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Abstract

Background: The inferior frontal lobe is an important area of the brain involved in the stress
response, and higher activation with acute mental stress may indicate a more severe stress reaction.
However, it is unclear if activation of this region with stress correlates with angina in individuals
with CAD.

Methods: Individuals with stable CAD underwent acute mental stress testing using a series of
standardized speech/arithmetic stressors in conjunction with high resolution positron emission
tomography imaging of the brain. Blood flow to the inferior frontal lobe was evaluated as a ratio
compared to whole brain flow for each scan. Angina was assessed with the Seattle Angina
Questionnaire’s angina-frequency subscale at baseline and 2 years follow-up.

Results: We analyzed 148 individuals with CAD (mean age (SD) 62 (8) years; 69% male, and
35.8% African American). For every doubling in the inferior frontal lobe activation, angina
frequency was increased by 13.7 units at baseline (B 13.7, 95% CI 6.3, 21.7, p=0.008) and 11.6
units during follow up (B 11.6, 95% CI 4.1, 19.2, p=0.01) in a model adjusted for baseline
demographics. Mental stress-induced ischemia and activation of other brain pain processing
regions (thalamus, insula and amygdala) accounted for 40.0% and 13.1% of the total effect of
inferior frontal lobe activation on angina severity, respectively.

Conclusion: Inferior frontal lobe activation with mental stress is independently associated with
angina at baseline and during follow-up. Mental stress-induced ischemia and other pain processing
brain regions may play a contributory role.
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Introduction

Angina pectoris is the hallmark symptom of coronary artery disease (CAD) and an important
determinant of adverse outcomes, quality of life and healthcare costs in CAD.1 2 Between
10% and 30% of patients with CAD remain symptomatic while receiving optimal medical
therapy.3 Also, one third of patients who undergo coronary revascularization for stable CAD
continue to experience angina symptoms.4-6 Therefore, despite optimal pharmacological and
revascularization therapies, angina remains an important cause of disability and impaired
quality of life in many individuals.

Recent evidence suggests psychological factors are stronger determinants of angina than the
burden of CAD.’-11 In addition, the self-reported frequency of angina is related to the degree
of myocardial perfusion defects induced by acute mental stress, but not by exercise stress
testing.8 However, the central neurological mechanisms for the association between reported
symptoms of angina and mental stress are unknown. Given the poor correlation between
angina symptoms and extent of CAD, it is important to explore an alternative paradigm for
angina as a neurocardiac phenomenon that originates in the brain, which is more in line with
other pain syndromes.12

The inferior frontal lobe is an area of the brain known to be involved in emotional regulation
and stress.13 14 In a meta-analysis of brain imaging studies in humans, this region was
consistently activated with psychological stressors.1®> We have recently shown that CAD
patients with mental stress-induced myocardial ischemia exhibit increased inferior frontal
lobe perfusion in response to stress.16 Since the inferior frontal lobe is a key brain region
involved in stress reactivity, study of its activation with an acute mental stress challenge may
help to unmask functional abnormalities. Potential mechanisms include activation of central
neurologic pain pathways and cardiac ischemic pathways (Figure 1). Therefore, we aimed to
investigate the relationship between activation of this region with mental stress and angina in
individuals with known CAD, as well as potential neurologic and ischemic mechanisms. We
hypothesized that greater activation in the inferior frontal lobe during mental stress will be
associated with angina, and in part mediated by myocardial ischemia and activation of pain
perception pathways in the brain.

Methods
Study Cohort

The data that support the findings of our study are available from the corresponding author
on reasonable request. Between June 2011 and August 2014, individuals with confirmed
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stable CAD were recruited from Emory-affiliated hospitals and clinics as part of the Mental
Stress Ischemia Mechanisms and Prognosis Study (MIPS) as described elsewhere.l” CAD
was defined based on a positive nuclear stress test, previous cardiac catheterization showing
atherosclerosis, history of prior myocardial infarction, or a history of percutaneous coronary
intervention or coronary artery bypass grafting. Participants were excluded if they: had a
recent episode of unstable angina, decompensated heart failure within one week, were
pregnant, had a systolic blood pressure greater than 180 mm Hg or diastolic blood pressure
greater than 110 mm Hg on the day of the test, had a history of alcohol or substance abuse or
severe psychiatric disorders including schizophrenia, psychotic depression, or bipolar
disorder in the past year, or had chronic steroid use above 1.5 milligram per day. Data
regarding the sociodemographic characteristics, medical history, and medication history of
all participants were collected using standard questionnaires, and were verified using
medical records. All patients provided written informed consent, and the study was approved
by the Emory University Institutional Review Board (Supplemental Figure 1).

Study measures

Sociodemographic factors (age, sex, race, education, and current smoking), medical history
(hypertension, hyperlipidemia, diabetes, obesity, previous myocardial infarction, previous
revascularization), and list of medications taken were assessed using standardized
questionnaires. Depressive symptoms were assessed using the Beck Depression Inventory
(BDI) scale,1® and post-traumatic stress disorder symptoms were assessed using the post-
traumatic stress disorder symptom checklist.1® Trait anxiety was measured with the State-
Trait Anxiety Inventory (STAI).20 The level of distress of participants was evaluated at
baseline and immediately after the mental stress test using the Subjective Units of Distress
Scale (SUDS) during both PET imaging and the myocardial perfusion imaging procedures.
21 The Duke Activity Status Index (DASI) was used to evaluate the functional capacity of
study subjects.22

Angina symptoms were assessed at baseline and also at 2 years follow-up using the Seattle
Angina Questionnaire’s (SAQ) angina-frequency subscale, which measures frequency of
angina and use of nitroglycerin for chest pain over the previous 4 weeks.23 Scores for angina
frequency are rescaled into on a 100-point scale, with 100 representing no chest pain and 0
representing angina occurring = 4 times/day. The minimal clinically-significant change in
SAQ scale is a change of 10 points.23 The SAQ has been validated in different populations
and correlates with electronic daily diary entries for angina and nitroglycerin use.23: 24
Participants were divided into categories of angina frequency based on SAQ scores, defined
as absent (score 100), monthly (score 61 to 99), weekly (score 31 to 60), and daily (score 0
to 30). Since only 3 participants (1.9%) reported daily angina, those with daily or weekly
angina were combined into a single category for analysis.

Mental stress testing

All participants underwent mental stress testing using a standardized protocol in conjunction
with both myocardial perfusion imaging and High Resolution Positron Emission
Tomography (HR-PET) brain imaging, as previously described.1” 25 The mental stress
protocols were done with the same protocols on two separate days and within 2 weeks from
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each other. The rate pressure product changes with mental stress were highly correlated
(r=0.88) between the cardiac perfusion imaging and the brain PET imaging mental stress
protocols.

HR-PET brain imaging

The HR-PET device has a spatial resolution of 2-mm which provides significantly higher
sensitivity than conventional PET cameras.28 Mental stress testing was performed by trained
staff using mental arithmetic and public speaking. Each individual would undergo eight
brain scans with two scans during each of the 2 control (counting aloud and recalling a
neutral event) and 2 scans for the two stress (arithmetic and public speaking) conditions.
Each task lasted for approximately 2 min, and participants were scanned during each task.
Subjects were injected with 20mCi of O-15 water 10 seconds after the beginning of each
task to assess cerebral blood flow. Details regarding the mental stress testing protocol have
been previously described.1” Readers of the brain imaging results were not aware of other
clinical characteristics.

Myocardial perfusion imaging

Each subject underwent 3 nuclear 99 m-Tc sestamibi-gated single-photon emission
computed-tomography (SPECT) scans at rest, during mental stress and during conventional
stress testing (with exercise or pharmacological stress depending on walking capacity). Two
experienced nuclear cardiologists performed visual interpretation of the SPECT scans
blinded to both clinical and brain imaging data. Discrepancies in interpretation of images
were resolved by consensus. The extent and the severity of perfusion defects were quantified
at rest and during stress using a 17-segement model,2” where the severity of the defect was
quantified using a 5-point scale from normal (score = 0) to absent perfusion (score = 4).
These scores were then summed across the 17 segments yielding a total score for rest and
each stress condition. Presence of ischemia was defined as a summed total score of =2 in
any segment, or worsening of a preexisting impairment of at least 2 points in a single
segment, or worsening of at least 1 point in 2 or more contiguous segments.28 Presence of
scar tissue was determined by a summed total score of > 4 at rest and no worsening during
stress. Ejection fraction, systolic and diastolic volume during stress testing were also
recorded. During mental stress testing of the cardiac imaging day, each participant was also
asked if they were experiencing any chest pain.

Data Analysis

Analysis of HR-PET images was performed using statistical parametric mapping (SPM12)
software, as previously described.2% 30 Images were realigned to the mean image of the
study session, smoothed, and then normalized onto a standard brain template from the
Montreal Neurological Institute. This method would allow evaluation of regional blood flow
relative to the total brain blood flow. HR-PET imaging analysis was performed by creating
individual contrast maps to determine changes in regional blood flow (Blood Flowpet =
Blood FIOWpental Stress Task — B100d FIoWcontrol Task)- The two mental stress tests showed an
excellent overlap which was indicated by a Dice coefficient of 0.85. Therefore, the net
change in blood flow was an average of the mental stress tasks minus the average of the
control tasks. In the next step, a custom mask was applied to the contrast image to constrain
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regional blood flow to the bilateral inferior frontal lobes. Similar contrast images were also
constructed to evaluate the regional blood flow to bilateral thalamus, insula, and amygdala.
Individual subject responses (Blood Flowyet) were extracted from the masked contrast
image and averaged across non-zero voxels.

Baseline characteristics of the population were compared according to increasing levels of
angina frequency and severity using the analysis of variance for continuous, normally
distributed variables or the chi-square test for categorical variables. For our main analysis,
we constructed multivariable linear regression models to examine the association between
inferior frontal lobe activation (outcome variable) and presence of angina. Models were
adjusted for sociodemographic and lifestyle characteristics (age, sex, race, education, and
current smoking). We used the base-2 logarithm of the brain activation values to examine the
effect of doubling of the brain activation on angina frequency as each unit difference in the
log- transformed brain activation represents a doubling of the score. We did not find any
association between angina and any of the comorbidities or other medications and therefore
these factors were not included in the multivariable regression models to avoid overfitting.
We tested for multicollinearity using the Variance Inflation Factor and confirmed that none
of the covariates entered in our model met criteria for collinearity. We performed a
mediation analysis with bootstrapping (1,000 bootstrap samples and a 95 percent confidence
interval) to test the statistical effects of mental stress-induced ischemia and other pain
processing regions on estimates of stress-induced inferior frontal lobe activity on angina
frequency.3! The other pain processing regions as identified in the literature included in the
mediation analysis were activation of thalamus, insula and amygdala.32 Finally, in order to
characterize the contribution of each variable that was associated with angina, relative
importance analysis was performed, to quantify the relative importance of variables for their
association with angina in regression analysis. This method would allow us to understand
what variables contributed the most to angina.33

A total of 148 individuals with CAD were enrolled with mean (SD) age 62 (8) years; 69%
were male, and 36% were African American. Participants reporting higher angina frequency
were younger, more often African-American, and higher rates of mental stress-induced
ischemia (Table 1). Symptoms of depression, post-traumatic stress disorder, and anxiety as
well as use of antidepressants and nitrates, were also more common in participants reporting
higher angina frequency (Table 1). Also, participants reporting higher angina frequency were
found to have higher levels of distress (SUDS score) immediately following mental stress.
Similarly, the DASI score which is reflective of functional capacity of the participants was
worse among those reporting higher angina frequency (Table 1). There were no other
significant differences in the angina frequency subgroups in demographics, medical history,
or severity of CAD. Use of beta-blockers and calcium channel blockers were highest in the
group reporting daily or weekly angina but these differences were not statistically
significant. No associations were found between the severity of angina symptoms with the
presence of ischemia during conventional stress testing (P=0.21).
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As shown in Figure 2A, compared to participants without angina, both groups reporting
monthly angina symptoms or weekly/daily symptoms were found to have higher inferior
frontal lobe activation to mental stress at both baseline and after 2 years of follow-up
(P<0.001). Those reporting angina during mental stress testing with cardiac perfusion
imaging also had higher inferior frontal lobe activation (1.43 + 0.42) compared to
individuals who did not have active chest pain (1.19 + 0.14) during mental stress testing
(P=0.03). These individuals also had fewer years of education and higher BDI-Il and PCL
scores (Supplemental Table 1). In addition, those who reported angina during mental stress-
testing, were found to have higher distress levels measured by SUDS evaluated immediately
after mental stress with both cardiac perfusion imaging and brain PET imaging compared to
those who did not have active chest pain with mental stress testing (Table 1). Similarly, the
group experiencing angina during stress testing with cardiac perfusion imaging had higher
increases in SUDS score during mental stress testing compared to those who did not
experience chest pain with mental stress testing (Supplemental Table 1).

A total of 112 individuals completed the SAQ at 2 years of follow up. The characteristics of
these individuals were not significantly different from the baseline cohort (Supplemental
Table 2). Twenty eight individuals (24.1%) reported an increase in the frequency of angina
episodes during follow up (Figure 2B). These individuals were found to have a higher mean
inferior frontal lobe activation with mental stress at baseline compared to those who reported
a decrease in chest pain frequency (1.82 + 0.15 vs 0.92 + 0.28, P=0.01, Figure 2B). There
were no significant differences in the baseline demographics and clinical characteristics of
the group who reported an increase in angina frequency compared to those with no change
or improvement in chest pain symptoms (Supplemental Table 3).

In addition to angina, inferior frontal lobe activation during mental stress was shown to be
higher among those with mental stress-induced ischemia compared to those without
ischemia (1.46 £ 0.26 vs 1.02 + 0.24, P=0.01). After adjusting for sociodemographic and
lifestyle characteristics, presence of mental stress induced ischemia was positively
associated with inferior frontal lobe activation (8=0.202, 95% CI 0.09-0.41, P=0.009). There
was also a significant positive association between mental stress-induced inferior frontal
lobe activation with other regions involved in pain processing, including the thalamus, insula
and amygdala (Supplemental Figure 2).

After adjusting for sociodemographic and lifestyle characteristics, SAQ scores were
negatively associated with inferior frontal lobe activation (P=0.01). For every doubling in the
inferior frontal lobe activation, angina frequency was increased by 13.71 units, after
adjustment for the factors above (§ 13.7, 95% CI 6.3, 21.7, p=0.008). Also, as shown in
Supplemental Figure 3, there was a positive linear association between changes in SAQ
during 2 years of follow up and mental stress-induced inferior frontal lobe activation at
baseline. After adjusting for the above factors, every doubling in inferior frontal lobe
activation was associated with 11.6 units increase in angina frequency score during follow-
up (B 11.6, 95% CI 4.1, 19.2, p=0.01). These changes in SAQ scores are clinically
meaningful given that the minimal clinically-significant change in SAQ scores is a change of
10 units. Formal mediation analyses showed that mental stress-induced ischemia and
activation of other pain processing brain regions accounted for 40.0% and 13.1% of the total
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effect of inferior frontal lobe activation on angina severity at baseline, respectively.
(Supplemental Figure 4).

Our relative importance analysis model included all variables that were significantly
associated with presence of angina on bivariate analysis. As shown in Figure 3, inferior
frontal lobe activation was the most important correlate of angina, contributing to 36.5% of
the variance in the model.

Discussion

To our knowledge, the present study is the first to show that among individuals with CAD,
greater mental stress-induced activation in the inferior frontal lobe region is positively
associated with self-reported angina severity. We found a dose-response relationship
between stress-induced inferior frontal lobe activation and angina frequency. There was also
a significant positive association between inferior frontal lobe activation during stress and
the magnitude of change in angina frequency after 2 years of follow-up, suggesting that
brain-related changes predict worsened future angina as well. Finally, we showed that
mental stress-induced ischemia and other brain regions associated with pain processing
(thalamus, insula and amygdala) partly mediate the relationship between inferior frontal lobe
activation and angina severity. These findings may indicate important clinical implications in
the management of angina by linking it, for the first time, to stress responses in the brain.

Our findings that focus on brain-related changes with stress complement previous work that
has focused on subjective stress measures as key determinants of angina. A key advantage to
our findings is that our measures are objective and imaging-based. This may, to a certain
extent, provide the underlying neurophysiological basis for previous studies examining
angina and depression, post-traumatic stress disorder symptoms, anxiety, and perceived
stress.”» 3% 35 When evaluated together in the same model, activation of the inferior frontal
lobe was the most important correlate of angina, followed by psychological factors. Most
importantly, all of these factors, and not traditional risk factors or conventional ischemia,
explained angina severity in our relative importance model. This has potential important
clinical implications when considering the clinical evaluation of chest pain in patients with
CAD, for which stress testing and coronary angiography are the predominant tests ordered.
An important additional consideration is that angina itself may also lead to higher stress
levels, as evidenced by higher subjective distress scores in our participants who experienced
chest pain during mental stress testing. However, accounting for subjective distress scores
after mental stress did not change the results.

Although our findings that conventional ischemia did not associate with angina are
unexpected from the perspective of everyday clinical practice, other studies have also found
that exercise stress ischemia and angina history are not associated.-11 However, our finding
that mental stress ischemia associates with angina has been previously noted in the literature.
8 Our mediation model may help to understand the mechanisms through which mental stress
ischemia may lead to increased angina, although more work is needed.
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Our study builds upon previous research that has implicated the inferior frontal lobe in
processing physical and psychological pain, as well as the overall fear of having pain.

15, 36-400yr research also suggests potential downstream neurobiological consequences to
increased inferior frontal activation, including increased mental stress-induced myocardial
ischemia,® which accounts for 40 percent of its effect on angina frequency. Other
downstream neurological activations may also help to explain higher angina frequency,
including the thalamus, insula and amygdala, which collectively explained 13% of the effect.
32,41 Overall, previous research on the relationship of this region with pain and
neurobiological mechanisms warrant further research on interventions that can modify these
pathways, such as neurofeedback, deep brain stimulation, and transcranial magnetic brain
stimulation,42-44

The present study has a number of limitations. First, we used a standardized experimental
protocol to induce psychological stress in participants with stable CAD. While this protocol
offers an objective manner of measuring stress effects, it may not reflect multiple and
various naturally occurring real-life stressors; this may lead to underestimation of the effect
size. Second, angina symptoms were assess retrospectively using a questionnaire, rather than
using a prospective diary documentation of angina symptoms. However, this method is
clinically relevant since it is similar to the way health care professionals collect information
about patients” symptoms during clinical visits. The SAQ scale is also a well validated tool
for assessment of presence and severity of angina, and because we used the questionnaire
before mental stress testing, it is unlikely that the responses were biased by the testing itself.
Third, information on other subsets of the SAQ including the quality of life measures was
not available in our study. However, functional capacity data were available, which help to
assess important downstream determinants of angina, neurocardiac dysfunction, and
ischemic heart disease. Fourth, similar stress protocols were used for mental stress testing
for cardiac perfusion imaging and brain PET imaging which could increase the possibility of
stress-retest effect. However, the reaction to both mental stress protocols were highly
correlated with each other which suggests a similar stress reactivity to both protocols.
Finally, the low temporal resolution of PET imaging modality used in our study, limited our
ability to perform network analysis and therefore understand the temporal relationship
between inferior frontal lobe activation with other brain regions during mental stress. Future
studies using other modalities such as functional magnetic resonance imaging could help us
understand dynamic relationships of other brain regions with the inferior frontal lobe during
mental stress.

In summary, we found a positive relationship between inferior frontal lobe activity with
stress and reported angina. These findings suggest that altered brain reactivity to stress could
possibly represent a key mechanism in chest pain perception in individuals with CAD.
Mental stress ischemia and activation of pain regions of the brain are important potential
mechanisms. Although more research is needed, these results may potentially shift the
paradigm by which angina is evaluated by re-focusing clinical evaluation/management of
psychological stress as adjunct to traditional cardiac evaluations.
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Clinical Perspective

Angina pectoris is the hallmark symptom of coronary artery disease and psychological
factors such as mental stress are shown to be important determinants of angina. However,
little is known about the brain mechanisms responsible for the association between
angina and psychological stress. In this study, we investigated the role of the inferior
frontal lobe which is an important brain region involved in emotional regulation and
stress. Findings from our study showed that in patients with coronary artery disease,
activation of the inferior frontal lobe in response to acute mental stress is associated with
the severity of self-reported angina at baseline and also at 2 years of follow-up. Our data
also showed that higher activation of this region is associated with worsening of self-
reported angina during a 2 year follow-up period. Finally we demonstrated that
myocardial ischemia induced by mental stress and activation of other brain pain
processing regions (thalamus, insula and amygdala) play contributory roles in the
association between inferior frontal lobe activation and angina.
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Acute Psychological Stress
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Inferior Frontal Lobe Activation

Activation of Neurological
pain processing pathways

Mental Stress-Induced
Myocardial Ischemia

Chest Pain

—

Figure 1. Central illustration showing the relationship between mental stress-induced activation
of theinferior frontal lobe and self-reported anginal symptomsthrough the mental stress-
induced ischemia and neurological pain receptor pathways.

Neurological pain processing pathways include activation of thalamus, insula and amygdala
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Figure 2. Mental Stress-Induced Inferior Frontal L obe activation according to angina frequency
levels at baseline (A) and changes during 2 year s of follow-up (B)

* net difference mI~1" min ~1"100mg1

a indicating P-value= 0.03 comparing those with monthly angina to the group with no
angina

b indicating P-value- 0.009 comparing those with daily/weekly angina to the group with no
angina

¢ indicating P-value- 0.01 comparing those with daily/weekly angina to the group with no
angina
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Correlates of Angina

Inferior frontal activation
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Figure 3. Significant correlates of angina at baseline ranked by importance*
Angina assessed by Seattle Angina Questionnaire.

*No contribution found with conventional myocardial ischemia
BDI : Beck Depression Inventory scale, PTSD: Post-traumatic stress disorder symptom
checklist, less education indicates fewer years of formal education by self-report
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Table 1.

Baseline Characteristics of the Participants Reporting Angina Frequency

Characteristic Angina frequency p-value
Absent Monthly Daily or weekly
N=94 N=35 N=19
Demographics
Age, Mean (SD) 64 (7) 59 (8) 57 (8) <0.001
Men, N (%) 70 (74.5) 21 (60.0) 11 (57.9) 0.093
African American, N (%) 23 (24.5) 17 (48.0) 13 (68.4) 0.001
Years of school, Mean (SD) 15 (3) 13 (4) 13(2) 0.011
Current smoker, N (%) 11 (11.7) 8 (22.9) 4(21.1) 0.28
Medical factors
Hypertension, N (%) 68 (72.3) 29 (82.9) 16 (84.2) 0.49
Hyperlipidemia, N (%) 78 (83.0) 25 (71.4) 18 (94.7) 0.082
Diabetes, N (%) 25 (26.6) 18 (51.4) 7(36.8) 0.074
Obesity, N (%) 77 (81.9) 27 (77.1) 15 (78.9) 0.49
Previous MI, N (%) 35 (37.2) 12 (34.3) 6 (31.6) 0.71
Previous revascularization, N (%) 47 (50) 16 (45.7) 9 (47.4) 0.81
Gensini score, Mean (SD) 39.3(54.6) 32.1(44.1) 29.0 (32.3) 0.42
Stress-induced ischemia, N (%)
Conventional (exercise/pharmacologic) 34 (34.0) 18 (51.4) 7(36.8) 0.21
Mental 19 (20.2) 12 (34.3) 7(36.8) 0.02
Summed difference score, Mean (SD) 2.6 (4.6) 2.9(3.6) 2.1(2.8) 0.81
Presence of scar, N (%) 17 (18.1) 4 (11.4) 2 (10.6) 0.33
Ejection Fraction, Mean (SD) 68.4 (15.3) 63.1(14.7) 72.3(12.5) 0.12
End Systolic volume, Mean (SD) 44.3 (56.1) 60.0 (58.2) 34.2(31.3) 0.19
End Diastolic volume, Mean (SD) 118.8 (65.4) 134.7 (75.6) 108 (42.0) 0.31
Psychological factors
BDI-1I score, Mean (SD) 777(6.8) 1931 (124)  21.95(13.5) <0.001
PCL score, Mean (SD) 26.27 (10.6) 36.37 (13.8)  44.65 (17.8) <0.001
STAI Anxiety-Trait score, Mean (SD) 32.7 (11.0) 42.2 (11.3) 448 (12.2) <0.001
Mental stress with brain PET scan
Baseline SUDS score, Mean (SD) 15.2 (18.0) 17.4 (20.5) 16.6 (18.9) 0.78
Post-mental stress SUDS score, Mean (SD) 15.7 (11.0) 20.9 (7.9) 26.2 (17.2) 0.009
Change in SUDS score with stress, Mean (SD) 0.5 (3.4) 2.1(7.5) 9.9 (10.1) 0.01
Mental stress with myocardial perfusion
Baseline SUDS score, Mean (SD) 10.3 (15.2) 16.6 (27.4) 17.2 (22.2) 0.29
Post-mental stress SUDS score, Mean (SD) 17.3(18.1) 29.7 (33.6) 39.7 (34.0) 0.007
Change in SUDS score with stress, Mean (SD) 6.0 (2.1) 13.0 (6.7) 225(5.8) 0.002
DASI score, Mean (SD) 439(12.1) 312 (17.7) 22.3 (11.5) <0.001
Medications, N (%)
Antidepressants 29 (30.9) 10 (29.4) 12 (63.2) 0.043
ACE inhibitors 44 (46.8) 14 (41.2) 8 (42.1) 0.67
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Characteristic Angina frequency p-value
Absent Monthly Daily or weekly
N= 94 N=35 N=19
Aspirin 83 (88.3) 30 (88.2) 16 (84.2) 0.88
Beta blocker 70 (74.5) 23 (67.6) 15 (78.9) 0.38
Statin 86 (91.5) 29 (85.3) 18 (94.7) 0.25
Calcium channel blockers 18 (19.1) 8 (23.5) 5(26.3) 0.72
Nitrates 15 (16.0) 10 (29.4) 8 (42.1) 0.02
Increase in angina frequency during follow-up, N (%) 16 (21.3) 11 (40.7) 1(9.1) 0.03
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SD: standard deviation, BDI-II : Beck Depression Inventory scale, PCL: Post-traumatic stress disorder symptom checklist, STAI: State- Trait
Anxiety Inventory, ACE: angiotensin converting enzyme
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