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Abstract

Background: Cardiovascular diseases (CVD) are a leading cause of death globally, with
smoking being a major contributing factor. Varenicline, an effective aid for smoking cessation,
has been proven to be effective even after acute myocardial infarction (AMI). However, in
Taiwan, the evidence regarding immediate administration of varenicline to AMI patients, and its
medium to long-term effects, still contains many aspects that remain unclear.

Methods: In this prospective, observational, single-center study, we collected data from
smoking patients admitted for AMI and treated with percutaneous coronary intervention (PCl)
from May 2018 to July 2021. These participants were tracked for a mean 3.3 years after
medication with varenicline, focusing on successful cessation rate and cardiac events after
treatment.

Results: Of the patients observed, 76.2% reported cessation at 24 weeks. At 3.3 years,
the cessation rate was 50.3%. While patients with ST-segment elevation myocardial infarction
(STEMI) and elderly patients achieved a significantly higher rate of cessation, there were no
significant cardiac outcome differences between the successful cessation-experienced group
and the failure group. Composite major events (including MI, non-fatal stroke and death)
were significantly higher in the non-STEMI group than in the STEMI group (24.07% vs. 7.06%
p<.005).

Conclusion: Our study suggests that early varenicline use is effective for smoking
cessation after AMI in the Taiwanese population, yielding high long-term cessation rates,
especially in STEMI and older patients.
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Introduction

In the past few decades, there have been
significant improvements in mortality and risk
associated with acute coronary syndrome (ACS)."
However, despite these advances, cardiovascular
diseases (CVD) remain a leading cause of death
globally. For instance, in Taiwan, cardiovascular-
related deaths rank second, according to data from
the Ministry of Health and Welfare.? Clinicians,
in addition to treating CVD, often emphasize the
detrimental effects of smoking on cardiovascular
health. For patients diagnosed with CVD, the
risk of recurrence is notably higher for those
who continue to smoke, compared to their non-
smoking counterparts.’ Disturbingly, smokers who
undergo percutaneous coronary intervention (PCI)
or coronary artery bypass grafting (CABG) suffer
worse prognoses, compared to non-smokers.* In
three cohorts comprising 6,519 patients (EPIC,
EPILOG, and EPISTENT), smokers were more
likely to suffer death, myocardial infarction
(MI) or urgent vascular reconstruction within
30 days post-PCL° Similarly, in the SYNTAX
trial, smoking was identified as an independent
predictor of adverse outcomes.® While Taiwan has
witnessed a significant reduction in adult smoking
habits over the last 12 years,” smoking will likely
remain a principal cause of preventable deaths
throughout this century. Varenicline, an o432
nicotinic acetylcholine receptor partial agonist,
has emerged as a promising agent in the quest for
effective smoking cessation therapy. However,
despite its potential, research on the effects of
Varenicline for immediate prescription after acute
myocardial infarction (AMI) remains limited,
especially in the Asian population.

While short-term safety and side effects of
varenicline have been reported,” proof of long-
term maintenance and protective effect is still
extant. Our study aims to ascertain the long-
term smoking cessation efficacy and secondary
prevention benefits of early varenicline use for
smoking cessation in post AMI patients.

Methods

This is a single-center, prospective
observational study. Data on smoking patients
admitted for and treated with PCI were collected
and analyzed. These patients were tracked for
their two-year outcomes post-procedure and their
use of varenicline for smoking cessation. This
research has been approved by the Research Ethics
Committee of Chung Shan Medical University
and Hospital [CS1-22034].

Study Participants
The primary study group consisted of
patients who had experienced an AMI event and
were current smokers. Data were collected from
patients admitted between May 2018 and July
2021 who underwent emergency PCI for AMI,
including ST-segment elevation MI (STEMI)
and non-ST-segment elevation MI (non-STEMI).
The index date was defined as the date of the
AMI indicated PCI procedure. The setting for this
research was Chung Shan Medical University
hospital. Consenting participants were offered
high-intensity counseling and were prescribed
varenicline for smoking cessation.
Study exclusion criteria included:
1. Patients with a previous MI event within 6
months before the index date.
2. Patients who smoked less than 10 cigarettes per
day or had less than 10 pack-years of smoking.
3. Individuals aged less than 18 years old.
4. Patients who had used other smoking cessation
medications within the last six months.
5. Patients who had previously used varenicline
before the AMI.
6. Patients who could not be contacted or whose
smoking status during the follow-up period was
unconfirmed.

Intervention and Medication Details

The treatment course spanned an 8-week
period. Varenicline dosage was scheduled as
follows: 0.5 mg once daily for days 1-3, 0.5 mg
twice daily for days 4-7, and 1.0 mg twice daily
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from day 8 onward. Side effects, withdrawal
symptoms, medication adherence and smoking
status were recorded during the follow-up visits
with dosage adjustments or termination made
as needed. Smoking abstinence was defined as
self-reported complete abstinence over 7 days,
recorded through telephone contact or clinic visit.

Follow-up and Data Collection

The primary endpoint focused on the efficacy
of varenicline. Other serious adverse cardiac
events such as MI, non-fatal stroke, all-cause
mortality, or coronary revascularization, were also
collected and reviewed at two check points.

Additional counseling, phone calls and
outpatient department (OPD) visits conducted up
to the 24th week, defined as short-term, served
as the first checkpoint—a common duration
included and maintained in most studies for
comparison. A telephone follow-up was scheduled

for August 2023, defined as the long-term period,
marking the second checkpoint, to assess the
long-term outcomes. This long-term follow-up
period ranged from a minimum of 2.2 years to
a maximum of 5.5 years (mean 3.3 years) and
included evaluations of smoking relapse and
major health events, as previously mentioned.

Results

A flowchart of study participant selection
is shown in Figure 1. From 2018 to 2021, we
enrolled 602 participants in our study (STEMI:
330, non-STEMI: 272 patients) who were
hospitalized due to AMI. A significant portion
(412 patients, 68.4%) were non-smokers and
were hence excluded from the study, leaving 190
current smokers that satisfied our criteria. Of these
remaining patients, 6 declined to take varenicline,
another 6 were on different smoking cessation

Patients hospitalized due to AMI who
received percutaneous coronary intervention
STEMI 330, non-STEMI 272, total 602

422 non-smokers
Excluded

Current smokers

hospitalized due to AMI (n=190)

6 refused to take varenicline.
6 were using other smoking cessation drugs
3 smoked <10 pack-years

Excluded

10 patients finished
24 week follow up

but died before

Excluded

4 patients received varenicline before AMI

2nd follow up

Enrolled patients were
followed up for a period of

years after receiving
varenicline (n=129)

Figure 1. Flowchart of patient selection process.

{>[ 32 were lost to follow-up

STEMI: ST-segment elevation myocardial infarction; Non-STEMI: Non-ST segment elevation myocardial

infarction.
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medications, 3 were excluded because their
smoking history covered less than 10 pack-years,
and 4 patients had received varenicline before the
AMI event. Furthermore, 13 participants were
lost to follow-up before the 24th week, and 19
participants were lost to follow-up before August
2023. A total of 139 patients, all of whom had a
smoking habit of =10 cigarettes per day and a
history of =10 pack-years, completed the 24th
week follow-up, and 10 patients died before
August 2023. Among the 129 patients who
completed both follow-up assessments, the mean
follow-up duration since initiation of varenicline

Table 1. Baseline characteristics of smokers with AMI.

treatment was 3.27 years.

Patient Demographics and Baseline
Characteristics

The demographics and baseline
characteristics of the patients are comprehensively
outlined in Table 1. The mean age of the
participants was 56 years, with 134 of them being
male (96%). All 139 patients underwent PCI,
whereby 85 (61.15%) presented with STEMI and
54 (38.85%) with non-STEMI. The mean length
of the hospital stay was 4.07 days. As regards
the varenicline treatment details, the mean time

Category Variable Value
Demographics Age, mean + SD, years 56 £10.63
Smoking duration, mean + SD, years 32.6 +10.10
Cigarettes smoked per day at baseline, mean + SD 26 £14.67
Cigarette pack-years at baseline, mean + SD 44.25 £31.42

Medical history

Hospital admission

Varenicline

Male

Diabetes mellitus

134 (96%)
60 (43.17%)

Hypertension 72 (51.80%)
Dyslipidemia 89 (64.03%)
Prior ischemic stroke 4 (2.88%)
Atrial fibrillation 9 (6.47%)
Heart failure 13 (9.35%)
Advanced chronic kidney disease (stage 3-5) 8 (5.76%)
End-stage kidney disease 6 (4.32%)
ST-segment elevation myocardial infarction 85 (61.15%)
Non-ST-segment elevation myocardial infarction 54 (38.85%)
Percutaneous coronary intervention 139 (100.00%)
Mean length of hospital stay, days 4.07 £1.85
Time from admission to first dose, mean + SD, years 9.01 £45.54
Mean duration of medication intake, mean + SD, weeks 7.08 £5.03

Patients who received first dose during hospitalization
Treatment course = 1 week

Treatment course > 8 weeks

125 (89.93%)
19 (13.67%)
59 (42.45%)

SD: standard deviation.
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from admission to the first dose was 9.01 days,
and the mean duration of medication intake was
7.08 weeks. A significant majority, namely 125
patients (89.93%), received their first dose during
hospitalization. Nineteen patients (13.67%) had a
treatment course of 1 week or less, and 59 patients
(42.45%) were treated for more than 8 weeks.

Outcomes:
Efficacy:

At the 24-week mark (short-term), the
overall smoking cessation rate was 76.26%
(106/139), while at the mean 3.3 years mark (long-
term) the cessation rate was 54.26% (70/129).
Success at both follow-up points was reported by
46.76% (65/139) of patients, while failure at both
follow-up points was reported by 19.42% (29/139)
of patients. For those administered medication for
<1 week, the cessation rate was 73.7% (14/19)
at the short-term mark, while at the long-term
mark the overall cessation rate was 57.9% (11/19).

Patients who took medication for >8 weeks,
due to the initial treatment's ineffectiveness, had
a cessation rate of 71.1% (42/59) at the short-
term mark and 38.98% (23/59) at the long-term
mark. We defined those who reported quitting
successfully at any two follow-up time points
as cessation-experienced patients, and those
who never reported quitting as cessation-failure
patients. Between the cessation-experienced group
and the cessation-failure group there were no
significant differences in smoking duration, daily
consumed amount and pack-years. The cessation-
experienced group seemed to be older but this
difference did not reach statistical significance.
As shown in Table 2, the cessation-failure group
had a significantly higher prevalence of advanced
chronic kidney disease (CKD) (stages 3-5)
(14.29% vs. 3.6% p=0.0301) but not end-stage-
renal-disease (ESRD) (0% vs. 5.41% p=0.208)
or other baseline diseases, compared with the
cessation-experienced group.

Table 2. *Possible predictors of the cessation-failure group and the cessation-experienced group.

cessation-failure

cessation-experienced

(n=28) (n=111) Chi-Square
N (%) N (%) P-value
Age Mean +SD 52.75 £9.9 56.81 £10.69 0.0706
Smoking duration Mean +SD 31.43 £8.48 32.86 £+10.48 0.5033
Daily consumption Mean +SD 27.54 +13.93 26.03 £14.89 0.4270
Pack-years Mean £SD 45.5 £31.61 43.94 £31.51 0.7222
Baseline disease
Diabetes mellitus 15 (53.57%) 45 (40.54%) 0.2135
Hypertension 14 (50%) 58 (562.25%) 0.8312
Dyslipidemia 17 (60.71%) 72 (64.86%) 0.6826
Stroke 0 (0%) 4 (3.6%) 0.3081
Atrial fibrillation 0 (0%) 9 (8.11%) 0.1192
Heart failure 1(3.57%) 12 (10.81%) 0.2397
Chronic kidney disease 4 (14.29%) 4 (3.6%) *0.0301
End-stage renal disease 0 (0%) 6 (5.41%) 0.2085

*Reaches statistical significance
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Cardiac events around smoking cessation

After a mean 3.3 years of follow up, we
recorded 10 mortality events, 4 strokes, 44 MIs
and 58 coronary revascularizations, while similar
all-cardiac events were detected in the two groups
(Table 3 and Figure 2). The cessation-failure
group (N=28) had slightly higher incidences of
new stroke (3.57% vs. 2.7%), MI (35.71% vs.
30.63%), coronary revascularization (42.86% vs.
41.44%) and lower all-cause mortality (3.57% vs.
8.11%), compared to the cessation-experienced
group (n=111). However, these differences were
not statistically significant.

STEMI group vs. non-STEMI group

The outcomes for the two different MI
groups are presented in Table 4. There were no
significant age and sex differences between the
groups. Both groups shared similar underlying
diseases, such as diabetes, hypertension, lipid
disorders, prior stroke, atrial fibrillation and
heart failure. However, the STEMI group had a
significantly lower proportion of advanced CKD
at baseline than the non-STEMI group (5.88%
vs. 16.67% p < 0.05), and was associated with a
lower risk of developing composite major events
(including MI, non-fatal stroke and death) (odds
ratio: 0.274; 95% confidence interval: 0.095-
0.791).

The smoking cessation rate is shown in
Figure 3. In our study, STEMI patients (n=85)
showed higher success rates than non-STEMI
patients (n=54) in both short-term (80% vs.

70.37%) and long-term treatments (57.65% vs.
37.04%).

Discussion

The study extends existing research,” which
focused on the safety of early cessation strategy
with varenicline prescription. To the best of our
knowledge, this is the first long-term follow-up
study of varenicline in a Taiwanese population
after AMI. Varenicline’s safety was confirmed in
the 2016 EAGLES trial,® and it has been shown to
be more effective in promoting smoking cessation
than single nicotine replacement therapy (NRT) or
bupropion through various clinical studies”"" that
included a Taiwanese population (5.2% vs 10.3%,
p = .001),"”" and it was also recommended in
the 2019 ACC/AHA Guideline." In patients
with ACS, the EVITA trial demonstrated higher
cessation rates with varenicline compared to
placebo." Recent studies have increasingly
focused on medication administration to AMI
patients during hospitalization,'® highlighting that
early intervention post-AMI admission is crucial
for successful smoking cessation.

Cessation experience

Assessment methods for smoking cessation
vary widely. Most trials prioritize point prevalence
for cessation as the primary outcome and sustained
cessation as a secondary endpoint. However,
relapses are common among smokers and often
occur multiple times before long-term cessation

Table 3. Comparison of new events occurring after medication between the cessation-failure group and the

cessation-experienced group.

cesse(l;c]lgg 8f)allure cessatlo(zziﬁae)rlenced Chi-Squared
N (%) N (%) P-value
Stroke 1 (3.57%) 3 (2.7%) 0.8059
Myocardial infarction 0 (35.71%) 34 (30.63%) 0.6053
Coronary revascularization 2 (42.86%) 46 (41.44%) 0.8920
All-cause mortality 1 (3.57%) 9 (8.11%) 0.4064

13
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Figure 2. Visualized outcome comparison between the cessation-failure group and the cessation-

experienced group.

Table 4. Comparison of new events occurring after medication between the STEMI group and the non-

STEMI group.
NSTEMI (n=54) STEMI (n=85)
N (%) N (%) P-value Test
Revascularization 12 (22.22%) 23 (27.06%) 0.5220 Chi-Squared
Major events 13 (24.07%) 6 (7.06%) 0.0044 Chi-Squared
Myocardial infarction 8 (14.81%) 17 (20%) 0.4379 Chi-Squared
Smoking duration (years) 32.91 £9.23 32.36 £10.66 0.7461 Wilcoxon
Daily consumption 26.93 £14.6 25.95 £14.78 0.5392 Wilcoxon
Varenicline duration (weeks) 7.46 £5.72 6.79 £4.32 0.8943 Wilcoxon
Relapse smoking amount 6.46 £10.27 3.92 £7.88 0.2310 Wilcoxon
Consumption reduction 20.46 £17.13 22.04 £15.06 0.4167 Wilcoxon
Short-term success rate 38 70.37% 68 80% 0.2730 Chi-Squared
Long-term success rate 21 37.04% 49 57.65% 0.2664 Chi-Squared

*Reaches statistical significance
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long-term

EMSTEMI:B5 mNSTEMI: 54

non-STEMI (n=54) STEMI (n=85)
38 70.37%
21 37.04%

Short term successful rate
Long term successful rate

Total (N=139)
68 80% 106  76.26%
49 57.65% 70 50.36%

Figure 3. Visualized cessation rate comparison between the STEMI group and the non-STEMI group.

is achieved."” Some studies have even reported a
75% relapse rate within six months."® Therefore,
we divided our comparison groups into those who
had achieved cessation and those who failed.

Efficacy

In 2016, the EVITA trial reported a 70.5%
smoking cessation rate at 24 weeks among
patients who started varenicline treatment in-
hospital following AMI, and other randomized
controlled trials have demonstrated long-term (52
weeks) cessation rates of around 20-25%."*" Even
compared to the general population in Taiwan,
where the cessation rate stands at 44.33% at 24
weeks,”" our study demonstrates remarkable
results. Over 50% of our study's participants
reported having quit smoking at the long-term
mark, and 76% reported having quit at 24 weeks,
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significantly exceeding the efficacy observed in
previous studies.

In our study, 79.9% of patients experienced
at least one cessation event. Even in those who
had relapsed by the long-term mark, 38.71%
(24/62) had reported a reduction of =50% in
daily cigarette consumption. However, the benefit
of simply reducing the quantity of smoking as
regards cardiovascular endpoints in patients
remains controversial in our study and in other
reports.”**

Data analysis has revealed that patients who
reported having quit smoking at both check points
had significantly shorter varenicline treatment
durations than those who had relapsed. This likely
reflects the adequate response of the successful
patient group to the initial treatment, negating the
need for extended therapy.
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Despite the absence of statistical significance,
patients in the STEMI group exhibited more
pronounced benefits than those in the non-STEMI
group, including higher rates of short- and long-
term cessation success (80.46% vs. 70.91% at 24
weeks and 57.47% vs. 40.0% at the 3-year mark)
and greater reduction in the quantity of cigarettes.

We hypothesize that sustained smoking
cessation in our study may have been due to
significant life events motivating patients, as
previous research has suggested.” No significant
differences between the groups were found in
smoking duration or cigarette quantity. However,
elderly patients seemed to have a higher chance
of quitting smoking. Similar results have been
reached by other studies,” indicating that it is
worthwhile to encourage high risk elderly smokers
to achieve long-term abstinence.

In our study, 129 out of 142 patients
(90.8%) began treatment within the first week
after PCI. Although we did not find a significant
difference in the rate of major events between the
early smoking cessation group (defined as those
who reported cessation at the short-term mark)
and those who did not quit smoking, the early
cessation group exhibited a higher rate of cessation
at the long-term mark (67.68% vs. 15.15%). This
suggests that those who achieved early smoking
cessation were more likely to maintain abstinence
through the 3-years mark.

Clinical Outcomes

There was no statistically significant
difference between the cessation-experienced
group and the failure group. However, the
cessation-experienced group seemed to have a
lower incidence of cardiovascular events. Though
the outcomes were not statistically significant, the
cessation-experienced group was older and had a
higher prevalence of hypertension, dyslipidemia,
stroke, atrial fibrillation, heart failure and ESRD.
Even with the comorbidities, the cessation-
experienced group still demonstrated a trend of
fewer recurrent MI and coronary revascularization
events. Besides, according to previous research,

16

it would take 10 to 15 years for former heavy
smokers to no longer be significantly associated
with elevated CVD risk, compared to lifetime
non-smokers.”® It is very likely that three years
of smoking cessation is not enough to achieve
statistical significance. Longer or large-scale
studies are needed to confirm this effect.

STEMI vs. non-STEMI

As reported by several studies, short-term
prognoses are worse for STEMI patients and
long-term outcomes are worse for non-STEMI
patients.”" Our findings align with these results,
showing that the STEMI group had a higher
incidence of unexpected PCI during the three-year
follow-up, while the non-STEMI group exhibited
a greater risk of composite major events (including
MI, non-fatal stroke and death). Although not
statistically significant, patients who continued
smoking at both follow-up points had a higher rate
of recurrent MI and coronary revascularization,
compared to those who had quit smoking at both
points. The difference in risk was particularly
apparent in the non-STEMI group, and less so in
the STEMI group.

Limitations

This study is subject to several limitations.
First, the small size of our sample curtailed our
ability to perform subgroup analyses. Based on
previous studies, longer and larger evaluation is
needed to achieve accurate results. Second, as
previously mentioned, opinions differ when it
comes to assessing smoking cessation. Not only
did we use prevalence at a single time period as
our outcome, but also most of our results relied on
patient self-reporting without confirmation based
on carbon monoxide concentration. This carries
the risk of underreporting due to concealment of
smoking habits, thus causing an overestimation of
the cessation rates in our study. Third, the absence
of a control group in our study's design as a single-
center, prospective, single-arm trial precludes any
comparison with AMI patient findings.
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Conclusion

Our findings indicate that early adminis-
tration of varenicline during hospitalization in
patients with AMI who received PCI yielded a
high rate of smoking cessation, even at the mean
3-year follow-up. STEMI and older patients seem
to have a higher rate of successful cessation.
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