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Aims Ranolazine (Ran) is an anti-anginal drug inhibiting late sodium current, an action possibly hindering arrhythmias onset. Indeed, 
some evidence supports the anti-arrhythmic effects of Ran. The aim of this study, which evaluated Italian patients with 
chronic coronary syndrome (CCS), was to investigate whether Ran, as an add-on therapy, was associated with a lower in
cidence of atrial fibrillation (AF) compared with no-Ran prescription (No-Ran).

Methods 
and results

The original population (N = 6.1 million) derived from the databases of the Italian National Health System; information con
cerned hospitalizations with the related diagnoses, drug therapy, follow-up clinical events and visits. Patients hospitalized 
between 2011 and 2020 for any cause and discharged with an ICD-9-CM CCS code were studied if AF had not been diag
nosed before. The follow-up duration was 4.4 and 5.0 years for the Ran and the No-Ran cohorts, respectively. Study subjects 
were 171 015 (mean age: 72 years; men: 66%; Ran: N = 22 207; No-Ran: N = 148 808). After propensity score matching, 
Ran (N = 6384) and No-Ran (N = 25 536) cohorts were similar for age, sex, comorbidities and drug therapy. AF incidence 
during follow-up was 5.3% and 9.6% in the Ran and in the No-Ran cohorts, respectively, with a 41% drug-related lower risk 
of arrhythmia development in the Cox model (HR = 0.59, 95% CI: 0.53–0.67, P < 0.001). Also, Ran correlated with 
reduced incidence of brady-arrhythmias (P = 0.001) and ventricular tachy-arrhythmias (P = 0.049), and with lower mortality 
(P < 0.001).

Conclusion Our study, performed in a subset of the Italian CCS population, showed that Ran therapy was safe and associated with a 
long-term reduced AF incidence.
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Graphical abstract

Use of ‘other’ anti-anginal drugs in the study population after propensity score matching, by ranolazine therapy. No differences were observed be
tween groups and the drug resulted as a true add-on therapy, in accordance with current Guidelines on chronic coronary syndrome management 
(left). Hazard Ratios (HRs) of multivariable models exploring the association of ranolazine with primary and secondary clinical endpoints. In all cases, 
drug therapy was associated with a favourable outcome (right).

Keywords Anti-arrhythmic therapy • Atrial fibrillation • Chronic coronary syndrome • Drug therapy • Prognosis • Ranolazine

Introduction
Ranolazine is a piperazine derivative recommended as an add-on 
therapy in patients with chronic coronary syndrome (CCS) and 
uncontrolled symptoms or not tolerant to standard frontline 
anti-anginal drugs.1 Ranolazine can reduce myocardial ischaemia by 
inhibiting the late inward Na+ current in cardiac myocytes during re
polarization, thus hindering intracellular Na+ overload and the subse
quent increase in cytosolic Ca2+ by modulating the reverse-mode 
Na+-Ca2+ exchange.2 Importantly, the late inward Na+ current is in
creased during myocardial ischaemia and the development of heart 
failure (HF).2,3 The benefits of ranolazine in reducing Ca2+ overload 
and left ventricular dysfunction during ischaemia/reperfusion was 
first proven in rat experimental models more than 15 years ago.4

Hence, ranolazine initially introduced as an anti-anginal agent,5,6

was later shown to reduce myocardial proarrhythmic substrates 
and triggers,6,7 possibly exerting a dual protection against atrial fibril
lation (AF) and ventricular arrhythmias (VA).8 Since the standard 
anti-arrhythmic agents for the treatment of AF have some limitations 
due to suboptimal efficacy and potential side effects, ranolazine has 
been then investigated as a stand-alone therapy to prevent AF recur
rence,9 or as an add-on agent to improve the efficacy of amiodar
one10 or dronedarone.11,12

In Italy, ranolazine is indicated and reimbursed by the National Health 
System (NHS) as a second-line therapy for the treatment of angina pec
toris inadequately controlled by first-line drugs (i.e. beta-blockers and/ 
or calcium channel blockers).

The present, real-world study used large administrative databases to 
investigate, in patients with CCS, the association of ranolazine with in
cident AF or all-cause death as primary outcomes. The risk of bradyar
rhythmias or ventricular tachyarrhythmias was also explored as 
secondary outcomes.

Methods
Data source
We retrospectively analyzed administrative databases including ∼6.1 million 
(i.e. more than 10% of Italian population) of unselected residents assisted 
by Italian local health units (LHU) participating in a project of 
cardiovascular pharmacoepidemiology and outcome research.13 Such data
bases track all healthcare resources reimbursed by the NHS and provide 
information on: (i) demographics (age, sex), and vital status (accounting 
for all-cause mortality); (ii) drugs prescriptions, such as brand name, 
Anatomical-Therapeutic Chemical (ATC) code, marketing authorizations 
code, number of packages, number of units per package, and prescription 
date; this database includes the community pharmaceutical flow as well as 
the direct pharmaceutical distribution flow, which allows also to identify 
medicines dispensed by the NHS hospitals for outpatients use; (iii) hospita
lizations, including discharge diagnoses coded with the International 
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM), 
Diagnosis Related Group (DRG) and DRG-related charge; (iv) outpatient 
specialist service database for information on specialist visits. To grant priv
acy, an anonymous univocal numeric code (Patient ID) was assigned to each 
subject participating in the analysis. The Patient ID allows the electronic 
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linkage between databases and ensures the anonymity of the extracted data 
in full compliance with EU Data Privacy Regulation 2016/679 (‘GDPR’) and 
Italian D.lgs. n. 196/2003, as amended by D.lgs. n. 101/2018. All the results 
have been provided as aggregated data, so that they cannot identify, either 
directly or indirectly, specific individuals. The study was conducted in line 
with the principles of the Declaration of Helsinki and approved by the 
Ethics Committees of the participating LHU.

The data underlying this article cannot be shared publicly because they 
derive from the original databases of the LHU participating to the project 
and report personal information of patients.

Patients and study design
Patients with a hospital discharge diagnosis of CCS (ICD-9-CM codes 413-414) 
between 2011 and 2020 were identified and then assigned to one of two mu
tually exclusive ‘ranolazine’ or ‘no-ranolazine’ cohorts, consisting respectively of 
patients with or without at least 1-year treatment with that agent (ATC code: 
C01EB18). Prescription of other drugs recommended as first-line or add-on 
agents by guidelines (beta-blockers, ATC code C07; calcium channel blockers, 
ATC code C08; nitrates, ATC code C01DA; ivabradine, ATC code C01EB17; 
nicorandil, ATC code C01DX16) was also recorded in all patients of 
both cohorts.1

The date of the first prescription of ranolazine or, in the no-ranolazine co
hort, of one of the above-mentioned drugs during the inclusion period, was 
considered as the index date, according to which, age was assigned. Patients’ 
overall health profile was assessed over the whole period available before the 
index date (characterization period, at least 1-year long) and followed for the 
whole time after the index date (follow-up period, lasting at least 1 year). 
Overall health profile was characterized by the Charlson Comorbidity 
Index (CCI), a scoring system based on age class and on the burden of 19 
concomitant conditions.14 The comorbidities included in CCI and other con
ditions of interest, were assessed during the whole period before the index 
date using a combination of prescribed drugs and/or hospital discharge 
ICD-9-CM codes, as follows: diabetes mellitus (at least one prescription of 
ATC code A10 drugs or a discharge code 250); dyslipidemia (at least one pre
scription of ATC code C10 drugs); arterial hypertension (at least one pre
scription of ATC codes C02, C03, C07, C08, C09); stroke (discharge 
codes 430–438); chronic heart failure (CHF; discharge code 428); myocardial 
infarction (MI; discharge codes 410–412); chronic kidney disease (CKD; at 
least one prescription of ATC codes A12AA, A02AH, B03XA, V03AE02, 
V03AE03, V03AE04, A11CC03, A11CC04 drugs, or discharge code 585); 
AF (discharge code 427.31); chronic obstructive pulmonary disease 
(COPD; at least one prescription of ATC code R03 drugs); cancer (at least 
one prescription of ATC code L01 drugs, or an exemption code 048, or dis
charge codes 140–209); cardiovascular procedures, such as coronary artery 

bypass grafting or other cardiac surgery, coronary angioplasty, peripheral ar
tery angioplasty or vascular surgery, pacemaker and/or ICD implantation 
(discharge codes 00.4X, 00.5X, 00.6X, 35.XX-39.XX).

The primary and secondary outcomes were evaluated from 6 months after 
the index date over the whole period of data availability (thus omitting early 
events, potentially indicating clinical instability). Adherence to treatment was 
evaluated using the Medication Possession Ratio, calculated from prescription 
data in the administrative databases. Also, to ensure the analysis of a population 
with at least a moderate adherence to guideline-based recommendations, 
patients with < 3 drug prescriptions were excluded. Following an intention-to- 
treat principle, incident primary and secondary outcome events during the 
follow-up were attributed as follows: new-onset AF, diagnosed by discharge 
code 427.31 in patients without such a diagnosis during the characterization 
period; all-cause death; bradyarrhythmias, diagnosed by discharge codes 426, 
427.89 or procedural code 00.5X; ventricular tachyarrhythmias, diagnosed 
by discharge codes 427.1 or 427.4.

Statistical analysis
Continuous variables are presented as mean ± standard deviation (SD), and cat
egorical variables as numbers and percentages. To check unbalance for the base
line characteristics between the study cohorts, the standardized mean difference 
(SMD) was computed. A SMD <0.2 was considered for the definition of vari
ables as ‘comparable’.15 A propensity score matching (PSM) procedure, with a 
ranolazine:no-ranolazine 1:4 matching ratio that followed the initial patients’ dis
tribution, was used to minimize the differences in baseline characteristics.

A multivariable Cox regression analysis was used to compare the risk of 
events between the PSM-balanced treatment cohorts. The related hazard ra
tios (HRs), with 95% confidence intervals (95% CI), were calculated adjusting 
for the following baseline variables: age, sex, CCI, diabetes, dyslipidemia, ar
terial hypertension, stroke, CHF, MI, CKD, AF, COPD, cancer, cardiovascular 
procedures, and treatment with beta-blockers, calcium channel blockers, ni
trates, ivabradine, nicorandil and antithrombotic agents. Furthermore, to ex
clude the influence of potential confounders not included in multivariable 
models, we analyzed three different outcomes, which, from a pharmacologic 
point of view, should not have been influenced by ranolazine. We selected 
colorectal cancer, pulmonary embolism and urinary tract infections, repre
senting, respectively, a neoplastic, a cardiovascular and an infective condition. 
In all these cases, statistical significance was identified by a P value <0.05. All 
analyses were performed using STATA SE version 17.0.

Results
The databases contained 199 531 patients with CCS as diagnosed using 
the above-cited ICD-9-CM codes. Of these, 171 015 with complete 

Figure 1 Flow-chart representing the inclusion process of patients into the study, starting from the original population enclosed in the administrative 
databases of the Italian local health units participating to the project.
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data available for at least one year before and after the index date were 
selected for analysis, which included 22 207 in the ranolazine and 148  
808 in the no-ranolazine cohort (Figure 1), with an average follow-up 
respectively of 4.4 ± 2.6 and 5.0 ± 3.2 years (P < 0.001).

The demographic and clinical characteristics of the whole population 
and of the two treatment cohorts are reported in Table 1. The average 
age well beyond 70 years—with 28.4% aged ≥80 years—and the pre
dominant male sex are consistent with the current epidemiological 
scenario. Hypertension was the most prevalent cardiovascular risk fac
tor in both treatment cohorts, followed by dyslipidemia—which was 
significantly more prevalent in the ranolazine cohort—and diabetes. 
While the overall burden of comorbidities as expressed by the CCI, 
and the prevalence of previous stroke, CKD, COPD, and cancer, 
were similar in the two treatment cohorts, ranolazine-treated patients 
more frequently had had a MI and a cardiovascular procedure (Table 1). 
Prescription of pharmacological agents recommended by guidelines 
was similar in the two cohorts, with more than 90% of patients receiv
ing a first-line treatment (beta- or calcium-channel blockers). After 
PSM, there were 6384 patients in the ranolazine and 25 536 in the 
no-ranolazine cohort, which were well balanced as indicated by non- 
significant (<0.2) SMD for all variables (Table 2).

After excluding patients who had experienced AF in the 12 months prior 
to enrollment, the incidence of the arrhythmia during the follow-up was 
significantly lower in the ranolazine than in the no-ranolazine cohort 
(5.3% vs. 9.6%, P < 0.001) (Figure 2). At multivariable Cox regression ana
lysis, ranolazine was associated with a 41% reduction of the incident risk of 
new-onset AF (HR 0.59, 95% CI: 0.53–0.67, P < 0.001) (Table 3). 
Moreover, older age, male sex, heart failure, previous MI, CKD, COPD, 
and prescription of beta-blockers, calcium antagonists and nitrates were 
all predictors of an increased risk, while cardiovascular procedures and 

antithrombotics were associated with a decreased risk of incident AF 
(Table 3). Ranolazine treatment was also associated with a significantly low
er all-cause mortality (31.7% vs. 20.0%, P < 0.001) and a 26% multivariable 
risk reduction of death (HR 0.74, 95% CI: 0.70–0.79, P < 0.001) (Table 4).

Further, Cox regression models showed that ranolazine was also asso
ciated with a significantly lower risk of bradyarrhythmias and ventricular 
tachycardia/VF. In fact, bradyarrhythmias occurred respectively in 3.0% 
and 4.3% of the ranolazine and the no-ranolazine cohorts (P < 0.001), 
with a 24% risk reduction (HR 0.76, 95% CI: 0.65–0.89, P = 0.001) after ad
justing for age, sex, CCI, heart failure and cardiovascular procedures (see 
Supplementary material online, Table S1). Similarly, ventricular tachycar
dia/VF was recorded respectively in 1.4% and 1.8% of the ranolazine and 
the no-ranolazine cohorts (P = 0.015), which corresponds to a 20% risk re
duction (HR 0.80, 95% CI: 0.63–1.00, P = 0.049) after adjusting for sex, AF, 
heart failure, previous stroke, myocardial infarction, ivabradine and nitrates 
prescription (see Supplementary material online, Table S2).

Last, in the multivariable models exploring outcomes unrelated 
to drug action, no association was found between ranolazine and colo
rectal cancer (HR 0.80, 95% CI 0.57–1.12, P = 0.192; Supplementary 
material online, Table S3), pulmonary embolism (HR 1.15, 95% CI 
0.78–1.68, P = 0.479; Supplementary material online, Table S4) and 
urinary tract infections (HR 0.88, 95% CI 0.71–1.10, P = 0.263; 
Supplementary material online, Table S5).

Discussion
This is the first study designed to explore in a large sample of unselected, 
community-living individuals, the efficacy and safety of ranolazine for AF 
prevention in patients with CCS. Of the 171 015 patients included, 
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Table 1 Demographic and clinical characteristics of the whole study population and of the ranolazine and no-ranolazine 
cohorts

Whole Population 
N = 171 015

Ranolazine 
N = 22 207

No-Ranolazine 
N = 148 808 SMD

Age, years (mean ± SD) 72.0 ± 11.5 71.5 ± 10.4 72.1 ± 11.6 0.058

Sex, men (n, %) 112 813 (66.0) 15 007 (67.6) 97 806 (65.7) 0.033

Charlson Comorbidity Index (mean ± SD) 1.3 ± 1.4 1.2 ± 1.2 1.3 ± 1.4 0.044

Hypertension (n, %) 162 003 (94.7) 21 585 (97.2) 140 418 (94.4) 0.141

Dyslipidemia (n, %) 121 208 (70.9) 19 884 (89.5) 101 324 (68.1) 0.544

Diabetes (n, %) 52 290 (30.6) 8583 (38.6) 43 707 (29.4) 0.197

Atrial Fibrillation (n, %) 25 046 (14.6) 2519 (11.3) 22 527 (15.1) 0.112

Heart Failure (n, %) 30 847 (18.0) 3929 (17.7) 26 918 (18.1) 0.010

Previous Myocardial Infarction (n, %) 38 549 (22.5) 8083 (36.4) 30 466 (20.5) 0.359

Previous Stroke (n, %) 30 660 (17.9) 3747 (16.9) 26 913 (18.1) 0.032

CKD (n, %) 19 715 (11.5) 2606 (11.7) 17 109 (11.5) 0.007

COPD (n, %) 47 336 (27.7) 6870 (30.9) 40 466 (27.2) 0.083

Cancer (n, %) 14 438 (8.4) 1695 (7.6) 12 743 (8.6) 0.034

Cardiovascular Procedures (n, %) 77 809 (45.5) 12 450 (56.1) 65 359 (43.9) 0.245

Antithrombotics (n, %) 152 076 (88.9) 19 880 (89.5) 132 196 (88.8) 0.022

Beta-blockers (n, %) 115 365 (67.5) 15 546 (70.0) 99 819 (67.1) 0.063

Calcium Antagonists (n, %) 44 403 (26.0) 5250 (23.6) 39 153 (26.3) 0.062

Nitrates (n, %) 39 752 (23.2) 6653 (30.0) 33 099 (22.2) 0.176

Ivabradine (n, %) 7693 (4.5) 1713 (7.7) 5980 (4.0) 0.158

Age is at the inclusion in the study, while clinical variables refer at the pre-index, characterization, period. Antithrombotics include any anticoagulant or antiplatelet agent; Cardiovascular 
procedures, any of coronary artery bypass grafting or other cardiac surgery, coronary angioplasty, peripheral artery angioplasty or vascular surgery, pacemaker and or ICD implantation.
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; SD, standard deviation; SMD, standardized mean difference (values ≥0.2 indicate a significant difference).
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45.5% were aged ≥75 years, and more than 2/3 were men, findings that 
are consistent with the epidemiology of CCS in Western countries.1,16

In our study population, those treated with ranolazine showed a 
greater prevalence of cardiovascular risk factors and related 
conditions—in particular dyslipidemia, diabetes, and previous MI— 
and more frequently underwent cardiovascular procedures, such as 
myocardial revascularization. We can hypothesize that this observation 
reflects a clinicians’ attitude to prescribe ranolazine—which is known 
to exert favorable effects on glucose metabolism and endothelial func
tion17-19—to patients perceived at greater cardiovascular risk. Such an 
approach may be regarded as substantially consistent with an individua
lized therapy based on first-line (beta- and calcium channel blockers) 
and add-on (ranolazine and long-acting nitrates) agents, as recom
mended by guidelines on the basis of symptoms control and risk factors 
burden.1

The results of the present study are consistent with a ranolazine- 
associated reduction in the incidence of AF, as well as of 
brady-arrhythmias and ventricular tachycardia. Evidence of the anti- 
arrhythmic properties of ranolazine derived from the MERLIN-TIMI 36 
trial, which enrolled patients with non-ST segment elevation myocardial 

infarction (NSTEMI) undergoing continuous ECG monitoring during the 
first seven days after the acute event. Compared with placebo, ranolazine 
was associated with a significant reduction of ventricular tachycardia last
ing ≥8 beats.2 In a subsequent post-hoc analysis of the same study, the 
1-year incidence of AF, interpreted as an adverse event, was significantly 
reduced in ranolazine-treated patients.20 Moreover, when compared with 
amiodarone only therapy, the combination of ranolazine and amiodarone 
accelerated the pharmacologic cardioversion of AF.10 Similarly, in the 
HARMONY trial, the combination of dronedarone and ranolazine re
sulted effective in reducing the AF burden in subjects implanted with a 
pacemaker.11 Finally, a meta-analysis of five different trials showed a 
53% lower risk of AF in ranolazine-treated than in placebo-treated pa
tients.21 However, it is important to highlight that, of 3629 ranolazine- 
treated patients included in that meta-analysis, 3162 were enrollees of 
the MERLIN-TIMI 36 trial, while only 462 had been drawn from the other 
four studies.21 This supports the need for enriching the evidence on the 
anti-arrhythmic properties of ranolazine in wider populations, such as in 
our real-world study. Based on these experiences, ranolazine was classi
fied as a class Id (voltage-gated Na+ channel blockers-late current) agent 
in a ‘modernized classification’ of cardiac anti-arrhythmic drugs.22,23

From a mechanistic point of view, studies in animal models supports 
the capability of ranolazine to convert paroxysmal AF to sinus rhythm,24

likely due to preferential blockade of the faster activation rates typically of 
atrial arrhythmias.25,26

Our data confirm the protective effect against VA observed in the 
MERLIN-TIMI 36 study,2 without an increase in brady-arrhythmias, a 
finding confirming a good drug safety profile. Though it can prolong 
the Q-T interval, particularly when combined with amiodarone, rano
lazine may be appropriate as add-on therapy to shorten the Q-T inter
val in LQTS3 patients with a Q-T > 500 ms, with this indication 
formally approved in the USA.23

Finally, we found a remarkable, 26% reduction of all-cause mortality 
in ranolazine-treated patients. In a subgroup analysis of the 
MERLIN-TIMI 36 trial, patients treated with PCI had a 1-year reduction 
of recurrent ischaemia and cardiovascular death when treated with ra
nolazine.27 However, no studies assessed either the ventricular anti- 
arrhythmic properties of the drug or its impact on cardiovascular 
mortality.

Despite its pharmacological effects, a favorable risk/benefit ratio and 
an almost worldwide distribution, still nowadays ranolazine prescrip
tion rates show great variability by country. Our results, if confirmed, 
could allow a more homogeneous and proper use of the drug. 
Moreover, the efficacy shown in cardiac rhythm stabilization could in 
part explain the improved survival we found during the follow-up, be
cause of the association of AF with all-cause and cardiovascular mortal
ity in patients with CCS.28

The main strength of the present study is the large sample size of an 
unselected, real-world population, allowing the inclusion of individuals 
generally underrepresented in randomized clinical trials, such as older, 
multimorbid patients, leading to an improved generalizability of our 
findings. However, present results, obtained through an observational 
design, are only hypothesis generating.

Moreover, some study limitations should be acknowledged. First, our 
results are based on the analysis of administrative databases of the 
Italian NHS, which do not include accurate information on adherence 
to therapeutic regimen and on risk factors potentially associated with 
all-cause and cardiovascular mortality and incident arrhythmias, such 
as smoking habits, blood pressure control, and obesity. The presence 
itself of comorbidities relies only on administrative data possibly leading 
to event underestimation or misclassification. This was particularly true 
when coding for cardiovascular death, which was consequently left out 
from the analysis. However, in Italy the access to health care is universal, 
and the related administrative information is present and available for 
the whole population. All patient’s records can be easily and reliably 
linked to each other through a unique individual identifier. Indeed, 
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Table 2 Demographic and clinical characteristics, and 
frequency of comorbidities in ranolazine and 
no-ranolazine cohorts after propensity score matching 
balancing

Ranolazine 
N = 6384

No-Ranolazine 
N = 25 536 SMD

Age, years (mean ± SD) 70.7 ± 10.8 70.3 ± 11.8 0.030

Sex, men (n, %) 4419 (69.2) 17 772 (69.6) 0.008

Charlson Comorbidity 

Index (mean ± SD)

0.7 ± 1.0 0.7 ± 1.0 0.004

Hypertension (n, %) 6190 (97.0) 24 700 (96.7) 0.013

Dyslipidemia (n, %) 5745 (90.0) 22 629 (88.6) 0.044

Diabetes (n, %) 185 (2.9) 924 (3.6) 0.041

Atrial Fibrillation (n, %) 652 (10.2) 2511 (9.8) 0.013

Heart Failure (n, %) 812 (12.7) 3296 (12.9) 0.006

Previous Myocardial 

Infarction (n, %)

2251 (35.3) 8467 (33.2) 0.044

Previous Stroke (n, %) 851 (13.3) 3350 (13.1) 0.006

CKD (n, %) 472 (7.4) 1901 (7.4) 0.002

COPD (n, %) 1775 (27.8) 6825 (26.7) 0.024

Cancer (n, %) 432 (6.8) 1661 (6.5) 0.011

Cardiovascular procedures 
(n, %)

3524 (55.2) 13 701 (53.7) 0.031

Antithrombotics (n, %) 5802 (90.9) 22 571 (88.4) 0.082

Beta-blockers (n, %) 4453 (69.8) 18 041 (70.7) 0.020

Calcium Antagonists (n, %) 1373 (21.5) 5624 (22.0) 0.013

Nitrates (n, %) 1754 (27.5) 6511 (25.5) 0.045

Ivabradine (n, %) 383 (6.0) 1382 (5.4) 0.025

Antithrombotics include any anticoagulant or antiplatelet agent; Cardiovascular 
Procedures, any of coronary artery bypass grafting or other cardiac surgery, 
coronary angioplasty, peripheral artery angioplasty or vascular surgery, pacemaker 
and or ICD implantation.
CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; SD, 
standard deviation; SMD, standardized mean difference (values ≥0.2 indicate a 
significant difference).
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the validity and the accuracy of the data stored in the administrative 
database have been previously shown.29 Second, the burden of 
comorbidities was estimated from data antecedent to the index event 
determining the inclusion into the study, based on discharge diagnoses 

and on proxies, such as prescription of disease-specific medications 
and/or related hospitalizations. Also, given that data originated from 
administrative sources, it was impossible to graduate treatment effects 
by the severity of pre-existing comorbid conditions. Third, there was 
a small, though significant, longer duration of follow-up in the 
no-ranolazine cohort, a condition possibly accentuating the benefits 
of ranolazine therapy; this, however, should not be the case, provided 
the entity of the length difference (about 12%) and, particularly, the 
early and progressive separation of the event-free survival as depicted 
by the Kaplan-Meier curves outlined in Figure 2. The lower duration of 
follow-up in the ranolazine cohort might be in part attributable to the 
fact that, despite drug approval in Europe in 2008, the first ESC guide
lines giving a clear recommendation for ranolazine therapy in patients 
with stable coronary artery disease (Class of recommendation: IIa, 
Level of evidence: B) were published in 2013.30 Fourth, no sensitivity 
analysis was performed by treatment duration. Fifth, the PSM techni
ques were used to balance characteristics of treatment cohorts, a 
method that, though well validated, is known to be at risk of not ac
counting for all potential confounders. Indeed, we found a lower preva
lence of diabetes after the procedure. This result did not prevent, 
however, to show the significant association between diabetes itself 
and all-cause mortality in the Cox multivariable regression model 
(Table 4). Last, because of the nature of the present study, it is impos
sible to attribute the benefits we observed to the electrophysiologic, 
the metabolic and/or the anti-ischemic properties of ranolazine. If the 
effects which were found will be confirmed, experimental and clinical 
studies should have to clarify the involved mechanisms.

Conclusions
Present analysis shows that ranolazine therapy is possibly associated 
with a protective long-term effect against occurrence of AF in patients 

Figure 2 Atrial fibrillation-free survival in the ranolazine and the no-ranolazine cohorts at the Kaplan-Meier analysis. The Hazard Ratio and the related 
95% confidence intervals derive from the Cox regression multivariable model.
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Table 3 Cox regression model for factors associated 
with risk of new-onset atrial fibrillationa

HR 95% CI P value

Ranolazine (vs. no-ranolazine) 0.59 0.53–0.67 <0.001

Age (for 1-year increase) 1.07 1.07–1.07 <0.001

Sex (Male vs. Female) 1.23 1.13–1.35 <0.001

Heart Failure (yes vs. no) 1.66 1.49–1.85 <0.001

Previous Myocardial Infarction (yes vs. no) 1.11 1.02–1.21 0.019

CKD (yes vs. no) 1.31 1.15–1.49 <0.001

COPD (yes vs. no) 1.18 1.08–1.28 <0.001

Cardiovascular Procedures (yes vs. no) 0.88 0.81–0.95 0.002

Antithrombotics (yes vs. no) 0.84 0.77–0.91 <0.001

Beta-blockers (yes vs. no) 1.13 1.08–1.23 0.007

Calcium Antagonists (yes vs. no) 1.11 1.01–1.21 0.030

Nitrates (yes vs. no) 1.11 1.02–1.21 0.013

aPatients with previous episodes of atrial fibrillation were excluded from analysis.
Antithrombotics include any anticoagulant or antiplatelet agent.
CI, confidence interval; CKD, chronic kidney disease; COPD, chronic obstructive 
pulmonary disease; HR, hazard ratio. Variables backward eliminated from model 
(P out ≥0.050): Charlson Comorbidity Index; hypertension; dyslipidemia; diabetes; 
previous stroke; neoplasms; ivabradine.
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with chronic coronary syndromes. The burden of bradyarrhythmias 
and of major VA seems not to be increased during drug treatment, 
while all-cause mortality appears to be reduced. These results, obtained 
in a real-world, epidemiological setting, press for new, specifically ad
dressed, clinical trials, aimed at confirming the anti-arrhythmic proper
ties of ranolazine in coronary and non-coronary patients, possibly 
widening therapeutic options with a drug safe and characterized by 
multiple, complementary, pharmacologic actions.

Supplementary material
Supplementary material is available at European Heart Journal— 
Cardiovascular Pharmacotherapy online.
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