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Clinical Investigations

Estrogen DoesNot Prevent Endothelia Dysfunction Caused by

Cigarette Smoking
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Summary

Background: Estrogen favors endothelial function while
acutetobacco use provokesdysfunction. Previousstudieshave
not examined the effect of smoking one cigarette at different
stagesof themenstrua cycle.

Hypothesis. Favorable actions of estrogen on endothelia
function aretransitorily abolished by smoking onecigarette.

Methods: Brachid artery endothdlium-dependent dilation
wasmeasured noninvasively before, 10min, and 1 h after smok-
ingin 17 healthy premenopausa women. Studiesweredonein
thefirst 3 days (early stage) and repested between Days 9 and
13 of the menstrual cycle (middle stage). Estradiol was mes-
sured after each study.

Results: At basd conditions, women in the middle stage of
their cycles, when estradiol was20timeshigher thanintheear-
ly stage, had significantly moreendothdia-dependent brachia
dilatation. No differencein the marked depression caused by
cigarette smoking wasfound between thetwo stages. Onehre-
cuperation wascompletein both phases.

Conclusion: Cigarette smoking abolishesthe protection of
circulating estrogen on endothdlia function.
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Introduction

Estrogen prevents endothelia dysfunction, partialy limit-
ingtheprogressof atherosclerosis?-2 Thisisgenerally accept-
ed asthe cause of et least 10 years delay inthe appearance of
coronary heart diseaseinwomen.?

During menses, when estrogen islowest, the incidence of
effort and variant anginaincreasessignificantly.* > Myocardia
infarction, though rarein premenopausal women, ismorelike-
ly to occur when circul ating estrogenis| ow. Mendel sohn and
Karas’ have reviewed the consistent finding of protectiveva-
sodilating properties of estrogen.

On the other hand, chronic smoking leads to coronary
endothelial vasomotor dysfunction.8 Even one cigarette or
chewing gum containing nicotine can cause transitory
dysfunction.® 10

Considering that atherosclerosis beginsin the early stages
of life!! and thet arterial endotheliumisoneof thefirst barriers
to atherosclerosis, we decided to compare the endothelium-
dependent vascular responseto smoking inwomen at two dis-
tinct stagesof themenstrud cycle.

Methods

Seventeen apparently healthy women, aged 30to 50 years,
with norma menstrual cycles and not receiving exogenous
hormones, were included in the study. Each had smoked a
maximum of 10 cigarettesper day for <5years.

Endothelial function was determined by anoninvasive ul-
trasound procedureinthe brachial artery.12 Studiesweredone
in each case between Days 1 to 3 (early stage) and repeated at
Days9to 13 (middle stage) of themenstrual cycle.

Each study was begun in medication-free subjects after 15
min of supinerestinan undisturbed 22°C to 24°C surrounding,
following overnight fasting, and at least 8 h without smoking.

After recording theinternal diameter of the brachial artery,
ablood pressure cuff postioned in theforearm wasinflated to
200 mmHg for 5min and anew recording wasmade 1 min &f-
ter deflating the cuff; the diameter mean values were termed
endothelial dependent. Thisprocedurewasrepested 10 and 60
min after smoking acigarette.
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TaBLE |  Demographicandclinical deta

Variable, mean + standard deviation

Number of women, 17 paired observations
Age 388x5.1years

Massindex 24.2+ 2 kg/m?

Systolic arteria pressure 99.4+ 13.4mmHg
Diastolicarteria pressure 65.8+11.9mmHg
Heartrate 72.2+8.2beatsmin

Total cholesterol 3.77 + 0.62 mmol/l
Triglycerides 1.14+ 0.19 mmol/I
HDL-cholesterol 0.85+ 0.16 mmol/I
LDL-cholesteral 2.40+ 0.63 mmol/l

Abbreviations: HDL = high-density lipoprotein, LDL =low-density
lipoprotein.

A 7.5MHzlinear array transducer with high-resolution ul-
trasound equipment was used. Thezoom-amplified diameter
of the brachial artery wasmeasured at least 5 times by an ob-
server blinded to the menstrua cyclephase.

Observer variability, calculated asthedifference + standard
deviation of brachia artery diameter before and 60 min after
smoking, was0.0403 + 0.012 mm.

At theend of each study ablood samplewasobtainedto de-
termineestradiol levelsby radioimmunoassay (ESTR-CTRIA
CISBioInternationd, Gif-sur-Y vette Cedex/France).

Wilcoxon signed rank test was performed to compare the
percent increase after smoking between theearly and middle
phases of themenstrua cycle. A two-tailed Z for ap value of
<0.05wasaccepted assignificant.

Informed consent wasvoluntarily signed by each participant.

Results

Demographicand clinical dataareshownin Teblel.
Tablell showsendothelium-dependent dataat theearly and

TaBLE I Endothelid-dependent brachia dilatation

middle stages of the menstrual cycle. Therewasasignificant
higher endothelial-dependent dilatation during the middle
sagethan at theearly stage.

After smoking, endothdlia function was markedly de-
pressed, yet there was no significant difference between the
two study periods(Fig. 1).

Endothelial-dependent dilation was restored entirely 60
min after smoking, but with a nonsignificant tendency to be
lessduring theearly stage of themenstrud cycle.

Edtradiol plasmalevelsweremorethan 20 timeshigher dur-
ingthemiddliestage.

Discussion

Theprotectiveaction of natura estrogen hasbeenalegedto
bethe main cause of differing gender cardiovascular morbidi-
ty and mortality.3 However, several epidemiologic studiesin
smokers have found a higher incidence of nonlethal myocar-
dia infarction or cardiovascular mortality in premenopausal
women than in men of similar age.13-15 Furthermore, women
smokers have an earlier menopause, which could reduce the
gender differencein cardiovascular morbidity and mortaity.3

At basdlinein thisstudy, womenwith dight tobacco abuse
had an increased artery diameter at the middle stage of the
menstrual cycle, when plasmalevelsof estradiol werehigher.
This confirms similar previous results in nonsmokers, in
which endothelia functionispreserved during themidfollic-
ular phase.”

Increased levels of circulating estrogen were incapabl e of
preventing marked deterioration of endothelial function
caused by smoking onecigarette. Thiscould partialy explain
areduction in gender difference morbidity and mortality in
smokers, dthough acomparison with men is necessary to de-
termine whether women are more proneto theendothdlid ef-
fectsof tobacco use.

Estrogen has consi stently been found to preserve endothe-
lial function;” thisis also manifested in our study by asignifi-

Variable Early stage Middlestage pVaue
Basal brachia diameter (mm) 3.09+£0.39 3.08+0.34

ED diameter (mm) 350+042 357+0.30

Percent diameter increase 13.17(7-20.1) 2 16.0(9.09-32)2 <0.05
Basal brachial diameter 2 (mm) 3.07+0.36 3.08+0.33

ED diameter after smoking (mm) 321+0.35 3.24+0.36

Percent diameter increase 4.98(0-13.6) 5.13(0-134) NS
Basal brachia diameter 3(mm) 3.07+£0.37 3.08+0.34

ED diameter 60 min after smoking (mm) 351+0.39 357+0.34

Percent diameter increase 14.60(7.2-285)2 16.4(6.7-27.8)2 NS
Mean plasmabetaestradiol (pmol/l) 27.33 588.33 <0.001

Mean + standard deviation or (minimum-maximum).
ap<0.001 compared with percent diameter after smoking.
Abbreviation: ED = endothelial-dependent.
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Fic.1 Percentincreaseat basdline(B), 10min(S), and 60 min after
(R) cigarette smoking, at two different stagesof themenstrual cycle.
Therewasasignificant reduction 10 min after smoking (p<0.001)
and no significant difference between stages, except at baseline
flow-mediated dilation.

cant increase in brachia artery diameter during the middle
phase, when circulating levelsof estradiol werehighest. How-
ever, in postmenopausal women, recent randomized studies
have shown negative or ahigher risk than benefitin preventing
cardiovascular disease. 16 17 Thisapparent contradiction raises
the question of how many of these older women, most of them
with clinical or subclinical cardiovascular disease, may have
had risk factors, such ascigarette smoking, that counteracted a
possibleaction of estrogen trestment.

Observer variability wasmuch lessthan the differencesen-
countered; 8 therefore, it isunlikely these could bedueto tech-
nical limitations.

Conclusion

Transitory endothelial dysfunction caused by smoking
onecigarette cannot be prevented by peak natural ly occurring
estrogen.
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