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Abstract 

Background: There are conflicting findings from observational studies investigating the association of azithromycin 

and potentially arrhythmogenic cardiovascular death, of which only one study was conducted in Europe. This study was 

aimed at studying the association between ventricular arrhythmia and azithromycin. 

Methods: A case-control study was nested in a cohort of incident antibiotic users using seven population-based healthcare 

databases from Denmark, Germany, Italy, Netherlands, and United Kingdom using data from 1996-2010.Cases were 

matched to up to 100 controls on age, sex and database. Recency of use and type of antibiotic (azithromycin was the 

exposure of interest) at the index date (occurrence of ventricular arrhythmia) were identified. The odds ratio (OR) of 

ventricular arrhythmia occurrence with current azithromycin use relative to current amoxicillin use or non-use (>365 days 

treatment discontinuation) of any antibiotic was estimated using conditional logistic regression, while adjusting for 

confounders.  

Results: There were 4,040,688 new antibiotic users, of whom 13,536 (0.33%)developed ventricular arrhythmia. Among 

ventricular arrhythmia cases, 30 were current azithromycin users. In the pooled data analyses across databases, 

compared to non-use of antibiotics, azithromycin use was associated with higher ventricular arrhythmia risk (ORAdj: 

1.97; 95% CI: 1.35-2.86). This increase disappeared using current amoxicillin use as comparator (ORAdj: 0.90; 95%CI: 

0.48-1.71). Database-specific estimates and meta-analysis of single database estimates confirmed results from the 

pooled data analysis. 

Interpretation: Azithromycin is not associated with ventricular arrhythmia compared to amoxicillin, while 

confounding by indication may explain the observed increased VA risk of azithromycin use versus non-use of 

antibiotic. 

Key words: azithromycin, case-control study, ventricular arrhythmia, databases 
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Introduction 

Azithromycin is a widely-prescribed broad spectrum macrolide mainly used inrespiratory and urinary tract bacterial 

infections. Concerns were raised recently regarding its arrhythmogenic potential, which is already known to exist for 

first marketed macrolide erythromycin.2-7There are several case reports describing QT prolongation,8-10torsades de 

pointes11-13or polymorphic ventricular tachycardia 14 following azithromycin use. Several contrasting observational 

studies assessed the association of azithromycin use and cardiovascular death.15-22  Since the known arrhythmogenic 

potential of azithromycin is related to QT interval prolongation, torsades de pointes and ventricular arrhythmia19,20 the 

above-mentioned studies are limited by the broad category of cardiovascular death they use as an outcome, which likely 

only partially captures azithromycin-associated cardiac arrhythmia risk. To date, only one observational study 

investigated specifically the association of ventricular arrhythmia and azithromycin use.23 In light of limited and 

contrasting findings on this drug-adverse event association, we investigated the risk of ventricular arrhythmia associated 

to azithromycin using a network of 7 healthcare databases from 5 European countries participating in the ARITMO 

project.24 

 

Methods 

Design and setting 

A case-control study was nested in acohort of antibiotic users, using datafrom the ARITMO network. These comprised 

seven healthcare databases from five European countries, covering a population of approximately 28 million subjectsin 

the period running from January 1st 1997 to December 31st 2010. The databases used were Health Search Cegedim-

Strategic Data-Longitudinal-Patient Database (Italian nationwide), Integrated Primary Care Information database 

(Dutch nationwide), The Health Improvement Network (United Kingdom nationwide), PHARMO database network 

(Dutch nationwide), AARHUS (Denmark, North and Central Denmark), German Pharmacoepidemiological Research 

Database (Germany) and Emilia-Romagna Database (Italy, Emilia-Romagna region) (eTable1). Harmonized data 

extraction, quality assurance and analyses when combining multiple healthcare databases for drug safety studies has 

been described elsewhere.25 The databases in the ARITMO network have been previously used for 

pharmacoepidemiological studies26,41 and trends in antibiotic use across databases have already been investigated.42 This 

study is registered in the ENCePP registry of studies held at the European Medicines Agency 

(http://www.encepp.eu/encepp/viewResource.htm?id=4669). 

 

Cohort 

The cohort consisted of new antibiotic users (no antibiotic in prior year). Cohort entry occurred on the date of the first 

recorded antibiotic drug prescription in patients with >1 year of database history. Patients >85 years were excluded to 

databases to restrict to patients with more reliable data records as previously done43. Persons with malignant cancer 

were excluded as they may be hospitalized for long periods thus precluding full capture of medical history. Cohort 

members were followed from the first antibiotic prescription until the earliest of the following: a) end of study, b) 

occurrence of ventricular arrhythmia; c) transfer out of database; d) malignant cancer; e) 85th birthday or f) death. 
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Cases and controls 

The primary outcome of this study was ventricular arrhythmia (case definition and coding algorithms reported in 

eFigure1 and eTable2). Outcome validation was conducted in every database for a random sample of 200 cases 

through independent manual medical record review by two experts per database who were blinded to drug exposure. In 

the Integrated Primary Care Information database, manual validation of all automatically detected cases was performed 

due to extensive use of unstructured free-text patient notes. A positive predictive value >90% of final coding algorithm 

was achieved.44 Each case was matched with up to 100 controls using incidence density sampling on year of birth (±1 

year), sex, calendar time and database.  

 

Exposure definition 

Data on antibiotics (Anatomical Therapeutic Chemical classification codes J01*) were obtained from the electronic 

drug prescription/dispensing databases. The exposure period was calculated dividing the total number of units per 

prescription by the prescribed daily number of units (or defined daily dose, if prescribed dosage was unavailable). 

Exposure to antibiotics was categorized as: a) current: exposure period covered the index date or ended <7 days before 

the index date (to account for lack of compliance or late registration of outcome, i.e. to reduce spurious attribution of 

outcome onset to the exposure period); b) recent: exposure period ends between 7 and <90 days before the index date 

(to account for complications of severe infections and delayed antibiotic effects); c) past: exposure period ends between 

90 and <365 days before the index date (both antibiotic exposure and infection are likely to have no effect at all on 

occurrence of the outcome); d) non-use: no exposure within 365 days before the index date. 

 

Covariates  

We considered the following risk factors of ventricular arrhythmia as covariates: a) age and sex; b) cardiovascular 

disease; c) metabolic diseases; d) other diseases related to increased risk of ventricular arrhythmia (e.g. atrial 

fibrillation/flutter); e) prior use of anti-arrhythmia drug and concomitant use of medication inducing hypokalemia or QT 

prolonging drugs (i.e. drugs with established torsadogenic liability based on the CredibleMeds list).45 Covariates and 

identification algorithms are listed in AppendiceseTables3-6using the harmonization process that has been described 

before.46 

 

Statistical analysis 

Data were extracted locally and transformed into a simple common data model according to a process we have 

described before.47 Using the custom-built JAVA-based softwareJerboa data were transformed locally from the common 

input files into fully anonymized datasets.25 

Unadjusted and adjusted odds ratios (OR and ORadj respectively) with 95% confidence intervals (CIs) were calculated 

using conditional logistic regression analysis for current, recent and past use of azithromycin using current use of 
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amoxicillin as a primary comparator. ORs were also calculated for current, recent and past use of azithromycin, 

amoxicillin and other antibiotics using non-use of antibiotics (J01*) as a secondary comparator. 

Confounders included in the final models were selected through a stepwise approach. Well-known risk factors for 

ventricular arrhythmia were included a priori as confounders in the final multivariate model (eTable 3). Other potential 

confounders were included if they had a prevalence of >5% among the controls and were associated with the outcome in 

the univariate model. All analyses were conducted in every database and a meta-analysis of single database risk estimates 

was carried out; only databases with more than 3 cases currently using azithromycin were included. Heterogeneity across 

databases was estimated using Cochran’s Q (Q statistic). The I2 statistic was then used to express the percentage variation 

across the databases due to heterogeneity, with values >75% considered to denote a high heterogeneity. A conservative 

approach was taken for the two-stage pooling, favoring a random effects model.48 

The 7-day carry-over period that was used to account for lack of compliance or late registration of VA was excluded in 

a sensitivity analysis. An additional sensitivity analysis was carried out in which all persons with an acute myocardial 

infarction recorded within 15 days prior to the index date were excluded in order to explore the possible confounding 

effect due to recent history of acute myocardial infarction. 

 

Ethical approval 

This study was not conducted with direct patient involvement and all data was analysed retrospectively; prior ethical 

approval for the study was obtained in line with national regulations.  

 

Results 

In the source population of 28,760,406 subjects, 4,040,688 (14%) incident antibiotics users free of cancer and aged <85 

years were identified during the study period. Within the study cohort, 12,947 (0.04%) cases of ventricular arrhythmia 

and 1,240,783 (4.31%) matched controls were identified (eFigure2). Mean age of cases and controls was 63 years and 

two-thirds of patients were male (Table 1).  

Of the ventricular arrhythmia cases, 30 were current azithromycin users, matched to 1,344 controls. When comparing 

the occurrence of ventricular arrhythmia in current use of azithromycin versus current use of amoxicillin, no significant 

increase in risk was found (ORAdj: 0.94; 95% CI: 0.50-1.77) (Table 2).  Similarly, there was a decreased risk of 

ventricular arrhythmia in recent and past users of azithromycin as compared to current amoxicillin users (ORAdj: 0.58 

(95% CI: 0.38-0.87) and 0.52 (95% CI: 0.37-0.73) (Table 2). 

Compared to non-use of any antibiotic, current use of azithromycin was associated with a significant increased risk of 

ventricular arrhythmia, which was decreased substantially but remained significant upon adjustment for potential 

confoundersin the one stage pooling (ORUnadj: 2.83; 95% CI: 1.97-4.08; ORAdj: 1.97; 95% CI: 1.35-2.86) (Table 3). 

There was no increased risk of ventricular arrhythmia in recent and past users of azithromycin compared to non-use of 

any antibiotic (ORAdj: 1.12 (95% CI: 0.92-1.37) and 1.10 (95% CI: 0.95-1.28) respectively).  Current use of other 

antibiotics was also associated with a higher risk of ventricular arrhythmia (ORAdj: 1.83; 95% CI: 1.71-1.97) compared 
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to non-use of antibiotics, while this risk was lower for recent users (ORAdj: 1.32; 95% CI: 1.25-1.39) and past users 

(ORAdj: 1.11; 95% CI: 1.06-1.16). The meta-analysis included Aarhus database, the Emilia-Romagna Database, the 

German Pharmacoepidemiological Research Database and PHARMO database only since the other databases had less 

than 3 ventricular arrhythmia cases who were current users of azithromycin. Heterogeneity among databases was low 

and non-significant (Q statistic: 3.39; p-value 0.3; I2: 11%). The meta-analysis of the comparison of current users of 

azithromycin with current amoxicillin usersshowed no increased risk of ventricular arrhythmia (OR: 1.01; 95% CI: 

0.38-2.64) (Figure 1). However, the meta-analysis estimate showed an increased risk of ventricular arrhythmia during 

current use of azithromycin as compared to non-use of any antibiotic (OR: 2.44; 95% CI: 1.61-3.69) (Figure 2). 

Main findings remained consistent when excluding the 7 day carry-over period: compared to non-use, as both 

azithromycin and amoxicillin current use were associated with a similar increased risk of ventricular arrhythmia (ORAdj: 

1.9 (95%CI: 1.1-3.1) and ORAdj: 1.9 (95%CI: 2.5-2.3) respectively).  After excluding patients with a diagnosis of acute 

myocardial infarction within 15 days prior to the index date, both azithromycin and amoxicillin had a higher risk of 

ventricular arrhythmia compared to non-use of antibiotics (ORAdj: 1.7; 95%CI: 1.2-2.5 and ORAdj: 1.9; 95%CI: 1.7-2.2 

respectively).  

 

Interpretation 

Main findings 

This study shows that the risk of ventricular arrhythmia with current azithromycin use was higher compared to non-use 

of any antibiotic. However, confounding by indication played a major role in this association as suggested by the VA 

risk disappearance when amoxicillin use was employed as comparator. This result was consistent across separate 

databases as well as in the one or two stage pooling. Confounding by indication in context of the comparison between 

azithromycin use and non-use of any antibiotic refers to the increased baseline risk of ventricular arrhythmia associated 

with the indication of the antibiotic use, i.e. the infection, rather than the exposure itself, i.e. azithromycin. This 

comparison between amoxicillin and azithromycin is more likely to be a true reflection of the risk of ventricular 

arrhythmia.The rationale behind using amoxicillin as a control is therefore two-fold: 1) it is not expected to have an 

increased risk of ventricular arrhythmia; 2) it would avoid introducing confounding by indication as both amoxicillin 

and azithromycin have a similar indication of use and spectrum of action. Amoxicillin has been used as a comparator in 

similar studies previously.15,18 

Using the upper limit of the confidence interval and the crude incidence rate of ventricular arrhythmia in the general 

population in all 7 databases, we would expect at most 8.07 excess cases of ventricular arrhythmiaduring use of 

azithromycin use per 100,000 person years compared to non-use of any antibiotic. 

 

 

 

Comparison to other studies 
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There are conflicting results from large epidemiological studies reporting the risk of cardiovascular death and more 

rarely, cardiac arrhythmia. A United States-based cohort study reported a 2.5- and 2.9-fold increased risk of 

cardiovascular death compared to amoxicillin and non-use of antibiotics use respectively in Medicare beneficiaries.15 

Following publication of this study, the Food and Drug Association issued a safety warning about azithromycin-related 

cardiovascular death.16Asubsequent Danish study showed that the increased risk of cardiovascular death with 

azithromycin use compared to non-use of antibiotics (rate ratio (RR): 2.85;(95%CI: 1.13-7.24)) disappeared when 

penicillin V use was used as comparator (RR: 0.93; (95%CI: 0.56-1.55)).17 More recently, another cohort study using 

United States Veterans’ Affairs data reported an almost two-fold increased risk of serious arrhythmia with azithromycin 

compared to current amoxicillin use.18 In 2014, another US study reported that among older patients hospitalized with 

pneumonia, azithromycin use was associated with a small increased risk of myocardial infarction  for azithromycin 

users compared to non-azithromycin antibiotic users, while no effect on cardiac arrhythmias was observed.21The 

findings in outpatients from the United States15,18,21 contrast with our findings and those of Svanstrom et al.17A possible 

explanation is that Medicaid beneficiaries and retired veterans have a more marked presence of multiple confounders 

such as older age, lower socioeconomic status, increased number of co-morbidities, obesity, current smoking status 

and/or disability, which may render them more vulnerable to the cardiovascular adverse effects of azithromycin than 

other populations. 

Our findings are also in agreement with a cohort study carried out in a Canadian elderly population (set in Ontario), 

which found no increased risk of ventricular arrhythmia with macrolide use compared to non-macrolide antibiotic use.22 

This study is based on the assumption that a potential increased risk of ventricular arrhythmia is a class effect, 

potentially masking the risk of ventricular arrhythmia associated with individual agents. This was illustrated by Chou et 

al., who conducted the only published  cohort study investigating the association between ventricular arrhythmia and 

azithromycin use, set in the Taiwan National Health Insurance Database.23 Electrophysiological evidence supports our 

findings and suggests that azithromycin lacks arrhythmogenic potential at therapeutic doses.48 Fever itself may be a risk 

factor for arrhythmia, and therefore confounding by indication is pronounced when antibiotics are used in patients with 

high fever.50 

 

Strengths and limitations 

A main strength of this study is the size of the network since ventricular arrhythmiais a rare outcome, as well as the 

common methodology used. All of the databases except Emilia-Romagna Database and Aarhus database are 

representative of the countries from which data is drawn. In addition, exposure to individual antibiotics was identified in 

such a way that only users of a single antibiotic were included in the analyses. Results from the one-stage pooling were 

confirmed in the meta-analysis of individual database risk estimates.Taken together, these factors significantly increase 

the reliability of study findings herein. Although it may be considered a limitation that three of the databases were 

excluded from the two-stage pooling due to the low number of cases, it should be noted that all seven databases were 

included in the one-stage pooling. The present study had some other limitations. Exposure misclassification is possible 

if patients do not fill their prescriptions or take their medications. However, since risk estimates were consistent across 

databases using either drug dispensing or prescriptions as source for exposure assessment these biases are likely to be 

negligible. In addition, removal of the 7 day carry-over period to take into account delay in the intake of antibiotic did 

not change the results.26 The exclusion of cancer patients and those aged over 85 may also be considered a limitation, 
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although the latter approach has been used previously43.  In addition, findings from the present paper may not be 

directly extrapolated to the hospital setting, both because the health status of patients as well as the nature of antibiotic 

use is likely to be very different than in the community setting. 

 

Conclusion 

This ARITMO study showed that azithromycin is not associated with ventricular arrhythmia when compared to use of 

amoxicillin in various European countries. The increase in risk when using non-use of antibiotics as comparator 

suggests significant confounding by indication. 
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Figures  

Figure 1: Meta-analysis of database-specific risk of ventricular arrhythmia for current use of azithromycin vs. current 

use of amoxicillin using a random effects model (two-stage pooling). Cochran’s Q: 0.08; p-value: 0.1; I2: 50.68. 

Databases with less than 3 exposed cases were not included in the model. 
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Figure 2: Meta-analysis of database-specific risk estimates for current use of azithromycin vs. non-use of any antibiotic 

and ventricular arrhythmia using a random effects model (two-stage pooling. Cochran’s Q: 3.4; p-value 0.3; I2:11.4. 

Databases with less than 3 exposed cases were not included in the model. 
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Table 1. Demographic and clinical characteristics of ventricular arrhythmia cases and controls in an 

inception cohort of new users of antibiotics across all the databases (one-stage pooling). 

Covariates 
Cases 

N= 12,874 (%) 

Controls 

N=1,240,431 (%) 
p-value 

Mean age ± SD (years) 63.5 ± 15.3 63.6 ± 15.4 Matching factor 

Age groups    

< 60 4,210 (32.7) 405,621 (32.7)  

60-79 7,106 (55.1) 678,516 (54.7)  

≥80 1,558 (12.1) 156,294 (12.6)  

Sex   Matching factor 

Males 8,561 (66.5) 824,887 (66.5)  

Females 4,313 (33.5) 415,544 (33.5)  

Well- known risk factors for VA 

Atrial fibrillation/flutter 2,332 (18.1) 61,844 (5.0) <0.001 

Cardiomyopathies 1,097 (8.0) 10,887 (0.9) <0.001 

Cerebrovascular events 1,539 (11.9) 81,444 (6.6) <0.001 

Coronary heart disease 5,919 (46.0) 229,811 (18.5) <0.001 

Electrolyte imbalance 1,100 (8.5) 57,663 (4.6) <0.001 

Heart failure 2,913 (22.6) 54,114 (4.4) <0.001 

Hypertension 10,254 (79.6) 730,389 (58.9) <0.001 

Peripheral arterial disease 626 (4.9) 26,970 (2.2) <0.001 

Prior use of anti-arrhythmic drugs 1,009 (7.8) 13,865 (1.1) <0.001 

Concomitant use* of medications 

inducing hypokalemia 
4,661 (36.2) 211,284 (17.0) <0.001 

Concomitant use* of QT 

prolonging drugs** 
2,089 (16.2) 75,177 (6.1) <0.001 

Potential risk factors for ventricular arrhythmia  

Alcohol abuse 343 (2.6) 12,157 (1.0) <0.001 

Chronic liver disease 683 (5.3) 43,325 (3.5) <0.001 

Chronic respiratory disease 5,310 (41.2) 390,364 (31.5) <0.001 

Conduction disorders 1,146 (8.9) 27,911 (2.2) 0.001 

Congenital heart disease 151 (1.2) 2,968 (0.2) <0.001 

Diabetes mellitus 2,395 (18.6) 140,208 (11.3) <0.001 

Hyperthyroidism 300 (2.3) 16,195 (1.3) <0.001 

Hypothyroidism 1033 (8.0) 68,233 (5.5) <0.001 

Acute and chronic renal failure 802 (6.2) 23,324 (1.9) <0.001 

Lipid metabolism disorders 5906 (45.9) 351,428 (28.3) <0.001 

Obesity 1,223 (9.5) 71,835 (5.8) <0.001 

Other cardiac 

arrhythmias*** 
1,394 (10.8) 34,920 (2.8) <0.001 

Cardiac valve disorders 1,012 (7.9) 28,970 (2.3) <0.001 

Legend- SD: standard deviation. 

* Within three months prior to index date; 

** Use of drugs with established TdP liability, based on CredibleMeds list; 

***Except for atrial fibrillation/flutter, conduction disorders, QT prolongation, ventricular arrhythmia and sudden 

cardiac death; 

Smoking information was partly available only in two databases and for this reason it was not included in the final 

multivariate models. 
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Table 2. Risk of ventricular arrhythmia associated with current, recent and past use of azithromycin compared 

to current use of amoxicillin (one-stage pooling). 

 

Abbreviations: CI- Confidence Interval; OR- odds ratios; Legend: Current use: exposure period covered the 

index date or ended <7 days before the index date; recent use: exposure period ended between 7 and <90 days 

before the index date; past use: exposure period ended between 90 and <365 days before the index date. 

* The crude ORs are estimated for matched case-control pairs and cannot be calculated directly from the table 

above.  

**Adjusted for risk factors of ventricular arrhythmia: atrial flutter/fibrillation, cardiomyopathy, coronary heart 

disease, cerebrovascular disorders, chronic obstructive lung disease, electrolytic imbalance, heart failure, 

hypertension, diabetes mellitus, lipid disorders, peripheral arterial disease, hypothyroidism, prior use of 

antiarrhythmic drugs and concomitant use of QT prolonging drugs and drugs which cause hypokalemia.  

Current users of both azithromycin with other antibiotics were not included in the analysis.  

 

 

 

 

 

 

 

 

 

 

 

 
Cases 

N (%) 

Controls 

N (%) 

Unadjusted OR* 

(95% CI) 

Adjusted 

OR** 

(95% CI) 

Current use of 

amoxicillin 
165 (34.45) 370 (20.02) Reference Reference 

Azithromycin     

Current use 30 (6.26) 88 (4.76) 1.05 (0.63-1.74) 0.94 (0.50-1.77) 

Recent  use 107 (22.34) 483 (26.14) 0.60 (0.44-0.83) 0.58 (0.38-0.87) 

Past  use 177 (36.95) 907 (49.08) 0.49 (0.36-0.66) 0.52 (0.37-0.73) 
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Table 3. Risk of ventricular arrhythmia associated with exposure to azithromycin and other antibiotics  by 

recency of use versus non-use of any antibiotic (one-stage pooling). 

 

Abbreviations: OR: odds ratio; CI: Confidence Interval; Legend: Current use: exposure period covered the 

index date or ended <7 days before the index date; recent use: exposure period ended between 7 and <90 days 

before the index date; past use: exposure period ended between 90 and <365 days before the index date.  

* The crude ORs are estimated for matched case-control pairs and cannot be calculated directly from the table 

above.  

**Adjusted for atrial flutter/fibrillation, cardiomyopathy, coronary heart disease, cerebrovascular disorders, 

chronic obstructive lung disease, electrolytic imbalance, heart failure, hypertension, diabetes mellitus, lipid 

disorders, peripheral arterial disease, hypothyroidism, prior use of antiarrhythmic drugs and concomitant use 

of QT prolonging drugs and drugs which cause hypokalemia. 

Current users of both azithromycin with other antibiotics are not included in the analysis. 

 

 

 

 
Cases 

N (%) 

Controls 

N (%) 

Unadjusted OR* 

(95% CI) 

Adjusted OR** 

(95% CI) 

Non-use of any 

antibiotic 
5,060 (39.1) 601,049 (48.4) Reference Reference 

Azithromycin     

Current use 30 (0.2) 1,344 (0.1) 2.83 (1.97-4.08) 1.97 (1.35-2.86) 

Recent use 109 (0.8) 8,315 (0.7) 1.65 (1.36-2.00) 1.12 (0.92-1.37) 

Past use 187 (1.4) 18,000 (1.5) 1.28 (1.10-1.48) 1.10 (0.95-1.28) 

Any other antibiotic     

Current use  1,026 (8.0) 52,543 (4.2) 2.43 (2.27-2.60) 1.83 (1.71-1.97) 

Recent use 2,617 (20.3) 193,154 (15.6) 1.69 (1.61-1.77) 1.32 (1.25-1.39) 

Past use 3,845 (29.9) 366,026 (29.5) 1.29 (1.23-1.34) 1.11 (1.06-1.16) 




