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Abstract Unrecognized anxiety is a difficult clinical presen-
tation in cardiology. Anxiety leads to recurring emergency
department visits and the need for numerous diagnostic eval-
uations to rule out cardiovascular disease (CVD). This review
focuses broadly on anxiety and its subtypes in relation to the
onset and progression of CVD while describing helpful guide-
lines to better identify and treat anxiety. Potential mechanisms
of cardiopathogenesis are also described. An emerging litera-
ture demonstrates that anxiety disorders increase the risk for
incident CVD but a causal relationship has not been demon-
strated. Anxiety portends adverse prognosis in persons with
established CVD that is independent from depression. The
level of clinical priority received by depression should be
extended to research and clinical intervention efforts in anxi-
ety. Anxiety holds direct relevance for uncovering mecha-
nisms of cardiopathogenesis, developing novel therapeutic
strategies, and initiating clinical interventions in the popula-
tion at risk of developing heart disease, or those already diag-
nosed with CVD.
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Introduction

Anxiety has been implicated in arterial hypertension, coronary
heart disease (CHD), and open heart surgery outcomes for
more than 100 years [1-3]. Despite the inextricable relevance
of anxiety to cardiovascular function and cardiovascular dis-
ease (CVD), surprisingly, the etiological and prognostic links
between anxiety disorders and CHD are only now emerging.
Recent empirical advances point to the strong likelihood that
anxiety disorders increase the risk for developing CVDs [4ee,
5, 60,7, 8, 9]; however, a causal relationship remains elusive.
Likewise, anxiety disorders confer a prognostic risk for sub-
sequent major adverse coronary events (MACE, e.g., myocar-
dial infarction [MI], left ventricular failure, coronary revascu-
larization procedure, and stroke) in persons with established
CVDs [10¢]. In this review, the epidemiological evidence re-
lating to different anxiety disorders and CVDs is described,
while closely examining anxiety disorders’ association with
clinical outcomes that are pertinent to cardiovascular function.
We also describe pharmacological and non-pharmacological
treatment approaches in this population.

What Is Anxiety?

Unrecognized anxiety is indeed a troubling clinical presenta-
tion for the cardiologist due to recurring emergency depart-
ment visits and exhaustive diagnostic work-ups to rule out
“organic” disease. The cardiologist is especially challenged
by anxious patients with persisting cardiovascular symptoms
despite conventional medical treatment or the absence of
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remarkable diagnostic findings. Further complicating the clin-
ical presentation, anxiety includes a range of cardiorespiratory
symptoms reflecting heightened autonomic arousal and may
include palpitations, accelerated heart rate, chest pain, dys-
pnea, dizziness, numbness, and abdominal distress. Other
symptoms span the cognitive (e.g., fear, worry,
catastrophizing, rumination, thought suppression) and behav-
ioral (avoidance of places or situations, safety seeking behav-
iors, compulsions) milieus, which appear covertly or may go
unnoticed. As such, it is recommended to consider anxiety as a
diagnosis only by using the guidelines of the prevailing
Diagnostic and Statistical Manual of Mental Disorders [11]
or International Classification of Disease Criteria.

In the broadest sense, anxiety disorders described herein
focus on panic disorder, generalized anxiety disorder
(GAD), social phobia, and specific phobia, but might also
refer to agoraphobia and anxiety due to a general medical
condition. Along these lines, both the American Heart
Association [12] and German Heart Association [13] recom-
mended that further research must strive to identify the inde-
pendent contribution of anxiety disorders and its subtypes to
CVD prognosis.

Anxiety Prevalence in CVD: a Review of Recent
Epidemiological Studies

The association between anxiety and CVD is demonstrated in
cross-sectional, etiological, and prognostic studies. The prev-
alence of anxiety disorders is substantially greater in CVD
populations than in the general population [14]. Our recent
meta-analysis indicated that the point prevalence rate of any
anxiety disorders in CVD populations was approximately
16 %. The prevalence rate of GAD and panic disorder is much
higher in CVD patients than the general population (Table 1)
[10e]. Importantly, anxiety disorders are as common as unipo-
lar depression disorder in the population with acute coronary

syndrome (ACS) [15-18] and after coronary artery bypass
graft (CABG) surgery [19-22]. Anxiety disorders are comor-
bid with depression disorders in approximately 50 % of CVD
cases [10], highlighting strong intraindividual comorbidity,
which parallels findings in psychiatric and community sam-
ples [23-25]. Identifying anxiety-depression disorder comor-
bidity is particularly important because ACS patients with an
anxiety disorder are more likely to have insufficiently treated
depression and, in turn, be at higher risk for subsequent MI
[26].

There are known caveats to the accuracy of anxiety disor-
der diagnoses and prevalence estimates in CVD. Anxiety fluc-
tuates over time and is experienced by almost all individuals to
some degree. Therefore, single-assessment approaches and
short questionnaires can be less reliable when compared to
validated diagnostic approaches that take into account longer
time periods and lifetime exposure [28]. Anxiety disorder
prevalence fluctuates between studies contingent on an in- or
out-patient setting, patient age, gender, and whether (or not)
examiners are blinded to CHD status [16]. Making an anxiety
disorder diagnosis in CVDs is not straightforward and the
pitfalls of somatic symptoms confounding a psychiatric diag-
nosis in chronic diseases are well known [29]. Indeed, the
clinical presentation of CVDs and anxiety frequently overlap
in the acute setting, especially atypical chest pain, dyspnea,
palpitations, and arrhythmias [10e, 30—34]. We highly recom-
mend cardiologists obtain a diagnosis by a structured psychi-
atric interview or refer to a psychiatrist or psychologist for
further assessment.

Does Anxiety Increase CVD Risk? A Review
of Etiological and Prognostic Studies

Etiological data highlights the important role of anxiety disor-
ders in CVD. A widely cited meta-analysis [35] explored the
association between anxiety and incident CHD across 20

Table 1  Prevalence of common anxiety disorders in the CHD and general population

Disorder Number of CHD studies Prevalence 95 % CI Prevalence in
in meta-analysis in CHD [10e] general
(pooled sample size) population [27]

Generalized anxiety disorder® 22 (5567) 7.97 5.42-11.57 3.1

Panic disorder® 29 (4713) 6.81 4.09-11.14 2.7

Agoraphobia® 17 (2885) 3.62 1.78-7.21 0.8

Social phobia 10 (1847) 4.62 2.31-9.02 6.8

Specific phobia 11 (1795) 431 2.23-8.15 8.7

Obsessive compulsive disorder 6 (1558) 1.80 1.23-2.65 1.0

Data from [10+]

#Higher in CHD populations and related to CVD in etiological and prognostic studies
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studies and follow-up periods ranging from 2 to 21 years. In
initially healthy samples, anxiety (defined as any anxiety,
panic, phobia, post-traumatic stress, and worry) was associat-
ed with a 26 % increased risk of incident heart disease and
48 % increased risk of cardiac mortality.

Recent studies suggest anxiety is associated with younger
age at the time of first MI [36, 37]. Evidence is mixed on
possible gender differences in CVD risk though anxiety and
depression are more commonly reported among females than
males. Walters et al. [36] showed that the incident rate of CHD
was consistent among both males and females of all ages in
their cohort of more than 400,000 UK residents. More recent-
ly, the Hertfordshire cohort study showed a significant asso-
ciation between anxiety and CVD occurrence in men
(OR =1.10, 95 % CI 1.05-1.15) but not women [38].

Anxiety Disorder Subtypes

Analyzing anxiety disorder subtypes has uncovered dif-
ferential associations with CVD that mainly implicate
panic disorder and GAD with etiological and prognostic
outcomes, respectively. The discrete role of panic and
GAD is highlighted in two recent studies from
The Netherlands. Over a 6-year follow-up, CVD inci-
dence was associated with panic disorder (HR=2.12,
95 % CI 1.27-3.55) in the Netherlands Study of
Anxiety and Depression [5]. By contrast, in the
NEMESIS study [39], only GAD was associated with

Events n Analysis n aHR (95% Cl) Weight %

Albert 2005 930 72,359 3.43(1.27 - 9.26) 23
Bowen 2000 153 2,657 1.50 (1.10 - 2.05) 76
Bringager 2008 1 167 0.92 (0.29 - 2.92) 1.8
Chen 2009 1,249 33,696 1.62 (1.41 - 1.86) 9.5
Gomez- Camerino 2005 32,995 78,580 1.87 (1.83-1.91) 10.1
Jakobsen 2008 1,049 75,861 1.56 (1.35 - 1.80) 9.4
Jansky 2010 1,894 49,321 2.17 (1.28 - 3.68) 5.1
Kawachi 1994 168 33,999 2.66 (0.40 — 17.69) 0.7
Nabi 2010 (females) 209 14,298 1.47 (1.04 - 2.08) 7:
Nabi 2010 (males) NS 9,830 1.15(0.92 - 1.44) 8.6
Rohacek 2010 i 191 0.31 (0.02 - 4.80) 0.4
Scherrer 2010 (PD + MD) 12,304 355,999 1.22 (1.07 - 1.39) 8.3
Scherrer 2010 (PD - MD) NS NS 1.43 (1.11-1.84) 9.6
Walters 2008 (age <50 yrs) 1,097 275,966 1.44 (1.25 - 1.65) 9.9
Walters 2008 (age >50 yrs) 6,045 128,677 1.11 (1.03 - 1.20) 95
Pooled data and effect 58,111 1,131,612 1.47 (1.24 - 1.74) 100

P for overall effect P<.00001 =94

Fig. 1 Forest plot of adjusted and weighted hazard ratios for incident
coronary heart disease (CHD) (primary endpoint) in relation to panic
disorder. Adjusted hazard ratios (,4/7R) with 95 % confidence inter-
vals (CI) that exceed 1 (vertical line) indicate an increased CHD risk

non-fatal CVD over 3 years. As such panic and GAD
will be primarily described in terms of their respective
risk for etiological and prognostic outcomes.

Robust evidence indicates that panic disorder is associated
with incident CHD [8<¢]. Our recent systematic review
showed that incident CHD risk in persons with panic disorder
was increased by 47 % (hazard ratios are presented in Fig. 1
[8+¢]). Risk for MI and MACE were increased by 36 and
40 %, respectively.

Our meta-regression according to general study char-
acteristics showed sources of considerable statistical het-
erogeneity for the incident CHD outcome (refer to
Fig. 2) [8e]. The risk of CHD attributable to panic
disorder was increased with the percentage of females
in a study and was decreased with participant age (both
p <.05). Adjusting for risk factors of socioeconomic sta-
tus and diabetes and covariate alcohol consumption
were also sources of heterogeneity between studies.
This suggests that certain patient- and study-level char-
acteristics influence the association between panic and
CHD onset.

Because baseline coronary angiography and cardiology
work-up are rarely performed [9], we concluded that reverse
causality between CHD and panic disorder could not be ruled
out [8e¢]. That is, given the clear overlap between panic dis-
order and CHD symptoms, it is plausible that panic disorder
may aggravate underlying subclinical CVD or merely indicate
an undiagnosed cardiovascular condition. Another more

o 1 2 3 4 5 6 7 8 9

for persons with panic disorder. (From Tully et al. 2015;45(14):2909—
20, reproduced with permission from Cambridge University Press)

[8+]
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Covariate Events(n) Analysis(n) agiHR (95% CI) rF
Female 5734 366,119 1.79 (1.44 - 2.23) 62

Male 2,062 83,320 1.56 (0.90 - 2.70) 36

Age <50 3,044 343,359 1.63(1.13-2.35) 54

Age > 50 6.369 168,732 2.98 (0.53 - 16.68) 99
agExercise Yes 40,137 483,234 1.44 (1.04 - 2.00) 62
agExercise No 17,974 648,378 147 (1.21-1.78) 95
agTobacco Yes 54,544 912,682 1.42 (1.13-1.79) 97
ag Tobacco No 3,567 218,930 1.59 (1.44 - 1.74) 0
agAlcohol Yes® 21,549 834,102 1.30 (1.15 - 1.46) 68
agAlcohol No® 36,562 297,510 1.68 (1.49-1.91) 57
2SES Yes® 22798 867,798 1.36 (1.19 - 1.55) 79
24SES No° 35313 263,814 1.70 (1.45 - 1.99) 52
asDiabetes Yes® 22,798 867,798 1.36 (1.19 - 1.55) 79
«gDiabetes No® 35,313 263,814 1.70 (1.45 - 1.99) 52
agCholesterol Yes 53,690 872,929 1.43(1.12-1.82) 98
agCholesterol No 4421 258,683 1.48 (1.25-1.76) 36
asgHypertension Yes 54,544 912,682 1.42(1.13-1.79) 97
sgHypertension No 3,567 218,930 1.59 (1.44 - 1.74) 0
<2 Year follow-up® 34,419 146,466 1.77 (1.55- 2.02) 48
2-10 Year follow-up® 19,819 787,605 1.28 (1.15-1.42) 56
>10 Year follow-up® 3.873 197,541 1.86 (1.30 - 2.67) 44
North America 46,550 543,594 1.58 (1.22 - 2.05) 89
Europe 10,312 554,322 1.35(1.15- 1.60) 76

Asia 1,249 33,696 1.62 (1.41-1.86) 0

a.p=.003;b.p=.03; c.p=.033;d. p<.001

Fig. 2 Adjusted hazard ratios (,4/7R) for incident coronary heart disease
(CHD) and panic disorder (PD) study characteristics, where 95 %
confidence intervals (95 % CI) exceeding 1 (vertical line) represent

recent systematic review argued in favor of causality whereby
anxiety causes CVD [40¢]. Specifically, the authors compared
anxiety studies against criteria for causality (strength, consis-
tency, specificity, temporality, biological gradient, plausibility,
coherence, experiment, and analogy) and elevated anxiety to
causal CVD risk factor status.

Robust prognostic evidence also demonstrates an associa-
tion between GAD and poorer CVD prognosis in persons with

#"'-|-f1'.,,o'|'¢'|'.|.‘.|."+"'-'|'+'|' +T.|.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

increased CHD risk for persons with PD. SES socioeconomic status.
(From Tully et al. 2015;45(14):2909-20, reproduced with permission
from Cambridge University Press) [8ee]

established CHD or heart failure. GAD was associated with
adverse CVD and cerebrovascular outcomes at follow-up after
CABG surgery (HR]=2.79, 95 % CI 1.00-7.80) [41]. GAD
increased MACE risk approximately twofold in ACS outpa-
tients (n = 804) over 2 years [42]. This association was subse-
quently corroborated in a large CHD outpatient sample of
more than 900 patients [43]. Over the mean 5.6-year follow-
up, GAD was associated with an increase of 74 % in MACE

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Frasure-Smith 2008 0.8109 0.3792 155% 2.25(1.07,4.73]
Martens 2010 0.5539 0.2202 459% 1.74[1.13, 2.68) ——
Parker 2011 -1.0498 0.3684 Not estimable
Roest 2012 0.6523 0.2705 30.4% 1.92[1.13, 3.26) ——
Tully 2011 1.026 0523 81% 2.79(1.00,7.78) [
Total (95% CI) 100.0% 1.94 [1.45, 2.60] %
Heterogeneity: Tau®= 0.00; Chi*= 0.88, df= 3 (P = 0.83); F= 0% I t t i
0.01 0.1 1 10 100

Test for overall effect: Z= 4.44 (P < 0.00001)

Fig. 3 Major adverse cardiac event risk in generalized anxiety disorder
outpatient studies adjusted for covariates (random effects). The figure
shows the hazard ratio for major adverse cardiac events in outpatients

@ Springer
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risk. More recent studies [41, 44-46] confirm the role of GAD
in adverse CVD prognosis and these were pooled together in a
recent meta-analysis (Fig. 3). Collectively, the findings dem-
onstrate that GAD, independent of depression, increases
MACE risk.

Mechanisms of Cardiopathogenesis

Given the breadth in anxiety disorder phenotypes, there is a
very wide scope for identifying correlates of cardiovascular
function and cardiopathogenesis [47, 48]. Distinction between
anxiety subtypes is imperative in order to identify potentially
unique mechanisms of cardiopathogenesis that might be hidden
on the “any anxiety disorder” group level [49]. Mechanisms of
cardiopathogenesis are lesser known than depression but are
most consistently demonstrated in panic disorder and GAD.
Likely risk factors include hypertension, low w-3 fatty acid
levels, tobacco use, sedentary activity, low medication adher-
ence, inflammatory response, and reduced heart rate variability
[43, 44, 50-53]. With regard to the latter, diminished heart rate
variability, reflecting impaired vagal function and inflammatory
dysregulation, is associated with GAD, panic disorder, and so-
cial anxiety disorder [54<¢]. The mechanisms of
cardiopathogenesis attributable to anxiety disorders have also
been highlighted in higher levels of creatinine kinase, higher
intraoperative glucose levels, and the fewer grafts received by
CABG patients with an anxiety disorder [55].

Etiological and prognostic effects relevant to panic disorder
are controversial given the disputed causal status of panic
disorder [56, 57]. Recent evidence highlights the possible role
of biobehavioral cardiopathogenic mechanisms. Behavioral
factors of panic that may increase CVD risk include high
smoking and nicotine dependence rates [58], alcohol use
[59], and avoidance of exercise attributed to fear of exacerbat-
ing symptoms [60]. Monitoring studies also suggest panic is
associated with myocardial ischemia [61, 62], change in the
QT interval [63—65], coronary slow-flow [66], microvascular
angina [67], and arterial stiffness [68]. Taken together, evi-
dence indicates several possible mechanisms of
cardiopathogenesis but these are poorly understood and war-
rant further examination.

Anxiety Intervention in CVD

Given that anxiety disorders are common and represent a con-
siderable burden on quality of life [28], focused attention to-
wards treating anxiety may improve daily functioning, delay
the onset of CVD and reduce morbidity burden. Several clin-
ical guidelines recommend selective serotonin reuptake inhib-
itors (SSRIs) for the treatment of various anxiety disorders
[69, 70]. The SSRIs have known pleitropic antiplatelet

properties, but research also demonstrates SSRIs such as
escitalopram prolongs the QTc interval and should not be
prescribed at doses higher than 40 mg/day. Other pharma-
cological treatments such as benzodiazepines are typically
used for free-floating anxiety, and SSRIs remain the first-line
pharmacological treatment of choice in CVDs [71].

Cognitive behavioral therapy (CBT) is a frontline treatment
option for anxiety. In established CVD populations, anxiety
intervention is challenging because somatic symptoms of car-
diorespiratory origin pose a high risk if medical attention is
delayed [72]. Consequently, standard CBT requires consider-
able adaptation to incorporate this element of risk. Also, cer-
tain interoceptive symptom induction experiments may poten-
tiate arrhythmia or myocardial ischemia and are therefore not
recommended. To overcome some of these clinical challenges
and rectify the absence of empirical treatments, we recently
developed a protocol for Panic Attack Treatment in Comorbid
Heart Diseases (PATCHD) [73¢]. We showed a significant
reduction in CVD hospital admissions and length of stay, pan-
ic attacks, general anxiety, and depression (all p <.05).
Otherwise, ongoing trials of anxiety disorder treatment are
underway which may provide directions for clinical treat-
ments [74, 75].

Unfortunately, there is no robust evidence to suggest that
psychological or pharmacological intervention of depression
has an enduring effect on MACE reduction [76—78]. The col-
lective findings indicate that a focus on depression has limited
effects on CVD prognosis to date and raise the possibility that
interventions must also treat anxiety to improve CVD out-
comes [79].

Conclusions

Anxiety disorders are of direct clinical importance to the car-
diologist. A consistent body of literature demonstrates a high
prevalence of anxiety disorders in CVD that increases the risk
for poor cardiovascular outcomes, highlighting that attention
should be placed on anxiety disorders in clinical practice and
intervention. Future work needs to examine anxiety subtypes
in greater detail as cardiopathogenesis data remain limited and
causality remains unproven.
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