anxiety and depression in the pres-
ence of comorbid somatic disease.”” It comprises 14 items (seven for symp-
toms of anxiety and seven for symptoms of depression). The items are rated
on a 4-point Likert scale (range 0-3), with a total score range from 0 to 42
(max 21 on each subscale). A high score indicates more symjzatoms andaclin-
ical cut-off has been established at >7 on either subscale.* The HADS has
shown good internal consistency, and around 0.80 sensitivity and specificity
rates for anxiety and mood disorders.*? In our sample, the internal consist-
ency ranged from a = 0.90-0.94 for the total score and the subscales.

ENRICHD Social Support Instrument

The ENRICHD Social Support Instrument (ESSI) was developed to meas-
ure social support among patients post-MIl, and with other chronic ill-
nesses.*® The questionnaire comprises seven items, where six are scored
on a 5-point Likert scale, ranging from 1 (none of the time) to 5 (all the
time). Item 7 (living with spouse) is binary and scored 4 for ‘yes’ and 2
for ‘no’. Thus, total score range is 8-34, where a high score indicates
more social support.

Sociodemographic characteristics and cardiac risk factors

Self-reported data on sex, age, physical activity, current smoking (yes/no),
education level, and country of birth (born in Sweden or not) were collected
in a customized questionnaire. Education was reported by four levels
(Elementary school, High school, <3 years University, and >3 years
University). Being sedentary or at most engaging in light physical activity
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(e.g. yoga or slow walks) during leisure time defined as low physical activity.
Data on height, weight, hypertension, diabetes, infarct type (STEMI/
NSTEMI), LVEF (>50%/<50%), and diagnosis of an Ml prior to the one quali-
fying for inclusion to the study were collected from the SWEDEHEART
register.** Body mass index (BMI) was calculated based on height and weight
(kg/m?), and obesity was defined as a BMI equal to or higher than 30.

Statistical analyses

Stata Software Package (version 18.0) was used to perform most statistical
analyses, R (version 4.1.2) was used for the calculation of absolute risk (AR).
Group comparisons in descriptive data were analysed with Pearson’s y*
test. There was between 0.5% and 4% missing data for the CAQ, diabetes,
previous M, hypertension, and infarct type. The variable for LVEF had
~11.5% missing data. The missing data were determined to be missing at
random and multiple imputation was applied, utilizing chained equations
with predictive mean matching.

Main analysis

Multivariate Cox regression models were used to estimate the continuous
association between anxiety scores and the composite endpoint event.
Violations of the proportional hazards assumption were examined by asses-
sing the slopes in the scaled Schoenfeld residuals. Each anxiety scale and
subscale was fitted in a separate regression model, together with potentially
confounding variables. Variables were determined as confounding if they
were hypothesized to have a causal effect on exposure and outcome,
and not to be a mediating variable (see supplementary material online,
Figure S1). These were sociodemographic characteristics (age, sex, educa-
tion, and country of birth), clinical characteristics (history of MI, hyperten-
sion, LVEF, infarct type, and diabetes), and self-reported social support and
depressive symptoms. Education was modelled as a categorical variable with
four levels: sex, country of birth and clinical characteristics were modelled
as binary variables, and social support (ESSI) as a continuous scale variable.
We also drew plots of the survival function of each of the anxiety scales and
subscales, with survival function of the lines at the 25th, 50th, and 75th per-
centiles of the respective scale.

For easier comparison of hazard ratios (HR) between the different anx-
iety measures, the scores of each scale and subscale were converted to a
standardized value, where one unit represents 1 SD. Additionally, for facili-
tation of clinical interpretation of the results, AR was calculated.*® The AR
was calculated based on the cox models by predicting risk at different set
values of the anxiety scales (—1SD, mean, +1SD, and +2SD), set at 3 years
follow-up time. The covariates were standardized and allowed the same dis-
tributions as they have in the dataset.

Sensitivity analyses

Several sensitivity analyses were conducted. First, the main analysis was re-
peated without multiple imputations. Second, the main analysis was re-
peated for each individual endpoint, as well as a composite endpoint
containing all-cause death. These analyses included all first events of the spe-
cific endpoint, regardless if other endpoints had occurred before. Although
these analyses have too few events per variable to be sufficiently pow-
ered,”’ they provide insight to the contribution of different endpoints.
Third, the main analysis was repeated, excluding those who received
iCBT (n=117) to provide transparency regarding the potential impact of
misclassification of anxiety levels. If other variables than the HADS-A score
was affected, it was likely due to treatment interference.

Supplementary analyses

Additional supplementary analyses were conducted to illustrate the follow-
ing: (i) the unadjusted associations between each covariate and MACE,
(if) correlations between all scales and subscales, and (i) internal consist-
ency of all scales and subscales, represented with Cronbach’s o.

Results

Sample

Data were collected from a total of 935 participants (76% males; mean
age 62.2 years). Further baseline characteristics are presented in
Table 1. In total, 124 patients experienced at least one MACE during

the follow-up time. The 124 first events were: CV death =3 (0.3%),
stroke =8 (0.9%), HF = 31 (3.3%), ACS = 58 (6.2%), and revasculariza-
tion = 27 (2.9%). Three individuals were diagnosed with HF and ACS as
first events on the same day and were only counted once. An additional
4 (<0.01%) individuals died from non-CVD causes.

Main analysis

Unadjusted and adjusted analyses are reported in Table 2. When adjust-
ing for the predetermined set of covariates, the estimated HR for the
composite CV endpoint was 1.52 [95% confidence interval (Cl) 1.15—
2.02; P=0.003] for HADS-A, and 1.30 (95% CI 1.04-1.64; P =0.021)
for CAQ-T. Among the three CAQ subscales, the estimated HR for
the composite CV endpoint was 1.37 (95% Cl 1.15-1.64; P=0.001)
for CAQ-Av. No evidence for an association was found for the other
two subscales (P=0.354 and P =0.259).

The AR for each anxiety scale and subscale is reported in Table 3. The
risk differences between the mean value and +1 SD were 5.7%-points
(%-pt.) for HADS-A, 3.3%-pt. for CAQ-T, 1.3%-pt. for CAQ-F, 4.2%-pt.
for CAQ-Av, and 1.1%-pt. for CAQ-Att (for all means and SDs of anx-
iety scales, see Table 1).

Plots of survival functions for each anxiety scale and subscale are pre-
sented in Figure 1.

Sensitivity analyses

Running the main analysis without multiple imputation led to slight re-
ductions in power, but yielded essentially identical results. Results of
analyses of individual endpoint events showed a variation where HF
was related to CAQ-Av but not HADS-A, while the opposite was
true for ACS (see supplementary material online, Table ST). Excluding
the treatment group did not change the support for other associations
than HADS-A for which the association with MACE was no longer sup-
ported (Table 4).

Supplementary analyses

See supplementary material online, Table S2 for crude associations be-
tween all covariates and the composite endpoint event. The strongest
correlation was found between HADS-A and HADS-D (p = 0.77) (see
supplementary material online, Table S3).

Discussion

This prospective cohort study found that self-reported anxiety was as-
sociated with increased risk of recurrent MACE in a post-MI population.
Investigating anxiety scales separately gave results indicating strong sup-
port for the association between the aspects of anxiety assessed with
HADS-A and CAQ-Av, and no support for the association between
the aspects of anxiety assessed with CAQ-F and CAQ-Att.

To facilitate the interpretation of clinical relevance of the findings, the
AR of each anxiety scale and subscale was calculated and presented. As
with the HR’s, the largest risk differences could be seen for HADS-A
and CAQ-Av. Using HADS-A as an example (in this sample: mean =
5, SD =4.2), the risk for recurrent MACE of an individual with a score
of ~1 point on the HADS-A scale would be 8.8%, while the risk for an
individual with a score of ~13 points would be 26.3%. For reference,
13 points on the HADS-A scale indicates clinical levels of anxiety but
is below the threshold for severe anxiety which is >15.* With life-time
prevalence rates of anxiety disorders being reported at ~30% in the
adult population,*® screening for these symptoms would both seem
reasonable and clinically valuable.

These findings corroborate the results of the previous study by Van
Beek et al.?’ that CAQ-Av is clearly associated with increased risk of
recurrent MACE. Although we adjusted for five additional CVD risk
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Table 1 Background characteristics of subjects

Variable Total No MACE MACE P-value
n (%) 935 (100) 811 (87) 124 (13)
Age, mean + SD 62.2+8.1 62.0+82 63.8+7.0 0.018
Women, n (%) 220 (24) 192 (24) 28 (23) 0.79
Randomized to iCBT, n (%) 117 (13) 92 (11) 25 (20) 0.006
Education, n (%) 0.54

Elementary school 190 (20) 162 (20) 28 (23)

High school 349 (37) 308 (38) 41 (33)

<3 years university 41 (33) 156 (19) 29 (23)

>3 years university 211 (23) 185 (23) 26 (21)
Born in Sweden, n (%) 846 (90) 736 (91) 110 (89) 0.47
STEMI®, n (%) 393 (42) 343 (42) 50 (40) 0.58
LVEF < 50%", n (%) 258 (25) 206 (25) 52 (42) <0.001
Low physical activity?, n (%) 229 (25) 180 (22) 49 (40) <0.001
Obesity®, n (%) 211 (24) 177 (23) 34 (28) 0.26
Smoking®, n (%) 218 (23) 184 (23) 34 (28) 0.23
Diabetes?, n (%) 142 (16) 111 (14) 31 (25) 0.002
Hypertension®, n (%) 390 (43) 324 (42) 66 (54) 0.012
Previous myocardial infarction®, n (%) 104 (12) 68 (9) 36 (29) <0.001
Questionnaires, mean + SD
HADS anxiety 50+42 4.9 +4.1 6.1+46 0.003
HADS depression 39+37 38+37 45+38 0.037
CAQ total® 09+0.6 09+06 11+07 <0.001
CAQ fear® 09+08 09+08 11+08 0.034
CAQ avoidance® 1.0+08 09+08 13+09 <0.001
CAQ attention® 0.8+0.6 0.7+06 09+0.7 0.028
ESSI 217 +43 217 +42 216 £49 0.85

MACE or no MACE refers to the endpoint data, i.e. recurrent MACE after hospital admission.

STEMI, ST-elevated myocardial infarction; LVEF, left ventricular ejection fraction; HADS, Hospital Anxiety and Depression Scale; CAQ, Cardiac Anxiety Questionnaire; HADS-A, anxiety
subscale; CAQ-T, total score; CAQ-F, fear subscale; CAQ-Av, avoidance subscale; CAQ-Att, attention subscale; ESSI, ENRICHD Social Support Instrument.
*1 missing data point.

®2 missing data points.

5 missing data points.

931 missing data points.

€33 missing data points.

f35 missing data points.

849 missing data points.

"109 missing data points.

Table 2 Cox regression for composite endpoint

Crude HR (95% CI) P-value Adj. HR (95% CI) P-value
HADS anxiety 1.28 (1.09-1.50) 0.003 1.52 (1.15-2.02) 0.003
CAQ total 1.35 (1.16-1.61) 0.002 1.30 (1.04-1.64) 0.021
CAQ fear 1.19 (1.01-1.40) 0.037 1.10 (0.90-1.35) 0.354
CAQ avoidance 1.51 (1.30-1.75) <0.001 1.37 (1.15-1.64) 0.001
CAQ attention 1.19 (1.01-1.40) 0.033 1.11 (0.92-1.34) 0.259

Each measure of anxiety is adjusted for by age, sex, country of birth, education, social support, depressive symptoms, previous myocardial infarction, infarct type, left ventricular ejection
fraction, diabetes, and hypertension. The c-statistic represents each individual model and includes adjusted variables.

HADS, Hospital Anxiety and Depression Scale; CAQ, Cardiac Anxiety Questionnaire; HADS-A, anxiety subscale; CAQ-T, total score; CAQ-F, fear subscale; CAQ-Av, avoidance subscale;
CAQ-Att, attention subscale.
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Table 3 Main analysis, absolute risk at 3 years

—1SD (%) Mean (%) +1SD (%) +2SD (%)
HADS-A 88 129 186 26.3
CAQ-T 100 126 159 19.8
CAQ-F 118 129 142 15.5
CAQ-Av 9.0 122 16.3 216
CAQ-Att 119 13.0 141 153

Absolute risks are predicted from set values on anxiety scales at 3 years follow-up based
on Cox models, covariates age, sex, country of birth, education, social support,
depressive symptoms, previous myocardial infarction, infarct type, left ventricular
ejection fraction, diabetes, and hypertension.

HADS, Hospital Anxiety and Depression Scale; CAQ, Cardiac Anxiety Questionnaire;
HADS-A, anxiety subscale; CAQ-T, total score; CAQ-F, fear subscale; CAQ-Av,
avoidance subscale; CAQ-Att, attention subscale.

factors (hypertension, diabetes, education, country of birth, and per-
ceived social support), the association with CAQ-Av remained strong.
This association could be seen as support to the theory of behaviour
mediating the relationship between anxiety and CVD.*** Having said
that, with physical activity being one of the major predictors for CVD
risk,”” and interventions to increase physical activity having shown ef-
fective in improving CVD prognosis,* far from all individuals engage
in physical exercise programmes.®’ Perhaps offering extra support
to individuals with anxious avoidance may aid in the engagement of
physical activity and improve their mental and physical well-being.

As we found a strong association between HADS-A and risk for
recurrent MACE, this could contribute support to the theory of
physiological mechanisms mediating the effect of anxiety on CVD.?
While this study has not directly assessed physiological reactions, self-
reported anxiety and objective measures of physiological arousal have
previously been found to correlate well>% As such, the results can at
least be seen as an indication of the theorized association between
physiological arousal and CVD.

Survival

854

Al HADS Anxiety B CAQ Total
K] —— 25th percentile El —— 25th percentile
2 e, —— 50th percentile = —— 50th percentile
3 —, — 3
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— 5
85 A 854
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-
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Figure 1 Plot of survival function from main analysis of each anxiety measure. Lines represent survival function at the 25th, 50th, and 75th percentiles
of respective anxiety measure. A: HADS Anxiety, B: CAQ Total, C: CAQ Fear, D: CAQ Avoidance, E: CAQ Attention.
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Table 4 Sensitivity analysis, excluding treatment
group

Adj. HR (95% CI) P-value
HADS-A 1.20 (0.85-1.70) 0291
CAQ-T 1.28 (0.96-1.63) 0.104
CAQ-F 1.04 (0.81-1.32) 0.765
CAQ-Av 1.35 (1.10-1.65) 0.004
CAQ-Att 1.10 (0.88-137) 0.159

Analysis excluding those randomized to iCBT in RCT (n=117). Each measure of
anxiety is adjusted for by age, sex, country of birth, education, social support,
depressive symptoms, previous myocardial infarction, infarct type, left ventricular
ejection fraction, diabetes and hypertension. The c-statistic represents each individual
model and includes adjusted variables.

HADS, Hospital Anxiety and Depression Scale; CAQ, Cardiac Anxiety Questionnaire;
HADS-A, anxiety subscale; CAQ-T, total score, CAQ-F, fear subscale; CAQ-Av,
avoidance subscale; CAQ-Att, attention subscale.

The results regarding CAQ-F and CAQ-Att is also in line with the
findings from the previous study of the CAQ and risk of recurrent
MACE.?” Although increasing study power with more participants
and CV events, no support for an association could be found with
risk of recurrent MACE. Hypothetically, some degree of cognitive anx-
iety could have a protective effect on CV prognosis, by increasing posi-
tive health behaviours."**' While our results cannot support that, it is
possible that anxiety assessed through CAQ-Att still in some part acts
protectively against recurrent MACE, but the close relation to other as-
pects of anxiety is cancelling out this effect.

Our study also found that anxiety was a strong predictor of risk, even
when controlling for depression. While it has been found that control-
ling for depression can reduce the risk association between anxiety and
MACE,” it has often been found that anxiety is a better predictor of CVD
prognosis than depression.”>>’ Our study adds to this body of research,
highlighting the unique contribution of anxiety to risk of MACE.

Strengths and limitations

We cannot exclude the risk of differential misclassification of exposure
status for the patients that received iCBT in the RCT. An effective treat-
ment would lead to an overestimation of exposed individuals and bias
the results towards the null. However, the treatment had very poor evi-
dence of effectiveness and very low adherence,>**” minimizing the risk
of this bias. Furthermore, when excluding treatment group from the
analysis, only the HR of HADS-A was notably affected. As all in the
treatment group had scored above the clinical cut-off (>7) on one of
the HADS subscales, and the strong correlation (p =0.77) between
the two subscales, this would be expected. Excluding them from the
analysis also removes half of the patients with clinical levels of anxiety
and/or depression from the study sample.

Although we have made an argument for using HADS-A to represent
symptoms of physiological arousal, the scale was not designed for this
purpose. It was developed on the basis of Generalized Anxiety
Disorder and was not considered in terms of phenomenological as-
pects.”> However, that may not be a concern in this context, given the
face validity of the HADS-A items as indices of physiological arousal.
As has been previously stated, the main concern when choosing an as-
sessment tool is that the content of the items captures the content of
interest.”® Yet, our conclusions are not definitive and more research is
needed to further assess the association between arousal and CV events.

Making causal inference from observational studies is difficult.
However, based on Hill’s criteria of causality, there is reasonable

indication that anxiety has an effect on CVD risk and prognosis.”
Building on this point, psychological treatment for CV health is showing
limited efficacy in clinical trials.>” Tailoring complex interventions, based
on specific aspects of anxiety may be more effective in improving patient
health. Additionally, regardless of causality, these results indicate that
the CAQ and HADS-A could be used to improve detection of high-risk
individuals.

Finally, there is still a wide array of expressions and divisions of anx-
iety and triggering situations that are not covered in this study. It would
be interesting for future studies to consider the aspects studied here in
relation to a wider context, adding more pieces to the puzzle.

Conclusion

This study adds further argument that self-reported anxiety, independ-
ent of self-reported depression, is associated with the risk of recurrent
MACE in post-MI patients. In addition, examining various anxiety mea-
sures, support was found for an association to risk and the scales asses-
sing avoidance and arousal. No support was found for an association
between measures assessing fear, worry, or attention and increased
risk of recurrent MACE. These findings may be utilized in clinical prac-
tice to identify high-risk individuals more efficiently and may potentially
assist in optimizing healthcare strategies.

Supplementary material

Supplementary material is available at European Journal of Cardiovascular
Nursing online.

Acknowledgements

The authors would like to thank all patients for contributing to the
study, and the hospitals and health care staff for helping with recruit-
ment. The authors would also like to acknowledge the statistical sup-
port from Lars Lindhagen, working at UCR.

Funding

This study is part of U-CARE, which is a Strategic Research environment
funded by the Swedish Research Council (dnr 2009-1093). U-CARE
Heart is also funded by the Swedish Heart and Lung Association (dnr E
148/11); the Uppsala-Orebro Regional Research Council (dnr 22 86 61);
Swedish Research Council for Health, Working Life, and Welfare (dnr
2014-4947); and the Vérdal foundation (dnr 2014-0114).

Conflict of interest: None declared.

Data availability

The data underlying this article cannot be shared publicly due to the
General Data Protection Regulation (2016/679). The data will be
shared on reasonable request to the corresponding author.

References

1. World Health Organization. Global health estimates for 2020: deaths by cause, age, sex, by
country and by region, 2000-2019: WHO; 2020. p1-59.

2. Levine GN, Cohen BE, Commodore-Mensah Y, Fleury ], Huffman JC, Khalid U, et al.
Psychological health, well-being, and the mind-heart-body connection: a scientific state-
ment from the American Heart Association. Circulation 2021;143:E763-E783.

. Celano CM, Daunis DJ, Lokko HN, Campbell KA, Huffman JC. Anxiety disorders and

cardiovascular disease. Curr Psychiatry Rep 2016;18:101.

WenY, Yang Y, Shen ], Luo S. Anxiety and prognosis of patients with myocardial infarc-

tion: a meta-analysis. Clin Cardiol 2021;44:761-770.

. Roest AM, Martens EJ, Denollet ], de Jonge P. Prognostic association of anxiety post
myocardial infarction with mortality and new cardiac events: a meta-analysis.
Psychosom Med 2010;72:563-569.

w

Bl

wv

Gz0z Arenugad z| uo Jasn jeselolqiqibololg AQ £/8€€92/02./2/€2/a191HE/UdlING/ W00 dNo"olWapede//:sdny Wwoly papeojumoq


http://academic.oup.com/eurjcn/article-lookup/doi/10.1093/eurjcn/zvae036#supplementary-data

Aspects of anxiety and recurrent mace

727

o

~

[es]

Ned

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

Emdin CA, Odutayo A, Wong CX, Tran J, Hsiao AJ, Hunn BHM. Meta-analysis of anxiety

as a risk factor for cardiovascular disease. Am J Cardiol 2016;118:511-519.

Celano CM, Millstein RA, Bedoya CA, Healy BC, Roest AM, Huffman JC. Association

between anxiety and mortality in patients with coronary artery disease: a meta-analysis.

Am Heart | 2015;170:1105-1115.

. Li},Ji F, SongJ, Gao X, Jiang D, Chen G, et al. Anxiety and clinical outcomes of patients
with acute coronary syndrome: a meta-analysis. BM/ Open 2020;10:¢034135.

. Batelaan NM, Seldenrijk A, Bot M, van Balkom AJLM, Penninx BWJH. Anxiety and new
onset of cardiovascular disease: critical review and meta-analysis. Br | Psychiatry 2016;
208:223-231.

. Richards SH, Anderson L, Jenkinson CE, Whalley B, Rees K, Davies P, et al. Psychological
interventions for coronary heart disease: Cochrane systematic
meta-analysis. Eur | Prev Cardiol 2018;25:247-259.

. Hosseini SH, Ghaemian A, Mehdizadeh E, Ashraf H. Levels of anxiety and depression as
predictors of mortality following myocardial infarction: a 5-year follow-up. Cardiol |
2014;21:370-377.

. Pino EC, Zuo Y, Borba CP, Henderson DC, Kalesan B. Clinical depression and anxiety
among ST-elevation myocardial infarction hospitalizations: results from nationwide in-
patient sample 2004-2013. Psychiatry Res 2018;266:291-300.

. Parker G, Hyett M, Hadzi-Pavlovic D, Brotchie He, Walsh W. GAD is good?
Generalized anxiety disorder predicts a superior five-year outcome following an acute
coronary syndrome. Psychiatry Res 2011;188:383-389.

. Versteeg H, Hoogwegt MT, Hansen TB, Pedersen SS, Zwisler A-D, Thygesen LC.
Depression, not anxiety, is independently associated with 5-year hospitalizations and
mortality in patients with ischemic heart disease. | Psychosom Res 2013;75:518-525.

. Van Beek M, Oude Voshaar RC, van Deelen FM, van Balkom AJLM, Pop G, Speckens
AEM. Inverse correlation between cardiac injury and cardiac anxiety: a potential role
for communication. | Cardiovasc Nurs 2014;29:448-453.

. Lane D, Carroll D, Ring C, Beevers DG, Lip GYH. Mortality and quality of life 12 months
after myocardial infarction: effects of depression and anxiety. Psychosom Med 2001;63:
221-230.

. Mayou RA, Gill D, Thompson DR, Day A, Hicks N, Volmink J, et al. Depression and anx-
iety as predictors of outcome after myocardial infarction. Psychosom Med 2000;62:
212-219.

. Meyer T, Hussein S, Lange HW, Herrmann-Lingen C. Anxiety is associated with a reduc-
tion in both mortality and major adverse cardiovascular events five years after coronary
stenting. Eur J Prev Cardiol 2015;22:75-82.

. Barlow DH. Anxiety and its disorders: the nature and treatment of anxiety and panic. New

York: Guilford Press; 2004.

Eifert GH, Thompson RN, Zvolensky MJ, Edwards K, Frazer NL, Haddad JW, et al. The

cardiac anxiety questionnaire: development and preliminary validity. Behav Res Ther

2000;38:1039-1053.

Hohls JK, Beer K, Arolt V, Haverkamp W, Kuhlmann SL, Martus P, et al. Association be-

tween heart-focused anxiety, depressive symptoms, health behaviors and healthcare

utilization in patients with coronary heart disease. | Psychosom Res 2020;131:109958.

Leissner P, Held C, Rondung E, Olsson EMG. The factor structure of the cardiac anxiety

questionnaire, and validation in a post-MI population. BMC Med Res Methodol 2022;22:

338.

Beck AT, Emery G, Greenberg RL. Anxiety disorders and phobias: a cognitive perspective.

New York, NY, USA: Basic Books; 2005.

Tully PJ, Harrison NJ, Cheung P, Cosh S. Anxiety and cardiovascular disease risk: a re-

view. Curr Cardiol Rep 2016;18:120.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand

1983,67:361-370.

Levine GN, Cohen BE, Commodore-Mensah Y, Fleury ], Huffman JC, Khalid U, et al.

Psychological health, well-being, and the mind-heart-body connection: a scientific state-

ment from the American Heart Association. Circulation 2021;143:E763-E783.

Van Beek M, Zuidersma M, Lappenschaar M, Pop G, Roest AM, Van Balkom AJLM, et al.

Prognostic association of cardiac anxiety with new cardiac events and mortality follow-

ing myocardial infarction. Br | Psychiatry 2016;209:400—406.

Case LD, Ambrosius WT. Power and sample size. Methods Mol Biol 2007;404:377—-408.

Yusuf PS, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect of potentially

modifiable risk factors associated with myocardial infarction in 52 countries (the

INTERHEART study): case-control study. Lancet 2004;364:937-952.

Smith K], Béland M, Clyde M, Gariépy G, Pagé V, Badawi G, et al. Association of diabetes

with anxiety: a systematic review and meta-analysis. | Psychosom Res 2013;74:89-99.

Player MS, Peterson EL. Anxiety disorders, hypertension, and cardiovascular risk: a re-

view. Int | Psychiatry Med 2011;41:365-377.

Gallo LC, Matthews KA. Understanding the association between socioeconomic status

and physical health: do negative emotions play a role? Psychol Bull 2003;129:10-51.

. Jankovic J, Mandic-Rajcevic S, Davidovic M, Jankovi¢ S. Demographic and socioeconomic

inequalities in ideal cardiovascular health: a systematic review and meta-analysis. PLoS

One 2021;16:€0255959.

review and

34.

35.

36.

37.

38.

39.
40.
41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Lett HS, Blumenthal JA, Babyak MA, Strauman TJ, Robins C, Sherwood A. Social support
and coronary heart disease: epidemiologic evidence and implications for treatment.
Psychosom Med 2005;67:869-878.

Langford CPH, Bowsher J, Maloney JP, Lillis PP. Social support: a conceptual analysis. |
Adv Nurs 1997;25:95-100.

Humphries SM, Wallert ], Norlund F, Wallin E, Burell G, von Essen L, et al
Internet-based cognitive behavioral therapy for patients reporting symptoms of anxiety
and depression after myocardial infarction: U-CARE heart randomized controlled trial
twelve-month follow-up. | Med Internet Res 2021;23:e25465.

Norlund F, Wallin E, Olsson EMG, Wallert J, Burell G, von Essen L, et al. Internet-based
cognitive behavioral therapy for symptoms of depression and anxiety among patients
with a recent myocardial infarction: the u-care heart randomized controlled trial. |
Med Internet Res 2018;20:e88.

Wallin E, Norlund F, Olsson EMG, Burell G, Held C, Carlsson T. Treatment activity, user
satisfaction, and experienced usability of internet-based cognitive behavioral therapy for
adults with depression and anxiety after a myocardial infarction: mixed-methods study. /
Med Internet Res 2018;20:e87.

Socialstyrelsen. Registers. https://www.socialstyrelsen.se/en/statistics-and-data/registers/.
Brooke HL, Talbdck M, Hornblad J, Johansson LA, Ludvigsson JF, Druid H, et al. The
Swedish cause of death register. Eur | Epidemiol 2017;32:765-773.

World Health Organization. ICD-10: international statistical classification of diseases and
related health problems: tenth revision. 2nd ed. Geneva, Switzerland: World Health
Organization; 2004.

Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the hospital anxiety and
depression scale. | Psychosom Res 2002;52:69-77.

Mitchell PH, Powell L, Blumenthal J, Norten J, Ironson G, Pitula CR, et al. A short social
support measure for patients recovering from myocardial infarction: the ENRICHD so-
cial support inventory. | Cardiopulm Rehabil 2003;23:398—403.

. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, et al. The Swedish

Web-system for enhancement and development of evidence-based care in heart dis-
ease evaluated according to recommended therapies (SWEDEHEART). Heart 2010;
96:1617-1621.

Carpenter R, Bartlett JW, Morris TP, Wood AM, Quartagno M, Kenward MG. Multiple
imputation and its application. Hoboken, New Jersey: John Wiley & Sons; 2023.
Noordzij M, Van Diepen M, Caskey FC, Jager K]. Relative risk versus absolute risk:
one cannot be interpreted without the other. Nephrol Dial Transplant 2017;32:
ii13-ii18.

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the
number of events per variable in logistic regression analysis. | Clin Epidemiol 1996;49:
1373-1379.

Snaith RP. The hospital anxiety and depression scale. Health and quality of life outcomes.
Health Qual Life Outcomes 2003;1:29.

Bandelow B, Michaelis S. Epidemiology of anxiety disorders in the 21st century.
Dialogues Clin Neurosci 2015;17:327-335.

Elagizi A, Kachur S, Carbone S, Lavie CJ, Blair SN. A review of obesity, physical activity,
and cardiovascular disease. Curr Obes Rep 2020;9:571-581.

Ruano-Ravina A, Pena-Gil C, Abu-Assi E, Raposeiras S, van't Hof A, Meindersma E, et al.
Participation and adherence to cardiac rehabilitation programs. A systematic review. Int
J Cardiol 2016;223:436—443.

Roos AL, Goetz T, Voracek M, Krannich M, Bieg M, Jarrell A, et al. Test anxiety and
physiological arousal: a systematic review and meta-analysis. Educ Psychol Rev 2021;
33:579-618.

Stewart JC, Hawkins MAW, Khambaty T, Perkins AJ, Callahan CM. Depression and anx-
iety screens as predictors of 8-year incidence of myocardial infarction and stroke in pri-
mary care patients. Psychosom Med 2016;78:593-601.

de Jager TA, Dulfer K, Radhoe S, Bergmann MJ, Daemen J, van Domburg RT, et al.
Predictive value of depression and anxiety for long-term mortality: differences in out-
come between acute coronary syndrome and stable angina pectoris. Int | Cardiol
2018;250:43-48.

Frasure-Smith N, Lespérance F. Depression and anxiety as predictors of 2-year cardiac
events in patients with stable coronary artery disease. Arch Gen Psychiatry 2008;65:
62-71.

Rothenbacher D, Hahmann H, Wiisten B, Koenig W, Brenner H. Symptoms of anxiety
and depression in patients with stable coronary heart disease: prognostic value and con-
sideration of pathogenetic links. Eur | Cardiovasc Prev Rehabil 2007;14:547-554.

Strik JJMH, Denollet J, Lousberg R, Honig A. Comparing symptoms of depression and
anxiety as predictors of cardiac events and increased health care consumption after
myocardial infarction. | Am Coll Cardiol 2003;42:1801-1807.

Rose M, Devine J. Assessment of patient-reported symptoms of anxiety. Dialogues Clin
Neurosci 2014;16:197-211.

Richards SH, Anderson L, Jenkinson CE, Whalley B, Rees K, Davies P, et al. Psychological
interventions for coronary heart disease: Cochrane systematic
meta-analysis. Eur | Prev Cardiol 2018;25:247-259.

review and

Gz0z Arenugad z| uo Jasn jeselolqiqibololg AQ £/8€€92/02./2/€2/a191HE/UdlING/ W00 dNo"olWapede//:sdny Wwoly papeojumoq


https://www.socialstyrelsen.se/en/statistics-and-data/registers/

	Association of anxiety and recurrent cardiovascular events: investigating different aspects of anxiety
	Introduction
	Methods
	Study design and participants
	Procedure
	Measures
	Outcome
	Cardiac anxiety questionnaire
	Hospital anxiety and depression scale
	ENRICHD Social Support Instrument
	Sociodemographic characteristics and cardiac risk factors

	Statistical analyses
	Main analysis
	Sensitivity analyses
	Supplementary analyses


	Results
	Sample
	Main analysis
	Sensitivity analyses
	Supplementary analyses

	Discussion
	Strengths and limitations

	Conclusion
	Supplementary material
	Acknowledgements
	Funding
	Data availability
	References


