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Abstract

Background: Although sex differences exist in the management of acute coronary syndromes,
less is known about the management and outcomes of women and men with suspected coronary
artery disease (CAD) being evaluated with non-invasive testing (NIT).

Methods: We investigated sex-based differences in NIT results and subsequent clinical
management in 4720 women and 4246 men randomized to CT angiography vs stress testing in the
PROMISE trial. Logistic regression models assessed relationships between sex and referral for
catheterization, revascularization, and aspirin or statin use. Cox regression models assessed the
relationship between sex and the composite of all-cause death, myocardial infarction, or unstable
angina.

Results: Women more often had normal NITs than men (61.0% vs 49.6%, p<0.001) and less
often had mild (29.3% vs 35.4%, p<0.001), moderate (4.0% vs 6.8%, p<0.001), or severe
abnormalities (5.7% vs 8.3%, p<0.001) found on NIT. Women were less likely to be referred for
catheterization than men (7.6% vs 12.6%, adjusted OR 0.75 [0.62—0.90]; p=0.002). Of those who
underwent catheterization within 90 days of randomization (358 women, 534 men), fewer women
than men had obstructive CAD (40.8% vs 60.9%, p<0.001). At a 60-day visit, women were
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significantly less likely than men to report statin usage when indicated (adjusted OR 0.81 [0.73-
0.91]; p<0.001), but were similarly likely to report aspirin usage when indicated (adjusted OR 0.78
[0.56-1.08]; p=0.13). Over a median follow-up of 25 months, women had better outcomes than
men (adjusted OR 0.73 [0.57-0.94]; p=0.017).

Conclusions: Although women more frequently had normal NITs compared with men, those
with abnormalities on NIT were less likely to be referred for catheterization or to receive statin
therapy. The high rates of negative NIT in women, coupled with the better outcomes compared
with men, strongly support the need for a sex-specific algorithm to guide NIT and chest pain
management.
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Methods

Several studies over the last 4 decades have shown differences in the diagnostic and
therapeutic approaches of physicians to women and men with suspected or known ischemic
heart disease.l: 2 These reports, which assessed sex-based differences in management after
functional stress testing, found disparities in referral for catheterization,3- revascularization,
12,4 and subsequent secondary prevention medication treatment.6 These differences were
postulated to be due, at least in part, to provider awareness of the high false-positive rate of
stress testing in women.”- 8 However, in the current era of medical management of coronary
artery disease (CAD) and with the advent of anatomic non-invasive testing (NIT) with CT
angiography (CTA), which has lower false-positive rates,? it is unclear whether sex-based
differences in the management of suspected CAD still exist. Further, it is unknown whether
any differences in current management translate into disparities in clinical outcomes
between women and men.

We sought to address this gap in knowledge using data from the Prospective Multicenter
Imaging Study for Evaluation of Chest Pain (PROMISE).® PROMISE was a pragmatic
comparative effectiveness trial of 10,003 outpatients with stable symptoms suggestive of
CAD, randomized to a strategy of either functional or anatomic (CTA) testing. Over a
median follow-up period of 25 months, there was no difference between testing arms in
clinical events overall or by sex.® Given the high percentage (53%) of women enrolled in
this trial and the fact that clinical decision-making was left up to the local providers after the
non-invasive test, it is an ideal setting in which to explore sex-based differences in the
management and clinical outcomes of patients with stable angina who receive NIT.

Study Cohort and Design

PROMISE was a pragmatic randomized trial that compared initial anatomic (CTA) vs stress
testing in stable symptomatic patients with suspected CAD.%10 The choice of stress test was
left up to the clinician (exercise electrocardiogram, stress echocardiography, or stress
nuclear), as were all test interpretations and all subsequent clinical decisions in both testing
arms. Randomization was stratified by study site and by the stress test type that was chosen
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by the provider prior to randomization, if the patient were to be randomized to the stress
testing arm.

Categorization of CTA and stress test results into 4 tiers is outlined in Table 1. A
catheterization was considered positive if there was >70% stenosis in at least one epicardial
artery or 250% stenosis in the left main artery. Revascularization was defined as
percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery.
Aspirin and statin use were assessed at a 60-day post-randomization visit in individuals with
the following indications: a history of stroke, transient ischemic attack, or peripheral arterial
disease, or with a positive CTA or positive catheterization. In addition, individuals with a
history of dyslipidemia, diabetes, or 10-year atherosclerotic cardiovascular disease risk of at
least 7.5% were included in the statin analysis.11

The current analysis included all patients who were tested as randomized and who had
interpretable results, defined as not missing and not indeterminate. Primary endpoints of the
various analyses included invasive catheterization within 90 days of randomization,
revascularization within 30 days of invasive catheterization, aspirin and/or statin use at 60-
day visit among those with indications, and a composite of death from any cause,
myocardial infarction (M), or unstable angina hospitalization (UAH). Secondary outcomes
included a composite of CV death, MI, or UAH, and a composite of CV death and Ml alone.

Statistical Analyses

Baseline characteristics were described using frequencies and percentages for categorical
variables and mean £ SD for continuous variables. Characteristics were compared between
women and men by sex using the Wilcoxon rank sum test for continuous variables and chi-
square testing for categorical variables.

A logistic regression model was used to examine the unadjusted and adjusted association
between patient sex and referral for catheterization within 90 days of randomization. The
adjusted model controlled for clinically relevant covariates including NIT modality; NIT
results (4-tier); BMI (kg/m2); age (standardized by sex); chest pain vs other as primary
symptom; chest pain typicality (typical, atypical, non-cardiac); and risk factors including
smoker (ever/never), diabetes mellitus, hypertension, history of peripheral artery or
cerebrovascular disease, sedentary lifestyle, depression, family history of premature CAD,
and dyslipidemia. In all models, linearity assumptions were assessed for continuous
adjustment variables. A similar model was fit to assess whether the association between
patient sex and referral for catheterization within 90 days of randomization was modified by
NIT modality. In addition to the adjustment variables specified for the previous model, this
model also included a 2-way interaction term between sex and NIT modality.

Among patients who underwent catheterization within 90 days of randomization, a logistic
regression model was used to assess the association between sex and revascularization
within 30 days of the catheterization. Time zero for this model was set as the day of the
catheterization. In addition to the adjustment factors listed for the catheterization model, this
model also adjusted for catheterization results (positive/negative). The relationship between
sex and self-reported aspirin or statin use at 60-day follow-up was assessed with a logistic
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regression model among those with an indication for aspirin or statin therapy, as defined
above. The adjustment covariates were the same as those in the catheterization model, with
the exception of NIT results (4-tier).

Cox proportional hazards models were used to assess the association between patient sex
and the primary and secondary composite outcomes. The proportional hazards assumption
was assessed in each model. Models were fit in the overall cohort, in those who did not
undergo catheterization, in those who underwent catheterization, and in those who
underwent revascularization. Adjustment covariates were the same as those for the
catheterization model, with the addition of catheterization referral, catheterization results,
and referral for revascularization modeled as time-dependent covariates. Similar models
were fit in those patients who were referred to catheterization within 90 days of
randomization, with the exception that the analysis was landmarked at the time of the
catheterization referral. Similar models were fit in those patients who were referred to
revascularization within 30 days of catheterization referral, with the exception that those
models were landmarked at the time of the referral to revascularization.

Baseline Characteristics

Among the 8966 patients in PROMISE who underwent testing as randomized and who had
interpretable results, 4500 (52% female) had CTA and 4466 (53% female) had stress testing
(Supplemental Figure 1). As previously reported,’2 in both the CTA and stress testing
groups, women were older and more likely to have a history of hypertension, peripheral
arterial disease or cerebrovascular disease, family history of premature CAD, depression,
and a sedentary lifestyle compared with men (Table 2). On the other hand, women had lower
Framingham and ASCVD risk scores and were less likely to have a smoking history than
men.

Sex Differences in Noninvasive Test Results

In both testing arms, women had more normal NITs than men (CTA: 41.3% vs 25.0%,
p<0.001; stress: 80.3% vs 75.2%, p<0.001), and fewer mildly abnormal (CTA: 50.8% vs
58.9%, p<0.001; stress: 8.2% vs 10.9%, p=0.003) or moderately abnormal (CTA: 4.5% vs
7.5%, p<0.001; stress: 3.5% vs 6.0%, p<0.001) test results. While fewer women had a severe
abnormality on CTA compared with men (3.3% vs 8.7%, p<0.001), there was a similar
proportion of women and men with a severe abnormality on stress testing (8.0% vs 7.9%,
p=0.98) (Table 3; Figure 1).

Sex Differences in Processes of Care after Noninvasive Testing

Similar proportions of women and men with severe abnormalities, mild abnormalities, or
normal NITs were referred for catheterization (Table 3). However, among those with a
moderately abnormal NIT, fewer women than men were referred for catheterization (40.0%
vs 57.5%, p<0.001). After adjustment for clinical factors, including NIT type and 4-tier test
result, women overall were less likely to be referred for catheterization compared with men
(OR [95% CI] 0.75 [0.62-0.90], p=0.002) (Table 4). This sex-based difference in referral for
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catheterization was not modified by type of NIT or by 4-tier NIT result (adjusted interaction
p=0.25).

Of the subjects who underwent catheterization, a significantly smaller proportion of women
compared with men had obstructive CAD (40.8% vs 60.9%, p<0.001) and fewer women
underwent subsequent revascularization within 30 days (34.6% vs 53.6%, p<0.001) (Table
4). However, after adjustment for clinical factors, including presence of obstructive CAD on
catheterization, the likelihood of referral for revascularization was not significantly different
in women and men (adjusted OR [95%CIl] 0.73 [0.45-1.20], p=0.21). This relationship was
not modified by NIT modality (adjusted interaction p=0.74) or catheterization results
(adjusted interaction p=0.62).

Of the patients with a history of dyslipidemia, stroke/TIA, peripheral arterial disease, or with
a positive CTA or catheterization showing obstructive CAD, women were less likely than
men to report statin use at a 60-day visit (adjusted OR 0.81 [0.73-0.91]; p<0.001). In
contrast, there was no sex-based difference in likelihood of being on aspirin therapy among
patients with history of stroke/TIA, peripheral arterial disease, or with a positive CTA or
catheterization (adjusted OR 0.78 [0.56-1.08]; p=0.13) (Table 4).

Sex Differences in Outcomes after Noninvasive Testing

Over a median follow-up of 25 months, women had better outcomes than men both before
and after adjustment for clinical factors and care, including catheterization results and
revascularization (adjusted HR [95%CI] for composite outcome of death/MI/UAH: 0.74
[0.57-0.95], p=0.019) (Figure 2). This also held true for the secondary outcome of CV
death/MI/UAH (0.73 [0.55-0.97], p=0.032), and was shy of statistical significance for CV
death/MI (0.71 [0.49-1.02], p=0.064).

Compared with men, women less often experienced the primary composite endpoint both
among those who were referred for catheterization (8.9% vs 11.1%, adjusted HR [95% CI]
0.77 [0.49-1.21], p=0.26) and among those who were not (1.8% vs 2.5%, adjusted HR 0.75
[0.55-1.02], p=0.07; Figure 2). However, only when all patient groups were pooled together
was a statistically significant difference in outcomes between women and men observed
(0.74 [0.57-0.95], p=0.019). No difference in the primary outcome was observed among
women and men who underwent revascularization (adjusted HR 1.02 [0.59-1.76], p=0.94).

Discussion

Many prior studies have reported differences in management of established CAD by sex.
36,13 However, the increasing use of CTA as an NIT strategy may have impacted the
management of women and men with suspected CAD. Our data from the PROMISE trial
suggest that the large majority of patients of both sexes undergoing NIT have negative
results — in women more than in men, and with stress testing more than with CTA. After
accounting for differences in NIT results, women with stable symptoms concerning for
ischemia were less likely to be referred for catheterization than men, and less likely to have
obstructive CAD on catheterization once referred. However, among those referred for
catheterization, women and men were similarly likely to undergo revascularization. Women
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were less likely than men to report statin therapy usage, even when indicated. Despite these
differences, women were less likely to experience adverse cardiovascular outcomes than
their male counterparts.

Our finding that the majority of individuals who underwent stress testing had negative
results, with a significantly higher rate of negative tests in women than in men, has been
observed in multiple prior studies of stress testing.1415 We further show that with CTA,
women continue to have higher rates of negative tests than their male counterparts. A lower
referral rate for catheterization in women compared with men was first shown 4 decades ago
in the stable angina population, and has since been confirmed by many,3-8 but not all,16-18
subsequent studies on the matter. The reasons for this difference were postulated to be
related to interpretation of stress test findings given the known sex differences in the
sensitivity and specificity of stress testing.” Physicians may have been aware of the higher
false-positive rates of exercise tolerance testing, nuclear stress testing, and echo stress testing
in women,® and may therefore have been less likely to refer women with a positive stress
test for catheterization compared with men. However, our data indicate that even with CTA
testing, which provides a visual, anatomic assessment of the amount of coronary
atherosclerosis present and provides similar accuracy in both sexes,® women were still less
frequently referred for catheterization than men, after accounting for test results. This
suggests that suspicion of an inaccurate non-invasive test cannot entirely explain the lower
rate of catheterization referral in women. It is possible that the higher use of beta-blocker
therapy in women vs men could have led to fewer anginal symptoms in women, and could
therefore have contributed to the lower rate of referral for catheterization in women.

Nonetheless, women had better outcomes compared with men. This may be related to the
higher rate of completely normal coronary anatomy seen in women compared with men.
Because even mild non-obstructive disease is associated with greater CV morbidity than
completely normal coronary arteries,1? the higher prevalence of this finding in men may
account, at least in part, for the higher event rate in men than in women who did not undergo
catheterization. This is also likely related to the overall lower cardiovascular risk of women
compared with men in this study, as evidenced by the lower Framingham and ASCVD risk
SCOres.

Among individuals who underwent catheterization, and specifically among those who
underwent revascularization, the outcomes of women in our study were not significantly
different from those of men. Similar cardiovascular event rates in women and men with
documented CAD have previously been described,” though a higher event rate in women in
this group has also been demonstrated.® Our data from the PROMISE trial indicate that once
women were referred for catheterization, their management with revascularization as well as
their cardiovascular outcomes were similar to men who were referred for catheterization.
Statin therapy, on the other hand, was lower in women, which has been shown in multiple
settings in the U.S.29: 21 This could be related to the lower overall ASCVD pooled cohort
risk score noted in women in this study compared with men (median [25th, 75th percentile]:
8.8% [4.7%, 16.2%] vs 14.0% [8.5%, 22.5%], p=<0.001).
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Our study has several strengths. PROMISE is the first large pragmatic comparative
effectiveness trial of functional vs anatomic testing strategies in stable symptomatic
outpatients, and because all decision-making after NIT was left up to the providers, it
provides insight into current clinical practice. Second, the trial is uniquely able to address
sex-based differences in the management and outcomes of patients with suspected CAD,
since to our knowledge it includes the largest number of stable symptomatic women of any
prospective trial of diagnostic testing to date.

Our study also has several caveats that should be considered when interpreting the results.
Randomization was not stratified by patient sex; however, within each sex, the 2 testing arms
were similar. Physician rationale for various management decisions was not collected, so we
were unable to directly evaluate the reasons behind sex-based differences in patient
management. Because less than 5% of our study population underwent coronary
revascularization, this study likely lacked the power to detect a difference in the adjusted
likelihood of revascularization between sexes. Although patients were followed for a median
of >2 years, there were relatively few clinical endpoint events, limiting the ability to assess
differences in outcomes by sex.

Conclusion

In the PROMISE trial population, women with stable symptoms concerning for ischemia
had more normal and fewer abnormal NITs than men. Women with abnormalities on NIT
were less likely to be referred for catheterization than men, regardless of whether they
initially underwent stress testing or anatomic imaging with CTA, and they were less likely to
receive statin therapy when indicated. Nonetheless, women had better cardiovascular
outcomes than their male counterparts, perhaps related to the lower overall cardiovascular
risk in women in this group. Thus, discrepancies in the management of women and men
with stable angina still exist, but despite these, the outcomes of women with stable angina
referred for NIT were not adversely affected compared with men. Sex-specific algorithms to
determine which patients need to undergo NIT and how they should subsequently be
managed are urgently needed.
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Figure 1:

NIT test results by sex and NIT type. *This is the only non-statistically significant

comparison between women and men presented in this figure.
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Event Rate (%)

Women Men Adjusted HR (95% Cl)
Allpts (2) e— | 112/4720 (2.37%) 153/4246 (3.60%) 0.74(0.57 - 0.95)
Pts without cath (1) - & 1 8074362 (1.83%) 9473712 (2.53%) 0.75(0.55 - 1.02)
Pts with cath (1) } & i 32/358 (8.94%) 59/534 (11.05%) 0.77(0.49 - 1.21)
Pts with revasc (1) | > | 21/124 (16.94%) 47/287 (16.38%) 1.02(0.59 - 1.76)
T T | L L D
04 06 08 1 12 14 16 18 2
Favors Women Favors Men

Figure 2:
Associations between patient sex (women vs men) and the primary outcome of all-cause

death, myocardial infarction, or unstable angina in different subsets of the PROMISE
population. (1): Adjusted model controls for NIT modality (CTA/stress test); NIT results (4-
tier); ICA referral and results (positive/negative); referral for revascularization; and factors
listed in (2) below. (2): Adjusted model controls for BMI (kg/m?); age (standardized by sex);
chest pain vs other as primary symptoms; chest pain typicality (typical, atypical, hon-
cardiac); and risk factors such as smoker (ever/never), diabetes, hypertension, history of
peripheral artery or cerebrovascular disease, sedentary lifestyle, depression, family history of
premature CAD, and dyslipidemia.
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