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Abstract

BACKGROUND—AIthough several macrolide antibiotics are proarrhythmic and associated with
an increased risk of sudden cardiac death, azithromycin is thought to have minimal cardiotoxicity.
However, published reports of arrhythmias suggest that azithromycin may increase the risk of
cardiovascular death.

METHODS—We studied a Tennessee Medicaid cohort designed to detect an increased risk of
death related to short-term cardiac effects of medication, excluding patients with serious
noncardiovascular illness and person-time during and shortly after hospitalization. The cohort
included patients who took azithromycin (347,795 prescriptions), propensity-score—-matched
persons who took no antibiotics (1,391,180 control periods), and patients who took amoxicillin
(1,348,672 prescriptions), ciprofloxacin (264,626 prescriptions), or levofloxacin (193,906
prescriptions).

RESULTS—During 5 days of therapy, patients taking azithromycin, as compared with those who
took no antibiotics, had an increased risk of cardiovascular death (hazard ratio, 2.88; 95%
confidence interval [CI], 1.79 to 4.63; P<0.001) and death from any cause (hazard ratio, 1.85; 95%
Cl, 1.25 to 2.75; P = 0.002). Patients who took amoxicillin had no increase in the risk of death
during this period. Relative to amoxicillin, azithromycin was associated with an increased risk of
cardiovascular death (hazard ratio, 2.49; 95% ClI, 1.38 to 4.50; P = 0.002) and death from any
cause (hazard ratio, 2.02; 95% ClI, 1.24 to 3.30; P = 0.005), with an estimated 47 additional
cardiovascular deaths per 1 million courses; patients in the highest decile of risk for cardiovascular
disease had an estimated 245 additional cardiovascular deaths per 1 million courses. The risk of
cardiovascular death was significantly greater with azithromycin than with ciprofloxacin but did
not differ significantly from that with levofloxacin.

CONCLUSIONS—During 5 days of azithromycin therapy, there was a small absolute increase in
cardiovascular deaths, which was most pronounced among patients with a high baseline risk of
cardiovascular disease. (Funded by the National Heart, Lung, and Blood Institute and the Agency
for Healthcare Quality and Research Centers for Education and Research on Therapeutics.)

Azithromycin, a broad-spectrum macrolide antibiotic, has been reported to be relatively free
of cardiotoxic effects.k However, the closely related drugs erythromycin and clarithromycin
can increase the risk of serious ventricular arrhythmias?~7 and are associated with an
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increased risk of sudden cardiac death.8-10 Furthermore, accumulating evidence suggests
that azithromycin also may have proarrhythmic effects. There are at least seven published
reports of patients with normal baseline QT intervals in whom azithromycin had arrhythmia-
related adverse cardiac effects, including pronounced QT-interval prolongation,11-13
torsades de pointes,14-16 and polymorphic ventricular tachycardia in the absence of QT-
interval prolongation.1” The Food and Drug Administration’s Adverse Event Reporting
System includes at least 20 reports of torsades de pointes associated with azithromycin.18

Because the ventricular arrhythmias reported in conjunction with azithromycin use are often
rapidly fatal, we conducted a retrospective cohort study of mortality among patients who
used this antibiotic. We hypothesized that patients who took azithromycin, as compared with
persons who did not take antibiotics and with patients who took other selected antibiotics,
would have an increased risk of cardiovascular death, particularly sudden cardiac death.

STUDY OVERSIGHT

The study was designed by the authors and approved by the local institutional review board
and the Tennessee Bureau of TennCare and Department of Health, all of which waived the

requirement for individual informed consent. The sponsors had no role in the study conduct
or reporting.

STUDY COHORT

The study cohort consisted of persons enrolled in the Tennessee Medicaid program9:20; al|
data on patients in the study were appropriately deidentified. Computerized Medicaid data,
which were linked to death certificates and to a statewide hospital-discharge database,
provided information on Medicaid enrollment, medical care encounters, and dates and
causes of death. Antibiotics and other medications that patients had taken were identified
from Medicaid pharmacy files.19:21-23

The cohort included patients who had been prescribed azithromycin between 1992 (when
azithromycin was introduced in the United States) and 2006 and met the eligibility criteria
on the date on which the prescription was filled. These criteria were formulated to exclude
persons at high risk for death from causes unrelated to a shortterm effect of proarrhythmic
medication (Tables 1 and 2 in the Supplementary Appendix, available with the full text of
this article at NEJM.org). Eligible cohort members were 30 to 74 years of age, had no life-
threatening noncardiovascular illness, had not received a diagnosis of drug abuse or resided
in a nursing home in the previous year, and had not been hospitalized in the prior 30 days.
To ensure adequate data for study variables, cohort membership also required at least 365
days of Medicaid enrollment and regular use of medical care.

The study also included matched control periods (of similar length to the courses of
antibiotic therapy) during which there was no use of study antibiotics. For each qualifying
azithromycin prescription, we identified four such control periods, which were frequency-
matched?* according to a propensity score that was calculated from 153 covariates (Table 3
in the Supplementary Appendix). The persons in the control group had to satisfy the
eligibility criteria on the day that the control period began and could not have used any study
antibiotics during the prior 30 days.

To attempt to control for confounding by indication, we also included as additional control
groups patients who took three other antibiotics: amoxicillin (including amoxicillin with
clavulanate potassium), ciprofloxacin, and levofloxacin. Amoxicillin, the primary control
antibiotic, has indications that are similar to those of azithromycin and has not been shown
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to have adverse cardiac effects. The indications for ciprofloxacin and levofloxacin overlap
those of azithromycin. Ciprofloxacin is thought to have minimal adverse
electrophysiological effects, although there are case reports of torsades de pointes.1:25
Levofloxacin, which is considered to have greater proarrhythmic potential than
ciprofloxacin, 2% has been implicated in numerous case reports of torsades de pointes.18

A single person could have multiple prescriptions of the study antibiotics and also could
have a control period with no use of study antibiotics. However, for each person, these
periods did not overlap, and the end point (death) occurred only once. Thus, assumptions of
statistical independence were not violated (see the Supplementary Appendix).

STUDY END POINTS

The primary study end points were cardiovascular death (see the Supplementary Appendix)
and death from any cause. We hypothesized that the incidence of cardiovascular death
should be increased if azithromycin is proarrhythmic, particularly in a cohort chosen to
reduce the likelihood of out-of-hospital deaths from serious illnesses. We included an
analysis of death from any cause to guard against differential misclassification of deaths
related to use of a study antibiotic. Given the study hypothesis, we also analyzed sudden
cardiac deaths, identified with an independently validated computerized definition that is
based on multiple sources of data (see the Supplementary Appendix) and that has a positive
predictive value of 88%.26

STATISTICAL ANALYSIS

The study unit of analysis was the course of antibiotic therapy, which was defined as a fixed
period, beginning with the date on which the prescription was filled, during which patients
would have been advised to take the antibiotic. This should correspond to the period of
greatest risk of adverse cardiac effects, given that the case reports for azithromycin suggest
an acute mechanism.1-17 Because the usual duration of treatment varies according to the
specific study antibiotic, we analyzed two periods: the 5-day period that is generally
recommended for azithromycin and the 10-day period most commonly suggested for the
other study antibiotics. The 10-day analyses for azithromycin included an interval during
which patients were unlikely to be taking the drug (days 6 through 10); these days were
considered separately in several analyses. Although these periods usually had a fixed
duration (5 or 10 days), the data were censored if the patient filled a subsequent prescription
for a study antibiotic or ceased to meet the eligibility criteria.

The analysis estimated the cumulative incidence, or risk, of death during a course of
antibiotic therapy. The unadjusted cumulative incidence was calculated by means of the
product-limit method. The relative risk of death between the groups, defined by use of the
study antibiotics, with adjustments for characteristics of the subjects, was calculated with the
hazard ratio from Cox regression models (see the Supplementary Appendix).

Each study comparison was adjusted for an extensive set of covariates (reflecting status on
the date on which the prescription was filled) that were possibly associated with both the use
of the study antibiotic and the risk of death (Table 3 in the Supplementary Appendix). This
adjustment used the propensity score?’ (the conditional probability of having a prescription
for a study antibiotic, given the covariates). Specific propensity scores were estimated for
each pairwise comparison (Tables 4 and 5 in the Supplementary Appendix). The propensity
scores for comparisons between study antibiotics included the recorded antibiotic indication
(see the Supplementary Appendix).

To check for misspecification of the propensity-score regression models, we evaluated
whether the covariate distributions were balanced across the study groups. For the
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azithromycin group and the control group of persons not taking antibiotics, this distribution
was unadjusted, because the propensity-score matching should ensure balance. For
amoxicillin, the distribution was adjusted for the propensity score, with the use of a
modified method for weighting by inverse probability of treatment28 that standardized the
distribution to that for azithromycin (Table 6 in the Supplementary Appendix).2? We also
checked for overlap of the distribution of propensity scores (Tables 4 and 5 in the
Supplementary Appendix).

To provide a summary measure of the risk of cardiovascular death, we calculated a risk
score for cardiovascular disease.39 This score estimated the probability of cardiovascular
death (in the absence of use of a study antibiotic) as a function of the indicators of coexisting
conditions (see the Supplementary Appendix).

We estimated the difference between the cumulative incidence of cardiovascular death
during a 5-day course of azithromycin and the incidence during a similar period of
amoxicillin use. We defined the additional risk per course of azithromycin therapy as
(HR4=1) x I, where HR, was the hazard ratio for azithromycin versus amoxicillin and I
was the unadjusted cumulative incidence of cardiovascular death for patients taking
amoxicillin. The risk difference was also calculated according to the deciles of
cardiovascular risk as defined by the risk score for cardiovascular disease.

We performed alternative analyses that tested the validity of several study assumptions.
These included a repeated-measures analysis testing the validity of treating the prescription
periods as independent observations and an analysis stratified by propensity-score deciles.
All analyses were performed with SAS software, version 9.3 (SAS Institute). All reported P
values are two-sided.

CHARACTERISTICS OF THE STUDY COHORT

The study cohort included persons with 347,795 prescriptions for azithromycin, 1,391,180
matched control periods with no study antibiotic treatment, 1,348,672 prescriptions for
amoxicillin, 264,626 prescriptions for ciprofloxacin, and 193,906 prescriptions for
levofloxacin. Azithromycin users were primarily women (77.5%), had a mean age of 49
years, and had frequent use of cardiovascular or respiratory medications, visits to the
emergency department, and prior use of antibiotics (Table 1, and Table 7 in the
Supplementary Appendix). The characteristics of patients receiving azithromycin
prescriptions and the propensity-score matched controls were very similar. In contrast,
patients who were prescribed ciprofloxacin or levofloxacin were generally more likely to
have complications of diabetes, incontinence, and wheelchair or walker use. The mean
summary cardiovascular risk scores for patients taking amoxicillin (9.5), ciprofloxacin
(10.3), and levofloxacin (10.6) were higher than the scores for those taking azithromycin
(9.3) (Table 1).

For both azithromycin and amoxicillin, the most common indications were infections of the
ear, nose, or throat and bronchitis, respectively accounting for 62% and 63% of the
prescriptions for which an indication was known (43% and 40% of total prescriptions)
(Tables 8 and 9 in the Supplementary Appendix). The most frequent indication for
ciprofloxacin was infection of the genitourinary tract. Levofloxacin was commonly
prescribed for infections of the ear, nose, or throat and for other respiratory and for
genitourinary indications.
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CARDIOVASCULAR DEATH AND TOTAL DEATHS

Among patients who took azithromycin, there were 29 cardiovascular deaths during the 5-
day course of treatment (85.2 per 1 million courses) (Table 2). Of these, 22 (64.6 per 1
million courses) were sudden cardiac deaths. During matched 5-day intervals among persons
who did not take antibiotics, there were 41 cardiovascular deaths (29.8 per 1 million
periods) and 33 sudden cardiac deaths (24.0 per 1 million periods). During the first 5 days of
a course of amoxicillin therapy, there were 42 cardiovascular deaths (31.5 per 1 million
courses) and 29 sudden cardiac deaths (21.8 per 1 million courses).

When a 5-day course of azithromycin therapy was compared with a matched period of no
antibiotic treatment, azithromycin was associated with an increased risk of both
cardiovascular death and death from any cause during that 5-day interval (Fig. 1 and Table
2). For cardiovascular death, the hazard ratio was 2.88 (95% confidence interval [CI], 1.79
to 4.63; P<0.001); the risk was increased for both sudden cardiac death and other
cardiovascular deaths. Although there was no increased risk of death from non-
cardiovascular causes, the risk of death from any cause was increased (hazard ratio, 1.85;
95% ClI, 1.25 to 2.75; P = 0.002). For the 10-day period after the prescription was filled,
azithromycin use was associated with an increased risk of cardiovascular death (hazard ratio,
1.86; 95% ClI, 1.27 to 2.73; P = 0.002), but the risk of death from any cause was not
significantly increased (hazard ratio, 1.27; 95% Cl, 0.92 to 1.75; P = 0.20). In contrast,
amoxicillin use was not associated with a significantly increased risk of death from
cardiovascular or noncardiovascular causes or of death from any cause during either the first
5 or all 10 days of therapy (Table 2, and Fig. 1 in the Supplementary Appendix).

A 5-day course of azithromycin therapy, as compared with the first 5 days of a course of
amoxicillin therapy, was associated with significant increases in the risk of both
cardiovascular death (hazard ratio, 2.49; 95% ClI, 1.38 to 4.50; P = 0.002) and death from
any cause (hazard ratio, 2.02; 95% ClI, 1.24 to 3.30; P = 0.005) (Fig. 2, and Table 10 in the
Supplementary Appendix). Thus, patients who took azithromycin had an estimated 47
additional cardiovascular deaths per 1 million 5-day courses of therapy. Alternative
analyses, including a repeated-measures analysis, an analysis stratified by propensity score,
and an analysis with a model that included terms for other proarrhythmic drugs, had similar
results (Table 11 in the Supplementary Appendix). The risk of cardiovascular death was
significantly higher for a 10-day period (hazard ratio, 1.87; 95% CI, 1.16 to 3.01; P = 0.01)
(Fig. 2), although the risk was not increased for days 6 through 10. The risk of death from
any cause was not significantly increased during the 10-day period.

As compared with patients who took amoxicillin, those who took ciprofloxacin did not have
an increased risk of either cardiovascular death or death from any cause during a 10-day
course of therapy, whereas there was a nonsignificant trend toward an increased risk of
cardiovascular death with the use of levofloxacin (hazard ratio, 1.50; 95% Cl, 0.82 to 2.72;
P =0.18) (Fig. 2 in the Supplementary Appendix). A 5-day course of azithromycin therapy,
as compared with the first 5 days of a course of ciprofloxacin therapy, was associated with
an increased risk of cardiovascular death (hazard ratio, 3.49; 95% ClI, 1.32 t0 9.26; P = 0.01)
and a nonsignificant trend toward an increase in death from any cause (hazard ratio, 1.75;
95% ClI, 0.91 to 3.37; P = 0.09). However, mortality with azithromycin did not differ
significantly from that with levofloxacin (hazard ratio for cardiovascular death, 1.27; 95%
Cl, 0.66 to 2.47; P = 0.48; hazard ratio for death from any cause, 1.07; 95% CI, 0.61 to 1.85;
P =0.82).

The absolute excess risk of cardiovascular death for patients who took azithromycin, as
compared with those who took amoxicillin, varied according to the baseline risk score for
cardiovascular disease (Fig. 3, and Table 12 in the Supplementary Appendix). For patients
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in the highest decile of risk scores, who accounted for 59% of the cardiovascular deaths
during azithromycin therapy, there were an estimated 245 additional cardiovascular deaths
per 1 million 5-day courses of azithromycin therapy.

DISCUSSION

We found that a 5-day course of azithromycin was associated with a small absolute increase
in the risk of cardiovascular death, which was most pronounced for patients in the highest
decile of the baseline risk of cardiovascular disease. There was no increased risk of death
from noncardiovascular causes among patients who took azithromycin, but there was an
increase in the risk of death from any cause. The risk of cardiovascular death was
significantly greater with azithromycin than with either amoxicillin or ciprofloxacin but did
not differ significantly from the risk with levofloxacin.

An important concern in this observational study was confounding by factors associated
with both azithromycin use and an increased risk of cardiovascular death. These factors
include cardiovascular disease and other coexisting conditions, behavioral risk factors
associated with cardiovascular disease (e.g., smoking, high bodymass index, poor diet, and
low physical activity), and indication for antibiotic therapy.

We included two distinct control groups in an effort to minimize confounding. One group
comprised control periods that were propensity-score— matched with courses of
azithromycin therapy. This balanced the prevalence of recorded cardiovascular disease and
other coexisting conditions and probably provided some control for behavioral risk factors,
given that their effects may be partially mediated through variables more readily identified
in the database, such as diagnosed hyperlipidemia, hypertension, diabetes, heart failure,
angina, or myocardial infarction. To minimize confounding by the short-term effects of
infections, we included a second control group that comprised courses of amoxicillin
therapy, which has indications similar to those for azithromycin. Patients who took
amoxicillin had no increase in the risk of either cardiovascular death or death from any
cause during the study period, which is consistent with our previous findings.2 When
azithromycin was directly compared with amoxicillin, in an analysis that also controlled for
recorded antibiotic indication, the increased risk persisted for azithromycin.

Our study was prompted by evidence that azithromycin is proarrhythmic,11-17 which led us
to hypothesize that it would increase the risk of sudden cardiac death. Patients who took
azithromycin did have an increased risk of sudden cardiac death, as identified from a
previously developed computer definition.26 However, they also had a similarly increased
risk of other, out-of-hospital cardiovascular deaths, although the numbers of these deaths
were small. This finding could be due to misclassification, given that our definition of
sudden cardiac death was designed to be specific; our prior study suggested that as many as
25% of patients would be misclassified as having died from other cardiovascular causes.26
Alternatively, a proarrhythmic effect of azithromycin might increase the risk of other types
of cardiovascular death. Thus, although our data are consistent with an adverse cardiac
effect of azithromycin, they cannot establish a specific causal mechanism.

The increased risk of cardiovascular death during the usual 5-day course of azithromycin
therapy did not persist after the course of therapy ended. Although concentrations of
azithromycin remain elevated in tissue for several days after cessation of oral therapy, serum
concentrations decline more rapidly, falling to trough levels within 24 hours.3! For many
other drugs with proarrhythmic effects, an elevated serum concentration is a key determinant
of increased risk,32 which is an important reason why rapid infusion of erythromycin is not
recommended.?>
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The cohort also included patients who had taken ciprofloxacin and levofloxacin, which
provided information on the relative safety of these broad-spectrum fluoroquinolones. For
ciprofloxacin, the risks of both cardiovascular death and death from any cause during the
study period were similar to those for amoxicillin, a finding that is consistent with the
current opinion that ciprofloxacin has limited proarrhythmic liability.2:25 In contrast,
levofloxacin, which has recognized proarrhythmic potential,1:2° was associated with a trend
toward an increased risk of cardiovascular death, although the point estimates were not
significant. When azithromycin was compared directly with levofloxacin, there was no
significant difference in the risk of either cardiovascular death or death from any cause.

In conclusion, during 5 days of azithromycin therapy, there was a small absolute increase in
cardiovascular deaths. As compared with amoxicillin, there were 47 additional
cardiovascular deaths per 1 million courses of azithromycin therapy; for patients in the
highest decile of baseline risk of cardiovascular disease, there were 245 additional
cardiovascular deaths per 1 million courses.

Supplementary Material
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Figure 1. Cumulative Incidence of Cardiovascular Death and Death from Any Cause among
Patients Who Took Azithromycin and Persons Who Did Not Take Study Antibiotics during a 10-
Day Period

The 10-day period began with the date on which the prescription was filled for patients who
took azithromycin, with a matched period for persons who did not take study antibiotics (the
reference group). The cumulative incidence in the reference group was not adjusted; the
cumulative incidence in the group of patients who took azithromycin was adjusted for
demographic factors and propensity score by multiplying the unadjusted incidence by the
ratio of the adjusted to the unadjusted hazard ratio for the 10-day period.
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Figure 2. Cumulative I ncidence of Cardiovascular Death and Death from Any Cause for Patients
Who Took Azithromycin or Amoxicillin during a 10-Day Period

The 10-day period began with the date on which the prescription was filled. The cumulative
incidence for patients who took amoxicillin (the reference group) was not adjusted; the
cumulative incidence for patients who took azithromycin was adjusted for demographic
factors and propensity score by multiplying the unadjusted incidence by the ratio of adjusted
to unadjusted hazard ratios for the 10-day period.
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Figure 3. Excess Risk of Cardiovascular Death with Azithromycin as Compared with
Amoxicillin, According to Decile of Cardiovascular Risk Score

The analysis of excess risk was adjusted for demographic factors and propensity score,
which included the recorded antibiotic indication. The excess risk of cardiovascular death
with azithromycin (i.e., the difference in the cumulative incidence of cardiovascular death
with azithromycin and with amoxicillin) is shown, with the 95% confidence interval (CI),
according to the risk-score decile. The characteristics of the patients who took azithromycin,
according to decile of risk score for cardiovascular disease, are shown in Table 12 in the
Supplementary Appendix.

N Engl J Med. Author manuscript; available in PMC 2012 November 17.




Page 12

Ray et al.

§0'Le eor 9'8¢ v'8e 6'LC (%) sAep og 1sed ay ul nue Aue Jo asn
6'€T 08T 9'GT €17 6'€T (96) sAep og 1sed ayy ui Juswedap Aouabiawa 03 USIA
8'GT ¥'0¢ T6T 8Vl L'ST (96) uonipuod Jay1o Joy uonezijendsoH
L S'6 g'8 0'9 4 (%) uonIpUO Je|NISEAOIPIED 10} UoNEZIfeNdSOH
€¢ 8¢ 43 91 €¢ J8X{|eM JO JIeyd|aaym 4o asn
6¢C 14 9Y T¢ 6C $829) J0 8ULIN JO BIUBUIUOJU|
g/ T 1T 69 vl #53100IP 4O suoleol|dwod
v'S 89 TS 9 GG aseasip Areuow|nd aARONASYO JIUOIYD
19874 89 €9 6€ 184 ain|ie} LeaH
(%) suonipuod Bunsixaod
€e 8 8¢ 8¢ e p1021140200N|9
€or Ser 98¢ 1'8¢ Sor 1sluofe-ejeg
S9T 6'12 6'8T TET 69T Juabe o1waaA|BodAy [ei0
99 A 20T 69 S9 ulnsuy
08¢ Sve (A4 6°LT 17'8¢ ulrels
6'G¢ 6'8¢ €9¢ v'ee 6'G¢ anaInIp Jsyl0
(A% 8'€c T0C 76T LT onainip dooT
q'¢ 9¢ 8¢ q'€ q¢ uixobig
A4 (5874 8'¢c 6°61 (44 19X20]q [suuByd-WNIdD[ED
S1¢ 8¢ 6°0¢ L1 91¢ 18X90|qg-tled
182 8'z¢ '8¢ 02 182 Jongiyur swAzus—Burenuod-uisusiolbuy
(%) suoneaipaw Jo asn ised 1o Juain)
G'LL GeL §'s. €€l §'LL (%) xas afewad
981 S19 S'0S L'y 98y (1K) abe uesy
G6.°LVE 906'€6T 929792 2L9'8YE'T 08T'T6E'T (ou) suonduasald
upAwoiylizy upexooss]  upexopoidiy  JUNIPXOWY  5)6,gnuy oN Jls1ee feyd

NIH-PA Author Manuscript

T alqel

. ‘Juswieal ] 21101G1NUY ON PaAISdSY OUYA SUOSIB J0) POLI3d |0J1U0D
3yl Jo Buluuibag aya 1e pue pajjid4 249N Sanolqnuy Apnis ayl 10) suondiiasaid ayl 1eyl swil ayl Je sjuaied Jo sansualdeeyd [ealuljd pue siydeibowsq

NIH-PA Author Manuscript

NIH-PA Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2012 November 17.



Page 13

Ray et al.

(%) s
U092 BUNSIX302 JO SI01BIIPUI B} JO UodUNy € Se (dnolgnue Apnis

1s8ybiy ay3 Buireaipul ‘6T 01 ‘(110402 8y} JO 94G) S 1s8M0| 8y} Buiredipul ‘0 wouy abuel $a109S om.nx_ucm%{ Areyuawajddns ay1 8ss) suol

© 40 3SN JO 92U3SqR S} UI) Y1eap Jejnasenolp.ed J0 ANjigeqoad sy} payewsa ey aseasip Je|NIseAOIpIed 10y 8100S YSLI & Pale|nojed am ‘Yreap JejnaseAolpaes J0 st ayi J0 ainseaw Arewwns e apiaoid o .{

“JUSWIE3} 91101G1UE OU PBaAIZda) 0ym suosiad Jo dnolb ayy yim uostiedwod Joy Hoo.ov..._%

'SI9YI0 pUB ‘SISOPIdR0]Y J113CeIp w02 onagelp ‘elwadA|BiadAy eiwsdA|6odAy se |jam se ‘suoiredljdwod Jeuss pue ‘Jejndo ‘a1bojolnau ‘o160]0reWwIsp papn|oul salagelp Jo wco:mo__QEoox

‘winisselod a1eue|NARID UM UI|[1I91XOWe 10} BYep PapN|oul Ulf|19IXOWe 10} Bmok

'SO13S11810R.IRYD 110Y0D [euonippe Joj Xipuaddy Arelusws|ddng ayy ul 2 ajqe] 9as 'so1j0Igiiue asn 10U pIp oym

suos.ad 4o dnoib ayy pue sdnotb u19EX0|J0A3| pUE ‘UIeX0]301dId ‘UlIdIXOWe Sy} UasMIaq SINSIIa)IBIeYD Bul[askeq JO uosiedwod 40} TO'0>d suondiiasaid urdoAwoiyiize sy yum payslew—si09s-Ansusdold
9J9M JUBWIEaI] d110IgNIUE OU YNIM spoliad [03u0D "paljoads asIMIBYIO Ssajun ‘paj|ij Sem uondiiasaid ayy awil sy} 810jaq SABP G9E aY} J0J 81aM SI8JUNOJUS 9Jed [BIIPAW PUE ‘Sasoubelp ‘suoiyedIpaN

*

&6 90T €01 <6 76 4 @SE8SIP JBNOSBAOIP.ED J0 XS 10} 81008 Alewiwns Uesiy

upAWwoJyliZyY upexoljone  upexopoldiy  JUHIPXOWY o,

UV ON o151 e YD

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

PMC 2012 November 17.

in

available

N Engl J Med. Author manuscript



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Ray et al.

Table 2

Page 14

Cumulative Incidence of Death among Patients during a 5-Day Course of Azithromycin, as Compared with
Persons Who Received No Antibiotic Treatment and Patients Who Took Amoxicillin, According to Cause of

Death.
Deaths No Antibiotic Amoxicillin Azithromycin
Total cardiovascular
No. 41 42 29
Cumulative incidence (no./1 million courses) 29.8 315 85.2
Hazard ratio (95% CI) 1 0.95 (0.55-1.63)  2.88 (1.79-4.63)
P value 0.85 <0.001
Sudden cardiac
No. 33 29 22
Cumulative incidence (no./1 million courses) 24.0 21.8 64.6
Hazard ratio (95% CI) 1 0.85 (0.45-1.60)  2.71 (1.58-4.64)
P value 0.62 <0.001
Other cardiovascular
No. 8 13 7
Cumulative incidence (no./1 million courses) 5.8 9.7 20.6
Hazard ratio (95% CI) 1 1.30 (0.44-3.84)  3.54 (1.28-9.76)
P value 0.64 0.01
Other cause
No. 38 28 7
Cumulative incidence (no./1 million courses) 27.6 21 20.7
Hazard ratio (95% CI) 1 0.76 (0.42-1.37)  0.74 (0.33-1.67)
P value 0.35 0.47
Total
No. 79 70 36
Cumulative incidence (no./1 million courses) 57.4 52.6 105.9
Hazard ratio (95% CI) 1 0.86 (0.58-1.28)  1.85 (1.25-2.75)

P value

0.45

0.002
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