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ABSTRACT

Although the effects of smoking on hemodynamics and arterial stiffness has already been evaluated from many aspects,
self-controlled and 24-h data have remained a missing area. Ten healthy light smokers were examined in a cross-sectional
observational study for 48 h [smoking was prohibited during the first 24 h (non-smoking day) and allowed during the second
24 h (smoking day)] with an oscillometric device. Control group consisted of ten healthy non-smokers. Peripheral blood
pressures were significantly higher on the smoking day (134.11 + 11.02 and 77.11 + 10.64) than on the non-smoking day (127.23
+ 8.41, p = 0.017 and 71.25 + 10.47, p = 0.02) or among non-smokers (120.80 + 5.77, p = 0.005 and 68.37 + 4.87, p = 0.04).
Heart rate was significantly lower on the non-smoking day (64.89 + 9.03) than among non-smokers (74.30 + 8.22, p = 0.03)
and on the smoking day (76.09 + 10.53, p = 0.001). Pulse Wave Velocity (PWV) was significantly higher on the smoking day
(7.48 + 1.17) than on the non-smoking day (7.00 + 1.28, p = 0.03). Peripheral blood pressure results confirmed that smoking
leads to both acute and subchronic elevation. Lower heart rate of smokers on the non-smoking day than non-smokers can be the
consequence of improper heart rate adaptation to everyday activities. PWV values improved during the one-day long abstinent
period suggesting that it is the most sensitive stiffness value to smoking cessation.

HIGHLIGHTS

1. INTRODUCTION

It has long been recognized that tobacco smoking has great impact
on morbidity and mortality. Despite declines, tobacco smoking
remained the leading risk factor for disease burden in North
America and Western Europe [1]. Approximately 30-40% of
smoking-related deaths are due to cardiovascular diseases [2].

The hemodynamic effects of tobacco smoking include increased
blood pressure, heart rate and myocardial contractility resulting
in an increase in cardiac output and myocardial work [3]. This
increased myocardial work is associated with an increased coronary
blood flow by up to 40% in healthy individuals [4]. Nevertheless,
due to endothelial injury and dysfunction [4,5], impaired vasodil-
atory reserve, prothrombic state, increased neutrophil and mono-
cyte adhesion to blood vessels and promotion of inflammation [5],
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« Systolic and diastolic blood pressure values were the highest on the smoking day.
o Heart rate of smokers was lower on the non-smoking day than that of non-smokers.
o PWYV of smokers was higher on the smoking day than on the non-smoking day.

« There was no difference between AIX values on the non-smoking and smoking days.
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the increase in coronary blood flow is less than expected based on
the level of myocardial work in the absence of nicotine. Moreover,
in the presence of coronary artery disease smoking increases coro-
nary vascular resistance [6] and decreases coronary blood flow [7].
Cigarette smoking during coronary angiography has been observed
to acutely trigger coronary vasospasm [8].

Several studies have confirmed that arterial stiffness increases acutely
after cigarette smoking as measured by Augmentation Index (AIx),
Carotid-femoral Pulse Wave Velocity (cfPWV), Brachial-radial
PWYV (brPWYV) or Carotid-radial PWV (crPWV) [9,10]. Kim et al.
[11] reported that at baseline, the Brachial-ankle PWV (baPWYV)
was not significantly different between smokers and non-smokers
but was significantly higher in chronic smokers 5 min after ciga-
rette smoking and remained higher for 30 min [11]. According to a
systematic review on 39 relevant studies [12] more studies reported
significantly higher aortic or brachial PWV as well as Alx in chronic
smokers than non-smokers. However, three different studies found
no significant correlation between smoking status and cfPWV [12].

The importance of parameters describing arterial stiffness includ-
ing PWYV, aortic Alx and central Systolic Blood Pressure (SBPao)
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has been confirmed on patients with coronary artery disease [13]
and hypertension [14,15] as well as on apparently healthy popula-
tion [16] and young sportsmen [17]. Thus, the evaluation of arte-
rial stiffness was included in the 2007 and 2013 European Society
of Cardiology/European Society of Hypertension guidelines for
the management of arterial hypertension, both in evaluating organ
damage and in cardiovascular risk calculation [18,19].

The acute and chronic effects of smoking on blood pressure and heart
rate are well described by previous studies [20-22]. Nevertheless,
its effect on arterial stiffness has only been partially evaluated, in a
systematic literature review paper [12]. Although several studies dis-
cuss the effects of smoking cessation on arterial stiffness, they are
analysing only the chronic effects of smoking cessation (60 weeks,
6 months). Also the previous studies use single measurements of
stiffness values and they were not self-controlled. Previous studies
have shown that smoking elicit constriction of resistance arteries and
lead to increases in systemic blood pressure [23]. Thus we hypoth-
esized that arterial stiffness values change significantly in the first
24 h after smoking cessation due to the lack of vasoconstrictor effect
of smoking [23]. Thus, our aim was to determine the effects of short-
term smoking cessation on arterial stiffness via a continuous mea-
surement method with the exclusion of individual variables.

2. MATERIALS AND METHODS

In the first phase of our study, 10 healthy light smoker (smoking a
maximum of 10 cigarettes/day) volunteers were examined for 48 h
with a non-invasive ambulatory oscillometric device (Arteriograph
24 distributed by Tensiomed Kft, Budapest, Hungary) between 1st
April 2015 and 31st December 2015. The volunteers were ordered
to abstain from cigarette smoking during the first 24 h and were
allowed to smoke during the second 24 h. Inclusion criterion was
smoking of at least 10 cigarettes during the second day. Day and
night periods were adjusted individually; brachial systolic and
Diastolic Blood Pressure (DBP), pulse and arterial pulse pressure
waveform were measured, aortic SBP, aortic Alx, brachial AIx and
aortic PWV were derived, whereas pulse pressure and mean arte-
rial pressure were calculated in every 20 min during waking and in
every 40 min during sleeping hours. As demonstrated in Figure 1,
Alx was calculated as a difference of the reflected (second, back-
ward, P2) and ejected (first, forward, P1) wave of the central pulse
pressure waveform expressed as a percentage of pulse pressure.
PWYV was calculated as the jugulum-symphysis distance divided
by the half of the return time. In the second phase of the study, 10
healthy, non-smoker, age-matched and BMI-matched volunteers
were examined for 24 h with the same method between 1st July
2017 and 31st December 2017. Informed consent was obtained
from all volunteers prior to the examinations.

All participant abstained from alcohol-containing beverages and
physical exertion outside usual daily activities. Exclusion criteria
included any kind of chronic disease that may affect cardiovascu-
lar function (e.g. chronic kidney disease, congenital heart defect or
hypertension) and regular alcohol or drug consumption.

Each dataset was individually controlled and invalid data were
eliminated resulting in an average of 46 remaining values per day
per parameter. Regarding missing data, only missing completely at
random type occurred during the study, these data were omitted

from further statistical analysis. Socio-demographic and statisti-
cal analysis was performed with IBM SPSS Statistics v22.0 (IBM
Corporation, Armonk, NY, USA). The sample was tested for
normality using the one-sample Kolmogorov-Smirnov test. The
results obtained from the light smoker group during the smoking
and non-smoking days, expressed as means * standard deviations
were compared to each other using the paired-sample T-test. The
results of the control group and the light smoker group were com-
pared to each other with the independent samples T-test.

3. RESULTS

Mean age was 29.00 + 8.78 years in the test group and 28.90 + 10.72
years in the control group. Mean BMI was 22.89 * 3.42 in the test
group and 22.14 + 2.33 in the control group. Neither in age (p =
0.98) nor in Body Mass Index (BMI, p = 0.57) was statistical dif-
ference found among the two groups. The test group consisted of
seven men and three women, while the control group consisted of
four men and six women.

Figures 2-4 demonstrate a representative pulse pressure waveform
of a negative control, a smoking person on the non-smoking day
and a smoking person on the smoking day, respectively.

Table 1 summarizes the mean Brachial SBP (SBPbr), Brachial DBP
(DBPbr), heart rate, Mean Arterial Pressure (MAP), pulse pressure,
SBPao, Central Alx (Alxao) and Brachial Alx (AIxbr) and PWV
values in the non-smoking group and in the smoking group on
both non-smoking and smoking days.

3.1. Systolic Blood Pressure

The SBP during daytime was significantly higher among smok-
ers on the smoking day than either among smokers on the non-
smoking day (6.88 + 5.33 mmHg, p = 0.02) or non-smokers (13.31 +
8.46 mmHg, p = 0.005). No statistical difference was identified
between smokers on the non-smoking day and non-smokers (6.43 +
6.84 mmHg, p = 0.06). Figure 5 represents the daytime SBPbr mean
values and 95% confidence intervals in the different groups.
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Figure 1 Calculation methods of pulse wave value and augmentation
index from the pulse pressure waveform. P1, Amplitude of the forward
pressure waveform minus diastolic blood pressure value; P2, Amplitude of
the backward pressure waveform minus diastolic blood pressure value; RT,
Return time; PP, pulse pressure.
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SBPbr: 115 mmHg

IDBPbr: 55 mmHg

HR: 78/min

MAP: 75 mmHg

SBPao: 101 mmHg

AIXbr:-46.97

AIXao: 13.86

PWVao: 6.67 m/s

Figure 2 Original pulse pressure waveform of a negative control. SBPbr, brachial systolic blood pressure; DBPbr, brachial diastolic blood pressure; HR,
heart rate; MAP, mean arterial pressure; PP, pulse pressure; SBPao, central systolic blood pressure; Alxao, central augmentation index; Alxbr, brachial

augmentation index; PWV, pulse wave velocity.

SBPbr: 103 mmHgDBPbr: 44 mmHg HR: 45/min MAP: 64 mmHg

SBPao: 88 mmHg ATXbr:-55.1 ATXao: 9.79 PWVao: 556 m/s

Figure 3 Original pulse pressure waveform of a smoker on the non-smoking day: There are no remarkable differences compared to the waveform of the
control person. SBPbr, brachial systolic blood pressure; DBPbr, brachial diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse
pressure; SBPao, central systolic blood pressure; Alxao, central augmentation index; Alxbr, brachial augmentation index; PWYV, pulse wave velocity.

SBPbr: 130 mmHg | DBPbr: 76 mmHg | HR: 58/min MAP: 94 mmHg

SBPao: 119 mmHg | AIXbr:—10.6 AlXao: 17.8 PWVao: 7.6 m/s

Figure 4 Original pulse pressure waveform of a smoker on the smoking day: The waveform is remarkably distorted due to the shortening of return time
(and consequently, the increase of pulse wave velocity), however, no considerable change can be observed in augmentation index values. SBPbr, brachial
systolic blood pressure; DBPbr, brachial diastolic blood pressure; HR, heart rate; MAP, mean arterial pressure; PP, pulse pressure; SBPao, central systolic
blood pressure; Alxao, central augmentation index; AIxbr, brachial augmentation index; PWYV, pulse wave velocity.
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Table 1 Summary of mean brachial systolic blood pressure, brachial

diastolic blood pressure, heart rate, mean arterial pressure, pulse pressure,

central systolic blood pressure, central and brachial augmentation index

and pulse wave velocity values in the non-smoking group and in the

smoking group on both non-smoking and smoking days

Smokers
Non-
Non-smoking Smoking smokers
day day

SBP, (mmHg)

Daytime 127.23 + 8.41° 134.11 £ 11.02* 120.80 + 5.77*

Night-time 118.64 + 7.79" 116.30 + 9.637 106.16 + 9.10%

All-day 125.15 + 7.51° 129.61 + 9.87* 117.83 + 6.23*0
DBP, (mmHg)

Daytime 71.25 +£10.47° 77.11 £10.64* 68.37 + 4.87*

Night-time 64.40 £ 9.89 62.79 + 8.84 57.59 £5.96

All-day 69.49 +9.57 73.43 +9.75 66.31 +£4.39
HR (1/min)

Daytime 64.89 +9.03"0 76.09 +10.53" 74.30 + 8.22°

Night-time 55.86 + 7.50 59.24 + 8.54 62.08 £9.61

All-day 62.89 + 8.22°0 71.63 +9.63" 72.21 + 8.50°
MAP (mmHg)

Daytime 89.91 £ 9.30° 96.11 + 10.42"*  85.85 + 4.53*

Night-time 82.48 + 8.75" 80.63 + 8.69 73.78 + 6.68"

All-day 86.04 + 8.42" 92.15 +9.44"* 83.48 + 4.39*
PP (mmHg)

Daytime 55.98 + 6.78 57.00 £ 5.80 52.43 £ 5.36

Night-time 54.24 + 6.30° 53.50 £ 5.81 48.57 £ 5.47°

All-day 55.66 + 6.39 56.18 £ 5.53 51.52 £5.27
SBPao (mmHg)

Daytime 112.82 +10.31 117.59+ 1495 111.52+7.39

Night-time 112.06 + 11.31 105.04 + 14.12  100.88 £11.70

All-day 112.33 £+ 9.92 114.09 £ 14.53  109.20 + 8.31
AIX

Daytime 15.26 £ 8.45 12.15+£9.43 17.79 £ 7.55

Night-time 23.12 £10.49 16.22 £ 8.36 22.78 £9.39

All-day 17.05 £ 8.47 13.41 £ 8.99 18.63 £ 7.87
AIXhr

Daytime -44.20 +16.69 -50.34 £ 18.62 —39.20 + 14.02

Night-time -28.68 +£20.72 —-42.30+16.51 -29.35+18.55

All-day -40.67 + 16.73 -47.85+17.76 —-37.54+15.54
PWYV (m/s)

Daytime 7.00 £ 1.28" 7.48 +1.17° 7.36 + 1.11

Night-time 6.61 +1.19 6.73 £ 0.90 6.84 £ 0.84

All-day 6.86 +1.24° 7.20 £ 1.01° 7.26 +1.08

“Significant difference between smokers on the smoking day and the non-smoking

day. *Significant difference between smokers on the smoking day and non-smokers.

USignificant difference between smokers on the non-smoking day and non-smokers.
SBPbr, brachial systolic blood pressure, DBPbr, brachial diastolic blood pressure, HR,
heart rate, MAP, mean arterial pressure, PP, pulse pressure, SBPao, central systolic blood

pressure, AIXao, central augmentation index, AIXbr, brachial augmentation index,

PWYV, pulse wave velocity.

The SBP during night-time was significantly higher among smok-
ers on both non-smoking (12.48 + 7.96 mmHg, p = 0.004) and
smoking days (10.14 + 8.80, p = 0.03) than among non-smokers;
however no statistical difference was detected between smokers on
the smoking and non-smoking days (p = 0.38).

The daily SBP was significantly higher among smokers on both
non-smoking (7.32 + 6.48 mmHg, p = 0.03) and smoking days

Brachlal systolic blood pressure mean values and 95% confidence intervals

150,00

140,00

120,00
T ’
1

SBPbr (mmHg)

120,00
110,00

100,00

control # non-smoking day * smoking day *#
Figure 5 Brachial systolic blood pressure mean values and 95%
confidence intervals among non-smokers, among smokers on the
non-smoking day and among smokers on the smoking day. ‘Significant
difference between smokers on the smoking day and on the non-smoking
day (p = 0.02). *Significant difference between smokers on the smoking

day and non-smokers (p = 0.005). SBPbr: brachial systolic blood pressure.

(11.78 £ 7.85 mmHg, p = 0.006) than among non-smokers; the
difference among smokers between the non-smoking and smoking
day was insignificant (4.46 + 4.51 mmHg, p = 0.05).

3.2. Diastolic Blood Pressure

The DBP during daytime was significantly higher among
smokers on the smoking day than among both smokers on
the non-smoking day (5.87 + 4.51 mmHg, p = 0.02) and non-
smokers (8.74 + 8.02 mmHg, p = 0.04); no statistical difference
was identified between smokers on the non-smoking day and
non-smokers (p = 0.44).

No statistical difference was revealed in DBP during night-time.

The daily DBP was significantly higher among smokers on the
smoking day than on the non-smoking day (3.94 + 3.39 mmHg,
p = 0.03); however, no statistical difference was found between
smokers on the non-smoking day and non-smokers (7.12 +
7.32 mmHg, p = 0.36) or smokers on the smoking day and
non-smokers (p = 0.06).

3.3. Heart Rate

The heart rate during day-time was significantly lower among
smokers on the non-smoking day than among both non-smokers
(9.41+8.11 bpm, p = 0.03) and smokers on the smoking day (11.12 +
5.26 bpm, p = 0.001); however, no statistical difference was noticed
between smokers on the smoking day and non-smokers (p = 0.68).

No statistical difference was identified between the different groups
in the case of heart rate during night-time.

The daily heart rate among smokers during the non-smoking day
was significantly lower than on both smoking days (8.74 + 4.26
bpm, p = 0.001) and among non-smokers (9.32 + 7.85 bpm, p =
0.02). No difference was found between smokers on the smoking
day and non-smokers (p = 0.89).
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3.4. Mean Arterial Pressure

The MAP was significantly higher during daytime among
smokers on the smoking day than among both smokers on the
non-smoking day (6.20 + 4.68 mmHg, p = 0.02) and non-smokers
(10.26 = 7.81 mmHg, p = 0.01); however, no statistical difference
was detected between smokers on the non-smoking day and
non-smokers (p = 0.24).

The MAP was significantly higher during night-time among smok-
ers on the non-smoking day than among non-smokers (8.70 +
7.32 mmHg, p = 0.02). Further differences were not proven to be
statistically significant.

The daily MAP was significantly higher among smokers on the
smoking day than among both smokers on the non-smoking
day (4.11 + 3.68 mmHg, p = 0.03) and non-smokers (8.67 *
7.13 mmHg, p = 0.02); however, no statistical difference was
detected between smokers on the non-smoking day and non-
smokers (p = 0.15).

3.5. Pulse Pressure

No statistical difference was revealed between day-time and daily
pulse pressure values of different groups.

The pulse pressure during night-time was significantly lower
among non-smokers than among smokers on the non-smoking day
(5.67 £ 5.54 mmHg, p = 0.046); however, further differences were
not proven to be statistically significant.

3.6. Aortic Systolic Blood Pressure

No statistically significant differences were revealed between the
groups during any time of the day.

3.7. Aortic and Brachial Augmentation Index

No statistically significant differences were detected between the
groups in any time of the day.

3.8. Pulse Wave Velocity

Pulse wave velocity was significantly higher during day-time
among smokers on the smoking day than on the non-smoking
day (0.48 £ 0.41, p = 0.03). Figure 6 represents the day-time PWV
mean values and 95% confidence intervals in the different groups.
Similarly, the daily PWV was significantly higher among smokers
on the smoking day than on the non-smoking day (p = 0.04). No
other statistically significant differences were identified between
the other groups in any time of the day.

4. DISCUSSION

To the best of our knowledge, no data on 24-h or self-controlled
stiffness parameters in smokers has been published to date. Our

10,00

8,00 ——

PWVao (m/fs)

7,00 +
6,00

5,00
control non-smaoking day *

smoking day *
Figure 6 Pulse wave velocity mean values and 95% confidence intervals
among non-smokers, among smokers on the non-smoking day and
among smokers on the smoking day. "Significant difference between
smokers on the smoking day and on the non-smoking day (p = 0.03).
PWVao: central pulse wave velocity.

results confirm former observations in general, nevertheless add
important novel aspects to those at several points.

The effect of smoking on peripheral blood pressure values remained
a disputed issue, blood pressure values are expected to be higher
in smokers due to sympathetic stimulation, which is confirmed by
numerous studies [20]. However, others - using a single measure-
ment method - did not find difference [9,21], whereas inverse rela-
tionship (i.e. lower systolic and DBP results in smokers) was also
published [22]. In our research, the highest SBP values were mea-
sured during day-time in smokers on the smoking day (134.11 +
11.02 mmHg). This value improved (with 6.88 + 5.33 mmHg) in
smokers on the non-smoking day to a similar value to the SBP of
non-smokers. The same claim is proven to be true for daily SBP
results. The analysis of night-time SBP results revealed that smok-
ers had higher values on both smoking and non-smoking days
than non-smokers; however, no significant improvement could be
observed among smokers between the non-smoking and smoking
days supporting the potent subchronic effect of smoking on DBP.

The DBP values during daytime were significantly higher in
smokers on the smoking day than on the non-smoking day or
in non-smokers. No difference was found between the results of
smokers on the non-smoking day and non-smokers, though, sug-
gesting that the subchronic effect of smoking on DBP is less sub-
stantial than on SBP. The latter is partially confirmed by the fact
that no significant differences were found between the different
groups during night-time.

Tobacco smoking is considered to cause an acutely and chron-
ically accelerated heart rate due to sympathetic stimulation con-
firmed by numerous research data [21,22]. A study in 2013 found
that smokers had higher resting heart rate, however, they showed
lower heart rate increase during exercise [24]. Thus, the heart
rate analysis in our study provided partially surprising findings.
Evaluation of the results of smokers alone revealed that these were
consistent with previous data, i.e. the heart rate of smokers on
the smoking day was 11.20 + 5.18 bpm higher than on the non-
smoking day. Interestingly, the comparison with the results of non-
smokers revealed that there was no difference between the values
of non-smokers and smokers on the smoking day, but the value of
smokers on the non-smoking day was proven to be 9.41 + 8.10 bpm
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lower than that of non-smokers. A similarly designed study published
in 2014 examining adolescents before and after smoking cessation
and negative controls found that although resting heart rate results
were in accordance with expectations, the heart rate of smoking sub-
jects was significantly lower than the heart rate of healthy controls
[25]. The authors explained this result with the different activity of
participants, what is — based on the same orders given to participants
- highly unlikely in our study. As all participants were involved in
normal daily activities these results should rather be considered as a
consequence of improper heart rate adaptation during exercise simi-
larly to subjects in the study of Papathanasiou et al. [24].

Mean arterial pressure values during day-time and all-day were
significantly higher among smokers on the smoking day than both
smokers on the non-smoking day and non-smokers, and similarly
to SBP and DBP no difference was found between smokers on the
non-smoking day and non-smokers. The values during night-
time appeared to be lower in non-smokers than in smokers on
the non-smoking day, which is likely to reflect the effect of non-
significant night-time difference in DBP between these groups.

Although significant differences were observed in both day-time
and daily SBP and DBPs, the analysis of peripheral pulse pressure
revealed no statistically significant differences in daytime or daily
pulse pressure values suggesting that SBP and DBP values incre-
mented proportionally as a result of smoking. During night-time
the pulse pressure among non-smokers was lower than among
smokers on the non-smoking day reflecting the greater increment
in SBP than DBP (differences in SBP and DBP were 12.48 + 7.96
and 10.14 + 8.80 mmHg, respectively).

As more invasive and non-invasive studies demonstrated increased
Alx is associated with an increased risk for coronary artery disease
[13,26]. Alx was proven to be significantly lower after 1 year of ces-
sation period [21] and appeared to be higher in chronic smokers
compared to non-smokers with single measurement [9]. In our
study, no statistically significant differences were found between
the tested groups. Therefore, 1 day of abstinence seems to have no
effect on Alxbr and aortic Alx.

According to the Strong Heart Study PWV as a direct representative
of vascular stiffness has been related to cardiovascular risk in sev-
eral patient populations [27]. PWV was found to be decreasing after
1-year of smoking cessation [21] and immediately after cigarette
smoking as well [9]. The assessment of our PWV results revealed
that — as expected based on the sympathetic stimulation caused by
tobacco smoking - PWV during day-time and all-day was higher
among smokers on the smoking day than on the non-smoking day.
PWYV is considered to reflect the actual state of vessels. Our results
confirm this claim as PWV values were higher among smokers on
the smoking day than on the non-smoking day. Nevertheless, the
fact that PWV values improved to those of non-smokers during the
1-day long non-smoking period suggests that the analysed vascular
changes are reversible in this young population.

5. LIMITATIONS

The main limitations of the study included the difficulty in recruit-
ing this type of volunteer - i.e. the majority of potential “light
smoker” participants declined participation due to the prolonged
24-h non-smoking period - resulting in consequent problems
during statistical analysis and the evaluation of results. Further

examinations are required to reveal further differences in a greater
population. The relative great number of invalid measurements
resulting from the sensitivity of the equipment to move has led to
further difficulties during analysis and evaluation.

6. CONCLUSION

Although the relationship of smoking and cardiovascular risk fac-
tors has long been investigated, contradictory data was published
(e.g. the effect of smoking on blood pressure) and open points have
remained. Only a few self-controlled data exist in the field, mainly
with limited measurement spectrum and/or focusing on the dif-
ferences after a longer period (1 week, 1 year). Our study demon-
strates a database capable of comparing various parameters between
smokers during smoking day, smokers during non-smoking day
and non-smokers. The changes in SBP and DBP, pulse pressure and
MAP values followed the expectations. The unexpected changes in
heart rate are likely to demonstrate an improper heart rate adapta-
tion to everyday activities. Nevertheless, no difference was found
in Alxbr and Alxao and SBPao values, whereas PWYV values sig-
nificantly improved during the 1-day long non-smoking period
suggesting that PWV is the most sensitive parameter to smoking
among the tested parameters.

CONFLICTS OF INTEREST

The authors whose names are listed immediately below certify that
they have NO affiliations with or involvement in any organization
or entity with any financial interest (such as honoraria; educational
grants; participation in speakers’ bureaus; membership, employ-
ment, consultancies, stock ownership, or other equity interest;
and expert testimony or patentlicensing arrangements), or non-
financial interest (such as personal or professional relationships,
affiliations, knowledge or beliefs) in the subject matter or materials
discussed in this manuscript.

AUTHORS’ CONTRIBUTION

ZMB literature search, data collection, manuscript writing.
AP contributed data or analysis tools, performed the analysis.
AC substantial contribution to the conception and design of the
study, critical revision of the manuscript, project supervision.
ZV substantial contribution to the conception and design of the
study, critical revision and editing of the manuscript, project
administration. All authors have approved the final article.

FUNDING

This research received no specific grant from any funding agency
in the public, commercial, or not-for-profit sectors.

ABBREVIATIONS

Alx, augmentation index; cfPWYV, carotid-femoral pulse wave
velocity; brPWYV, brachial-radial pulse wave velocity; crPWYV,
carotid-radial pulse wave velocity; baPWV, brachial-ankle pulse



218

Z.M. Buridn et al. / Artery Research 26(4) 212-218

wave velocity; ESC, European Society of Cardiology; ESH,
European Society of Hypertension; BMI, body mass index.

REFERENCES

(1]

(2]
(3]

(4]
(5]
(6]

(71

(8]

(9]

(10]

(11]

(12]

(13]

(14]

Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani
H, et al. A comparative risk assessment of burden of disease and
injury attributable to 67 risk factors and risk factor clusters in 21
regions, 1990-2010: a systematic analysis for the Global Burden
of Disease Study 2010. Lancet 2012;380:2224-60.

Salahuddin S, Prabhakaran D, Roy A. Pathophysiological mecha-
nisms of tobacco-related CVD. Glob Heart 2012;7:113-20.
Benowitz NL. Cigarette smoking and cardiovascular disease:
pathophysiology and implications for treatment. Prog Cardiovasc
Dis 2003;46:91-111.

Czernin J, Waldherr C. Cigarette smoking and coronary blood
flow. Prog Cardiovasc Dis 2003;45:395-404.

Puranik R, Celermajer DS. Smoking and endothelial function.
Prog Cardiovasc Dis 2003;45:443-58.

Winniford MD, Wheelan KR, Kremers MS, Ugolini V, van den
Berg E, Niggemann EH, et al. Smoking-induced coronary vaso-
constriction in patients with atherosclerotic coronary artery
disease: evidence for adrenergically mediated alterations in coro-
nary artery tone. Circulation 1986;73:662-7.

Nicod P, Rehr R, Winniford MD, Campbell WB, Firth BG, Hillis LD.
Acute systemic and coronary hemodynamic and serologic responses
to cigarette smoking in long-term smokers with atherosclerotic cor-
onary artery disease. ] Am Coll Cardiol 1984;4:964-71.

Maouad J, Fernandez F, Hebert JL, Zamani K, Barrillon A, Gay
J. Cigarette smoking during coronary angiography: diffuse or
focal narrowing (spasm) of the coronary arteries in 13 patients
with angina at rest and normal coronary angiograms. Cathet
Cardiovasc Diagn 1986;12:366-75.

Mahmud A, Feely J. Effect of smoking on arterial stiffness and
pulse pressure amplification. Hypertension 2003;41:183-7.
Berlin I, Cournot A, Renout P, Duchier ], Safar M. Peripheral
haemodynamic effects of smoking in habitual smokers. A meth-
odological study. Eur J Clin Pharmacol 1990;38:57-60.

Kim JW, Park CG, Hong SJ, Park SM, Rha SW, Seo HS, et al.
Acute and chronic effects of cigarette smoking on arterial stift-
ness. Blood Press 2005;14:80-5.

Doonan RJ, Hausvater A, Scallan C, Mikhailidis DP, Pilote L,
Daskalopoulou SS. The effect of smoking on arterial stiffness.
Hypertens Res 2010;33:398-410.

Weber T, Auer J, O'Rourke MFE, Kvas E, Lassnig E, Berent R, et al.
Arterial stiffness, wave reflections, and the risk of coronary artery
disease. Circulation 2004;109:184-9.

Boutouyrie P, Tropeano Al, Asmar R, Gautier I, Benetos A,
Lacolley P, et al. Aortic stiffness is an independent predictor of

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

primary coronary events in hypertensive patients: a longitudinal
study. Hypertension 2002;39:10-15.

Laurent S, Boutouyrie P. Recent advances in arterial stiffness
and wave reflection in human hypertension. Hypertension
2007;49:1202-6.

Willum-Hansen T, Staessen JA, Torp-Pedersen C, Rasmussen
S, Thijs L, Ibsen H, et al. Prognostic value of aortic pulse wave
velocity as index of arterial stiffness in the general population.
Circulation 2006;113:664-70.

Ratgéber L, Lenkey ZA, Németh A, Hidvégi E, Husznai R, Verzar
ZA, et al. The effect of physical exercise on arterial stiffness
parameters in young sportsmen. Acta Cardiol 2015;70:59-65.
Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R,
Germano G, et al. 2007 Guidelines for the Management of
Arterial Hypertension: the Task Force for the Management of
Arterial Hypertension of the European Society of Hypertension
(ESH) and of the European Society of Cardiology (ESC). ] Hypertens
2007;25:1105-87.

Mancia G, Fagard R, Narkiewicz K, Reddn J, Zanchetti A, Bohm
M, et al. 2013 ESH/ESC guidelines for the management of arte-
rial hypertension: the Task Force for the management of arterial
hypertension of the European Society of Hypertension (ESH)
and of the European Society of Cardiology (ESC). Eur Heart ]
2013;34:2159-219.

Minami J, Ishimitsu T, Matsuoka H. Effects of smoking cessation
on blood pressure and heart rate variability in habitual smokers.
Hypertension 1999;33:586-90.

Takami T, Saito Y. Effects of smoking cessation on central
blood pressure and arterial stiffness. Vasc Health Risk Manag
2011;7:633-8.

Mikkelsen KL, Wiinberg N, Hoegholm A, Christensen HR, Bang
LE, Nielsen PE, et al. Smoking related to 24-h ambulatory blood
pressure and heart rate: a study in 352 normotensive Danish
subjects. Am ] Hypertens 1997;10:483-91.

Krupski WC. The peripheral vascular consequences of smoking.
Ann Vasc Surg 1991;5:291-304.

Papathanasiou G, Georgakopoulos D, Papageorgiou E, Zerva E,
Michalis L, Kalfakakou V; et al. Effects of smoking on heart rate
at rest and during exercise, and on heart rate recovery, in young
adults. Hellenic J Cardiol 2013;54:168-77.

Bassareo PP, Fanos V, Crisafulli A, Mercuro G. Daily assessment
of arterial distensibility in a pediatric population before and after
smoking cessation. Clinics (Sao Paulo) 2014;69:219-24.
Niirnberger J, Keflioglu-Scheiber A, Opazo Saez AM, Wenzel RR,
Philipp T, Schifers RE. Augmentation index is associated with
cardiovascular risk. ] Hypertens 2002;20:2407-14.

Roman M]J, Devereux RB, Kizer JR, Lee ET, Galloway JM, Ali T,
et al. Central pressure more strongly relates to vascular disease
and outcome than does brachial pressure: the Strong Heart Study.
Hypertension 2007;50:197-203.


https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/S0140-6736(12)61766-8
https://doi.org/10.1016/j.gheart.2012.05.003
https://doi.org/10.1016/j.gheart.2012.05.003
https://doi.org/10.1016/s0033-0620(03)00087-2
https://doi.org/10.1016/s0033-0620(03)00087-2
https://doi.org/10.1016/s0033-0620(03)00087-2
https://doi.org/10.1053/pcad.2003.00104
https://doi.org/10.1053/pcad.2003.00104
https://doi.org/10.1053/pcad.2003.YPCAD13
https://doi.org/10.1053/pcad.2003.YPCAD13
https://doi.org/10.1161/01.cir.73.4.662
https://doi.org/10.1161/01.cir.73.4.662
https://doi.org/10.1161/01.cir.73.4.662
https://doi.org/10.1161/01.cir.73.4.662
https://doi.org/10.1161/01.cir.73.4.662
https://doi.org/10.1016/s0735-1097(84)80058-3
https://doi.org/10.1016/s0735-1097(84)80058-3
https://doi.org/10.1016/s0735-1097(84)80058-3
https://doi.org/10.1016/s0735-1097(84)80058-3
https://doi.org/10.1002/ccd.1810120603
https://doi.org/10.1002/ccd.1810120603
https://doi.org/10.1002/ccd.1810120603
https://doi.org/10.1002/ccd.1810120603
https://doi.org/10.1002/ccd.1810120603
https://doi.org/10.1161/01.hyp.0000047464.66901.60
https://doi.org/10.1161/01.hyp.0000047464.66901.60
https://doi.org/10.1007/BF00314804
https://doi.org/10.1007/BF00314804
https://doi.org/10.1007/BF00314804
https://doi.org/10.1080/08037050510008896
https://doi.org/10.1080/08037050510008896
https://doi.org/10.1080/08037050510008896
https://doi.org/10.1038/hr.2010.25
https://doi.org/10.1038/hr.2010.25
https://doi.org/10.1038/hr.2010.25
https://doi.org/10.1161/01.CIR.0000105767.94169.E3
https://doi.org/10.1161/01.CIR.0000105767.94169.E3
https://doi.org/10.1161/01.CIR.0000105767.94169.E3
https://doi.org/10.1161/hy0102.099031
https://doi.org/10.1161/hy0102.099031
https://doi.org/10.1161/hy0102.099031
https://doi.org/10.1161/hy0102.099031
https://doi.org/10.1161/HYPERTENSIONAHA.106.076166
https://doi.org/10.1161/HYPERTENSIONAHA.106.076166
https://doi.org/10.1161/HYPERTENSIONAHA.106.076166
https://doi.org/10.1161/CIRCULATIONAHA.105.579342
https://doi.org/10.1161/CIRCULATIONAHA.105.579342
https://doi.org/10.1161/CIRCULATIONAHA.105.579342
https://doi.org/10.1161/CIRCULATIONAHA.105.579342
https://doi.org/10.1080/ac.70.1.3064594
https://doi.org/10.1080/ac.70.1.3064594
https://doi.org/10.1080/ac.70.1.3064594
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1097/HJH.0b013e3281fc975a
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1093/eurheartj/eht151
https://doi.org/10.1161/01.hyp.33.1.586
https://doi.org/10.1161/01.hyp.33.1.586
https://doi.org/10.1161/01.hyp.33.1.586
https://doi.org/10.2147/VHRM.S25798
https://doi.org/10.2147/VHRM.S25798
https://doi.org/10.2147/VHRM.S25798
https://doi.org/10.1016/s0895-7061(96)00487-6
https://doi.org/10.1016/s0895-7061(96)00487-6
https://doi.org/10.1016/s0895-7061(96)00487-6
https://doi.org/10.1016/s0895-7061(96)00487-6
https://doi.org/10.1007/BF02329389
https://doi.org/10.1007/BF02329389
https://pubmed.ncbi.nlm.nih.gov/23685653/
https://pubmed.ncbi.nlm.nih.gov/23685653/
https://pubmed.ncbi.nlm.nih.gov/23685653/
https://pubmed.ncbi.nlm.nih.gov/23685653/
https://doi.org/10.6061/clinics/2014(04)01
https://doi.org/10.6061/clinics/2014(04)01
https://doi.org/10.6061/clinics/2014(04)01
https://doi.org/10.1097/00004872-200212000-00020
https://doi.org/10.1097/00004872-200212000-00020
https://doi.org/10.1097/00004872-200212000-00020
https://doi.org/10.1161/HYPERTENSIONAHA.107.089078
https://doi.org/10.1161/HYPERTENSIONAHA.107.089078
https://doi.org/10.1161/HYPERTENSIONAHA.107.089078
https://doi.org/10.1161/HYPERTENSIONAHA.107.089078



