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Abstract

Data on contemporary management patterns of angina in patients with stable coronary
artery disease (CAD) are scarce. We sought to describe the current presentation, manage-
ment, and quality of life of stable CAD patients with or without angina, using the data from
the START (STable Coronary Artery Diseases RegisTry) study. START was a prospective,
observational, nationwide study aimed to evaluate the presentation, management, treat-
ment and quality of life of stable CAD presenting to cardiologists during outpatient visits or
discharged from cardiology wards. Among the 5070 consecutive stable CAD patients
enrolled in 183 participating centers over a 3-month period, 3714 (73.2%) had no angina
and 1356 (26.8%) presented with angina. Patients with angina underwent more frequently
coronary angiography (92.7% vs 84.9%; p<0.0001) and other diagnostic imaging proce-
dures compared to those without angina. In addition, patients with angina received more fre-
quently different combinations of first line therapies and angina relief drugs compared to
patients without angina. The quality of life, assessed with the EQ 5D-5L questionnaire, did
not differ between the two groups, with the exception of the ‘pain or worry’ domain that was
higher in patients with compared to those without angina (p<0.0001). Current management
and treatment of stable CAD patients with angina is still suboptimal and different compared
to those without angina. Our findings highlight the need for disseminating best-practice pat-
terns and improving guidelines adherence for the management of angina even among
cardiologists.
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Introduction

Despite marked improvements in the management of stable coronary artery disease (CAD)
during the last decades, the burden of this disease remains the single most important cause of
morbidity and mortality in the western world [1,2]. Angina is the initial clinical manifestation
in many patients who present with CAD, and it is associated with worse clinical outcomes
regardless of the presence of myocardial ischemia on noninvasive testing [3-5]. Current guide-
lines recommend that establishing a diagnosis of stable angina should be pursued in parallel
with managing symptoms and initiating preventive therapies.

Although therapeutic options for the management of angina have evolved over time, con-
temporary data on burden and management patterns of angina in patients presenting to cardi-
ologists is limited. We sought to describe the current presentation, management, and quality
of life of stable CAD patients with or without angina, using the data from the START
(STable Coronary Artery Diseases RegisTry) study [6].

Methods

The design and main results of the START registry have been published previously (6). Briefly,
the START was a prospective, observational, nationwide study aimed to evaluate the current
presentation, management, treatment and quality of life of stable CAD patients as seen by car-
diologists in clinical practice in Italy, during a 3-month period [6]. Patients with stable CAD
presenting to a cardiologist during an outpatient visit or those discharged from a cardiology
ward were eligible if they had at least 1 of the following clinical conditions: 1) typical stable
angina and/or non-anginal symptoms [1,2]; 2) documented ischemia at stress test with or
without symptoms; 3) previous revascularization, such as percutaneous coronary intervention
(PCI) or coronary bypass grafting (CABG); 4) prior episode (occurred at least 30 days from
enrolment) of acute coronary syndrome (ACS); 5) elective admission for coronary revasculari-
zation (including staged procedures). We excluded patients aged <18 years old, those with
Canadian Cardiovascular Society (CCS) IV angina or with atypical chest pain that in all proba-
bility was not related to CAD [6]. Enrolment was made at the end of outpatient or day-hospital
visit or at hospital discharge. In the present analysis we analyze the data of patients presenting
with or without angina, defined as at least one episode of typical angina at rest occurring in the
last 3 months from enrolment.

The Italian Association of Hospital Cardiologists (ANMCO) invited to participate all Italian
cardiology wards, including university teaching hospitals, general and regional hospitals, and
private clinics receiving stable CAD patients. No specific protocols or recommendations for
evaluation, management, and/or treatment have been put forth during this observational
study. However, current guidelines for the management of patients with stable CAD have been
discussed during the investigator meetings.

All patients were informed of the nature and aims of the study and asked to sign an
informed consent for the anonymous management of their individual data. The local Institu-
tional Review Board (IRB) of the coordinating center (Garibaldi-Nesima Hospital, Catania)
initially approved the study protocol. Subsequently all local IRB of the participating centers
(see appendix) approved the study, according to the current Italian rules.

One-hundred eighty-three cardiology centers included consecutive patients in the survey in
different periods of 3 months between March 2016 and February 2017 [6].

Data collection and data quality

Data on baseline characteristics, including demographics, risk factors and medical history,
were collected. Information on the use of diagnostic cardiac procedures, type and timing of
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revascularization therapy (if performed), and use of pharmacological or non-pharmacological
therapies were recorded on an electronic case report form (CRF).

Optimal medical therapy (OMT) was defined as patients being prescribed aspirin or thieno-
piridine, B-blocker, and a statin, at any dosage. To be categorized as receiving OMT, individual
patients must have been either prescribed or had reported contraindications to all medications
in each category. The composite OMT percentages were calculated using the number of
patients receiving OMT, as defined above, as the numerator and the total number of patients
in the entire cohort as the denominator. Data on the use of angiotensin-converting enzyme
inhibitors (ACE-I) or angiotensin II receptor blockers (ARBs) were recorded and could be
used to calculate their use among those patients in whom they were clinically indicated. There-
fore, given that the guidelines for stable CAD recommend an ACE inhibitor or ARB for some
subgroups of patients [1,2], we also examined OMT, defined as patients being prescribed aspi-
rin or thienopyridine, B-blocker, statin, and ACE inhibitor or ARB, if indicated by an ejection
fraction of less than 40%, hypertension, diabetes, or chronic renal dysfunction (eligible
patients).

All patients in the study were also asked to complete the self-administered EuroQoL 5D-5L
quality of life questionnaire [7]. The EQ 5D-5L is a simple, generic health-related quality of life
instrument comprising a visual analogue scale (VAS) of self-rated general health and 5
domains (mobility, self-care, daily activities, pain/worry, and anxiety/depression).

Data were collected using a web-based, electronic CRF with the central database located at
the ANMCO Research Center. By using a validation plan, integrated in the data entry software,
data were checked for missing or contradictory entries and values out of the normal range.

Statistical analysis

The study cohort was stratified according to the presence or absence of angina. Categorical
variables are presented as number and percentages and compared by the chi-squared test.
Continuous variables are presented as mean and standard deviation (SD), except for timing
from diagnostic procedures to enrolment, triglycerides and health status assessment, which
are reported as median and interquartile range (IQR). Continuous variables were compared
by the t test, if normally distributed, or by the Mann-Whitney U test, if not. A p value < 0.05
was considered statistically significant. All tests were 2-sided. Analyses were performed with
SAS system software, version 9.2.

Results

Among the 5070 consecutive stable CAD patients enrolled, 3714 (73,2%) had no angina and
1356 (26.8%) presented with angina. The majority of symptomatic patients (93.0%) had mild
to moderate angina (CCS class I or II).

Baseline characteristics of patients with and without angina are shown in Table 1. Patients
with angina were older, with a higher incidence of risk factors such as diabetes mellitus, hyper-
tension and peripheral artery disease compared to patients not presenting angina (Table 1).
On the other hand, patients without angina presented more frequently a history of heart failure
or atrial fibrillation, prior ACS, previous revascularization and chronic renal dysfunction.

Diagnostic procedures, lifestyle and pharmacological management

The vast majority of stable CAD patients had received a coronary angiography (92.7% with vs
84.9% without angina; p<0.0001), followed by transthoracic echocardiography (80.4% vs
86.6%; p<<0.0001), stress test (43,6% vs 30.6%; p<0.0001), Holter ECG (9.2% vs 14.8%;
p<0.0001), myocardial scintigraphy (24.3% vs 7.9%; p<<0.0001), stress echocardiography
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Table 1. Baseline clinical, hemodynamic and laboratory variables of patients without and with angina.

Without Angina With Angina P value
n=3714 n=1356

Age (years), mean+SD 67.3£10.9 68.3+£9.5 0.002
Age >75 years, n (%) 948 (25.5) 335 (24.7) 0.55
Females, n (%) 713 (19.2) 295 (21.8) 0.04
BMI (kg/mz), mean+SD 27.4+4.0 27.3+3.9 0.56
Active smokers, n (%) 675 (18.2) 212 (15.6) 0.04
Hypercholesterolemia, n (%) 2767 (74.5) 1023 (75.4) 0.50
Diabetes mellitus, n (%) 1092 (29.4) 466 (34.4) 0.0007
Hypertension, n (%) 2890 (77.8) 1134 (83.6) <0.0001
History of Atrial Fibrillation, n (%) 548 (14.8) 147 (10.8) 0.0003
Chronic renal dysfunction, n (%) 475 (12.8) 127 (9.4) 0.0009
Peripheral artery disease, n (%) 292 (7.9) 159 (11.7) <0.0001
COPD, n (%) 458 (12.3) 145 (10.7) 0.11
Sleep apnea, n (%) 128 (3.5) 35 (2.6) 0.12
Malignancy, n (%) 237 (6.4) 94 (6.9) 0.48
Depression, n (%) 422 (11.4) 109 (8.0) 0.0006
Previous stroke/TIA, n (%) 195 (5.3) 81 (6.0) 0.32
History of major bleeding events, n (%) 72 (1.9) 23(1.7) 0.57
History of heart failure, n (%) 562 (15.1) 118 (8.7) <0.0001
Prior ACS, n (%) 2980 (80.2) 444 (32.7) <0.0001
Previous revascularization, n (%) 3189 (85.9) 777 (57.3) <0.0001
Ejection fraction (%), mean+SD 53.3+10.3 55.7+8.7 <0.0001
available for 4599 (90.7%) pts
SBP (mmHg), mean+SD 129.6+16.5 131.4+16.3 0.0004
HR (bpm), mean+SD 66.0+10.9 65.4+10.6 0.09
Atrial fibrillation at entry ECG, n (%) 163 (4.4) 48 (3.5) 0.18
Hb (gr/dl), mean=SD 13.6+1.8 13.6+1.6 0.34
available for 4139 (81.6%) pts
Creatinine (mg/dl), mean+SD 1.09+0.57 1.04+0.56 0.003
available for 4130 (81.5%) pts
Total cholesterol (mg/dl), mean+SD 152.2+38.4 161.2+40.0 <0.0001
available for 3669 (72.4%) pts
LDL cholesterol (mg/dl), mean+SD 85.8+33.7 91.4+34.0 <0.0001
available for 3210 (63.3%) pts
Triglycerides (mg/dl), median (IQR) 110 (83-149) 116 (86-164) 0.002
available for 3557 (70.2%) pts
Glycemia (mg/dl), mean+SD 113.8+36.0 113.6+36.5 0.89
available for 3778 (74.5%) pts

ACS: acute coronary syndrome (STEMI or NSTE-ACS); BMI: body mass index; COPD: chronic obstructive pulmonary disease; ECG: electrocardiogram; Hb:
hemoglobin; HR: heart rate; LDL: low density lipoprotein; SBP: systolic blood pressure; TIA: transient ischemic attack.

https://doi.org/10.1371/journal.pone.0199770.t001

(7.3% vs 3.7%; p<0.0001), coronary computed tomography angiography (6.0% vs 1.0%;
p<0.0001) and cardiac MRI (1.3% vs 0.4%; p = 0.005). Time intervals between imaging proce-
dures and enrolment are depicted in Table 2. In general, patients with angina underwent coro-
nary angiography and other diagnostic imaging procedures earlier compared to patients

without angina.

A personalized diet was prescribed in 56.8% of patients with angina vs 58.9% of those with-
out angina (p = 0.18), physical activity programs were suggested in 59.1% vs 67.3% (p<0.0001)
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Table 2. Timing (days) from diagnostic procedures to enrollment, median (IQR).

Coronary angiography

Transthoracic echocardiogram

Myocardial perfusion scintigraphy
Stress echocardiography

Without Angina With Angina P value
n=3714 n=1356
280 (65-1256) 2 (1-99) <0.0001
38 (1-175) 8 (1-78) <0.0001
51 (1-309) 36 (11-106) 0.26
46 (10-256) 52 (6-315) 0.83
359 (116-1106) 63 (31-227) <0.0001
134 (7-675) 65 (12-344) 0.33
120 (50-364) 30 (15-198) 0.006
736 (93-982) 103 (7-199) 0.06

CCTA: Coronary computed tomography angiography; ECG: electrocardiogram; IQR: interquartile range; MRI: Magnetic Resonance Imaging.

https://doi.org/10.1371/journal.pone.0199770.t002

and a smoking cessation was recommended in 68.9% vs 71.6% (p = 0.45) of currently smokers
patients, respectively.

Pharmacological therapies prescribed at the end of the visit or at discharge in the two
groups are depicted in Fig 1. Statins, beta-blockers, ACE-I, diuretics, omega3, MRAs and oral
anticoagulants were prescribed more frequently in stable CAD patients without angina, while
patients with angina received more frequently antiplatelet agents and drugs for angina relief.
Patients with angina also received more often different combinations of first line therapies and
angina relief drugs compared to patients without angina (Fig 2).

In general, patients with angina received less frequently OMT (aspirin or thienopyridine, B-
blocker, and statin) in the entire cohort (67.0% vs 70.1%, p = 0.03), and OMT (aspirin or thie-
nopyridine, B-blockers, statin, and ACE-I or ARB) in eligible patients (54.4% vs 58.5%,

p = 0.02), compared to those without angina.

Quality of life assessment

The EQ 5D-5L questionnaire was completed by 1308 (96.5%) patients with angina and 3545
(95.5%) without angina (p = 0.12). The median (IQR) VAS score of self-rated general health
status was 75 (60-85) in both groups (p = 0.51).

Over 65% of patients reported as “no problems” in all EQ-5D-5L domains (66.1-87.8%),
except for pain and worry that, as expected, was present, with different degrees, in around 48%
of patient with angina and depression/anxiety that was present in at least 42% of patients
enrolled. The single domains with the 5 levels of severity on each domain are represented in
Fig 3 and, with the exception of pain or worry, did not differ between the 2 groups.

Discussion

Angina is the initial manifestation in approximately 25-50% of all patients who present with
CAD, with wide variability across surveys [3,4,8-10] which may reflect differences in the rec-
ognition and management by provider type (e.g., cardiologist vs general practitioner) or by
country (eg, more frequent use of revascularization in western countries). Even in our registry,
patients with angina encountered the 27% of the overall population and presented a more
severe risk profile compared to patients without angina. Indeed, chronic angina is associated
with considerable rates of adverse cardiovascular events, especially if treated suboptimally [11-
13]. For many patients, aggressive pharmacologic intervention is necessary in order to alleviate
anginal symptoms [1,2]. Some anti-ischemic compounds, such as drugs for heart rate reduc-
tion and metabolic compounds, together with lifestyle changes, regular exercise training,
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Fig 1. Cardiovascular drugs’ prescribed at the end of the visit or at hospital discharge in patients with and without angina. "Drugs not reported have been used in
less than 5% of cases. ACE-I: angiotensin converting enzyme inhibitors; ARB: angiotensin receptor blockers; ASA: acetylsalicylic acid; DAPT: dual antiplatelet therapy;
MRA: mineralocorticoid receptor antagonist; OAT: oral anticoagulation therapy.

https://doi.org/10.1371/journal.pone.0199770.9001

patient education and myocardial revascularization play an important role in reducing or
removing symptoms over the long term [1,2]. Current guidelines recommend a multifaceted
therapeutic approach for patients with stable angina with the double aim of preventing cardio-
vascular events and reducing angina [1,2]. In the present survey, more than 90% of patients
with angina received aspirin and statins at the end of the visit or at hospital discharge, while
drugs for angina relief were prescribed in a minority of patients, with the exception of beta-
blockers used in approximately 74% of cases. The rate of pharmacological therapies used in
patients enrolled in the START registry is closer to that of contemporary registries on stable
CAD, such as the chronic ischemic cardiovascular disease (CICD)-Pilot survey, an european
observational longitudinal registry in CAD and/or PAD patients [4], and the CLARIFY regis-
try, a large international registry of patients with stable angina and/or documented ischemia
[5].

Beta-blockers are recommended as first-line treatment for angina relief. However, beta
blockers have not been demonstrated to be more effective than other anti-anginal drugs on
myocardial ischemia for stable angina patients [1,2]. Among the pharmacological agents
recently introduced for the management of chronic stable angina, ranolazine and ivabradine
represent two innovations. In fact, even if both drugs act by reducing myocardial work and
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thus oxygen consumption, this happens by a peculiar mechanism unlike that of conventional
antischemic drugs. A body of evidence found that two drugs are useful in ischemic patients
both at rest or during exercise [14,15]. Thus, the two drugs represent an adjunctive therapeutic
modality for the treatment of chronic stable angina, especially when conventional antianginal
drugs are insufficient or inadequate. In our series, patients with angina received more fre-
quently antianginal drugs alone and in combination with beta-blockers or other first line ther-
apies compared to patients without angina. However, the combinations of angina relief drugs
were rarely employed, suggesting the use of these therapies can still be improved in clinical
practice, especially before relying on invasive coronary angiography and revascularization pro-
cedures, as suggested by current guidelines [1,2]. In addition, patients with angina less fre-
quently received OMT or lifestyle modification programs compared to patients without
angina. These findings suggest that important opportunities to increase guidelines adherence
still exist in stable CAD. Indeed, current guidelines recommend to implement medical therapy
regardless revascularization, based on results of the large COURAGE (Clinical Outcomes
Utilizing Revascularization and Aggressive Drug Evaluation) trial [16,17] and several meta-
analyses [18-20] demonstrating there is no benefit of PCI compared to OMT in preventing
myocardial infarction or death in stable CAD patients.
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https://doi.org/10.1371/journal.pone.0199770.9003

Coronary angiography is a gold standard test in the evaluation of severity of CAD and it is
indicated in patients with a high pretest probability of CAD and in symptomatic patients with
inconclusive initial noninvasive tests. In our study, coronary angiography was widely

employed, especially when compared to other registries previously conducted in European

countries [3,4]. In particular, patients with angina underwent more frequently and earlier cor-
onary angiography and other diagnostic imaging procedures compared to patients without
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angina. A large international trial, the International Study of Comparative Health Effectiveness
With Medical and Invasive Approaches (clinicaltrials.gov identifier NCT01471522), is explor-
ing whether angiography with a view to revascularization in addition to optimal medical man-
agement is superior to optimal medical management alone in patients with myocardial
ischemia. In this regard, the ORBITA trial recently randomized 200 patients with single-vessel
stenoses to either PCI or placebo using a blinded sham procedure showing no significant dif-
ference in the primary endpoint of exercise time increment between arms [21]. These findings
further questioned the benefits of percutaneous revascularization in the setting of stable
angina.

Study limitations

Our study must be evaluated in the light of some limitations. First, some important informa-
tion for the assessment of long-term risk of cardiovascular events in stable CAD, such as the
frequency and duration of angina, are missing and no standardized evaluation of angina was
used. Second, the data reported in the present analysis are limited to the time of the visit or
hospitalization period and we do not have data on long-term persistence to prescribed thera-
pies and relative outcomes. However, a clinical follow-up at 1 year from enrolment is ongoing.
Finally, even if the participating centers were asked to include in the registry all consecutive
patients admitted with stable CAD, we were not able to verify the enrolment process, due to
the absence of administrative auditing. We believe that it is unlikely however that selective
enrolment in few sites may have substantially changed the study results.

Conclusions

Using data from a nationwide, contemporary, prospective registry of consecutive unselected
stable CAD patients enrolled in 183 cardiology Italian centers, we describe different manage-
ment and treatment patterns of stable CAD patients with mild to moderate angina compared
to patients without angina presenting to a cardiologist. Indeed, patents with angina more fre-
quently undergo coronary angiography and some non-invasive diagnostic procedures and
receive more drugs for angina relief, alone or in combination with first-line therapies, as com-
pared to patients without angina. Our findings highlight the need for further work on defining
and disseminating best-practice patterns and improving guidelines adherence for the manage-
ment of angina even among cardiologists.
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