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Background. A large number of clinical and laboratory markers have been appraised to predict prognosis in patients with stable
angina, but uncertainty remains regarding which variables are the best predictors of prognosis. Therefore, we performed a meta-
analysis of studies in patients with stable angina to assess which variables predict prognosis. Methods. MEDLINE and PubMed
were searched for eligible studies published up to 2015, reporting multivariate predictors of major adverse cardiac events (MACE,
a composite endpoint of death, myocardial infarction, and revascularization) in patients with stable angina. Study features, patient
characteristics, and prevalence and predictors of such events were abstracted and pooled with random-effect methods (95% CIs).
Major adverse cardiovascular event (MACE) was the primary endpoint. Results. 42 studies (104,559 patients) were included. After
a median follow-up of 57 months, cardiovascular events occurred in 7.8% of patients with MI in 6.2% of patients and need for
repeat revascularization (both surgical and percutaneous) in 19.5% of patients. Male sex, reduced EF, diabetes, prior MI, and high
C-reactive protein were the most powerful predictors of cardiovascular events. Conclusions. We show that simple and low-cost
clinical features may help clinicians in identifying the most appropriate diagnostic and therapeutic approaches within the broad
range of outpatients presenting with stable coronary artery disease.

1. Introduction

Coronary heart disease (CHD) is the leading cause of mor-
tality and morbidity worldwide [1]. Prognostic assessment
plays an important role in patient management in CHD as

it enables the implementation of appropriate surveillance
strategies. Although stable coronary artery disease (SCAD)
represents themost commonmanifestation of ischemic heart
disease, affecting up to 5%of the adult population over the age
of 40 in developed countries [2, 3], it remains unclear which
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clinical features should be utilized by general physicians or
cardiologists to determine the appropriate intensity of follow-
up.

Although their role in risk stratification remains to be
fully determined, a substantial number of biomarkers can
provide additional information beyond that provided by
traditional risk factors to predict cardiovascular events [4–
7]. Additionally, the introduction of fractional flow reserve
for guidance of percutaneous coronary intervention (PCI)
was shown to reduce the need for urgent revascularization in
patients with stable angina [8]. While angioguided PCI was
not shown to reduce death and myocardial infarction (MI)
in patients with stable angina [9], the ability to determine
which patient characteristics have the greatest association
with outcomes in patients with stable angina may help
reducemajor adverse cardiovascular events (MACE) through
better treatment of these risk factors. Given the importance
of reducing medical costs, identification of modifiable risk
factors in patients with stable angina that may be easily
treated and improve patient outcomes is critically important.
Only a few studies have addressed these issues [2–5] and we
are unaware of prior studies assessing which variables predict
outcomes using meta-analysis in patients with stable angina.
We therefore performed an international collaborative sys-
tematic review and meta-analysis to appraise the prevalence
and predictors of cardiovascular events in patients with stable
angina.

2. Methods

The main objective of this study was to identify multivariate
predictors of MACE in patients diagnosed with SCAD using
ameta-analytical approach. Current guidelines were followed
during the course of the present research, in particular
the recent Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) amendment to the QUality
Of Reporting Of Meta-analyses (QUOROM) statement and
recommendations from the Cochrane Collaboration and
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) [10–15].

2.1. Search Strategy and Study Selection. MEDLINE,
Cochrane Library, and BioMed Central were systematically
screened in keeping with established methods [16] with
highly specific terms “(cardiac OR myocard∗) AND
(angina∗ OR ischemi∗) AND stable AND english[lang]
AND (''2002''[pdat] : ''2015''[pdat]) NOT (review[pt] OR
editorial[pt] OR letter[pt])”. Two independent reviewers
(FDA and UB) first analyzed selected citations at the
title and/or abstract level, with disagreements resolved
after consensus. If potentially pertinent, studies were then
appraised as complete reports according to the following
explicit selection criteria. Studies were included if (1) patients
presenting with stable coronary disease or patients with
stable angina or instrumental ischemia were investigated
and if (2) predictors of cardiovascular events at follow-up
identified through multivariate analysis were reported.
All these criteria must be met for inclusion. Exclusion
criteria were nonhuman studies, non-English language, and

duplicate reporting (in which case the article reporting on
the largest sample was retained).

2.2. Data Extraction. The same two investigators indepen-
dently and in a blinded fashion tabulated the data of all
studies qualifying for the meta-analysis and also contacted
the corresponding authors for additional information [17].
Data collected included authorship, journal and year of
publication, country of origin, baseline demographic and
clinical features (e.g., risk factors, previous percutaneous or
surgical revascularisation), and independent predictors of
cardiovascular events. For each study that was included, both
the frequencies and odds ratios (ORs) of the independent pre-
dictors were documented. MACE incidence was the primary
endpoint.

2.3. Data Analysis and Synthesis. Continuous variables are
reported as mean (SD) or median (range). Categorical
variables are expressed as 𝑛/𝑁 (%). Statistical pooling was
performed according to a random-effects model with generic
inverse-variance weighting, computing risk estimates with
95% CIs, using RevMan 5 (the Cochrane Collaboration, the
Nordic CochraneCentre, andCopenhagen, Denmark). Fixed
effect was also appraised and reported only if different results
from randomness were found. We considered how well each
study was adjusted for data collection by analyzing the kind
of multivariate analysis used. Independent predictors were
reported according to the number of studies in which they
were evaluated and weighted according to their OR. Small
study bias was appraised by graphical inspection of funnel
plots. Standard hypothesis testing was set at the two-tailed
0.05 level.

3. Results

Search strategy results are presented in Figure 1. Forty-two
reports were retained for meta-analysis, representing a total
of 104,559 patients [18–59]. An overview of the included
reports is given in Table 2. Stable coronary disease was
defined uniformly in all studies as typical chest pain on
exertion relieved by rest and/or sublingual nitrates, a positive
ECG exercise test response (1mm ST-segment depression),
and/or reversible perfusion defects on myocardial perfusion
in single-photon emission computed tomography (SPECT).
In all patients, symptoms were stable for at least 2 months
before study entry. Baseline patient features are reported in
Table 1. Median follow-up was 57 months (IQR: 25–60).

In SCAD patients, the overall incidence of cardiovascular
events was 7.8% (95% CI: 5.89%–9.66%). The incidence of
MACE was 20.5% (95% CI: 14.2–22.8), all-cause death was
9.9% (95% CI: 5.2–15), CV death was 4.5% (95% CI: 3–
5.1), MI was 6.2% (95% CI: 4.2–9), and unstable angina
was 7.6% (95% CI: 5–13). Furthermore, 19.5% of patients
(95%CI: 14.25–24.95) required repetition of revascularization
(either surgery or PCI). An overview of the incidence of
cardiovascular events is presented in Figure 2. Metaregres-
sion analysis demonstrated that the left ventricular ejection
fraction (LVEF) at clinical presentation (reported in 12% of
studies) and a previous history of MI (reported in 14% of



Scientifica 3

2193 citations identified from 
database search

44 studies finally included in
the systematic review

50 full-text articles appraised 
according to selection criteria

7 articles excluded because of
overlapping data
1 article excluded because of
the lack of baseline patients
characteristics

Figure 1: Search strategy results.

Table 1: Baseline characteristics of patients (𝑛 = 104559) of the 44
studies included. The first column shows variables, the second one
shows the values expressed as mean percentage ± SD, and the third
one shows the number of studies reporting each variable.

Variable Value 𝑛 of studies
Age (years) 63.5 ± 4.1 42
Female gender (%) 26.6 ± 8.6 42
Diabetes mellitus (%) 23.2 ± 12.8 42
Hypertension (%) 58.7 ± 16.4 42
Hyperlipidemia (%) 63.8 ± 13.4 24
Smoking (%) 33.9 ± 19.1 42
Family history (%) 42.4 ± 11.8 16
Alcohol use (%) 29.5 ± 0.5 3
Physically inactive (%) 51.5 ± 14.8 3
Prior stroke (%) 9.05 ± 4.08 6
Prior AMI (%) 38.8 ± 18.8 35
Prior CABG (%) 11.8 ± 12.1 22
Prior PCI (%) 18.2 ± 19.6 21

studies and thus regarding 34% of this subgroup of patients)
were the most powerful predictors of new cardiovascular
events (Figure 3). The other predictors were male sex (OR:
1.28, 95% CI: 1.13–3.4), diabetes mellitus (OR: 1.93, 95% CI:
1.1–11.2), and C-reactive protein (CRP, OR: 1.67, 95% CI: 1.21–
6.41). Metaregression revealed no interaction between the
index treatment patients received (PCI, CABG, or OMT) and
the incidence of MACE during follow-up (Figure 4).

4. Discussion

This study demonstrates that (a) the incidence of cardiovas-
cular events remains high in patients with stable coronary
disease and (b) althoughwe did not build a predictionmodel,
we reported that simple, inexpensive, and readily available
clinical and laboratory tests may be helpful in identifying
patients at higher risk of developing subsequent events.
Identification of high-risk individuals may enable initiation
of timely and appropriate therapies to reduce cardiovascular
symptoms and events. As recently stressed by the CALIBER
study [60], risk stratification in SCAD patients is mandatory:
a complete and useful prognostic model was derived from
such study, but it is complex and needs an online risk

Table 2: List of included studies with the number of patients
involved and the type of treatment (PCI: percutaneous coronary
angioplasty; CABG: coronary artery bypass graft; MT: medical
therapy; ND: not reported data).

Study ID Number of
patients

Treatment

Aguilar et al., 2006 [18] 3319 ND
Arroyo-Espliguero et al., 2009 [19] 790 PCI, MT
Avanzas et al., 2005 [20] 297 PCI, MT
Bhatt et al., 2010 [21] 45227 ND
Borges et al., 2010, CABG [22] 136 CABG
Borges et al., 2010, MT [22] 110 MT
Borges et al., 2010, PCI [22] 146 PCI
Breeman et al., 2006 [23] 2928 PCI, MT, CABG
Carpeggiani et al., 2011 [24] 1442 ND
Chen et al., 2007 [25] 468 ND
Dart et al., 2007 [26] 7016 ND
Dibra et al., 2003 [27] 1152 CABG, MT
Eisen et al., 2008 [28] 361 ND
Eldrup et al., 2012 [29] 1090 PCI, MT, CABG
Chocron et al., 2008 [30] 2489 ND
Gehi et al., 2008 [31] 929 PCI, MT, CABG
Georgiadou et al., 2010 [32] 101 ND
Glaser et al., 2006 [33] 1457 MT
Harutyunyan et al., 2011 [34] 4372 ND
Hjemdahl et al., 2006 [35] 807 ND
Hueb et al., 2010 [36] 611 MT
Jeremias et al., 2008 [37] 7592 PCI, MT, CABG
Johansen et al., 2006 [38] 507 PCI, MT, CABG
Kaneko et al., 2013 [39] 747 PCI
Ku et al., 2011 [40] 981 ND
Leu et al., 2004 [41] 150 PCI, MT, CABG
Lopes et al., 2008 [42] 825 ND
Máchal et al., 2014 [43] 150 PCI, MT, CABG
Makino et al., 2010 [44] 626 ND
Momiyama et al., 2009 [45] 373 PCI, MT
Muzzarelli and Pfisterer, 2006 [46] 253 PCI, MT, CABG
Papa et al., 2008 [47] 422 NF
Park et al., 2014 [48] 203 PCI, MT, CABG
Pedersen et al., 2010 [49] 1025 PCI, MT, CABG
Povsic et al., 2015 [50] 1908 MT
Roman et al., 2010 [51] 178 PCI, MT, CABG
Rubulis et al., 2010 [52] 187 ND
Sabatine et al., 2007 [53] 3766 ND
Schnabel et al., 2010 [54] 1781 ND
Sinning et al., 2006 [55] 1806 ND
Cihan et al., 2010 [56] 2449 PCI, MT, CABG
Van Melle et al., 2010 [57] 839 PCI, MT
Wakabayashi et al., 2010 [58] 1944 PCI, MT, CABG
Zebrack et al., 2002 [57] 599 ND
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Figure 2: Incidence of adverse cardiovascular events after a follow-up of 57 months. MACE: major adverse cardiac events.
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Figure 3:Themost common predictors of subsequent CV events in
stable angina patients. Data are reported as OR median value, with
lower/upper limit confidence interval.

calculator. The aim of our investigation is to define the most
powerful predictors of events in SCAD patients in order to
derive some strong points that each clinician could easily
remember at the patient’s bedside.

As a matter of fact, due to the great variability among
patients with stable coronary disease, discerning when to
intensify care and follow-up is still a trouble of physician
experience and judgement. Ourmeta-analysis provides inter-
esting information from an epidemiological point of view,
revealing the most powerful predictors of cardiovascular
events in patients with stable angina. This information is
easily obtained and may provide a deeper insight into which
patients with stable angina are really “stable.” Furthermore,
this data may be used to help decide which patients should
continuewith optimalmedical therapy or be referred for FFR-
guided PCI.

LVEF at clinical presentation seems to be the most
powerful index to recognize patients with higher risk of
subsequent events. The prognostic significance of severely

impaired left ventricular systolic function is well established
in patients with heart failure, including those with coronary
artery disease as the underlying aetiology [61, 62], and in
those presenting with recent myocardial infarction [63]. Our
analysis confirmed that, even in patients with stable coronary
disease, left ventricular systolic function at baseline is a
strong predictor of outcome, even after adjustment for other
major prognostic factors such as age, blood pressure, and
gender.The patients with reduced LV systolic function have a
greater incidence of new overt heart failure, new myocardial
infarction, and increased risk of CV death and stroke. This
is potentially due, in part, to an increased propensity for
arrhythmias, thrombosis, and systemic embolism. Addition-
ally, these patients have a decreased ability to compensate
hemodynamic changes in the setting of critical illness such
as AMI and sepsis.

Previous studies in a broad spectrum of heart failure
patients reported that the relationship between LVEF and
outcome was curvilinear with evidence that an ejection
fraction of less than 45% was associated with a worse
prognosis [62]. In addition, subjects with an ejection fraction
of less than 45% were more likely to have a history of higher
blood pressure, suggesting that hypertension may have also
contributed to left ventricular dysfunction [30]. The most
recent guidelines on management of stable coronary disease
reported that the strongest predictor of long-term survival
is LV function, as demonstrated by the Coronary Artery
Surgery Study (CASS) registry [64, 65]. Hence, a patient with
an LVEF <50% is already at high risk for CV death (annual
mortality 3%), even without accounting for additional event
risk factors, such as the extent of ischemia. As the guidelines
stressed, the clinician involved in themanagement of patients
with a known or suspected diagnosis of stable angina should
always be sure to obtain a resting echocardiogram.

Myocardial Infarction. In a previous analysis of the interna-
tional REduction of Atherothrombosis for Continued Health
(REACH) registry, the strongest predictor of future ischemic
risk was a history of prior ischemic events, particularly in
the prior year [66]. The concomitant presence of diabetes or
multivessel disease in those patients identified an extremely
high-risk population [66]. Similar results also emerged from
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Figure 4: Effect of length of follow-up (beta 0.07; 0.03–0.09), of optimal medical therapy (0.02; 0.01–0.04), of CABG (0.04; −0.01–−0.06),
and of PCI (0.03; 0.02–0.07) on CV events.

our study, and this is probably due to the fact that previousMI
selected a population of patients with angina with tendency
to develop acute coronary syndromes. Moreover, this is a
nonmodifiable risk factor. In the study by Gulliksson et
al., based on the Swedish national MI registry with more
than 1 million AMI events, the risk of a recurrent AMI was
highly dependent on time from the previous event, a finding
which may affect risk scoring. In addition, sex, age, and the
number of prior MIs influence the general risk level [67].
Furthermore, several biomarkers reflecting inflammatory
activity have been shown to be elevated for weeks to months
followingMI and this inflammatory response could aggravate
existing atherosclerotic lesions by accelerating their growth
and/or promoting plaque instability, fatal arrhythmia, or
heart failure [68].

Male Gender. This is in agreement with data from the
Framingham study [69] and more recent studies [70, 71],
supporting the contention that women with stable angina
pectoris have a much better prognosis than men.

The American College of Cardiology-National Cardio-
vascular Data Registry, an angiographic registry, confirmed
that, in stable angina patients, the risk-adjusted OR for
significant CAD (i.e., >70% coronary stenosis) was reduced
for women compared with men (OR: 0.34, 95% CI: 0.33–
0.34), with black women having the lowest risk-adjusted

odds compared with other females. Nevertheless, in this
registry, white women had a 1.34-fold (95% CI: 1.21–1.48)
higher risk-adjusted OR for mortality than white men with
stable angina. The Authors explain this higher in-hospital
mortality for white women with the lower utilization of
elective coronary revascularization, aspirin, and glycoprotein
IIb/IIIa inhibitors when compared with men [61].

In the extended follow-up of the Angina Prognosis Study
In Stockholm (APSIS), men were at a 3- to 4-fold increased
risk of MACE compared with female patients of a similar
age. Interestingly, the event rate was greatly increased in a
small subgroup of diabetic female patients. Thus, identifying
and treating diabetes appear to be particularly important
among female patients with CV disease, as, in the absence
of diabetes, the CV mortality of female patients with stable
angina pectoris seems to be similar to that of the general
population [35]. When evaluating stable coronary disease
outpatients, it is important to recognize that men are at
increased risk of adverse outcomes. However, it is important
to acknowledge recent reports which found that women with
extensive coronary calcification have higher mortality rates
than men [71].

Diabetes Mellitus. It is a recognized risk factor for cardiovas-
cular disease (CVD) andmortality. As previously mentioned,
not only is diabetes associated with a worse cardiovascular
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prognosis, but also it can exacerbate and worsen other risk
factors [72, 73]. Diabetes is known to worsen conventional
risk factors amongwomen [74–76]. In addition, a preferential
treatment for men with diabetes, compared with diabetic
women, has been described: diabetic men tend to receive
more adequate pharmacological treatment for CVD preven-
tion compared with their female counterparts [76–78]. In the
APSIS study, patients with a fasting blood glucose concen-
tration above 6.1mmol/L (according to revised definitions of
diabetes mellitus) carried a comparable risk for future events
as those patients with a diagnosis of diabetes at baseline [35].
Thus, regardless of patient age or sex, patients with stable
angina should be screened by checking glycated haemoglobin
and therapy should be initiated if its level is elevated.

CRP. Several studies of single markers, including a study
based on an earlier examination cycle of the Framingham
Heart Study, have yet shown little improvement in the
prediction of risk with the addition of CRP to conventional
risk factors [79, 80]. Our study also found only a moderate
association between high-sensitivity CRP and cardiovascu-
lar events, consistent with the previous meta-analysis by
Danesh et al. [81]. Moreover, recent guidelines state that
no recommendation can be made to routinely measure this
parameter, reposing on a recent analysis of 83 studies which
found substantial heterogeneity in reporting and publication
bias, making the magnitude of any independent associa-
tion between high-sensitivity CRP and prognosis among
patients with stable CAD uncertain [82]. Nevertheless, CRP
levels may still be useful to identify subgroups of patients
that require a more stringent approach; for example, in
patients who are at intermediate risk for cardiovascular
events, increased CRP values may warrant a more aggressive
modification of risk factors (lowering of serum cholesterol or
blood pressure) [83].

When applying metaregression analysis on CV events
with respect to the kind of therapy patients received (PCI,
CABG, or OMT), we observed a trend of reduced events
for PCI and a slight increase for CABG and OMT, but
without statistical significance. This is in agreement with
the current literature, as no evidence is available suggesting
better outcomes for any of these therapies when compared to
another. FFR-guided PCI, providing a functional rather than
morphological assessment of stenosis, only promise some
improvements in stable angina patients [84].

Limitations. B-type natriuretic peptide was not included
in our analysis because of the limited number of studies
evaluating this marker in stable angina patients. However,
data suggest that it may have a stronger relation with overall
cardiovascular risk than CRP, an observation that has been
confirmed by studies assessing these biomarkers simultane-
ously in high-risk populations [54].

Smoking does not enter in our selection of risk factors,
although it is a well-known and established risk factor.
This is due to different classifications of smoking (former,
current, or undetermined) in different studies. It is important
to note that, in long-term registries such as the Angina

Prognosis Study In Stockholm (APSIS), current smoking is
an important and modifiable risk factor [35].

Finally, the term MACE, defined as “major adverse
cardiac events” and commonly used as a composite end-
point in cardiovascular research, has no standard definition:
including multiple types of clinical events of varying degrees
of relatedness, validity, and utility of MACE could be ques-
tioned preferring separate endpoints that reflect both the
safety and effectiveness of various treatment approaches [85];
furthermore, in many articles, not all the components of
MACE were investigated.

5. Conclusion

Our study demonstrates that patients with stable angina
pectoris at increased riskmay be easily identified by assessing
several common and important risk factors. In patients
with increased risk, aggressive risk factor modification and
medical therapy should be instituted and FFR-guided PCI
considered if symptoms of angina are present. We found
that ejection fraction, sex, diabetes mellitus, previous MI,
and CRP independently predicted an increased risk during
a cumulative five-year follow-up.Thus, these risk factors may
identify patients in need of further angiographic investigation
while a conservative strategy may be safely adopted in low-
risk patients.

Additional Points

Themain highlights of this paper are as follows:

(1) We performed a meta-analysis of studies in patients
with stable angina to assess which variables predict
prognosis.

(2) Thirty-eight reports were retained for meta-analysis,
representing a total of 101,551 patients.

(3) Male sex, reduced EF, diabetes, prior AMI, and high
C-reactive protein were the most powerful predictors
of cardiovascular events.

(4) Metaregression revealed no interaction between the
index treatment patients received (PCI, CABG, or
OMT) and the incidence of MACE during follow-up.

(5) Simple and low-cost clinical features may help clini-
cians in identifying the most appropriate diagnostic
and therapeutic approaches within the broad range
of outpatients presenting with stable coronary artery
disease.
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