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Background: There is a possibility that cardiac morphometric characteristics are
associated with the lipid profile, that is, the composition and concentration of
triglycerides, total cholesterol, HDL, LDL, and others lipoproteins in young
smokers without comorbidities. Thus, this study aimed to evaluate the
association of cardiac morphometric characteristics, myocardial fat deposition,
and smoking cessation with the lipid profile of young smokers.

Methods: A clinical and laboratory evaluation of lipids and the smoking status was
performed on 57 individuals, including both a smoker group and a control group.
Cardiac magnetic resonance imaging (MRI) with proton spectroscopy was
performed to identify cardiac changes and triglyceride (TG) deposition in
myocardial tissue.

Results: No differences were observed between the groups (control vs. smokers)
in relation to the amount of myocardial TG deposition (p = 0.47); however, when
TG deposition was correlated with cardiac MRI variables, a positive correlation was
identified between smoking history and myocardial TG deposition [hazard ratio
(95% ClI), 0.07 (0.03-0.12); p=0.002]. Furthermore, it was observed that the
smoking group had lower high-density lipoprotein cholesterol [51 (45.5—
59.5) mg/dl vs. 43 (36—49.5) mg/dl, p = 0.003] and higher TG [73 (58—-110) mg/dl
vs. 122 (73.5-133) mg/d|, p = 0.01] and very-low-density lipoprotein cholesterol
[14.6 (11.6-22.2) mg/dl vs. 24.4 (14.7-26.6) mg/dl, p=0.01] values. In the
control and smoking groups, a negative correlation between TGs and the
diameter of the aortic root lumen and positive correlation with the thickness of
the interventricular septum and end-diastolic volume (EDV) of both the right
ventricle (RV) and left ventricle (LV) were noted. Moreover, in the RV, positive
correlations with the end-systolic volume (ESV) index (ESVI), stroke volume (SV),
ESV, and EDV were observed. Regarding serum free fatty acids, we found a
negative correlation between their values and the diameter of the lumen of the
ascending aortic vessel. Lipoprotein lipase showed a positive correlation with
the SV index of the RV and negative correlation with the diameter of the lumen
of the ascending aortic vessel.

Conclusion: Several associations were observed regarding cardiac morphometric
characteristics, myocardial fat deposition, and smoking cessation with the lipid
profile of young smokers.
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1. Introduction

Smoking is the leading cause of preventable death worldwide,
which is the main risk factor for the development of several
comorbidities. It corresponds to one of the most important
health problems globally, causing dependence and reaching
different ages and social classes (1, 2).

It is estimated that every year, more than eight million people
die due to tobacco use and approximately 1.2 million of these
deaths result from passive exposure to smoking.(1) Thus, passive
exposure, occasional smoking, and/or consumption of a few
cigarettes a day is considered sufficient to be related to the risk
of heart disease (3). On the other hand, withdrawal from tobacco
exposure reduces the risk of cardiovascular events by 50% after 1
year of abstinence.(2).

In this context, tobacco is recognized as the primary isolated
risk factor for acute myocardial infarction (AMI) and plays a
significant role in the onset and progression of coronary artery
disease (1, 4). This is due, in part, to chronic exposure to
nicotine, which leads to vascular endothelial dysfunction. This
dysfunction is characterized by diminished nitric oxide synthesis,
vasoconstriction, and increased adhesion of leukocytes to the
endothelium, contributing to the development of atherosclerosis.
This process is further exacerbated by the composition and
total
cholesterol, HDL, LDL, and other lipoproteins (lipid profile), as

concentration of lipoproteins, including triglycerides,
well as abnormal plasma lipoproteins. Notably, there is a decrease
in high-density lipoprotein (HDL) levels, while levels of very-low-
density lipoprotein (VLDL) and triglycerides (TG) increase (5-8).

In addition, pathophysiological mechanisms are involved in the
increase in cardiovascular risk. There is evidence for a direct toxic
effect of cigarette smoke on the myocardium, culminating in
cardiac remodeling.(9, 10) A previous experimental study showed
that cigarette smoke was associated with eccentric cardiac
hypertrophy, regardless of its hemodynamic effects. In addition,
the activity of enzymes responsible for the oxidation of fatty
acids (FA) decreased, and consequently, the cardiac TG levels
increased; other findings included cell death, hypertrophy, and
myocardial dysfunction (11-14).

Although smoking is directly related to the increase in the
circulating free FA (FFA) levels, it is not known exactly whether
there are changes in glucose and FA metabolism in the
myocardial tissue of smokers or there is an association between
the accumulation of TG in the heart and hypertrophy and
these (15-17). We
previously observed a strong association between smoking in

myocardial dysfunction in individuals
young adults and decline in heart function, confirming that
smoking can directly influence cardiac function, even without
atherosclerosis or other chronic comorbidities, suggesting that
other mechanisms are involved in the cardiac remodeling
process, such as insulin resistance (IR) and changes in glucose
metabolism (18, 19). Therefore, cardiac magnetic resonance
imaging (MRI) is an important tool for identifying cardiac
alterations, and this together with proton spectroscopy can
evaluate TG deposition in myocardial tissue, thus favoring a

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1225621

more accurate assessment of cardiac function in this population
(18, 20-24).

In this sense, our hypothesis is that cardiac morphometric
characteristics are associated with the lipid profile and TG
deposition in the myocardium of young smokers without
This
knowledge about smoking and alterations in heart disease,

comorbidities. study is justified by expanding our
aiming to enhance the understanding of the mechanisms of
action of cigarettes on the cardiovascular system. Given the
aforementioned, our aim was to evaluate the association between
cardiac characteristics

morphometric and myocardial fat

deposition with lipid profiles in young smokers.

2. Methods

This is a cross-sectional study in which patients from the
“smoking cessation outpatient clinic” at the Clinical Hospital of
Botucatu Medical School were invited to participate in the study.
For the control group, posters were distributed locally, and those
who also showed an interest in the study were selected (approval
number, 2.076.232).

The inclusion criteria for the smoking group were individuals
aged >18 years with a minimum smoking history of 10 pack-
years and smoking consumption of at least one cigarette per day
in the month prior to the evaluation. In the control group,
individuals without previous smoking and without any
comorbidity were considered. The exclusion criteria for both
groups were the presence of coronary or heart failure, systemic
atherosclerosis, AMI, and chronic diseases such as systemic
arterial hypertension; diabetes mellitus; dyslipidemia; respiratory,
hepatic, renal, psychiatric diseases; and cancer of any kind. In
addition, who did not

echocardiographic examination (to exclude any ischemic heart

patients undergo a previous
disease or cardiac remodeling), had restrictions on performing
cardiac MRI, and presented with alterations in pulmonary
function examination were excluded.

All study participants were evaluated between 2017 and 2018
their

examination. Smoking history (pack-years) and current smoking

based on clinical history and complete physical
status were investigated and complemented by assessing the
intensity of nicotine dependence (Fagerstrom test) (25). Smoking
status was confirmed by measuring carbon monoxide (CO) in
expired air using a standardized technique with specific
equipment (Micro + Smokerlyzer; Bedfont, England, UK). Values
above 6.0 ppm of expired CO were considered significant for
active smoking (26). For the treatment of smoking cessation,
first-line drugs were administered in this study, dispensed
according to medical prescriptions. Both the follow-up of these
individuals and the verification of smoking cessation occurred
qualitatively (direct questions), quantitatively (Fagerstrom test)
and biological methods, especially through the analysis of carbon
monoxide in exhaled breath (27, 28).

Laboratory evaluation included the analysis of complete blood

count, fasting blood glucose, fasting insulin, C-reactive protein
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(CRP), and serum lipid profile—total (serum) cholesterol, HDL,
low-density protein (LDL), VLDL, and TG. The homeostatic
model assessment (HOMA) index was used to assess IR (24, 29).
FAs were analyzed through conversion to their coenzyme A
derivatives, and for lipoprotein lipase (LPL) analysis, assays were
performed in duplicate using commercially available enzyme-
linked immunosorbent assay Kkits.

All participants of the research underwent cardiac MRI
examination, which were carried out in the 3-T MR device
(Magnetom Verio, Siemens AG, Health care Sector, Erlangen,
Germany) according to the study protocol. The localizers were
obtained through image cut sequences of the heart to the
programming of sequences of posterior images. Images on cine-
MRI in short and long axes of the left ventricle (LV) using the
Steady-State Free Precession sequence were used for calculations
of ventricular volumes and functions. Proton spectroscopy was
performed with voxel placement in the interventricular septum
(IVS) to quantify the myocardial fat deposits (Figure 1) (30, 31).
After injected
(Gadolinium DTPA - 0.15mmol/kg) and new images of late

spectroscopy,  gadolinium  contrast  was
enhancement were obtained after 15min using the phase-
sensitive inversion-recovery — PSIR sequence in the short and
long axes of the LV and also the T1 maps at the same

anatomical plans (32-34).

10.3389/fcvm.2023.1225621

Regarding the reference values of ventricular volumes for
cardiac MRI, the data provided by Kawel-Boehm et al., for
healthy adults of both sexes, were used.(32).

For image analysis, ventricular function, volumes and mass of
the LV were calculated through the Ventricular Function Argus
software (Siemens AG, Healthcare Sector). All volumes and
ventricular mass were indexed to the body surface area (21).
Using standardized LV segmentation, we divided the T1 maps
into 16 myocardial segments for T1 time measurements
independently (35). The apex (segment 17) was not analyzed
because it was impossible to avoid the partial volume effect in
this segment. Regions of interest (ROIs) were drawn on the pre-
contrast image and copied to the postcontrast images. The
extracellular volume (ECV) was calculated manually using T1
measurements before and 15 min after the administration of
intravenous contrast (36). T2 measurement was performed with
the ROIs positioned in the IVS to exclude the possibility that
eventual increases in native T1 were due to edema.

The following formula was used to calculate the ECV: ECV =
(1-Hct) x A, where Hct is the hematocrit and 4 is the gadolinium
partition coefficient. To calculate spectroscopy, two simultaneous
cardiac images were used (four chambers and a short axis) with
placement of the voxel in the IVS for quantification. The first
image was taken without water suppression for peak-water

FIGURE 1

thorax; and (D) acquiring proton spectroscopy data.

Cardiac magnetic resonance images with voxel location in the interventricular septum of the myocardium for image acquisition of a non-smoker subject.
Options are: (A) left ventricular short axis; (B) four chambers; (C) capturing respiratory movement through the trigger located between the liver and the
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FIGURE 2

suppression

Water suppression to determine TG peaks, which were summed to obtain the TG peak value. (A) Without water suppression and (B) With water

determination. The second image was obtained with water
suppression to determine TG peaks, which were summed to obtain
the TG peak value (Figure 2). For the final quantification of
myocardial TGs, the following formula was used: Lipdl + Lipd2/
water x 100 (9). Data were analyzed using Spectroscopy Evaluation
software (Siemens AG, Healthcare Sector, Erlangen, Germany).

Descriptive statistics were used to describe the characteristics of
all participants. Means + standard deviation or medians and
interquartile range (25%-75%) were used depending on the data
distribution. Categorical variables are expressed as percentages.
The y? test was used to compare categorical variables.

The comparison between two independent groups was
performed using Student’s t-test or Mann-Whitney U test. Paired
Student’s t-test or Wilcoxon test were used to compare two
dependent groups, especially before and after smoking cessation.
To study the
morphometric variables of MRI with fat deposition, correlation

associations between the functional and
coefficient analysis was performed using the Pearson or Spearman
correlation test. Linear regression was used to evaluate the
association of pack years, gender or age, and TG cardiac deposition.

The significance level was set at p < 0.05. All data were analyzed
using SPSS version 17.0 (IBM Software, Dallas, TX, USA) and SAS

(USA).

3. Results

Initially, 97 individuals of both sexes were invited to participate
in this study: 47 in the control group (nonsmokers) and 50 in the
active smoker group. After applying the inclusion and exclusion
criteria, 28 and 29 participants remained in the control and
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smoking groups, respectively. Of the 29 individuals included in
the smoking group, only 10 had ceased smoking at the end of
the study. Table 1 shows the main characteristics of the 57
participants included in this study.

Regarding the lipid profile, the comparison between the two
groups showed a significant reduction in the HDL cholesterol
levels [51 (45.5-59.5) vs. 43 (36-49.5), p =0.003] and increase in
the TG (73 (58-110) vs. 122 (73.5-133), p=0.01] and VLDL
(146 (11.6-22.2) vs. 244 (14.7-26.6), p=0.01] levels in the
smoking group (Table 2).

When the TG deposition in the myocardium was quantified by
proton spectroscopy, there was no statistically significant difference
[0.311 (0.156-0.610) vs. 0.197 (0.116-0.572),
p=0.47]. As for the analysis of TG deposition in the myocardium

between them

by proton spectroscopy before and after smoking cessation,
we did not observe significant differences between the initial
and final moments (0.56 + 1.08% vs. 0.16 £ 0.22%, p = 0.28).

TABLE 1 Characteristics of participants.

Control (n=28) = Smokers (n=29)

Man, % 60.7 414 0.14°
Age, years 34.7£4.5 36.7 £5.7 0.14°
Weight, kg 758 +12.4 715+ 15.7 0.26*
Height, m 1.73+0.11 1.65 +0.09 0.003*
BMI, kg/m? 251433 26.0 £4.0 0.39*
CO, ppm 2.0 (1.0-3.0) 9.5 (5.7-15.5) <0.001°

Kg, kilograms; M, meters; BMI, body mass index; CO, carbon monoxide; ppm, parts
per million.

Data expressed as mean + standard deviation or median (25-75%) or percentage
(p<0.05).

Student’s t-test or

®Mann-Whitney.
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TABLE 2 Laboratory assessment.

Variables Smokers

(n=29)

Free fatty acids, mmol/L 0.42+0.18 0.45+0.21 0.56
CRP, mg/L 0.6 (0.5-0.7) 0.6 (0.5-1.1) 0.77°
HOMA index, n 0.99 (0.50-1.44) 1.42 (0.87-2.38) 0.05"
Blood glucose, mg/dl 88.4+20.7 85.6+12.2 0.70*
TG, mg/dl 73 (58-110) 122 (73.5-133) 0.01°
Total cholesterol, mg/dl 182.5+22.8 1879 +31.4 0.61°
HDL, mg/dl 51 (45.8-59.5) 43 (36-49.5) 0.003"
LDL, mg/dl 114.7 £22.7 119.8 +34.7 0.71*
VLDL, mg/dl 14.6 (11.6-22.2) 24.4 (14.7-26.6) 0.01°

CRP, c-reactive protein; HOMA, homeostasis model assessment; TG, triglycerides;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-
density lipoprotein.

Data expressed as mean + standard deviation or median (25-75%) or percentage
(p<0.05).

°Student’s t-test or.

®Mann-Whitney.

Myocardial TG deposition was evaluated with cardiac MRI
variables in the control and smoker groups, and there was a
positive correlation between smoking history and myocardial fat
deposition [coefficient (95% CI), 0.07 (0.03-0.12); p =0.002]. We
did not identify male influence (coefficient: 4.04; 95% CI: —6.27-
14.4; p=0.43; R? 3%) or age (coefficient: 0.79; 95% CI: —0.33-
1.92; p=0.16; R* 4%) in the deposition of triglycerides. No
significant association was found between myocardial TG
deposition and serum lipid profile variables in the control group;
however, the smoking group showed a negative correlation with
the LPL (Table 3). When the controls and smokers were
grouped together, we did not identify a significant correlation
between TG deposition and serum markers.

When analyzing the serum markers of all patients with cardiac
MRI variables in relation to the LV, we identified a positive
correlation between TG, end-diastolic volume (EDV), and IVS
size. In relation to the right ventricle (RV), there was a positive
correlation between the LPL and stroke volume (SV) index (SVI)
and TG with EDV, end-systolic volume (ESV), SV, EDV index
(EDVI), and ESV index (ESVI). Furthermore, we found a
negative correlation between the ascending aorta diameter and
LPL, FFAs, and TG in the aortic root (Table 4).

TABLE 3 Correlation between myocardial fat deposition and lipid profile
variables for the smokers group.

Variables R p-value
Triglyceride deposition LPL, U/L —0.38 0.04
FFA, mmol/L —0.07 0.72
TC, mg/dl 0.10 0.61
LDL, mg/dl 0.11 0.62
HDL, mg/dl —0.06 0.75
VLDL, mg/dl 0.15 0.46
TG, mg/dl 0.15 0.46
HOMA, n 0.14 0.56

Correlation data between fat deposition and lipid profile variables were performed
using Pearson's correlation for data with normal distribution or Spearman'’s
correlation for non-parametric data.

LPL, lipoprotein lipase; FFA, free fatty acids; TC, total cholesterol; LDL, low-density
lipoprotein; HDL, high-density lipoprotein; VLDL, very-low-density lipoprotein; TG,
triglycerides; HOMA, homeostasis model assessment.
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TABLE 4 Correlation between myocardial fat deposition and lipid profile
variables for the control and smoker groups.

Variables r p-value

Left ventricle TG, mg/dl EDV, ml 0.27 0.04
IVS, mm 0.30 0.03

Right ventricle LPL U/L SVI, ml/m? 0.34 0.01
TG, mG/dl EDV, ml 0.30 0.03

ESV, ml 0.29 0.03

SV, ml/m?* 0.28 0.04

EDVI, ml/m? 0.28 0.04

ESVI, ml/m? 0.29 0.03

Aortic root, mm -0.35 0.008

AAo, mm LPL, U/L —-0.29 0.04

FFA, mmol/L -0.29 0.04

Correlation data between fat deposition and lipid profile variables were performed
using Pearson's correlation for data with normal distribution or Spearman'’s
correlation for non-parametric data.

TG, triglycerides; LPL, lipoprotein lipase; AAo, ascending aorta; EDV, end-diastolic
volume; IVS, interventricular septum; SVI, stroke volume index; ESV, end-systolic
volume; SV, stroke volume; EDVI, end-diastolic volume index; ESVI, end-systolic
volume index; FFA, fat free acids.

075 P=0.017 oActive smokers (N=10)
m 1 month of smoking cessation (N=10)
60 -
50
47.9414.7
40 4 P=0,010
30 A [
29.016.8
20 A
10 A
0
ESV ESVI
FIGURE 3
Comparison of functional variables of right ventricular of smokers at
baseline and after one month of smoking cessation.

When comparing before and after 1 month of smoking
cessation, in relation to the analysis of RV morphometric and
functional variables, we identified a statistically significant
difference only in the ESV (47.9 +14.7 vs. 43.3 £ 14.0, p=0.017)
and ESVI (29.0 £6.8 vs. 25.5+6.5, p=0.010) (Figure 3). In the
LV, we identified a statistically significant difference only in the
end-systolic diameter (ESD) (32.2 £4.6 vs. 33.8 +4.9, p=0.03).

4. Discussion

In the present study we did not find strong associations
between the variables analyzed and myocardial fat deposition,
however, the smoking group had lower HDL and TG levels.
These findings are well established in the literature, likewise the
TG values and their influence on smokers have also been
discussed (37-40). By itself, abdominal visceral fat accumulation
is strongly correlated with higher TG levels, lower HDL values,
and IR (41-43). In this sense, Freeman et al. (37) reported that
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smoking had a small impact on TGs of active smokers, and more
recently, Koda et al. (41) demonstrated that in smokers with a
greater area of abdominal visceral fat, the TG values were also
higher. However, in those with less visceral fat deposition, their
numbers did not differ statistically between smokers and
nonsmokers.

In the cardiac MRI analysis, we found a negative correlation
between the TG values and diameter of the aortic root lumen
and positive correlation between the thickness of the IVS and
EDV of both the RV and LV; in the RV, positive correlations
with the following volumes were also noted: ESV, SV, EDV], and
ESVIL. Regarding FFA, we observed a negative correlation
between its values and the diameter of the vessel lumen of the
ascending aorta.

Fat deposition in the cardiac tissue and adjacent structures can
generate mechanical overload with consequent remodeling of the
cardiac mass, alteration of vascular resistance, and ejection
fraction, causing a decrease in LV performance due to eccentric
changes in the ventricular chamber, systolic changes, and
increased ventricular wall tension (33, 35, 40-42, 44, 45).

Notably, the greater the fat deposition in certain anatomical
structures, the greater the predisposition to the emergence and
development of associated dysfunctions (46). Thus, we observed
several cardiovascular structural and functional alterations
correlated with both TG and FFA values, and presumably, such
findings may be useful in the early identification of the risk of
systemic arterial hypertension, atherosclerosis, and heart failure,
among others directly or indirectly related to the cardiovascular
system.

Regarding IR, although below the reference value, the HOMA
index was also higher in smokers, but the difference was not
statistically significant. We speculate that the sample size may
have hampered the analysis; however, the highest absolute values
in smokers were in agreement with other studies on the subject
(42, 47). IR can be a predictor of arterial hypertension and
dyslipidemia, which, in turn, favor fat deposition in the
cardiovascular system; however, in our sample, in the MRI
analysis, we did not find correlations between the HOMA index
and cardiac structures and functions (19).

Few studies have evaluated myocardial fat deposition and its
clinical associations, especially with IR (48, 49). Iacobellis and
(49),
demonstrated a good correlation between IR and pericardial lipid

Leonetti using  transthoracic  echocardiography,
droplet accumulation. Silva et al. (45), on the other hand, found
through necropsies that fat deposition in the LV is associated
with risk factors for cardiovascular diseases, such as smoking and
atherosclerotic disease.

Thus, on the lipid profile and IR, we observed that our results
are in accordance with the literature, and in this sense, it can be
seen that there may be a tendency to reduce fat deposition as the
LPL activity increases, or vice versa, given that in the MRI
analysis, we found that LPL presented a positive correlation with
the SVI and negative correlation with the diameter of the vessel
lumen of the ascending aorta (37, 40, 47).

In the comparison of LPL between controls and smokers, there

was no statistically significant differences. For some years now, LPL
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has been investigated in smokers because smoking can induce a
reduction in LPL activity in both adipose and muscle tissues,
either by reducing TG hydrolysis and clearance or through
hyperinsulinemia, which reduces TG hydrolysis and leads to an
increase in its values in smokers (50). Thus, it can be observed
that LPL may be associated with low weight in these individuals
and with mass gain after smoking cessation (10, 25, 51).

However, LPL activity in smokers remains controversial (25,
52, 53). In general, LPL is the main enzyme that hydrolyzes
circulating TG and releases FFA, which can be used as energy by
the myocardium. Classic studies have already suggested that the
greater FFA response in patients with AMI could be the result of
a greater release of catecholamines after stimulation by nicotine;
however, studies that have evaluated the lipid profile and its
relationship with cardiac tissue are still scarce (54).

Myocardial fat is commonly seen on computed tomography
and cardiac MRI in healthy adults or those with heart disease
(55). The physiological and/or pathophysiological role of this fat
deposition is still poorly understood; however, it may be related
to conductivity changes resulting from increased oxidative stress
and inflammation (42, 56).

The TG deposition determined by proton spectroscopy
between smoking and control group was not significant and, in
this sense, we did not find previous studies comparing TG
deposition by spectroscopy specifically in smokers. However, in
healthy individuals, a study by Van der Meer et al. (36) with 20
nonsmokers identified values of 0.4% +0.02%; Liu et al. (57)
presented median values of 0.5 (0.3%-1.0%) in a sample of 92
individuals, of whom 62% were smokers; and Sai et al. (58)
found mean values of 0.85% + 0.40% in 37 participants, with no
information on the number of smokers. When comparing our
findings with the literature, we observed that in a sample with
50% smokers, the median TG value was 0.24 (0.12%-0.55%), a
lower percentage than those found by the authors mentioned
earlier.

In our sample, no significant differences were observed in
individuals before and after smoking cessation in the TG
deposition in the myocardium by proton spectroscopy; however,
there was a reduction in the percentage values, showing a greater
tendency of TG deposition in smokers than in nonsmokers,
which corroborates the pathophysiology of tobacco-induced
myocardial lipid peroxidation. Furthermore, it was identified that
TG deposition was associated with smoking history and, only 1
month after smoking cessation, a reduction in its values was
observed (59). Thus, we can speculate that the cessation time was
not sufficient to detect a greater reduction in the TG values or
that the power of the present study was not sufficient for this
analysis.

Regarding the analysis of morphometric and functional
variables after 1 month of smoking cessation, we identified only
a reduction in the ESV and ESVI of the RV and a significant
increase in the ESD of the LV. In relation to these findings, we
can assume that some pathophysiological aspects may be
associated. For example, the diastolic and systolic volumes refer
to the resulting volume within the cavity at end diastole and end
systole, respectively, and characteristically, we could interpret the
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following findings as a consequence of reduced activation of B-
in the
aldosterone system, which would reduce preload by reducing

adrenergic receptors heart and renin-angiotensin—
volume retention. Thus, the efficiency of the right cavity
identified in this study would be better after smoking cessation,
with a consequent reduction in the ESV and ESVI.

As for the changes in the LV, our hypothesis was that in our
sample, the smoker’s heart would be working adaptively without
many morphological changes that we could have identified, but
after smoking cessation, this previous adaptation would have
become more evident. This finding may be related to the
Frank-Starling mechanism, in which the preload determines the
force of contraction, that is, when there is an increase in
myocardial fiber distension, both the tension generated and
the contractility increase (60, 61). Our findings suggest that
patients who smoke had adequate preload and systolic function
before smoking cessation, and after smoking cessation, the
change in volume would have been evident and consequently
highlighted the adaptation of the geometry by increasing the
LV ESD, which may have been associated with concentric
remodeling.

Comparatively, in this context, we can identify clinical studies
only with patients with different characteristics, including different
comorbidities; nonetheless, these were analyzed using adjusted
statistical models, which can be interpreted and partially
compared with our findings. The Multi-Ethnic Study of
Atherosclerosis (MESA), with more than 6,000 participants with
cardiac MRI assessment for atherosclerosis risk factors, showed
that the group of never-smokers had better cardiac ejection
fraction and lower EDVI and LVMI; however, we cannot say that
ex-smokers also have the same characteristics (62). Thus, residual
myocardial changes may occur after smoking cessation, as in the
study by Rosen et al. who found slight changes in LV function
after smoking cessation (63).

Regarding inflammation, in this study, evaluated by CRP, no
statistical differences were observed between the groups of
smokers and nonsmokers. In general, smokers have higher CRP
values than individuals who have never smoked (64); however, as
CRP is an indicator of acute inflammation, caution should be
exercised when interpreting the available data on CRP levels in
patients with chronic conditions or without exacerbation of CRP
underlying disease, especially when excluding patients with
recent infections and/or inflammation (65).

Thus, our results confirm the findings in the literature on the
lipid profile and IR of smokers; however, their associations with
myocardial fat deposition, assessed by MRI, were weak (10, 37-
39, 66, 67). In addition to the sample size, we can speculate that
physiologically, the human heart contains fat deposits that may
vary in different individuals. For example, the amount of adipose
tissue and its range in muscle tissue can be influenced by
advancing age; there is more fat deposition in men than in
women and more prominently in white people, Asians, black
people, and Hispanics (33, 68). Another well-discussed aspect is
that myocardial fat deposition is better observed in individuals
such as infarction,

with  cardiopathies, healed myocardial

arrhythmogenic RV dysplasia, cardiac lipoma, cardiomyopathy
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with muscular dystrophy, hypertrophic cardiomyopathy, and
dilated cardiomyopathy (45, 49, 68, 69).

This study has some limitations that need to be reinforced.
First, there is a need for further studies to confirm our findings
because the sample size was small and was composed only of
young smokers. Second, we did not confirm the nicotine levels to
assess the impact of smoking on possible mechanisms involved.
Third, this was a cross-sectional study that cannot assert
causality. Fourth, there was no follow-up of smokers to assess the
evolution of cardiac functions and long-term outcomes.

5. Conclusion

Active smoking has a direct influence on cardiac morphometric
characteristics and myocardial fat deposition. Cardiac function and
lipid profile can be modified early after smoking cessation in young
smokers.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by Ethics
Committee from Botucatu Medical School. The studies were
accordance with the local

conducted in legislation and

institutional requirements. The participants provided their
written informed consent to participate in this study. Written
informed consent was obtained from the individual(s) for the
publication of any potentially identifiable images or data

included in this article.

Author contributions

All authors made a significant contribution to the work
reported and have agreed on the journal to which the article has
been submitted. AB, TG, IG, PA, and ST contributed to
conception and design of the study. AB and TG organized the
database. ST and SP performed the statistical analysis. RP wrote
the first draft of the manuscript. PM, and EF wrote sections of
the manuscript. All authors contributed to the article and
approved the submitted version.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcvm.2023.1225621
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Batista et al.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. World Health Organization. Tobacco (2021). Available at: https://www.who.int/
news-room/fact-sheets/detail/tobacco (Accessed December 8, 2021).

2. Gallucci G, Tartarone A, Lerose R, Lalinga AV, Capobianco AM. Cardiovascular
risk of smoking and benefits of smoking cessation. J Thorac Dis. (2020) 12:3866-76.
doi: 10.21037/jtd.2020.02.47

3. Puig-Cotado F, Tursan d’Espaignet E, St Claire S, Bianco E, Bhatti L, Schotte K,
et al. Tobacco and coronary heart disease: WHO tobacco knowledge summaries. World
Health Organization (2020). p. 1-12.

4. Pinto MT, Pichon-Riviere A, Bardach A. Estimativa da carga do tabagismo no
brasil: mortalidade, morbidade e custos. Cad Saude Publica. (2015) 31:1283-97.
doi: 10.1590/0102-311X00192013

5. Manzano BM, Vanderlei LCM, Ramos EMC, Ramos D. Implicagdes do tabagismo
sobre o controle auténomo cardiaco TT—smoking implications on cardiac autonomic
control. Arq Ciénc Saiide. (2010) 17:97-101.

6. Chaumont M, De Becker B, Zaher W, Culié¢ A, Deprez G, Mélot C, et al.
Differential effects of E-cigarette on microvascular endothelial function, arterial
stiffness and oxidative stress: a randomized crossover trial. Sci Rep. (2018) 8:1-9.
doi: 10.1038/s41598-018-28723-0

7. Delgado GE, Krimer BK, Siekmeier R, Yazdani B, Marz W, Leipe J, et al.
Influence of smoking and smoking cessation on biomarkers of endothelial function
and their association with mortality. Atherosclerosis. (2020) 292:52-9. doi: 10.1016/j.
atherosclerosis.2019.11.017

8. Miinzel T, Hahad O, Kuntic M, Keaney JF, Deanfield JE, Daiber A. Effects of
tobacco cigarettes, e-cigarettes, and waterpipe smoking on endothelial function and
clinical outcomes. Eur Heart J. (2020) 41:4057-70. doi: 10.1093/eurheartj/ehaa460

9. Petritsch B, Kostler H, Gassenmaier T, Kunz AS, Bley TA, Horn M. An
investigation into potential gender-specific differences in myocardial triglyceride
content assessed by 1H-magnetic resonance spectroscopy at 3Tesla. ] Int Med Res.
(2016) 44:585-91. doi: 10.1177/0300060515603884

10. Gossett LK, Johnson HM, Piper ME, Fiore MC, Baker TB, Stein JH. Smoking
intensity and lipoprotein abnormalities in active smokers. J Clin Lipidol. (2009)
3:372-8. doi: 10.1016/j.jacl.2009.10.008

11. Azevedo PS, Minicucci MF, Matsubara BB, Matsubara LS, Duarte DR, Paiva
SAR, et al. Remodeling pattern and ventricular function in rats exposed to
cigarette smoke. Arq Bras Cardiol. (2010) 94:209-12. doi: 10.1590/S0066-
782X2010005000004

12. Jacobsen O, Malaguti C, Willian J, Nascimento L. Envolvimento do tabagismo e
apoptose na patogénese da doen¢a pulmonar obstrutiva cronica. Rev Med Minas
Gerais. (2011) 21:61-8.

13. Azevedo PS, Polegato BF, Minicucci MF, Paiva SAR, Zornoff LAM. Cardiac
remodeling: concepts, clinical impact, pathophysiological mechanisms and
pharmacologic treatment. Arq Bras Cardiol. (2016) 106:62-9. doi: 10.5935/abc.
20160005

14. Mayyas F, Aldawod H, Alzoubi KH, Khabour O, Shihadeh A, Eissenberg T.
Comparison of the cardiac effects of electronic cigarette aerosol exposure with
waterpipe and combustible cigarette smoke exposure in rats. Life Sci. (2020)
251:1-16. doi: 10.1016/.1fs.2020.117644

15. Hasan KM, Friedman TC, Parveen M, Espinoza-Derout ], Bautista F, Razipour
MM, et al. Electronic cigarettes cause alteration in cardiac structure and function in
diet-induced obese mice. PLoS ONE. (2020) 15:1-16. doi: 10.1371/journal.pone.
0239671

16. Seet RCS, Loke WM, Khoo CM, Chew SE, Chong WL, Quek AML, et al. Acute
effects of cigarette smoking on insulin resistance and arterial stiffness in young adults.
Atherosclerosis. (2012) 224:195-200. doi: 10.1016/j.atherosclerosis.2012.06.060

17. Murff HJ, Tindle HA, Shrubsole MJ, Cai Q, Smalley W, Milne GL, et al. Smoking
and red blood cell phospholipid membrane fatty acids. Prostaglandins Leukot Essent
Fatty Acids. (2016) 112:24-31. doi: 10.1016/j.plefa.2016.08.004

18. Batista ANR, Garcia T, Franco EAT, Azevedo PS, Barbosa MF, Zornoff LAM,
et al. Comparison of morphometry and ventricular function of healthy and
smoking young people. BMC Cardiovasc Disord. (2020) 20:1-7. doi: 10.1186/
512872-020-01372-w

19. Azevedo PS, Polegato BF, Paiva S, Costa N, Santos P, Bazan §, et al. The role of
glucose metabolism and insulin resistance in cardiac remodelling induced by cigarette
smoke exposure. ] Cell Mol Med. (2021) 25:1314-8. doi: 10.1111/jcmm.16053

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1225621

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

20. Macedo R, Fernandes JL, Andrade SS, Rochitte CE, Lima KC, Maciel ACC, et al.
Morphological and functional measurements of the heart obtained by magnetic
resonance imaging in Brazilians. Arq Bras Cardiol. (2013) 101:68-77. doi: 10.5935/
abc.20130113

21. Kankaanpda M, Lehto HR, Pérkki JP, Komu M, Viljanen A, Ferrannini E, et al.
Myocardial triglyceride content and epicardial fat mass in human obesity: relationship
to left ventricular function and serum free fatty acid levels. J Clin Endocrinol Metab.
(2006) 91:4689-95. doi: 10.1210/jc.2006-0584

22. Lehto HR, Pérkkid J, Borra R, Tuunanen H, Lepomaki V, Parkkola R, et al.
Effects of acute and one-week fatty acid lowering on cardiac function and insulin
sensitivity in relation with myocardial and muscle fat and adiponectin levels. J Clin
Endocrinol Metab. (2012) 97:3277-84. doi: 10.1210/jc.2012-1219

23. Qureshi WT, Nasir UB. Principals and clinical applications of magnetic
resonance cardiac spectroscopy in heart failure. Heart Fail Rev. (2017) 22:491-9.
doi: 10.1007/s10741-017-9611-x

24, Steffen BT, Bielinski SJ, Decker PA, Berardi C, Larson NB, Pankow JS, et al. Low
high-density lipoprotein cholesterol and particle concentrations are associated with
greater levels of endothelial activation markers in multi-ethnic study of
atherosclerosis participants. J Clin Lipidol. (2017) 11:955-63. doi: 10.1016/j.jacl.
2017.05.018

25. Ferrara CM, Kumar M, Nicklas B, McCrone S, Goldberg AP. Weight gain and
adipose tissue metabolism after smoking cessation in women. Int J Obes. (2001)
25:1322-6. doi: 10.1038/sj.ij0.0801716

26. Middleton ET, Morice AH. Breath carbon monoxide as an indication of smoking
habit. Chest. (2000) 117:758-63. doi: 10.1378/chest.117.3.758

27. Aiyegbusi OL, Hughes SE, Turner G, Rivera SC, McMullan C, Chandan JS, et al.
Symptoms, complications and management of long COVID: a review. ] R Soc Med.
(2021) 114:428-42. doi: 10.1177/01410768211032850

28. A clinical practice guideline for treating tobacco use and dependence: 2008
update. A U.S. public health service report. Am ] Prev Med. (2008) 35:158-76.
doi: 10.1016/j.amepre.2008.04.009

29. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, Turner RC.
Homeostasis model assessment: insulin resistance and f-cell function from fasting
plasma glucose and insulin concentrations in man. Diabetologia. (1985) 28:412-9.
doi: 10.1007/BF00280883

30. Clarke NE, Mosher RE. The water and electrolyte content of the human heart in
congestive heart failure with and without digitalization. Circulation. (1952) 5:907-14.
doi: 10.1161/01.CIR.5.6.907

31. Thomsen C, Becker U, Winkler K, Christoffersen P, Jensen M, Henriksen O.
Quantification of liver fat using magnetic resonance spectroscopy. Magn Reson
Imaging. (1994) 12:337-57. doi: 10.1016/0730-725X(94)92543-7

32. Kawel-Boehm N, Maceira A, Valsangiacomo-Buechel ER, Vogel-Claussen J,
Turkbey EB, Williams R, et al. Normal values for cardiovascular magnetic
resonance in adults and children. J Cardiovasc Magn Reson. (2015) 17:1-33. doi: 10.
1186/512968-015-0111-7

33. Tozzo P, Lautamaki R, Borra R, Lehto HR, Bucci M, Viljanen A, et al.
Contribution of glucose tolerance and gender to cardiac adiposity. J Clin Endocrinol
Metab. (2009) 94:4472-82. doi: 10.1210/jc.2009-0436

34. Meer RW VD, Doornbos ], Kozerke S, Schir M, Bax JJ, Hammer S, et al.
Metabolic imaging of myocardial triglyceride content: reproducibility of 1H MR
spectroscopy with respiratory navigator gating in volunteers. Radiology. (2007)
245:251-7. doi: 10.1148/radiol.2451061904

35. Tozzo P. Myocardial, perivascular,and epicardial fat. Diabetes Care. (2011) 34:
$371-9. doi: 10.2337/dc11-s250

36. Meer RW VD, Hammer S, Smit JWA, Frolich M, Bax JJ, Diamant M, et al.
Short-term caloric restriction induces accumulation of myocardial triglycerides and
decreases left ventricular diastolic function in healthy subjects. Diabetes. (2007)
56:2849-53. doi: 10.2337/db07-0768

37. Freeman DJ, Griffin BA, Murray E, Lindsay GM, Gaffney D, Packard CJ, et al.
Smoking and plasma lipoproteins in man: effects on low density lipoprotein
cholesterol levels and high density lipoprotein subfraction distribution. Eur J Clin
Invest. (1993) 23:630-40. doi: 10.1111/j.1365-2362.1993.tb00724.x

38. Gepner AD, Piper ME, Johnson HM, Fiore MC, Baker TB, Stein JH. Effects of
smoking and smoking cessation on lipids and lipoproteins: outcomes from a

frontiersin.org


https://www.who.int/news-room/fact-sheets/detail/tobacco
https://www.who.int/news-room/fact-sheets/detail/tobacco
https://doi.org/10.21037/jtd.2020.02.47
https://doi.org/10.1590/0102-311X00192013
https://doi.org/10.1038/s41598-018-28723-0
https://doi.org/10.1016/j.atherosclerosis.2019.11.017
https://doi.org/10.1016/j.atherosclerosis.2019.11.017
https://doi.org/10.1093/eurheartj/ehaa460
https://doi.org/10.1177/0300060515603884
https://doi.org/10.1016/j.jacl.2009.10.008
https://doi.org/10.1590/S0066-782X2010005000004
https://doi.org/10.1590/S0066-782X2010005000004
https://doi.org/10.5935/abc.20160005
https://doi.org/10.5935/abc.20160005
https://doi.org/10.1016/j.lfs.2020.117644
https://doi.org/10.1371/journal.pone.0239671
https://doi.org/10.1371/journal.pone.0239671
https://doi.org/10.1016/j.atherosclerosis.2012.06.060
https://doi.org/10.1016/j.plefa.2016.08.004
https://doi.org/10.1186/s12872-020-01372-w
https://doi.org/10.1186/s12872-020-01372-w
https://doi.org/10.1111/jcmm.16053
https://doi.org/10.5935/abc.20130113
https://doi.org/10.5935/abc.20130113
https://doi.org/10.1210/jc.2006-0584
https://doi.org/10.1210/jc.2012-1219
https://doi.org/10.1007/s10741-017-9611-x
https://doi.org/10.1016/j.jacl.2017.05.018
https://doi.org/10.1016/j.jacl.2017.05.018
https://doi.org/10.1038/sj.ijo.0801716
https://doi.org/10.1378/chest.117.3.758
https://doi.org/10.1177/01410768211032850
https://doi.org/10.1016/j.amepre.2008.04.009
https://doi.org/10.1007/BF00280883
https://doi.org/10.1161/01.CIR.5.6.907
https://doi.org/10.1016/0730-725X(94)92543-7
https://doi.org/10.1186/s12968-015-0111-7
https://doi.org/10.1186/s12968-015-0111-7
https://doi.org/10.1210/jc.2009-0436
https://doi.org/10.1148/radiol.2451061904
https://doi.org/10.2337/dc11-s250
https://doi.org/10.2337/db07-0768
https://doi.org/10.1111/j.1365-2362.1993.tb00724.x
https://doi.org/10.3389/fcvm.2023.1225621
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Batista et al.

randomized clinical trial. Am Heart J. (2011) 161:145-51. doi: 10.1016/j.ahj.2010.09.
023

39. Perk J, De Backer G, Gohlke H, Graham I, Reiner Z, Verschuren M, et al.
European Guidelines on cardiovascular disease prevention in clinical practice
(version 2012). Eur Heart J. (2012) 33:1635-701. doi: 10.1093/eurheartj/ehs092

40. Haglin LM, Tornkvist B, Bickman LO. High serum phosphate and triglyceride
levels in smoking women and men with CVD risk and type 2 diabetes. Diabetol Metab
Syndr. (2014) 6:1-7. doi: 10.1186/1758-5996-6-39

41. Koda M, Kitamura I, Okura T, Otsuka R, Ando F, Shimokata H. The
associations between smoking habits and serum triglyceride or hemoglobin Alc
levels differ according to visceral fat accumulation. J Epidemiol. (2016) 26:208-15.
doi: 10.2188/jea.JE20150086

42. Reaven G, Tsao PS. Insulin resistance and compensatory hyperinsulinemia: the
key player between cigarette smoking and cardiovascular disease? ] Am Coll Cardiol.
(2003) 41:1044-7. doi: 10.1016/S0735-1097(02)02982-0

43. Zhou YT, Grayburn P, Karim A, Shimabukuro M, Higa M, Baetens D, et al.
Lipotoxic heart disease in obese rats: implications for human obesity. Proc Natl
Acad Sci U S A. (2000) 97:1784-9. doi: 10.1073/pnas.97.4.1784

44. Zhou X, Zhao L, Mao J, Huang J, Chen J. Antioxidant effects of hydrogen sulfide
on left ventricular remodeling in smoking rats are mediated via PI3K/akt-dependent
activation of Nrf2. Toxicol Sci. (2015) 144:197-1203. doi: 10.1093/toxsci/kfu272

45. Da Silva RMS, De Mello RJV. Fat deposition in the left ventricle: descriptive and
observacional study in autopsy. Lipids Health Dis. (2017) 16:1-7. doi: 10.1186/s12944-
017-0475-9

46. Da Silva JLT, Barbosa DS, De Oliveira JA, Guedes DP. Centripetal distribution of
body fat, overweight and cardiorespiratory fitness: association with insulin sensitivity
and metabolic alterations. Arq Bras Endocrinol Metabol. (2006) 50:1034-40. doi: 10.
1590/50004-27302006000600009

47. Craig WY, Palomaki GE, Haddow JE. Cigarette smoking and serum lipid and
lipoprotein concentrations: an analysis of published data. Br Med J. (1989)
298:784-8. doi: 10.1136/bm;j.298.6676.784

48. McKenna W], Thiene G, Nava A, Fontaliran F, Blomstrom-Lundqvist C,
Fontaine G, et al. Diagnosis of arrhythmogenic right ventricular dysplasia/
cardiomyopathy. Br Heart J. (1994) 71:215-8. doi: 10.1136/hrt.71.3.215

49. Tacobellis G, Leonetti F. Epicardial adipose tissue and insulin resistance in obese
subjects. J Clin Endocrinol Metab. (2005) 90:6300-2. doi: 10.1210/jc.2005-1087

50. Sanip ZB, Suhaimi MZB, Man CN, Rasool AHBG, Yusoff HBM. Relationship
between hair nicotine levels with blood pressure, body composition, lipid profile
and leptin among healthy male smokers in kelantan. J Taibah Univ Med Sci. (2016)
11:50-5. doi: 10.1016/j.jtumed.2015.11.007

51. Chajek-shaul T, Berry EM, Ziv E, Friedman G, Stein O, Scherer G, et al. Smoking
depresses adipose lipoprotein lipase response to oral glucose. Eur J Clin Invest. (1990)
20:299-304. doi: 10.1111/j.1365-2362.1990.tb01859.x

52. Quensel M, Soderstrom A, Agardh CD, Nilsson-Ehle P. High density lipoprotein
concentrations after cessation of smoking: the importance of alterations in diet.
Atherosclerosis. (1989) 75:189-93. doi: 10.1016/0021-9150(89)90176-7

53. Blache D, Bouthillier D, Davignon J. Acute influence of smoking on platelet
behaviour, endothelium and plasma lipids and normalization by aspirin.
Atherosclerosis. (1992) 93:179-88. doi: 10.1016/0021-9150(92)90254-E

54. Yagyu H, Chen G, Yokoyama M, Hirata K, Augustus A, Kako Y, et al. Lipoprotein
lipase (LpL) on the surface of cardiomyocytes increases lipid uptake and produces a
cardiomyopathy. J Clin Invest. (2003) 111:419-26. doi: 10.1172/JCI16751

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2023.1225621

55. Kimura F, Matsuo Y, Nakajima T, Nishikawa T, Kawamura S, Sannohe S, et al.
Myocardial fat at cardiac imaging: how can we differentiate pathologic from
physiologic fatty infiltration? Radiographics. (2010) 30:1587-602. doi: 10.1148/rg.
306105519

56. Anumonwo JMB, Herron T. Fatty infiltration of the myocardium and
arrhythmogenesis: potential cellular and molecular mechanisms. Front Physiol.
(2018) 9:1-7. doi: 10.3389/fphys.2018.00002

57. Liu CY, Bluemke DA, Gerstenblith G, Zimmerman SL, Li J, Zhu H, et al.
Myocardial steatosis and its association with obesity and regional ventricular
dysfunction: evaluated by magnetic resonance tagging and 1H spectroscopy in
healthy African Americans. Int J Cardiol. (2014) 172:381-7. doi: 10.1016/j.ijcard.
2014.01.074

58. Sai E, Shimada K, Yokoyama T, Sato S, Nishizaki Y, Miyazaki T, et al. Evaluation
of myocardial triglyceride accumulation assessed on 1H-magnetic resonance
spectroscopy in apparently healthy Japanese subjects. Intern Med. (2015) 54:367-73.
doi: 10.2169/internalmedicine.54.3024

59. Garcia T. Avaliagio da morfologia, fungdo cardiaca e deposigdo de dcidos graxos
antes e apos a cessagio do tabagismo. (2019). p. 1-77.

60. Sequeira V, van der Velden J. Historical perspective on heart function: the
frank-starling law. Biophys Rev. (2015) 7:421-47. doi: 10.1007/s12551-015-0184-4

61. Filho PRP F. Padrdes de hipertrofia e geometria do ventriculo esquerdo pela
ecocardiografia transtoracica: [revisdo]. Rev Bras Ecocardiogr Imagem Cardiovasc.
(2012) 25:103-15.

62. Aaron CP, Hoffman EA, Lima JAC, Kawut SM, Bertoni AG, Vogel-Claussen
J, et al. Pulmonary vascular volume, impaired left ventricular filling and dyspnea:
the MESA lung study. PLoS ONE. (2017) 12:1-19. doi: 10.1371/journal.pone.
0176180

63. Rosen BD, Saad MF, Shea S, Nasir K, Edvardsen T, Burke G, et al. Hypertension
and smoking are associated with reduced regional left ventricular function in
asymptomatic individuals: the multi-ethnic study of atherosclerosis. J Am Coll
Cardiol. (2006) 47:1150-8. doi: 10.1016/j.jacc.2005.08.078

64. Gallus S, Lugo A, Suatoni P, Taverna F, Bertocchi E, Boffi R, et al. Effect of
tobacco smoking cessation on C-reactive protein levels in a cohort of low-dose
computed tomography screening participants. Sci Rep. (2018) 8:1-7. doi: 10.1038/
541598-018-29867-9

65. Tonstad S, Cowan JL. C-reactive protein as a predictor of disease in smokers and
former smokers. Int J Clin Pract. (2009) 63:1634-41. doi: 10.1111/j.1742-1241.2009.
02179.x

66. Campbell SC, Moffatt R], Stamford BA. Smoking and smoking cessation-
the relationship between cardiovascular disease and lipoprotein metabolism: a
review. Atherosclerosis. (2008) 201:225-35. doi: 10.1016/j.atherosclerosis.2008.04.
046

67. Cordovilla D, Llambi L, Romero S. Tabaquismo y niveles de colesterol HDL en
pacientes que asisten a una unidad de prevencién secundaria cardiovascular. Rev Urug
Med Interna. (2019) 4:23-31. doi: 10.26445/04.01.5

68. Fagundes MLA, Maia IG, Cruz FES, Alves PAG, Boghossian SH, Ribeiro JC,
et al. Arrhythmogenic cardiomyopathy of the right ventricle. Predictive value of QT
interval dispersion to assess arrhythmogenic risk and sudden death. Arq Bras
Cardiol. (2000) 75:120-4. doi: 10.1590/S0066-782X2000000800004

69. Wang H, Sreenivasan U, Gong DW, O’Connell KA, Dabkowski ER, Hecker PA,
et al. Cardiomyocyte-specific perilipin 5 overexpression leads to myocardial steatosis
and modest cardiac dysfunction. J Lipid Res. (2013) 54:953-65. doi: 10.1194/jlr.
M032466

frontiersin.org


https://doi.org/10.1016/j.ahj.2010.09.023
https://doi.org/10.1016/j.ahj.2010.09.023
https://doi.org/10.1093/eurheartj/ehs092
https://doi.org/10.1186/1758-5996-6-39
https://doi.org/10.2188/jea.JE20150086
https://doi.org/10.1016/S0735-1097(02)02982-0
https://doi.org/10.1073/pnas.97.4.1784
https://doi.org/10.1093/toxsci/kfu272
https://doi.org/10.1186/s12944-017-0475-9
https://doi.org/10.1186/s12944-017-0475-9
https://doi.org/10.1590/S0004-27302006000600009
https://doi.org/10.1590/S0004-27302006000600009
https://doi.org/10.1136/bmj.298.6676.784
https://doi.org/10.1136/hrt.71.3.215
https://doi.org/10.1210/jc.2005-1087
https://doi.org/10.1016/j.jtumed.2015.11.007
https://doi.org/10.1111/j.1365-2362.1990.tb01859.x
https://doi.org/10.1016/0021-9150(89)90176-7
https://doi.org/10.1016/0021-9150(92)90254-E
https://doi.org/10.1172/JCI16751
https://doi.org/10.1148/rg.306105519
https://doi.org/10.1148/rg.306105519
https://doi.org/10.3389/fphys.2018.00002
https://doi.org/10.1016/j.ijcard.2014.01.074
https://doi.org/10.1016/j.ijcard.2014.01.074
https://doi.org/10.2169/internalmedicine.54.3024
https://doi.org/10.1007/s12551-015-0184-4
https://doi.org/10.1371/journal.pone.0176180
https://doi.org/10.1371/journal.pone.0176180
https://doi.org/10.1016/j.jacc.2005.08.078
https://doi.org/10.1038/s41598-018-29867-9
https://doi.org/10.1038/s41598-018-29867-9
https://doi.org/10.1111/j.1742-1241.2009.02179.x
https://doi.org/10.1111/j.1742-1241.2009.02179.x
https://doi.org/10.1016/j.atherosclerosis.2008.04.046
https://doi.org/10.1016/j.atherosclerosis.2008.04.046
https://doi.org/10.26445/04.01.5
https://doi.org/10.1590/S0066-782X2000000800004
https://doi.org/10.1194/jlr.M032466
https://doi.org/10.1194/jlr.M032466
https://doi.org/10.3389/fcvm.2023.1225621
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Cardiac function, myocardial fat deposition, and lipid profile in young smokers: a cross-sectional study
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


