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ABSTRACT
Importance  Women with angina due to suspected 
ischaemia referred for coronary angiography often have no 
obstructive coronary artery disease (ANOCA/INOCA).
Objective  To determine if intensive medical treatment 
(IMT) reduces major ischaemic events (major adverse 
cardiovascular event, MACE) among women with 
suspected ANOCA/INOCA.
Design  Randomised, prospective, blinded-outcomes 
evaluation.
Setting  71 sites in the USA.
Participants  2476 women with suspected ANOCA/INOCA.
Interventions  IMT-high intensity statin, ACE inhibitor 
(ACEi) or angiotensin receptor blocker (ARB) and aspirin 
versus usual care (UC).
Main outcomes and measures  Primary: all cause 
death, myocardial infarction, stroke/transient ischaemic 
attack, hospitalisation for angina or heart failure (MACE). 
Secondary: components of the primary, quality of life and 
win ratio.
Results  Recruitment was lower than planned (n=2476), 
yielding an aged population (mean, 64 years) with well-
controlled blood pressure and low-density lipoprotein 
cholesterol at baseline, and relatively high rates of statin 
and ACEI/ARB use. At 2.5 years, 421 events occurred 
(221 in IMT, 200 in UC) with no difference in the primary 
outcome (HR=1.13 (95% CI 0.94 to 1.37) for IMT vs 
UC, p=0.20) or secondary outcomes. Hospitalisations 
for angina were the dominant contributor to MACE. 
Sensitivity analysis of contamination provided an 
estimated HR for IMT versus UC of 0.74 95% CI (0.352 to 
1.558), p=0.43.
Conclusions and relevance  Among women with 
suspected ANOCA/INOCA, outcomes were dominated 
by chest pain and IMT did not improve outcomes, 
although limited power precludes concluding that it may 
not be helpful. The findings support the need for more 
investigation in this population with high burden of angina 
hospitalisation, health resource consumption and poor 
quality of life.
Trial registration number  NCT03417388.

INTRODUCTION
Cardiovascular (CV) disease, principally 
ischaemic heart disease (IHD), is the leading 
cause of death and major contributor to disa-
bility for women.1 Modifiable risk factors 
(hypertension, diabetes, dyslipidaemia, 
obesity, overweight and low fitness) are prev-
alent in these women.2 Among women with 
symptoms and/or signs of ischaemia referred 
for coronary assessment, up to 70% have no 
obstructive coronary artery disease (CAD); 
termed ischaemia and no obstructive CAD 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Women with suspected ischaemia referred for cor-
onary angiography often have no obstructive coro-
nary artery disease (ANOCA/INOCA) yet experience 
major adverse cardiovascular events (notably driven 
by repeated episodes of hospital care for angina), 
health resource consumption and poor quality of life.

WHAT THIS STUDY ADDS
	⇒ The Women’s IschemiA TRial to Reduce Events In 
Non-ObstRuctive trial was a multicentre, prospec-
tive, randomised, blinded outcome evaluation of a 
pragmatic strategy of intensive medical therapy 
(IMT) of high intensity statin, maximally tolerat-
ed ACE inhibitor or angiotensin receptor blocker 
and low-dose aspirin versus usual care in women 
with suspected ANOCA/INOCA, IMT did not improve 
outcomes.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Important learning from this trial for investigators 
(and their patients) is to inform the design of future 
ANOCA/INOCA trials. Specifically, anginal symp-
toms, health-related quality of life and interventions 
to control cardiovascular risk factors, such as hy-
pertension, and healthcare costs merit prioritisation 
as endpoints and therapeutic targets in future trials.
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(angina/ischaemia with no obstructive coronary artery 
disease (ANOCA/INOCA)). Previously considered ‘low 
risk’,3 emerging data document a higher than expected 
risk for major adverse CV events (MACE, as death, 
myocardial infarction (MI), stroke/transient ischaemic 
attack (TIA), or hospitalisation for chest pain or heart 
failure (HF)) versus case-matched asymptomatic indi-
viduals.4 Coronary endothelial and/or microvascular 
dysfunction, coronary spasm, diffuse non-obstructive 
atherosclerosis, have all been implicated,2 while a recent 
study has described specific endotypes.5 Persisting angina, 
high risk factor burden and stress testing ischaemia iden-
tify those at highest risk; however, most risk assessments 
underestimate risk in these women.6 Estimates indicate 
~4 million patients in the USA (>60% women) have 
suspected ANOCA/INOCA, incurring healthcare costs 
similar to those of obstructive CAD.2

Prior, short-term pilot trials suggested intensive 
medical therapy (IMT), using high-intensity statins with 
ACE inhibitors (ACEIs) or angiotensin receptor blockers 
(ARBs) at maximally tolerated doses, reduced angina, 
improved stress test results and/or myocardial perfusion 
with beneficial coronary endothelial and microvascular 
effects.7 8 However, larger and longer-term treatment 
trials have not been performed. Furthermore, Class I 
treatment guidelines are lacking for ANOCA/INOCA. 
Current management focuses on symptom control and 
primary risk factor management (eg, usual care (UC)). 
Persisting angina symptoms leading to recurrent episodes 
of primary and secondary care drive up healthcare 
resource consumption compared with similar asymptom-
atic individuals.9

Given the symptom burden, healthcare resource 
consumption, poor quality of life (QoL) and MACE risk 
of suspected ANOCA/INOCA, the Women’s IschemiA 
TRial to Reduce Events In Non-ObstRuctive (WARRIOR) 
trial was designed as a large, pragmatic MACE outcome 
trial aimed at testing a strategy supported by pilot phar-
macological probe trials conducted in similar heteroge-
neous cohorts of women and implemented in a fashion 
and clinical site setting where women were typically seen.

METHODS
The WARRIOR CAD trial is a multicentre, prospective, 
randomised, blinded outcome evaluation design using 
a pragmatic strategy of providing IMT versus usual UC, 
planned in 4422 clinically stable women with suspected 
INOCA due to angina with no obstructive CAD (ANOCA)
(NCT 03417388). The trial was undertaken in the USA. 
The protocol has been previously published10 (online 
supplemental figure S1).

ANOCA/INOCA was defined as chest pain consistent 
with angina or equivalent symptoms of sufficient severity 
to undergo clinically indicated coronary angiography 
by invasive coronary angiography or coronary CT angi-
ography (CCTA) for suspected IHD but found to have 
no obstructive CAD. Due to the pragmatic point of care 

design, sites identified that the participant had symptoms 
and signs of ischaemia and further documented that they 
had any of the following: chest pain, abnormal ECG, 
abnormal stress test, abnormal troponin, shortness of 
breath and other angina equivalents. Inclusion criteria 
were ≥18 years old with non-obstructive CAD (as 0 to 
49% diameter reduction of a major epicardial vessel or 
FFR>0.80). Exclusion criteria are detailed10 and specifi-
cally included intolerance to both an ACEI and ARB or 
statin unless taking a proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitor. Premenopausal women 
had negative urine pregnancy tests. Eligible patients 
signed informed consent.

Outcomes
The primary outcome included time to first occur-
rence of MACE as all-cause death, non-fatal MI, non-
fatal stroke/TIA or hospitalisation for chest pain or HF. 
Hospitalisation for chest pain was anticipated to be the 
most frequent MACE given prior registries.4 Secondary 
outcomes included: (1) individual components of the 
primary outcome, (2) QoL using Seattle Angina Ques-
tionnaire (SAQ),11 (3) CV death, (4) time to return to 
work and (5) healthcare utilisation and cost-effectiveness 
(the latter two reported subsequently). Outcomes were 
ascertained at each site, with source documentation adju-
dicated by the Clinical Events Committee, a group of 
experts experienced in CV disease including stroke. All-
cause death was used in the primary outcome, because 
CV death may be less classified in non-obstructive CAD 
and all-cause death is resistant to ascertainment bias.

Data capture and IMT distribution
An integrated web-based, real-time modified REDCap 
data capture system facilitated recruitment, enrolment, 
randomisation and outcome collection. Randomisation 
was 1:1 using SAS V.9.4 (SAS Institute operationalised at 
sites as detailed in the Supplement. The system included 
an e-prescription/express mail pharmacy or local phar-
macies12 enabling prescription of IMT medications (ator-
vastatin or rosuvastatin) and ACEI (lisinopril) (or ARB 
(losartan)) within 3–4 days. Providing medication at no 
cost yields superior medication management using struc-
tured medication algorithms.12

Initiation and follow-up
The study was initiated on 9 February 2018. There were 
71 US sites using web-based, real-time data entry and 
management. After randomisation, IMT drugs were 
express mailed or delivered through local pharmacies. 
Follow-up was at 3, 6 and 12 months and every 6 months 
thereafter. If adverse events occurred, participants 
completed a ‘release of medical record’ to accurately 
record what happened and report de-identified informa-
tion to the DSMB, CEC, study sponsor and IRBs. Adher-
ence to IMT in both groups was defined by combined 
use of a high intensity statin, maximally tolerated ACEi or 
ARB and low dose aspirin. IMT group contamination was 
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defined by a participant not taking an aspirin, and not 
on maximally tolerated RAS-blockade and not on maxi-
mally tolerated statin, while UC group contamination was 
defined by a participant taking an aspirin and taking a 
high-intensity RAS-blockade and statin. Monthly reports 
were sent to sites regarding non-adherence to IMT along 
with adherence improvement strategies. Monthly PI/
coordinator calls were held and adherence strategies 
were reviewed. The DCC adherence PI contacted PIs and 
study teams to review non-compliance and review strate-
gies to improve deployment of the IMT strategy.

Impact of COVID-19
The COVID-19 pandemic had a major impact on the 
trial. Initially, recruitment was halted at all sites as there 
was temporary cessation of all non-essential research 
activities at most clinical sites. The extended length of the 
pandemic, crowding of emergency rooms, fear of going 
to hospital as well as restriction of hospital admissions 
and semielective procedures like cardiac catheterisation 
were key factors contributing to reductions in screening 
and enrolment.

The 14 November 2022 WARRIOR Data Safety Moni-
toring Board recommendations in response to the 
pandemic were to ‘continue the trial, maximise recruit-
ment efforts to reach the original goal, if possible, enrol 
more women with invasive coronary angiography, and 
focus on collecting biorepository samples on all newly 
enrolled participants’. Because the DSMB was aware of 
patient outcomes, an independent review committee, 
masked to ongoing outcome results, was convened and 
it further recommended to continue and retain the orig-
inal primary outcome. When funding was exhausted 
after 3 no-cost extensions, the study was terminated on 
15 February 2025.

Statistical considerations
The Statistical Analysis Plan is included in the online 
supplemental file. All major comparisons between 
randomised groups were according to the ‘intention-
to-treat’ (ITT) principle. Women experiencing non-
fatal events among the primary or secondary outcomes 
remained in the trial and in their assigned treatment 
strategy until closeout.

Statistical comparison with respect to the primary 
outcome was ‘time-to-event’ analysis based on time 
from randomisation to first occurrence of any of the 
following: all-cause death, non-fatal MI, non-fatal 
stroke/TIA, or hospitalisation for either angina or HF. 
The trial design estimated effect size of 20% MACE 
reduction was from randomised controlled trials of 
statins, low-density lipoprotein cholesterol (LDL-C) 
reduction and ACEI/ARB blood pressure (BP) reduc-
tion.8 12–14 Planned power considerations used a log-
rank test with 80% power at 5% significance level with 
the following assumptions: drop-out rate of 10%, 3-year 
MACE rate for the UC arm of 25%, follow-up period 
of 18 months, enrolment period of 24 months, loss of 

follow-up of 2% and contamination rates varying from 
10% up to 30%, resulting in a planned sample size of 
4422 (online supplemental table S1).

Kaplan-Meier curves are presented with log-rank p 
value. In the primary analysis, Cox proportional hazards 
regression, stratified by site, was used to calculate HRs 
and 95% CIs. The analysis was repeated for the following 
combinations of secondary MACE events (1) composite 
outcome of CV-death, non-fatal MI or non-fatal stroke/
TIA; (2) composite outcome CV-death, non-fatal MI 
or hospitalisation for chest pain or HF; (3) all-cause 
mortality; (4) CV-death; (5) total MI (fatal plus non-fatal); 
(6) resuscitated cardiac arrest; (7) hospitalisation for 
chest pain; (8) hospitalisation for HF; (9) total stroke/
TIA and (10) composite outcome of CV-death, non-fatal 
MI, stroke/TIA or hospitalisation for chest pain or HF.

Secondary analyses of primary outcome MACE, consid-
ering repeated events with the number of previous 
events as a time-dependent covariate, were performed 
using the Andersen-Gill model with frailty to describe 
repeated events. As contamination was anticipated, a 
sensitivity analysis used inverse probability weighting to 
reweight participants to minimise post-randomisation 
confounding.15 16 Time-varying stabilised weights were 
calculated as the product between treatment stabilised 
weights and censoring stabilised weighted over time. 
Treatment stabilised weights were defined as the ratio 
between probabilities such that the numerator is the 
probability of adherence to randomised strategy at a 
given follow-up month and the denominator is the prob-
ability of adherence to randomised strategy at a given 
follow-up month adjusted by covariates (past IMT frac-
tion on follow-up visits, visit in follow-up, age, and the 
following baseline values: body mass index, systolic BP 
(SBP), diastolic BP, heart rate, high-density lipoprotein 
cholesterol, total cholesterol and SAQ7). Censoring 
stabilised weights were defined as the ratio between prob-
abilities such that the numerator is the probability of 
censoring at a given follow-up month and the denomi-
nator is the probability of censoring at a given follow-up 
month adjusted by baseline covariates (same list). These 
probabilities were estimated based on logistic regression 
models using the available data at each follow-up month 
to 5 years.

RESULTS
A total of 2476 women were randomised at 71 sites 
(figure  1). The first patient was randomised on 9 
February 2018 and the last on 18 January 2024. A total of 
4% were lost to follow-up, evenly distributed in both arms 
and included as ITT in the analyses. Pertinent baseline 
characteristics by treatment assignment are in table 1 and 
were similar between groups. Participants reflected base-
line well-controlled BP, LDL-C, and high rates of statin, 
ACEI or ARB and aspirin use. Major adverse events are 
listed in the online supplemental file.
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Primary outcome
The median follow-up for MACE was 3.03 years, ranging 
from 6 months to 5 years and averaged 2.92 years. There 
were 421 first events overall (221 in IMT, 200 in UC). The 
event rate was 17% over 5 years follow-up (17.84% in IMT 
and 16.17% in UC; p=0.26). A Cox proportional hazards 
regression (unadjusted), stratified by site was not signif-
icantly different between groups (HR=1.13,95% CI 0.94 
to 1.37) for IMT versus UC, p=0.20 (figure 2). At 5 years, 
there were a total of 369 events in the IMT group and 354 
in the UC group (frailty model HR 1.01, 95% CI 0.85 to 
1.21, p=0.92; table 2).

Secondary outcomes
Other outcomes appear in table  2 and online supple-
mental figure S2. Overall, hospitalisations for angina/
chest pain dominated MACE, with fewer non-fatal MI and 
stroke/TIA. There were four CV deaths in the IMT group 
and five in the UC group (HR 0.7, 95% CI 0.2 to 2.48), 
p=0.58; table 2). Non-CV and indeterminate deaths are 
in online supplemental table S2.

Heterogeneity of treatment effect
There was no evidence in exploratory analyses of a 
differential treatment effect on the primary outcome 
with respect to baseline characteristics, or in prespec-
ified analyses including type of coronary angiography 
(ICA or CCTA), risk factors, medications, SAQ7, age 
or site (online supplemental figure S3). A prespecified 
Cox proportional hazards regression stratified by site for 
differences in outcome related to CCTA versus ICA did 

not demonstrate statistical significance for the interac-
tion, p=0.65.

Contamination analysis
The trial design anticipated contamination (cross-
over) in both groups (online supplemental tables S1 
and S2). Using suspected ANOCA/INOCA registries 
demonstrating baseline statin and ACEI/ARB (online 

Figure 1  WARRIOR flow diagram. 1No unstable angina, 
acute coronary syndrome, myocardial infarction etc. 
2Symptoms—angina or equivalent. 3<50% diameter stenosis. 
4Exclude for history of non-compliance, HIV, hepatitis C, 
eGFR <30, liver disease, etc. 5IMT—high intensity statin (or 
PCSK9 inhibitor)+ACEI (or ARB if intolerant). 6UC—usual 
clinical care. ACEI, ACE inhibitor; ARB, angiotensin receptor 
blocker; CCTA, coronary CT angiography; eGFR, estimated 
glomerular filtration rate; IMT, intensive medical treatment; 
WARRIOR, Women’s IschemiA TRial to Reduce Events In 
Non-ObstRuctive.

Table 1  Pertinent baseline characteristics by randomised 
assignment

Characteristic

Intensive 
medical 
therapy 
(n=1239)

Usual care 
(n=1237)

Demographic

 � Age (years), mean (SD) 64.2 (2.88) 64.1 (2.89)

  �  >65, n (%) 466 (37.6%) 487 (39.4%)

 � White, n (%) 1104 (89.2%) 1097 (88.7%)

 � BMI (kg/m2), mean (SD) 32.1 (8.38) 31.7 (7.91)

  �  >30, n (%) 661 (53.8%) 643 (52.6%)

Condition

 � CCTA, n (%) 564 (45.5%) 559 (45.2%)

 � Invasive angiography, n (%) 675 (54.5%) 678 (54.8%)

 � History of

  �  Angina 1025 (82.7%) 1025 (82.9%)

  �  Shortness of breath/breathlessness 600 (48.4%) 600 (48.5%)

   �   Diabetes, n (%) 266 (21.5%) 251 (20.3%)

   �   Myocardial infarction, n (%) 86 (6.9%) 102 (8.2%)

   �   Hypertension, n (%) 783 (63.2%) 812 (65.6%)

   �   Ever smoked cigarettes n (%) 427 (36.8%) 436 (37.9%)

   �   Post menopausal, n (%) 1004 (81.5%) 1010 (82.0%)

 � SBP (mm Hg), mean (SD) 125.2 (15.45) 125.9 (15.83)

 � LDL-C (mg/dL), mean (SD) 93.6 (34.46) 92.7 (34.90)

  �  ≥70 mg/dL, n (%) 835 (73.1%) 834 (73.8%)

 � SAQ7 Summary Score, mean (SD) 69.7 (20.87) 71.6 (20.45)

 � COVID-19 infection, ever, n (%) 490 (39.5%) 489 (39.5%)

Medication

 � Statin, n (%) 878 (70.9%) 863 (69.9%)

  �  Atorvastatin 40–80 mg 282 (22.8%) 264 (21.3%)

  �  Rosuvastatin 20–40 mg 164 (13.2%) 158 (12.8%)

 � Other lipid lowering agents, n (%) 389 (31.6%) 385 (31.4%)

 � ACEI or ARB, n (%) 658 (53.1%) 596 (48.2%)

 � Beta blocker, n (%) 454 (36.9%) 493 (40.2%)

 � Calcium channel blocker, n (%) 317 (25.8%) 348 (28.4%)

 � Aspirin, n (%) 781 (63%) 727 (58.9%)

 � Other antiplatelets, n (%) 53 (4.3%) 63 (5.1%)

ACEI, ACE inhibitor; ARB, angiotensin receptor blocker; BMI, 
body mass index; CAD, coronary artery disease; CCTA, coronary 
CT angiography; LDL-C, low-density lipoprotein cholesterol; 
SAQ, Seattle Angina Questionnaire; SBP, systolic blood 
pressure.
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supplemental table S3), we anticipated up to 30% of UC 
patients would be taking IMT, and for reasons of observed 
moderate adherence to IMT in clinical care, up to 30% 
of IMT-assigned patients were anticipated to not take the 
assigned IMT. Initially, 16% of participants in the UC 
group were receiving IMT, while only 48% of IMT partici-
pants were adherent to the strategy. Use of IMT declined 
over time in both arms. A sensitivity analysis of contami-
nation using a weighted Cox proportional hazards regres-
sion model (n=2176 with complete baseline covariates 
stratified by site) provided estimated HR for IMT versus 
UC of 0.74 95% CI (0.352 to 1.558), p=0.43 (Figure 3).

Study power and intermediate predictors
The anticipated MACE rate used registries of suspected 
ANOCA/INOCA cohorts (online supplemental table 
S4). Enrolling only ~60% of planned, combined with 
the relatively lower than anticipated MACE rate (16% 
at 5 years vs anticipated 25% at 3 years), resulted in 
limited power to test MACE reduction (online supple-
mental table S4). The design estimated effect size of 20% 
MACE reduction related to randomised trials of statins, 
LDL-C reduction and ACEI/ARB BP reduction.8 12–14 
Accordingly, LDL-C and BP as intermediate predictors 
of MACE were tracked. During the trial, the difference 
in IMT and UC ACE/ARB medications was insufficient 
to result in significant reductions in BP between groups; 
however, there was a lower LDL-C in the IMT versus UC 
group (time averaged difference of 7.6 (1.5 SE) mg/dL, 

Figure 2  Time to event curves for the primary composite 
outcome. Median years of follow-up for MACE (earliest 
of death, MI, HF hospitalisation, stroke/TIA, angina or HF 
hospitalisation) was 3.03 years, ranging from 0 to 5, average 
of 2.92 years. The overall event rate was 17% over the 
follow-up period of 5 years (17.84% in IMT and 16.17% in 
group 2), log-rank test p=0.2618. There were 421 events 
overall (221 in IMT, 200 in UC). A Cox proportional hazards 
regression on group (unadjusted) stratified by study site gives 
HR 1.13 IMT versus UC (95% CI 0.94 to 1.37, p=0.2009). HF, 
heart failure; IMT, intensive medical treatment; MACE, major 
adverse cardiovascular event; MI, myocardial infarction; TIA, 
transient ischaemic attack; UC, usual clinical.

Table 2  All MACE events in adverse events reported at 5 
years

MACE event
IMT 
(n=369)

Usual care 
(n=354)

Total 
(n=723)

Death 27 17 44

CV death 4 5 9

Hospitalisation for chest pain 305 298 603

Hospitalisation for heart failure 7 6 13

Non-fatal MI 14 14 28

Stroke/TIA 16 19 35

CV, cardiovascular; IMT, intensive medical treatment; MACE, 
major adverse cardiovascular event; MI, myocardial infarction; TIA, 
transient ischaemic attack.

Figure 3  Sensitivity analysis of contamination. HR is IMT 
versus UC. Time-varying stabilised weights were calculated 
as the product between treatment stabilised weights and 
censoring stabilised weighted over time. Treatment stabilised 
weights were defined as the ratio between probabilities 
such that the numerator is the probability of adherence to 
randomised strategy at a given follow-up month and the 
denominator is the probability of adherence to randomised 
strategy at a given follow-up month adjusted by baseline 
covariates (past IMT fraction on follow-up visits, visit in 
follow-up, age, body mass index, systolic blood pressure, 
diastolic blood pressure, heart rate, HDL-C, total cholesterol, 
SAQ7 overall). Censoring stabilised weights were defined 
as the ratio between probabilities such that the numerator is 
the probability of censoring at a given follow-up month and 
the denominator is the probability of censoring at a given 
follow-up month adjusted by baseline covariates (same as 
previous list). These probabilities were estimated based on 
logistic regression models using the available data at each 
follow-up month to 5 years. HDL-C, high-density lipoprotein 
cholesterol; IMT, intensive medical treatment; SAQ, Seattle 
Angina Questionnaire; UC, usual clinical.
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p<0.0001) and no detectable difference in BP between 
groups (online supplemental figure S4).

DISCUSSION
Defining treatment strategies that improve CV health 
in women is a research priority. The WARRIOR primary 
outcome yielded a neutral result, with no benefit from 
proven strategies effective for MACE reduction in at-risk 
IHD populations. The overall MACE rate was 17% during 
5 years’ follow-up, and hospitalisation for angina was the 
cause of most (83%) of these events.

Based on the results of this trial, intensive medical 
therapy was not effective in lowering MACE in women 
with suspected ANOCA/INOCA, although limited 
power precludes concluding that it may not be helpful. 
Because the impact of ACEi/statins/aspirin was not 
substantially different between groups, concluding that 
IMT is ineffective is not factually correct. Considering 
clinical translation, the WARRIOR neutral result should 
not be considered a negative trial and be considered an 

opportunity to better understand contemporary clinical 
practice in this suspected ANOCA/INOCA population, 
and define future studies to address the symptom burden, 
morbidity and risk.

Of note, the MACE in this female population were 
largely driven by repeated episodes of hospital care for 
anginal chest pain which accrued progressively over 
5 years. This result highlights the longer-term morbidity 
associated with suspected ANOCA/INOCA in women. 
Chronic angina and unstable symptoms leading to 
episodes of healthcare will impact on activities of daily 
living leading to missed work days17 and impairment in 
social and family functions.18

The WARRIOR trial in women with suspected 
ANOCA/INOCA documents the high burden of recur-
rent hospitalisation for angina during 5-year follow-up. 
Of note, this level of morbidity has not changed since 
initial reports. The trial extends prior, relatively small 
suspected ANOCA/INOCA intervention cohorts using 
intermediate outcomes such as angina, coronary flow 

Table 3  Future ANOCA/INOCA trial design

ANOCA/INOCA
trial outcomes Population Strengths Limitations

Sample size and 
design

Angina, QoL ANOCA,
INOCA, refractory angina,
low SAQ scores,
low QoL scores.

Relatively large, recognised 
population.
Results generalisable.

Pathophysiology is unclear. Moderate
(100–250 s)
RCT with placebo or 
cross-over with placebo

Subjective outcomes.

Outcomes do not predict prognosis.

Coronary Microvascular 
Dysfunction

Measured coronary flow 
reserve or coronary blood flow 
by invasive or non-invasive 
testing (PET, MRI, echo).

Increasingly recognised 
population.
Objective outcomes.
Outcomes predict prognosis.

Invasive testing remains limited Small
(50–100 s)
RCT with placebo or 
cross-over with placebo

Advanced imaging (PET, CMR, echo) perfusion 
expertise and availability remains limited.

Results less generalisable

Coronary Microvascular 
Dysfunction
Endotypes

Invasively measured coronary 
flow reserve or coronary blood 
flow

Recently recognised population Testing and expertise are limited. Very small (10 s)
RCT with placebo or 
cross-over with placebo

Objective, personalised 
outcomes.

Endotype relation to prognosis is unclear.

Endotype-specific treatment efficacy is unclear.

Results less generalisable

Outcomes do not predict prognosis

Angina hospitalisation, 
healthcare costs

ANOCA,
INOCA, refractory angina,
low SAQ scores,
low QoL scores.

Population recognised for most 
frequent ANOCA/INOCA major 
adverse outcome.

Subjective outcomes.
Need to screen and enrol angina severity and/or 
recent angina hospitalisation population
Cost

Large
(1000s)
RCT with placebo or 
cluster-site randomisationResults generalisable (No 

change in incident angina 
hospitalisation over 20+ years).

Patient burden and healthcare 
costs are of increasing 
importance.

ANOCA/INOCA trial 
outcomes

Population Strengths Limitations Sample size

Major adverse 
cardiovascular events 
composite

At-risk ANOCA/INOCA
CMD
CMD-endotypes

ANOCA/INOCA population at risk 
by calculated risk score.33

Need to identify and screen at-risk population
Cost

Very large (4000 s)
RCT with placebo or 
cluster-site randomisation

Objective outcomes.

Outcomes are prognosis.

Results generalisable to at-risk 
population.

ANOCA, angina with no obstructive coronary artery disease; CMD, coronary microvascular dysfunction; INOCA, ischaemia with no obstructive 
coronary artery disease; QoL, quality of life; RCT, randomised controlled trial; SAQ, Seattle Angina Questionnaire.
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reserve and myocardial perfusion.8 19–25 A foundational 
pharmacologic probe trial conducted by the WISE 
investigators in 78 women with suspected ANOCA/
INOCA, randomised and double blinded to maxi-
mally tolerated the ACEI quinapril versus placebo over 
16 weeks, demonstrated an almost 20 point angina 
improvement (SAQ angina frequency score 61 to 82, 
p=0.037) combined with a trend for SBP reduction 
(126±15 to 120±16 mmHg, p=0.38) and improved coro-
nary flow reserve.26 Conversely, a smaller trial with rami-
pril, which did not impact BP, did not improve angina 
or coronary flow reserve in coronary microvascular 
dysfunction patients.26

Lessons to be learnt from WARRIOR should inform 
the design of future clinical trials. Since evidence 
of ischaemia by invasive or non-invasive tests was not 
collected at baseline, there is a diagnostic gap on vaso-
motor endotypes. Participants were not stratified by 
endotype, and nor is this information currently avail-
able to help interpret the results of the trial. Future 
study can also learn from contemporary studies in 
the ANOCA/INOCA population which have included 
endotype-guided intervention on QoL and other inter-
mediate outcomes.7 27 28 Also, the inclusion of women 
qualified by CCTA may have lowered the MACE rate 
as well as the angina burden.29 While prior registries 
used to estimate the angina burden in WARRIOR 
reported daily to weekly angina frequency and mean 
SAQ scores of 55–60 (online supplemental table S2),30 
the mean WARRIOR baseline SAQ score of 75 is consis-
tent with only mild angina (once per month), which 
would be difficult to improve.31 This information from 
the WARRIOR and other contemporary trials32 such as 
iCorMicA (NCT04674449), which is a pragmatic, multi-
centre, international clinical trial of stratified medicine 
in angina and all participants undergo invasive coronary 
function testing at baseline, should be useful to inform 
the design of future ANOCA/INOCA clinical trials. 
Specifically, trial design strengths such as the increas-
ingly recognised angina population with poor QoL will 
require moderate sample sizes and placebo-controlled 
designs due to the subjective outcomes, while outcome 
trials of angina hospitalisation and MACE will require 
large sample sizes and targeted at-risk populations33 
using site cluster designs (table 3).

Limitations
In this open-label, pragmatic trial, several limitations 
are relevant. The lower than anticipated MACE rate, in 
part relating to the pandemic, resulted in limited power. 
There was lower than anticipated IMT adherence and use 
of statin, ACEI/ARB and aspirin occurred progressively in 
the UC group. LDL and BP were relatively well controlled 
at baseline in both groups and symptom burden was 
relatively low. The COVID-19 pandemic limited enrol-
ment. Specific to COVID impact, admissions for acute 
coronary syndrome declined by up to 48%34 while CV 
mortality increased significantly in the early months of 

the pandemic.35 Finally, future clinical trials in ANOCA/
INOCA should include men and more non-Caucasians to 
be generalisable.

CONCLUSIONS
Among women with suspected ANOCA/INOCA, 
outcomes were dominated by chest pain and IMT did not 
improve outcomes, although limited power precludes 
concluding that it may not be helpful. The findings 
support the need for more investigation in this popula-
tion with high burden of angina hospitalisation, health 
resource consumption and poor QoL.
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