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Abdgract

Cigarette smoking is well recognized as a major risk factor for atherosclerosis in men and women. Brachial flow-mediated dilation (FMD) is a
physiologic measure and carotid intima-mediathickness (IMT) isan anatomic structural measure of subclinical atherosclerosis. The purpose of this
study wasto observethe effects of cigarette smoking expressed in package-years on endothelial function evaluated by ultrasonographic measurement
of brachial FMD and carotid IMT in four groups of subjects: arterial hypertension [HTN] group, atherogenic dyslipidemia[DY S] group, coronary
artery disease, angiographically confirmed [BCV] group and [CON] group. Cigarette smoking, measured in package - yearswas significantly higher
in [BCV] group compared to the [DYS] group (p<0.001), the [HTN] group (p<0.001) and the [CON] group (p<0.001). The forearm reactive
hyperemic response (FM D) was significantly blunted in [BCV] group (p<0.001) compared to [HTN] group (p<0.001), [DY S] group (p<0.001) and
to [CON] group (p<0.001). The patients from [BCV] group had highly significant greater IMT compared to patients from [HTN] group, [DY 9]

group and [CON] group (p<0.001). In our study, we observed that cigarette smoking induces a significant deterioration of endothelial dysfunction

that is dependent of the number of package-years.
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Introduction
Cigarette smoking may cause an imbal ance between antioxidant
nutrient status and free-radical load incurred by smoking which
may initiate the deterioration process associated with
cardiovascular disease, thereby increasing the risk of
atherosclerosis and other diseases ™.

The main site of toxic effects of cigarette smoking on the
vascular systemisthe endothelium, and, specifically with regards
to the coronary system, the coronary endothelium. Cigarette
smoking exerts atherogenic effects through chronic activation of
pro-inflammatory cytokinesand increased platel et adhesion and
aggregation, as well as by promoting monocyte adhesion and
transendothelial migration into the subintimal space2. Smoking of
two cigarettes per day doubles the number of nuclear damaged
endothelia cellsinthecirculating blood 3.

Subclinical cardiovascular disease has both physiologic and
anatomic components. Non-invasive measurement techniques
allow for the characterization of both physiologic as well as
anatomic structural changesinthearteria wall 2.

Early atherosclerotic lesions dueto cigarette smoking or other
cardiovascular risk factors may be detected in individuals
noninvasively by using ultrasound to measure the intima-media
thickness (IMT) of the affected vessel .

Flow-mediated dilation (FMD) is a simple and noninvasive
measure of the capacity of the endothelium, when stimulated by a
sudden increase in shear stress, to cause smooth muscle cell
relaxation and vasodilation and is a validated measure that
guantifiesendothelia function®.
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Materialsand M ethods

The study was conducted in 68 smoker subjects from the [V
Medical Clinic of the University of Medicineand Pharmacy Victor
Babes Timisoaraafter informed consent: 32 patientswith coronary
artery disease [BCV] (mean age 50 + 3.15 years, 71% malesand
29% females), 12 hypertensive patients[HTN] (mean age55+ 4.75
years, 60% males and 40% females) and 12 patients with
atherogenic dydipidemia[DY S| (mean age 53 + 5.68 years, 68%
malesand 32% females). The control group [ CON] consisted of 12
healthy subjects (mean age 57 + 4.25 years, 68% males and 32%
femdes).

The smoking subjectsrefrained from smoking cigarettesfor at
least 12 h prior to testing to rule out theinfluence of acute cigarette
smoking. Antihypertensive medication wasinterrupted for at least
two weeks before the study.

Smoking burden was evaluated by package-years (1 package -
year was eguivalent to 20 cigarettes smoked per day for 1 year).

Blood pressure was taken on the left arm after five minutes of
relaxation, using a standard mercury sphygmomanometer.
Hypertension was diagnosed according to 2007 European
Guidelinesfor the Management of Arterial Hypertension®.

Atherogenic dyslipidemia was defined as low plasma high-
density lipoprotein cholesterol and elevated triglycerides.

Clinical evaluation included blood pressure measurement,
physica examination, chest radiograph, 12-lead €l ectrocardiogram.

While on their usual diet, a venous blood sample was drawn
from an antecubital veinin all subjects after an overnight fast to
determine TC, HDL-C and TG using standard enzymatic methods.
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LDL cholesterol was cal cul ated as described by Friedewald and
colaborators’.

Endothelia function was assessed by means of flow —mediated
vasodilatation on brachial artery, using B-mode ultrasonography
(ALOKA ProSound 4000, withlinear transducer of 7.5 MHz). Before
the FM D determination, the patientswererelaxed in astableroom
temperature of 20-25°C and the smoking was prohibited.

Thediameter of brachial artery was measured incident withthe
R wave of the electrocardiograph trace (D,). Then, ischemiawas
induced by inflated the pneumatic cuff to a pressure 50 mmHg
above systolic one, in order to obliterate the brachial artery and
induceischemia. After 5min, the cuff wasdeflated and the diameter
was measured after 60 s post —deflation (D,). FMD was cal cul ated
withtheformula:

FMD = [(D, - D,)/D] x 100.

Carotid IMT was measured by high-resolution B-mode
ultrasonography with an ultrasonographyc apparatus (ALOKA
ProSound 4000, with linear transducer of 7.5 MHz). Theimage
was focused on the posterior (far) of the left carotid artery. A
minimum of 4 measurements of the common carotid far wall were
taken 10 mm proximal to the bifurcation to derive mean carotid
IMT. Weandyzed the maximum thickness of intima-mediacomplex,
ascarotid IMT (normal vaues< 0.9 mm).

Continuous variables were expressed as means + SD. Means
were compared using analysis of variance or the Student’st-test.
Pearson’s correlation was used to test bivariate correlations and
resultswere verified using the non-parametric Spearmans'srank
correlationtest. Statistical significance was defined astwo—sided
p<0.05. All statistical analyses were performed using Excel
Microsoft Office 2003.

The procedures followed were in accordance with the ethical
standards of the Hospital Ethics Committee and with the Helsinki
Declaration of 1975, asrevised in 2000.

Resultsand Discussion
The baseline characteristics of the subjects, the mean values of
package-years, brachial FM D and carotid IMT are summarizedin
Table 1. Cigarette smoking, measured in package - years, was
significantly higher in[BCV] group compared tothe[DY §] group
(p<0.001), the [HTN] group (p<0.001) and the [CON] group
(p<0.001). Another finding of the present study was that the
forearm reactive hyperemic response (FMD) was significantly
blunted in [BCV] group (p<0.001) compared to [HTN] group
(p<0.001), [DYS] group (p<0.001) and to [CON] group
(p<0.001).The patientsfrom [BCV] group had highly significant

Table 1. Subjects characteristics (values are presented asmean + SD).

greater IMT compared to patientsfrom [HTN] group, [DY S| group
and [CON] group (p<0.001).

The correlation between cigarette smoking and FMD was
negative, strong and significant for [BCV] group (r = - 0.72,
p<0.001) (Fig. 1), for [HTN] group (r =- 0.76, p<0.001) (Fig. 2) and
for [DY ] group (r =-0.82, p<0.001) (Fig. 3). For [CON] group
was obtained only anegativecorrelation, weak but significant (r
- 0.29, p<0.001) between the cigarette smoking measured in
package-yearsand thevalue of FMD (Fig. 4).

For the entire group of subjects included in the study, the
correlation between cigarette smoking and the value of FMD was
negative, strong and significant (r = - 0.78, p<0.001) (Fig. 5),
demonstrating that smokingisasignificant risk factor involvedin
the modification of endothelial-dependent vasodilator response.

The correlation between cigarette smoking and carotid IMT
was positive, weak but significant only for [BCV] group (r = 0.30,
p<0.001) (Fig. 6). Thecorrelation wasnot significant for the[ CON]
group (r=0.10, p<0.001), the[HTN] group (r = 0.12, p<0.001), the
[DY§] group (r=0.12, p<0.001) and for the entire group of subjects
included inthe study (r = 0.10, p<0.001).

Atherosclerosis is a chronic disease resulting from past and
persistent exposures to risk factors, such as cigarette smoking,
over along period of time. Our datareinforcetheknown association
of smoking with atherosclerosis and evidence the relationship
between cigarette smoking and vascular dysfunction evaluated
by B-mode ultrasonography.

Inthisstudy, we demonstrated that carotid IMT ismost increased
in patients with coronary artery disease, angiographically
confirmed. A well-established cardiovascular risk factor, cigarette
smoking, expressed in package-years, was correlated to carotid
IMTinBCV group, inour study. Our findingsthat cigarette smoking
was associated with carotid IMT indicate that cigarette smoking
played a fundamental role in the initiation and progression of
atherosclerosisin these patients. Theseresultssignificantly extend
previous findings that have shown that vascular dysfunction is
associated with long-term chronic cigarette smoking 8. Carotid
IMT wassignificantly increased in [BCV] group compared to the
[DYS] group, the [HTN] group and the [CON] group. An
explanation could bethat these patients had significantly increased
the cigarette smoking, measured in package-years.

Impaired endothelial-dependent FMD of conduit arteriesis a
characteristic feature of subjects with known vascular disease
risk factors. Severa previous studies have demonstrated that
cigarette smoking alone is sufficient to impair flow-mediated
brachia artery dilation®. Cdermgjer et al. > demonstrated aninverse
relation of flow-mediated brachia artery dilation and lifetime
cigarette dose smoked. Eveninthegroup of light smokers (defined
as cigarette consumption up to 10 pack-years) they
detected a reduction of FMD to 4% diameter change
(vs. 10%inthecontrol group) °. Inmiddie-aged (54 + 7
years) long-term cigarette smokers, a study reported

Parameters ([HCSII\IZ]) (EF:C;/z]) (T:TII\;]) (EIDLSZ]) P that smoking was associated with impaired endothelium-
i 1 10
Age (years) 575425 502315 551475 534568  ns. dependent coronary vasodilation *. .
Cigarette smoking 50 /11 554450 434470 454630 <000 Furthermore, astudy showed that, eveninlong-term
(package — years) - - - - <P smokers, acuteimpairment of endothelial function can
SBP (mmHg) 114+ 6.08 14941596 147+10.10 120+11.17 <0.001 be provoked by the smoking of one single cigarette ™.
FDI\]?[;((I};THQ ?i f ?'3‘7‘ 2042 Jlrgig 7827i32'7583 Zg f i'fg < 8'88} These previous results compares closely with the
0 T 1. B TZ. . TZ. T 4. < V. . . .
IMT (mm) 07+024 164018 084023 074021 <ol  Presentstudy, wherehyperemiainduceddilationof the

NOTE: SBP = systolic blood pressure, DBP = diastolic blood pressure, FM D = flow-mediated vasodilatation,
IMT = carotid intima — media thickness.
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brachid artery wassignificantly reduced in[BCV] group
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Figure 1. The correlation between cigarette smoking and FMD for the
[BCV] group.
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Figure 3. The correlation between cigarette smoking and FMD for the
[DY S] group.
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Figure 5. The correlation between cigarette smoking and FMD for all
studied groups.

compared withthe[HTN] group, [DY S] group and [CON] group.
The fact that brachial FMD was most reduced in [BCV] group
compared to the [DY S] group, the [HTN] group and the [CON]
group could be explained by the fact that these patients had
significantly increased cigarette smoking, measured in package—
years.

One interpretation of these findings is that smoking-related
endothelial dysfunction in the brachial artery verified by loss of
FMD or by increased of IMT in carotid artery isdependent of the
number of package-years of cigarette smoking.

Smoking cessation, in additionto control of other cardiovascular
risk factors, might have effect on delaying or stopping
atherosclerosis process, which meansthat new plagques might be
prevented, old plaques might be stabilized after stopping smoking.

Sudy Limitations
Theduration of the nicotine-induced endothelial dysfunction and
the order and exact time course of changesin FMD is currently
unclear and remains to be studied. Acute effects of cigarette
smoking on the vascular system with observance of time course
of functional changeswere not investigated.
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Figure 2. The correlation between cigarette smoking and FMD for the
[HTN] group.
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Figure 4. The correlation between cigarette smoking and FMD for the
[CON] group.
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Figure 6. The correlation between cigarette smoking and IMT for the
[BCV] group.

Conclusions
Cigarette smoking caused asignificant impairment in endothelial
function. An increase in number of package-years would also
result in greater structural and functional damage of vessels.

References

TAl-Numair, K. S. 2006. Theinfluence of cigarette smoking onvitamin C,
trace elements and lipid profile of healthy, Saudi adult males.
International Journal of Food, Agricultureand Environment 4(3& 4):79-
8.

2Ambrose, J. A. and Barua, R. S. 2004. The pathophysiology of cigarette
smoking and cardiovascular disease: An update. J. Am. Coll. Cardiol.
43(10):1731-1737.

SPuranik, R. and Celermajer, D. S. 2003. Smoking and endothelial function.
Prog. Cardiovasc. Dis. 45:443-458.

“Yeboah, J., Burke, G. L., Crouse, J. R. and Herrington, D. M. 2008.
Relationship between brachia flow-mediated dilation and carotid
intima-mediathicknessin an elderly cohort. The Cardiovascular Health
Study 197:840-845.

SCelermgjer, D. S, Sorensen, K. E., Gooch, V. M. et al. 1992. Non-
invasive detection of endothelial dysfunctionin children and adultsat
risk of atherosclerosis. Lancet 340:1111-1115.

SMancia, G, De Backer, G, Dominiczak, A., Cifkova, R., Fagard, R.,

27



Germano, G et al. 2007. Thetask force for the management of arterial
hypertension of the European Society of Hypertension (ESH) and of
the European Society of Cardiology (ESC). 2007 guidelines for the
management of arterial hypertension. European Heart Journal 28:1462-
1536.

"Friedewald, W. T., Levy, R. and Fredrickson, D. S. 1972. Estimation of
the concentration of low-density lipoprotein cholesterol in plasma
without use of the preparative ultracentrifuge. Clinical Chemistry
18:499-502.

8Esen,A. M., Barutcuy, |., Acar, M., Degirmenci, B., Kaya, D., Turkmen,
M. et al. 2004. Effect of smoking on endothelial function and wall
thickness of brachial artery. Circulation Journal 68(12):1123-1126.

‘Celermgjer, D. S., Sorensen, K. E., Georgakopoulos, D. et al. 1993.
Cigarette smoking is associated with dose-related and potentially
reversible impairment of endothelium-dependent dilation in healthy
young adults. Circulation 88:2149-2155.

0Zeiher, A. M., Schachinger, V. and Minners, J. 1995. L ong-term cigarette
smoking impairs endothelium-dependent coronary arterial vasodilator
function. Circulation 92(5):1094-1100.

“Neunteufl, T., Heher, S., Kostner, K. et al. 2002. Contribution of nicotine
to acute endothelial dysfunction in long-term smokers. Journal of the
American College of Cardiology 39:251-256.

28

Journal of Food, Agriculture & Environment, Vol.10 (1), January 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


