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Short- and Long-Term Effects of Smoking on Arterial Wall Properties

in Habitual Smokers
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Objectives. This study investigated the shori-term effects of smok-
fng on hemodynaimic function and distensibility and complinnce of
lnrge arderies in habitwal smokers. In addition, the effect of smoksing
was mot measured in nonsmekers, but vessel wall properties were
evimpered hetween smoliors and ponsmakers (basal siate).

Beckground, Smoking Is 2 well known risk factor for athere-
selerosis, Loss of distensibility and compliance of large arteries
may play a role in the onset of atherosclerosis.

Methods. The distensibility and conupiia e coeflicients of the
common caretid and brachial arteries were determined from the
arterial wall displacement during systole and the ead-diastolic
diameter by using 2 vessel wall movement detector and from the
pulse pressure as assessed im the upper arm. Cardiac function
{cardiac ouvipui, stroke volume) was measured with Doppler
echocardiography. Systemic vascular resistance was calculated as
mean arterial pressure divided by cardiac output.

Results. In habitusl smokers, smoking one cigaretle caused a
sharp increase in bleod pressure (6%) and heart rate (14%).
Cardiac index increased (16%), mainly because of the marked
increase in heart rate. Stroke and systemic vascular resistance
indexes did not change significantly. Smoking enhanced forearm
blood fAow after wrist occlusion (17%), but total forearm blsed

flow was unchanged, suggesting an increase in muscle blood flow
and a decrease in skin flow. Because of higher bload pressure, {he
diameter of the clastic common carotid artery iucreased by 3%
{passive phenmmencn). Distensibility of the carotid artery de.
ereased (7%), and as a vesult, carotid compliance was preserved,
In contrast, despile higher blood pressure, the diameter of the
musculer brachial artery did not change, suggesting an increased
vascular fone. Brachial distensibility and compliance decreased
(18% and 19%, respectively). Habitual smokers were comparable
to nonsmokers with regard to blood pressure, cardiae function,
vascular resistance and vessel wall properties of large arteries.
Heart rate was higher in habitual smokers (14%).

Conclusions. These data indicate that in habitual smokers,
simoking one cigarette causes short-term increases in arterial wail
stiffness that might be harmful to the artery and increase the risk
for plague rupture. Except for a higher heart rate, ne obvious
fong-term effect of smoking was ohserved on hemodynamic vari-
ables and arterial stiffness. Because acute cardicvascular events
are mainly due to plague rupture, the short-term effecis of
smoking might be a more imporiart risk than long-term effects for
these acute ischemic events.

(J A Coll Cardiol 1993;22:1881-6)

In western countries cigarette smoking is a major risk factor
for cardiovascular mortality and morbidity independent of
other risk factors, such as hypertension, hypercholesterol-
emia and diabetes mellitus (1). Hammond and Horn (2) have
linked smoking to coronary artery disease and atherosclero-
sis. Since the time of these original observations the preva-
lence of smoking and mortality from coronary heart disease
have declined, but 25% of all cardiovascular deaths in the
developed countries are still attributable to cigarette smok-
ing (3). Even in countries where the incidence of coronary
heart disease is relatively low, smoking shows a relation to
cardiovascular disease (4), and even passive smoking has
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been reported to increase the risk of death from ischemic
heart disease and myocardial infarction (5}. Epidemiologic
studies have demonstrated a close association of smoking
not only with coronary heart disease (3} but also with stroke
(6), sudden death (1) and occlusive peripheral arterial dis-
ease (7). In addition, cigarette smoking seems to interact
with hypertension, as indicated in the large hypertension
trials in which one third of hypertensive men are smokers
(8.9).

All studies have demonstrated a dose dependency of
smoking and cardiovascular risk, but the risk appears not
obviously related to the duration of the smoking habit (10).
The Framingham Study has shown that for every 10 ciga-
rettes/day, cardiovascular mortality in men is increased by
18% and in women by 31% (1). However, the effeci of
smoking on cardiovascular disease seems to be reversible. In
the Framingham Study those who refrained from smoking
had a 50% reduction in risk for coronary heart disease. The
risk for cardiovascular death in smokers was comparable to
that of nonsmokers within 1 year after cessation, although
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Table 1. Demographic Data for Smokers and Nonsmokers

Smokers Nonsmokers

(n=14) (n=14)
Gender 9M/SF 9MSF
Age (yn) 37(25-55) 37 (25-54)
Weight (kg) 73 (55-88) 72 (52-93)
Heigat (cm) 175 (158-186) 174 (161-183)
BSA (m?) 1.9 (1.6-2.1} 1.9 (1.6-2.0)

Values in parentheses are ranges. BSA = body surface area, calculated
according to the formula of Du Bois and Du Bois (14).

for peripheral arterial disease the risk was not completely
reversed (1). From the aforementioned studies, it can be
concluded that cigarette smoking unfavorably affects the
cardiovascular system by increasing the risk for atheroscle-
rosis and cardiovascular events.

Increased arterial wall stiffness might play an important
rol¢ in atherosclerotic disease and the occurrence of acute
coronary events (11,12). Arterial distensibility and compli-
ance are important determinants of the load on the arterial
wall. These vessel wall properties can now be assessed
noninvasively with a vessel wall movement detector system.

In the present study, the short-term effect of smoking on
large arteries and other hemodynamic data was investigated
in habitual smokers (study 1). In addition, these variables
were compared with those in nonsmoking subjects (study 2).

Methods

Subjects. Fourteen healthy smokers participated in the
study. They had been smoking an average of 23 cigarettes/
day (range 13 to 60) for 17 years (range 5 to 30). The
short-term effects of smoking (study 1) were studied in 12 of
them. In addition, the smokers were compared with 14
healthy persons who had never smoked (study 2). The
groups were matched for gunder, age, weight, height and
physical activity, Demographic data are shown in Table 1.

Study design. The subjects were not allowed to use
caffeine-containing beverages or meals, and the smokers had
to refrain from smoking for at least 4 h before examination,
All hemodynamic measurements were performed after 15 to
20 min of supine rest in a quiet room (23 = 1°C). Written
informed consent was obtained from all subjects.

Study 1. Measurements were performed before and im-
mediately after smoking one cigarette containing 1.3 mg of
nicotine {Caballero filter). The cigarette was smoked under
standardized conditions: Every 20s, a puff of 5 s was taken,
and the whole cigarette had to be smoked within 5 min.
Vessel wall properties of the right elastic common carotid
artery and the right muscular brachial artery were measured
in separate sessions. Simultaneously, blood pressure and
heart rate were recorded every minute. In addition, cardiac
function and forearm blood flow were determined before and
after smoking.
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Study 2. With the same techniques used in study 1,
vessel wall properties of the carotid and brachial arteries and
cardiac function were assessed in smokers and nonsmokers,
Blood pressure and heart rate were recorded every 2 min.

Measurements of hemodynamic function and vessel wall
properties. Arm blood pressure and heart rate were mea-
sured with a semiautomated device (Dinamap, Critikon) on
the left arm. Pulse pressure (AP) was defined as systolic
minus diastolic blood pressure.

Vessel wall propeities were measured in the recumbent
position with a vessel wall movement detector system, as
previously described by Hoeks et al. (13). Briefly, with this
system, arterial diameter (D) and the distension during the
cardiac cycle (AD) were measured for 5 to 6 s. The theoretic
accuracy of the device is 3 pm for distension and 10 pm for
arterial diameter. In our study, reproducibility of common
carotid artery measurcments was 4.5% (arierial diameter)
and 7.9% (relative distension). For the muscular brachial
artery, reproducibility of measurements was 13.4% and
2.5%, respectively. The means of three consecutive mea-
surements were taken. Vessel wall properties were calcu-
lated as follows:

DC = (2 AD/DYAP, il
CC = (=D x ADN(2 AP), {2

where DC and CC are the distensibility and compliance
coefficients, respectively, Cardiac output was examined in
the left lateral position, using Doppler echocardiography
{Ulteamark V, ATL). Stroke volume was derived from the
flow velocity-time integrals over the aortic valve. Heart rate
was calculated from the RR interval, as derived from a
simultaneously recorded electrocardiogram (ECG). The
mean of six heartbeats was taken for each variable. Cardiac
output was calculated as Stroke volume x Heart rate.
Cardiac output and stroke volume were divided by body
surface area to compute cardisc and stroke indexes (14).
Systemic vascular resistance index was calculated as Mean
arterial pressure/Cardiac index.

Forearm blood flow was determined by mercury strain
gauge plethysmography, as described by Forconi et al, (15).
An ECG-triggered strain gauge plethysmograph (Periflow,
Janssen Scientific Instruments) was used. Subjects were in
the supine position with the right arm at heart level. The
whole arm was placed in an incubator to keep environmental
temperature constant (28°C). In addition, the skin tempera-
ture of this arm was controiled by a skin electrode thermom-
eter. In all subjects, skin temperature was similar before and
after smoking (mean temperature 32.4°C). The mercury
strain gauge was applied to the most voluminous part of the
forearm. The cuff around the upper arm was inflated to
40 mm Hg to occlude the venous circulation. Under these
conditions, volume changes, as detected by the mercury
strain gauge, represent total (cutaneous and muscle) forearm
blood flow. Hand circulation was eliminated by inflating a
wrist cuff to suprasystolic pressure (220 mm Hg) for 4 min.
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Table 3. Effect of One Cigavetie on Hemodynamics Variables

Before After
Smoking Smoking
Pressures (mm Hg)
Systolic 122 118 « 3+
Diastolic 69 x i N
Mean arterial 832 88 = 2*
Pulse 43 =2 4522
Heart rate {(beats/min) 643 73+ 2%
Cardiac function
Cardiac index (liters/min per m?) 31201 3.6 = 0.1%
Stroke index (mi/m*) 482 471 +2
SVRI (dynes-s-cm™> per m?) 1,751 £ 94 1,699 = 81
Forearm blood flow
Total forearm blood flow (ml/200 ml-min) 4.6+ 0.7 4505
Flow after wrist acclusion (ml/100 mi-nin) 2.7 +0.2 32+ 0.2%

*n < 0.001. p < 0.04, Values presented are mean value = SEM. SVRI =
sysiemic vascular resistance index.

After stabilization, a basal value was obtained without
{5 min) and with (4 min) wrist occlusion. Only the last 3 oun
after wrist occlusion was used for evaluation.

Data analysis. The short-term effects of smoking in the
smoking group (study 1) were analyzed with the nonpara-
metric, matched paired signed-rank Wilcoxon test. Compar-
isons between smokers and nonsmokers in study 2 were
made by the nonparametric Mann-Whitney U test. Results
of both studies are presented as mean value = SEM. A p
value < 0.05 was considered statistically significant.

Results

Study 1. Results for blood pressure, cardiac function and
plethysmography are presented in Table 2. After smoking,
systolic and diastolic blood pressures increased significantly.
Mean arterial pressure and heart rate were also elevated.
Changes in pulse pressure were not statistically significant.

CCA 8 D (mm)

Figure 1. The short-term effec* of
smoking on vessel wail properties
of large arteries before (open bars)
and after (solid bars) smoking one
cigarette. Data are mean value =
SEM. *p < 0.05, **p < 0.01 (differ- 4
ence between period before and af-

ter smoking). BA = brachial artery; - 4

CC = compliance coefficient;

CCA = common carotid artery;

D = diameter; DC = distensibility

coefficient. 34
2
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Cardiac index increased afier smoking, but stroke and sys-
temic vascular resistance indexes were almost the same
before and after smoking. Total forearm blood flow did not
change after smoking. However, blood flow increased after
wrist occlusion. Data for vessel wall properties are shown in
Figure 1. After smoking, the arterial diameter of the common
carotid artery increased slightly (before smoking 6.01 =
0.17 mm, after smoking 6.17 = 6.2 mm, p < 0.05), and
carotid distensibility tended to decrease (before 30.6 * 1.2
107%KkPa, after 28.5 = 1.6 107%kPa, p = 0.06). Arterial
distension decreased significantly (before 518 = 30, after
488 + 28, p < 0.05). Compliance of the carotid artery was
preserved after smoking (before 0.87 + 0.05 mm?/kPa, after
0.85 + 0.06 mm*kPa). Brachial artery diameter did not
change after smoking (before 3.65 = 0.12 mm, after 3.67
0.15 mm), whereas arterial distension decreased (before
229 = 22, after 195 + 18, p < 0.01). Distensibility (before
22.5 = 2.3 107 YkPa, after 18.4 = 2.0 10~ %/kPa, p < 0.01) and
compliance (before 0.24 * 0.03 mm*/kPa, after 0.20 *
0.02 mm¥kPa, p < 0.05) decreased in the brachial artery.

Study 2, Table 3 shows the hemodynamic data in smok-
ers and nonsmokers. Blood pressure (systolic, diastolic,
mean and pulse pressures) and cardiac, stroke index and
systemic vascular resistance indexes did not differ between
smokers and nonsmokers. Vessel wall properties (diameter,
distension, distensibility, compliance) of the elastic common
carotid and muscular brachial arteries were also comparable
between the two groups. However, heart rate was higher in
smokers (71 *+ 3 beats/min) than in nonsmokers (61 + 3
beats/min, p < 0.05).

Discussion

Tobacco contains as i as 4,000 constituents. Al
present, nicotine is regarded as mainly responsible for the
short-term hemodynamic effects of smoking. Nicotine has a

DC (10 3kPa) CC (mm2kPa)
40
30 1 0.8
20 0.6
30 0.3

- 0.2
20

0.14

10 0.0
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Table 3. Hemodynamic Data for Smokers and Nonsmokers

Smokers Nonsmokers
Pressure (mm Hg)
Systolic 17 +3 116 3
Diastolic nEw M=
Mean arterial 872 g7 x2
Pulse pressure 462 433
Heart rate (beats/min) 713 61 £ 3*
Cardiac function
Cardiac index (liters/min per m?) 32201 3001
Stroke index (mi/m?) =1 5122
SVRI (dynes's:cm™¥ per m?) 2,131 £ 9§ 2,346 £ 129
Vessel wall properties
Carolid artery
Diameter (mm) 605 = 0.17 588 0.1
Distension (um) 488 = 38 21 % 32
D (10VkPa) 27,122 BB 23
CC (mm=¥kPa) 0,78 % 0.07 0,69 * 0.06
Rrachial artery
Diameter (mm) 3.56 % 0.1t 3.67 £ 0.13
Distension (um) 2% 19 242 %2
DC (107 kPa) 19.0£1.8 23522
CC (wm™kPa) 0.19 £ 0.02 0.25 £ 0,03

*p < 0,03, Values presented are mean value = SEM. CC = compliance
coefficient; DC = distensibility coefficient: SVRI = systemic vascular resise
tance index.

biphasic sffect. At low doses it causes ganglionic stimula-
tion, with release of norepinephrine from nerve endings,
release of epinephrine from the adrenal medulla and an
enhanced neural discharge in the central nervous system. At
high doses, ganglionic blockade, vagal stimulation or direct
depression of the brain may result in opposite effects. The
ultimate response is the net result of the stimulating and
depressing effects of nicotine in each organ (16). In the
present study, sham smoking experiments were not per-
formed because previous studies in genars! could not dem-
onstrate any eifect of sham smoking (17,18}, To achieve full
regression of tolerance with nicotine (10), a 4-h nonsmoking
period before examination was chosen, In general, heart rate
increases 1 to 2 min after the start of smoking, and the effect
lasts for 75 min (19), with a peak value after S to 10 min (20).
Our examinations were performed after 5 min of smoking,
which was at peak effect.

Long-term effect. In habitual smokers, smoking one cig-
arette caused a sharp increase in blood pressure (6%) and
heart rate (14%). Cardiac index increased (16%), primarily
due to a higher heart rate, whereas systemic vascular resis-
tance was not altered. Forearm blood flow increased (179%)
after wrist occlusion but remained unchanged without wrist
occlusion. This observation suggests an increase in muscle
blood flow and a reduced skin flow. Although published data
are not always conclusive with regard to the effects of
smoking, our findings are consistent with other studies
(20-22). As in our study, in these studies the increment in
blood pressure generally is lower thaa the increass in heart
rate, Taken together, these short-term hemodynamic effects
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of smoking can be explained by the nicotine-induced sym-
pathetic activation. Nicotine induces the release of both
epinephrine and norepinephrine. Because efferent sympa-
thetic nerve activity has been shown to be reduced in
smoking (18), the increase in plasma catecholamines (23)
instead reflects stimuiation of the adrenal meduila or inter-
action with peripheral mechanisms {e.g., reduced norepi-
nephrine clearance) (18). The net effect of smoking will be
dependent on the mixed effects of epinephrine and norepi-
nephrine at the different organ levels (24).

Short-term effect. Smoking one cigarette clearly influ-
enced vessel wall properties of the elastic common carotid
and muscular brachial arteries, although these vessels were
affected differently. The arterial diameter of the carotid
artery increased slightly (3%) after sueoking. The vasodila-
tion might be considered a passive phenomenon because in
the same period arterial blood pressure was also higher.
Distensibility of the carotid artery decreased after smoking
(7%), and compliance of this artery was preserved because
the decrease in distensibility was associated with an in-
creased diastolic diameter (equation 2). In contrasi, the
diameter of the brachial artery did not change after smoking
despite a higher blood pressure. This finding suggests an
active mechanism, such as elevated vascular tone of this
muscular artery. Elevated muscalar tone could be due to an
increase in plasma catecholamines. Because total forearm
flow did not change, a flow-dependent effect is not likely.
Distensibility of this artery decreased markedly (18%). Be-
cause of an unchanged diameter and decreased distensibil-
ity, arterial compliance of the brachial artery was signifi-
cantly reduced under these circumstances (19%). The
differences between the common carotid and brachial arter-
ies may be due to a difference in the muscular content of the
arterial wall in these arteries. In addition, it may be that with
a larger diameter the carotid artery could distend less,
resulting in decreased distensibility.

These findings indicate increased arterial wall stiffness
after smoking. Other studies using indirect techniques, such
as pulse wave velocity (19) and muitigate pulsed Doppler
echocardiography (17), also found transitory increases in
stiffness of radial and femoral arteries after smoking, without
changes in the arterial diameter of these muscular arteries
(25).

After a 4-h nonsmoking period, heart rate at rest was
higher in habitual smokers than in nonsiaokers. This differ-
ence could not be explained by differences in physical
activity level in the two groups because, on average, smok-
ers and nonsmokers performed the same daily work and
their sports activities were comparable. In previcus studies,
in long-term smokers (26) the heart rate has been persistently
found to be elevated during abstinence, as a kind of with-
drawal phenomenon. Blood pressure in the smokers in our
study was not different from that in nonsmokers. Other
studies have been inconsistent with regard to blood pressure
in habitua! smokers. Qverall (26,27), casual as well as
ambulatory blood pressure values in habitual smokers have
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previously been found to be lower or similar to values in
nonsmokers. In the present study, cardiac function was
comparable in smokers and nonsmokers. Previous data on
vascular resistance and cardiac function in long-term smok-
ers are scanty, although long-term smoking has been asso-
ciated with a reduced stroke volume (28). In the present
smoking group, stroke volume was slightly reduced, but not
significantly different from values in the control group.
Vessel wall properties of the clastic and muscular large
arteries were similar in habitual smokers and nonsmokers.
Although no other published data are available for differ-
ences in vessel wall properties, particularly at the microcir-
culatory and arteriolar levels, functiona! and structural dif-
ferences could not be demonstrated between smokers and
nonsmokers (22,29). Thus, although the risk for cardiovas-
cular disease is increased in habitual smokers (1,3), no effect
on hemodynamic variables could be detected in this group of
young habitual smokers in the present study.

Although smoking is related to atherosclerotic discase,
little is known about the underlying mechanisms. Posimor-
iem studies have shown that atherosclerotic lesions are more
common in the aorta and the iliac, cerebral and coronary
arteries of smokers than of nonsmokers, although findings in
the latter vessels are inconsistent. In vivo, atherosclerotic
discase was more extensively present in the carotid arteries
of smokers than of nonsmokers (30). In addition, the effect
seems 10 be age dependent because young smokers had far
fewer [esions than older smokers (31). It cannot be excluded
that changes in vessel wall properties could not yet be
detected in the relatively young group of smokers in the
present study.

Smoking may promote atherogenesis by different mech-
anisms, such as 1) higher blood pressure, 2) a direct toxic
effect of nicotine on the endothelium (12), 3) increased
permeability of the arterial wali and 4) reduced clearance
properties of the wall (32). Other risk factors for atheroscle-
rosis may aiso be involved in the hazardous effects of
smoking, such as an unfavorably changed lipid profile
(20,33), increased blood viscosity and alterations in platelet
function and hemostasis (20,34,35).

In addition, according to the current view of atheroscle-
rotic disease, plaque rupture is an important feature. It has
been demonstrated that most of the acute coronary syn-
dromes are due to the disruption of small, nonstenotic
plagues (36). These small plagues are generally not detected
with the present diagnostic techniques and might already be
present in young smokers (36). Increased arterial wall stiff-
ness, increased blood pressure and a higher heart rate are
short-term effects of smoking that enhance the load on the
vessel wall. In addition, at the site of atherosclerotic
plaques, the distribution of circumferential and tensile siress
is altered, which might further increase the load at the plague
(37). The smoking-induced increased load at the atheroscle-
rotic plaque may induce plaque rupture and lead to acute
ischemic events.
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Conclusions. In h bitual smokers, one cigarette induced
hemodynamic chang 's compatible with a nicotine-induced
sympathetic activav- n. In addition, smoking caused a short-
term increase in a1 rial wall stiffness of both elastic and
muscular arteries. iabitual smokers did not differ from
nonsmokers in hercodynamic variables and properties of
large arteries. Nevertheless, these young smokers might still
be at risk for cardiovascular complications of atheroselerotic
disease because each cigarette causes a short-term increase
in the load on the arterial wall that might resuit in athero-
sclerotic plaque rupture and subsequent ischemic events.

The technical assistance of W. Sanders and C. Oude Elberink is greatly
acknowledged.

References

. Kamnel WB, Higgins M. Smoking and hypertension as predictors of
cardiovascular sisk in population studies. J Hyperiens 1990:8 Supp!
5:53-8.

2. Hammond EC., Horn D. Smoking and death rates-—ieport on forty-four

months of follow-up of 187,783 men. JAMA 1958;166:1294-308.

3. Peto R, Lopez A, Boreham §, Thun M, Heath C. Mortality from tobacco
in developed countries: indirect estimation from national vital statistics.
Lancet 1992;339:1268-78.

4. Kiyohara Y, Ueda K, Fujishima M. Smoking and carciovascular diseace
in the general population in Japan. J Hypertens 1990:8 Suppl 5:89-15.

3. Glantz SA, Parmley WW. Passive smoking and heart disease. Epidemi-
ology. physiology and biochemistry. Circulation 1991:83:1-12,

6. Cruickshank JM, Neil-Dwyer G, Dorrance DE, Haves Y, Patel S. Acute
effects of smoking on blood pressure and cerebral blood flow. J Hum
Hypertens 1989:3:443-9,

7. Lepintalo M, Lassila R. Smoking and occlusive arterial disease. Eur J
Surg 1991:157:83-7.

B. Bihler FR, Vesanen K. Watters JT. Bolli P. Impact of smoking on heart
attacks, strokes, blood pressure control, drug dose, and quality of life
aspects .a the International Prospective Primary Prevention Study in
Hypertension. A Heart J 1988;115:282-7.

9. Dollery C, 9rennan PJ. The Medical Research Council Hypertension
trial: the smoking patient, Am Heart J 1988:115:276--80.

10. Benowitz NL. Pharmucological aspects of cigaretie smoking and nicotine
addiction. N Engl J Med 1988;319:1318-30,

11. Van Bortel LM, Hoeks APG, Kool MIF, Struijker-Boudier HA. intro-
duction 1o large artery properties as a target for risk reduction by
antihypertensive therapy, J Hypertens 199210 Suppt 6:5123-6.

12. Fuster V, Badimon L. Badimon JJ, Chesebro JH. The pathogenesis of
coronary artery disease and the acute coronary syndromes. N Engl § Med
1992;326:242-50.

13. Hoeks APG, Brands PJ, Smeets FAM. Reneman RS. Assessment of the
distensibility of superficial arteries, Ultrasound Med Biol 1990;16:121-8.

14. Du Bois D, Du Bois EF. A formula to estimate the approximate surface
area if height and weight be known. Arch Intern Med 1916;17:863-71.

15. Forconi S, Jagenau A, Guerrini M, Pecchi S, Cappelli R. Strain gauge
plethysmography in the study of circulation of the limbs. Angiology
1979,30:487-97.

16. Taylor P. Ganglionic siimulaiing and blocking agents. In: Goodman
Gilman A, Goodman LS, Rall TW, Murad F. editors. Goodman and
Gilman's the Pharmacological Basis of Therapeutics. 7th ed. New York:
Macmillan, 1985:215-21,

17. Caro CG, Lever MJ, Parker KH, Fish PJ, Effect of cigaseite smoking on
the pattern of arterial blood flow; possible insight into mechanisms
underlying the development of arteriosclerosis. Lancet 1987:4:1)-3.

18. Grassi G, Servavalle G, Calhoun DA. Boliz G, Mancia G. Cigareie
smoking and the adrenergic nervous system. Clin Exp Hypertens |A]
1592:A14:251-60.

19. Berlin I, Cournot A, Renout P, Duchier J, Safar M. Peripheral haemody-



1886

2.
2.

px]

25

1.
n

KOOL ET AL.
SMOKING AND ARTERIAL WALL PROPERTIES

namic effects of smoking in habituai smokers. A methodological study.
Eur I Clin Pharmacol 1990;38:57-60.

. Winniford MD. Smoking and cardiovascular function. J Hypertens 19908

Suppl 5:517-23.

Richardson D. Effects of tobacco smoke inhalation on capillary blood
flow in human skin. Arch Environ Hezlth 1987:42:19-25,

Jacobs MC, Lenders 1, Kapma JA, Smits P, Thien T. The effect of
smeking on vascular relaxation [abstrict]). Pharm Weekbl Sci 1991:13
Suppl L:L4,

Cryer PE, Haymond MW, Santiago JV, Siiah SD. Norepinephrine and
epinephrine release and adrenergic mediation of smoking-associated
hemodynamic and metabolic events. N Eng! ] Med 1976;295:573-7.

, Weiner N. Norepinephrine, epinephrine, and the sympathomimetic

amines, In Ref 16:145-80.

Giannattasio C, Cattaneo BM, Carugo S, Mangoni AA, Grassi G, Mancia
G, Cigarette smoking (CS) and radial artery (RA) compliance in man. §
Hypertens 1992:10 Suppl 4:804,

Green MS, Jucha E, Luz Y. Blood pressure in smokers and nonsmokers:
epidemiologic findings. Am Heart J 1986;1:1:932-40,

Asmar RG, Girerd X1, Brahimi M, Safavian A, Safar ME. Ambulatory
blood pressure measurement, smoking and abnermalities of glucose and
lipid metabolism in esyential hypertension, J Hypertens 1992;10:1817,

. Jain AC, Bowyer AF, Marshall RJ, Asate H. Left ventricular function

after cigarette smoking by chronic smokers: comparison of normal
sgbjects and patients with coronary artery disease. Am J Cardiol 1977,
392731,

29.

30.

31

32

35

6.

3.

JACC Vol. 22, No. 7
December 1993:1881-6

Gasser P. Video-nailfold-microscopy and local cold test: morphological
and hemodynamic correlates in 124 healthy subjects. Vasa 1991;20:244-
51,

Lassila R, Seyberth HW, Haapanen A, Schweer H, Koskenvuo M,
Laustiola KE. Vasoactive and atherogenic effects of cigarette smoking: a
study of monozyyotic twins discordant for sinoking. Br Med J 1988297
955-7.

Strong JP, Richards ML, Cigarette smoking and athesosclerosis in autop-
sied men. Atherosclerosis 1976;23:451-76.

Allen DR, Browse NL. The effect of cigarette smoke, nicotine and carbon
monoxide on arterial wall permeability and arterial wall uptake of
1251-fibrinogen. Adv Exp Med Biol 1990;273:95-105.

. Mjgs OD. Lipid effects of smoking. Am Heart J 1988:115:272.3,
. Nowak J, Murray J, Oates JA, FitzGerald GA. Biochemical evidence of

achronic abnormatity in platelet and vascular function in healthy individ-
uals who smoke cigarettes. Circulation 1987;76:6-14.

Kannel WB, D'Agostino RB, Belanger A, Fibrinogen, cigarette smok-
ing, and risk of cardiovascular diseasc: insights from the Framingham
Study, Am Heart J 1987;113:1005-10.

Fuster V., Badimon L., Badimon 1, Chesebro JH. The pathogenesis of
coronary artery disease and the acute coronary syndromes. N Engl § Med
1992:326:310--8,

Richardson P), Daries MJ, Born GVR. Influence of plague configuration
and stress distribution on fissuring of coronary atherosclerotic plagues.
Lancet 1989:21:941-4,





