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Abstract
The objective of our study was to determine the relationship between exposure to environmental tobacco smoke (ETS) and 
the value of the aortic valve calcification score (AVCS) in people suffering from arterial hypertension (AH). 107 non-smokers 
with AH (mean age 67.16 ± 8.48 years) were qualified for the study. The degree of exposure to ETS was assessed using the 
Second-hand Smoke Exposure Scale (SHSES) questionnaire. Study group was divided depending on ETS exposure: A—no 
exposure, B—low, C—medium and D—high. AVCS was measured based on the aortic valve plane multiplanar reconstruc-
tion from the non-contrast phase of the cardiac computed tomography. The Agatston algorithm was used, in which calci-
fications were considered changes with a density exceeding 130 HU. The mean AVCS value in the study group of patients 
was 213.59 ± 304.86. The AVCS was significantly lower in subgroup A than in subgroups C and D. In subgroup A, the lack 
of aortic valve calcification (AVCS = 0) was observed significantly more frequently than in subgroups C and D. There was 
a positive correlation between the number of SHSES points and the AVCS value (r = 0.37, p < 0.05). Based on the ROC 
curve, the SHSES value was determined as the optimal cut-off point for the prediction of AVCS = 0, amounting to 3 points. 
The accuracy of SHSES < 3 as the predictor of AVCS = 0 was set at 62.18%. Hypertensive patients have an unfavourable 
relationship between the amount of exposure to ETS, determined on the SHSES scale, and the AVCS value.
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Introduction

There are over 1.3 billion people smoking tobacco and over 
8 million of them die every year due to tobacco smoke [1, 
2]. Environmental tobacco smoke (ETS) exposure which is 
known as passive smoking or second-hand smoking is still 

a global major health problem. ETS causes more over 1.2 
million premature deaths per year and there is no safe level 
of tobacco exposure for non-smoking people [2]. A study 
published in 2011on children and adults from 192 countries 
has shown that 40% children were exposed to second-hand 
exposure. At least 603,000 people, including children, are 
affected ETS [3]. Zheng et al. [4] in their study in 2018 on 
4,742 non-current smokers concluded that 65% of them were 
exposed to ETS. We can also distinguish third-hand smok-
ers who are involuntary affected by residual tobacco smoke 
pollutants, e.g. smoker’s hairs or clothes. It is worth noting 
that there are such phrases as “passive smoking”, “environ-
mental tobacco smoke exposure” and “second-hand smoke”. 
Second-hand smoke (SHS) is a more precise term and the 
other two refer to a more broad definition [5].

There is a positive correlation between ETS and hyper-
tension [6–8]. A study conducted on over 9,000 children in 
which  in utero exposure to tobacco smoke was also con-
sidered has shown that the exposed have greater odds to 
hypertension, especially increase of systolic blood pressure. 
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Increased risk of hypertension due to ETS exposure was 
found in girls, especially in those whose father was smok-
ing tobacco [9]. Elevation of arterial blood pressure signifi-
cantly increased the risk of adverse cardiovascular events 
[10]. Hypertension is also a risk factor for heart failure, atrial 
fibrillation and sudden cardiac death (SDC) [11]. Children 
exposed to high levels of tobacco smoke have prevalence 
eustachian tube dysfunction [12]. Passive smokers have 
increased likelihood incidence of type 2 diabetes mellitus 
(T2DM) and pre-diabetes [13–15]. According to the WHO 
data [16, 17], heart disease was the leading cause of death 
between 2000 and 2019. Hypertension is a high cardiovas-
cular risk. ETS besides increasing odds to arterial hyper-
tension (AH) also increase risk for other cardiovascular 
diseases (CVD) to passive smokers with already diagnosed 
hypertension [18]. Passive smokers with hypertension espe-
cially with higher body mass index (BMI) have increased 
epicardial adipose tissue (EAT) thickness. EAT is a deposit 
localised between visceral pericardium and myocardium and 
increases the risk of cardiovascular diseases [19]. Passive 
tobacco smoke is also a significant risk factor for coronary 
artery calcification which was measured using non-gated 
computed tomography (CT) scans [20]. Chronic ETS lead 
to a vicious cycle of endothelial-mediated and leukocyte 
oxidant stress which results in vascular dysfunction [21]. 
Tobacco smoke contain high concentration of nicotine which 
activates sympathetic neurotransmission and induces oxi-
dative stress in vascular endothelium. These events lead to 
endothelial disfunction and atherosclerosis lesions [22, 23].

ETS exposure can be assessed via laboratory measure-
ments using serum or urine biomarkers [24]. It is directly 
possible to measure the level of nicotine or cotinine which is 
its metabolite. It is possible to measure ETS in hair. Cotinine 
can be measured in saliva and the results can be correlated 
positively with the urinary level of this metabolite. Hair col-
our can affect the uptake of cotinine [25, 26]. Nicotine in hair 
is not metabolised. Cotinine in urine also can be correlated 
with nicotine in the skin of non-smoking people. In serum 
nicotine has a low half-life time (2 h), but cotinine can be a 
good alternative as a metabolite as it exists for a longer time 
in serum [27]. ETS can be indirectly estimated by measuring 
the tobacco smoke components in the air (sidestream smoke) 
or by assessing the exposure using questionnaire such as 
The Second-hand Smoke Exposure Scale (SHSES). This 
scale firstly requires information about specific laboratory 
techniques and researchers. Using validated questionnaire is 
cheaper and a non-invasive method [28–30].

SHSES is an 11-point questionnaire which assess the 
non-smoking adults’ exposure to tobacco smoke in differ-
ent places: home, car, public places and work. This scale was 
validated by Vardavas et al. and correlated with hair nicotine 
levels. Respondent is asked about exposure to tobacco smoke 
and its level: duration of exposition, exposure frequency or 

number of cigarettes smoked next to him. Direct ETS meas-
urement methods seem to be more accurate, but the ques-
tionnaire used in this study is more readily available, cheaper 
and also repeatable [30].

The most prevalent form of aortic stenosis is aortic valve 
calcification (AVC). Before aortic stenosis there is a long 
period with AVC [31]. Aortic stenosis leads to hypertrophy 
of cardiomyocytes, reduction in coronary flow and left ven-
tricular dysfunction which can be a reason for AH and heart 
failure. Smoking is a risk factor of AVC. Using multidetector 
CT (MDCT), there is a possibility of quantitative measure-
ment of AVC by assessing adjacent axial slices of aortic 
valve. The slices are then analyzed to identify pixels with a 
density greater than 130 Hounsfield units (HU); 4 adjacent 
such pixels, taking into account their anatomical location, 
can be considered as aortic valve calcification [32, 33]. The 
Agatston score is widely used in the scientific research and 
is a good method to assess calcification using MDCT [34]. 
Multiplanar reconstruction (MPR) allows to analyse images 
obtained in CT  in different planes. Aortic valve calcifica-
tion score (AVCS) is based on measuring the area of AVC 
in accordance with Agatston and is expressed in Agatston 
units per  cm2 (AU). AVC is a predictor of the risk of stenosis 
progression and of mortality. In symptomatic patients AVCS 
using MDCT may be used for assessing severity of stenosis 
[32, 35, 36]. Christensen et al. [37] analysed AVC in patients 
with history of smoking tobacco and they highlighted that 
AVC in these patients has an impact on mortality.

The aim of this study was to determine the relationship 
between exposure to ETS estimated based on the SHSES and 
the value of the AVCS in people suffering from AH.

Materials and Methods

The study group consisted of 107 non-smoking patients with 
diagnosed and pharmacologically managed hypertension. 
For this study 54 males and 53 females with the mean age 
of 67.16 ± 8.48 years (age range 38–87 years) were qualified. 
To be included in the study, participants must be aged at 
least 18 years old, be hypertension diagnosed and pharmaco-
logically treated for ≥ 5 years, have indication  for coronary 
computed tomography angiography (CCTA) and have no 
history of smoking cigarettes. The exclusion criteria were 
as follows: patients with secondary hypertension, previously 
diagnosed ischaemic heart disease, previous stroke, T2DM, 
hypothyroidism or hyperthyroidism, chronic kidney disease 
(CKD) and patients with insufficient quality of the coronary 
CTA. Group size was determined using sample size calcu-
lator. The selection conditions were as follows: population 
size 38 million, fraction size 0.4, maximum error 10% and 
confidence level 95%. The required minimum size of study 
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group was 92. Table 1 summarises the clinical characteris-
tics of our study group of patients.

From each patient included in this study we collected 
medical history questionnaire, basic anthropometrics assess-
ment, arterial blood pressure (BP) measurements, serum 
lipid profile (total cholesterol, triglycerides), fasting glucose 
in blood and questionnaire assessment of ETS and CCTA.

Arterial BP measurements were obtained by the Korotkov 
method. Serum lipid profile and glucose concentration were 
measured using standard methods described in the instruc-
tions provided with the ordered reagent kits.

The degree of exposure to ETS was estimated by SHSES 
which was used before by Vardavas et al. [30]. SHSES con-
siders four different sites of exposure: home (per day), car 
(per day), public places (past week) and work (past week). 
Depending on the answer given, it is possible to obtain the 
appropriate number of points which is used in the assess-
ment of ETS exposure. Using the before mentioned scale, 
the following subgroups of patients were distinguished: A—
no ETS exposure (0 SHSES points, n = 51), B—low exposed 
to ETS (1–3 SHSES points, n = 14), C—medium exposed to 
ETS (4–7 SHSES points, n = 22) and D—high exposed to 
ETS (8–11 SHSES points, n = 20). Figure 1 presents SHSES 
and its interpretation.

Cardiac computed tomography (CCT) was also per-
formed. Dual-source 128-slice CT scanner SOMATOM 

Definition Dual-Source CT (Siemens Healthcare, Germany) 
and standard protocol were used to perform the coronary 
computed tomography angiography (CCTA). Aortic valve 
calcification score (AVCS) was retrospectively measured 
using syngo.CT CaScoring (Siemens Healthcare, Germany). 
The AVCS was assessed semiautomatically, based on the 
multiplanar reconstruction (MPR) from the non-contrast 
phase of the CCT, made of 3.0-mm-thick layers in planes 
parallel to the aortic ring. The Agatston algorithm was used 
in which calcifications were considered changes with a den-
sity exceeding 130 HU. Lesions suggested by application as 
calcified were verified as lesions in the aortic valve leaflets/
aortic ring (calcifications included in AVC) or lesions out-
side the previously mentioned structures (calcifications not 
included in AVC).

Ethical approval from the Local Ethics Committee was 
obtained. Written informed consent was obtained from all 
the study participants.

Statistical analysis was performed with the application 
"Dell Statistica" (Dell Inc., USA). Quantitative variables 
were presented as arithmetic means ± standard deviations. 

Table 1  Clinical characteristics of the studied group

ACE angiotensin-converting enzyme, BMI body mass index
a Number/percentages
b Arithmetic mean ± standard deviation

Total  patientsa 107/100.0
Age (years)b 67.16 ± 8.48
Gender
Mena 54/50.5
Womena 53/49.5
Height (m)b 1.68 ± 0.08
Body mass (kg)b 73.29 ± 11.88
BMI (kg/m2)b 25.99 ± 3.29
Essential hypertensiona

Systolic blood pressure (mmHg)b

Diastolic blood pressure (mmHg)b

107/100.0
138.97 ± 15.37
85.70 ± 9.99

Hypotensive drugs
ACE  inhibitorsa 63/58.9
β-blockersa 46/43.0
Diureticsa 29/27.1
Calcium channel  blockersa 34/31.8
Angiotensin receptor  blockersa 11/10.3
Lipid profile
Total cholesterol (mg/dl)b 223.82 ± 50.35
Triglycerides (mg/dl)b 189.59 ± 167.59
Fasting glucose (mg/dl)b 110.56 ± 40.80

Fig. 1  SHSES and its interpretation based on Vardavas et  al. [29]; 
aEnvironmental Tobacco Smoke (ETS)
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The distribution of variables was determined by the Sha-
piro–Wilk test. For normally distributed quantitative vari-
ables, the t test or ANOVA was used to test the hypotheses. 
For quantitative variables with no normal distribution, the 
Mann–Whitney U test or the Kruskal–Wallis ANOVA test 
was used to test the hypotheses. Qualitative variables were 
presented as counts/percentages. The Chi-square test was 
used in the comparative analysis of qualitative variables. To 
establish the relationship between the studied variables, a 
correlation analysis was performed. In the prediction analy-
sis, the optimal predictor cut-off was determined based on 
the ROC curve. Predictor sensitivity and specificity analysis 
were also performed. The results at the level of p < 0.05 were 
considered statistically significant.

Results

Related to SHSES 47.7% (n = 51) patients were not exposed 
to ETS and the remaining 52.3% (n = 56) were exposed. In 
public places 44.8% (n = 48) participants were exposed on 
ETS, at home 41.1% (n = 44) was exposed, in the car 34.6% 
(n = 37) and at work 26.2% (n = 28). Table 2 presents ETS 
exposure in the studied group based on SHSES.

The mean AVCS value in the study group of patients 
with AH was 213.59 ± 304.86. The maximal AVCS value 
was 1902.33 and the minimal 0.00. The median AVCS was 
148.81 with interquartile range (IQR) 0.00–359.32. The 
AVCS = 0 involved 28.9% participants. The probability of 
severe aortic stenosis based on AVCS was mild amongst 
98.1% participants (n = 105), moderate—0.9% (n = 1) and 
severe—0.9% (n = 1).

Participants with ETS exposure had higher AVCS 
(318.29 ± 351.89) than these without (125.37 ± 198.36) 
ETS exposure (p < 0.05). Statistically significant AVCS was 
increased in patients from subgroup C and D in relation to 
participants from subgroup A. In subgroup A, the lack of 
aortic valve calcification (AVCS = 0) was observed signifi-
cantly more frequently than in subgroup C and D. An analy-
sis was performed for the relationship between AVCS and 
the place of the exposure for each of locations mentioned in 
SHES. The mean AVCS value was the  highest in patients 
exposed to ETS at work (408.35 ± 360.50) and the lowest 
in patients without exposure at home (141.10 ± 196.08). 
AVCS was statistically significantly higher in the subgroup 
of patients exposed to ETS at home than in patients not 
exposed to ETS at home; in the subgroup of patients exposed 
to ETS in a car than in patients not exposed to ETS in a car; 
in the subgroup of patients exposed to ETS in public places 

Table 2  ETS exposure based on SHSES in the studied group

a Arithmetic mean ± standard deviation
b Number/percentages

SHSES  scorea 3.13 ± 3.67
ETS exposure based on SHSES
Nob 51/47.7
Lowb 14/13.1
Mediumb 22/20.6
Highb 20/18.7
Exposure at home per day
 > 20 cigarettes per  dayb 4/3.8
10–20 cigarettes per  dayb 16/14.9
6–9 cigarettes per  dayb 18/16.8
1–5 cigarettes per  dayb 6/5.6
Noneb 63/58.9
Exposure in a car per day
30 min or  moreb 10/9.3
Less than 30  minb 27/25.2
Neverb 70/65.4
Exposure in public places the past week
Once or  moreb 48/44.8
Neverb 59/55.1
Exposure at work the past week
Once or  moreb 28/26.2
Neverb 79/73.8
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than in patients not exposed to ETS in public places; as well 
as in the subgroup of patients exposed to ETS at work than 
in patients not exposed to ETS at work. The analysis of 
AVCS in the subgroup based on ETS exposure is presented 
in Table 3.

Moreover, there was a positive correlation between the 
number of SHSES points and the AVCS value (r = 0.37, 
p < 0.05), Fig. 2.

The ROC curve indicated a SHSES score value of 3 as 
an optimal cut-off point to predict AVCS = 0 in the studied 
group of patients. The criterion of SHSES score < 3 indicates 
AVCS = 0 with an accuracy of 62.2% (sensitivity 53.2% and 
specificity 100.0%). The discussed ROC curve to predict 
AVCS = 0 amongst patients is presented in Fig. 3, and the 
results of the performed accuracy analysis in Table 4.

Discussion

Our study showed that in patients with AH there is a sig-
nificant correlation between ETS exposure expressed using 
SHSES and AVC. To our knowledge this is the first study 
assessing ETS via questionnaire and AVC presence.

Table 3  AVCS in subgroup divided based on ETS exposure charac-
teristics

a  Arithmetic mean ± standard deviation
b  Number/percentages
* yes vs. no: p < 0.05; ** high vs. no and medium vs. no: p < 0.05

AVCS a AVCS = 0 b

ETS exposure based on SHSES
No 125.37 ± 198.36* 27/52.9*
Yes 318.29 ± 351.89 4/7.1
ETS exposure based on SHSES
No 125.37 ± 198.36** 27/52.9**
Low 206.59 ± 175.93 2/14.3
Medium 301.80 ± 430.16 1/4.6
High 452.70 ± 404.92 1/5.0
Exposure at home
No 141.10 ± 196.08* 30/47.6*
Yes 348.39 ± 381.98 1/2.3
Exposure in a car
No 147.14 ± 190.96* 29/41.4*
Yes 376.17 ± 407.74 2/5.4
Exposure in public places
No 141.82 ± 199.40* 28/47.5*
Yes 330.23 ± 372.61 3/6.2
Exposure at work
No 161.83 ± 253.33* 30/38.0*
Yes 408.35 ± 360.50 1/3.6

Fig. 2  Correlation between SHSES score and AVCS

Fig. 3  The ROC curve to predict AVCS = 0 based on the destimulant 
of the SHSES score

Table 4  Sensitivity and specificity of the SHSES score < 3 points as a 
predictor AVCS = 0

Sensitivity 0.532

Specificity 1.000
Accuracy 0.622
Positive predictive values 0.938
Negative predictive values 0.475
Likelihood ratios positive 6.118
Likelihood ratios negative 0.452
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Calcification of aortic valve is not a passive process, but 
this is a result of multiple biological and molecular pro-
cesses, inflammation and fibrosis. Hyperlipidaemia, espe-
cially elevated lipoprotein (a) level, also plays a role in calci-
fication process by promoting local inflammation. Coronary 
artery atherosclerosis coexists in over 50% cases with AVC 
[38–40]. Firstly, there is a dysfunction of endothelium due 
to mechanical stress related to valves. Then there occur dif-
ferent changes in valvular endothelial and interstitial cells 
which result in apoptosis. This led to diffuse calcification 
which is stimulated by apoptosis of valvular interstitial cells. 
Mineral reabsorption is impaired due to insufficient func-
tion of cardiovascular osteoclast-like cells [41]. Aortic valve 
sclerosis can be auscultated in most cases of stenosis and 
visualised using echocardiography (ECHO) by finding focal 
areas of valve thickness and calcinosis. MDCT is a more 
precise diagnostic method and is useful whether ECHO is 
inconclusive or impossible [32]. Attard et al. [42] conducted 
a study in which they also analysed the correlation between 
ETS and risk of myocardial infarct or lipid profile. ETS, 
especially at home rather than at public places, was associ-
ated with a significantly increased risk of myocardial infarc-
tion. Active smokers and ETS had higher total cholesterol 
level. Passive smokers have also endothelial dysfunction in 
coronary artery [43]. In our study, we analysed the correla-
tion between place of ETS exposure and AVCS. The mean 
value of AVCS was highest in patients exposed to ETS at 
work. Patients with exposure to ETS in public places had 
lower mean AVCS value than those exposed to ETS at home.

PROVIDI study group in their study [44] showed the 
prognostic value of incidental heart valve calcification detec-
tion on CVD. Utsunomiya et al. [45] analysed 943 patients 
to assess heart calcification and its association with CVD 
morbidity and mortality. Heart calcification, which also 
included AVC, increased the CVD morbidity and mortal-
ity compared to traditional risk factors. Patients with AVC 
have increased risk of coronary artery calcification (CAC) 
[46–48]. Mahabadi et al. [49] concluded that AVC is asso-
ciated with increased coronary artery plaque (CAP). Their 
study group consisted of 357 participants and they used 
MDCT to assess the presence of CAP and AVC. Patients 
with AVC had increased extent of CAP (over 2 segments 
more) and higher frequency of CAP presence (89.2%, 
p < 0.001). These findings were not associated with sex, age 
and cardiovascular risk factors. Symptomatic AVC also pre-
disposes to coronary events and worsens survival [48]. Indi-
viduals with CAC have high risk of coronary artery disease 
and CVD [50]. Aortic valve abnormality worsens patient’s 
prognosis. Aortic valve sclerosis may increase odds of stroke 
event [51]. Cardiovascular Heart Study [52], in which 5,201 
people in age of at least 65 years were enrolled, showed that 
aortic valve disease morbidity was increased in case of AH 
and present smoking (20% and 35%, respectively, increase 

in risk). Progression of AVC is not significantly associated 
with stroke but with progression of mitral annular calcifi-
cation (MAC) [53]. Other studies showed that there is no 
association between AVC and increased risk of stroke [54] 
or dementia [55]. Adler et al. [56] in their study confirmed 
that presence of AVC increases odds of death from CVD 
causes. There is a necessity of study to compare ETS and 
MAC. Our study showed that ETS is associated with the 
presence of AVC and thus increases, as literature shown, 
the risk of CVD.

Khurrami et al. [31] in their pilot study on 2,060 partici-
pants showed that left ventricular ejection fraction did not 
differ in case of low and high AVC. However, left ventricular 
and atrial hypertrophy were observed in patients with AVC 
regardless of the presence of the atrial stenosis symptoms. 
Nitta et al. [57] also concluded in their study that there is no 
correlation between the presence of AVC and left ventricular 
ejection fraction.

Lindroos et al. [58] showed that there is a correlation 
between AH and AVC and this does not depend on BMI 
and age. On the other hand, Owens et al. [59] concluded 
that BMI has an impact on incidence of AVC but not on its 
progression. Other retrospective study [60] showed that AH 
has an impact on rapid progression of AVC. Participants 
with hypertension had faster progression of atrial stenosis 
than these without AH (p < 0.01). AVC progression can be 
lower in patients with higher diastolic blood pressure [59]. 
Ljungberg et al. [61] claim that higher diastolic blood pres-
sure in AH patients may be a risk factor of developing aortic 
stenosis requiring surgical interventions. These results are in 
line with study [62] on 3,474 individuals in which AH and 
smoking increased progression of AVC (p < 0.05). In our 
study patients with AH have higher AVCS. AVC develop-
ment and progression correlate with smoking history espe-
cially with pack-years of smoking. The progression of AVC 
is increased with each 10-unit pack-year of smoking [63].

ETS is defined as the inhalation of smoke exhaled by 
the smoker and the smoke given off by the burning end of 
the tobacco product. The incidence of cardiovascular inci-
dents in passive smokers is 20–50% higher than in unex-
posed individuals, significantly increasing mortality in the 
USA. There is scientific evidence for the association of 
SHS with carotid intima-media thickness, atherosclerotic 
plaque, arterial stiffness, endothelial function, and subclini-
cal atherosclerosis. Frank Peinemann et al. [64] examined 
the effect of SHS on the degree of CAC. SHS was assessed 
by questionnaire, detailed history, laboratory and physical 
examination. CAC was determined by electron-beam CT and 
scored by Agatston and his co-workers. Total CAC score was 
calculated considering all calcified lesions in the coronary 
arteries. SHS had higher CAC values and CAC > 1 compared 
with unaffected subjects. SHS at home and work only led to 
increase in CAC + 1 of 17.9% and 52.1%, respectively. SHS 
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may increase the risk of CVD. Yankelevitz et al. [20] used 
CAC assessment to investigate the presence of subclinical 
atherosclerosis in passive smokers who had never smoked 
and had no symptoms of coronary artery disease. There were 
3,098 participants in the Flight Attendant Medical Research 
Institute International Early Lung Cancer Action Program. 
CAC was assessed by a low-dose non-gated CT. CAC was 
classified as absent, mild, moderate and severe calcification 
according to the number and length of epicardial arteries 
involved. The main, left anterior descending, circumflex and 
right coronary arteries were considered. CAC scores ranged 
from 0 to 12. There were also 4 categories of exposure to 
SHS: minimal, low, moderate and high exposure. The inci-
dence of CAC was significantly higher in SHS with greater 
than minimal SHS exposure. The incidence and extent of 
CAC were dependent on SHS exposure. Similarly, in the 
other study performed by Yankelevitz et al. [65] the pres-
ence of coronary atherosclerosis in SHTS-exposed subjects 
was assessed using CT angiography. The study showed that 
the presence and extent of atherosclerosis depend on SHTS 
exposure.

A 2007 report from China’s Ministry of Health [66] 
showed that 100,000 people die annually due to SHS. Based 
on the Guangzhou Biobank Cohort Study, active smoking 
was shown to be associated with aortic arch calcification 
(AAC), which is further associated with coronary artery dis-
ease. Most aortic calcifications are in the arch of aorta. Xu 
et al. [67] in their study wanted to assess whether ETS was 
a risk factor for AAC. The study group had plasma vascular 
risk factors measured. Calcification was assessed by radio-
graphs taken by two radiologists. The length and width of 
calcifications were used to assess the factor of aortic arch 
calcification severity. In case of several calcification loca-
tions, the score was the sum of all calcification lengths. 
A 3-grade scale was created. Non-smoking patients were 
included in the study. When assessing ETS, the location 
and duration were considered. In women the risk of AAC 
increases with longer exposure to tobacco smoke. ETS is an 
independent risk factor for AAC. AAC is associated with 
a high incidence of coronary artery disease and is a highly 
specific marker of severe coronary atherosclerosis.

Knowledge regarding the cardiovascular consequences of 
smoking is limited. Aortic valve function in smokers may be 
adversely affected by mechanisms such as smoking-induced 
free radicals, altered lipoprotein composition, proinflamma-
tory state and promotion of platelet activation. A study was 
conducted to evaluate the effect of smoking on degenerative 
aortic valve disease (DAVD) independent of other risk fac-
tors. Valve lesions were assessed by transthoracic echocar-
diography (TTE). DAVD was defined as abnormal irregular 
thickening of the valve leaflets with or without calcification. 
Twenty percent of subjects had DAVD, and slightly more 
than 40% with DAVD had calcification on a minimum of 

2 aortic valve leaflets. The presence and severity of DAVD 
were found to depend on the dose and duration of smoking. 
The risk of DAVD decreased in subjects after smoking ces-
sation and abstinence for at least 10 years. There is a need 
for further research on larger study groups to clarify the risk 
of progression over time of DAVD in relation to exposure to 
tobacco smoke [68]. Redd et al. [69] showed that both active 
and passive smoking are associated with cardiovascular risk 
factors. They also described an association between SHS and 
higher glucose levels, BMI, decreased HDL or decreased 
lung function as assessed by spirometry. There were differ-
ences in both sexes, especially in HDL levels. A stronger 
correlation between ETS and elevated blood glucose levels 
is found in men.

Recent scientific reports outline an important role for 
impaired autophagy in heart lesions caused by tobacco 
smoke exposure. A study was conducted to evaluate the 
effect of the mTOR-independent autophagy protein Bec-
lin1 on cardiac changes caused by tobacco smoke expo-
sure. The results showed that second-hand smoke induced 
excessive autophagy and activated the innate immune 
response. Beclin1 deficiency caused by tobacco smoke 
exposure led to changes in myocardial geometry, car-
diomyocyte function and inflammation accompanied by 
marked apoptosis [70]. There are also scientific reports 
that macrophage migration inhibitory factor (MIF) may 
play a role in heart abnormalities caused by passive smok-
ing. The effect of MIF knockout on changes in the heart 
caused by exposure to tobacco smoke has been investi-
gated. The results showed that MIF knockout caused 
fractional shortening, impaired cardiomyocyte function, 
induced apoptosis and  O2

− generation and excessive 
autophagolysosome formation [71]. Wang et al. [72] in 
a mouse study demonstrated that exposure to tobacco 
smoke alters the composition of the gut microbiota and 
reduces the inflammatory response. This was due to 
increased expression of tight junction proteins. Amongst 
the imaging studies used to evaluate aortic valve stenosis 
and calcification are transoesophageal echocardiography 
(TEE) and TTE. The diagnostic accuracy of both meth-
ods was compared. The reference point was intraoperative 
evaluation of the aortic valve. The study [73] included 
169 patients without significant coronary artery disease. 
Systematic semi-quantitative assessment of AVC showed 
that real-time images by TTE and TEE were superior to 
visual or grey scale mean assessment of end-diastolic still 
frames. TTE is more accurate than TEE in assessing bicus-
pid aortic valve morphology (sensitivity and specificity 
0.86, 92% and 94% versus 0.57, 77% and 82%, respec-
tively). Multiplane transesophageal echocardiography is 
even more beneficial in assessing aortic valve morphology 
than the biplane approach. The sensitivity and specificity 
of the biplane technique were 66% and 56%, respectively, 
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whereas in the multiplane technique (bicuspid vs tricuspid 
valve) it was 87% and 91%, respectively [74]. Zhu et al. 
[63] investigated the sensitivity and specificity of visual 
AVCs on low-dose CT (LDCT) by evaluating AVCs in 
lung cancer screening participants. The accuracy of the 
study using LDCT was assessed by comparing the results 
with standard-dose, electrocardiography (ECG)-gated 
CT. In moderate/severe AVC in moderate/severe AS, 
the sensitivity and specificity of LDCT were 100% and 
94%, respectively. Our study showed 100% specificity for 
SHSES < 3 points.

Limitations of our study should be established. The first 
limitation is that this is a small study group and single-centre 
study. We have not got information about patients ETS based 
on laboratory test of nicotine or cotinine in saliva, plasma, 
urinary or hair as mentioned in other studies. SHSES scale 
was validated by Vardavas et al. (Pearson’s correlation: 
0.4939, p < 0.0001) [30], but we do not know about hon-
esty of patients in questionnaire filling. We did not check by 
validated scales the absence of dementia amongst them. The 
failure of measurement of biomarkers of exposure to tobacco 
smoke in biological material limits the reliability of the con-
clusions drawn in this study. The strength of our study is the 
use of CT instead of ECHO in detecting AVC. Moreover, we 
used MPR which is more precise than the single image and 
axial plane-based analysis. These modifications allowed bet-
ter recognition of valve anatomical structures. In the present 
work, we did not differentiate the impact of other underlying 
factors including hypertension, high-cholesterol levels and 
interpersonal variability with ETS. The present results are 
aggregate of all factors; hence it is challenging to differential 
results that are specific to ETS. Further study could assess 
the association between AVC and ETS exposure measured 
by direct methods (e.g. cotinine in hair). Moreover, upcom-
ing studies should analyse the correlation between SHSES 
and cotinine levels in hypertensive patients’ hair or saliva. 
The time since AH is diagnosed should also be included in 
further studies.

It can be concluded that in people with AH, there is an 
unfavourable relationship between the amount of exposure 
to environmental tobacco smoke, determined on the SHSES 
scale, and the intensity of the aortic valve calcification, 
expressed by the AVCS value.
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