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Varenicline-assisted smoking cessation decreases
oxidative stress and restores endothelial function

Toru Kato1,2, Akira Umeda3, Kazuya Miyagawa4, Hiroshi Takeda4, Taichi Adachi5, Shigeru Toyoda2,
Isao Taguchi2, Teruo Inoue2 and Koichi Node6

Smoking cessation decreases oxidative stress and restores vascular endothelial function. However, a recent meta-analysis

suggests that the use of varenicline, a a4b2 nicotinic acetylcholine receptor partial agonist, increases the risk of cardiovascular

events. This study was designed to determine the effect of varenicline-assisted smoking cessation on vascular endothelial

function. Study subjects were 11 healthy Japanese males (mean age, 54.4 years) without evidence of cardiovascular disease

who were eager to quit smoking. Each subject was treated with varenicline titrated up to 1.0mg twice daily. We evaluated

serum derivatives of reactive oxygen metabolites (d-ROMs) as a marker of oxidative stress, and flow-mediated dilation (FMD) of

the brachial artery as a marker of vascular endothelial function. Both measurements were performed before and 3 months after

completing smoking cessation. All subjects gained weight (average, 1.7 kg) after smoking cessation. However, there were no

significant differences in the following parameters before and after smoking cessation: systolic blood pressure, diastolic blood

pressure, heart rate, triglycerides, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, glucose and

hemoglobin A1c. Serum d-ROM levels significantly decreased from 340.7±70.4 to 300.0±43.2U.CARR (P¼0.012), and

FMD significantly increased from 3.36±1.26 to 5.25±1.33% (P¼0.00067) after smoking cessation. There was an inverse

correlation between FMD and serum d-ROM levels (R¼ �0.377; P¼0.043). Our observations suggest that varenicline-assisted

smoking cessation restores vascular endothelial function, and this is associated with decreased oxidative stress, despite an

increase in body weight. As varenicline-assisted smoking cessation possibly has beneficial effects on vascular endothelial

function, it might also reduce cardiovascular risk.
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INTRODUCTION

Endothelial dysfunction, the initial step in the pathogenesis of
atherosclerosis, may lead to cardiovascular events such as unstable
plaque rupture followed by acute coronary syndrome.1 It is well
known that the grade of endothelial function is a predictor of
cardiovascular outcomes. An impairment of endothelium-dependent
vasodilation represents the functional manifestation of endothelial
dysfunction that is characterized by decreased nitric oxide (NO)
bioavailability, decreased NO production and/or increased NO
inactivation. Oxidative stress also plays an important role in
atherogenesis. An imbalance of decreased NO production or
increased production of reactive oxygen species, mainly superoxide,
may promote endothelial dysfunction. One mechanism by which
endothelium-dependent vasodilation is impaired is an increase in
oxidative stress that inactivates NO.

Smoking increases oxidative stress and deteriorates vascular
endothelial function,2–4 and smoking cessation decreases oxidative

stress and ameliorates endothelial dysfunction.4–6 Various
pharmacotherapies have been successfully applied to assist with
smoking cessation.7 Varenicline, a partial agonist of the a4b2
nicotinic acetylcholine receptor, has been reported to achieve a
higher rate of smoking cessation than other previously released
drugs, such as bupropion or the nicotine patch.8 Varenicline has
also been reported to be safe, well tolerated and satisfactory to
subjects who are willing to quit smoking.9 Therefore, varenicline is
currently the most frequently used drug for the purpose of quitting
smoking in Japan. However, results of a recent meta-analysis suggest
that varenicline for smoking cessation may be associated with
increased cardiovascular risk.10

Recently, we reported that varenicline-assisted smoking cessation
improved vascular endothelial function in patients with hypertension,
diabetes and/or dyslipidemia who were eager to quit smoking.11

However, we did not focus on the association between endothelial
function and oxidative stress in that study. In the present study, we
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aimed to clarify whether varenicline-assisted smoking cessation
worsens or improves oxidative stress as well as vascular endothelial
function. Therefore, we simultaneously evaluated flow-mediated
dilation (FMD) of the brachial artery and serum derivatives of
reactive oxygen metabolites (d-ROMs) before and 3 months after
complete smoking cessation with varenicline. FMD was used as a
marker of vascular endothelial function and d-ROMs level as a
marker of oxidative stress.

METHODS

Study subjects
We selected study subjects according to the following inclusion criteria: X20

years old, males, smoking X10 cigarettes per day, Brinkman index (equivalent

to daily cigarette number� years) X200, a nicotine dependence score

(Tobacco Dependence Screener) X5, expired carbon monoxide level X9

p.p.m. and stated motivation to quit smoking.12 These criteria were established

by the Japanese drug use system for nicotine-dependent outpatients. Eleven

Japanese male smokers (54.4±12.7 years old), who visited smoking cessation

clinics to quit smoking, were recruited. In these 11 subjects, daily cigarette

consumption was 25.5±10.1, the duration of smoking was 36.7±9.9 years and

the Brinkman index was 807±355. None of these subjects had a history of

malignant disease, thyroid disease, liver disease, renal disease, diabetes mellitus,

hypertension or dyslipidemia. In addition, subjects were not taking any

medications such as statins, angiotensin-converting enzyme inhibitors and/or

angiotensin receptor blockers or supplements such as vitamin C known to

influence endothelial function and/or oxidative stress. Furthermore, all of the

subjects refrained from smoking, caffeine and alcohol for more than 2 h before

the measurements. All of the study subjects successfully quit smoking and

achieved abstinence. Subjects were encouraged to measure body weight

frequently and not to eat excessively.

The study protocol was approved by the institute’s committee (FK-110,

International University of Health and Welfare), and written informed consent

was taken from all subjects.

Treatment with varenicline and study procedures
As we previously reported,11 each subject was treated with varenicline titrated

up to 1.0 mg twice daily (0.5 mg once a day for the first 3 days, 0.5 mg twice a

day for next 4 days and 1.0 mg twice a day for 11 weeks). The target smoking

cessation date was planned to be within 7 days after the initiation of varenicline.

After the first visit on day 1, visit dates were planned on days 15, 29, 57, 85 and

99. Self-reported smoking status and exhaled carbon monoxide concentration

were assessed at each visit. Vital signs, body weight and adverse event

information were also collected at each visit. The FMD measurement and

blood sampling for biochemical analyses were performed at baseline before the

administration of varenicline on day 1 and on day 99 at B3 months after

cessation of smoking. Varenicline was discontinued on day 85.

Measurement of FMD
Endothelial function was assessed by measuring FMD of the brachial artery in

a core ultrasound laboratory using a standardized protocol according to

international guidelines13 and Japanese guidelines from the Vascular Failure

Working Group.14 We used an ultrasound system equipped with an edge-

tracking system for 2D imaging and a pulsed Doppler flow velocimeter for

automatic measurement (UNEXEF38G; Unex, Nagoya, Japan). The correlation

coefficient between two FMD measurements using this system was reported to

be 0.86 with a coefficient of variance of 11.2%.15 In brief, the diameter of the

brachial artery at rest was measured in the cubital region. Then, the cuff was

inflated to 50 mm Hg above systolic blood pressure for followed by deflation.

The diameter at the same point was monitored continuously in real time for at

least 1 min after deflation, and the maximum dilation of the brachial artery

was measured when there was a plateau. The FMD was calculated as follows:

FMD(%)¼ (maximum diameter�diameter at rest)� 100/diameter at rest. All

measurements were performed by a single technician who was blinded to the

study design.

Measurement of d-ROMs
Blood samples were collected from each subject in the morning after a 12-h

fast at baseline on day 1 and 3 months after varenicline-assisted smoking

cessation on day 99. Serum d-ROMs, a marker of oxidative stress, were

analyzed using a Free Radical Analytical System 4 (Diacron, Grosseto, Italy).

The level of d-ROMs was measured by a single technician using a previously

reported method.16–18 Briefly, a serum sample and acidic buffered solution (R2

kit reagent, pH 4.8) were mixed in a cuvette, and a chromogenic substrate (R1

kit reagent) was then added to the cuvette. After mixing well, the cuvette was

immediately incubated in the thermostatic block of the analyzer for 5 min, and

then absorbance at 505 nm was recorded. Measurements were expressed as

arbitrary units (U.CARR). This method spectrophotometrically detects the

oxidization of N,N-diethyl-para-phenylenediamine by radicals converted from

hydroperoxides. The intraassay and interassay coefficients of variation for the

level of d-ROMs were 3.2% and 3.6%, respectively, and the analytical range

was 50–500 U.CARR. The normal reference level indicated by the manufacturer

is 250–300 U.CARR.

Statistical analysis
The data are expressed as the mean±s.d. The patient characteristics, serum

d-ROMs level and FMD before and after smoking cessation were compared

using Student’s paired t-test. The correlation between serum d-ROMs and

FMD was examined using linear regression analysis. A two-tailed P-value of

o0.05 was considered statistically significant.

RESULTS

Characteristics of the study subjects
Clinical characteristics of subjects before and after varenicline-assisted
smoking cessation are shown in Table 1. Body weight and the body
mass index significantly increased after 3 months of varenicline-
assisted smoking cessation. However, there were no significant
changes in blood pressure, heart rate or the levels of triglyceride,
low-density lipoprotein (LDL) cholesterol, high-density lipoprotein
cholesterol, fasting blood glucose and hemoglobin A1c (presented as
Japan Diabetes Society score) after smoking cessation.

Changes in FMD and d-ROMs level after smoking cessation
Brachial artery diameter was similar before and after smoking
cessation (4.54±0.56 vs. 4.43±0.56 mm; P¼ 0.16). The hyperemic
blood flow after cuff deflation was also similar before and after
smoking cessation (386.7±64.8% vs. 481.1±156.1%; P¼ 0.079). The
FMD of the brachial artery increased from 3.36±1.26 to 5.25±1.33%

Table 1 Clinical characteristics of subjects before and after smoking

cessation

Characteristic Before (n¼11) After (n¼11) P-value

Age, years 54.4±12.7

Body weight, kg 71.4±12.1 73.1±11.2 0.0015

Body mass index, kgm�2 25.9±3.5 26.2±3.4 0.0010

Systolic blood pressure, mmHg 121.6±12.6 126.1±13.8 0.13

Diastolic blood pressure, mm Hg 72.2±6.5 76.6±6.7 0.071

Heart rate, b.p.m. 63.5±10.9 65.5±10.2 0.25

Triglycerides, mgdl�1 196.0±69.7 217.1±133.5 0.31

LDL cholesterol, mgdl�1 116.5±26.8 111.5±21.9 0.25

HDL cholesterol, mgdl�1 49.4±11.9 49.8±13.1 0.37

Glucose, mgdl�1 96.1±13.1 98.5±11.4 0.18

HbA1c, % 5.4±0.5 5.5±0.7 0.16

d-ROM, CARR 340.7±70.4 300.0±43.2 0.012

Abbreviations: HbA1c, hemoglobin A1c; d-ROM, derivative of reactive oxygen metabolite; HDL,
high-density lipoprotein; LDL, low-density lipoprotein.
Values are mean±s.d.
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(P¼ 0.00067) after smoking cessation with varenicline (Figure 1, left).
The d-ROM level significantly decreased from 340.7±70.4 to
300.0±43.2 U.CARR (P¼ 0.012) after smoking cessation with var-
enicline (Figure 1, right). Based on 22 measurements before and after
smoking cessation in 11 patients, there was an inverse correlation
between FMD and d-ROM level (Figure 2). However, there was no
inverse correlation between decrease of d-ROM and increase of FMD
(P¼ 0.32).

DISCUSSION

In this study, we demonstrated that FMD increased and d-ROMs level
decreased after complete smoking cessation with varenicline in
11 male smokers without other cardiovascular risk factors. In
addition, there was an inverse correlation between FMD and d-ROMs
level. These results suggest that varenicline-assisted smoking cessation
might improve vascular endothelial function, and this is associated
with a reduction in oxidative stress.

Varenicline-assisted smoking cessation and vascular endothelial
function
Harrison-Woolrych et al.19,20 reported that patients who took
varenicline had an increased risk of cardiovascular events, attributed
partly to coronary artery spasm (that is, coronary endothelial
dysfunction induced by varenicline). However, Iida et al.21 showed
that varenicline prevented the impairment of endothelial function in
cerebral vessels induced by acute smoking in rats. They found that
varenicline itself did not change the response to Ach, but prevented
the smoking-induced impairment of endothelium-dependent
vasodilation. Johnson et al.22 reported that endothelial function was
improved after smoking cessation with various pharmacotherapies
such as the nicotine lozenge, nicotine patch, sustained-release
bupropin, nicotine patch plus nicotine lozenge or sustained-release
bupropion plus nicotine lozenge. They reported that the increase in
FMD after 1 year of smoking cessation was 1%. In our present study,
greater improvement of endothelial function after varenicline-assisted
smoking cessation was evident, as FMD increased from 3.36±1.26 to
5.25±1.33% (that is, 1.89% increase).

In our study, varenicline-assisted smoking cessation resulted in
significant weight gain (1.7 kg), although there were no significant
differences in blood pressure, heart rate or the levels of triglyceride,
LDL cholesterol, high-density lipoprotein cholesterol, fasting blood

glucose and hemoglobin A1c. Although an increase in body weight
could possibly lead to worsening endothelial function, this could be
offset by improved endothelial function because of smoking cessation.
Smoking cessation is often accompanied by an increase in body
weight.23,24 According to Aubin et al.,23 weight increased by B1 kg
per month for the first 3 months after smoking cessation; thereafter,
the rate of weight gain was reduced, leading to an estimated weight
increase of B4–5 kg at 12 months. Therefore, the 1.7 kg weight gain
after smoking cessation in our study seems to be small. We excluded
female subjects because menstrual cycle-dependent effects and/or
hormone-dependent effects of endothelial function are relevant in
females.25 This exclusion might be responsible for the smaller weight
gain in our study, because male smokers reported less weight gain
than female smokers after smoking cessation.23

Yeboah et al.26 reported that an B1% increase in FMD was
associated with a significantly lower rate of incident cardiovascular
events. In our study, the average increase in FMD 3 months after
smoking cessation with varenicline was 1.89%, suggesting that
varenicline-assisted smoking cessation may prevent cardiovascular
events through the improvement of vascular endothelial function.

A meta-analysis by Singh et al.10 suggested that the use of
varenicline for smoking cessation increases the risk of cardiovascular
events. However, they analyzed data for a period of 52 weeks, and
used far more extreme Peto odds ratios that are far more extreme than
the Mendel–Hanzel odds ratios that well match the relative risks. We
evaluated endothelial function and oxidative stress before and after
12-week treatment with varenicline.

Oxidative stress and vascular endothelial function
Oxidative stress plays an important role in the process of vascular
endothelial damage.1,27–29 In previous studies, various oxidative stress
markers such as malondialdehyde-modified LDL, oxidized-LDL,
8-isoprostane and 8-hydroxy-2-deoxyguanosine have been assessed.
There are an increasing number of smoking studies showing that
smoking increases these oxidative stress markers. However, these
markers represent oxidative stress indirectly through products that
result from oxidative stress. In contrast, d-ROMs are metabolites of
reactive oxygen species and thus may be a more direct measurement of
the total amount of oxidative stress. The level of d-ROMs in smokers
has been reported to increase depending on the number of cigarettes
smoked per day.22 Our study is the first to demonstrate that smoking
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Figure 1 Changes in flow-mediated dilation (FMD; left) and serum

derivatives of reactive oxygen metabolite (d-ROM) level (right) after smoking

cessation with varenicline. The FMD significantly increased and the level of

d-ROM significantly decreased 3 months after varenicline-assisted smoking
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measurements before and after smoking cessation in a total of 11 patients.

There was an inverse correlation between FMD and the d-ROM level.
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cessation decreases d-ROMs level and is the first to show a correlation
between d-ROM level and FMD. Our results suggest that d-ROM
measurement would be a useful modality to assess the effects of
smoking cessation on oxidative stress-associated endothelial function.
From our results, we can envision that oxidative stress seems to be the
major cause of impaired endothelial function due to smoking.

Study limitations
The present study has several potential limitations. First, the sample
size was small because we tried to avoid heterogeneity in the
background of subjects. We excluded females to avoid possible
menstrual cycle-dependent effects and/or the hormone-dependent
effects. In addition, there was no control group of subjects who took
varenicline but continued to smoke. We did not examine the FMD
and d-ROM level return to nonsmokers value. Further large-scale
prospective studies including females with an appropriate control
group are necessary to establish the effects of varenicline-assisted
smoking cessation on vascular endothelial function and oxidative
stress. In the present study, we did not assess endothelium-indepen-
dent vasodilation, because sublingual administration of nitroglycerin
was not included in the protocol. Furthermore, we only measured
d-ROMs as an oxidative stress marker; however, other oxidative stress
markers and antioxidants should be measured simultaneously to
assess the balance between oxidative and antioxidative capacity.

CONCLUSIONS

Vascular endothelial function improved and oxidative stress
decreased, despite weight gain at 3 months after varenicline-assisted
smoking cessation. The improvement of endothelial function might
be associated with decreased oxidative stress, potentially leading to
cardiovascular risk reduction after smoking cessation.
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