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A BS TR AC T

BACKGROUND

Azithromycin use is associated with an increased risk of death from cardiovascular 
causes among patients at high baseline risk. Whether azithromycin confers a similar 
risk in the unselected general population is unknown.

METHODS

We conducted a nationwide historical cohort study involving Danish adults (18 to 
64 years of age), linking registry data on filled prescriptions, causes of death, and 
patient characteristics for the period from 1997 through 2010. We estimated rate 
ratios for death from cardiovascular causes, comparing 1,102,050 episodes of 
azithromycin use with no use of antibiotic agents (matched in a 1:1 ratio according to 
propensity score, for a total of 2,204,100 episodes) and comparing 1,102,419 episodes 
of azithromycin use with 7,364,292 episodes of penicillin V use (an antibiotic with 
similar indications; analysis was conducted with adjustment for propensity score).

RESULTS

The risk of death from cardiovascular causes was significantly increased with current 
use of azithromycin (defined as a 5-day treatment episode), as compared with no 
use of antibiotics (rate ratio, 2.85; 95% confidence interval [CI], 1.13 to 7.24). The 
analysis relative to an antibiotic comparator included 17 deaths from cardiovascular 
causes during current azithromycin use (crude rate, 1.1 per 1000 person-years) and 
146 during current penicillin V use (crude rate, 1.5 per 1000 person-years). With 
adjustment for propensity scores, current azithromycin use was not associated with 
an increased risk of cardiovascular death, as compared with penicillin V (rate ratio, 
0.93; 95% CI, 0.56 to 1.55). The adjusted absolute risk difference for current use of 
azithromycin, as compared with penicillin V, was −1 cardiovascular death (95% CI, 
−9 to 11) per 1 million treatment episodes.

CONCLUSIONS

Azithromycin use was not associated with an increased risk of death from cardio-
vascular causes in a general population of young and middle-aged adults. (Funded 
by the Danish Medical Research Council.)
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A zithromycin is a macrolide antibi-
otic agent primarily used for the treatment 
of lower and upper respiratory infections 

and some sexually transmitted infections. This 
commonly used agent is considered to be gener-
ally free of serious adverse effects, including car-
diac toxicity.1-5

A recent observational study, however, showed 
that use of azithromycin was associated with a 
risk of death from cardiovascular causes that 
was 2 to 3 times as high as the risk associated 
with no use of antibiotics and the risk associated 
with amoxicillin treatment.6 Given that certain 
other macrolides are known to prolong the QT 
interval and therefore are thought to increase the 
risk of potentially lethal arrhythmias,4,7,8 it has 
been suggested that the increased risk of death 
from cardiovascular causes may be attributable to 
a proarrhythmic effect of azithromycin.6

The reported association was found in a study 
involving Medicaid beneficiaries in the United 
States, a population characterized by a high preva-
lence of coexisting conditions and high mortal-
ity rates.6,9 Consequently, it is uncertain whether 
an association between azithromycin use and 
cardiovascular death can be generalized to pop-
ulations encountered in routine clinical practice, 
which have a relatively lower baseline risk of 
cardiovascular disease than the population of 
Medicaid beneficiaries in which the reported as-
sociation was found. We investigated whether 
azithromycin was associated with an increased 
risk of death from cardiovascular causes, as com-
pared with no use of antibiotics and with use of 
penicillin V, in a cohort of young to middle-aged 
adults in Denmark.

Me thods

STUDY DESIGN

In a prospective study involving a historical co-
hort of persons using azithromycin during the 
period from 1997 through 2010, we compared 
use with no use of antibiotics and with use of 
penicillin V (by far the most commonly used an-
tibiotic in Scandinavia). The primary outcome 
was cardiovascular death, and the secondary out-
come was death from other causes. Although the 
hypothesized proarrhythmic effect6 would pri-
marily suggest a risk of cardiac death, we used 
the outcome of cardiovascular death to facilitate 

the comparison of our results with those of the 
study that showed an increased cardiovascular 
risk with azithromycin; cardiac death was ana-
lyzed in a sensitivity analysis.

We used multiple strategies to minimize con-
founding and thereby increase the probability of 
isolating an effect attributable to azithromycin. 
First, we chose to study a population of young 
and middle-aged adults because both the base-
line risk of death from cardiovascular causes and 
the indications for azithromycin are heteroge-
neous across age groups; whereas the risk of 
death from cardiovascular causes increases with 
age, the use of azithromycin is relatively uncom-
mon among older persons in Denmark. Second, 
because a comparison of antibiotic use with non-
use may be susceptible to confounding by indi-
cation, azithromycin was also compared with 
penicillin V, each of which is indicated for upper 
and lower respiratory tract infections as well as 
for skin and soft-tissue infections. Azithromycin 
is also used for chlamydia, mycoplasma, and le-
gionella infections. Third, to account for pretreat-
ment risk factors for death from cardiovascular 
causes, propensity-score methods were used to 
incorporate a wide range of potential confound-
ers in all analyses.

The study was approved by the Danish Data 
Protection Agency. Approval by an ethics commit-
tee is not required for registry-based research in 
Denmark.

DATA SOURCES

The study population was defined with the use of 
the Danish Civil Registration System10 and in-
cluded all persons living in Denmark who were 
18 to 64 years of age between 1997 and 2010. 
Unique personal identifiers were used to link in-
formation on prescription-drug use, cause of 
death, and potential confounders. Data on use of 
azithromycin and use of penicillin V were ob-
tained from the Danish National Prescription 
Registry,11 and data on causes of death were ob-
tained from the Danish Register of Causes of 
Death.12 Information on potential baseline con-
founders and demographic characteristics, his-
tory of prescription-drug use, and medical his-
tory were obtained from the Civil Registration 
System,10 the National Prescription Registry,11 
and the Danish National Patient Register,13 re-
spectively. Registers, outcome definitions, and 
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potential confounding variables are described in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org.

STUDY COHORT

The cohort included all persons with episodes of 
use of oral azithromycin or penicillin V during 
the study period, and each participant could have 
multiple prescriptions during the study period. 
Also included were control episodes of no use of 
antibiotics (see the Supplementary Appendix). For 
inclusion, participants were required not to have 
been hospitalized or to have used any antibiotics 
within 30 days before the index date. If a person 
filled prescriptions for more than one antibiotic 
on the index date, all prescriptions on that date 
were excluded. To ensure adequate covariate as-
sessment, participants were required to have lived 
in Denmark for at least 2 years and to have filled 
at least one prescription within 1 year before the 
index date.

PROPENSITY-SCORE MODELS

We estimated two separate propensity-score mod-
els, one including episodes of use of azithromycin 
and no use of antibiotics and the other including 
episodes of use of azithromycin and penicillin V. 
The individual propensities for starting azithromy-
cin treatment were estimated with the use of lo-
gistic regression. As predictors, both propensity-
score models included the same set of variables; 
a list of 61 potential confounders is provided in 
Table S1 in the Supplementary Appendix.

After propensity-score estimation, episodes 
of azithromycin use and no antibiotic use were 
matched according to propensity score in a 1:1 
ratio for the analysis of azithromycin versus no 
use of antibiotics.14,15 The cohort used in the 
analysis of azithromycin versus penicillin V in-
cluded all episodes with the respective drugs, 
grouped according to propensity-score distribu-
tion categorized in quintiles. To assess the robust-
ness of the results, azithromycin was also com-
pared with penicillin V and with amoxicillin in 
sensitivity analyses that used propensity-score–
matched information in a 1:1 ratio.

FOLLOW-UP AND TREATMENT CLASSIFICATION

Follow-up started on the index date and ended on 
the date of the first instance of one of the fol-
lowing: loss to follow-up (owing to emigration 

or disappearance), crossover to another anti-
biotic, hospitalization, end of study (January 1, 
2011), day 35 after the start of treatment, or 
death due to noncardiovascular or cardiovascular 
causes. 

The timing of treatment was classified as fol-
lows: current use (1 to 5 days, starting from the 
index date), recent use (6 to 10 days), and past 
use (11 to 35 days). This classification allowed us 
to assess the risk associated with use of azithro-
mycin in time periods incorporating the standard 
treatment duration of 5 days and up to 30 days 
after the treatment had ended. An increase in 
risk that was restricted to periods of current use 
and that disappeared in periods of past use would 
reflect an acute toxic mechanism. Conversely, an 
increase in risk that was also present in periods 
of past use would reflect another mechanism or 
suggest unmeasured confounding.

STATISTICAL ANALYSIS

The statistical analyses were performed by means 
of Poisson regression. Poisson regression is ap-
propriate in studies of rare discrete outcomes in 
which the risk is assumed to vary over time. P val-
ues were based on Wald tests. All statistical tests 
were two-sided, with P values of less than 0.05 
considered to indicate statistical significance. We 
estimated the adjusted absolute difference in risk 
per 1 million treatment episodes with azithromy-
cin as the sum of the adjusted rate ratio minus 1, 
times the crude rate among persons using peni-
cillin V (see the Supplementary Appendix). Analy-
ses were performed with the use of SAS software, 
version 9.3 (SAS Institute).

R esult s

COHORT SELECTION

From a source population of 4,732,867 persons, 
we identified 1,697,710 episodes of azithromycin 
use and 10,473,102 episodes of penicillin V use 
during the study period. The study inclusion cri-
teria were met for 1,102,419 episodes of azithro-
mycin use, 7,364,292 episodes of penicillin V use, 
and 7,084,184 control episodes of no antibiotic 
use. After propensity-score estimation and match-
ing in a 1:1 ratio, the cohort used in the analysis 
of azithromycin versus no use of antibiotics in-
cluded a total of 2,204,100 episodes. The cohort 
selection is shown in Figure 1.
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4,732,867 Persons living in Denmark, 18–64 yr of age,
 1997–2010 (source population)

11,024,100 Control episodes

10,473,102 Penicillin V episodes
during follow-up

3,939,916 Were excluded
134,073 Because of hos-

pital admission
within the pre-
vious 30 days

462,102 Because of use 
of antibiotic with-
in the previous
30 days

3,318,385 Because of no 
receipt of pre-
scription drug
within previous yr

19,435 Because of receipt
of other antibiotic 
on index date

781,647 Because of non-
residence in
Denmark in
previous 2 yr 

7,084,184 Control episodes

7,364,292 Penicillin V episodes

5,982,503 Episodes excluded
owing to no match

5,982,134 Control
369 Azithromycin

Propensity-score–matched analysis
of cardiovascular mortality:

azithromycin (1,102,050 episodes) vs.
nonuse (1,102,050 episodes)

Propensity-score–adjusted analysis
of cardiovascular mortality:

azithromycin (1,102,419 episodes) vs.
penicillin V (7,364,292 episodes)

Estimation of propensity score and
1:1 matching

1,697,710 Azithromycin episodes
during follow-up

595,291 Were excluded
32,454 Because of hos-

pital admission
within the pre-
vious 30 days

379,472 Because of use 
of antibiotic with-
in the previous
30 days

176,402 Because of no 
receipt of pre-
scription drug
within previous yr

22,628 Because of receipt
of multiple anti-
biotics on same
date

14,751 Because of non-
residence in
Denmark in
previous 2 yr 

3,108,810 Were excluded
324,179 Because of hos-

pital admission
within the pre-
vious 30 days

1,343,732 Because of use 
of antibiotic with-
in the previous
30 days

1,529,060 Because of no 
receipt of pre-
scription drug
within previous yr

136,776 Because of receipt
of multiple anti-
biotics on same
date

85,791 Because of non-
residence in
Denmark in
previous 2 yr 

1,102,419 Azithromycin episodes

Figure 1. Cohort of Persons with Azithromycin Use, Matched Nonuse, and Penicillin V Use.

For each episode of azithromycin use, up to 10 control episodes among persons who had the same sex and date of birth but who were 
not using azithromycin were randomly assigned as potential matches. Values for the exclusion criteria do not sum to the totals shown 
because some records were excluded for more than one reason.
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AZITHROMYCIN VS. NO USE OF ANTIBIOTICS

The baseline characteristics of participants with 
matched episodes of azithromycin use and no 
use of antibiotics are shown in Table 1, and in 
Table S3 in the Supplementary Appendix. The 
rate ratios for death from cardiovascular causes 
associated with use of azithromycin, as compared 
with no use of antibiotics, are shown in Table 2.

We found that the risk of death from cardio-
vascular causes was significantly increased with 
current use of azithromycin (rate ratio, 2.85; 
95% confidence interval [CI], 1.13 to 7.24). No 
significantly increased risk was observed for re-
cent or past use. With respect to the secondary 

outcome of noncardiovascular death, the rate ra-
tio associated with current use of azithromycin 
was 1.60 (95% CI, 1.00 to 2.54). In a sensitivity 
analysis, the rate ratio for cardiac death associ-
ated with current use of azithromycin versus no 
antibiotic use was 3.27 (95% CI, 1.07 to 10.04).

AZITHROMYCIN VS. PENICILLIN V

Table 1 and Table S3 in the Supplementary Ap-
pendix also show baseline characteristics for per-
sons using azithromycin or penicillin V. As com-
pared with persons who used penicillin V, those 
who used azithromycin were less likely to be 
men, were on average somewhat younger, were 

Table 1. Baseline Characteristics of Persons with Azithromycin Use Included in Analyses, as Compared with Persons with No Antibiotic Use 
and Persons with Penicillin V Use.

Characteristic Propensity-Score–Matched Cohort Unmatched Cohort

Azithromycin
(N = 1,102,050)

No Antibiotic
(N = 1,102,050) P Value

Azithromycin
(N = 1,102,419)

Penicillin V
(N = 7,364,292) P Value

Age — yr 39.7±13.9 39.5±13.8 <0.001 39.7±13.9 42.0±12.8 <0.001

Male sex — no. (%) 383,973 (35) 390,485 (35) <0.001 384,279 (35) 2,822,420 (38) <0.001

Acute coronary syndrome — no. (%) 13,850 (1) 13,686 (1) 0.32 13,860 (1) 114,441 (2) <0.001

Other ischemic heart disease — no. (%) 29,316 (3) 29,052 (3) 0.27 29,358 (3) 226,568 (3) <0.001

Heart failure or cardiomyopathy — no. (%) 7,384 (1) 7,301 (1) 0.49 7,388 (1) 56,850 (1) <0.001

Cerebrovascular disease — no. (%) 14,098 (1) 13,837 (1) 0.12 14,098 (1) 116,359 (2) <0.001

Renal disease — no. (%) 6,852 (1) 6,835 (1) 0.88 6,854 (1) 52,035 (1) <0.001

Chronic lung disease — no. (%) 90,675 (8) 88,131 (8) <0.001 90,980 (8) 464,349 (6) <0.001

Cancer — no. (%) 31,836 (3) 31,566 (3) 0.28 31,859 (3) 224,943 (3) <0.001

Prescription-drug use in previous yr — no. (%)

ARB or ACE inhibitor 65,581 (6) 64,241 (6) <0.001 65,598 (6) 497,673 (7) <0.001

Loop diuretic 26,280 (2) 25,707 (2) 0.01 26,308 (2) 187,579 (3) <0.001

Beta-blocker 51,250 (5) 50,468 (5) 0.01 51,255 (5) 403,018 (5) <0.001

Platelet inhibitor 36,719 (3) 36,106 (3) 0.02 36,732 (3) 301,629 (4) <0.001

Lipid-lowering drug 44,906 (4) 44,399 (4) 0.08 44,913 (4) 357,209 (5) <0.001

Oral antidiabetic drug 15,956 (1) 15,993 (1) 0.83 15,959 (1) 149,626 (2) <0.001

Insulin 12,015 (1) 12,009 (1) 0.97 12,018 (1) 107,568 (1) <0.001

Antidepressant 110,479 (10) 109,915 (10) 0.21 110,539 (10) 758,977 (10) <0.001

Glucocorticoid inhalant 109,120 (10) 105,068 (10) <0.001 109,452 (10) 536,086 (7) <0.001

No. of drugs used <0.001 <0.001

1 or 2 386,451 (35) 384,078 (35) 386,451 (35) 2,927,365 (40)

3–5 382,923 (35) 390,211 (35) 382,923 (35) 2,572,583 (35)

6–9 211,575 (19) 212,851 (19) 211,576 (19) 1,257,287 (17)

≥10 121,101 (11) 114,910 (10) 121,469 (11) 607,057 (8)

* Plus–minus values are means ±SD. Table S3 in the Supplementary Appendix shows the distribution of all 61 baseline covariates that were 
included in the propensity-score models. ACE denotes angiotensin-converting enzyme, and ARB angiotensin-receptor blocker.
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more likely to live in the greater Copenhagen 
area, were more likely to be taking drugs for 
asthma and chronic obstructive pulmonary dis-
ease, had used a larger number of prescription 
drugs in the previous year, and were less likely to 
have had an emergency department visit in the 
previous month.

The rate ratios for the risk of death from car-
diovascular causes associated with use of azithro-
mycin, as compared with penicillin V, are shown 
in Table 2. In an unadjusted analysis, current use 
of azithromycin, as compared with penicillin V, 
was not significantly associated with an in-
creased risk of death from cardiovascular causes 
(rate ratio, 0.78; 95% CI, 0.47 to 1.28). Similarly, 
there was no significantly increased risk associ-
ated with recent or past use.

After adjustment for propensity scores, the 
results were similar; current use of azithromycin 
was not associated with a significantly increased 
risk of death from cardiovascular causes (rate 
ratio, 0.93; 95% CI, 0.56 to 1.55), and neither was 
recent use (rate ratio, 0.75; 95% CI, 0.34 to 1.62) 
or past use (rate ratio, 0.92; 95% CI, 0.60 to 1.42). 
The adjusted absolute risk difference for current 
azithromycin use, as compared with penicillin V 
use, was −1 cardiovascular death (95% CI, −9 to 
11) per 1 million treatment episodes. There were 
46 deaths due to noncardiovascular causes dur-
ing current use of azithromycin (incidence rate, 
3.1 per 1000 person-years) and 410 during cur-
rent use of penicillin V (incidence rate, 4.1 per 

1000 person-years), for an unadjusted rate ratio 
of 0.75 (95% CI, 0.55 to 1.01) and an adjusted 
rate ratio of 0.82 (95% CI, 0.61 to 1.12).

SUBGROUP ANALYSES

Table 3 presents the risk of cardiovascular death 
in subgroups according to sex, age, and status 
with respect to a history of cardiovascular disease. 
Although the small number of events in these 
subgroups should be taken into account, the risk 
of death from cardiovascular causes during cur-
rent use of azithromycin, as compared with pen-
icillin V, did not differ significantly according to 
sex or according to age. The risk during current 
use of azithromycin appeared to be higher among 
persons with a history of cardiovascular disease 
than among those without such a history, al-
though the difference was not significant.

SENSITIVITY ANALYSES

In a sensitivity analysis, the use of azithromycin, 
as compared with penicillin V, was not associated 
with an increased risk of cardiac death (adjusted 
rate ratio, 1.06; 95% CI, 0.60 to 1.90). The risk of 
death from cardiovascular causes was also ana-
lyzed after propensity-score matching (in a 1:1 ra-
tio) of episodes of azithromycin use and penicillin 
V use (see Table S4 in the Supplementary Appen-
dix); current use of azithromycin was not associ-
ated with an increased risk (rate ratio, 1.06; 95% 
CI, 0.54 to 2.10) (Table 4). In a post hoc analysis, 
azithromycin use was compared with amoxicillin 

Table 2. Risk of Death from Cardiovascular Causes with Azithromycin Use as Compared with No Antibiotic Use or Use of Penicillin V.

Antibiotic Use* Propensity-Score–Matched Analysis Propensity-Score–Adjusted Analysis

Azithromycin
(N = 1,102,050)

No Antibiotic
(N = 1,102,050)

Rate Ratio  
(95% CI)

Azithromycin
(N = 1,102,419)

Penicillin V
(N = 7,364,292)

Rate Ratio  
(95% CI)

Current use

No. of events 17 6 17 146

No./1000 patient-yr 1.1 0.4 2.85 (1.13–7.24) 1.1 1.5 0.93 (0.56–1.55)

Recent use

No. of events 7 5 7 74

No./1000 patient-yr 0.5 0.3 1.44 (0.46–4.54) 0.5 0.8 0.75 (0.34–1.62)

Past use

No. of events 23 35 23 192

No./1000 patient-yr 0.3 0.5 0.69 (0.41–1.17) 0.3 0.4 0.92 (0.60–1.42)

* Current use was defined as days 1 through 5 after the initiation of treatment, recent use as days 6 through 10, and past use as days 11 
through 35. 
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use in a propensity-score–matched analysis with 
a ratio of 1:1; azithromycin use was not associ-
ated with a significantly increased risk of death 
from cardiovascular causes (rate ratio, 0.60; 95% 
CI, 0.29 to 1.23) (Tables S5 and S6 in the Supple-
mentary Appendix).

Discussion

In this nationwide cohort study, we evaluated the 
association between use of azithromycin and death 
from cardiovascular causes, as compared with no 
use of antibiotics and with use of penicillin V, in 
young and middle-aged adults. As compared with 
no use of antibiotics, use of azithromycin was 
associated with a significantly increased risk of 
cardiovascular death. As compared with penicil-
lin V, however, azithromycin was not associated 
with a significantly increased risk, indicating 
that the increased risk that was observed in the 
comparison with no antibiotic use was entirely 
attributable to the risk of death associated with 
acute infection (or some other adverse health char-
acteristic in persons receiving antibiotic treatment, 
as compared with those not treated with antibi-
otics) rather than with its treatment.

The study included more than 1 million epi-
sodes of azithromycin use and, given the upper 
limit of the confidence interval, was powered to 
rule out a moderate-to-high increase (>55%) in the 
relative risk of death from cardiovascular causes. 

Table 3. Subgroup Analyses of the Risk of Death from Cardiovascular Causes with Current Use of Azithromycin 
as Compared with Penicillin V.

Analysis
Azithromycin

(N = 1,102,419)
Penicillin V

(N = 7,364,292) Rate Ratio (95% CI)* P Value†

no. of  
events

no./1000  
patient-yr

no. of  
events

no./1000  
patient-yr

Primary analysis 17 1.1 146 1.5 0.93 (0.56–1.55) 0.79

Subgroup analysis

Sex 0.73

Male 9 1.7 87 2.3 0.86 (0.43–1.72)

Female 8 0.8 59 1.0 1.03 (0.49–2.16)

Age 0.50

18–44 yr 3 0.3 17 0.3 1.42 (0.41–4.90)

45–64 yr 14 2.5 129 3.1 0.88 (0.51–1.53)

History of cardiovascular disease‡ 0.16

Yes 10 9.7 62 8.0 1.35 (0.69–2.64)

No 7 0.5 84 0.9 0.65 (0.30–1.41)

* The rate ratio was adjusted for the propensity score.
† The P value for the primary analysis refers to the risk estimate for current azithromycin use versus current penicillin V use, 

whereas the P values for the subgroup analyses refer to the homogeneity of the risk estimate between the respective 
subgroup levels.

‡ Included in this category were an acute coronary syndrome, other ischemic heart disease, heart failure or cardiomyopathy, 
valve disorder, congenital heart disease, cardiac surgery or other invasive cardiac procedure, cerebrovascular disease, 
arterial disease, and arrhythmia.

Table 4. Sensitivity Analysis of Risk of Death from Cardiovascular Causes 
with Azithromycin Use as Compared with Penicillin V Use, with Propensity-
Score Matching in a 1:1 Ratio.

Antibiotic Use
Azithromycin

(N = 1,102,419)
Penicillin V

(N = 1,102,419)
Rate Ratio 
(95% CI)

Current use

No. of events 17 16

No./1000 patient-yr 1.1 1.1 1.06 (0.54–2.10)

Recent use

No. of events 7 8

No./1000 patient-yr 0.5 0.6 0.86 (0.31–2.37)

Past use

No. of events 23 21

No./1000 patient-yr 0.3 0.3 1.05 (0.58–1.89)
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In terms of absolute risk, any residual risk would 
account for a maximum of 11 additional deaths 
from cardiovascular causes per 1 million treat-
ment episodes.

We did not find an increased risk of cardio-
vascular death associated with azithromycin, 
whereas Ray et al. reported a significantly in-
creased risk that was 2 to 3 times as high as the 
risk associated with no antibiotic use and with 
amoxicillin treatment.6 Given the profound dif-
ferences in the characteristics of the study par-
ticipants and the baseline risk of death between 
the two studies, our results provide a clinically 
relevant complement to, rather than a contrast 
with, the findings of Ray et al. Whereas their 
study, which examined the risk of death from 
cardiovascular causes associated with azithromy-
cin in a population of U.S. Medicaid beneficia-
ries, provides evidence to support the hypothesis 
that azithromycin has an effect on cardiovascu-
lar mortality in a selected population,6 our study 
shows that this effect is not present in the gen-
eral population.

The mortality rates in that study were mark-
edly higher, indicating that the study population 
had a higher baseline risk, as compared with the 
population in our study. For example, the cardio-
vascular mortality rate in the study by Ray et al.6 
was 85.2 deaths per 1 million courses of azithro-
mycin, as compared with 15.4 deaths per 1 mil-
lion courses in our study. The difference in the 
results of the two studies could thus probably be 
attributed to treatment-effect heterogeneity — 
that is, an increased risk that was largely re-
stricted to high-risk patients. Our results also 
point toward an increased risk among patients 
with a history of cardiovascular disease, although 
no significant difference was observed in a com-
parison with patients who did not have such a 
history.

This study has a number of strengths. Given 
the large, nationally representative study popula-
tion, the results are likely to be widely generaliz-
able to young and middle-aged adult populations. 
We used multiple strategies to minimize con-
founding. The risk associated with azithromycin 
use was analyzed relative to two separate refer-
ences: no use of antibiotics and use of penicil-
lin V. By means of the application of propensity-
score methods, we were able to take into ac-
count a wide range of pretreatment risk factors 
for cardiovascular death. Finally, the analysis in 

which penicillin V was used as the reference al-
lowed us to compare azithromycin with a drug 
that has similar indications, reducing the poten-
tial for confounding by indication and unmea-
sured confounding.16,17

The study also has limitations. We did not 
have information on the indication for treatment 
for individual patients or information on several 
known risk factors for cardiovascular disease and 
death (e.g., smoking and body-mass index). Thus, 
residual confounding cannot be ruled out. On 
the assumption that propensity-score matching 
may provide more robust control regarding con-
founders than adjustment does, persons who used 
azithromycin were matched to those who used 
penicillin V in a sensitivity analysis; the results 
were similar to, albeit less precise than, those of 
the primary analysis. Furthermore, the fact that 
there was no significant difference between 
azithromycin and penicillin V among persons 
with past use indicates that a differential base-
line risk of cardiovascular death between users 
of the study drugs is unlikely to have obscured a 
true risk associated with current use of azithro-
mycin. The risk of cardiovascular death among 
persons with past use, as compared with current 
use, is less influenced by (or is not influenced by) 
the acute effects of the infection for which the 
treatment was previously used and is more likely 
to represent the baseline risk of this outcome.

In addition, the number of events in the sub-
group analyses was low. The primary outcome 
definition, including all cardiovascular causes of 
death, was broad and may not have been suffi-
ciently specific to detect an increased risk that 
was due to a previously hypothesized proar-
rhythmic effect.6 A sensitivity analysis with the 
outcome restricted to cardiac deaths had similar 
results.

This study was prompted by a reported asso-
ciation between azithromycin use and cardiovas-
cular death.6 In a large, representative popula-
tion of young and middle-aged adults, we found 
no significantly increased risk of death from 
cardiovascular causes associated with azithro-
mycin. Viewed together with previous data,6 our 
findings indicate that the risk of cardiac toxic 
effects associated with azithromycin may not be 
generalizable but may rather be limited to high-
risk populations. The implications of these find-
ings for clinical decision making are reassuring; 
they indicate that for the general population of 
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patients seen in office practice, azithromycin 
can be prescribed without concern about an in-
creased risk of death from cardiovascular causes, 
whereas the benefits of therapy need to be 
weighed against the risk of death from cardio-

vascular causes among patients with a high base-
line risk of cardiovascular disease.
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