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Abstract Vessel wall inflammation promotes the destabi-
lization of atherosclerotic plaques. The lectin-like oxidized
low-density lipoprotein (LDL) receptor-1 (LOX-1) expressed
by vascular cells and monocytes. LOX index is calculated
by multiplying LOX-1 ligand containing apolipoprotein B
level with the soluble LOX-1. A high LOX index reflects an
increased risk for stroke and myocardial infarction. How-
ever, the change in LOX index after smoking cessation and
the relationship between smoking-related variables and LOX
index are unknown. Relation of the clinical parameters to the
LOX index was examined on 180 subjects (135 males and
45 females) at the first visit to our outpatient clinic for smok-
ing cessation. The impact of smoking cessation on the LOX
index was also determined in the 94 subjects (62 males and
32 females) who successfully stopped smoking. Sex-adjusted
regression analysis and multivariate analysis identified
three independent determinants of the LOX index, namely,
low-density lipoprotein-cholesterol (LDL-C; g = 0.311,
p < 0.001), high-sensitivity C-reactive protein (f = 0.358,
p < 0.001), and expired carbon monoxide concentration
reflecting smoking heaviness (f = 0.264, p = 0.003). Body
mass index (BMI) significantly increased 3 months after the
onset of smoking cessation (p < 0.001). However, the LOX
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index significantly decreased (p < 0.001), regardless of the
rate of increase in BMI post-cessation. The LOX index is
closely associated with smoking heaviness as well as dys-
lipidemia and an inflammation marker. Smoking cessation
may induce a decrease in this cardiovascular risk marker,
independently of weight gain.
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Abbreviations

LDL Low-density lipoprotein

LOX-1 Lectin-like oxidized low-density lipoprotein
receptor-1

sLOX-1 Soluble LOX-1

LAB LOX-1 ligand containing ApoB

LDL-C Low-density lipoprotein-cholesterol

CO Carbon monoxide

ppm Parts per million

BMI Body mass index

SBP Systolic blood pressures

DBP Diastolic blood pressures

FTND  Fagerstrom test for nicotine dependence
HbAlc Hemoglobin Alc

HDL-C High-density lipoprotein-cholesterol
hsCRP  High-sensitivity C-reactive protein

rpm Revolutions per minute

ELISAs Enzyme-linked immunosorbent assays
SPSS Statistical package for social sciences
Introduction

The leptin-like oxidized low-density lipoprotein recep-
tor-1 (LOX-1) is a cell surface receptor of atherogenic
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oxidized low-density lipoproteins (Ox-LDL) expressed
by vascular endothelial cells and monocytes. LOX-1 was
suggested to play a role in the destabilization of athero-
sclerotic plaques. Dysfunctional vascular endothelium
cells overexpress LOX-1, and some of the receptors are
released into the bloodstream in a soluble form (sLOX-1).
A correlation was established between the serum levels of
sLOX-1 and LOX-1 [1]. Circulating sLOX-1 is used as a
biomarker of acute coronary syndromes [2]. On the other
hand, LOX-1 ligand containing ApoB (LAB) is a modi-
fied LDL that binds to LOX-1. LAB is considered a better
marker than the standard lipid parameters [3, 4]. Serum
LAB levels predict the risk of cardiovascular events [5]. In
addition, high LAB levels have been reported in smokers
and patients diagnosed with the metabolic syndrome [6].
An overexpression of LAB stimulates the production of
LOX-1. When LOX-1 binds to a modified LDL, chronic
inflammation is induced in vascular endothelial cells,
resulting in atherosclerosis.

The LOX index is calculated by multiplying the concen-
tration of LAB and sLOX-1 [LOX index = LAB x sLOX-1].
The LOX index measures the risk level of vascular wall cur-
ing and disease progression during the initial stage of arte-
riosclerosis [7]. Low-density lipoprotein-cholesterol (LDL-
C) is a predictor of atherosclerosis [8], but it is not a reliable
marker of cardiovascular risk, because approximately 30% of
the myocardial infarctions occur when the patient’s LDL-C
level is within the normal range. Furthermore, there is no
relationship between the incidence of stroke and LDL-C
levels [9]. On the other hand, LOX index reflects the initial
stage of arteriosclerosis when other markers are still in the
normal range. As such, the LOX index was suggested to be
a useful marker for the early diagnosis of stroke and myo-
cardial infarction [7]. An 11-year prospective cohort study
conducted on 2437 subjects revealed that a high LOX index
reflects an increased risk of stroke (approximately three
times) and myocardial infarction (approximately twice) [10].
Finally, the LOX index is used as a preventive tool to raise
awareness by quantifying the future cardiovascular risk, and
might, therefore, be useful for the development of preven-
tive medicine.

Smoking is a significant risk factor of atherosclerosis
and cardiovascular disease [11]. The prevalence of car-
diovascular disease is three to four times higher among
smokers than non-smokers [12]. The mortality rate from
myocardial infarction and stroke increases proportionally
with the number of cigarettes smoked per day [13, 14].
For Japanese men, the relative risk of death from heart
diseases is 4.2-fold higher for smokers who consume
less than 20 cigarettes, and 7.4-fold higher for smokers
who consume more than 20 cigarettes, as compared with
non-smokers [15]. Fortunately, the cardiovascular risk
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decreases within 2 years after smoking cessation [12, 13].
It has been reported that sSLOX-1 levels are associated with
an inflammatory marker, high-sensitivity C-reactive pro-
tein (hsCRP) in smokers [16]. However, no study has inves-
tigated the potential of the LOX index as a cardiovascular
risk marker in smokers, and the relationship between the
LOX index and smoking cessation. Therefore, the present
study investigated the association between the LOX index
and smoking-related factors, and the impact of smoking
cessation on the LOX index.

The al-antitrypsin-low-density lipoprotein complex
(AT-LDL) is an oxidatively modified LDL that acceler-
ates atherosclerosis. We previously reported that the
decrease (improvement) in serum AT-LDL levels detected
after smoking cessation is suppressed by weight gain after
smoking cessation [17]. The AT-LDL levels decreased
in the subjects with a low BMI increase, but not in those
with a high BMI increase. However, the possible impact
of weight gain after smoking cessation on the LOX index
is unknown. Therefore, the present study addressed this
question as well.

Materials and methods
Participants

A prospective study was conducted on Japanese smokers
from April 2007 to March 2010. All subjects enrolled in this
study consulted the Smoking Cessation Clinic located at the
Health Evaluation Center National Hospital Organization of
the Kyoto Medical Center. The exclusion criteria were as fol-
lows: an acute coronary syndrome; an infection or a pyrexial
illness; a recent myocardial infection or stroke (<3 months);
an extensive renal transplant or a serum creatinine level of
>3 mg/dL; liver failure defined as a chronic hepatic dis-
ease (e.g., cirrhosis) or biochemical evidence of significant
hepatic dysfunction (e.g., bilirubin level of >threefold higher
than the upper limit of the normal range, in association with
aspartate aminotransferase/alanine aminotransferase/alkaline
phosphatase activity levels of >threefold higher than the
upper limit of the normal range); and an active inflammatory
diseases. A high TG level would decrease the reliability of
the LDL-C level. Therefore, we excluded 27 individuals with
a TG level of >400 mg/dL or for whom the TG level during
their initial visit to the smoking cessation clinic remained
unknown. An informed written consent was obtained from
all participants. They were not coerced into taking part in
this study. All study data were anonymized by the removal
of personal identifiers. The Ethical Review Board, National
Hospital Organization, Kyoto Medical Centre approved the
study protocol.
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Smoking cessation clinic and data collection

All anti-smoking treatments were conducted according
to the Standard Procedures for Anti-Smoking Treatment
(originally issued in March 2006 by the Japanese Circu-
lation Society, Japan Lung Cancer Society, and Japanese
Cancer Association) [18]. The subjects were examined at
their first visit, and then 2, 4, 8, and 12 weeks later. The
treatment modalities were transdermal nicotine patches
or the oral administration of varenicline. At each visit,
the subjects were questioned to verify the maintenance
of smoking cessation, and specific advice was given by
a nurse and a doctor to facilitate smoking cessation. The
smoking states of each subject were assessed at the end of
the 12-week anti-smoking treatment and 1 year after the
smoking cessation treatment. Abstinence was confirmed by
the subject’s non-smoking statement and an expired car-
bon monoxide (CO) concentration of <7 parts per million
(ppm). An attempt to quit smoking was deemed unsuccess-
ful when the subject stopped attending the visits during
the treatment period or attended the visits but failed to
maintain smoking cessation.

Body mass index (BMI) was calculated as the weight
expressed in kilograms divided by the height expressed in
meters squared. Systolic blood pressure (SBP) and dias-
tolic blood pressure (DBP) were measured in a sitting
position, after a resting period of >5 min, using an auto-
matic electronic sphygmomanometer (BP-103ill; Nippon
Colin, Komaki, Japan) [19]. A regular sized cuff appro-
priate for Japanese individuals (arm length 17-32 cm)
was used as recommended. At each visit, a nurse used
an EC50 Micro Smokerlyzer® (Bedfont Scientific, Ltd.,
Kent, UK) to measure electronically the end-tidal CO
concentration with a reported precision of >98% [20].
During the first consultation, nicotine dependence was
assessed using the Fagerstrom Test for Nicotine Depend-
ence (FTND), a global standard test of the physical
dependence on nicotine [21-23]. The scores range from 0
to 10, with the higher scores indicating more severe nico-
tine dependence. The number of cigarettes smoked per
day was determined by asking the question: “on average,
in the past month, how many cigarettes did you smoke
per day?”

Blood analysis

Blood analysis was conducted to monitor the biochemical
and hematological profiles of the study participants. The
blood samples were collected from the antecubital vein
2-3 h after lunch to measure the levels of hemoglobin Alc
(HbA1c), high-density lipoprotein-cholesterol (HDL-C),

LDL-C, and hsCRP. The blood samples were immediately
centrifuged (3000 rpm; 10 min) at 4 °C. The plasma levels
of HbAlc and the serum levels of HDL-C and LDL-C were
measured using an automatic analyzer (LABOSPECT 008;
Hitachi High-Technologies Co., Ltd., Tokyo, Japan) and
enzyme-based reagents (Kyowa Medex Co., Ltd., Tokyo,
Japan) [17]. The serum levels of LAB and sLOX-1 were
measured using specific enzyme-linked immunosorbent
assays (ELISAs) (Ikagaku Co., Ltd., Kyoto, Japan), as previ-
ously described [7]. Briefly, the LAB levels were measured
with recombinant LOX-1, whereas the sSLOX-1 levels were
measured with a monoclonal anti-ApoB antibody (HUC20)
and two monoclonal anti-human LOX-1 antibodies (T'S92
and HCUS5-40) [16].

Statistical analysis

All statistical analyses were carried out using the Statistical
Package for Social Sciences (SPSS) Statistics 17.0 (SPSS
Inc., Chicago, IL, USA). Normality was assessed using the
Shapiro—Wilk test. A logarithmic transformation of the CO
and hsCRP levels was performed for the statistical analysis.
The correlations between the LOX index and the smoking-
related and atherosclerosis-related factors were examined
by correlation analysis after adjustment for sex. The fac-
tors related to the LOX index were analyzed by multivariate
analysis after adjustment for sex. Furthermore, the change in
LOX index at 3 months after smoking cessation was exam-
ined using the paired ¢ test for parametric data or the Wil-
coxon signed-rank test with Bonferroni correction for non-
parametric data. In addition, changes in data from before to
after smoking cessation were compared by repeated-meas-
ures ANOVA between patients prescribed Nicotine patch
and Varenicline. Statistical significance was set at p < 0.05.

Results
Clinical characteristics of the participants

Various parameters were evaluated in the 180 smok-
ers (135 males and 45 females), aged 25-81 years (mean
60 + 13 years), at our smoking cessation clinic. Table 1
shows the data collected during the first visit. The mean
number of smoking years was 38 + 12, median number of
cigarettes smoked per day was 20 [20, 30], median CO con-
centration in exhaled breath was 16 [10, 24] ppm, and mean
FTND score was 7.2 + 1.9. In terms of medication, 73 sub-
jects (40.6%) received anti-hypertensive agents, 36 (20.0%)
subjects received statins, and 38 (21.1%) subjects received
medications for diabetes mellitus.
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Table 1 Clinical characteristics of smokers (N = 180)

Age (years) 60+ 13
Male/female 135/45

BMI (kg/m?) 23+4

SBP (mmHg) 128 + 19
DBP (mmHg) 73+ 12
HbAlc (NGSP) (%) 5.5[5.2,6.1]
HDL-C (mg/dL) 56 + 17

LDL-C (mg/dL)
hsCRP (mg/dL)

112 [89, 131]
0.24 [0.14, 0.98]

Daily cigarette consumption (7) 20 [20, 30]
Smoking years 38+ 12
CO (ppm) 16 [10, 25]
FTND score 72+19

Data are presented as mean =+ standard deviation or median [inter-
quartile range]

Table 2 Gender-adjusted analysis on correlation between LOX index
and clinical parameters in smokers (N = 180)

Univariate Multivariate

p value p value p value p value
Age (years) —0.062 0.426 - -
BMI (kg/m?) 0.137 0.068 - -
SBP (mmHg) 0.005 0.948 - -
DBP (mmHg) 0.088 0.250 - -
HbAlc (%) 0.049 0.531 - -
HDL-C (mg/dL) —-0.103 0.241 - -
LDL-C (mg/dL) 0.393 <0.001 0.311 <0.001
Log_hsCRP 0.257 0.002 0.358 <0.001
Daily cigarette con- 0.175 0.023 - -

sumption ()

Smoking years 0.015 0.853 - -
Log_CO (ppm) 0.114 0.133 0.264 0.003
FTND score 0.178 0.018 - -

S value: correlation coefficients, R> = 0.268

Correlations between the LOX index and the clinical
parameters

Clinical correlation analysis revealed a positive relation-
ship between the LOX index and LDL-C (f = 0.393,
p < 0.001), log-transformed serum hsCRP (f = 0.257,
p = 0.002), daily cigarette consumption (f = 0.175,
p = 0.023), and the FTND score (f = 0.178, p = 0.018;
Table 2). Multivariate regression analysis of these base-
line data identified independent determinants of the
LOX index, namely LDL-C (§ = 0.311, p < 0.001), log-
transformed serum hsCRP (f = 0.358, p < 0.001), and
log-transformed expired CO concentration (f = 0.264,
p =0.003).
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Table 3 Data on patients before and after 3 months of successful
smoking cessation (N = 94)

Baseline 3 months p value
BMI (kg/m?) 23.6 £3.7 24.0 +£3.7 <0.001a
SBP (mm Hg) 132 + 16 127 + 16 0.010a
DBP (mm Hg) 76 + 11 76 + 11 0.595a
HbA . (%) 5.4[5.2,5.8] 5.5[5.2,5.9] 0.163b
HDL-C (mg/dL) 55+ 15 60 =17 <0.001a
LDL-C (mg/dL) 118 [87, 134] 118 [90, 140] 0.498b
hsCRP (mg/dL) 0.8 [0.3, 2.5] 0.7 [0.3,2.4] 0.720b
CO (ppm) 13 [8, 19] 1[1,2] <0.001b
LOX index 3239 [2216, 4865] 2480 [1568, 4065] <0.001b

Data are presented as mean + SD or median [interquartile range]

p value: a, paired ¢ test; b, Wilcoxon signed-rank test

Table 4 Clinical characteristics of smokers (N = 93)

Nicotine replace-
ment therapy

Varenicline (n = 50) p value

(n=43)

Male/female 31/12 31/19 0.379
Age (years) 60 + 14 61 +11 0.627
Daily cigarette 20 [15, 25] 20 [20, 25] 0.032

consumption

()
Smoking years 39 + 12 40 £ 10 0.673
FTND score 59+26 70+2.1 0.035

Data are presented as mean =+ standard deviation or median [inter-
quartile range]

The impact of successful smoking cessation
on the clinical parameters

Table 3 compares the parameters collected at the first
visit and 3 months after the onset of smoking cessation
for the 94 participants (62 males and 32 females, mean
61 + 12 years) who successfully quit smoking. At the first
visit, the subjects reported a mean number of cigarettes
smoked per day of 23 + 11 and a mean number of smok-
ing years of 39 + 11, with an FTND score of 6.5 + 2.3.
The clinical examination revealed a significant increase in
BMI (p < 0.001) and HDL-C (p < 0.001), and a significant
decline in SBP (p = 0.010), CO concentration (p < 0.001),
and LOX index (p < 0.001), from baseline to 3 months
after the beginning smoking cessation therapy.

Of the 94 individuals who successfully quit smoking,
one individual did not require a smoking cessation aid,
whereas the others included 43 individuals who used a
nicotine patch and 50 who used varenicline. Demographic
characteristics prior to quitting smoking are shown in
Table 4. Individuals who received varenicline consumed
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more cigarettes per day and had a higher FTND score (an
indicator of nicotine dependence) than individuals who
used a nicotine patch. In addition, changes in data from
before to after smoking cessation were compared to deter-
mine differences related to the type of smoking cessation
aid. The results of that comparison are shown in Table 5.
Individuals who received varenicline experienced more
increase in the LDL-C after smoking cessation than those
who used a nicotine patch. However, changes in the LOX
index from before to after smoking cessation did not sig-
nificantly differ between the two groups.

Most individuals who visited the smoking cessation
clinic but continued to smoke eventually stopped visiting
the clinic. Accordingly, data from the initial smoking cessa-
tion clinic visit to 3 months after the initial visit (during the
5th visit) were compiled for only 18 individuals. Individuals
who continued to smoke tended to exhibit a decrease in the
LOX index from 11,595 (during the initial visit) to 6317
(after 3 months). However, these LOX index values were
not significantly different (p = 0.145).

The impact of weight gain after smoking cessation
on the LOX index

Five participants were removed due to the lack of BMI
data. For the remaining 89 subjects, the median rate of
BMI increase was 1.297% from baseline to 12 weeks after
the onset of smoking cessation therapy. This rate was used
as the cut-off value to divide these 89 participants into
two groups: those with a rate of BMI increase below the
median (ABMI < median; 34 males and 10 females) and
those with a rate of BMI increase at, or above, the median
(ABMI > median; 26 males and 19 females). Aside from the
HbAIlc level (p = 0.008), there was no significant difference
in baseline data between the two groups.

Table 6 compares the data collected before and after
smoking cessation for the ABMI < median group (upper
part) and the ABMI > median group (lower part). There

Table 6 Patients’ data before and after 3 months of successful smok-
ing cessation: comparison between patients with smaller versus larger
BMI changes (N = 94)

Baseline 3 months p value
ABMI

(%) < median®

BMI (kg/m?) 23.8+4.2 23.5+4.1 0.002a
SBP (mmHg) 1315+ 17.6 126.6 + 16.7 0.029a
DBP (mmHg) 75.0 £12.6 74.1 £ 11.5 0.483a
HbAlc (%) 5.6[5.3,64] 5.61[5.2,6.3] 0.782b
HDL-C (mg/dL) 55.7 +16.4 61.8+17.1 0.002a
LDL-C (mg/dL) 112.6[89.1, 113.5 [88.1, 0.703b

133.0] 137.3]
hsCRP (mg/dL) 0.8 [0.2, 3.6] 0.6 [0.3, 2.3] 0.156b
LOX index 3058 [1736, 5220] 2198 [1548, 3328]  0.001b
ABMI

(%) > median®

BMI (kg/m?) 233+32 245+33 <0.001a
SBP (mmHg) 1325 £ 15.1 128.5 £ 16.5 0.123a
DBP (mmHg) 784 £8.7 77.6 £9.7 0.525a
HbAlc (%) 5.31[5.1,5.6] 5.31[5.1,5.6] 0.075b
HDL-C (mg/dL) 54.3 +13.5 56.6 + 18.0 0.072a
LDL-C (mg/dL) 122.1[87.0, 134.3] 118.5[95.0, 0.795b

142.0]

hsCRP (mg/dL) 0.8 [0.4,2.2] 1.0[0.4, 3.9] 0.351b
LOX index 3517 [2269, 4940] 2748 [1650, 4477]  0.016b

Data are presented as mean + SD or median [interquartile range]
Bold indicates statistical significance p values (p < 0.05)

p value: a, paired ¢ test; b, Wilcoxon signed-rank test

A Median ABMI = 1.297%

Table 5 Data on patients before and after 3 months of successful smoking cessation (N = 93)

Nicotine replacement therapy (n = 43)

Varenicline (n = 50)

OM 3M p value for group OM 3M p value for group Time X group

BMI 23.8+3.6 24.1 +3.6 0.038a 23.6 +£3.7 240+ 3.7 0.002a 0.505¢
SBP 132+ 14 128+16 0.043a 131 + 18 127+ 17.3 0.083a 0.941c
DBP 77+ 12 76.1 + 11 0.68a 76 + 11 76 +£10.8 0.688a 0.96¢

HbAlc 5.415.2,5.7] 5.5[5.2,5.9] 0.387b 5.41(5.1,5.8] 5415.1,6.0] 0.389b 0.284c
HDL-C 56 + 16 57+18 0.26a 55+ 14 61 +17.4 <0.001a 0.027¢
LDL-C 117 [87, 134] 118 [95, 143] 0.142b 119 [87, 135] 118 [88, 140] 0.808b 0.349c¢
hsCRP 0.6 [0.3,2.4] 0.6 [0.3, 2.3] 0.646b 0.8 [0.4, 3.6] 0.9 [0.4, 3.0] 0.773b 0.582¢
LOX index 2784 [1654, 2573 [1222, 0.003b 3440 [2 349, 2378 [1653, 0.018b 0.204c

5586] 4018] 4444] 4065]

Data are presented as mean =+ standard deviation or median [interquartile range]

p value: a, paired ¢ test; b, Wilcoxon signed-rank test; c, repeated measures ANOVA
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was a significant decrease in LOX index 12 weeks after the
onset of smoking cessation in both the ABMI < median
group (28.1%; p = 0.001) and the ABMI > median group
(21.9%; p = 0.013). In addition, there was a significant
increase in HDL-C (p = 0.002) and significant decrease in
SBP (p = 0.029) in the ABMI < median group, but not in
the ABMI > median group.

Discussion

The LOX index is a biomarker used to predict the onset
of myocardial infarction and stroke [7, 10]. In the pre-
sent study, the multivariate regression analysis, conducted
on the baseline data collected before the smoking cessa-
tion treatment, indicated that the LOX index was posi-
tively correlated with markers of dyslipidemia (LDL-C),
inflammation (hsCRP), and smoking heaviness (exhaled
CO concentration). The rate of mortality from myocardial
infarction and stroke was reported to increase with the
number of cigarettes smoked per day [13, 14]. Therefore,
there may be a close relationship between the LOX index,
smoking, and cardiovascular diseases.

The cardiovascular risk decreases within 2 years after
smoking cessation [12, 13], but takes >10 years to reach
the level of a non-smoker [24]. Studies showed that serum
hsCRP levels return to the normal range within 5-10 years
after smoking cessation. However, the present study revealed
a significant decrease (improvement) in the LOX index from
baseline to 3 months after the onset of smoking cessation
therapy. Interestingly, LOX index has been shown to reflect
the progression of arteriosclerosis in the early stage, when
other markers are still in the normal range. Furthermore,
the LOX index was suggested to be a useful marker for the
early diagnosis of cardiovascular diseases [7]. In the present
study, the LOX index decreased (improved) significantly
within 3 months after smoking cessation. This finding sug-
gests that the LOX index may contribute an early marker
of the decrease in cardiovascular risk after smoking cessa-
tion. Individuals who visited the smoking cessation clinic
but continued to smoke tended to have a lower LOX index.
Among individuals who continued to smoke while visiting
the smoking cessation clinic, the exhaled CO concentration
decreased from 12 ppm during the initial visit to 5 ppm at
3 months after the initial visit. This reduction in smoking
presumably accounted for tendency of the decrease in the
LOX index.

Our study observed no difference in the extent of the
decrease in the LOX index after smoking cessation related to
the type of smoking cessation aid. However, the two groups
differed with respect to the characteristics of individuals; for
example, those who received varenicline consumed more
cigarettes per day and had a higher nicotine dependence

@ Springer

level. It is unclear why the extent of changes in HDL-C dif-
fers between varenicline and nicotine patch groups. A pro-
spective, double-blinded randomized controlled trial must
be conducted to rigorously compare the extent of changes
in various parameters including the LOX index associated
with the type of smoking cessation aid.

Although the cardiovascular risk decreases to a half at
early stage after smoking cessation [12, 13], and thereafter,
it decreases slowly [24]. The mechanisms regulating the
rate of decline in the risk are unknown. Nonetheless, the
inflammation caused by weight gain after smoking cessa-
tion might be one of the factors. We previously reported
that the AT-LDL, which is known to accelerate atheroscle-
rosis, decreased in the ABMI < median group but not in the
ABMI > median group after smoking cessation [17]. In con-
trast, the LOX index decreased in both groups at 3 months
after smoking cessation. Regarding the extent, however, the
LOX index decreased by 28% in the ABMI < median group
and 22% in the ABMI > median group after smoking ces-
sation. Accordingly, the possibility that weight gain might
attenuate this decrease (i.e., improvement) in the LOX index
after smoking cessation cannot be ruled out. Moreover, the
AT-LDL level has been associated with the number of smok-
ing years [25] and, therefore, may be affected by smoking for
a prolonged period. In contrast, the LOX index is related to
exhale CO concentration, which reflects the smoking status
in the past 24 h. In other words, the LOX index may be an
acute indicator of inflammation that better reflects the recent
smoking status than the duration of smoking (as reflected by
the AT-LDL level). The LOX index is determined by mul-
tiplying the LAB level by the sSLOX-1 level, which appears
in the blood when LOX-1 is cleaved and released. There-
fore, sSLOX-1 levels in the blood reflect the expression of
LOX-1, which increases 24 h after exposure to various types
of stimuli. As a result, the LOX index may shift within a
short period of time. In contrast, AT-LDL is an oxidized/
modified LDL, and its level is affected by an increase in
the LDL-C level as a result of weight gain. Therefore, AT-
LDL is affected by slow changes in weight (e.g., 3 months)
after smoking cessation, whereas the LOX index reflects
acute inflammation due to smoking. The LOX index might
thereby reflect the effectiveness of smoking cessation prior
to weight gain.

A prospective study of individuals who underwent health
checkups suggested that the LOX index is a future indicator
of cerebral and myocardial infarction [10]. The current study
observed a significant decline in the LOX index as a result of
smoking cessation during a 3-month period. Nevertheless,
whether a decline in the LOX index after smoking cessation
leads to and correlates with a decrease in cardiovascular
events must be studied further in the future.

There is a limitation to this study. The analysis only cov-
ered 3 months after smoking cessation. Therefore, other
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studies should be conducted to determine the long-term
impact of smoking cessation and weight gain post-cessation
on the LOX index. As the LOX index detected, with high
sensitivity, the change in smoking states early after cessa-
tion, further studies should assess whether the LOX index
could be used to grade the effects of short-term smoking
reduction and side-stream smoke.

Conclusions

The LOX index is closely associated with recent smoking
states as well as dyslipidemia and an inflammation marker.
Smoking cessation may induce a decrease in this cardiovas-
cular risk marker, independently of weight gain.

Acknowledgements We thank Yuko lida and Sachiko Terashima for

technical assistance.

Author contributions Study conception and design were contrib-
uted by TS, KH, and MK, acquisition of data was made by YT and
SS, analysis of data was made by HW and HY, and interpretation of
data was made by NS-A, MA, TM, and AS. Drafting of manuscript
was made by Komiyama, and critical revision was made by Hasegawa.

Funding This work was supported in part by a Grant-in-Aid for
Clinical Research from the National Hospital Organization. The funder
played no role in the study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

Conflict of interest The authors declare that there are no conflicts
of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://crea-
tivecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give appro-
priate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

References

1. Murase T, Kume N, Kataoka H, Minami M, Sawamura T,
Masaki T, Kita T (2000) Identification of soluble forms of lectin-
like oxidized LDL receptor-1. Arterioscler Thromb Vasc Biol
20(3):715-720

2. Hayashida K, Kume N, Murase T, Minami M, Nakagawa D, Inada
T, Tanaka M, Ueda A, Kominami G, Kambara H, Kimura T, Kita
T (2005) Serum soluble lectin-like oxidized low-density lipopro-
tein receptor-1 levels are elevated in acute coronary syndrome: a
novel marker for early diagnosis. Circulation 112(6):812-818

3. Sugiyama D, Higashiyama A, Wakabayashi I, Kubota Y, Adachi
Y, Hayashibe A, Kawamura K, Kuwabara K, Nishimura K, Kadota
A, Nishida Y, Hirata T, Imano H, Miyamatsu N, Miyamoto Y,
Sawamura T, Okamura T (2015) The relationship between lectin-
like oxidized low-density lipoprotein receptor-1 ligands contain-
ing apolipoprotein B and the Cardio-Ankle Vascular Index in

11.

12.

13.

14.

15.

16.

17.

healthy community inhabitants: the KOBE Study. J Atheroscler
Thromb 22(5):499-508

Okamura T, Miura K, Sawamura T, Kadota A, Hisamatsu T,
Fujiyoshi A, Miyamatsu N, Takashima N, Miyagawa N, Kadowaki
T, Ohkubo T, Murakami Y, Nakamura Y, Ueshima H, SESSA
Research Group (2016) Serum level of LOX-1 ligand containing
ApoB is associated with increased carotid intima-media thick-
ness in Japanese community-dwelling men, especially those with
hypercholesterolemia LOX-1 ligand and IMT in Japanese. J Clin
Lipidol 10(1):172-180 (el)

Iwamoto S, Fujita Y, Kakino A, Yanagida K, Matsuda H, Yoshi-
moto R, Sawamura T (2011) An alternative protein standard to
measure activity of LOX-1 ligand containing ApoB (LAB)—uti-
lization of anti-LOX-1 single-chain antibody fused to ApoB frag-
ment. J Atheroscler Thromb 18(9):818-828

Uchida K, Suehiro A, Nakanishi M, Sawamura T, Wakabayashi I
(2011) Associations of atherosclerotic risk factors with oxidized
low-density lipoprotein evaluated by LOX-1 ligand activity in
healthy men. Clin Chim Acta 412(17-18):1643-1647
Sawamura T, Wakabayashi I, Okamura T (2015) LOX-1 in ath-
erosclerotic disease. Clin Chim Acta 440:157-163

Kawashiri MA, Sakata K, Gamou T, Kanaya H, Miwa K, Ueda
K, Higashikata T, Mizuno S, Michishita I, Namura M, Nitta Y,
Katsuda S, Okeie K, Hirase H, Tada H, Uchiyama K, Konno T,
Hayashi K, Ino H, Nagase K, Terashima M, Yamagishi M (2015)
Impact of combined lipid lowering with blood pressure control
on coronary plaque regression: rationale and design of MILLION
study. Heart Vessels 30(5):580-586

Okamura T, Kokubo Y, Watanabe M, Higashiyama A, Miyamoto
Y, Yoshimasa Y, Okayama A (2009) Low-density lipoprotein
cholesterol and non-high-density lipoprotein cholesterol and the
incidence of cardiovascular disease in an urban Japanese cohort
study: the Suita study. Atherosclerosis 203(2):587-592

. Inoue N, Okamura T, Kokubo Y, Fujita Y, Sato Y, Nakanishi M,

Yanagida K, Kakino A, Iwamoto S, Watanabe M, Ogura S, Otsui
K, Matsuda H, Uchida K, Yoshimoto R, Sawamura T (2010) LOX
index, a novel predictive biochemical marker for coronary heart
disease and stroke. Clin Chem 56(4):550-558

Yano M, Miura S, Shiga Y, Miyase Y, Suematsu Y, Norimatsu K,
Nakamura A, Adachi S, Nishikawa H, Saku K (2016) Associa-
tion between smoking habits and severity of coronary stenosis as
assessed by coronary computed tomography angiography. Heart
Vessels 31(7):1061-1068

Baba S, Iso H, Mannami T, Sasaki S, Okada K, Konishi M, Tsug-
ane Shoichiro, JPHC Study Group (2006) Cigarette smoking and
risk of coronary heart disease incidence among middle-aged Japa-
nese men and women: the JPHC Study Cohort I. Eur J Cardiovasc
Prev Rehabil 13(2):207-213

Wolf PA, D’Agostino RB, Kannel WB, Bonita R, Belanger AJ
(1988) Cigarette smoking as a risk factor for stroke. The Framing-
ham Study. JAMA 259(7):1025-1029

Kawachi I, Colditz GA, Stampfer MJ, Willett WC, Manson JE,
Rosner B, Speizer FE, Hennekens CH (1993) Smoking cessation
and decreased risk of stroke in women. JAMA 269(2):232-236
Ueshima H (1997) Special report on the 31th annual meeting of
the Japanese Association for cerebro-cardiovascular disease con-
trol: follow-up study of a basic survey on cardiovascular diseases
in 1980 (NIPPON DATA). J Jpn Assoc Cerebrocardiovasc Dis
Control 31:231-237

Takanabe-Mori R, Ono K, Wada H, Takaya T, Ura S, Yamakage
H, Satoh-Asahara N, Shimatsu A, Takahashi Y, Fujita M, Fujita Y,
Sawamura T, Hasegawa K (2013) Lectin-like oxidized low-density
lipoprotein receptor-1 plays an important role in vascular inflam-
mation in current smokers. J Atheroscler Thromb 20(6):585-590
Komiyama M, Wada H, Ura S, Yamakage H, Satoh-Asahara N,
Shimada S, Akao M, Koyama H, Kono K, Shimatsu A, Takahashi

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

16

Heart Vessels (2018) 33:9-16

18.

19.

20.

21.

Y, Hasegawa K (2015) The effects of weight gain after smoking
cessation on atherogenic ol-antitrypsin-low-density lipoprotein.
Heart Vessels 30:734-739

Japanese Circulation Society, Japan Lung Cancer Society and
Japanese Cancer Association (2007) Standard procedures for
smoking cessation therapy, second edition http://www.waseda.
jp/sem-fox/memb/06s/sekine/sekine/tezyunnsyo.pdf. Accessed
24 Apr 2016

McManus RJ, Mant J, Hull MR, Hobbs FD (2003) Does changing
from mercury to electronic blood pressure measurement influence
recorded blood pressure? An observational study. Br J Gen Pract
53:953-956

Hald J, Overgaard J, Grau C (2003) Evaluation of objective meas-
ures of smoking status—a prospective clinical study in a group
of head and neck cancer patients treated with radiotherapy. Acta
Oncol 42:154-159

Fagerstrom KO, Heatherton TF, Kozlowski LT (1990) Nicotine
addiction and its assessment. Ear Nose Throat J 69:763-765

@ Springer

22.

23.

24.

25.

Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO (1991)
The Fagerstrom test for nicotine dependence: a revision of the
Fagerstrom tolerance questionnaire. Br J Addict 86:1119-1127
Terry A, Rustin MD (2000) Assessing nicotine dependence. Am
Fam Physician 62:579-584

Iso H, Date C, Yamamoto A, Toyoshima H, Watanabe Y, Kikuchi
S, Koizumi A, Wada Y, Kondo T, Inaba Y, Tamakoshi A, JACC
Study Group (2005) Smoking cessation and mortality from car-
diovascular disease among Japanese men and women: the JACC
Study. Am J Epidemiol 161(2):170-179

Wada H, Ura S, Satoh-Asahara N, Kitaoka S, Mashiba S, Akao M,
Abe M, Ono K, Morimoto T, Fujita M, Shimatsu A, Takahashi Y,
Hasegawa K (2012) a1-Antitrypsin low-density-lipoprotein serves
as a marker of smoking-specific oxidative stress. J Atheroscler
Thromb 19(1):47-58


http://www.waseda.jp/sem-fox/memb/06s/sekine/sekine/tezyunnsyo.pdf
http://www.waseda.jp/sem-fox/memb/06s/sekine/sekine/tezyunnsyo.pdf

	Smoking cessation reduces the lectin-like low-density lipoprotein receptor index, an independent cardiovascular risk marker of vascular inflammation
	Abstract 
	Introduction
	Materials and methods
	Participants
	Smoking cessation clinic and data collection
	Blood analysis
	Statistical analysis

	Results
	Clinical characteristics of the participants
	Correlations between the LOX index and the clinical parameters
	The impact of successful smoking cessation on the clinical parameters
	The impact of weight gain after smoking cessation on the LOX index

	Discussion
	Conclusions
	Acknowledgements 
	References




