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clarithromycin-based therapy for Helicobacter
pylori eradication is safe in patients with stable
coronary heart disease and subsequent peptic
ulcer disease

Yen-Chun Chen'?, Yi-Da Li%?, Ben-Hui Yu* and Yi-Chun Chen?>"

Abstract

Background: Clarithromycin-based therapy is important for Helicobacter pylori eradication treatment. However,
clarithromycin may increase cardiovascular risk. Hence, we investigated the association between clarithromycin use
and outcomes in adults with stable coronary heart disease (CHD) and subsequent peptic ulcer disease (PUD).

Methods: This nationwide cohort study used a national health insurance database to screen 298,417 Taiwanese
residents who were diagnosed with coronary heart disease from 2001 to 2015 for eligibility in the study and to evalu-
ate select eligible patients with CHD-PUD from 2004 to 2015. Data were obtained from new users of clarithromycin
(n=4183) and nonusers of clarithromycin (n=24,752) during follow-up. A total of 4070 eligible clarithromycin users
and 4070 nonusers were subject to final analysis by 1:1 propensity score matching. Participants were followed up
after receiving clarithromycin or at the corresponding date until the occurrence of cardiovascular morbidity in the
presence of competing mortality, overall mortality and cardiovascular mortality, or through the end of 2015. The
incidence rates and risks of overall mortality and cardiovascular outcomes were evaluated. The associations between
clarithromycin and arrhythmia risk, as well as its dose and duration and overall mortality and cardiovascular outcomes
were also addressed.

Results: Clarithromycin users were associated with adjusted hazard ratios of 1.08 (95% confidence interval, 0.93-1.24;
21.5 compared with 21.2 per 1000 patient-years) for overall mortality, 0.95 (0.57-1.59; 1.5 compared with 1.8 per 1000
patient-years) for cardiovascular mortality, and 0.94 (0.89-1.09; 19.6 compared with 20.2 per 1000 patient-years) for
cardiovascular morbidity in the presence of competing mortality, as compared with nonusers. We found no rela-
tionship between dose and duration of clarithromycin and overall mortality and cardiovascular outcomes and no
increased risk of arrhythmia during follow-up period. After inclusion of arrhythmia events to re-estimate the risks of all
study outcomes, the results remained insignificant.
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Conclusion: Concerning overall mortality, cardiovascular mortality, and cardiovascular morbidity, our results suggest
clarithromycin-based therapy for Helicobacter pylori eradication may be safe in patients with stable CHD and subse-

quent PUD.

Keywords: Clarithromycin, Overall mortality, Cardiovascular mortality, Cardiovascular morbidity, Peptic ulcer disease,

Helicobacter pylori

Introduction

Helicobacter pylori (H. pylori) infection has been identi-
fied as a risk factor for several gastric and extra-gastric
diseases such as gastric cancer, coronary heart disease
(CHD), ischemic stroke [1], iron deficiency anemia [2],
and non-alcoholic fatty liver disease [3]. The overall
prevalence of H. pylori infection is high, estimated to be
more than half of the world’s population [4]. However,
its incidence varies in different regions and is higher in
those with lower socioeconomic status. Most patients
with peptic ulcers are H. pylori-infected [5, 6]. H. pylori
eradication can prevent the recurrence of gastric and
duodenal ulcers [7]. Furthermore, H. pylori infection
can increase the risk of peptic ulcer bleeding, especially
in those taking antiplatelet agents, including aspirin,
non-aspirin antiplatelet agents, or combined antiplatelet
therapy [8]. For patients with cardiovascular disease, sec-
ondary prevention by antiplatelet agents is essential. H.
pylori is also linked to atherosclerosis and ischemic heart
disease [9], and H. pylori eradication decreased CHD risk
in some patients with peptic ulcers compared with those
not receiving H. pylori eradication therapy [10]. There-
fore, eradication therapy may be essential for patients
with cardiovascular disease who are also infected with
H. pylori. Previous studies have aimed to find alterna-
tive medication for secondary prevention in addition to
antiplatelet therapy [11-13]. They investigated the role
of macrolide antibiotics for patients with CHD in addi-
tion to antiplatelet treatment [11-13]. One study found
that roxithromycin, a kind of macrolide class, may ben-
efit patients with CHD [11]. Clarithromycin is another
kind of macrolide antibiotic. A randomized, double-blind
study investigated patients with unstable heart disease
treated with clarithromycin or placebo for 3 months. The
authors found that clarithromycin users had decreased
cardiovascular events [12]. Later, another CLARI-
COR trial [13] examining the effects of clarithromycin
on mortality and morbidity in patients with ischemic
heart disease was conducted to evaluate the impact of
short-term use of clarithromycin among those with
stable heart disease. That trial showed that clarithro-
mycin users had a higher cardiovascular mortality rate
within 3 years. Another study evaluated cardiovascular
risk after clarithromycin use [14] among patients who
were diagnosed with chronic obstructive pulmonary

disease (COPD) with acute exacerbations and commu-
nity-acquired pneumonia. The study revealed a harm-
ful effect of clarithromycin. However, COPD with acute
exacerbations and community-acquired pneumonia was
associated with ischemic heart disease or cardiac com-
plications [15-17]. Other observational studies investi-
gated the risk of clarithromycin for cardiac events among
patients with acute infectious disease. These observa-
tional studies also showed conflicting results [18, 19].

In 2018, the US Food and Drug Administration warned
about possible cardiovascular events or death from
clarithromycin among patients with CHD [20]. Though
the resistance rate of clarithromycin is higher currently
than in the past, clarithromycin is still a crucial antimi-
crobial in the combination therapy for H. pylori, espe-
cially in areas where the resistance rate is less than 15%
[21, 22]. Therefore, it is essential to clarify the risk of car-
diovascular mortality and morbidity after clarithromycin
use. We analyzed a national healthcare database to inves-
tigate whether clarithromycin treatment for H. pylori was
associated with increased risk for overall mortality and
cardiovascular outcomes among adults with stable CHD
and subsequent PUD.

Materials and methods

Data source

This retrospective nationwide cohort study used outpa-
tient and inpatient claims data from Taiwan’s 2005 Lon-
gitudinal Generation Tracking Database (LGTD2005)
between January 1, 2000 and December 31, 2015. The
LGTD2005 has been described in detail in our previ-
ous research [23]. In brief, it is a de-identified database
released by the Health and Welfare Data Science Center
of the Taiwan Ministry of Health and Welfare for research
purposes. Thus, this study did not require informed con-
sent and was exempt from full review by the Institutional
Review Board of the Dalin Tzu Chi Hospital (B10702014
and B11101016). The database included 2 million people
who were randomly sampled in the year 2005 from all
beneficiaries in Taiwan’s compulsory universal National
Health Insurance (NHI) program with>99% coverage
[24] and tracked all medical records from 2000 until
2015. It has been documented that there was no signifi-
cant difference in age, gender, region, ambulatory care,
and inpatient expenditures between the LGTD2005 and
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the NHI program. The LGTD2005 contains comprehen-
sive medical information, except laboratory and lifestyle
data, and adopts ICD-9-CM diagnosis codes to define
diseases and anatomical therapeutic chemical codes to
identify drugs.

Study population (patients with stable CHD

and subsequent PUD[CHD-PUD])

We identified 298,417 patients who had a diagnosis of
CHD (ICD-9-CM codes 410-414) [25, 26] between Janu-
ary 1, 2001, and December 31, 2015 (Fig. 1). We excluded
patients who were aged <18 years; diagnosed with PUD
(ICD-9-CM codes 531-534) [27], stroke, and peripheral
arterial occlusive disease (PAOD) 1 year before CHD
inception date; treated with macrolides before CHD
inception date; subject to missing data; not diagnosed
with PUD in the 3 years after CHD inception date; diag-
nosed with unstable heart conditions 6 months before
CHD inception date and between CHD and subsequent
PUD (CHD-PUD); considered to have dropped-out or
died before CHD inception date and between CHD-
PUD, and treated with clarithromycin between CHD-
PUD. Patients with unstable heart conditions were
defined as those who had ever been admitted to cardio-
vascular service due to a principle diagnosis of CHD or
underwent three cardiac fluoroscopic interventions [28],
including cardiac angiography with or without percuta-
neous transluminal coronary angioplasty, and cardiac
electrophysiological study. Thus, in 2001-2015, the final
pool was 44,664 patients with stable CHD—PUD, namely,
who experienced no unstable heart conditions 6 months
before CHD inception date and between CHD-PUD.
To prevent immortal bias, we used the incident user
(exposed to clarithromycin) design. We divided the final
pool into two groups by the first prescription of clarithro-
mycin: 33,534 nonusers (patients who never used
clarithromycin throughout the study period) and 6535
clarithromycin users (patients who had been treated with
clarithromycin at any time throughout the study period
and who had experienced no unstable heart conditions,
stroke, and PAOD before clarithromycin use). For avoid-
ing survival bias, we selected eligible CHD—PUD patients
from 2004 to 2015 and included 24,752 nonusers and
4183 clarithromycin users. Each clarithromycin user was
propensity-matched with one nonuser, and the baseline
for matching was set at the day when clarithromycin
commenced in the user group and the corresponding
date in the nonuser group. The propensity score was
calculated using the logistic regression that was built
on all baseline covariates listed in Table 1 to adjust for
the baseline differences between clarithromycin users
and nonusers. The propensity score model was reliable
(Hosmer—Lemeshow test p=0.91) and provided fair
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discrimination between the two groups (c-index, 0.62). A
total of 8140 patients with stable CHD-PUD were sub-
jected to the final analysis.

Potential confounders

In addition to age and sex, the baseline comorbidities,
including diabetes, hypertension, and COPD, were iden-
tified within 1 year before CHD diagnosis. The Charlson
comorbidity index (CCI) was used to control for con-
founding factors [29], and the number of medical visits
was used to minimize detection bias [24, 30] in studies
using administrative databases. The confounding drugs
were also identified throughout the study period and
included angiotensin-converting enzyme inhibitor/angi-
otensin II receptor antagonist (ACEI/ARB), aspirin, ticlo-
pidine, calcium channel blockers, beta-blockers, nitrates,
diuretics, antiarrhythmics, and digoxin.

Definition and ascertainment of study outcomes

The primary study outcome was overall mortality. The
secondary study outcome was cardiovascular mortality,
defined as death due to CHD, stroke, and PAOD. The ter-
tiary study outcome was cardiovascular morbidity, which
was defined as the experience of the above-mentioned
unstable heart conditions, CHD, stroke, and PAOD.
Death was defined as the withdrawal of the patients from
the NHI program [31]. The clarithromycin users were fol-
lowed up after administration of clarithromycin, whereas
nonusers were followed up after the matched corre-
sponding date [23]. All participants were observed for the
occurrence of the primary, secondary, and tertiary study
outcomes, or until the end of the study (December 31,
2015), whichever came first.

Statistical analysis

We presented and compared baseline characteristics
between clarithromycin users and nonusers based on the
¢ test for continuous variables and the chi-square test for
categorical variables. We calculated the incidence rates
per 1000 person-years of the three study outcomes in the
two groups. After confirming the assumption of propor-
tional hazards by plotting the graph of the survival func-
tion versus the survival time and the graph of the log
(-log(survival)) versus the log of survival time, we applied
the Cox proportional hazard model to examine the asso-
ciation of clarithromycin with overall mortality and car-
diovascular mortality after adjustments for age by year,
sex, comorbidities, CCI, the number of medical visits,
and 10 confounding drugs, and applied competing risk
analysis [32] to examine the association of clarithromycin
with cardiovascular morbidity. Moreover, we calculated
each patient’s cumulative defined daily dose (cDDD)
of clarithromycin recommended by the WHO [33] to
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298,417 patients with a diagnosis of coronary heart disease (CHD) in the 2005 Longitudinal
Generation Tracking Database (LGTD2005) between January 1. 2001 and December 31, 2013

Exclude:

1. Age <18 years (n=205)

(PAOD) | year before CHD inception date (n=38,621)
i1, Use of macrolides before CHD inception date (n=4,691)
iv. Data missing (n=21)
v. No PUD in 3 years after CHD inception date (n=205,097)
vi. Dropout'death before CHD inception date and between CHD and PUD (n=355)

CHD and PUD (n=3,286)
viii. Use of clarithromycin between CHD and PUD (n=1,777)

Pool of 44,664 stable CHD-PUD patients in 2001-2015

and PAOD before clarithromycin use (n=2,595)

35.534 stable CHD-PUD 6.535 stable CHD-PUD patents
patients never treated with ever treated with clarithromycin
clarithromyc¢in (nonusers) (clarithromycin users)

l |

select eligible CHD-PUD patients in 2004-2015

24,752 stable CHD-PUD 4.183 stable CHD-PUD patients
patients never treated with ever treated with clanthromycin
clanthromycin (nonusers) (clarithromycin users)

1:1 propensity score matching

8,140 Propensity score-matched stable CHD-PUD cohort
4,070 clanithromy<in nonusers

4.070 clarithromycin users

Fig. 1 Study flowchart of patient selection

1. Diagnosis of peptic ulcer disease (PUD), stroke, and peripheral arterial occlusive disease

vit. Diagnosis of unstable heart conditions 6 months before CHD inception date and between

Exclude experience of unstable heart conditions, stroke.

address the dose-response relationship of clarithro- ¢DDD is 2000. We also evaluated the duration (£7 days
mycin with study outcomes, given the usual daily vs.>7 days) [22] of clarithromycin prescription with
dose of clarithromycin is 1 g and isometric increase in  study outcomes and analyzed the association between
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Table 1 Characteristics of study cohort by the use of clarithromycin
Variable Propensity score-matched patients with stable CHD-PUD (n=8140) p value
Clarithromycin users Nonusers
(n=4070) N (%) (n=4070) N (%)
Sex 0.07
Men 2008 (49.3) 1926 (47.3)
Women 2062 (50.7) 2144 (52.7)
Age (year) 0.79
18-49 1263 (31.0) 1289 (31.7)
50-59 1289 (31.7) 1248 (30.7)
60-69 889 (21.8) 892 (21.9)
>70 629 (15.5) 641 (15.8)
Mean (£SD) 5584128 5554139 046
Comorbidity
Diabetes 703 (17.3) 603 (14.8) 0.003
Hypertension 1812 (44.5) 1724 (42.4) 0.049
COPD 723(17.8) 679 (16.7) 0.20
Charlson comorbidity index (mean = SD) 1.0£15 1.0£16 0.08
No. of medical visits 0.82
1-12 1349 (33.1) 1374 (33.8)
13-24 1343 (33.0) 1339(329)
>25 1378 (33.9) 1357 (33.3)
Confounding drugs
ACEI/ARB 956 (23.5) 900 (22.1) 0.14
Aspirin 1253 (30.8) 1141 (28.0) 0.006
Statins 499 (12.3) 466 (11.5) 0.26
Ticlopidine 23(0.6) 26 (0.6) 0.67
Calcium channel blockers 1483 (36.4) 1458 (35.8) 0.56
Beta blockers 841 (20.7) 793 (19.5) 0.18
Diuretics 1903 (46.8) 1823 (44.8) 0.08
Antiarrhythmics 1068 (26.2) 1059 (26.0) 0.82
Digoxin 81 (2.0) 79(1.9) 0.87
Nitrates 847 (20.8) 802 (19.7) 0.21

CHD coronary heart disease, PUD peptic ulcer disease, COPD chronic obstructive pulmonary disease, SD standard deviation, ACEI/ARB angiotensin-converting-enzyme

inhibitor/angiotensin Il receptor blocker

clarithromycin and the risk of arrhythmia (ICD-9-CM
codes 427.x, 427.xx). To assess the reliability of our main
findings, we conducted a sensitivity analysis to include
arrhythmia events to re-estimate the risks of overall mor-
tality and cardiovascular outcomes. All data were ana-
lyzed using SAS (version 9.4; SAS Institute, Inc., Cary,
N.C.). A two-sided p value less than 0.05 was considered
statistically significant.

Results

Patient characteristics

Among 4183 clarithromycin users, 4070 were propen-
sity score-matched to a control set of 4070 nonusers at
a 1:1 ratio (Fig. 1). The average age of both groups was

55 years, and the CCI was 1.0 (Table 1). The propor-
tions of medical visits and patients with COPD and those
receiving ACEI/ARB, ticlopidine, calcium channel block-
ers, beta-blockers, nitrates, diuretics, antiarrhythmics,
and digoxin were similar within both groups. Clarithro-
mycin users had a higher proportion of diabetes, hyper-
tension, and aspirin prescription than nonusers.

Study outcomes of clarithromycin in patients with stable
CHD-PUD

The total follow-up summation was 15,180 person-
years during the study period; the numbers of all-cause
mortality, cardiovascular mortality, and cardiovascular
morbidity were 794 (9.8%), 61 (0.7%), and 701 (8.6%),
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respectively (Table 2). The incidence rates of all-cause
mortality, cardiovascular mortality, and cardiovascular
morbidity were not high in clarithromycin users relative
to nonusers. After adjustment for potential confound-
ers listed in Table 1, the use of clarithromycin among
patients with stable CHD-PUD was not significantly
associated with an increased risk for all-cause mortality
(adjusted hazard ratio [aHR], 0.93; 95% confidence inter-
val [CI], 0.93—1.24), cardiovascular mortality (0.95; 0.57—
1.59), and cardiovascular morbidity (0.94; 0.89-1.09).

Relationship between cumulative clarithromycin dose

and study outcomes

There was no dose—response relationship between
clarithromycin and overall mortality, cardiovascular
mortality, and cardiovascular morbidity (Table 3).

Relationship between the duration of clarithromycin
prescription and study outcomes

There was no relationship between =7 days and >7 days
of clarithromycin prescription and overall mortality,
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cardiovascular mortality, and cardiovascular morbidity
(Table 4).

Relationship between clarithromycin and arrhythmia risk
Analysis of arrhythmia risk during follow-up period
showed no increase in arrhythmia risk (aHR, 1.00; 95%
CI, 0.90-1.10) among clarithromycin users, compared
with nonusers (Table 5).

Sensitivity analysis

After inclusion of arrhythmia events to re-estimate the
risks of overall mortality (aHR, 1.08; 95% CI, 0.93-1.24,
p=0.31), cardiovascular mortality (aHR, 1.00; 95% ClI,
0.62-1.63, p=0.99), cardiovascular morbidity (aHR,
0.99; 95% CI, 0.91-1.08, p=0.87), the result remained
insignificant (Additional file 1: Table S1).

Discussion

To our best knowledge, this is the first large nation-
wide cohort study using the new-user design and
competing mortality and propensity score matching

Table 2 Risk of study outcomes comparing clarithormycin users versus nonusers

Overall mortality

Cardiovascular mortality

Cardiovascular morbidity

Event Incidence Adjusted HR* Event Incidence Adjusted HR* Event Incidence Adjusted HR*
rate per 1000 (95% CI) rate per 1000 (95% Cl) rate per 1000 (95% ClI)
patient-years patient-years patient-years

Nonusers 399 21.2 1 (reference) 33 18 1 (reference) 360 20.2 1 (reference)
(n=4070)

Clarithormy- 395 215 1.08(0.93-1.24) 28 15 0.95(0.57-1.59) 341 19.6 0.94 (0.89-1.09)
cin users

(n=4070)

HR hazard ratio, C/ confidence interval

*Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1

# Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1 and competing

mortality

Table 3 Adjusted hazard ratio (HR) of study outcomes associated with cumulative define daily dose (cDDD) of clarithromycin

Take nonusers  Overall mortality

Cardiovascular mortality

Cardiovascular morbidity

as the
reference Events (n, %) Adjusted HR*  pvalue Events(n, %) AdjustedHR* pvalue Events(n,%) Adjusted HR*  pvalue
(95% ClI) (95% ClI) (95% CI)

cDDD of

clarithromycin
£1000 25(12.8) 1.68 (0.88-3.22) 0.12 1(0.5) Not converged ~ NA 12(6.2) 00(043-232) 099
>1000-3000 66 (10.8) 233(1.53-356) <0.0001 7(1.1) 5.06(0.78-32.74) 0.09 44(7.2) 42(0.87-2.32) 0.16
>3000-5000 217 (9.2) 0.97(0.81-1.17) 0.74 16(0.7) 079 (041-1.54) 049 211(9.0) 091 (O 75-1.10) 032
>5000 87(9.5) 0.89 (0.66-1.19) 042 4(04) 0.63(0.17-2.41)  0.50 74(8.1) 0.83(061-1.15) 027

HR hazard ratio, C/ confidence interval

*Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1

# Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1 and competing

mortality
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Table 4 Adjusted hazard ratio (aHR) of study outcomes associated with the duration of clarithromycin prescription

Overall mortality aHR* (95% Cl)

Cardiovascular
morbidity aHR*

Cardiovascular mortality aHR* (95% Cl)

(95% ClI)
Nonusers (n=4070) 1 (reference) 1 (reference) 1 (reference)
<7 days (n=2273) 1.21(1.02-143) 0.90 (0.50-1.62) 0.92(0.77-1.10)
>7 days (h=1297) 0.81 (0.62-1.05) 1.13(0.37-3.43) 0.99 (0.75-1.31)

HR hazard ratio, C/ confidence interval

*Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1

# Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity index, number of medical visits, and drugs use) listed in Table 1 and competing

mortality

Table 5 Arrhythmia occurrence during follow-up

Clarithromycin  Nonusers (n=4070)

users
(n=4070)
Events 791 800
Person-years observed 15,620 15,930

Incidence rate per 1000 50.7 50.2
person-years

Adjusted hazard ratio* (95%
(@)

1.00 (0.90-1.10) 1 (reference)

HR hazard ratio, C/ confidence interval

*Adjusted for all covariates (age per year, sex, comorbidity, Charlson comorbidity
index, number of medical visits, and drugs use) listed in Table 1 and competing
mortality

to demonstrate no increased risk for overall mortality,
cardiovascular mortality, and cardiovascular morbid-
ity in patients with stable CHD-PUD who were taking
clarithromycin, compared with those who were not tak-
ing clarithromycin. We also found no dose-response
relationship and dosing duration of clarithromycin with
overall mortality and cardiovascular outcomes, and
found no increased risk of arrhythmia associated with
clarithromycin.

We selected stable CHD patients because we aimed
to investigate the risk of clarithromycin in such a popu-
lation similar to the CLARICOR trial [13]. We selected
patients with PUD because clarithromycin could be
used as an H. pylori eradication regimen after peptic
ulcers are diagnosed. We did not identify other antibi-
otics in this study, such as amoxicillin or metronidazole,
in combination with clarithromycin to analyze H. pylori
eradication treatment as was performed by other stud-
ies [18, 19] because there are too many regimens (i.e.,
triple therapy, bismuth and non-bismuth quadruple
therapy, sequential or concomitant therapy) that may
have varying durations from seven to fourteen days [22,
34]. Besides, some patients may be allergic to penicillin
antibiotics, so the regimens must be adjusted and indi-
vidualized. Hence, if we consider all possibilities, the

complexities may result in bias and complicated analy-
ses. Therefore, we only considered clarithromycin use
as an essential factor.

As was previously mentioned, peptic ulcers were con-
sidered primarily due to H. pylori infection. One study
found that a subpopulation of patients with PUD had a
lower CHD risk after H. pylori eradication [10]. How-
ever, this study excluded those with a history of CHD
or patients taking antiplatelets before the index date
upon evaluating the association of CHD with H. pylori
eradication. Hence, the effects of anti-H. pylori antibi-
otics in patients who were previously diagnosed with
CHD were unknown in that study. Our study found that
overall mortality and cardiovascular mortality were not
associated with clarithromycin use in patients with sta-
ble CHD and subsequent PUD. This result was similar
to that in other studies. One study revealed neither risk
nor benefit from clarithromycin use [18]. That study
examined the risk of H. pylori eradication in patients
with CHD, including a clarithromycin-containing or
non-clarithromycin-containing regimen. It showed no
mortality difference between clarithromycin-contain-
ing and non-clarithromycin-containing eradication
treatments. Another study evaluated the cardiovascular
events (myocardial infarction, stroke, angina, or tran-
sient ischemic attack) among those taking clarithromy-
cin and other commonly used antibiotics to treat upper
and lower respiratory tract infections. They found that
the short-term cardiovascular risk looked no different
between clarithromycin users and non-clarithromycin
antibiotic users [35].

We also found that there was no relationship between
clarithromycin and overall mortality and cardiovas-
cular outcomes, regardless of the treatment doses or
duration. No other studies investigating the relation-
ship between heart events and the doses or duration of
clarithromycin use except for one [14], but that study
divided the treatment courses into<3 days, 3—6 days,
7 days, and >7 days. For H. pylori eradication therapy,
the treatment course should be equal or more than
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seven days. Another study reporting more prescrip-
tions of clarithromycin were associated with higher
mortality risk [36], but they compared clarithromycin
with other antibiotics such as doxycycline. The baseline
characteristics in our clarithromycin users had higher
aspirin intake, diabetes, and hypertension rates than
nonusers. These differences implied that clarithromycin
users in our patient population had more complicated
diseases. However, they still could receive clarithro-
mycin safely without increasing cardiovascular mor-
bidities. Other studies showed that clarithromycin
has no association with arrhythmia [37] or stroke [19,
38]. In the study of a 10-year follow-up of the CLARI-
COR trial, Winkel et al. found that an increased risk of
stroke only occurred in nonusers of statin [39]. Moreo-
ver, Winkel et al. found that the previously mentioned
adverse effect from clarithromycin was reversed during
the last 4 follow-up years. That is, clarithromycin users
had significantly lower cardiovascular death. Statin still
played a protective role in those patients. Statin users
had much lower all-cause mortality than those not on
a statin. Besides, among those statin users, all-cause
mortality, cardiovascular mortality, and cerebrovascu-
lar events were not significantly different between the
clarithromycin and placebo groups during the 10-year
follow-up period. We may also interpret that statin is
protective in those patients with CHD who did and
did not take clarithromycin. In another study, Jensen
et al. further analyzed the subgroup in the CLARICOR
trial. They reported that statin users in the clarithro-
mycin group had no increased cardiovascular mortal-
ity compared with those in the placebo group [40]. In
our study, we did not specifically analyze the effect of
statin because we have viewed statin as a possible con-
founding factor in multivariable analysis. Besides, we
performed propensity score matching in our study. In
the past, clinicians did not pay as much attention to the
importance of statin as clinicians do presently. Accord-
ing to current practice guidelines, most patients with
CHD should take statin as a primary or secondary pre-
ventative treatment [41]. Hence, if clarithromycin has a
cardiovascular risk, statin may partly offset that risk in
patients with CHD.

Svanstrom et al. also found that clarithromycin was
related to a higher rate of cardiac death when compared
with roxithromycin and penicillin V after 7-day treat-
ments [42]. However, the incidence of cardiac death from
clarithromycin was mildly higher than that of penicillin V
(5.3 per 1000 person years and 2.5 per 1000 person years,
respectively). Furthermore, Inghammar et al. analyzed
the use of clarithromycin, roxithromycin, and penicillin
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V after treatment was started. They found that the car-
diac risk from clarithromycin seemed to occur during
current use, but later, the adverse effect was reduced
after a more extended period of follow-up [43]. Wong
et al. evaluated the cardiovascular risk from clarithro-
mycin use in the general population. They also found
that the current use of clarithromycin for H. pylori eradi-
cation was associated with myocardial infarction and
arrhythmia; however, the adverse effects wore off after
the treatment course of clarithromycin [19]. In contrast
with Wong et al’s conclusions, the CLARICOR trial [13]
revealed no significant differences in all-cause mortal-
ity, myocardial infarction, or unstable angina pectoris
between clarithromycin users and placebo users when
they followed up those participants in the first month.
Therefore, whether the current use of clarithromycin
increases cardiovascular risk is controversial. The exact
mechanism accounting for possible excess cardiac mor-
tality is not fully understood. Antibiotics-associated QT
interval prolongation may be a key point. Such antibiot-
ics include macrolides, fluoroquinolones, antimalarials,
etc. They may delay the ventricular repolarization and
lead to QT prolongation, which possibly further induces
torsades de pointes [44]. To realize the arrhythmia-asso-
ciated outcomes in our population, we analyzed the risk
of arrhythmia occurrence between clarithromycin users
and nonusers. We further evaluated the role of arrhyth-
mia in overall mortality, cardiovascular mortality, and
cardiovascular morbidity. Our analyses showed the risks
of arrhythmia and arrhythmia-associated outcomes were
not different between clarithromycin users and nonusers.
Clarithromycin alone may be safe in patients with stable
CHD, but concomitant use of medications believed to
prolong the QT interval may substantially increase car-
diac risks [45]. So we should follow up these patients dur-
ing the treatment course or avoid clarithromycin-based
H. pylori eradication regimens if concomitant risk factors
for QT interval prolongation exist.

Our CHD-PUD population accounted for 15% of CHD
population in 2001-2015. The NHI program adopts ICD-
9-CM diagnosis codes to define diseases and we identified
PUD patients by ICD-9-CM codes 531-534, the method
of which was used in prior NHIRD-based research [27,
46]. A hospital-based study in Taiwan showed that the
prevalence of PUD confirmed by gastroendoscopy was
9.4% in asymptomatic subjects from January to August
2008 [47]. Another NHIRD-based study showed the PUD
population accounted for 25.5% of general population in
2000-2013 [46]. Convenient accessibility of medical care
and easy availability to gastroendoscopy in Taiwan might
account for the high prevalence of PUD.
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By analyzing the NHI claims data with a highly rep-
resentative sample, the present study has five strengths.
First, recall bias of clarithromycin was avoided. Second,
using the new-user design minimized the immortal bias
and the potential residual effect of using clarithromycin
before CHD inception date. Third, the follow-up of death
and cardiovascular outcomes was complete, and the use
of competing mortality minimized risk overestimation of
cardiovascular morbidity. Fourth, the use of propensity
score matching minimized confounding effects. Fifth,
consideration of medical services minimized detection
bias [31]. However, several potential limitations exist.
First, the NHI claims data lack information on lifestyle
(e.g., smoking, alcohol consumption, diet, and physical
activity), body weight, levels of blood pressure and sugar,
the eradication rate of H. pylori, and laboratory data (e.g.
H. pylori virulence factor such as cytotoxin-associated
gene A), which may contribute to the risks of death and
cardiovascular outcomes. Nevertheless, we added the
CCI score into the propensity analysis to reach the com-
parability of both cohorts. We included the CCI score
in multivariable analyses to control confounding factors
in healthcare administrative databases [29, 31]. Second,
the compliance of prescribed clarithromycin was not
assessed in the administrative claims. Third, the informa-
tion on self-paid clarithromycin was not evaluated in the
administrative claims. However, it seems to have rarely
occurred because the antibiotic prescription was under
strict regulations of the NHI program. Fourth, this was a
retrospective study instead of a prospective study. How-
ever, it was not ethical to conduct a study where patients
with stable CHD were diagnosed with acute infection
and clarithromycin was indicated, but one group took the
proper medication and the other took a placebo. Finally,
unmeasured confounders may still exist as in any obser-
vational study.

Conclusion

This national cohort study indicates that clarithromycin
is not associated with an increased risk of overall mor-
tality, cardiovascular mortality, and cardiovascular mor-
bidity in patients with stable CHD and subsequent PUD.
This seems to be important for gastroenterologists when
clarithromycin-containing H. pylori eradication therapy
is considered.
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