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Abstract

Background—Anxiety is common among patients presenting with suspected coronary artery
disease (CAD). In a sample of women with signs and symptoms of ischemia, we examined three
anxiety markers as predictors of CAD endpoints including: 1) cardiac symptom indicators; 2)
angiographic CAD severity; and 3) healthcare utilization (cardiac hospitalizations & 5-year
cardiovascular [CVD] healthcare costs).

Methods—~Participants completed a baseline protocol including coronary angiogram, cardiac
symptoms, psychosocial measures and a median 5.9-year follow-up to track hospitalizations. We
calculated CVD costs based on cardiac hospitalizations, treatment visits, and CVD medications.
Anxiety measures included anxiolytic medication use, Spielberger Trait Anxiety Inventory (STAI)
scores, and anxiety disorder treatment history.
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Results—The sample numbered 514 women with anxiety measure data and covariates (mean
age=57.5[11.1]). One in five (20.4%) women reported using anxiolytic agents. Anxiety correlated
with cardiac symptom indicators (anxiolytic use with nighttime angina & nitroglycerine use; STAI
scores & anxiety disorder treatment history with nighttime angina, shortness of breath, & angina
frequency). Anxiety disorder treatment history (but not STAI scores or anxiolytics) predicted less
severe CAD. Anxiolytic use (but not STAI scores or anxiety disorder treatment history) predicted
hospitalizations for chest pain and coronary catheterization (HR’s=2.0, 95% CI’s=1.1-4.7).
Anxiety measures predicted higher 5-year CVD costs (+9.0-42.7%) irrespective of CAD severity.

Conclusions—Among women with signs and symptoms of myocardial ischemia, anxiety
measures predict cardiac endpoints ranging from cardiac symptom severity to healthcare
utilization. Based on these findings, anxiety may warrant greater consideration among women
with suspected CAD.
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Clinical anxiety and depression are often comorbid among patients with obstructive
coronary artery disease (CAD). For example, in separate studies of patients with CAD in the
U.S. and Europe, authors reported that between 77% and 90% of patients exhibiting either
anxiety or depression also showed elevations on the alternative mood dimension (1-3).
Despite this evidence of congruence, however, depression has received the majority of
empirical attention in studies of patients with CAD. A 2010 review, for instance, yielded
494 independent papers on the subject of depression and cardiovascular disease (CVD)
published in 2009 alone (4). Depression similarly earned consideration from the American
Heart Association in 2008, with the latter body calling for routine depression screenings
among patients with CAD (5). In comparison to these depression standards, anxiety boasts
only a fraction of the publication volume and no official recommendations in clinical
cardiology guidelines.

In light of the overlap between anxiety and depression, the growing literature linking anxiety
symptoms and disorders to higher rates of cardiac risk factors (e.g., 6-7) and an increased
risk for premature events (e.g., 8-9), anxiety may warrant greater scrutiny in cardiac
settings. Among patients with suspected myocardial ischemia, studies of anxiety have
produced seemingly paradoxical findings. For example, prior findings from the Women’s
Ischemia Syndrome Evaluation (WISE) indicated a negative relationship between a history
of treatment for anxiety disorders and angiographic CAD severity (10) and positive
relationships between anxiety symptoms, current anxiolytic use, and CVD events such as
stroke, heart attacks, congestive heart failure, and cardiac mortality (e.g., 11-13). Attempts
to reconcile the role(s) of anxiety in CAD, therefore, may require a multifaceted approach
that includes multiple measures of anxiety and the CAD process.

The current paper evaluated novel relationships between anxiety symptom severity,
anxiolytic use, anxiety disorder treatment history (hereafter referred to as anxiety treatment
history), and CAD endpoints from the WISE study, including: (1) cardiac symptom
indicators; (2) angiographic CAD severity; (3) healthcare utilization in the form of cardiac
hospitalization events and CVD healthcare costs. We predicted that elevated anxiety status
would correlate positively with cardiac symptom indicators, correlate negatively with
angiographic CAD severity, and predict increased healthcare utilization over a median 5.9
year follow-up.
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Methods

Participant recruitment and entrance criteria

Women age 18 and over and undergoing a clinically indicated coronary angiogram for
suspected myocardial ischemia were recruited for the WISE from four participating study
sites (University of Alabama at Birmingham; University of Florida, Gainesville; University
of Pittsburgh; and Allegheny General Hospital, Pittsburgh; 14). The WISE was designed to
improve the understanding and diagnosis of ischemic heart disease in women. Exclusion
criteria included major comorbidity compromising follow-up, pregnancy, contraindication to
provocative diagnostic testing, cardiomyopathy, NYHA class IV heart failure, recent
myocardial infarction or revascularization procedure, significant valvular or congenital heart
disease, and language barrier. Participants provided written informed consent, and all
participating sites obtained Institutional Review Board approval. The authors of this
manuscript have certified that they comply with the Principles of Ethical Publishing in the
International Journal of Cardiology (15).

Angiographic severity & cardiac hospitalization events

The WISE Angiographic Core Laboratory (Rhode Island Hospital, Providence, RI)
performed quantitative analysis of coronary angiograms, with investigators blinded to all
other subject data (16). Luminal diameter was measured at all stenoses and at nearby
reference segments using an electronic cine projector-based “cross-hair” technique
(Vanguard Instrument Corporation, Melville, NY). Each participant received a continuous
CAD severity score based on angiogram results and a modified Gensini score (hereafter
referred to as a CAD severity score; 16). This severity score was developed with points
assigned according to the category of severity of the stenosis (0-19, 20-49, 50-69, 70-89,
90-98, 99-100) adjusting for partial and complete collaterals. Scores were further adjusted
according to lesion location, with more proximal lesions receiving a higher weighting factor.
Obstructive CAD was defined as the presence of a stenosis =50% in a major coronary artery

(4).

The women were contacted at six weeks post-baseline and annually thereafter for a median
of 5.9 years (25! percentile=2.5 years; 75" percentile=6.9 years) to track subsequent
coronary catheterization, hospitalization for chest pain, and adverse events (including
myocardial infarction, stroke, & congestive heart failure). Follow-up consisted of a scripted
telephone interview by an experienced research nurse. This data collection tool was
validated previously against medical records (17). We defined cardiac hospitalizations as
either receiving cardiac catheterization or admission for chest pain (prior papers [e.g., 11—
13] reported relationships with CVD events).

Cardiovascular cost accounting methods

A detailed cost method description was previously published (17). In brief, we used a hybrid
cost model (including hospital-specific and published costs as inputs) for cases in which
patient bills were not available. In this model, we used extensive prior published reports on
procedural and hospital costs as well as cost estimates from national and regional average
procedural and hospital charges (adjusted by state-specific cost-charge ratios; 17-18).
Hospitalization (for chest pain, myocardial infarction [MI], heart failure) and procedural (for
coronary angiography, revascularization, stress cardiac imaging) costs were obtained from
published reports (17-21). CVD drug costs were derived from the 2003 Red Book (22). We
performed numerous sensitivity analyses using a range of costs for procedures and
hospitalizations. We totaled 5-year and annual costs for CVD hospitalizations, coronary
revascularization and angiography, outpatient testing, and visits to generalists, specialists,
nurse practitioners/physician’s assistants, or community clinics. Summed 5-year costs were
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considered a measure of direct CVD care costs, and did not include costs for mental health
care. Costs were discounted with the use of a 5% annual rate, corrected for inflation by the
U.S. medical service sector estimate (city average) of the consumer price index (for urban
wage earners and clerical workers [23]). Each patient’s out-of-pocket expenses (i.e., indirect
costs) were also collected by self-report (19). Indirect cost data were estimated for hours lost
from work for healthcare, estimated reduced productivity hours, transportation costs, and
out-of-pocket costs for drugs, medical devices (e.g., glucometer), and alternative therapies
(e.g., vitamins).

Cardiac risk factors

All participants completed a baseline evaluation that included a physical examination with
blood pressure and physical measurements, clinical interview, and a fasting blood draw for
the measurement of lipids and glucose. Major cardiac risk factors in the WISE protocol
included smoking status, blood pressure, dyslipidemia, diabetes, and obesity. We assessed
smoking based on self-reported current versus not current smoker status. We operationally
defined obesity in terms of waist-hip ratio values, with waist circumference measured at the
umbilicus. Both hip and waist values were rounded to the nearest inch. For the purpose of
subgroup analyses, we dichotomously defined elevated waist-to-hip ratio values > .85 (13).
Participants reported their use of angiotensin-converting-enzyme (ACE) inhibitors,
angiotensin receptor blockers, diuretics, or vasodilator agents as indicators of
antihypertensive treatment.

Cardiac symptom indicators

As part of the baseline protocol, participants completed a detailed assessment of cardiac
symptoms. For the purpose of the current study, we assessed the following five cardiac
symptom indicators: 1) Use of nitroglycerin for chest pain (yes/no); 2) shortness of breath
(yes/no); 3) angina frequency in the prior 6-weeks (ranging from never to multiple times per
day); 4) angina with stress or physical exertion (yes/no); and 5) angina at night (yes/no).
Cardiac symptom categories were not mutually exclusive. In order to assess the role of
participants’ perception of their disease status on results, they responded yes or no to the
question “Do you think you have coronary disease?”

Psychosocial & demographic measures

Participants completed the 10-item trait anxiety subscale from the State Trait Anxiety
Inventory (STAI; 24) and the 21-item Beck Depression Inventory (BDI; 25) as measures of
anxiety and depressive symptom severity, respectively, at study baseline. The STAI and BDI
predict objective health outcomes in cardiac populations (6). In the present sample, internal
consistency values for the BDI (Cronbach’s a = .88) and STAI (Cronbach’s o = .85)
indicated acceptable levels of reliability. Participants reported their use of anxiolytics
(medications taken to treat anxiety) and antidepressants (medications taken to treat
depression) in the week prior to study entry. Finally, participants reported their history of
treatment for an anxiety disorder.

Participants’ self-reported education history served as an estimate of socioeconomic status
(SES). Based upon self-reported ethnicity status, we categorized women into Caucasian (i.e.,
White, not of Hispanic origin) and non-Caucasian groups.

Statistical Analyses

We completed analyses separately by cardiac endpoint, including categories of cardiac
symptoms, angiographic disease severity, hospitalization events, and cardiovascular costs.
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Using descriptive statistics, we reported means, standard deviations, and percentages of the
sample across demographic, psychosocial, and CVD risk factors.

To assess the relationship between anxiety and the cardiac symptom indicators, we
performed independent t-tests and Spearman/point-biserial correlations. We also used t-tests
(anxiolytics, anxiety treatment history) and correlations (STAI scores) to evaluate the
relationship between anxiety and angiographic disease severity indicators (maximum
stenosis values, CAD severity scores, & rates of obstructive CAD; CAD severity scores
were log transformed to correct for skewness) and CVD healthcare costs.

Using Cox regression, we assessed anxiety as a predictor of hospitalizations for chest pain
and for cardiac catheterizations in separate models. Covariates in these models included age,
ethnicity, education, menopause status, obstructive CAD status, and an ‘anxiety X
obstructive CAD status’ interaction term. We also completed models adjusting for BDI
scores in order to evaluate anxiety relationships independent of depression severity. All
statistical analyses were completed using SPSS software, version 17.0 (SPSS Inc., Chicago,
IL, USA), with significance declared at p<.05.

Among 936 total participants enrolled in WISE, the current study consisted of 514 providing
data regarding their anxiolytic use, STAI scores, anxiety treatment history status, and study
outcome variables. Due to delayed implementation of the psychosocial questionnaires into
the WISE protocol, the initial 400+ women did not complete the STAI. Relative to
participants without STAI scores, the current study sample was significantly younger (57.5
vs. 59.2 years, p=.02) and had less severe CAD severity scores (13.2 vs. 16.2 p=.003).
Obstructive CAD was present in 32.9% of the 514 women. Slightly more than half the
sample (50.3%) reported a belief in having CAD. Angiographic evidence of CAD, however,
correlated only moderately with participants belief in having CAD (r=.39, p<.001). Table 1
displays CAD risk factor and psychosocial data. Approximately 10% of women underwent a
revascularization procedure during follow-up, with percutaneous coronary interventions
comprising the majority (75%).

Table 2 presents correlations among the anxiety and depression measures. Overall, the
magnitude of the correlations between the three anxiety measures were small to moderate
(r’s=.15-.31). A comparison of pre versus post-menopausal women (26) showed that pre-
menopausal women reported higher trait anxiety scores (means 20.4[5.9] vs. 18.7[5.7),
respectively, p=.01), but no differences in anxiolytic use or anxiety treatment history.

Anxiety, cardiac symptom indicators, and angiographic disease severity

As shown in Table 3, higher anxiety as indicated by each of the three anxiety measures
predicted greater cardiac symptom indicators /77 bivariate analyses. A positive (vs. negative)
anxiety treatment history and STAI measures each predicted greater angina frequency,
nighttime angina, and higher rates of shortness of breath, whereas anxiolytic use (vs. non-
use) predicted higher rates of nighttime angina and nitroglycerine use.

Angiographic CAD status or severity did not relate to anxiety when measured in the form of
anxiolytic use or STAI scores. Relative to women without an anxiety treatment history,
however, those with an anxiety treatment history showed less severe CAD in the form of
CAD severity scores (9.5[10.6] vs. 14.0[13.4]) and rates of obstructive CAD (20.4% vs.
34.7%, p’s<.05). Women believing they had CAD (versus those that did not) showed
significantly higher rates of anxiolytic use (27.4% vs. 13.6%, respectively, p<.001) and
higher STAI symptom scores (19.6[6.0] vs. 18.2[5.5], respectively, p=.005).
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Anxiety and cardiac hospitalizations

Among 514 participants, 19.8% reported at least one cardiac hospitalization for chest pain
over the median 5.9 years of follow-up and 21.4% reported receiving at least one coronary
catheterization. The hospitalization categories correlated significantly (r=.58, p<.001). At
the bivariate level, anxiolytic users (vs. non-users) were significantly more likely to
experience hospitalization for either chest pain (28% vs. 19%, p=.03) or cardiac
catheterization (27% vs. 19%, p=.03). There was no statistical relationship at the bivariate
level between STAI scores or anxiety treatment history with cardiac hospitalization.

Table 4 displays the results of Cox regression models using anxiety variables to predict
cardiac hospitalization events. The same pattern of findings emerged for each hospitalization
outcome: anxiolytic users showed a significantly greater propensity towards hospitalization
outcomes in covariate-adjusted analyses, whereas STAI scores and anxiety treatment history
showed no relationship. There was no evidence of an anxiety x obstructive CAD interaction.
The anxiolytic use hazard ratios for coronary catheterization (HR=2.1, 95% Cl=1.4-3.3) and
chest pain hospitalizations (HR=2.0, 95% CI=1.3-3.1) remained significant after BDI
adjustment.

Anxiety and cardiovascular costs

Figure 1 illustrates cardiovascular costs among women dichotomized by anxiety variables
(using a median STAI value of 18.0). We further divided costs into categories of CVD
medication costs, CVD hospitalization costs, and total CVD costs. At the bivariate level,
anxiolytic-using women incurred significantly higher healthcare costs across all three
categories relative to non-users. STAI analyses showed a similar pattern, with higher scorers
showing significantly higher CVD medication costs and total CVD costs, but not CVD
hospitalization costs. Anxiety treatment history predicted only higher CVD medications
costs. An anxiety by CAD status interaction term was not significant. Adjusting for BDI
scores had no substantial effect on the relationship between anxiolytic use and
cardiovascular costs, with users remaining significantly higher (p’s<.05) across all cost
categories. In contrast, relationships significant at the bivariate level between STAI scores or
anxiety treatment history with cardiovascular costs were no longer significant after BDI
adjustment.

Discussion

Anxiety and depressive conditions correlate strongly among patients with CAD, yet
depression continues to gather the majority of interest among psychosocial features of CAD.
Based upon this disparity, we proposed that the clinical value of anxiety in CAD might be
underappreciated. In order to explore this hypothesis, we examined relationships between
three measures of anxiety and multiple CAD endpoints. Our findings supported the presence
of relationships between anxiety and cardiac symptom indicators (e.g., nighttime angina,
nitroglycerine use, shortness of breath, & angina frequency) and increased healthcare
utilization (cardiac hospitalizations & CVD healthcare costs). Women’s beliefs about their
CAD status were more strongly associated with anxiety symptoms than was their objective
CAD status. These findings suggest that measures of anxiety can provide clinically valuable
information concerning women presenting with suspected CAD.

Several prior publications from WISE described anxiety relationships with CAD variables
different from those reported here. These prior publications reported relationships between
antidepressant and anxiolytic medication use with CVD events (congestive heart failure,
myocardial infarction, stroke, & total mortality; 12); independent and interactive
relationships between anxiety (STAI scores) and depression (BDI scores) in the prediction
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of CVD events and mortality (11); a study of anxiety as part of a factor analytic effort to
combine multiple psychosocial measures in predicting CVD events (13); and finally a paper
reporting relationships between depression and higher CVD healthcare costs (27).

Some reviews of anxiety and CAD suggested that anxiety is less consistent as a predictor of
cardiovascular outcomes compared to depression (e.g., 28). Studies, however, providing
analyses specific to women reliably indicate relationships between higher levels of anxiety
and adverse event rates. Results from the Nurse’s Health Study (29) and Women’s Health
Initiative (30), for example, each reported increased event rates among women with higher
anxiety scores. The most recent studies and meta-analyses support associations between
anxiety and CAD incidence and events in both genders (9, 31-32).

Although prior studies have linked anxiety conditions to elevated healthcare costs (e.g., 33)
we are unaware of prior published relationships specifically between anxiety and CVD
costs. The CVD distinction is important because the increased costs reported in this paper
were separate from mental health care costs, which would be predictably higher among
those with higher anxiety. The direction of and mechanisms between anxiety-CAD
relationships remain open to speculation. These relationships, for example, may result from
cardiac symptom-induced anxiety, increased symptom sensitivity among more anxious
patients (34), direct physiological changes resulting from anxiety (32), or increased
treatment seeking behavior by more anxious women (35). We suspect that anxiolytic use
was the most consistent anxiety predictor as it may represent a marker for greater
involvement in medical care and because anxiolytics may have been prescribed in at least
some cases to assist with cardiac symptoms.

Rates of anxiety disorders among women exceed the rates diagnosed in similar populations
of men (36), raising concerns that anxiety symptoms may introduce biases into the process
of diagnosing and treating CAD in women. Understanding how anxiety may affect the
diagnosis and treatment of CAD, however, is complex and controversial. For example, some
findings indicate that higher levels of anxiety among women may result in less aggressive
treatment for women (e.g., 37-38), whereas others have suggested from similar patterns of
data that the lower average levels of anxiety present among men may instead result in overly
aggressive treatment of men (39).

Perhaps the most novel feature of the current study was the combination of anxiety
measures. Although any one measure contained important limitations, the combination
offered a broad assessment of anxiety indicators in a CAD context. The anxiety measures
intercorrelated modestly, suggesting that they were not redundant markers. In the prediction
of CAD endpoints, the anxiety measures showed both similarities (e.g., predicting similar
cardiac symptom indicators & increased CVVD healthcare costs) and differences (CAD
severity relationships & hospitalization outcomes).

STAI scores in WISE consisted of trait anxiety items only (i.e., no state anxiety scores)
because state anxiety was suspected to be inflated by women’s concerns regarding their
CAD symptoms and status. STAI anxiety is not the same as phobic anxiety (e.g., 31), the
latter capturing anxiety related to specific objects or situations (e.g., heights, public places).
STAI trait items have content similarity with the BDI (e.g., self-confidence, self-satisfaction,
feeling like a failure are themes assessed in both), explaining the high observed STAI-BDI
correlation. Anxiolytic use (current treatment), surprisingly, correlated only moderately with
anxiety treatment history (past treatment) and these anxiety measures showed distinct
relationship patterns with the CAD variables. These findings offer insight into the practical
questions of whether and how to measure anxiety in CAD contexts. Based on our results, it
is possible to assess anxiety in CAD settings using any of several brief measures, and
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anxiety assessment can predict important aspects of both current and future CAD function.
The relative choice of measure appears to depend upon the CAD outcome(s) of interest.

Although the WISE protocol included a wealth of psychosocial data, the comprehensive
measurement of mental health variables was not a study objective. For example, a
substantial number of WISE participants did not complete the STAI questionnaires due to
the absence of the psychosocial measures during the initial months of the study. Only at
baseline were the psychological questionnaires administeread, offering no means of assessing
changes in the symptoms over time. We have no specific information concerning the type,
dosage, or duration of the anxiolytic agents used by participants, or their effectiveness on
anxiety symptoms over follow-up. The absence of more detailed anxiety treatment
information leaves our findings open to different interpretations (e.g., was anxiolytic use
associated with cardiac hospitalizations because it captured women with higher anxiety
severity, because anxiety mimics CAD symptoms or drives treatment-seeking behavior, or
because anxiety influences CAD progression?). Our methods permit only correlative, not
causative conclusions and the results do not imply that anxiety interventions among patients
with CAD would reverse the relationships observed. Finally, Our CAD symptom indicators
did not measure functional impact as captured in measures such as the Seattle Angina
Questionnaire (40).

The recruitment methodology in WISE also had a potential effect on our findings. Our
sample was comprised exclusively of clinically symptomatic women, among whom about
40% showed evidence of obstructive CAD (14). These rates raise caution in comparing our
results to studies with a higher prevalence of CAD or with substantial percentages of men.

In this study of women with suspected myocardial ischemia, anxiety (anxiety symptom
severity, anxiety treatment history, & anxiolytic use) was associated with cardiac symptom
indicators (all anxiety measures), less severe CAD (anxiety treatment history), an increased
risk of cardiac hospitalizations over a median 5.9 year follow-up (anxiolytic use), and higher
5-year CVD healthcare costs (all anxiety measures). Observed relationships did not vary by
CAD severity. These findings are consistent with recent anxiety-focused papers describing
anxiety-event relationships in samples of women with CAD and highlight some of the
specific ways in which clinicians’ attention to psychosocial aspects of their cardiac patients
could potentially improve healthcare outcomes.
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Figure 1.
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Five-year drug, hospital, and total cardiovascular costs for women categorized by anxiety
status variables.
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Descriptive summary of coronary risk factor and psychosocial variables.

Table 1

Variable Study sample (N=514)
Age (mean[standard deviation]) 57.5(11.1)
Education (%>high school) 18.9
Ethnicity (% non-Caucasian) 17.1
STAI " scores 18.9(5.8)
Beck Depression Inventory scores 10.5(8.3)
Anxiolytic use (% yes) 20.4
Antidepressant use (% yes) 18.7
Antihypertensive use (% yes) 75.7

% Current smoker 19.1

% Diabetic 225

% Dyslipidemia 64.2

% Hypertensive 57.2

% Elevated waist-hip ratio (>.85) 415

% History of heart disease > 296

% Obstructive CAD ¥ 32.9

% Belief in having CAD 50.3

% Revascularization during foIIow-upQ 9.9

*
STAI=Spielberger Trait Anxiety Inventory

*ok

Defined as history of myocardial infarction, coronary angioplasty, or coronary bypass surgery

(7. Lo .
Defined as 250% occlusion in at least one coronary artery on angiogram

Q . .
Included coronary artery bypass surgery, percutaneous coronary intervention and other vascular procedures
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Table 4
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Cox regression results (hazard ratios and 95% confidence intervals) predicting cardiac hospitalization over a
median 5.9 years of follow-up for chest pain and coronary catheterization (N=514) "

| a. Hospitalization for chest pain | b. Hospitalization for coronary catheterization

Model 1: Anxiolytic use *

a. Obstructive CAD status ™™ 25(15-4.0) 3.0(19-48)
b. Anxiolytic use 2.0(1.1-3.6) 2.0(1.1-4.7)
c. Anxiolytic use X CAD 1.2 (.50-2.7) 1.1 (.50-2.6)
Model 2: STAI scores ™

a. Obstructive CAD status 3.8 (1.3-11.7) 2.5(.87-7.1)
b. STAI? scores 1.0(97-1.1) 1.0 (.96-1.03)
¢. STAI scores X CAD .78 (:39-1.6) 1.2 (.60-2.2)
Model 3: Anxiety tx history*

a. Obstructive CAD status 2.8(1.8-4.2) 3.2(2.2-4.9)
b. Anxiety tx history 1.4 (.65-3.0) 1.2 (.60-2.8)
¢. Anxiety tx history X CAD 34 (.04-2.9) 29 (.04-2.4)

*
All models included demographic covariates (age, education history, ethnicity, & menopause status)

*:

A
CAD=Coronary artery disease, with non-obstructive CAD participants as the reference group;

QSTAI:Spiererger Trait Anxiety Inventory
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