
PDF hosted at the Radboud Repository of the Radboud University

Nijmegen
 

 

 

 

The following full text is a publisher's version.

 

 

For additional information about this publication click this link.

http://hdl.handle.net/2066/146686

 

 

 

Please be advised that this information was generated on 2023-05-23 and may be subject to

change.

http://hdl.handle.net/2066/146686


Smoking and atherosclerosis 

F. van den Ber 

«ran 



Smoking and atherosclerosis 



CIP data, Koninklijke Bibliotheek, Den Haag 

Smoking and Atherosclerosis/ 

F W Ρ J van den Berkmortel - [S 1 s η ] 

Thesis Katholieke Universiteit Nijmegen - With ref - With summary in Dutch 

ISBN 90-9014326-2 

Subject headings smoking, smoking cessation, pathophysiological mechanisms, cardiovascular risk 

factor 

© 2000 F W Ρ J van den Berkmortel, Nijmegen 

Cover 

Escaping nicotine addiction 

Painting copyright ©2000 Steve Johnson & Lou Fancher 

The medical research presented in this thesis was performed in the 

Department of Medicine, Division of General Internal Medicine, University Medical Centre at Nijmegen, 

The Netherlands 



Smoking and atherosclerosis 





Stellingen 

I . Het roken van sigaretten geeft een mtima-media verdikking van hals- en beenslagaders, ook bij 
afwezigheid van andere cardiovasculaire nsiscofactoren (dit proefschrift) 

2 De reproduceerbaarheid van de vaatwandstijfheids meting middels het 'Wall Track System®" wordt 
met beïnvloed door de aanwezigheid van meerdere risicofactoren voor hart- en vaatziekten (dit 
proefschnft) 

3 Twee jaar stoppen met roken gaat bij de in dit proefschnft onderzochte patiëntenpopulatie met 
gepaard met een langzamere progressie dan wel regressie van de mtima-media dikte, noch met 
een verbetenng van vaatwandstiffheid (dit proefschrift). 

4 De gevoeligheid van low density lipoproteinen voor oxidatie in vitro verandert met na stoppen met 
roken (dit proefschnft) 

5 Een stijging van de diastolische bloeddruk bij gelijkblijvende polsdruk gaat gepaard met een 
toename van de stijfheid van de halsslagader (eigen waarneming) 

6. Bij een links-rechts verschil van de radialis-pols en (of) van de bloeddruk dient de diagnose ziekte 
van Takayasu In de differentiaal diagnose te staan (Ned Tijdschr Geneeskd 1995,1391127-1132) 

7 De mogelijkheid van primaire peritonitis moet worden overwogen bij de beoordeling van een kind 
met acute buik verschijnselen (Ned Tijdschr Geneeskd 1998,142.793-796, eigen waarneming) 

8 Smoking is a dying habit (John Cleese) 

9 Een onderzoeksvoorstel onderscheidt zich van menig ander produkt in het feit dat er met in zit wat 
erop staat 

10. De mens onderscheidt zich van andere diersoorten met alleen door zijn verstand, maar ook door 
het roken van tabak, hetgeen de eerstgenoemde bewering weer wat minder geloofwaardig maakt 
(J F.J. Lüers, Pharma Selecta 1999.76-79). 

II. God kon met overal tegelijk zijn, daarom heeft hij moeders gemaakt (Joodse wijsheid). 

12.1 am only descnbing language not explaining anything (van Ludwig Wittgenstein. " Blue and Brown 
books": Complexity of language (1933-1935)). 

Stellingen behorend bij het proefschnft "Smoking and alherosderosis' 
Franchette van den Berkmortel, Nijmegen, 20 december 2000 
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My doctor's issued his decree 
That too much wine is killing me, 
And furthermore his ban he hurls 
Against my touching naked girls 
How then' Must I no longer share 
Good wine or beauties, dark and fair7 

Doctor, goodbye, my sail's unfurled, 
I'm off to try the other world 

D G Rossetti, poet (1828-1882) 
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Toebackslied 

Isser iemand uyt Oost-Indiën gekomen 

Die er wat van weet? 

Heeft hij daer met van den toeback vernomen? 

Gheeft mij bescheet! 

Is hij wel goet 

Voor's menschen bloet? 

Of hij deugd doet, 

Seggehet my vroed. 

Toeback drincken is een goede medecijne, 

Stelt u te vree! 

D'asschen is goed voor de tandepijne, 

Wrijft ze daarmee; 

Soo is de roock 

Voor den man oock 

Al is 't maer smoock, 

Beter dan loock 

(Willems, Oude Vlaamsche Liederen; Toebackslied XVI* eeuw) 



Chapter 1 

General introduction and aim of the study 





General introduction and aim of the study 

Smoking and its consequences for human health 
Origin and introduction of tobacco 
In the years before Christ inhabitants of South America already cultivated tobacco plants They used 
dried tobacco leaflets to light fires for cooking Moreover the penetrating smell chased musquitos off In 
later years they used tobacco in religious cults In this manner, Indians first got accustomed with the 
penetrating smell and second with the narcotic properties of tobacco (1) 
Among the first Europeans who got to know the use of tobacco was Christopher Columbus In his log
book (1492) he wrote (translated) 'The two messengers who had been put ashore to survey the 
country, said that, on their way, they had met crowds of natives, carrying burning torches and special 
herbs in their hands, to incense themselves as is the practice among them" (2) Sailors and explorers 
brought tobacco to Europe Initially, tobacco was only used in Spam Foreign visitors of Spam 
distributed the tobacco throughout all countries of Europe The first descriptions of smoking in the 
Netherlands are dated in 1590 (3) 

The tobacco plant (Nicotiana) is named after a French ambassador who worked at the Portuguese 
court, Jean Nicot He granted tobacco seeds to the French queen Catherine de Medicis in 1560 The 
queen believed that the herb had healing properties and took it under her protection (3) 
At first tobacco was chewed, sniffed or smoked like cigars (folded tobacco leafs) During exploratory 
expeditions to North America, Englishmen noted pipe smoking mdians and introduced pipe smoking in 
Europe (1) Although the Mexicans already smoked cigarettes in the sixteenth century (2), cigarettes 
were brought to Europe only just in 1855 during The Krim" war In the Netherlands cigarette smoking 
became popular not until the first world war 
Ever since these years tobacco smoking has been debated Prommant physicians from France, Spam 
and England were convinced of the therapeutic effects of tobacco Authors and poets as well, devoted 
tobacco as a cure-all Others pointed to the hazardous effects of smoking In 1619 king Jacob I of 
England who was a great opposer to tobacco smoking, wrote a book entitled Misocapnos (hatred 
against smoking) in which he described tobacco smoking awful for the eye, disgusting for the nose, 
harmful for the mind and dangerous for the lungs (3) 

Composition of tobacco 
With the cultivation of tobacco plants insecticides are used The tobacco leafs are harvested and dried 
in the open air, in the sun or in furnaces The method of drying determines the chemical composition 
(for example nicotine content), flavour and smell. Sun (Turkish and oriental tobacco) and furnace 
(Virginia tobacco) dried tobacco contains much sugar and acid The smoke of acid tobacco brands is 
very mild Chemical substances as syrup, honey, chocolate, anise, rum and peppermint are added in 
the manufacurmg process to change flavour, aroma and burning properties In addition, paper and 
adhesives are used for the production of cigarettes (1) 

More than 4,000 different chemicals are generated when a cigarette burns (4) Many of these 
substances are pharmacologically active, toxic, mutagenic and carcinogenic Nicotine, carbon 
monoxide and tar are the most famous active compounds of cigarette smoke Nicotine is held 
responsible for the addictive properties of cigarette smoke 



Smoking and human health 

In 1Θ57 the Lancet published an article describing the hazardous effects of smoking (5) Since then, an 

enormous amount of evidence has been gathered concerning the health risk of smoking 

Smoking is responsible for 20% of all-cause mortality (6) Cancer of the upper and lower respiratory tract, 

chronic obstructive lung diseases (COPD) and cardiovascular diseases may develop as a consequence of 

smoking In 1997, at least 22,926 people died from one of the former mentioned diseases as a 

consequence of smoking (49% of total mortality due to these causes) in the Netherlands (7) 

However, the belief in nicotine as a medicine has not been abandoned completely The prevalence of 

ulcerative colitis, endometrial cancer and Parkinson's disease is less in smokers (8-10) 

12 Aim and outline of the thesis 
Aim 

§ Cardiovascular diseases are 2 4 times more common in smokers (11 ) After smoking cessation 

= cardiovascular risk declines rapidly (12) 

| The pathophysiological processes involved in the increased cardiovascular risk as well as those 

explaining the risk reduction after smoking cessation are still debated Changes in blood lipids (13), 

haemostatic factors (14), endothelial factors (15) and alterations in arterial wall structure (16) and 

function (17) all may be involved 

Therefore, in this thesis we evaluated the effects of smoking and its cessation on arterial wall function 

and structure using recently developed ultrasonographic methods Furthermore, in subgroups, 

alterations in blood lipids and haemostatic factors were examined 

Outline of the thesis 

A review concerning the expected pathophysiological mechanisms involved in the increased 

cardiovascular risk in smokers is presented in chapter2 (part I) 

Smoking cessation is difficult with a success rate of no more than 2% after being advised to stop once 

by a physician Although the medical profession should play a leading role in campaigns to stop smoking, 

general practitioners advise only 10% of their smokers to quit Seventy-five percent of Dutch physicians 

do not have any experience with quitting programmes and feel they have an urgent need for further 

training in this field Therefore we wrote an overview of the various smoking cessation aids with 

corresponding long-term efficacy rates and this is presented in chapter2 (part II) 

New technology has generated the opportunity to study arterial wall structure (mtima-media thickness) 

ultrasonographically An outline of this method is presented in chapter 3 (part I) Chapter 3 (part II) 

describes the method of the ultrasound measurements of arterial wall function (cross-sectional 

compliance and distensibility coefficients) 

As reproducibility is important during follow-up studies, reproducibility tests were performed for the 

vessel wall movement detector system (Wall Track System®, determination of arterial wall function) 

Results are shown in chapter 3 (part III) 

To study the relationship between smoking and respectively vessel wall dynamics and thickness, we 

compared baseline arterial wall function between the following groups 1) smokers who quit during the 

study, 2) smokers who continued smoking, 3)non-smokers who either had never smoked or had not 

smoked in the previous five years, in chapter 4 and 5 



To examine whether quitting reverses vessel wall changes, in chapter 6 the effect of two years of 
smoking cessation on arterial wall structure and function is presented. 
In subgroups blood was collected for determination of in vitro low density lipoprotein (LDL) oxidisability. 
We compared results between the smoking and non-smoking group. In addition smokers who stopped 
smoking were followed during 12 months after cessation. Results are presented in chapter 7. 
Finally, smoking is a classical risk factor for venous thrombosis. Autopsy studies revealed arterial 
thrombosis in the presence of only moderate atherosclerotic changes as the cause of fatal myocardial 
infarction in smokers (18). These data, in addition to the rapid risk reduction after smoking cessation 
(19), suggests the involvement of the haemostatic stystem. Chapter 8 deals with fibrinolytic parameters 
(tissue plasminogen activator (t-Pa) and plasminogen activator inhibitor (PAI)) in smokers and we 
followed these factors during 6 months after smoking cessation. 
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Influence of smoking and smoking cessation on the pathophysiological 
mechanisms of cardiovascular diseases 

Introduction 
When the Emperor of the Aztecs, Montezuma, cursed the Europeans, he was probably thinking more 
about the introduction of tobacco in Europe than about travellers' diarrhoea Smoking causes an increase in 
cardiovascular diseases, cancer and chronic obstructive pulmonary disease (COPD) (Table 1) 

Table 1 
Diseases and physical changes associated with smoking and the relative risk in smokers 

Disorder Relative risk 

Cardiac disorders 

Myocardial infarction 2-3(1) 

Angina pectoris 

Dysrhythmia 

Peripheral vascular disorders 

Intermittent claudication 

Aneurysm 2-8' (1) 

Cerebrovascular disorders 2(1) 

Ischaemic cerebrovascular accident 

Apoplectic cerebrovascular accident 

Microcirculatory disorders 

Buerger's disease 

Raynaud's syndrome 

Pulmonary disorders 

Chronic obstructive pulmonary disease 10(1) 

Malignancies 

Lung cancer 12-20(1) 

Head and neck cancer 

Oesophageal cancer, gastric cancer, pancreatic cancer, bladder cancer, cervical cancer, renal cancer 

etc 

Gynaecological disturbances 

Pregnancy comlications premature birth, placenta praevia, solutio placentae and bleeding 

Low-birth-weight infants 

Relative infertility 

Infections 

Increased susceptibility to (in particular) respiratory and unnary infections 

Bone disorders 

Osteoporosis 

Dental disorders 

Increased nsk of canes 

Penodontal diseases 

Changes in the skin 

« Increased wnnklmg of the skin 

relative nsk for aneurysm rupture 



Fifty percent of smokers die from the consequences of smoking. Since 1958, the percentage of smokers in 
the Netherlands has decreased from about 90% to 30-35%. Over the past few years, this percentage has 
not decreased further, while the percentage of juvenile smokers has even shown an increase (2). In all age 
groups, quitting smoking leads to less cardiovascular mortality (3,4). Depending on the target population, 
the aid strategies employed to quit smoking and the time of evaluation, only 5-40% of quitting attempts are 
successful (5). 
This paper gives an overview of the pathophysiological mechanisms that play a role in the development of 
cardiovascular diseases under the influence of smoking. Identification of the major pathogenic processes is 
important to decrease the cardiovascular risk (Table 2). 

18 Table 2. 
Pathophysiological mechanisms that play a role in the increased cardiovascular risk in smokers, the risk reduction through 

quitting and the time required for risk reduction. 

• o 

3 

5 
Ë 
S 

ca 

g1 

J«: 

Risk mechanism 

Oxygen requirement Î 

Activation autonomic nervous system: 

• Blood pressure Τ 

• Pulse rate Τ 

Free fatty acids Τ 

Atherosclerosis Τ 

Lipid changes 

Endothelial damage 

• Endothelial structure 

• Endothelial function 

N O I 

Prostacyclin 1 

• Immunological changes 

Throm oogenesis 

Coagulation factors 

• Von Willebrand factor 

• Other factors 

Oirombocyte activation 

Capillary circulation 4-

Viscosity Τ 

. Haematocritî 

• Fibrinogen Τ 

• Leucocytes Τ 

Vasospasm 

Changes π endothelial function 

(NO 1; prostacyclin i) 

Effect of quitting smoking 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Recovery 

Time required' 

20 minutes 

1-12 weeks? 

1-12 weeks 

6 weeks-3 months 

10 minutes' 

?» 

Fibrinogen Approximately 5 years 

Leucocytes: < 3 months 

Τ = increase; I = dewease; NO = nitric oxide 

' time required for recovery after last inhalation or quitting. 

* Von Willebrand factor returns to normal within 10 minutes after last inhalation, in heavy smokers (> 20 cigarettes per day) there 

is evidence of chronic elevation. 

?* Concentration of 2,3-dinortromboxane (marker for thrombocyte activation) in the urne still elevated 3 weeks after quitting 



Cigarette smoke 
Nicotine and carbon monoxide are considered to be the cause of increased cardiovascular risk in smokers 
Switching to fewer cigarettes per day, filter cigarettes, cigarettes with a low nicotine, carbon monoxide or tar 
content, a pipe or cigars, has little or no effect on reducing the level of risk (6-9) 
Studying the harmfulness of various tobacco products is hindered by variability in smoking behaviour, such 
as different ways of inhaling smoke (10) 

Autonomic nervous system 
Nicotine causes an acute increase in the systolic and diastolic blood pressure of about 10 mmHg, as well 
as an increase in the pulse rate of 10-25 beats/mm (11,12) Nicotine increases the adrenaline level in 
plasma (11,12) Activation of the autonomic nervous system increases cardiac oxygen consumption These 
effects disappear within 20 minutes after the last inhalation (12) 

Lipid spectrum 
Craig et al analysed 54 studies on lipid changes in smokers The plasma concentrations of very-low-
density lipoproteins (VLDL) and low-density lipoproteins (LDL) were higher, while the concentrations of 
high-density lipoproteins (HDL) were lower (13) A decreased HDL level and an increased LDL level are 
risk factors for atherosclerosis The risk associated with smoking increases sharply when other risk factors 
are present (4) In countries whose populations have relatively low LDL cholesterol values, such as China 
and Japan, the cardiovascular nsk of smoking is less clear and sometimes cannot even be demonstrated 
(14,15) 
Activation of the sympathetic nervous system causes higher concentrations of free fatty acids in the blood 
This leads to greater oxygen consumption by the heart (16) Increased lipid peroxidation has been 
observed in smokers, as well as decreased levels of naturally occurnng antioxidants in the body, such as 
vitamins C and E (17,18) Higher concentrations of oxidised LDL lead to accelerated atherosclerosis (19) It 
is not clear whether these changes are the result of the (pro)oxidants in smoke Changes in life-style, such 
as changed eating patterns, can also play a role (18) Smokers eat less fruit and vegetables with high 
vitamin C concentrations, which leads to decreased antioxidative capacity (18) 
After quitting smoking, the HDL level increases and the LDL level decreases (20,21) Increases in HDL 
levels become visible in the first week after quitting (20) Changed eating patterns also contribute After 
quitting smoking, the consumption of energy, fat, carbohydrate and protein increases (22) 

Blood viscosity 
Elevated haematxrit levels, leucocyte counts and fibrinogen concentrations give rise to greater viscosity of 
the blood in smokers (23,24). This leads to diminished capillary circulation Carbon monoxide causes 
increased caiboxy-haemoglobm levels and decreased oxygen saturation of the blood All these factors 
lower the oxygen supply to the tissues Increased viscosity and changes in the shear stress in arterial walls 
can cause endothelial damage Elevated fibnnogen concentrations and high leucocyte counts are vascular 
risk factors for atherosclerosis (25,26) After quitting smoking, fibnnogen levels remain high for 5 years (24) 

Haemosfas/s 
Smokers show signs of thrombocytic activation, such as increased thrombocyte aggregation for up to 20 
minutes after the last inhalation (27), shorter thrombocyte lifespan and increased excretion of 2,3-



dinortromboxane B2 (breakdown product of thromboxane B2) in the urine (28,29) While smoking, plasma 
concentrations of Von Willebrand factor increase, possibly as a result of endothelial damage After the last 
inhalation, the Von Willebrand factor level returns to normal in about 10 minutes, except in heavy smokers 
(> 20 cigarettes per day) The latter group of smokers show a chronic increase in Von Willebrand factor 
(30) It is believed that the situation of increased thrombogenesis disappears rapidly after smoking 
cessation, although there are data that indicate the opposite (31) 

Endothelium 
The number of freely circulating endothelial cells in the blood increases during smoking (32) In vitro 
experiments showed that prostacyclin secretion decreased under the influence of nicotine (33) Ultrasound 

2 0 and Plethysmographie studies revealed disruption in the production, secretion and/or action of nitric oxide 
(NO) (34-36) Oxidised LDL is thought to play a role In vitro oxidised LDL decreased the action of NO NO 

8 has a vasoactive action and influences thrombocyte aggregation At present, there are no data on the 
I reversibility of these disorders after quitting smoking 
"6 

3 Arterial wall 
% Recent developments in ultrasound and special computer software have made it possible to record 
1 functional (stiffness) and structural (wall thickness) properties of the arterial wall While smoking a cigarette, 
"H artenal wall stiffness increases (37,38) It is not known how long this effect lasts, because the time points of 
g the measurements in smokers vary widely (38,39) This might be explained by the small study populations 
o and the variety of arteries measured Ultrasound showed that the intima media layer of the carotid artery 

w was thicker in smokers (40) Accumulations of lipids and smooth muscle cell proliferations played a role 
Ttie thickness of the intima media complex appears to be a measure of the presence of atherosclerosis in 
view of the relations with the vanous risk factors In smokers who have quit, the intima media thickness lies 
between that of never smokers and smokers Although there is no clear relation between the intima media 
thickness and the time interval since quitting, further research should be performed into the question of 
whether partial recovery occurs after quitting. 

Hormones 
Smoking decreases the concentrations of prolactin, follicle stimulating hormone and luteinizing hormone 
(41) More rapid metabolism of oestrogen in smokers causes functional oestrogen deficiency and cames 
an increased risk of atherosclerosis (42) 

immune system 
The effects of cigarette smoking on the immune system depend on the duration of exposure, the depth of 
inhalation and the target population Cigarette smoke affects subpopulations of T-lymphocytes, the activity 
of so-called killer cells, immunoglobms, alveolar macrophages and the leucocyte count (43) These effects 
disappear between 6 weeks to 3 months after quitting (43) It is possible that immunological factors play a 
role in atherosclerosis (44,45) 

Discussion 
The influence of cigarette smoke on the development of cardiovascular diseases is complex and not fully 
understood Figure 1 shows the various processes involved and their probable connections 



Figure 1 

Factors associated with increased cardiovascular risk in smokers and their probable connections (+=positive relation; 

negative relation; HDL=high density lipoprotein; LDL=low-density lipoprotein). 

1 
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Ischaemlc cardiovascular diseases 

Thrombogenesis is considered to be an important pathogenic mechanism in the development of 

cardiovascular diseases in smokers. There are various reasons for this: 

- there is a high prevalence of dysrhythmia and sudden death (both are expressions of ischaemia) 

among smokers; 

- post mortem studies on young smokers who died from cardiovascular disease showed only slight to 

moderate atherosclerosis; 

- 2 to 3 years after quitting smoking, the cardiovascular risk decreased to more or less that in non-

smokers (46-47). 

As quitting attempts are successful in only 5-40%, research should be performed into other risk-reducing 

factors, such as thrombocyte aggregation inhibitors or extra antioxidant intake. 
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Smoking cessation; which aids are worthwhile? 

Abstract 
Smoking is a major preventable health risk in western society In the Netherlands, it is held responsible for 
86% and 36% of annual mortality from lung cancer and cardiovascular disease, respectively 
Nevertheless about 33% of Dutch people smoke 
Only 2% of smokers quit successfully after being advised to stop once by a physician Although the 
medical profession should play a leading role in campaigns to stop smoking, general practitioners advise 
only 10% of their smokers to quit An overview was made of the various aids that can be used to support 
attempts to quit smoking Three aids supportive schedules, nicotine replacement and bupropion chloride 
had proven long-term effectiveness in up to 5-10%, 3-13% and 11 -15% of the subjects, respectively 25 
In conclusion, supportive counselling combined with nicotine substitutes or bupropion chloride is the most 
worthwhile intervention to support quitting attempts Wider application of this strategy is expected to have 5 
major implications on mortidity (50% myocardial infarct risk reduction) and mortality in the Netherlands If 

ΓΟ 

Introduction 
Smoking is responsible for a considerable proportion of the total morbidity and mortality in the 
Netherlands Cancer of the upper and lower respiratory tract, chronic obstructive lung diseases (COPD) 
and cardiovascular diseases develop as a consequence of smoking Cardiovascular diseases are 2-4 
times more common in smokers (1 ) A meta-analysis on 32 studies with a total population of 11,776 cases 
showed that smoking considerably increased the risk of cardiovascular diseases (1) Furthermore, is was 
estimated that 86% of male deaths from lung cancer in the Netherlands were caused by smoking, for 
COPD, cardiovascular diseases and cerebrovascular diseases, other common smokmg-related disorders, 
this percentage was 72%, 36% and 45%, respectively (2) 
In the nineteen fifties and sixties, when the first reports appeared on the health-related risk of smoking, 
about 60% of the Dutch population were smokers 90% of the men and 30% of the women Since then 
these percentages have decreased In 1988,33% of the total population were smokers (37% of the men 
and 29% of the women) It is remarkable that these percentages have not decreased further in recent 
years The number of juvenile smokers (aged 10-19 years) has remained stable at a percentage of 29% 
An alarmingly high percentage of 15 to 19 years olds are smokers (44%) (3,4) 
Quitting smoking considerably reduces the health nsk and is also worthwhile in later life and in people 
whose health is already damaged (5,6) 
On European, national, group and individual levels, attempts are being made to ban smoking In 1998, 
agreement was reached about a European guideline for cigarette advertisements compulsory banning of 
out-door cigarette advertisements in the member states of the EC starting in the year 2001 and banning 
cigarette advertisements in newspapers and magazines starting in the year 2002 In 2006, cigarette 
advertisements will only be permitted at sales outlets (2) Laws against smoking will become more 
stnngent, so that smoking in public buildings and waiting rooms is no longer permitted 
At the beginning of 1999, excise duty on tobacco products was increased further Since 1996, a packet of 
cigarettes has become about 50 cents more expensive Tobacco sales have not increased over the past 
few years, possibly as a result of the considerable pnce increases (2). 
In recent years, the anti-smoking campaigns propagated by the Dutch media have been successful in as 
far as informing the public of the dangers of smoking (e g 'Smoking Death and deadly sin', 'Smoking9 not 



m front of the baby1) The latest campaigns place great emphasis on advice and individual support for 
quitting attempts (tailor-made advice) (2) 
The national organisation "Stivoro" (Foundation of public health and smoking), founded in 1974 (by the 
Dutch Heart Foundation, Dutch Astma fund and Dutch organisation against cancer), is engaged in the 
development of successful anti-smoking campaigns and also provides individual stop smoking advise 
Moreover, this organisation advises the government and other organisations about rules and laws 
concerning smoking and public health 

In a random survey among Dutch smokers (n=7,067), 34% of the respondents stated that they wanted to 
stop smoking within six months (3) The majority of smokers had already tried to stop at some time in the 
past An average ex-smoker made five or more attempts before successfully quitting (7) 

2 6 Despite all this effort, the percentage of smokers has not shown any further decrease over the past few 

years It is still extremely difficult to stop smoking On an individual level, several forms of supportive care 
-S as well as pharmacological preparations and homeopathic remedies are available to help a smoker quit A 
™ great deal of money is being invested in the development of new and better quitting methods Recently 
1 (December 1999), bupropion chloride (Zyban®) has been registered for the indication 'quitting smoking' 
8 Despite the wide availability of such measures, 70-90% of smokers stated that they do not use aids during 
f their attempts to quit smoking (2,8) Unfamihanty with the various options may form an explanation 
J The medical profession plays an important role in providing information about the health-related risks of 

smoking and giving advice about the most effective quitting methods However, data from the general 
practitioners research station in Groningen (11 GP's) revealed that in 1990, the participating GP's gave 
advice to stop smoking to only 10% of the smokers who visited their surgery (9) Waalkens et al (10,11) 
reported that 75% of Dutch physicians do not have any experience with quitting programmes and that 
there is an urgent need for further training in this field Greater knowledge about existing interventions and 
possible effects are expected to lead to broader application and consequential increases in quitting 
percentages 
As new strategies develop continuously we discussed and ordered the current available interventions 
aimed at helping smokers quit (Table 1) in this paper Particular attention was paid to long-term 
effectiveness (a minimum of six months abstinence), because that is the ultimate aim 

Advice to quit smoking and supportive care 
Law et al (12) concluded (from 17 randomised trials) that with a simple advice from the GP or specialist 
(with an average duration of five minutes) no more than 2% of smokers stopped smoking When the 
advice to quit smoking was followed up with further visits to the clinic, consultations by telephone and 
support letters, the percentage of quitters increased to an average of 5% (12,13) Confrontation with the 
results of lung function tests or expiratory carbon monoxide measurements did not have any additional 
value (14) 

The Dutch College of General Practitioners advises a Minimal Intervention Strategy (MIS) for supporting 
quitting attempts This strategy comprises a short, structured, standard procedure and leads to doubling of 
the success percentage from 10% to 20% (15,16) The method has five stages 1) increasing motivation, 
2) overcoming obstacles, 3) appointing the quitting date, 4) discussing aids and 5) providing support to 
maintain the ex-smokers abstinence This form of counselling takes relatively little of the GP's time and 
can partly be delegated to the practice assistants (17,18) In the UK, similar guidelines are recommended 
(AAAA Ask, make an inventory of the smoking problem, Advice, give advice, Assist, help and support, 



Table 1 
Overview of the most popular aids lo quit smoking with their effectiveness in the longer-term ( > 6 months) 

Quitting strategy 

CounsellinaandsuDDort 

• One advice (average 5 minutes duration) 

• Counselling with follow-up (wnttenAelephone/visit) 

• Minimal Intervention Strategy (MIS) 

• Group therapy 

Behaviour theraov 

• General 

• Aversion 

• Sensory deprivation 

• Hypnosis 

• Cutting down (reducing/changing brand) 

Drua theraov 

• Nicotine substitutes (chewing gum, skin patches, inhalant, spray) 

• Bupropion chloride 

.Alternative therapy 

• Acupuncture 

Increase in quitting percentage' 

2% (12) 

5% (12) 

10% (15,16) 

0-5% (12,21) 

2% (12) 

non-proven effect (12) 

non-proven effect (12) 

non-proven effect (12,25) 

little or no effect (12,13) 

3-13% (12,29) 

11-15% (36,37) 

non-proven effect (12,49) 

'Results based on analysis of several studies (chielly studies with biochemical monitoring, follow-up > 6 months) 

Arrange, follow-up) (19,20). 
Besides individually-targeted forms of counselling, there are also group-orientated therapies, some of 
which are provided by local health authorities. The great diversity in study populations and techniques 
makes it difficult to evaluate group therapy. Stead et al. reviewed 13 randomised trials and concluded that 
group therapy was more effective than no therapy, with an odds ration of 1.91 compared to no 
intervention (21). However, group therapy did not lead to higher quitting percentages than individual forms 
of counselling of comparable intensity (12,21). There are indications that individual counselling in 
combination with group therapy gives the best results (21,22). Pregnant women and smokers with 
symptomatic ischaemic cardio-vascular disease or pulmonary complaints achieve the highest quitting 
percentages. In these groups, counselling has been known to lead to quitting percentages of 35% 
(12,13). Such clear improvements in quitting percentages are less clear in groups with other 
cardiovascular risk factors, such as diabetes mellitus or hypertension (23,24). The ultimate quitting 
percentage is largely determined by a number of uncontrollable processes which includes motivation of 
the target groups. 

27 

Behaviour therapy 
Behaviour therapy makes use of the following techniques: relaxation, reward, punishment, emphasizing 
the positive aspects of stopping and learning behaviour that reduces temptation. Special techniques that 
support behaviour therapy are aversion, sensory deprivation and hypnosis. 
The most popular aversion method comprises advising the subject to smoke more and faster (e.g. to 



inhale once every 6 seconds and to smoke double the usual number of cigarettes per day). In this way, 
the subject develops symptoms of nicotine toxicity, which induces an aversion to smoking. However, this 
method increases the cardiovascular burden and must therefore only be applied under strict supervision 

(13). 
Sensory deprivation entails locking the subject into a dark isolated room for a number of hours and during 
that time, having him/her listen to anti-smoking advice. 
In 30 randomized trials on behaviour therapy (various forms) a non-significant therapy effect of 2% was 
observed (12,13). It can therefore be concluded that these interventions do not have any additional value; 
they are also expensive. 
Positive results have been achieved with special interventions. In 14 studies on the value of aversion 

2 8 techniques, a mean statistically significant effect of 14% was reported (12). The results of studies in which 
aversion techniques were evaluated varied widely. Some of these studies lacked biochemical monitoring 

•S of quitting behaviour. For these reasons, the value of these special behaviour interventions is doubted 
g (12,13). Hypnosis led to improbably high quitting percentages of up to 88% in older uncontrolled studies 
S (13). However, these results could not be confirmed after analysis of 9 randomized trials (25). 
S Results varied widely after decreasing the number of cigarettes smoked per day or changing to another 
J brand (with a lower nicotine content); Schwartz et al. (13) and Law et al. (12) concluded that reducing 
| nicotine intake alone was not worthwhile. 

Drug therapy 
Nicotine replacement therapy 
In the short-term, nicotine substitutes had a favourable effect on withdrawal symptoms (26). In the long-
term, they increased the quitting percentage by a factor of 2 (27-29). No differences were found between 
the various means of administration (14). More heavily addicted smokers experienced the most benefit 
from nicotine replacement therapy (14). 
Nicotine substitutes are available in the form of chewing gum, skin patches, nasal sprays (not available in 
the Netherlands), inhalants and since December 1999, also as lozenges and tablets for under the tongue. 
Good instructions are necessary to ensure adequate nicotine uptake, especially in the case of chewing 
gum, inhalants and nasal sprays. Although the inhalants look most like cigarettes, their nicotine delivery 
mechanism is different. When smoking a cigarette, the nicotine is absorbed via the respiratory tract, 
whereas with an inhalant, the nicotine is absorbed via the mucous membrane of the mouth. Nicotine 
spray is absorbed via the mucosal membrane of the nose and is the fastest-acting substitute, with the 
greatest risk of addiction (30). 

In the majority of accompanying product information slips, it is not recommended to use the medication for 
longer than three months. In a few studies, more prolonged use, higher dosages or a combination of 
substitutes seemed to be more effective (28,31). The side-effects of these substitutes were minimal, even 
when used in combination, or while the subject was smoking (28). The most common side-effects were 
insomnia and headaches. Nicotine skin patches sometimes led to contact allergies. Transient mucous 
membrane irritation was frequently reported by nasal spray users. Smokers with cardiovascular disease 
ran a greater risk of arrhythmia, angina pectoris and myocardial infarction while using nicotine substitutes. 
Nicotine intake during pregnancy can lead to premature birth, solutio placentae and vaginal bleeding (32). 
It is recommend that these target groups should only use nicotine substitutes under the supervision of a 
doctor. Temporary use of nicotine substitutes in these populations seems to be acceptable, as long as 



they stop smoking and consequently reduce their health risk. 
In the Netherlands, the cost of nicotine replacement therapy is not reimbursed by health insurance 
companies; the products can be obtained without a prescription. 

Antidepressives 
Dopamine and noradrenaline play an important role in nicotine addiction Nicotine stimulates the release 
of these neurotransmitters in various parts of the brain (33) Antidepressants that affect these 
neurotransmitters can also be of value in subjects who wish to quit smoking. 
There is evidence that tricyclic antidepressants (34) influence the quitting percentage and the withdrawal 
symptoms, but promising results have been reported with bupropion chlonde (Zyban®), an antidepressant 
ammo ketone that was registered in the Netherlands on 1 December 1999. 2 9 

Bupropion chloride 9 
Originally, bupropion chloride was introduced as an antidepressant under the tradename Wellbutnn® 1 
Ferry and Burchette (35) observed that patients who were using this medication for depression tended to " 
stop smoking spontaneously. Quitting percentages of 23-30% were reported for sustained-release 
bupropion chloride, which was double the rate of 12-16% in the placebo groups (36) Jorenby et al (37) 
conducted a double blind placebo controlled comparison of bupropion chloride (244 smokers), nicotine 
patch (244 smokers), bupropion chloride combined with nicotine patch (245 smokers) and placebo (160 
smokers) for smoking cessation The abstinence rates at 12 months were 15 6% in the placebo group as 
compared with 16 4% in the nicotine patch group, 30 3% in the bupropion group and 35 5% in the group 
given bupropion in addition to nicotine patch. 
Bupropion chloride has a half-life of 21 hours, is almost totally metabolised and is excreted via the urine 
(38). Its effect on smoking was independent of the antidepressant action of the medication (28). 
The mechanism by which bupropion chloride assists smokers in their efforts to quit is not clear 
Norepinephrine and dopamine appear to play key roles in development of nicotine dependence. Nicotine 
stimulates the release of these and probably also other neurotransmitters. Release of norepinephnne in 
the locus caeruleus activates higher cortical functions, such as alertness, concentration and memory. 
Lack of norepinephrine stimulation when nicotine is discontinued may account for the characteristic 
withdrawal symptoms. Nicotine also activates neurons in the mesohmbic system, which results in 
enhanced dopamine relesase in the nucleus accumbens The nucleus accumbens is known to be a 
pleasure reinforcing area of the brain for addictive drugs (33) Bupropion is a weak inhibitor of synaptic 
reuptake of norepinephrine and dopamine which may result in attenuation of withdrawal symptoms. 
Enhanced dopamine activity in the nucleus accumbens may maintain stimulation of pleasure response 
areas in the absence of nicotine (38). 
Bupropion chloride also interacts with nicotine receptors, which may contribute to its beneficial effect on 
smoking cessation (39). 
The manufacturer recommends that subjects start taking bupropion chloride one week before they intend 
to quit smoking (in order to achieve a stable concentration), in increasing dosages of 150 mg (for the first 
3 days) to 300 mg per day in 2 doses. So far, results are only available after a treatment duration of 7-9 
weeks (38) A small non-significant increase in the quitting percentage was observed with a combination 
of bupropion chlonde and nicotine skin patches (28,37). In older studies with higher dosages and direct 
release, there was an increase in epileptic seizures Therefore, the use of bupropion chloride is not 



advised for patients with risk factors for seizures, including anorexia nervosa, bulimia, use of cocaine or 

other drugs that cause seizures (40) When bupropion chlonde was prescribed for smokers with an 

increased risk of seizures, the side-effects (headaches, insomnia and a dry mouth) were only slight (41) 

Interactions can be expected with medication that is metabolized by the cytochrome P450 enzymes 

(CYP2B6), such as cyclophosphamide, the majority of antidepressants, beta-adrenoreceptor antagonists 

and antipsychotics Interactions have also been observed with MAO inhibitors, levodopa and medication 

that lowers the seizure threshold (38) 

The use of bupropion chloride as an antidepressant produced a dose-dependent weight loss of up to 1 5 

kg (41) In other studies, a (dose dependent) decrease in the rate of weight gam was observed in the first 

7 weeks after quitting smoking (36,37) The reason for this is unknown Thus, bupropion chloride can 

3 0 have an extra advantage for subjects who are worried about gaming weight (which nearly always 

happens) after quitting smoking It can only be obtained on prescription and is supplied with a booklet and 

•S videotape to support the quitting attempt A 7-week course of treatment costs about 400 Dutch guilders 

§ (compared to 450 guilders for chewing gum over a period of 3 months) The cost is not reimbursed by 

g health insurance companies 
<D 

υ 

1 Other medication 
ο 

ε The alpha-2-adrenergic agonist, Clonidine, in the form of tablets and skin patches, was of dubious value in 

view of the unproven therapy effect and the large number of side-effects (42) Studies with positive results 

mainly had a short follow-up and no biochemical monitoring of quitting behaviour 

Benzodiazepines are of no value as aids for quitting smoking (12) 

Studies on citric acid (gives the same feeling in the throat as smoke) showed a higher quitting percentage 

in the short-term (12) 

Silver acetate in combination with cigarette smoke produces a metallic taste in the mouth The use of 

silver acetate in the form of spray or chewing gum might therefore discourage a person from smoking 

Unfortunately, the short-term quitting percentages were disappointing, while long-term results are scarce 

(12,43) 

Ondansetron (5-HT3 antagonist) [44] and nicotine agonists, such as lobelme (45), do not play any role as 

aids for quitting smoking A few studies reported positive effects of the antihypertensive drug 

mecamylamine (nicotine antagonist) (46,47) As yet there is insufficient evidence of effectiveness to justify 

the application of this drug 

Alternative therapies 
Smokers who are attempting to quit often use alternative therapies, such as colour therapy, laser therapy 

and acupuncture Well-designed and carefully executed studies on effectiveness are lacking for the 

majority of these treatment forms 

Acupuncture has received the most research attention among alternative therapies The earliest studies, 

often without a control group or biochemical verification of quitting behaviour, reported success 

percentages of up to 95% Animal experiments and human studies (48) revealed that possible effects are 

due to the release of endorphins 

In a recent meta-analysis, it could not be demonstrated that acupuncture, irrespective of the form or 

localisation, had any value in maintaining long-term abstinence (12,48) Acupuncture was also unable to 

alleviate nicotine withdrawal symptoms (48) 



Discussion 
Table 1 shows an oven/iew of aids that are available to quit smoking. 

Advice to stop smoking in combination with supportive counselling forms the cornerstone of therapy and 

achieves an average success percentage of 5-10%. Simultaneous use of nicotine substitutes doubles the 

chance of quitting successfully. Bupropion chloride (Zyban®) has recently become available on the Dutch 

market and might prove to be an important additional aid. Although there are indications that the 

combined use of multiple pharmacological preparations is effective (e.g. two different nicotine substitutes 

or a combination including bupropion chloride), this approach cannot yet be recommended, because 

insufficient data have been gathered. All other aids have been advised against, owing to unproven 

effectiveness and cost-effectiveness. 

The above-mentioned advice is in agreement with the guidelines of the Dutch General Practitioners 

Society. This society recommends the Minimal Intervention Strategy (MIS), possibly in combination with 

nicotine substitutes. 

There was wide variation in the results of studies on the effectiveness of quitting strategies. One 

explanation is the difference in motivation between study populations. The success percentage among 

pregnant women and newly afflicted myocardial infarct patients was much higher. Subjects who 

volunteered to participate in a quitting study were often better motivated than the average smoker. Other 

explanations include the duration of the study and combination therapies used (pharmacological agent in 

addition to supportive therapy). The success percentage in the short-term was usually better than that at 6 

to 12 months. When interpreting the study data it should also be taken into consideration that many of the 

older studies gathered data by means of interviews, without biochemical validation of the quitting 

behaviour. 

Although a success percentage of 10% for quitting-therapy seems low, it is worthwhile in view of the 

enormous health risk. Every year, 2.5 million smokers consult Dutch general practitioners (17). If 30% of 

them were to stop smoking with a combination of counselling and drug therapy, this would mean (an 

average of) 75,000 subjects per year. This represents very considerable health gain, as for instance the 

risk of developing a myocardial infarct decreases by 50% shortly after quitting (32). 

Conclusion 
No quitting strategies exist that are 100% successful. After taking time investment and effectiveness into 

consideration, we recommend minimal-contact counselling possibly in combination with nicotine 

substitutes; average success percentages of 10% have been achieved. Bupropion chloride may increase 

this percentage further. 
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Measurement of intima-media thickness of peripheral arteries 

Introduction 
In most industrialised countries, cardiovascular disease is a major cause of morbidity and mortality. In 

1994,11,750 men and 8,949 women died of myocardial infarction in the Netherlands (1). Cardiovascular 

disease is caused by the formation of atherosclerotic plaque and arterial stenosis. Until now it is not clear 

precisely how atherosclerotic plaque develops or which symptoms determine whether a person with 

atherosclerotic plaque will suffer from cardiovascular disease. However, a number of factors are known to 

increase the risk of cardiovascular disease, for example: hypertension, smoking and impaired fat 

metabolism. At present, medical science is paying great attention to the prevention of cardiovascular 

disease by means of treatment for these risk factors. Due to the unpredictability of the occurrence of 

cardiovascular disease it is difficult to evaluate the effect of these interventions. Large studies with long 

follow-up are needed to solve this problem (2,3). 

In order to find an answer to this essential question in the short-term, end-points other than the occurrence 

of cardiovascular disease have been investigated. Initially, angiographic characteristics were used as an 

alternative end-point, but angiography only provided information about stenosis and not about the condition 

of the arterial wall (4). The degree of arterial stenosis does not give an accurate impression of the severity 

of atherosclerosis, because affected arteries compensate by expanding (5). It is also a misunderstanding to 

assume that the largest volumes of plaque are assxiated with the greatest risk. Particularly less severe, 

poorly organised plaque, which is therefore labile, poses the greatest threat (6). In addition, angiography is 

invasive and expensive; these are two contraindications for using angiography in studies on large 

populations. 

Since the 1970s, Doppler and ultrasound have been used as end-points (particularly for examining the 

carotid artery) (7). The initial studies also fxused only on stenosis. Technical improvements then led to the 

development of equipment combining Doppler and high-resolution ultrasound to enable scanning of the 

arterial wall. With the equipment currently available, it is possible to measure the thickness of the arterial 

wall and to obtain information about the morphology of the plaque. Below we describe chiefly the 

measurement of the intima-media thickness. 

Measurement of arterial wall thickness 
The wall of the carotid arteiy (the most commonly used artery for arterial wall measurements) has three 

coats: the tunica adventitia (outer coat), tunica media and tunica intima (inner coat) (Figure 1 ). 

The lumen contains blood. When sound waves are projected at the varbus layers or coats of an artery, the 

sound is reflected in the form of echoes at the transitbns between the adventitia and media, the media and 

intima and intima and blood. The intima and adventitia give strong reflections (echoes), whereas the media 

gives weak ones. On an ultrasound image, there are therefore two strongly reflecting (echo-rich) structures 

(intima and adventitia) and one echo-free space (media). The blood reflects very few sound waves, which 

means that the lumen is black on an image. 

This characteristic double-line pattern (intima-media complex) was first described by Pignoli et al. in 19Θ6 

(8). It can only be visualised by ultrasound equipment with high axial resolution (= the minimum distance 

that must exist between two strongly reflecting structures in order to distinguish between them). The axial 



Figure 1 
Ultrasound image of the right carotid artery with explanatory diagram. 
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resolution increases (i.e. the minimum distance becomes narrower) as the frequency of the sound waves 
increases. However, this occurs at the expense of the penetration depth, which means that only superficial 
arteries can be studied. To visualise the Intima-media complex of the carotid artery, a sound frequency of 
7.5 MHz has been recommended (resolution 0.3-0.5 mm) (9). 

Research has shown that the position of the upper edge of an echo-rich zone (leading edge) on an 
ultrasound image closely corresponds with the anatomical transition from one tissue to another (Figure 2) 
(9). An example of this is the transition from blood to intima that lies furthest away from the ultrasound 
probe (posterior wall). The position of the upper edge is independent of the degree to which the sound 
waves are amplified and therefore independent of the so-called "gain" setting on the equipment. The lower 
edge of the echo-rich zone (far edge) does not represent the actual anatomical edge (the transition 
between the intima of the anterior wall (arterial wall closest to the probe) and the blood) and therefore does 
depend on the "gain" setting. 

The intima-media thickness is defined as the distance between the intima line (transition between blood 
and intima) and the adventitia line (transition between media and adventitia). 
As stated above, the leading edges correspond with the anatomical transitions, so measurements of 
the intima-media thickness will only be reliable when they are conducted on the postenor wall of an 



Figure 2 
Diagram olthe carotid artery. 
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artery (distance between the leading edge of the intima line and the leading edge of the adventitia line). 

Measurement of the intima-media thickness is nearly always performed off-line with advanced computer-

controlled equipment (10). The ultrasound images are stored on videotape or in the form of computer files. 

It is important to pay particular attention to how the images are stored, because with some methods, there 

is loss of quality and consequently loss of accuracy. 

The thickness of the intima-media complex varies widely from one location to another. In the literature, 

mean or maximum thickness are therefore given over certain segments. Normal values are age-dependent 

(between 20 and 60 years there is an increase of about 10 μτη per year (11)) and vary per location (the 

intima-media complex in the bulb ol the carotid artery is thicker than that in the straight part directly 

proximal to it). 

Unfortunately, it is not possible to study the arterial wall in all subjects, because of anatomical variations 

(depth of the artery, the presence of nearby bone or air-filled cavities). 

On the basis of the above it can be concluded that particularly when performing comparative research, it is 

necessary to use standard protocols to visualise arteries and to measure the thickness of the walls. The 

angle of the ultrasound probe is also very important, because all images are 2-dimensional. Changing the 

scanning angle can lead to the sudden disappearance or appearance of atherosclerotic plaque. The use of 
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standard protocols has strongly increased reproducibility over the past few years (variation coefficient = 1 -

10%) (10,12) 

Relationship between intima-media thickness and (1) risk factors for cardiovascular disease 
and (2) the development of cardiovascular disease 
The intima-media complex of the carotid artery is thickened in the presence of nsk-mtensifying factors for 

cardiovascular disease, such as smoking (our own research, see Figure 3), hypercholesterolaemia, 

hypertension and diabetes mellitus (12-14). Figure 3 shows the intima-media thickness of the right carotid 

artery at the level of the bulb in 42 non-smokers and 126 smokers. Although the intima-media thickness of 

the two groups overlapped, there was still a clearly statistically significant difference between the mean 

intima- media thickness. A relationship has also been found between the intima-media thickness of the 

carotid arteries and the development of cardiovascular disease (15,16) 

Although atherosclerosis is a generalised process, great vanation has been observed in intima-media 

thickness at different locations in the arterial system (17). For example, severe stenosis was seen 

Figure 3 
Intma-media thickness (IMT) of the nght carotid artery at the level ol the bulb (lar 

wall) in a group of smokers (n= 126) and non-smokers (n=42) The mean IMT in the smokers 

compared with the non-smokers differed signiUcantly (p=0 0005) 
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particularly in the bulbar segment and at the level of the internal carotid artery, whereas the common 

carotid artery was hardly affected TTie meaning of these regional differences is unknown. It is also 

unknown whether (and to what degree) stenosis of a peripheral artery is associated with atherosclerosis at 

other locations in the arterial system, such as in the coronary arteries of the heart However, we do know 

that there is a (weak) relationship between the intima-media thickness of the carotid artery and the visually 

read angiographic stenosis of the coronary arteries (correlation coefficient = 0 34) (18) A relationship has 

also been described between the intima-media thickness of the carotid artery and the ankle-arm index 

(indicator of atherosclerosis in the legs) (19) 

Intima-media thickness, clinical relevance9 

At present, measurement of the intima-media complex of the arterial wall is only perlormed in the context of 

scientific research to evaluate possible interventions or to study the process of atherosclerosis 

It is not yet possible to make an accurate estimate of the individual risk of developing cardiovascular 

disease on the basis of intima-media thickness measurements of the walls of penpheral arteries One 

reason for this is the large overlap in intima-media thickness between groups with an increased risk of 

developing cardiovascular disease and groups with a low risk (Figure 3) So far, there is no adequate 

explanation for this phenomenon (presence of as yet unidentified nsk factors9) 

At present, measurement of intima-media complexes is only useful for estimating risk on a population level 

Greater understanding of the process of atherosclerosis and the development of cardiovascular disease in 

the future may lead to expansion of the indications for ultrasound measurement of the walls of large 

peripheral arteries 

Conclusions 
With the aid of high-resolution ultrasound equipment, it is possible to accurately visualise and measure the 

vanous coats of arterial walls 

Increased intima-media thickness, particularly in the carotid arteries, is associated with the presence of 

nsk-mtensifying factors for cardiovascular disease Relationships have also been described with the 

development of cardiovascular disease 

Intima-media thickness measurement is an asset for the evaluation of interventions aimed at decreasing 

the risk of cardiovascular disease and for studying the process of atherosclerosis At present, this 

technique does not have any meaning for the individual patient 
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Functional properties of the arterial wall. Scientific and clinical relevance 

Abstract 

Cardiovascular mortality is the most important cause of death in the Netherlands Pathophysiological 
mechanisms underlying this disease process have not yet been elucidated. New non-invasive ultrasound 
techniques have been developed to study arterial wall structure and function This means that 
asymptomatic atherosclerosis can be investigated in large study populations 
Cross-sectional compliance (CC) and distensibility coefficient (DC) are two terms that describe arterial wall 
function They are defined as the absolute and relative change in volume for a given change in pressure, 
respectively These parameters can be calculated from the (changes in) artenal diameter during the cardiac 
cycle Diameters of all large peripheral arteries can be measured using the Wall Track System®, which is 
an echo-tracking device As it is not yet possible to perform simultaneous blood pressure determination at 
the measurement site, calculated figures are estimates 
CC and DC of the carotid arteries decrease with aging Age has less effect on the femoral artery and no 
effect at all on the radial artery This illustrates the heterogeneity of the arterial tree Athletes (cyclists) were 
found to have increased CC's and DCs in the femoral arteries, which is in accordance with the smaller 
cardiovascular risk in physically fit subjects In patients with a number of cardiovascular risk factors 
(smoking, familial hypercholesterolaemia, hypertension) CC's and DCs were decreased, which indicates 
progressive artenal wall stiffening 
At present, the value of parameters that describe arterial wall stiffness to predict cardiovascular risk is 
under investigation Recently, the first evidence has been reported that these parameters can be used for 
cardiovascular risk assessment However, long-term prospective studies are necessary before they can be 
applied clinically 

Introduction 
Cardiovascular disease, with 52,203 deaths in 1992, is the major cause of death in the Netherlands (1 ) 
The proportions of dealhs from cardiovascular diseases within total mortality were 38% in men and 42% in 
women In 1950, these proportions were 35% and 40%, respectively (2) The atherosclerotic disease 
prxess has not yet been elucidated and there is no treatment for affected arteries, which is reflected in the 
fact that cardiovascular disease is still the leading cause of death Until now, therapy for cardiovascular 
diseases has comprised treatment for symptoms and known risk factors, such as hypertension, diabetes 
mellitus, smoking and hypercholesterolaemia 
Many scientific studies have addressed the atherosclerotic disease process 

Atherosclerosis 
Aliènes carry blood from the heart to the tissues and have the functional properties compliance and 
distensibility This means that they are able to absorb the force exerted dunng systole (by distending) and 
release this force during diastole, so that blood flows continuously through the arteries. 
When an artery loses its dynamic function (due to stenosis or occlusion) and therefore cannot supply 
sufficient oxygenated blood, irreversible damage occurs to the tissues involved Clinically, this may 
manifest itself as anginal complaints, a stroke or claudicato intermittens (pain and tension on walking due 
to lack of oxygen in the leg muscles caused by occlusive artenal disease) When an artery loses its 
distensibility (becomes stiff) it can no longer cope with the systolic forces This leads to arterial wall damage 



and the heart has to pump more vigorously (and therefore requires more oxygen itself) In addition, there is 

less flow of blood during diastole Disruption of the balance between oxygen demand and oxygen supply 

leads to tissue and organ damage Artenal wall damage can cause inflammatory processes and blood 

clots, which lead to stenosis and occlusion 

Angiography and ultrasound are commonly used clinical investigations to demonstrate (threatened) arterial 

occlusion in patients with severe forms of atherosclerosis 

For scientific research, vanous techniques have been developed to examine arterial wall structure (for 

example mtima-media thickness) and function (distensibility and compliance) in order to detect early 

atherosclerotic changes 

Ultrasound has proved to be particularly useful in large study populations, because of its non-mvaswe 

4 4 character The technique can be used to measure mtima-media thickness and the stiffness of superficial 

artenes 
(A 

υ 

| Functional properties of the arterial wall 
J Dynamic arterial wall properties can be characterised in several ways The vanous terms describe different 

§ aspects and can therefore cause confusion 

I The terms compliance and distensibility are often used to descnbe the dynamics of the walls of large 

< penpheral artenes They are defined as the absolute and relative change in volume (AV) for a given 

change in pressure (ΔΡ), respectively In this way, compliance is a measure of the buffer capacity, while 

distensibility is a measure of the pressure-distension relation in the wall Assuming that all arteries are 

cylindrical and do not distend lengthways, the cross-sectional compliance (CC) and the distensibility 

coefficient (DC) can be calculated from the diameter at the end of the diastolic phase (end-diastolic 

diameter) and the changes in diameter during distention 

Example of a calculation 

With the aid of a number of known values that can be found in most physiology textbooks, the compliance 

and distensibility of the whole arterial tree can be calculated. 

Known values 

Man has about 5 litres (cubic decimeter = dm3) of blood The arterial system contains about 20% of the 

blood (1 litre) 

Per beat, the heart pumps out about 80 ml (=0 08 litre) With a heart rate of 60 beats per minute, the heart-

minute volume (quantity of blood pumped per minute) i s 6 0 x 0 0 8 = 4 8 litres per minute 

Systolic pressure is 120 mmHg, while diastolic pressure is 80 mmHg The pulse pressure (difference 

between systolic and diastolic pressure, (ΔΡ)) is therefore 40 mmHg (ι e about 5250 Pascal) 

Calculation of compliance and distensibility of the artenal tree 

If the arterial system has to cope with 0 08 litre of blood (AM) (while 1 litre is always present, V) and there is 

a pressure difference (ΔΡ, pulse pressure) of 5250 Pascal (Pa), then distensibility (DC) would be 

DC = (AW)IAP = (0 08 litre/1 litre)/5250 Pa = 15 2 χ 10^/Pa = 15 2 χ WMPa 



The compliance of the artenal tree would be-

CC = AV/AP= 008 litre/5250 Pa = 1 5 x 10-8m3/Pa = 1 5 m m 2 x m x i a 2 / P a = 1 SxmnfxmxIO/ki lo-

Pa(kPa) = 15mm2xm/kPa 

Assuming that the artenal tree has a length of 1 meter, then the sum of the compliance of the total arterial 

tree would be ISmn^/kPa 

To calculate one component of the arterial system, we have to know the diameter during diastole and the 

distension that results from the pulse wave 

As an example, we will take the elastic carotid artery with a diameter of 7 mm (radius = r = 3 5 mm) and a 

unit length L 

For a cylindrical tube with a length L and a radius r, volume V is given by V = π χ r2 χ L 

With the known values, the volume of the arterial system increases by 8% (80 ml 1 litre) The radius of the 

tube increases by 4%, thus the radius dunng systole (rsys) is 1 04 χ the radius during diastole (rdes) The 

change in volume (AV) in the carotid artery 

= π χ rsys2 x L - π χ roas2 x L 

= n x(104x fiosfxl-n χ rdas2xL 

= 3 1 4 x ( 3 5 ) 2 x 1 0 8 x L - 3 , 1 4 x ( 3 , 5 ) 2 x L = SOSxmn^xL 

Therefore the CC per length unit L is 3 08 mm2/5250 Pa = 0 59 mm2 /kPa 

Measurement techniques 
With ultrasound systems that transmit and receive short wave acoustic signals, changes in arterial 

diameters can be calculated (from the phase differences between acoustic signals) The best known 

systems that apply this principle are the NIUS 02® and the Wall Track System® A disadvantage of the 

NIUS 02® system is that it can only be used for the radial artery, whereas the Wall Track System® can be 

used to measure practically all large superficial arteries 

Advantages of the NIUS 02® system are that it can determine functional wall properties at a standardised 

blood pressure and information can be obtained about arterial wall thickness 

A disadvantage of the two methods is that it is not possible to perform simultaneous blood pressure 

determination at the measurement site (necessary to calculate dynamic properties of the arterial wall) 

Below, we confine our discussion to the Wall Track System® 

The Wall Track System® was developed by Hoeks et al (3) Using a 5-10 MHz transducer, a two-

dimensional image is obtained of the artery in B-mode Then a perpendicular line (M-lme) is placed over 

the area of interest (artenal wall) and the equipment is switched to M-mode The reflected radio frequency 

signals from the previously selected area are stored on a computer, while the first signal is displayed on the 

monitor (Figure 1 ) The researcher marks both arterial walls on the image and the computer translates the 

phase differences of the radio frequency signals into the change in diameter of the artery Dunng imaging, 

an electrocardiographic signal is recorded to detect the end of the diastolic phase (R-top) l i i e diameter 

measured at the R-top position (end-diastolic diameter) serves as a reference point from which any 

changes are measured l i i e monitor shows two curves (Figure 2) The upper curve shows the movement 

of the arterial wall The lower curve shows the changes in diameter (distension = dist) dunng the heart beat 

An accompanying table shows the end-diastolic diameter and the associated distension per heart beat 

Three to seven heart beats can be evaluated in one recording Dunng the procedure, the blood pressure in 

the upper arm is recorded by means of a semi-automatic oscillometnc sphygmomanometer 



Figure 1 
Diagram of the radio frequency signal (as a function of depth) with arterial walls marked by the researcher. 
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(DINAMAP). The measurement equipment (Wall Track System®) as used in the University Medical 
Centre St. Radboud at Nijmegen to determine dynamic arterial wall properties is shown in Figure 3. 
With this technique, distensions of 3 μππ and diameters of 100 μτη can be measured (3). Tbe variation 
coefficient is ± 10% for measurements of the carotid artery (4,5). 

Changes in arterial wall dynamics 
Table 1 shows the effects of several physiological and pathological conditions on the CC and DC of various 

arteries (6). 

There is a strong correlation between age and the dynamics of the carotid arterial wall. Reneman (7) 

demonstrated that between the age of 20 and 80 years, the CC of the carotid artery decreases by a factor 

of 2, while the DC decreases by a factor of 3. This means that the carotid artery becomes stiffer with age. 

The slightly weaker decrease in the CC is probably due to an increase in arterial diameter with age. 

With the above-described ultrasound techniques, it is therefore possible to measure age-related differences 

between groups. In the interpretation of data obtained from cross-sectional measurements, it is always 

necessary to take into consideration the age of the study population. 

Age has less influence on the dynamics of the femoral arterial wall (8) and no influence at all on the radial 

artery (9). This demonstrates the considerable heterogeneity of the arterial tree and helps explain the often 

inconsistent results obtained at different measurement sites. 

Owing to the fact that physical exercise offers protection against cardiovascular disease, functional arterial 

properties have been measured before and after exercise programmes and in athletes (cyclists). In cyclists 



Figure 2 
Curves derived from marking the walls on the radio frequency signal and after automate translation by the computer 

Figure 2a: Movement of (he anterior wall (ant) and postenor wall (pos) during 3 heart beals. 

Figure 2b: Distension (disi, calculated in relation with the end-diaslolic diameter) as a function of lime (sec ) Three heart beals 

were recorded (bO, bt, b2) from the carotid artery of a healthy volunteer 

Figure 2a 

Figure 2b 
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(10) increased CC's and DCs were observed in the femoral arteries, which implies greater elasticity of 
these arteries. This might explain the lower risk of cardiovascular disease in subjects who take sufficient 
exercise. However, after a 6-week exercise programme, there was no visible improvement in dynamic 
arterial wall properties (11 ). It is likely that longer periods of training are necessary to produce demonstrable 
effects. 

Various risk factors have been studied to elucidate the role of dynamic arterial wall properties in the 
development of cardiovascular disease. Hypertension has a strong influence on the wall dynamics of the 
elastic carotid arteries (12). Our own research showed a gradual decrease in the CC and DC of the carotid 
artery with increasing diastolic blood pressure and constant pulse pressure (Figure 4). 
Changes in arterial wall dynamics (stiffening) were also observed in relation with a hereditary form of hyper-
cholesterolaemia (13) and directly after smoking a cigarette (14,15). Research into anti-hypertensive 
medication showed that the various classes had different effects on the elasticity of the arterial wall (16), 
which has implications regarding the correct choice of therapy. 



Figure 3 
The measurement equipment (Wall Track System®) as used in the University Medical Centre St. Radboud at Nijmegen to 

determine dynamic arterial wall properties. The echo screen shows the B- (left) and M-mode (right) picture of the carotid 

artery. In Figure 3a the computerscreen shows the wall movements: in Figure 3b the radiofrequency signal is presented. 

Figure 3a 

Figure 3b 



Table 1 
Influence of physiological and pathological factors associated with an increased risk of cardiovascular disease on the cross· 

sectional compliance (CC) and distensibility coefficient (DC) of the carotid, femoral and radial arteries (6) 

Factor 

Carotid artery 

CC DC 

Femoral artery 

CC DC 

Radial artery 

CC DC 

• Age (8,9) 

Physical activity 

• Cyclists (10) 

• 6-week exercise programme (11) 

Risk factors lor cardiovascular disease 

• Hypertension (12,19) 

• Hereditary hypercholesterolaemia (13) 

• Smoking 

Directly after the last inhalation (14,15) 

In chronic smokers (20) 
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Figure 4 
Correlation between the diastolic blood pressure and the dynamic artenal wall properties of the carotid artery in a group of 

untreated patients (n=86) with hypertension Analysis performed according to Chau (21 ) 
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Applications 
At present, dynamic artenal wall measurements are chiefly used for scientific research into processes 
involved in the development of atherosclerosis and related disorders. A number of risk factors for 
cardiovascular disease are known to be associated with changes in arterial wall dynamics. It would be 
interesting to find out why some risk factors influence the stiffness of arteries while others do not and why 
reactions differ so widely from site to site in the arterial system. Answering these questions will improve our 
insight and ultimately lead to more goal-oriented measures to prevent and treat atherosclerosis. 
The new ultrasound techniques can also be useful to study the effects of medication. It has been shown 
that different anti-hypertensives have different effects on dynamic arterial wall properties (16). At this 
moment, it is not clear what the implications are for clinical practice. 
In a recent study, Blacher et al. (17,18) found that arterial stiffness measurements had high predictive value 
for the development of cardiovascular disease. Confirmation of these findings in large studies is necessary 
before this method can be used to predict the individual risk for cardiovascular disease. 

Conclusions 
Changes in arterial wall dynamics (compliance and distensibility) play a role in the atherosclerotic process. 
The dynamic properties of large superficial arteries can be measured with the aid of ultrasound techniques. 
Large study populations can be investigated with this technique, because of its non-invasive character. 
Unfortunately, it is not yet possible to perform simultaneous blood pressure determination at the 
measurement site. Consequently and also on the grounds of the assumption that arteries are cylindrical 
and do not distend lengthways, calculated values of arterial wall function are only estimates. 
Various risk factors influence arterial wall dynamics. However, the effects vary and depend on the risk 
factor in question and on the measurement site in the arterial system. 
Recent research has shown that dynamic arterial wall properties are of value for estimating the risk of 
developing cardiovascular disease. At present, large long-term studies in which life and death (associated 
with cardiovascular disease) act as endpoints are lacking. Therefore measurement of these properties 
cannot yet be applied in clinical practice. More research is necessary to determine whether this technique 
can predict the individual risk of cardiovascular disease. 
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Dynamic vessel wall properties and their reproducibility in subjects with 

increased cardiovascular risk 

Abstract 
The objective of the study was to determine reproducibility figures of dynamic arterial wall properties such 

as cross-sectional compliance (CC) and distensibility (DC) in subjects with increased cardiovascular risk, 

in comparison with healthy adults 

34 persons were divided in three groups with vaiymg cardiovascular risk factors Diameters (D) and 

diameter changes (ΔΟ) during the heart cycle of both common carotid (CCA) and right common femoral 

(CFA) artenes were measured by a vessel wall movement detector system Blood pressures (BP) were 

recorded non-mvasively by a semiautomated oscillometnc device CC (= πΟ(Δθ/2ΔΡ) in unit mm2/kPa) ^v-

and DC (= (2ΔΟ/0)/ΔΡ in unit 103/kPa) were calculated from the above mentioned parameters 

Measurements were performed two times during one visit and two times with a time interval of at least g-

three days to determine mlraobserver intra- and intersession variability sr 

Reproducibility figures of CC and DC of the CCA varied between 8 and 12%, and between 13 and 22% " 

for the CFA Intraobserver intra- and intersession variability were similar in the three groups 

In our hands the reproducibility of dynamic vascular wall properties determined by ultrasound is good 

Despite differences in the absolute values for CC and DC in groups with increased cardiovascular risk, 

mean reproducibility figures remained at a similar level (8-12%) as in healthy volunteers 

Introduction 

Arterial compliance and distensibility are vessel wall properties important for the early detection of 

atherosclerotic risk Compliance and distensibility are defined as the absolute respectively relative 

increase in arterial volume for a given increase in arterial pressure Assuming that the change in volume is 

due to a change in arterial cross section rather than a change in arterial length, cross-sectional 

compliance (CC) and distensibility (DC), defined as absolute respectively relative changes in arterial 

cross-sectional area divided by the change in arterial pressure, are simplified representatives of 

compliance and distensibility (1) An unfavourable change in dynamic arterial wall properties of various 

artenes is found in populations with cardiovascular risk factors such as hypertension (2,3) smoking (4), 

diabetes mellitus (5) and in patients with cerebrovascular disease (6) A low CC is associated with a high 

pulse pressure and a high end-systolic wall stress, both involved in the development of cardiovascular 

disease A decreased DC means a stiffer artery which may be more susceptible for lesions 

Recently, the group of Hoeks and Reneman (7-10) developed a vessel wall movement detector system to 

measure CC and DC of peripheral arterial walls This device employs radiofrequency signals of tracking 

sample volumes to measure diameter (D) and diameter changes (ΔΟ) during the cardiac cycle (9) 

Electrocardiography (ECG) signals are recorded simultaneously to define the systolic and diastolic phase 

of the cardiac cycle By means of mathematical calculations using brachial pulse pressures (ΔΡ), measu

red non-mvasively using a semi-automated oscillometnc device, CC and DC can be calculated Re

producibility figures varied from 10 to 15% for CC and DC of the common carotid, common femoral and 

brachial artenes in ten healthy adults (7) Thus reproducibility figures are based on measurements in a 

selected healthy group The question is whether these data can be applied to the population of interest 



i.e. the more heterogeneous subjects with one or more cardiovascular risk factors or established atheros

clerosis. Therefore we evaluated reproducibility in adults with increased cardiovascular risk in comparison 

with age and sex matched healthy controls. 

Materials and Methods 
Subjects 

Intraobserver intrasession (IA) and intraobserver intersession (IE) variability were investigated in 13 

persons (group A) not known with any cardiovascular risk factor, 9 (group B) known with one and 12 

persons (group C) known with at least 2 cardiovascular risk factors. These persons were selected at 

random from the outpatient clinic. Cardiovascular risk factors are defined as respectively smoking (at least 

5 4 one cigarette every day for at least five years), hypercholesterolaemia (fasting cholesterol > 6.5 mmol/l), 

untreated or insufficiently treated hypertension (systolic blood pressure (BPsys) > 160 and/or diastolic 

S pressure (BPdes) > 95 mm Hg; measured on two separate occasions after at least 5 minutes of supine 

S. rest), history of cardiovascular disease (cerebral, coronary or peripheral artery disease) and obesity (body 

δ- mass index (BMl) > 30 kg/m2). 

S 

« Study design 

* The study was approved by the Medical Ethics Committee of our hospital. All invited subjects agreed to 

1 volunteer for the study and gave informed consent. Participants were not allowed to drink caffeine 

•o containing beverages for at least ten nor to smoke for at least one hour(s) prior to investigation. Measure-

%. ments were started after at least 9 minutes of supine rest. 

s Each session consisted of at least three measurements of arterial diameter changes (during three to five 

•§ consecutive heart beats) of both common carotid arteries (CCA) and of the right common femoral artery 

Φ (CFA). Due to time limitations (maximal length of investigation procedure is 45 minutes) only the right CFA 

was measured. The head of the subject was turned 45 degrees contralateral from midline position while 

measuring the CCA. Measurements were performed at the end of expiration. In order to determine IA 

variability the gel was removed from the body and the participant turned his head to midline position 

before measurements of the second session were performed. IE variability was determined by measuring 

the participants two times with a time interval of at least three days. Measurements were performed at the 

same time of the day to avoid diurnal changes (11). The CCA were measured two centimeters proximal to 

the origin of the bulb. The right CFA was measured at least one centimeter proximal to the division into 

the superficial and deep femoral artery. 

Methods and equipment 

The vessel wall movement detector (Wall track system) has been described extensively by the group of 

Hoeks and Reneman (8-10). The system used in the present study is an ultrasound device with a 7.5 

MHz transducer (Scanner 200, Pie Medical) and a data acquisition system, coupled to a personal 

computer. Briefly, a M-line perpendicular to the B-mode image of the vessel was created. Radiofrequency 

signals were stored at the end of expiration for about four seconds. ECG signals were recorded simulta

neously to define the systolic and diastolic phase of the cardiac cycle. Tiie anterior and posterior vessel 

wall were manually marked on the first radiofrequency signal. Diameter changes (Δθ) of the vessel under 

investigation were calculated by measuring the change in phase of the stored radiofrequency signals 



while the sample gate was adjusted according to the detected displacement (8-10). BP was recorded non-

mvasively every three minutes at the left brachial artery using a semiautomated oscillometnc device 

(dinamap, Critikon) to calculate pulse pressures (ΔΡ). BP measurements were performed using cuffs with 

identical bladder sizes. Arm circumferences of the patients in this study did not exceed 40 cm and within 

the range of 2540 cm the use of different cuff sizes according to arm circumference is questionable (12) 

Pulse pressures ( Δ Ρ ) were calculated by averaging the differences between BPsys and BPdas recorded at 

the left brachial artery during the dynamic measurements of the particular artery. 

CC and DC were calculated using the following formulas: 

Compliance coefficient (CC) = πΟ(Δθ/2ΔΡ) expressed in unit mnf/kPa 

Distensibility coefficient (DC) = (2ΔΟ/0)/ΔΡ expressed in unit 10 3/kPa 

Data analysis 

Measurements were rejected when a standard deviation of more than 10% of the diameter change in 

three to five consecutive heartbeats was present. This occurred in less than 10% of the measurements of 

CCA and in 30% of the measurements of CFA. 

ΙΑ and IE variability were calculated as the coefficient of variation (CV) (13) Repeatability was expressed 

as the mean standard deviation (SD) of the differences between pairs of measurements 

Statistical differences between the mean CV and the absolute values of parameters measured in the 

different groups were analysed using a Mann-Whitney U test Ρ values less than 0 05 (two-sided) were 

considered significant 

Results 

In table 1 the baseline characteristics ol the participants are shown There were no statistical 

Table 1 
Baseline characteristics of total group and groups with 0 (A), 1 (B) and more than 1 (C) cardiovascular risk (actors For each 

cardiovascular risk factor the distribution among groups is shown 

Characteristics Total group A Β C Ρ 

(n=34) (n=13) (n=9) (n=12) 

Age' (years) 

Sex female/male 

Body mass index' (kg/m2) 

Blood pressure 

Systolic (mm Hg) 

Diastolic' (mm Hg) 

Pulse pressure' (mm Hg) 

Heart rate' (beats/minute) 

Number of subjects with 

Hypercholesterolaemia 

Hypertension 

Obesity 

Smoking 

Cardiovascular history 

398±131 

18/16 

2 4 5 ± 3 6 

137 ±32 

81 ±17 

56 ±18 

61 ±11 

7 

15 

4 

9 

3 

3 3 4 ± 8 7 

7/6 

2 3 4 ± 2 0 

118±10 

70±6 

48±7 

60±10 

0 

0 

0 

0 

0 

427±132 

6/3 

2 3 3 ± 1 7 

139 ±32 

82 ±17 

58 ±18 

62 ±10 

0 

5 

0 

4 

0 

447±149 

5/7 

2 6 7 ± 4 9 

156 ±35 

92 ±18 

64 ±23 

60±13 

7 

10 

4 

5 

3 

NS 

NS 

S 

S 

S 

NS 

55 

'Mean ± SD.NS = not significant (p>0 05), S = significant (p<0 05) 



significant differences in age between the three groups although the absolute difference in mean age 

between participants of group A and C reached 10 years In group Β 67% were female compared to 54 

and 42% in group A and C respectively In group C four subjects had a BMI above 30 kg/m2 accounting 

for the higher index in this group No significant differences in heart rate registered dunng the ultrasound 

measurements were found between groups There was a significant difference in BP and pulse pressure 

between group A vs group Β and C due to the presence of hypertensive participants in the latter two 

groups In group Β five participants were known with hypertension and four subjects smoked cigarettes 

From the twelve participants in group C, 8 had 2,3 had 3 and 1 had 4 cardiovascular nsk factors (table 1) 

IA and IE vanability for measurements of the CCA were determined in 34 and 33 subjects respectively 

For logistic reasons one subject was only measured once to determine IA variability IA and IE variability 

for the CFA was measured in 30 persons In three subjects the quality of the Β mode image of the CFA 

was insufficient to perform accurate measurements For logistic reasons only IA vanability for CFA was 

measured in one subject while in another subject only IE variability was measured 

TTie CV of D, Δθ, Δ Ρ , CC and DC of the whole group are presented in table 2 IA variability of both CCA 

for all measured parameters varied between 1 and 9% These figures were between 2 and 12% for IE 

vanability. In the CFA IA as well as IE variability was higher compared to reproducibility figures of the CCA 

and varied between 13 and 22% for DC and CC The standard error of the mean (SE) of all reproducibility 

figures ranged between 1 and 13% In table 3 the mean of D, Δ Ρ , Δθ, CC and DC are shown for the 

whole group 

For each subject the mean of all performed measurements is used for further calculations There were 

slight although non-significant differences in CC and DC between the right and left CCA The CFA 

diameter was greater than the CCA (p<0 0001 ) In the CFA Δθ, CC and DC were smaller than in the CCA 

(p<0 0001) In table 4 CV of IA and IE variability of CC and DC for the three subgroups stratified according 

to the number of risk factors are presented There were no significant differences between the three 

subgroups in CV of IA and IE variability of CC and DC Dividing the whole group on basis of age, sex and 

BMI revealed no significant differences in reproducibility figures In figure 1 the absolute values of CC and 

Table 2 
Mean coefficients of variation (%) of mtra-observer intra- and intersession variability are presented for the total study 

population Between brackets the number of subjects is shown 

Investigated artery Coefficient of variation (%) 

Diameter (D) Pulse pressure (ΔΡ) Distension (AD) 

Intra observer mtrasession variability 

Right CCA (n=34) 1 8 * 1 0 

Left CCA (n=34) 1 4 ± 0 9 

Right CFA (n=30) 2 7 ± 1 9 

Intra-observer intersession vanability 

Right CCA (n=33) 3 3 ± 2 0 

Left CCA (n=33) 2 5 ± 1 4 

Right CFA (n=30) 5 4 ± 4 8 

58±33 55±42 

55±29 67±35 

50±35 125±88 

64±41 S8±46 

88±38 86±69 

86±51 175±97 

Compliance (CC) Distensibilily (DC) 

89±60 86±50 

84±50 93±50 

131±99 157±97 

95±57 107±64 

99±70 122±81 

170±117 217±125 

Data are presented as mean coefficient of variation (%) ± SE, CCA = common carotid artery, CFA=common femoral artery 



Tables 
Mean diameter (D), pulse pressure (ΔΡ), distension (ΔΟ), compliance (CC) and distensibility (DC) of all subjects. The mean of 

all intra-obseiver intra- and intersession measurements for each subject are used. 

Investigated artery Diameter (D) Pulse pressure (ΔΡ) Distension (ΔΟ) Compliance (CC) Distensibility (DC) 

(mm) (mm Hg) (Jim) (mrrf/kPa) (10-3/kPa) 

Right CCA (n=34) 7.45 ±0.75 56.0 ±12.3 450 ±159 0.74 ±0.28 18.1 ±9.1 

LeftCCA(n=34) 7.25±0.72 55.6±12.7 422±145 0.68±0.27 18.1 ±9.4 

Right CFA (n=31) 9.31 ±1.16" 55.7 ± 13.3 253 ±62' 0.56 ±0.23" 8.5 ±3.4" 

Data are presented as means ± SE. Between brackets the number of subjects is presented. 

CCA = common carotid artery; CFA = common femoral artery; ^0.0001 vs both CCA; ' 'p<0.05 only vs right CCA 

DC for the three groups are presented. The figure shows a decrease of CC and DC of the right CCA in 

group Β and C compared with group A (p<0.05). DC of the right CFA decreased significantly when groups 

Β and C were compared wilh group A. DC of the left CCA only decreased significantly when group A was 

compared with group C. Although CC of the left CCA and right CFA tended to decrease, these differences 

only showed statistical significance when CC of the right CFA in group C was compared with group A 

(p<0.05). 

Discussion 
In our study there were no significant differences in IA and IE variability in heterogeneous groups with 

variable numbers of cardiovascular risk factors. Measurements of dynamic vessel wall properties by a 

vessel wall movement detector system can thus be applied reliably to more heterogeneous populations. 

Using the technique of Hoeks and Reneman local CC of peripheral arteries can be determined. Whether 

determination of CC in isolated vessels is relevant to the compliance of the whole arterial system, in 

Table 4 
Intraobserver intra- and intersession variability of compliance (CC) and distensibility (DC) in groups with 0 (A), 1 (B) and more 

than 1 (C) cardiovascular risk factors. 

Investigated artery 

Right CCA 

Left CCA 

Right CFA 

Intra-observer Intrasessior 

Group 

A(n=13) 

B(n=9) 

C(n=12) 

A(n=13) 

B(n=9) 

C (n=12) 

A(n=12) 

B(n=9) 

C M ) 

Variability (%± SE) 

CC 

6.3 ±4.0 

10.5 ±6.1 

10.6 ±6.9 

8.7 ± 6.5 

6.8 ±4.0 

9.4 ±3.8 

14.2 ±10.4 

14.9 ±11.6 

9.9 ± 7.0 

1 

DC 

6.2 ±3.9 

8.6 ±4.8 

11.1 ±6.4 

10.0 ±5.6 

7.5 ±4.3 

9.8 ±4.4 

14.6 ±10.5 

18.7 ±10.2 

14.2 ±7.3 

Intra-observer Intersession 
1 

Group 

A(n=13) 

B(n=8) 

C(n=12) 

A(n=13) 

B(n=8) 

C(n=12) 

A(n=12) 

B(n=8) 

C(n=10) 

i/ariability(%±SE) 

CC 

11.5 ±7.2 

8.2 ±5.6 

8.1 ± 3.8 

9.6 ±5.9 

10.6 ±7.0 

9.8 ±9.1 

18.5 ±14.7 

15.1 ± 10.5 

16.8 ±9.3 

DC 

9.3 ±7.2 

11.1 ±6.0 

11.9 ±5.4 

13.0 ±6.2 

13.4 ±10.1 

10.5 ±8.0 

21.4 ±12.4 

20.4 ±15.3 

23.0 ±9.5 

Data are presented as mean coefficient of variation (%) ± SE. 



Figure 1 
Compliance (mm2/kPa) and dislensibility (10 3/kPa) in three groups (Α-C) with varying number of cardiovascular risk factors. 

Data are presented as mean ± SE White bars: group A without cardiovascular risk factors; Grey bars· group Β with 1 

cardiovascular risk factor; Black bars1 group C with more than 1 cardiovascular risk factor; ' p<0.05. 
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particular the aorta and large conduit vessels, is unclear. 

Reproducibility figures of CC and DC of the CCA (8-12%) were smaller than those of the CFA (13-22%). 

ΙΑ variability figures were smaller than those of IE variability.Tliese figures are in close agreement with 

data presented in literature (7,14). 

Variability figures were worse for measurements of the CFA compared to dynamic vessel wall 

measurements of the CCA. The muscular CFA shows larger spontaneous variation of tone, being under 

permanent neurohumoral control (15), together with the lack of beat-to-beat information of the ΔΡ 

reproducibility figures will be negatively influenced. In our study ΔΡ was repeatedly measured at the left 

brachial artery with a time interval of three minutes while D and Δ θ were determined beat-to-beat at the 

CCA and CFA. Although upper arm blood pressure shows resemblance with the blood pressure determi

ned at the CCA (16), local differences in ΔΡ at various superficial arteries have been described (17,18). 

These changes in ΔΡ along the arterial tree are due to differences in pulse wave reflection (17). Although 

measurements of ΔΡ are imperfect we presume that the error is systematic and thus do not affect 

relevant comparisons between groups. 

In our study the SE for mean CC and DC of CCA varied between 5 and 8%. The SE for mean CC and DC 

of CFA was larger ranging from 10 to 13%. In the study of Kool et al (7), using the same ultrasound 



equipment and a similar protocol, the SE for mean CC and DC of CCA and CFA were respectively 1 -2% 

and 2-4% D and Δ θ were measured in the CCA two centimeters proximal to the bulb Definition of the 

point of measurement (at least one centimeter proximal to its division) for the CFA was more difficult 

because of its course with multiple and variable bends. In three subjects measurements of D and Δ θ of 

CFA could not be performed mainly because the artery was located more than 3 5 - 4 cm below the body 

surface It is unlikely that differences in definition of points of measurement explain the larger SE found in 

our study The difficulty to define the point of measurement in the CFA may partly explain the larger 

variability in the CFA The observed differences could not be explained by a learning effect because no 

significant differences (p=013-0 80) were found when vanability figures of the first performed 13 measure

ments were compared with the last performed 15 measurements A more heterogeneous study 

population may explain the larger SE However no differences m IA and IE variability were found in groups 5 9 

with varying cardiovascular risk Dividing the group on basis of age, sex and BMI revealed no differences 

in reproducibility figures Factors such as coiling and depth of the artery under investigation may be g 

responsible for the spread in reproducibility figures "H 

Absolute values of Δθ, CC and DC of the CFA in our study were similar to those of Benetos et al (19) and ω 

smaller than those of Kool et al (7) In literature there is a wide spread of absolute values of CC and DC of 

the CFA. It is controversial whether differences in age (19) or athletic capacity may be the explanation 

(11,20) Age related changes of dynamic vessel wall properties are evident in the CCA (19,21 ) Benetos 

et al did not find a significant correlation at the CFA (19) In our study age related changes ol dynamic 

vessel wall properties were evident at the CCA while at the CFA only a weak correlation was present 

(unpublished). Companng dynamic vessel wall properties of cross-sectional studies it seems as if DC and 

CC decrease from the proximal elastic to the distal muscular arteries (22) This is in accordance with our 

findings 

CC and DC of both CCA and CFA were lower in subgroups Β and C when compared to A Besides 

differences in number, type, severeness and duration of cardiovascular risk factors, absolute differences 

in age (although non-significant) and pulse pressures may have contnbuted to these findings 

Using the method descnbed in this article no insight in the character of the cause of changes of vessel 

wall properties can be given Other methods are required to clarify whether the found differences are due 

to structural and/or functional processes 

From the present study we conclude that reproducibility figures are not significantly altered by measuring 

a heterogeneous group with variable numbers of cardiovascular risk factors This method can thus be 

used to compare local dynamic vessel wall properties in groups with increased cardiovascular risk With 

increasing cardiovascular risk dynamic arterial wall properties decreased although absolute differences in 

age (non-significant) and pulse pressures may have contributed 
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Dynamic vessel wall properties of large conduit arteries in habitual cigarette 
smokers 

Abstract 
Smoking imposes a risk factor in the development and outcome of cardiovascular disease The 
pathophysiological mechanisms involved have not been elucidated. To explore the effects of habitual 
smoking on arterial wall dynamics we determined cross-sectional compliance and distensibility 
coefficients of both common carotid arteries, the right common femoral and the right brachial artery in a 
large group of habitual smokers not suffering from other cardiovascular risk factors, and compared 
them with a group of non-smokers 

The study population consisted of 187 smokers, of whom 127 wanted to quit smoking and 56 non-
smokers. Participants were not known with other cardiovascular risk factors Cross-sectional 
compliance and distensibility coefficients were calculated making use of diameters and changes in 
diameters measured ultrasonographically by a vessel wall movement detector system Pulse pressures 
were measured nomnvasively at the left upper arm 

Stepwise regression analysis showed that cross-sectional compliance and distensibility coefficients of 
the right and left common carotid, the right common femoral and the right brachial artery were not 
influenced by smoking. Age was an important contributor to the arterial wall dynamics of both common 
carotid arteries 
The present study did not show major changes in large arterial wall properties in long-term smoking 

Introduction 
It is generally accepted that smoking imposes a risk factor in the development and outcome of 
cardiovascular disease (1) This increased risk declines to a level almost indistinguishable from that of 
never smokers after quitting smoking for about 2-3 years (2,3) Despite extensive research the 
responsible pathophysiological mechanisms have not been elucidated. Besides changes in haemostatic 
factors, endothelial function and blood lipids (4-7) alteration of dynamic arterial wall properties might 
play an important role since some investigators have demonstrated that these functional variables 
immediately change after smoking one cigarette (8,9). 
Wollersheim et al. described an increased arterial stiffness of the popliteal artery and a tendency to 
stiffening of the common femoral and carotid arteries in thirteen healthy habitual smokers by measuring 
ultrasonographically the pressure-strain elastic modulus (10). 
In contrast Kool et al. found no changes in cross-sectional compliance (CC) and distensibility (DC) 
coefficients of the common carotid artery and brachial artery in fourteen healthy chronic smokers (9) 
No definitive conclusions could be drawn since in these studies groups were small and briefly described 
and different arteries were measured To clarify the role of habitual smoking on arterial wall dynamics 
we determined CC and DC of both common carotid arteries and the right common femoral artery in a 
large group of asymptomatic cigarette smokers, without other cardiovascular risk factors, and a group 
of non-smokers We only determined right brachial arterial wall dynamics in small subgroups since 
symptomatic peripheral vascular diseases more frequently occurs at the lower extremities in smokers 
(1,11-13). 



Materials and Methods 
Subjects 

By three calls in daily and weekly papers in the surroundings of Nijmegen, a medium-sized city 

(150 000 inhabitants) in The Netherlands, 367 subjects were invited From this group 127 smokers with 

the intention to quit smoking during the study (QS), 60 persistent smokers (PS) and 56 non-smokers 

(NS) met the inclusion criteria and agreed to participate The QS still smoked at the time of 

measurement 

Smokers smoked at least 5 cigarettes per day for at least 5 years Non-smokers had not smoked in the 

previous 5 years 

Criteria for exclusion were 1) demonstrated cardiovascular diseases,2) irregular heart rhythm 

6 4 disturbances others than sporadic ventricular extrasystoles on electrocardiograms, 3> use of anti

hypertensive, lipid or glucose lowering medication or hormonal medicines including oral contraceptives, 

% 4> cardiovascular risk factors defined as obesity (Body Mass Index > 30 kg/m2 ), hypertension (systolic 

E blood pressure exceeding 160 mm Hg and/or diastolic blood pressure exceeding 95 mm Hg ), diabetes 

g mellitus (history or complaints of diabetes mellitus or non-fasting plasma glucose > 111 mmol/l), 

| hypercholesterolaemia (non-fasting total plasma cholesterol >6 5 mmol/l) or a decreased ankle-arm 

| index (ankle-arm index < 0 80) 

| All participants filled in a questionnaire concerning their health, physical exercise training and smoking 

| behaviour and underwent a thorough physical examination, including a blood survey (measurement of 

| non-fasting plasma glucose and total cholesterol), electrocardiogram and determination of ankle-arm 
< indices to check if inclusion criteria were fulfilled 

Materials 

Compliance and distensibihty are defined as respectively the absolute and relative change in volume 

for a given change in pressure Since arterial volume cannot be measured directly, simplified models 

have been used which assume that arteries have a circular shape and that the arterial length does not 

change dunng the cardiac cycle With this simplification CC and DC of separate arteries can be 

assessed by measuring diameters (D) and diameter changes (ΔΟ) ultrasonographically The vessel 

wall movement detector (Wall Track System®, Maasticht, The Netherlands) has extensively been 

described by the group of Hoeks and Reneman (14,15) Briefly, with this system arterial D and ΔΟ were 

measured during the cardiac cycle for about 4 seconds The system used in this study consisted of an 

ultrasound device with a 7 5 MHz transducer (Scanner 200, Pie Medical) and a data acquisition system, 

coupled to a personal computer Arm blood pressures were measured at the left upper arm every three 

minutes with a semiautomated oscillometric device (Dmamap, Critikon Ine, Tampa, Florida, USA) CC 

and DC were calculated from Ο, ΔΟ and pulse pressure (ΔΡ), according to the following equations 

CC = π0(Δ0/2ΔΡ) expressed in mm2 /kPa 

DC = (2Δ0/0)/ΔΡ expressed in 10 3 /kPa 

Pulse pressures (ΔΡ) were calculated by averaging at least two differences between systolic and 

diastolic blood pressures recorded during the measurements of the particular artery 

Reproducibility figures for CC and DC varied between 10 and 15-20% respectively for the common 

carotid and common femoral artery as reported earlier (16) 



Study design 

Dynamic vessel wall properties of all participants were measured at random with equal parts being 

measured in the morning and the afternoon to avoid diurnal differences (17) 

Participants were not allowed to drink caffeine containing beverages for at least ten hours nor to smoke 

for at least one hour prior to investigation Measurements were started after 10 minutes of supine rest 

Special attention was paid to take the tracings at the end of a normal expiration to avoid movement 

artefacts At least three recordings were obtained to gather information over about 12-15 cardiac 

cycles Before measuring the common carotid artery the head of the subject was turned 45 degrees 

contralateral from midline position 

The common femoral artery was measured at least 1 cm proximal of the bifurcation into the deep and 

superficial femoral artery, while the common carotid arteries were measured 2 cm proximal of the bulb 

Since the whole ultrasonographic examination was scheduled for a maximum of 45 minutes (subjects 

had to lie down motionless) only the right common femoral artery was measured The right brachial 

artery was measured at the elbow fold in small subgroups (the first 47 smokers and 22 non-smokers 

entering the study) This artery was only measured at the right side in small subgroups for the following 

reasons 1) the difficulty of measurement due to the absence of anatomical reference points and its 

superficial position and small caliber, 2> the minor importance of this artery in the atherosclerotic 

process, 3> time limitations 

The inclusion procedure of all participants as well as all dynamic vessel wall measurements were 

performed by the same person (FvdB) to aim at maximal accuracy 

The study was approved by the Medical Ethics Committee of the University Hospital of Nijmegen All 

participants gave written informed consent 

Data analysis 

Measurements were rejected if a standard deviation of more than 10% of ΔΟ was present in one 

recording of four seconds mostly containing three to five consecutive heartbeats (16) For each heart 

cycle, and therefore each determination of D and ΔΟ of the artery under investigation, CC and DC were 

calculated The average of all 12-15 single calculated CC's and DC's was used as the final result 

Statistical differences in baseline characteristics between the groups were analysed using a Mann-

Whitney U test Ρ values less than 0 05 (two-sided) were considered significant 

The effect of smoking on dynamic vessel wall properties was evaluated using a stepwise regression 

analysis with group indicators as independent variables and CC and DC as dependent variables Other 

independent variables included in the stepwise regression analysis were age, gender, alcohol intake, 

use of vitamins/supplements, passive smoking, body mass index, systolic and diastolic blood pressure, 

plasma total cholesterol concentration, heart rate and ankle-arm indices Statistics were performed 

using the software package SAS (Propnetary software release 612, SAS Institute Ine, Cary, NC, 

USA) 

Results 
In Table 1 the baseline characteristics of the groups are shown The group of smokers (S) consisted of 

187 subjects, 127 with the intention to quit smoking (QS) and 60 persistent smokers (PS) From the 56 



Table 1 
Baseline characteristics of the total group of smokers, non-smokers and smokers with and without the intention to quit 

smoking. 

Characteristics Group S NS QS PS 

Number of subjects 

Age (years) t 

Male/female (number (%) / number (%)) 

Height (cm) t 

Weight (kg) t 

Body mass index (kg/m2)* 

Number of packyears smoked' 

Systolic blood pressure (mm Hg) ι 

Diastolic blood pressure (mm Hg) ' 

Heart rate (beats/mm) ' 

Non-fasting plasma cholesterol (mmol/L) ' 

Non-fasting plasma glucose (mmol/L) ' 

Right ankle-arm index* 

Left ankle-arm index' 

Alcohol intake (U/week)t 

Number of subjects (%) with: 

Use of vitamins and/or supplements 

Smoking housemate(s) 

> 1 family member with cardiovascular disease 

187 

44.4 + 9.1 

96 (51)/91 (49) 

174 ±9 

71.1 ±12.5 

23.2 ±3.2 

23.8 ±14.1 

128 ±14 

78 ± 8 

70±12" 

5.1 ± 0 8 

5.1 ± 0 9 

1.15±008 

1.16±008 

14 ±14"·· 

41 (22) 

87(47) 

25 (13) 

56 

45.9 ±12.0 

28 (50)/28 (50) 

174 ±10 

72.7 ±11.2 

24.1 ± 2.5 

130 ±15 

79±8 

65 ±11 

4.9 ±1.0 

4.9 ±0.8 

1.17 ±0.08 

1.18±010 

6 ± 9 

15(27) 

19(34) 

7(13) 

127 

43.1 ±80* 

59 (46)/68 (54) 

174 ±10 

70.7 ±12.9 

23.2 ± 3.4 

21 2 ±11.5« 

128 ±13 

78±8 

70±12· 

5.2±08 

5.1 ± 0.9 

1.16 ±0.08 

1.17±008 

13±12"-

35(28)» 

62 (49) 

17(13) 

60 

47.0 ±10.8 

37 (62)/23 (38) 

175 ± 8 

72.0±118 

23.4 ±2.9 

29.3 ±17.1 

128 ±15 

78±8 

71 ± 1 1 " 

5.1 ± 0.8 

5 2 ± 0.8 

1.15±0.10 

1.14 ±0.09· 

15±17·" 

6(10)" 

25(42) 

8(13) 

* Data are presented as mean ± SD; S = smokers; NS = non-smokers; QS = smokers with the intention to quit; PS = 

smokers without the intention to quit, 'p <0 05, " p<0.01, •" ρ < 0.001, "" ρ < 0.0001 compared with NS; » ρ < 0.01, «ρ<0.001 

compared with PS. 

subjects in the non-smoking group (NS), 26 participants had never smoked. Age, gender and the 

number of postmenopausal women were similar between group S and NS. Smokers differed 

significantly from non-smokers by a higher mean weekly alcohol intake (p = 0.00002) and a higher 

heart rate (p = 0.004). These differences in baseline characteristics were also seen in both subgroups 

of smokers (QS and PS). Compared with NS and QS, PS used significantly less vitamins and /or 

supplements with p-values of respectively 0.006 and 0.007. PS had more packyears (p = 0.0006) and 

were significantly older (p= 0.01) compared with QS. 

Table 2 presents the statistically significant results of stepwise regression (coefficients of determination 

(R2), n=243) evaluating the influence of smoking (group indicators) and possible confounders (age, 

gender, mean weekly alcohol intake, use of vitamins/supplements, passive smoking, body mass index, 

systolic and diastolic blood pressure, plasma total cholesterol concentration, heart rate and ankle-arm 

indices) on DC and CC. CC and DC were similar in all participating groups. There were no significant 

influences of smoking, plasma total cholesterol levels, passive smoking, use of vitamins/supplements 

and mean heart rate on CC and DC. Age was an important factor mainly contributing to the DCs of 

both common carotid arteries (R2 of 0.42 and 0.52 for DCs of respectively right and left common 

carotid artery). The influence of age on the DCs of muscular arteries was less clear with only a 

statistical significant R2 of 0.14 for the right common femoral artery. The values of R2 representing the 

influence of age on CC and DC of the left common carotid artery were larger compared with those of 
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Table 2: 
Stepwise regression for cross-sectional compliance (CC) and distensibility coefficients (DC) of both common carotid, right 
common femoral and righi brachial arteries Only variables with at least a single significance are given 

Dependent variable Right BA Right CCA Left CCA Right CFA 
Variable entered in the model CC DC CC DC CC DC CC DC 

Gender (male > female) 
Alcohol intake (+) 
Body mass index (-) 
Systolic blood pressure (-) 
Diastolic blood pressure (-) - - 0 04 004 - - - - QJ 
Left ankle-arm index (+) - 007 - - - - - · 

Numbers represent the value of R2, the coefficient of determination (+), (-) and (male>female) indicate the sense of the 0 

relation BA = brachial artery, CCA = common carotid artery, CFA = common femoral artery, CC = cross-sectional » 
compliance coefficient, DC = distensibility coefficient ? 

the right common carotid artery (Table 2) The contribution of gender to dynamic vessel wall properties 
(CC and DC higher in men) was low with R2 values varying from 0 05 for CC of the right common 
carotid artery to 0.09 for CC of the right common femoral artery. Mean weekly alcohol intake weakly 
contributed with an R2of 0.02 to the CC of only the right common carotid artery. 
In Figure 1 the absolute values of CC and DC of all investigated arteries between smokers (S) and 
non-smokers (NS) are shown. In two subjects of the S group and two of the NS group it was not 
possible to measure the common femoral artery accurately due to technical problems CC and DC of 
both the elastic (common carotid arteries) and the muscular arteries (right common femoral and 
brachial artery) were similar comparing group S with group NS. These results did not change when 
group S was compared with the 26 lifelong non-smokers of group NS. 

The CC's of both common carotid arteries and the right common femoral artery were comparable with 
means varying between 0.62 and 0.75 mm2/kPa for both common carotid arteries and 0 67 and 0 71 
mm2/kPa for the common femoral artery. There were large differences in DCs between aforementioned 
arteries as can be seen in Figure 1. DC of the common femoral artery showed resemblance with DC 
of the brachial artery. Comparing CC and DC of the left and right common carotid artery, values of the 
left common carotid artery tended to be lower although no statistical significance was reached. 

Discussion 
In this study we have not found major differences between the group of 187 smokers (S) and the group 
ol 56 non-smokers (NS) with respect to the influence of smoking on dynamic arterial wall properties of 
large conduit arteries. The study population was well defined and consisted of relative young healthy 
persons not suffering from substantial atherosclerosis. Habitual smokers smoked on average 21 
cigarettes during a mean of 28.9 years and could be considered as heavy smokers Group S was 
divided in a subgroup which wanted to quit (QS) and another subgroup which planned to continue 
smoking (PS). 
Smoking is known to be an important cardiovascular risk factor. The pathophysiological mechanisms 
by which smoking induces cardiovascular diseases are not known. The following explanations have 



Figure 1 
Cross-sectional compliance (CC) and distensibility (DC) coefficients of both common carotid arteries, the right common 

femoral and the right brachial artery of the total group of smokers (S; black bars) compared with the non-smoking group (NS, 

white bars) Mean ± SE are given 

Further abbreviations. BA = brachial artery; CCA = common carotid artery; CFA = common femoral artery. 
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been suggested: 1> changes in haemostatic factors (18,19); 2> changes in blood lipids (20,21); 3> 

changes in endothelial factors (5,6);4) changes in arterial vessel wall function (9,10) and5) changes in 

arterial wall structure (22). Since cardiovascular risk declines rapidly (2,3) after smoking cessation, 

suggesting reversibility of the reponsible mechanisms, changes in arterial wall dynamics could play a 

major role. 

In the present study, however, no differences in CC and DC of the right and left common carotid, right 

common femoral and right brachial artery between groups could be found. These findings are in 

accordance with the study of Kool et al. (9) who assessed CC and DC of the common carotid and 

brachial artery in a small group of healthy smokers and compared them with non-smokers. In the study 

of Wollersheim et al. (10) significant arterial stiffening was found in the popliteal artery while a tendency 

to stiffening was seen in the common femoral artery. We could not confirm the latter finding in our large 

group of smokers. However, we performed no measurements in the popliteal artery as it is often difficult 

to visualize (due to its deep location) and the measurement site can not be standardized in a reliable 

manner. 

Several investigators (8,9) described an increase in arterial wall stiffness of both elastic and muscular 

arteries after acute cigarette smoking. This increased arterial wall stiffness seems to be transient as we, 

in accordance with others (9), did not find changes in long-term smoking. Transient changes in dynamic 



vessel wall functions might play a role in the development of cardiovascular complications in smokers 

0) 
In general, dynamic vessel wall properties such as CC and DC decrease from the proximal elastic to 
the distal muscular arteries (23) We could confirm this finding in our study measuring higher DCs in 
both common carotid arteries compared with those in more distal muscular arteries such as the brachial 
and common femoral artery Although DC of the common femoral artery was smaller, CC was 
comparable with the values found at both common carotid arteries because of its larger diameter, 
thereby preserving the absolute change in volume per change in pressure CC and DC of the left 
common carotid artery tended to be lower than those of the right common carotid artery As all 
measurements were performed by the same observer it cannot be ruled out that the right handedness 
of the observer has contributed to these findings 
As described earlier arterial wall dynamics of common carotid arteries (24) are strongly age dependent 
whereas those of the common femoral arteries only show a weak relationship (25) Indeed we found 
only a small influence of age on values of CC and DC of the right common femoral artery with Ft2 of 
respectively 0 06 and 0 14 and no influence at all of age on CC and DC of the right brachial artery 
Baseline characteristics of group NS and S were comparable except for the differences in the weekly 
alcohol intake and heart rate Smokers drink more alcohol (26) and alcoholism is ten times more 
common among smokers (27) In former studies subjects using moderate amounts of alcohol and in 
particular red wine had lower cardiovascular risk (28) In our study the influence of mean alcohol intake 
on dynamic arterial wall properties was studied by means of stepwise regression analysis Mean 
alcohol intake was responsible for 2 0% of the variation in the value of CC in only one investigated 
vessel namely the right common carotid artery (R2 = 0 02, Table 2) We consider the meaning of this 
contributing factor of minor importance since it was small and only in one artery The question to which 
extent individual daily alcohol intake influences arterial wall dynamics, and therefore our results, could 
not be answered as stepwise regression analysis was not performed with individual daily alcohol intake 
as an entered variable Differences in mean heart rate between smokers and non-smokers, probably an 
effect of nicotine (9,29) were found In anaesthetized rats acute increases in heart rate are 
accompanied by reductions in arterial compliance and distensibility (30) In our study, however, 
stepwise regression analysis revealed no significant contribution of heart rate to CC and DC 
The cross-sectional design used entails susceptibility to confounding factors in the composition of the 
study population Present smokers in this study belong to the addicted group of smokers It could be 
hypothesized that these addicted but still healthy smokers would have gained protection against the 
adverse effects of cigarette smoking Differences in lifestyle factors (31) and other unknown baseline 
factors also might have been important in the evaluation of vascular wall dynamics in smokers Besides 
in age the PS differed from the QS in the intention to quit smoking, in the use of vitamins/supplements, 
and in the number of packyears smoked, all factors possibly reflecting another lifestyle However these 
factors played no important role in arterial wall dynamics as investigated by stepwise regression 
Dynamic vessel wall functions such as CC and DC were calculated from ultrasonographically (Wall 
Track System®, Maasticht, The Netherlands) measured D and AD of large peripheral arteries 
Reproducibility figures varied between 10 and 15-20% for the common carotid and common femoral 
artery respectively Such reproducibility figures are acceptable for in vivo biological measurements 
Limitations of the method used are three-fold 1> Although the formula to calculate CC and DC used in 
the present study, have been widely used before, they are derived from and less correct than the 



formula CC = ΔΑ/ ΔΟ and DC = (ΔΑ/Α)/ ΔΟ, (Δ)Α being the (change in) cross-sectional area of the 

artery Especially when ΔΟ is large, the simplified formula used can be incorrect 2> Blood pressures 

were measured non-mvasively at the left upper arm The assumption that ΔΡ is identical at different 

sites of the arterial tree is incorrect, thereby creating a deviation from the real CC and DC. However in 

anesthetized dogs a linear relationship was found between ΔΡ in the brachial artery and ΔΡ in the 

common carotid artery over a relatively wide range of pressures (32) 3> Information was only obtained 

from isolated superficial arteries which does not rule out the possibility that arterial wall dynamics of 

other arteries are affected by smoking Arguments for this are differences in arterial stiffness of the 

popliteal artery in smokers described by Wollersheim et al. (10). 

In conclusion, the present study did not show major changes in arterial wall properties in long-term 

smoking 
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Intima-media thickness of peripheral arteries in asymptomatic cigarette 
smokers 

Abstract 
Although it is known that smoking is associated with an increase in arterial wall thickness, most studies 
have been performed in heterogeneous groups of older age, already suffering from atherosclerotic 
diseases or having additional cardiovascular risk factors The purpose of this study is to assess the 
effect on arterial wall thickness of the carotid and femoral artery in cigarette smokers 
In a cross-sectional study intima-media thickness of the common and internal carotid artery, carotid 
bulb and common femoral artery was determined with the use of a B-mode ultrasound device, in 184 
(44 3 ± 9 0 years) cigarette smokers for whom smoking is the single cardiovascular risk factor 75 
Comparisons were made with 56 non-smokers, matching in age and gender 
The posterior walls of both carotid bulbs (right p=0 0005, left p=0 02) and of the internal carotid 9 
arteries (right p=0 004, left p=0 003) as well as the posterior wall of the right common carotid artery 1 
(p=0 02) and of the right common femoral artery (p<0 0001 ) were thicker in smokers » 
In conclusion, cigarette smoking as the single cardiovascular risk factor causes wall thickening of the 
carotid and femoral arteries, which indicates that early atherosclerosis is already present in smokers 
entering middle age 

Introduction 
Cigarette smoking is widely accepted as a major risk factor for cardiovascular diseases for both sexes 
The precise pathophysiological mechanisms explaining this risk have not been elucidated Changes in 
haemostatic factors (1), in endothelial function (2,3), in blood lipids (4,5) and accelerated 
atherosclerosis (4) may all play an important role 
Research has been hampered, as smoking is a dynamic process causing variable exposure to the 
more than 4 000 chemical compounds present in cigarette smoke The knowledge that smoking 
interacts with other classical cardiovascular risk factors inducing synergistic effects on the progression 
and on the development of atherosclerotic disease further complicates the unravelling of this process 
(4,6) 
We used ultrasonography for the non-invasive quantitative measurements of intima-media thickness 
(IMT) which is associated with the presence of atherosclerotic disease elsewhere (7-13) Indeed, a 
positive association was found between IMT of the carotid artery and coronary heart disease (14), 
stroke (15) and peripheral artery disease (16) respectively 
The aim of our study was to determine whether only cigarette smoking, without other cardiovascular 
risk factors, influences IMT of peripheral arteries. Therefore, we measured IMT of the right common 
femoral and both carotid arteries in a strictly group of habitual smokers entering middle-age and 
without cardiovascular risk factors Smokers with other cardiovascular risk factors were excluded in 
order to avoid synergism or interaction 



Si/ö/ecfsancfAfefnocte 
Subjects 
As a result of three calls in daily and weekly papers in the surroundings of Nijmegen, a medium-sized 
city (150 000 inhabitants) in The Netherlands, 367 subjects were invited 184 smokers and 56 non-
smokers out of this group met the inclusion criteria and were willing to participate 
The selected smokers had been smoking at least 5 cigarettes per day for at least 5 years The non-
smokers had not smoked in the previous 5 years 

All participants filled in a questionnaire concerning their health and smoking behaviour They 
underwent a thorough physical examination, including a blood survey (measurement of non-fasting 
plasma glucose and total cholesterol concentration), electrocardiogram (ECG) and determination of 

7 6 ankle-arm indices (AAI) to check if they met the inclusion criteria 
The following criteria for exclusion were applied 1) demonstrated cardiovascular diseases, 2) irregular 

% heart rhythm disturbances others than sporadic (supra-)ventricular extrasystoles on ECG, 3) use of 
| anti hypertensive, lipid or glucose lowering medication, 4) cardiovascular risk factors defined as obesity 
s (Body mass Index > 30 kg/m2 ), hypertension (systolic blood pressure exceeding 160 mm Hg and/or 
$ diastolic blood pressure exceeding 95 mm Hg, the mean of at least 2 readings in supine position after 
0 5 minutes of rest was used), diabetes mellitus or non-fasting plasma glucose > 11 1 mmol/l, 
g hypercholesterolaemia (non-fasting total plasma cholesterol >6 5 mmol/l) or a decreased AAI (AAI < 
1 0 80) 
ε The Medical Ethics Committee of the University Hospital of Nijmegen gave their approval to this study 

^ All participants gave written informed consent 

Methods 

All scannings were performed using a Biosound Phase 2 real-time scanner equipped with a 10 MHz 

transducer according to a protocol described elsewhere (17) In short, the procedure was as follows 

Subjects were measured in supine position with their heads turned 45 degrees contralateral from the 

midline position Images showing the clearest projection of interfaces at the following measurement 

sites were stored on a hard disk 1 ) anterior and posterior wall of the distal 1 cm of the straight part of 

both common carotid arteries, 2) anterior and posterior wall of the right and left carotid bulb (from ± 1 

cm proximal to the level of the flow divider), 3) posterior wall of the proximal 1 cm of both internal 

carotid arteries and 4) the posterior wall of the right common femoral artery measured 1 cm proximal to 

the bifurcation into the deep and superficial femoral artery All ultrasound scannings were performed 

by three well-trained sonographers who regularly participate in quality control measurement sessions 

and who perform ultrasound scannings according to the aforementioned protocol on an almost daily 

basis The mter-sonographer variability that was determined in a group of subjects with normal IMT 

ranged from 2 5 to 6 4% The coefficient of variation for subjects with increased IMT varied between 

2 5 and 8 2% (17) 

Images were analysed using a semi-automatic software program (Eurequa, TSA company, Meudon, 

France) as previously described (17,18) On each scanning site three measurements were made The 

average of the measurements was taken The measurements were calculated by two readers with an 

inter-reader variability of less than 2% (17) 



Data analysis 

The average of three measurements at each site was used as the final outcome Statistical differences 

between smokers and non-smokers were tested with the Mann-Whitney U test and considered 

significant when showing p-values less than 0 05 (two-sided) 

Results 
Basic characteristics of the study population are presented in Table 1 The smoking group consisted of 

184 cigarette smokers (age range 24-67 years) The non-smoking group consisted of 56 subjects (age 

range 21-73 years), 26 of whom had never smoked Cigarette smokers smoked an average of 20 

cigarettes per day for a mean duration of 28 8 ± 9 0 years The 30 ex-smokers in the non-smoking 

group had smoked an average of 10 cigarettes per day for a mean duration of 12 ± 10 years but had 

not smoked in the previous five years There were no other significant differences between both groups 

except for weekly alcohol intake and heart rate, both of which were higher in the smoking group 

Table 2 shows the IMT values of the various segments of both carotid arteries and the right femoral 

artery for both the smoking and the non-smoking group The number of observations varies for each 

investigated arterial segment The posterior walls of the right and left bulb and of both internal carotid 

arteries as well as the posterior wall of the right common carotid artery were significantly thicker in 

smokers with p-values varying between 0 0005 and 0 02 The anterior walls of both bulbs tended to be 

thicker in smokers, although these differences were not statistically significant The posterior wall of the 

Table 1 
Basic characteristics ol smokers and non smokers 

Characteristics Smokers 

n=184 

Non-smokers 

n=56 

age (years) 

male (%) / female (%) 

Body mass index (kg/m2) 

Number of pack years smoked' 

Systolic blood pressure (mm Hg) 

Diastolic blood pressure (mm Hg) 

Heart rate (beats/minute) 

non-fasting plasma cholesterol (mmol/l) 

non-fasting plasma glucose (mmol/l) 

right ankle-arm index 

left ankle-arm index 

Waist-hip index 

Alcohol intake (U/week) 

Percentage of subjects with 

use of vitamins and/or supplements 

Smoking housemate(s) 

al least one family member with cardiovascular disease 

4 4 3 ± 9 0 

51/49 

2 3 2 ± 3 2 

2 3 7 ± 1 4 ( Γ 

128 ±14 

78 ± 8 

70 ±12 

5 1 ± 0 8 

5 1 ± 0 9 

1 15 ± 0 08 

1 16 ± 0 08 

0 8 9 ± 0 0 6 

13±14 

22 

46 

14 

45 9 ±12 0 

50/50 

24 1 ± 2 5 

7 ±10» 

130±15 

79 ± 8 

65±11 

4 9 ± 1 0 

4 9 ± 0 8 

1 17 ± 0 08 

1 18±010 

0 89 ± 0 06 

6±9 

27 

34 

13 

Data are presented as mean ± SD 

' = calculations are performed with the assumption that one pack contains 25 cigarettes 

» = Life-long smoking dose of ex smokers 

•p<0 01,"p<000O1 



common femoral artery in smokers had a mean thickness of 1.15 ± 0 04 mm which was significantly 

thicker than the mean IMT in non-smokers (0.87 ± 0 04 mm) 

Comparisons of the means of posterior and anterior wall measurements of both sides for each 

segment (missing values were not taken into account) between smokers and non-smokers yielded no 

additional information, with significant differences at the level of the bulb (p=0 0007) and internal 

carotid artery (p=0.0008) 

Subanalyses in which the 26 subjects who had never smoked were compared to the group of smokers 

did not alter the results. 

Figure 1 shows the number of smoking and non-smoking subjects in ten clusters of 22-23 patients 

stratified to increasing IMT levels of the right femoral artery The figure illustrates that the percentage of 

7 8 non-smokers with increasing IMT is decreasing. In contrast, the percentage of smokers with 

progression of IMT is increasing 

I Discussion 

" In this study we evaluated the effects of cigarette smoking as the single cardiovascular risk factor, and 

S we found an increase of carotid and femoral wall thickening These findings indicate that early 

% atherosclerosis is already present in cigarette smokers without other criteria for increased 

~ cardiovascular risk. An association between smoking and carotid artery wall thickening has been 

"S reported in large population-based (19-21) or hospital-based cross-sectional (22,23) studies. Although 

« Tell et al. (21 ) found that in smokers internal carotid wall thickening was larger than common carotid 

f artery wall thickening, most studies did not discriminate between different segments of the 

Table 2 
Inhma-media Thickness (IMT) in mm ol several segments ol the carotid and temprai arteries m smokers and non-smokers 

IMT(mni) ot Smokers (n=184) Non smokers (n=56) 

Common carotid artery 

nghtfarwall 0 77±017 (183)· 071 ± 0 1 2 (54) 

righi near wall 0 80 ± 0 21 (171) 0 79 ± 0 16 (49) 

left far wall 0 75 ±017 (183) 0 74 ±013 (56) 

leftnearwall 0 77 ±017 (179) 0 79 ±016 (52) 

bulb 

right far wall 1 02 ± 0 39 (126)'" 0 80 ± 0 28 (42) 

right near wall 0 96 ± 0 38 (99) 0 81 ± 0 17 (19) 

left far wall 0 92 ± 0 33 (92)· 0 76 ± 0 26 (38) 

leftnearwall 0 92 ± 0 3 5 (67) 0 83 ± 0 25 (21) 

Internal carolid artery 

nghtfarwall 073±023(131)· 061 ±019(48) 

lefllarwall 0 63 ± 016 (98)" 0 56 ±019 (40) 

Common femoral artery 

righi far wall 1 15 ± 0 45(168) ' 0 87 ± 0 28 (55) 

Data are presented as mean ± S E with the number of observations between brackets 

•p'iOOS, ' ρ ^ Ο Ι , ' ρ ^ Ο Ο Ι , '"p<00001 



Figure 1 
The number of smoking and non-smoking subjects in ten clusters ol 22-23 participants (expressed in percentage ol the total 

smoking and non smoking groups) stratified to increasing intima-media thickness (IMT) of the nght femoral artery 

• smokers 

D non-smokers 

t 
S 

a 
Ν 
« 

IMT femoral artery in mm 

carotid artery. Moreover data concerning femoral artery wall thickness are scarse despite the described 
stronger association of smoking with femoral intima-media thickness (24) Frequently, the examined 
study-populations were older and affected by atherosclerotic diseases or by multiple cardiovascular 
risk factors. 

The results concerning progression of intima-media thickening are conflicting Salonen et al. (7) 

described augmented progression of intima-media thickening in smokers over a period of 2 years while 

Belcaro et al. (11) could not confirm this in a 6-year follow-up study. Recently Howard et al (25) 

published a large 3-year follow-up study describing a two-fold increase in intima-media thickness in 

current smokers. 

Our study-population was well defined and consisted of an equal number of males and females who 

were positively selected because of the absence of concomitant cardiovascular risk factors or manifest 

atherosclerotic disease. There were no differences in basic characteristics concerning age, gender, 

BMI, blood pressure and plasma total cholesterol and glucose concentrations. The increased heart 

rate (26-28) and higher weekly alcohol intake (29,30) are well known characteristics in a smoking 

population. 

Common carotid artery wall thickness was not different between smokers and non-smokers except for 

the posterior wall of the right common carotid artery. The largest differences in IMT were seen at the 

carotid bulb, the internal carotid artery and the common femoral artery. These findings are in 

accordance with the literature (21,24,31,32) that indicates that there are different risk patterns for early 

atherosclerosis of various artenes and even for arterial segments Smoking mainly affects the carotid 



bulb and femoral artery. Therefore it can be recommended in an early stage to measure the common 

femoral artery or carotid bulb of smokers in order to detect atherosclerosis. Since the group of non-

smokers partly consisted of former smokers, our results may be smoothed. However, in-depth 

comparison of the 26 "never smokers" with the smoking group yielded similar results. 

As already suggested by Salonen et al. (33), and Smilde et al.(17), the amount of missing data limits 

the usefulness of the applied ultrasound technique. It is assumed that anatomical variations are the 

major cause of the missing values. Especially at the site of the carotid bulb and internal carotid artery, 

two known predilection sites for atherosclerosis, the amount of missing values may rise up to 60-70%. 

Although the number of missing values in our study-population (Table 2; 3% for the common carotid 

arteries, 49% for the bulbs, 33% for the internal carotid arteries and 7% for the common femoral 

arteries) does not exceed the amount of missing data described earlier (17), this may have influenced 

the results. However, the high number of missing values even underlines the importance of our results, 

finding significant differences in relatively small numbers of observations. Since the common femoral 

artery can reliably be measured in more than 90%, measurements of this artery are preferred to detect 

early atherosclerosis in smokers. 

We conclude that asymptomatic middle-aged subjects with cigarette smoking as the single 

cardiovascular risk factor already suffer from early atherosclerosis explaining at least in part their 

increased cardiovascular risk. IMT of the femoral artery may be of major importance in future research 

regarding early atherosclerosis in smokers. 
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Two years of smoking cessation does not influence intima media thickness 
and stiffness of peripheral arteries 

Abstract 
Smoking cessation rapidly reduces cardiovascular risk The involved pathophysiological mechanisms 

are still debated We measured structural and functional arterial wall properties of the femoral and 

carotid arteries after smoking cessation to investigate their role in cardiovascular risk reduction 

Thirty three smokers who quit smoking for 2 years, 50 non-smokers and 55 persistent smokers 

participated in this prospective study Cross-sectional compliance and distensibihty coefficients (both 

functional parameters) as well as intima media thickness (structural parameter) of both carotid arteries 

and of the right common femoral artery were measured ultrasonographically before and 3,6,12 and 24 85 

months after smoking cessation The non-smoking and persistent smoking group were measured twice 

with an interval of 24 months Chronic smoking and 2 years of smoking cessation did not affect cross- 3 

sectional compliance and distensibihty coefficients Although at baseline intimai medial layers were ¥ 

thicker in smokers, the increase of the intima media thickness was similar between groups as well as σ' 

over time within the group of successful quitters 

Two years of smoking cessation was not accompanied by a slower progression or regression in intima 

media thickness nor by an improved cross-sectional compliance and distensiblity coefficient Therefore, 

the rapid cardiovascular risk reduction after smoking cessation is not due to changes in structural and 

functional vessel wall properties 

Introduction 

Smoking cessation rapidly reduces the increased cardiovascular risk, which has been convincingly 

demonstrated in large cohort studies (1-3) A considerable risk reduction was described already shortly 

after quitting (4) Rosenberg et al (5,6) reported that the cardiovascular risk declines to a level almost 

indistinguishable from that of never smokers within 3 years 

The disease processes involved in the increased cardiovascular risk as well as those explaining the 

risk reduction after smoking cessation are still under debate Besides changes in haemostatic factors 

(7), endothelial function (8) and blood lipids (9), alteration of arterial wall structure and function may 

play a role 

Indeed, the intima-media layers of large peripheral arteries are thicker in smokers (10-14) Results 

concerning the progression of intima-media thickening in smokers are inconclusive (15-17) and depend 

on the studied population, the presence of concomitant cardiovascular risk and the applied 

measurement protocols 

The effects of smoking on dynamic vessel wall function are variable Acute smoking is associated with 

a temporary increase in arterial wall stiffness (18-20) However the results in chronic smoking are 

equivocal and vary with the site of measurement (19,21,22) Again, differences in study populations 

with respect to age and concomitant cardiovascular risk, as well as variability in the methods used are 

responsible for the heterogeneous results (22-25) 

There are no prospective longitudinal studies in which the effect of smoking cessation on arterial wall 

structure and function is investigated Therefore we investigated the effect of two years of smoking 

cessation on intima-media thickness and on dynamic vessel wall properties of the common femoral 

artery as well as of both carotid artenes To study exclusively the effect of smoking and its cessation, 



the study population consisted of subjects free from symptomatic atherosclerotic disease and without 
concomitant cardiovascular risk factors 

Methods 
Subiects 
Three hundred and sixty seven applicants responded to 3 advertisements in daily and weekly papers in 
the surroundings of Nijmegen, a medium-sized city (150 000 inhabitants) in The Netherlands. From this 
group 127 smokers with the intention to quit smoking during the study (QS), 60 persistent smokers 
(PS) and 56 non-smokers (NS) met the inclusion criteria and agreed to participate 
The QS still smoked throughout the time of inclusion and first measurement. Smokers smoked at least 
5 cigarettes per day for at least 5 years. Non-smokers had either never smoked or had smoked 
previously, but not in the preceding 5 years 
Much attention was paid to include only subjects free of symptomatic atherosclerotic disease and 
without additional cardiovascular risk factors Therefore, the following criteria for exclusion were 
applied 1> demonstrated cardiovascular diseases, 2> irregular heart rhythm disturbances others than 
sporadic premature beats on electrocardiograms,3* use of antihypertensive, lipid or glucose lowering 
medication or hormonal medicines including oral contraceptives, 4> cardiovascular risk factors defined 
as obesity (Body Mass Index > 30 kg/m2), hypertension (systolic blood pressure exceeding 160 mm 
Hg or diastolic blood pressure exceeding 95 mm Hg), diabetes mellitus (history or complaints of 
diabetes mellitus or non-fasting plasma glucose > 11 1 mmol/l), hypercholesterolaemia (non-fasting 
total serum cholesterol >6 5 mmol/l) or a decreased ankle-arm index (ankle-arm index < 0 80) 
All participants filled in a questionnaire concerning their health, physical exercise training and smoking 
behaviour and underwent a thorough physical examination to check if inclusion criteria were fulfilled, 
including a blood survey (measurement of non-fasting plasma glucose and total serum cholesterol) and 
electrocardiogram 
The Medical Ethics Committee of the University Medical Centre of Nijmegen gave their approval to this 
study. All participants gave written informed consent 

Study design 
The PS and NS were invited twice with an interval of 24 months for measurements of intima media 
thickness (IMT) and arterial wall dynamics 
QS were measured before and 3,6,12 and 24 months after smoking cessation. 
The inclusion procedure of all participants as well as all dynamic vessel wall measurements were 
performed by the same person (FvdB) to aim maximal accuracy To avoid diurnal differences26 

subsequent measurements were performed at the same time of day Subjects were not allowed to 
smoke nor to drink caffeine containing beverages for respectively 1 and 10 hours prior to investigation 
At every visit participants were asked about their health, smoking behaviour and use of medication 
Morning urine samples were collected 3,6,12 and 24 months after smoking cessation for colmine 
measurements 

Measurement of mtima-media thickness (IMT) 
All scannings were performed using a Biosound Phase 2 real-time scanner equiped with a 10 MHz 
transducer according to validated protocol (14,27) IMT can only be determined accurately in the far 



wall position, because only the far wall IMT is defined by leading edges which enables correct 

ultrasonographic representation (27-29) Therefore, the far walls of the following sites were measured 

1) the distal 1 cm of the straight part of both common carotid arteries, 2) the right and left carotid bulb 

(from ± 1 cm proximal to the level of the flow divider), 3) the proximal 1 cm of both internal carotid 

arteries and 4) the right common femoral artery, 1 cm proximal to the bifurcation into the deep and 

superficial femoral artery 

Measurement of dynamic vessel wall properties 

Cross-sectional compliance (CC) and distensibihty coefficients (DC) of separate arteries were 

assessed by measuring diameters (D) and diameter changes (AD) ultrasonographically using a vessel 

wall movement detector (Wall Track System®, Maastricht, The Netherlands) as described by the group 

of Hoeks and Reneman (30,31) 

The system used in this study consisted of an ultrasound device with a 7 5 MHz transducer (Scanner 

200, Pie Medical) and a data acquisition system, connected to a personal computer All measurements 

were performed by one sonographer (FvdB), according to a protocol validated in our clinic (22,32) 

Tracings were recorded at the following sites 1) the right and left common carotid arteries (2 cm 

proximal of the bulb), 2) the right common femoral artery (at least 1 cm proximal of the bifurcation into 

the deep and superficial femoral artery) 

Smoking cessation 

Smokers were not allowed to use nicotine replacement therapy during the 24 months' cessation period 

Initially stopped smokers were phoned weekly during the first 3 months to support their effort 

Thereafter they were contacted fortnightly 

Smoking cessation was considered successful when the participant stated being completely abstinent 

in addition to urinary colmine concentrations below 300 ng/ml 

Quantitative measurements of metabolites of nicotine in urine 

Concentrations of colmine and 3-hydroxycotinine in urine samples were determined by the 

commercially available Double Antibody Nicotine Metabolite kit (EURO/DPC Ltd, United Kingdom 

quality system ISO 9001/EN29001/BS 5750 part I) using liquid phase radioimmunoassay Subjects 

with urinary nicotine metabolite concentrations exceeding 300 ng/mL were considered smokers 

Data analysis 

Statistical differences in baseline characteristics, structural and functional vessel wall parameters 

between groups were analysed using a Mann-Whitney U test 

The effect of smoking on dynamic vessel wall properties and mtima-media thickness was analysed on 

an intention to treat basis Firstly by Friedman tests followed by Wilcoxon signed rank tests Ρ values 

less than 0 05 (two-sided) were considered significant 

Results 
Initially 127 QS (mean age 43 ± 8 years) joined the study From the 44 subjects (35%) who completed 

the study, 11 were excluded because of 1 ) admittance of cigarette use (n=2), 2) urinary colmine level 

exceeding 300 ng/ml (n=5), 3) use of oral contraceptives (n=2), 4) use of beta-adrenoceptor 



antagonists (n=2 with supraventricular tachycardia) Finally, 29% of the smoking cessation attempts 
could be considered successful (26% was eligible) From the PS and the NS respectively 5 and 6 
subjects were not eligible due to the following reasons 1) use of hormonal suppletion therapy or oral 
contraceptives (3 NS), 2) use of cholesterol lowering medication (2 NS), 3) the occurence of a transient 
ischemic attack (1 PS), 4) smoking cessation (1 PS), 5) death from unknown cause (1 PS), 6) lost in 
follow up due to moving to another area (1 NS and 2 PS). 
Demographic data of the initial groups have been described earlier (14,22) The baseline 
characteristics of the eligible subjects are shown in Table 1. Groups were very similar except for weekly 
alcohol consumption which was significantly higher in both smoking groups PS smoked heavier than 
QS (p=0 007) 

Table 1 
Baseline characteristics of the groups of quit smokers (QS, n=33), persisting smokers (PS n=55) and non-smokers (NS, 

n=5Q) who successfully completed the study 

Parameter Group QS (n=33) PS (n=55) NS (n=50) 

Age (years) 

Number of males (%)/ females 

Alcohol intake (units/week)' 

Number of packyears' 

Body Mass Index at inclusion (kg/m2) 

Body Mass Index after 24 months (kg/m2) 

Systolic blood pressure (mm Hg) * 

Diastolic blood pressure (mm Mg) ' 

Serum cholesterol (mmol/I) " 

Plasma glucose (mmol/l) ' 

' Data are presented as mean ± S D t Calculations are performed with the assumption that one pack contains 25 

cigarettes, * p< 0 001, Sp<0 01 , iip<0 05 compared with NS, 'p<0 01 compared with PS (Mann Whitney U test) Number of 

observations between parenthesis 

43±8 

18(55)/15 

15 ±12* 

19 ±101 

233±23 

252 ±2 5 " 

127 ±12 

77 ± 7 

522±093 

516 ±0 97 

47 ±11 

34(62)/21 

15±17§ 

28 ±17 

230±30 

231 ± 4 3 

129 ±14 

79±8 

5 04 ± 0 75 

5 18 ±0 81 

46 ±11 

26 (52)/24 

6±10 

2 3 6 ± 2 5 

2 4 0 ± 2 6 

130 ±14 

79±8 

4 87 ± 0 92 

495±085 

To assess the effect of smoking cessation on IMT and arterial wall stiffness we first compared the 24 
months' change of these parameters between groups 
In Table 2 baseline values and the 24 months' changes of CC, DC and IMT of all investigated arteries 
are shown 
IMT of both bulbs (right p=0 01,left p=0 005), of both internal carotid arteries (right p=0 015, left 
p=0 007) and of the right common femoral artery (p=0 021) were significantly thicker in QS compared 
with NS Similar trends were seen when the PS were compared with the NS, although only significant 
different in the right common femoral artery (p=0 001 ) 
IMT progression was not significantly different between groups except for the far wall of the right 
common carotid artery Compared with the NS a significant decrease in IMT after 24 months was found 
at this site in the PS (p=0 039) as well as in the QS (p=0 012) 



Table 2 
Baseline inlima-media thickness (IMT), cross-sectional compliance (CC) and distensibility coefficients (DC) of both carotid arteries and of the right femoral artery and changes in these 

parameters in 24 months. Data are presented as mean t S.D. 

Group 

Parameter 

RCCA: IMT (mm) 

: CC (mmWa) 

:DC(103/kPa) 

LCCA: IMT (mm) 

: CC (mm2/kPa) 

:DC(103/kPa) 

RB : IMT (mm) 

LB : IMT (mm) 

RICA : IMT (mm) 

LICA : IMT (mm) 

RCFA .IMT (mm) 

: CC (mm'/kPa) 

:DC(103/kPa) 

Baseline 

0.75±0.13(32) 

0.70±0.25 (33) 

19.06±7.07 (33) 

0.76±0.15 (31) 

0.64±0.24 (33) 

17.66±6.19(33) 

1.03±0.31 (21)· 

1.05±0.31 (12)t 

0.74±0.24(28)· 

0.70±0.18(15)t 

1.0^0.24(29)' 

0.71±0.31 (33) 

11.23±4.59(33) 

QS (n=33) 

Change in 24 months 

-0.05±0.12(32)· 

-0.002±0.17 (33) 

0.40±5.22(33) 

-0.04±0.11(30) 

-0.04±0.17(33) 

-1.05±5.02(33) 

-0.10±0.28(19) 

-0.06±0.21 (10) 

0.004±0 20(23) 

-0 01±0.13(14) 

-0.10±0.23(24) 

0.09±0.35 (33) 

0.81 ±4.82 (33) 

Baseline 

0 77±0.17(53) 

0.69±0.18(55) 

18.67±5 50(55) 

0.72±0.17 (54) 

0.64±0.19(55) 

17.55±6 12(55) 

1.00±0.54(44) 

0.84±0.34(37)f 

0.71 ±0.23 (44) 

0.63±0 20 (42) 

1.18±0.48(50)t 

0.65±0.22 (55) 

10.74±4.05 (55) 

PS (n=55) 

Change in 24 months 

-0.04±0.13(53)· 

•0.03±0.16(55) 

-0.48±4.04 (55) 

-0.01 ±0.13 (52) 

-0.04±0.13(0.02) 

-0.81*0.37(55) 

-0.10±0.26(30) 

-0.04±0.20(31) 

-0.04±0.15 (37) 

0.03±0.11(34) 

-0 01±0 28(38) 

0.06±0 24 (55) 

1.08±4.19(55) 

Baseline 

0.71±0.12(48) 

0.72±0.23(50) 

19.85±6.68(50) 

Û.73±0.13(50) 

0.62±0.26 (50) 

16.98±6.74(50) 

0.80±0.29 (38) 

0.74±0.26(34) 

0.61 ±0.19 (43) 

0.57±0.20 (35) 

0.88±0 29 (49) 

0.70±0.35 (48) 

11.04±5.27(48) 

NS (n=50) 

Change in 24 months 

0.02±0.13 (48) 

-0 05±0.17(50) 

-0.75±4.83 (50) 

-0.01*0.12(48) 

-0.02±0.12 (50) 

-0.15±3.96(50) 

-0.06±0.21 (28) 

-0.04±0.19 (29) 

-0.04±0.15 (31) 

0.01±0.18(32) 

-0.03±0.21 (39) 

0 08±0.31 (48) 

1.45±4.72(48) 

RCCA: right common carotid artery, LCCA: left common carotid artery, RB: right bulb, LB: lelt bulb, RICA: right internal carotid artery, LICA: left internal carotid artery, RCFA: right common 

femoral artery; number of observations is noted between brackets; 'p^.OS, ' p<0.01 vs NS; < p<0 05 vs NS (Mann-Whitney U test) 

9 .ΐΘΐάΒμο 



Regarding the whole study population, IMT of the common carotid artery increased on average 0.01 
mm over 24 months (not significant). 

Baseline as well as 24 months' changes of CC and DC were not different between groups. When we 

compared CC and DC in all subjects, values of the left common carotid artery significantly decreased 

(fall of respectively 0.03±0.06 mm2/kPa (p=:0.064) and 0.37±4.6210-3/kPa at the right site and 

0.03±0.14 mm2/kPa (p=0.002) and 0.63±4.12 10-3/kPa (p=0.017) at the left site) in 24 months while 

simultaneously those of the right common femoral artery indicated less arterial stiffening (increase of 

respectively 0.07±0.29 mm2/kPa (p=0.046)and 1.15±4.51 lO^/kPa (p=0.025). 

Secondly, we studied IMT, CC and DC changes after 3,6,12 and 24 months of smoking cessation in 

the QS on an intention to treat basis. After 3,6,12 and 24 months respectively 64,53,44 and 33 

9 0 participants were eligible and had successfully quit smoking. 

In Figure l a and 1b the percentual changes after 3,6,12 and 24 months of smoking cessation in CC 

§ and DC of both common carotid arteries and of the right femoral artery when compared to baseline 

| values are presented. Smoking cessation of various duration was not accompanied by significant 

8 changes in these parameters. 

J In Figure 1c the percentual changes in IMT (compared to baseline) of the right common carotid artery, 

| bulb, internal carotid artery and the right common femoral artery are shown after 3,6,12 and 24 

I months of smoking cessation. Again, there were no significant changes in IMT. Results of the left 

| carotid artery showed similar findings. 
o 
c 

ΐ Discussion 
Ζ This is the first study in which prospectively the effect of smoking cessation on dynamic and structural 

| vessel wall properties is evaluated. Two years of smoking cessation was not accompanied by 

^ significant changes in arterial wall dynamics and in arterial wall structure and therefore cannot explain 

J the rapid reduction in cardiovascular risk. 

•| Demographic characteristics, arterial wall dynamics and IMT of the initial groups (22) did not differ from 

< the data of the limited QS group described here. Smokers differed from non-smokers in weekly alcohol 

consumption. The association between smoking and drinking alcohol has been noted before (33-35). 

We found that dynamic vessel wall properties of carotid and femoral arteries were not affected by 

chronic smoking, which is in accordance with other studies (19). As the arterial tree is heterogeneous 

no conclusions concerning other arteries can be drawn. 

Age has a major influence on CC and DC of the elastic common carotid arteries but not on CC and DC 

of the muscular femoral arteries (36). Indeed, 2 years of aging was associated with significant 

decreases in CC and DC of the carotid arteries, while CC and DC of the femoral artery increased 

during the same time period. A possible explanation for the significant increase in femoral arterial wall 

dynamics (pointing to less stiffening) might be an improvement in lifestyle factors, which are known to 

affect functional femoral arterial wall properties (37,38). Participation in lifestyle intervention studies 

such as this one inevitably attracts people who care for their health. 

In our study, other possible confounders are the higher alcohol consumption in smokers and the 

significant increase in weight after smoking cessation, both factors already previously described 

(22,33-35,39,40). 



Figure 1 
Percentual change (compared to baseline) in cross-sectional compliance (CC, Figure 1a), distensibility coefficient (DC, 

Figure 1 b) and far wall intimai medial thickness (IMT Figure 1 c) after 3 (n=64) 6 (n=53), 12 (n=44) and 24 (n=33) months of 

smoking cessation CC and DC are presented for the right (R) and left (L) common carotid artery (CCA) and for the right 

common femoral artery (CFA), while IMT is shown for the RCCA, nght bulb (B), right internal carotid artery (ICA) and the 

RCFA. The four consecutive lines (each consisting of a vertical and short horizontal line) under the name of the arterial 

segment represent the data after respectively 3 6,12 and 24 months of smoking cessation The black dots represent the 

mean change with the vertical lines as the standard error 
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Studies (41,42) in which the effect of weight on dynamic vessel wall properties was evaluated, yielded 
conflicting results. Yet, it is difficult to believe that a minor weight gain caused a complete attenuation 
of the positive effects of smoking cessation. 

IMT was thicker in smokers as reported earlier (14). Although PS smoked heavier, IMT was less 
enlarged in this group compared with the QS. Perhaps, latent smoking related disease was already 
present in the QS which instinctively motivated this group to stop smoking (all subjects participated 
voluntarily). Another explanation may be that we introduced a selection bias by excluding smokers with 
concomitant cardiovascular risk factors or who suffered from symptomatic atherosclerotic disease. 
Except for the IMT of the right common carotid artery no significant differences in IMT progression 
were seen between groups. Right common carotid artery IMT showed significant regression of similar 
magnitude in both the PS and QS when compared with the NS. As this was an isolated observation we 
considered it accidental and due to multiple comparisons. 

Our data are in accordance with a 6 year follow-up study performed by Belcaro et al (16). who could 
not find increased IMT progression of the carotid bulbs and of the femoral bifurcation segment in 
persistent smokers of similar age. 
IMT progression (0.01 mm/2years for the common carotid artery) in our study population was small in 
comparison with other studies (15,43) probably because of the highly selected population with possibly 
less atherosclerotic risk. This, in addition to the final relatively small sample size (33 successful and 
eligible QS) with missing values (due to measurement difficulties) at the site of the internal carotid 
arteries (missing values: 34%) and the carotid bulbs (missing values: 59%), could have affected the 
results. Grouse et al. (44) reported 37% of missing values when IMT of the internal carotid artery was 
measured. Other studies (27,45) also encountered the problem of missing values to the same amount 
as we did. 
We included 27 ex-smokers in the non-smoking group which may have affected outcome. It has been 
described (13,46) that former smokers have IMT values intermediate to those measured in smokers 
and never smokers. However, comparisons with the remaining 23 never smokers of the NS group 
revealed no additional information. 
Analysis of measurements performed at variable points of time after smoking cessation in the 
successfully QS yielded similar findings. Although percentual changes compared to baseline were 
negative in virtually all segments (shown in Figure 1c), no significant differences nor trends were found. 
As we performed quantitative measurements (thickness) to describe arterial wall structure, changes in 
qualitative parameters (plaque morphology) could still be involved in the decreased cardiovascular risk 
in smokers. 
In conclusion, neither chronic smoking nor 2 years of smoking cessation has effect on arterial wall 
stiffness parameters of the carotid and femoral arteries. Although IMT is thickened in chronic smokers 
short-term smoking cessation did not inhibit atherosclerosis progression measured by IMT in this study. 
Therefore, the involvement of arterial vessel wall function and structure to explain the rapid 
cardiovascular risk reduction after smoking cessation could not be demonstrated. 
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Smoking or its cessation does not alter the susceptibility 
to in vitro LDL oxidation 

Abstract 
Enhanced induction of low density lipoprotein (LDL) oxidation may play a role in the increased 
cardiovascular risk in smokers We determined LDL oxidisability in vitro in non-smokers, smokers and 
after smoking cessation 
Plasma lipids and copper induced LDL oxidation in vitro were measured in 31 persistent smokers, 47 
smokers who tried to stop smoking and 25 non-smokers In the "stop-smoking" group blood was 
collected before and 1,3,6, and 12 months after smoking cessation, and in the persistent smoking 
and non-smoking group at baseline and after 12 months Plasma thiobarbitunc acid reactive 
substances (TBARS) were measured 3 times (at baseline, after 1 and 3 months) in all subjects who 
refrained (controlled by urinary cotmme concentrations) for at least 3 months g 
At baseline, no differences in mean age, body mass index and lipid profiles between groups were ar 
present Seventeen subjects of the smoking cessation group (36%) managed to quit during 12 months 
Smoking cessation was associated with an increase in mean weight (p<0 001) and waist-hip ratio 
(p<0 001) No major differences in LDL oxidisability were found between groups A significant transient 
increase in high density lipoprotein (HDL) cholesterol was seen (from 1 20±0 39 up to 1 34±0 42 
mmol/L) after 1 month of smoking cessation which disappeared after 3 months Already from 1 month 
of smoking abstinence plasma TBARS decreased significantly (p<0 05) 
Neither the previously observed increased cardiovascular risk in smokers nor the decreased risk in 
quitters seem to be mediated by permanent changes in lipid profiles or by alterations in the 
susceptibility to in vitro oxidation of LDL 

Introduction 
Cigarette smoking is a notorious risk factor for cardiovascular diseases (1,2), but the involved 
pathophysiological mechanisms leading to enhanced atherogenesis have not been fully explained In 
the current concept of atherogenesis (3,4) there is evidence that unfavourable high concentrations of 
lipoproteins (5,6) and biological modified lipoproteins, such as oxidised low density lipoproteins (LDL) 
(7-9) are involved 
Indeed, a meta-analysis of Craig et al (10) revealed that smoking is associated with modest elevations 
in plasma LDL and a decrease in plasma high density lipoprotein (HDL) cholesterol levels These 
findings were confirmed in other, more recently performed cross-sectional studies (11-13) In smoking 
cessation trials (14-18) increases in HDL cholesterol levels have been described supporting the results 
of the meta-analysis of Craig et al (10) 

Furthermore, oxidised LDL may play an important role in the development of atherosclerosis in 
smokers as cigarette smoke contains large amounts of pro-oxidants (19) However the evidence for 
this is inconclusive (20-25), probably partly due to different methodologies and different study-
populations Only two studies investigated the oxidation resistance of LDL in vitro after smoking 
cessation Sasaki et al (26) described an increase in the resistance of LDL to oxidation in a small 
group of male smokers (n=14) after smoking cessation for three weeks Prieme et al (17) could not 
confirm this in a larger smoking cessation group (29 successful quitters after 26 weeks) consisting of 
both men and women, who were followed for 26 weeks 



The aim of our study was to compare in vitro LDL oxidation resistance, measured with a well 
established method, between groups of smokers and non-smokers and after smoking cessation to 
investigate its role in the increased cardiovascular risk in smokers 

Patients and Methods 
Subjects 
80 smokers, of whom 47 were motivated to stop, and 26 non-smokers participated in this study They 
were recruited out of 180 subjects who responded to advertisements in local papers For this study 
only healthy males were eligible Participants either smoked minimal 5 cigarettes per day for at least 5 
years or did not smoke in the previous 5 years To obtain a well described study population especially 
with regard to the absence of manifest atherosclerosis the following exclusion criteria were formulated 
1) demonstrated cardiovascular diseases, 2) irregular heart rhythm disturbances others than sporadic 
(supra-) ventricular premature beats on the electrocardiogram (ECG), 3) use of antihypertensive, lipid 
or glucose lowenng medication or hormonal medication, 4) cardiovascular risk factors defined as 
respectively obesity (Body Mass Index > 30 kg/m2), hypertension (systolic blood pressure exceeding 
160 mm Hg and/or diastolic blood pressure exceeding 95 mm Hg), diabetes mellitus (history or non-
fasting plasma glucose > 11 1 mmol/L), hypercholesterolaemia (non-fasting total plasma cholesterol > 
6 5 mmol/L) or a decreased ankle-arm index ( M l < 0 80), 5) refusal to give written informed consent 
All participants filled in a questionnaire concerning their health, physical exercise training and smoking 
behaviour and underwent a thorough physical examination, including a blood survey (measurement of 
non-fasting plasma glucose and total cholesterol), AAI and an ECG 

Study Design 
The Non-Smokers (NS), of whom 10 never smokers, and Persistent Smokers (PS) visited our clinic 
twice with an interval of 12 months At both visits subjects answered questions about their health, use 
of medication and smoking behaviour and early morning blood samples were collected 
The smokers who intended to quit smoking during the study (QS) visited the clinic more frequently e g 
5 times in 12 months Smokers stopped smoking after the first visit and follow up was arranged 1,3,6, 
and 12 months after smoking cessation During every visit early morning blood samples were collected 
after overnight fasting and questions were answered concerning their smoking behaviour, physical 
health and use of medication, especially the use of nicotine replacement therapy QS filled in a 
questionnaire to make an inventory of the differences in feeding and activity pattern they had 
experienced after quitting 3 and 6 months Morning urine samples were collected 3,6 and 12 months 
after smoking cessation for cotmme measurements At the first visit standardised measurements of 
body weight and waist-hip ratios were performed and repeated in the QS group 3,6 and 12 months 
after stopping 

Smoking cessation 
The QS group stopped smoking after the first visit They were not allowed to use nicotine replacement 
therapy during the following cessation period of 12 months Initially, QS were phoned weekly during 
the first 3 months to support their cessation effort Thereafter we contacted them fortnightly, and 
discussed common cessation problems 



Only subjects from the QS group who stated being completely abstinent and of whom cotinine 

concentration in the urine was below 300 ng/ml were included for further analysis. QS were excluded if 

they had smoked during the cessation period or if they had used nicotine replacement therapy. 

Laboratory measurements 

In vitro oxidation of LDL 

Fasting blood samples were collected into vacutainer tubes (Beckton Dickinson) containing K3-EDTA 

(1 mg/ml). The tubes were immediately placed on ice in the dark. Within two hours after blood 

sampling, plasma was separated from blood cells by centrifugation at 3600 rpm for 8 min at 4 0C. 

Plasma was supplemented with saccharose as a cryoprotectant (final concentration 0.6 mg/ml) and 

frozen at -80°C until analysis. At these conditions samples that will be analysed for oxidation 

characteristics are stable (27,28). 

At the day of analysis, plasma was thawed at room temperature. LDL was isolated by density gradient 

ultracentrifugation (40,000 rpm for 18 h at 40C) using a SW40 rotor (Beekman, Palo Alto, California, 

USA) (25). After isolation of total LDL, its protein content was measured by the method of Lowry et al. 

(29), with chloroform extraction to remove turbidity, using bovine serum albumin as a standard. The 

oxidation experiments were performed as described by Esterbauer et al. (30) as modified by Princen et 

al. (25). Briefly, the oxidation of LDL (60 ug apolipoprotein/ml) was initiated by the addition of CuS04 to 

a final concentration of 18 μΜ at 37 0C. The kinetics of the oxidation of LDL was determined by 

monitoring the change of the 234-diene absorption in a water thermostated UV spectrophotometer 

(Lambda 12, Perkin Elmer, GmBH, FRG), equipped with an 8 position automatic row-sampler changer. 

Each LDL preparation was oxidized twice in two separate oxidation runs on the same day. Every 

oxidation run was controlled by analysing one reference LDL, prepared freshly from a pooled plasma 

stored with 6 mg/l saccharose at - 80 "C. The oxidation parameters: lag time, oxidation rate and 

amount of conjugated dienes formed per milligram of LDL-protein were calculated as described 

previously (27). The coefficient of variation for the control sample for these indices amounted to 3.0, 

4.6 and 9.0%, respectively (n=92). To minimise analytical variation, all samples of the same person 

were analysed on the same day. To guarantee a high reproducibility of the oxidation assay, it 

appeared to be necessary to clean the quartz cuvettes thoroughly after each 3 oxidation runs (31). 

>4ssay of fatty acids in LDL 

The fatty acid spectrum in LDL was determined by gas chromatography (GC; Varian 3400 GC, Houten 

The Netherlands) (32) and the content of vitamin E with high-performance liquid chromatography 

(HPLC), as described by de Graaf et al. (33). 

Assay of thiobarbituric acid reactive substances (TBARS) in plasma 

For the determination of TBARS we added the lipophylic antioxidant: butylated hydroxytoluene (BHT; 

final concentration 250 mg/L ) to EDTA plasma not containing saccharose, prior to storage at -80 0C. 

The content of TBARS, mainly malondialdehyde (MDA), in plasma was measured as described by 

Conti et al. [34], modified by replacing the recording of the fluorescence spectrum of the thiobarbituric 

acid MDA complex by a simple fluorimetrie measurement (measurement on a Shimadzu RFF-500 

fluorimeter; excitation: 530 nm; emission; 545 nm, bandwidth 5 for both). By occassionally recording 

the fluorescence between 500 and 600 nm and measuring only the peak at 533 nm keeping a constant 



interval of 14 nm between excitation and emission wavelengths, we found that compounds 
unspecifically reacting with the diethylthiobarbituric acid were absent in the samples tested In this way 
a specificity comparable to an assay with HPLC pre-purification can be expected 

Lipoprotein analyses 
Cholesterol and triglycerides were determined by commercially available enzymatic reagents on the 
Hitachi 747 analyser (Boehnnger Mannheim, Germany no's 237574 and 1361155) High density 
lipoprotein ( HDL) cholesterol was determined with the phosphotungstate/Mg2+ method as validated 
recently (35) Very low density lipoprotein (VLDL) was isolated from whole plasma by 
ultracentrifugation at d=1 006 g/ml for 16 h at 36,000 rpm in a fixed angle rotor (TFT 45 6 rotor, 
Kontron, Zurich Switzerland) m a Beekman L7-55 ultracentrifuge (36) LDL cholesterol was calculated 
by the Fnedewald formula LDL cholesterol = total plasma cholesterol - (VLDL + HDL cholesterol) 

Quantitative measurements of urinary metabolites of nicotine 
Concentrations of colmine and 3-hydroxycotinine, both metabolites of nicotine, in urine samples were 
determined by the commercially available Double Antibody Nicotine Metabolite kit (EURO/DPC Ltd, 
United Kingdom quality system ISO 9001/EN29001/BS 5750 part I) using liquid-phase 
radioimmunoassay The following data were provided by DPC Ltd Intra- and inter-assay coefficients of 
variation were less than 10% The median nicotine metabolite result of 67 urine samples collected 
from non-smokers was <100 ng/ml (range <100-317 ng/mL) while the median value in 54 urine 
samples from smokers was 5,315 ng/ml (range 560->15,000 ng/mL) From these data we defined that 
subjects with urinary nicotine metabolite concentrations exceeding 300 ng/mL were considered 
smokers 

Statistical analysis 
Groups were compared using independent student's t-test For comparisons within groups Repeated 
Measurements ANOVA (Statistical Product and Service Solutions (SPSS) package, release 6 1 3) and 
paired t-test were applied Only the participants who completed the study successfully were enclosed 
for further analysis 

Results 
Characteristics of the study population and baseline lipid and lipoprotein concentrations are given in 
Table 1 Groups were similar concerning the major baseline characteristics and plasma lipid profiles 
The median and range of packyears consumed was similar in both smoking groups with values of 28 
(1-93 5) and 22 4 (1-65 6) for respectively the PS and OS Only significant differences were found in 
weekly alcohol intake and resting heart rate which were both higher in the groups of PS and QS 
compared with the group of NS (Table 1) 
After 3 and 12 months 19 and 17 subjects respectively of the QS group met the criteria of smoking 
cessation resulting in success rates of 40% and 36% respectively Mean urinary cotmme levels 
amounted to 68 ± 34 ng/ml, 65 ± 26 and 72 ± 34 ng/ml after 3,6 and 12 months respectively of 
abstinence from smoking Mean age, BMI, packyears and baseline plasma lipid and lipoprotein 



Table 1 
Baseline characteristics, lipid and lipoprotein concentrations of persistent smokers (PS), smokers who declared motivation 

to stop (QS) and non-smokers (NS) included in the study. 

Parameter 

Age (years) 

Weight (kg) 

Body mass index (kg/m2) 

Units of alcohol (u/week)· 

Waist-hip ratio 

Systolic blood pressure (mm Hg) 

Diastolic blood pressure (mm Hg) 

Heart rate (beats/min) 

Right ankle arm index 

Left ankle arm index 

Plasma cholesterol (mmol/L) 

HDL cholesterol (mmol/L) 

LDL cholesterol (mmol/L) 

VLDL cholesterol (mmol/L) 

Plasma triglycerides (mmol/L) 

VLDL triglycerides (mmol/L) 

PS (n=33) 

46.9 ± 12.6 

77.0 ± 8.9 

23.8 ±2.6 

14(0-100)· 

0.93 ±0.06 

130 ± 12 

79 ± 7 

68±10· 

1.15±0.11 

1.15 ±0.10 

5.34 + 0.87 

1.22 ±0.31 

3.67 ±0.83 

0.45 ±0.30 

1.35 ±0.77 

0.93 ± 0.72 

QS (n=47) 

44.0 ± 8.8 

78.9 ± 10.5 

24.1 ± 2.3 

14(0-60)-

0.93 ±0.05 

134 ± 11 

81 ± 7 

71 ± 12" 

1.16 ±0.08 

1.17 ±0.08 

5.56 ± 0.75 

1.24 ±0.54 

3.82 ±0.68 

0.50 ±0.36 

1.38 ±0.75 

0.93 ±0.70 

NS (n=26) 

47.2 ±12.5 

77.9 ±10.3 

24.1 ± 2.5 

6(0-30) 

0.92 ±0.05 

136 ±14 

83±7 

62 ±10 

1.19 ±0.09 

1.19 ±0.08 

5.27±1.18 

1.29 ±0.25 

3.59 ±1.03 

0.38 ±0.33 

1.11 ±0.62 

0.74 ±0.53 

Data are presented as mean ± SD. ' Data presented as median with range between brackets. 

Plasma samples for measurement of lipids and lipoproteins were collected after an overnight fasting.' p<0.05, " p<0.01, '" 

p<0.001 compared with the group ol non-smokers (NS). 

concentrations were not different between the QS who succesfully stopped during the whole study 

(SS) and those who failed to stop smoking. Two subjects from the PS group and one from the NS 

group were lost in follow-up. One subject from the PS group died (sudden death) while the others (n=2) 

were lost due to changes in their whereabouts during the study. 

In the SS group mean weight increased from 78.0 ± 8.4 kg before quitting up to 82.5 ± 9.1 kg after 12 

months of smoking cessation (p=0.001). The greatest part of the weight increase took place in the first 

three months (from 78.0 ± 8.4 kg till 81.9 ± 9.8 kg). Waist-hip ratio also increased gradually over time 

from 0.90 ± 0.04 before to 1.05 ± 0.05 twelve months after quitting (p<0.0001 ). 

In Table 2 lipid profiles and parameters of LDL oxidation resistance measured throughout the study 

period are presented for PS and NS (Table 2a.) and SS (Table 2b.). There were no significant 

differences between the values measured at baseline and those measured at the end of the study. In 

Figure 1 the significant differences in 12 months' changes of parameters between groups are shown. 

PS differed significantly from SS in the 12 months' change of total plasma cholesterol (p=0.025) and 

rate of dienes formation (p=0.024). The total dienes production after smoking cessation for 12 months 

decreased while dienes production increased in all other groups. When the absolute changes of total 

dienes production were analysed, significant differences with ρ values of 0.020 and 0.001 were found 

when NS and PS respectively were compared with SS. Similar results were obtained when SS and PS 

were compared with 11 never smokers of the NS group. The fatty acid composition of LDL particles 

was also measured at baseline and at the end of the study and showed no significant changes (results 

not shown). 
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Table 2a 
Plasma lipid/lipoprotein concentrations and parameters of LDL oxidation susceptibility in the group of persistent smokers and 

in the non-smokers throughout the study 

Group Persistent smokers (n=31) Non-smokers (n=25) 

T=0 T=12 T=0 T=12 

Parameter 

Plasma lipids and lipoproteins 

Plasma cholesterol (mmol/L) 5 31 ± 0 86 5 57± 0 94 5 37 ± 1 08 5 48 ± 1 18 

HDL cholesterol (mmol/L) 124 ±030 127 ± 0 33 128 ± 0 25 137 ±031 

LDL cholesterol (mmol/L) 3 65 ± 0 84 3 75 ± 0 84 3 70 ± 0 89 3 71 ± 0 97 

VLDL cholesterol (mmol/L) 0 42 ± 0 25 0 55 ± 0 36 0 39 ± 0 33 042 ± 0 3 3 

Plasma triglycerides (mmol/L) 1 27 ± 0 60 1 51 ± 0 69 1 13 ± 0 62 1 21 ± 0 69 

VLDL triglycerides (mmol/L) 0 86 ± 0 56 1 03 ± 0 62 0 75 ± 0 53 0 79 ± 0 61 

LDL oxidation resistance in vitro 

Lag time (mm) 95 24 ±10 96 9127 ±13 65 9413 ±1172 94 33 ±13 24 

Rate (nmol/mg protein/mm) 14 57 ± 2 32 15 05 ± 2 31 15 66 ±221 15 62±182 

Dienes (nmol/mg protein) 636 03 ±66 45 655 13 ±56 59 661 04 ±52 61 662 12 ±48 62 

Data are presented as mean ± SD 

Table 2b 
Plasma lipid profiles (n=17), TBARS concentration (n=19) and parameters ol LDL oxidation susceptibility (n=17) before and 

at different points of time (1,3, 6 and 12 months) after smoking cessation 

Points ol time (t, in months) t=0 t=1 t=3 T=6 T=12 

Parameter 

Plasma lipids and lipoproteins 

Plasma cholesterol (mmol/L)· 5 61 ± 0 91 5 94 ±107· 5 59 ± 0 86 5 84 ± 0 99 5 42 ± 0 93 

HDL cholesterol (mmol/L)·» 120 ± 0 39 134 ±042··· 129 ± 0 40' 123 ±0 30 120 ± 0 34 

LDL cholesterol (mmol/L)· 3 9 2 ± 0 8 3 4 1 2 ± 0 9 3 3 7 6 ± 0 8 3 413±089 3 7 4 ± 0 8 4 

VLDL cholesterol (mmol/L) 049 ± 0 39 0 48 ± 0 30 0 54 + 036 048 ±023 048 ± 0 3 2 

Plasma triglycerides (mmol/L) 1 33 ± 0 68 1 41 ± 0 73 1 45 ± 0 64 1 34 ± 0 49 1 45 ± 0 77 

VLDL triglycerides (mmol/L) 0 86 ± 0 59 0 87 ± 0 52 101 ± 0 57 0 89 ±0 44 102 ± 0 72 

TBARS (nmol/L)· 125 ± 0 23 106 ±033" 107 ± 0 21· 

LDL oxidation resistance in 

vitro 

Lag time (mm) 89 87 ±13 20 91 47 ±14 75 9331 ±11 62 87 77 ±1307 91 79 ±1315 

Rate (nmol/mg protem/mm) 15 30 ± 1 8 2 15 44±105 14 74 ±135 14 99 ±137 14 62 ±146 

Dienes production (nmol/mg 658 41 ± 54 31 662 29 ± 47 49 641 41 ± 42 50 659 75 ± 35 82 634 06 ± 34 60" 

protein)' 

Data are presented as mean ± SD Changes during the whole time period were analysed using Repeated Measurements 

ANOVA and concurrently paired sample Τ tests were used for comparisons between different smoking cessation periods 

and baseline situation · p<0 05 " p<0 01 (Repeated Measurement ANOVA), ' p<0 05, '" p<0 001 (paired sample t-test) 

compared with baseline (t=0 months) 



Figure 1 
Differences m 12 months' change of total plasma cholesterol (mmol/L; Rgure 1a.), rate of dienes formation (nmol/mg 

protein/min; Figure 1b.) and tolal dienes production (nmol/mg protein; Figure 1c.) between the persistent smoking (PS), 

stopped smoking (SS) and non-smoking (NS) group. Mean ± SD is given. 

•p<0.05, " p < 0 . 0 1 
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Analysis of parameters over time in the SS group (Table 2b, Repeated Measurements ANOVA) 
revealed significant changes in cholesterol (p=0 013), HDL (p=0 006) and LDL (p=0 013) cholesterol 
levels and total dienes production (p=0 023) Concurrently, for abovementioned parameters paired t-
tests were applied to compare the values after smoking cessation with baseline values HDL 
cholesterol levels increased significantly one and three month after smoking cessation with p-values 
of respectively 0 001 and 0 041 Cholesterol levels increased (p=0 014) and total dienes formation 
decreased (p=0 025) significantly after respectively 1 and 12 months of smoking cessation Results 
were not different when the additional two successful stoppers who failed to quit after 3 months were 
included Fatty acid composition and vitamin E content of LDL particles did not change after smoking 
cessation (not shown) 

As plasma TBARS concentration is sensitive to environmental changes we only determined plasma 
TBARS shortly after smoking cessation Plasma TBARS concentration in the 19 subjects who 
abstained from smoking during at least three months are presented in Table 2b TBARS concentrations 
significantly declined after 1 (p=0 017 paired sample t-test) and 3 (p=0 016 paired sample t-test) 
months of smoking cessation (p=0 016 when analysed by Repeated Measurements ANOVA) 

Discussion 
This study describes the influence of smoking and its cessation on the in vitro oxidisability of LDL 
particles and on plasma lipid and lipoprotein concentrations We found a transient increase in HDL 
cholesterol levels after smoking cessation No effects on LDL susceptibility for oxidation in vitro was 
found However, concentrations of plasma TBARS declined after quitting suggesting a decrease of in 
vivo oxidation 
In general, studies investigating the effects of smoking on lipids and lipoproteins are difficult to 
interpret as the smoking habit as well as smoking cessation both have implications on lifestyle factors 
and on body weight which may act as confounders These changes in lifestyle factors cannot be ruled 
out properly, probably one of the reasons for the observed research inconsistencies 
In this study the participating groups showed striking similarities with regard to the major characteristics 
and the baseline plasma concentrations of lipids and lipoproteins In accordance with other reports 
(37.38) smokers had a significantly higher weekly alcohol intake and resting heart rate 
After smoking cessation mean weight and waist-hip indices increased significantly, as expected 
(17.39) These changes may at least partly be due to variations in physical activity and feeding pattern 
Special efforts were made only to include subjects without symptomatic atherosclerosis or additional 
cardiovascular risk factors to exclude possible confounding variables such as for example obesity In 
contrast with other studies (16,17), our subjects were not allowed to use nicotine replacement therapy 
during their cessation effort in order to exclude influences of persisting nicotine use (40) The success 
rate after 12 months amounted 36% which is excellent in comparison with studies especially designed 
to improve smoking cessation (41) 

Lagtime and rate of dienes formation, both parameters describing the oxidisability of LDL in vitro, did 
not change when comparisons were made between the SS and NS groups nor within the smoking 
cessation group over time Only the change in rate of dienes production over 12 months in the PS 
group differed slightly but significantly (p<0 05) from the SS group This result is probably accidental as 
it is an isolated finding, due to the multiple comparisons In cross-sectional studies investigating the in 
vitro oxidisability of LDL in smokers and non-smokers no differences were found (24,25) In vitro 



oxidation resistance of LDL was only measured in two smoking cessation studies Our results are in 
accordance with those of Prieme et al (17) who recently desenbed the in vitro oxidisability of LDL in a 
smoking cessation group consisting of both men and women In this study subjects were allowed to 
use nicotine replacement therapy In contrast, in a second older study performed by Sasaki et al (26) a 
longer duration of the lag phase was described in a small group of smokers after quitting for only 1 
week Unfortunately, the study population was only briefly described and no information regarding 
changes in weight and waist-hip ratios after quitting were shown 

The relevance of the significant differences in the total amount of dienes found between groups and 
within the group of stoppers over time is not clear As far as changes occurred they were accidental 
and within the total (= biological and analytical) variation There were no differences in falty acid 
composition and vitamin E content of LDL particles between groups nor were there any changes after 
smoking cessation However, minor changes in the composition of LDL particles cannot be ruled out 
Although no differences in oxidation resistance of LDL particles in vitro could be found, lipid 
peroxidation products, as determined by measurement of plasma TBARS, diminished significantly in 
the first three months of smoking cessation 

Our findings suggest that the in vivo oxidation is not reflected by the in vitro oxidisability of LDL This 
might point towards shortcomings of the methods used to evaluate oxidation processes As we only 
determined plasma TBARS in the smoking cessation group, changes due to physiological and 
environmental factors cannot be ruled out Another explanation for the discrepancy could be the 
presence of other mechanisms which lead to decreased in vivo oxidative stress In addition to serum 
proteins, erythrocytes and other lysophyhc and polar antioxidants, recent evidence (42,43) suggests 
that HDL can inhibit LDL oxidation 
Although in a large meta-analysis described by Craig et al (10) smokers showed higher values of 
plasma total and LDL-cholesterol and plasma triglycerides, the baseline values in our groups were 
similar Analysis of the changes in measurement parameters during the study revealed a slight but 
significant change in total plasma cholesterol levels between the PS and SS In contrast, in the SS 
group total plasma cholesterol was unchanged after 12 months but increased significantly after 1 
month of smoking cessation (Table 2b ) Therefore, from these data no definitive conclusions can be 
drawn A transient increase in HDL cholesterol was found which disappeared after 3 months of 
smoking cessation Significant changes in LDL cholesterol analysed by the Repeated Measurements 
ANOVA disappeared when the values measured at the various points of time were compared with 
those at baseline These results are in accordance with most other studies concerning the effect of 
smoking cessation on lipid and lipoprotein concentrations (14,18) One possible explanation for the 
absence of changes in LDL cholesterol and the only transient increase in HDL cholesterol could be the 
modification of lifestyle factors (44) Quenselatal (45) described unchanged HDL cholesterol 
concentrations after smoking cessation for two weeks in 12 subjects who maintained a constant diet 
and did not gam weight 

In conclusion, neither the previously reported increased cardiovascular risk in smokers nor the 
decreased risk in quitters seem to be mediated by permanent changes in lipid profiles or in LDL 
oxidisibility in vitro 
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The effect of smoking and its cessation on fibrinolytic variables in apparantly 
healthy cigarette smokers 

Abstract 
The pathophysiological mechanisms which explain the increased cardiovascular risk in smokers as well 

as the processes involved in the rapid risk reduction after smoking cessation have not been elucidated 

We compared fibrinolytic parameters between smokers and non-smokers and continued to follow these 

parameters after smoking cessation 

In 44 habitual smokers (with the intention to quit) and 34 non-smokers, all without other cardiovascular 

risk factors and without symptomatic atherosclerotic disease, tissue plasminogen activator (t-PA) 

antigen and activity, plasminogen activator inhibitor (PAI-I) antigen and urokinase type plasminogen 

activator antigen (u-ΡΑ) were measured before and after standardised venous occlusion These 

fibrinolytic parameters were also measured in successfully stopped smokers 1 and 6 months after 

smoking cessation and in 18 non-smokers with an interval of 6 months Smoking cessation was 

controlled by measuring urinary cotmme levels 

Compared with non-smokers smokers had significantly lower t-PA activity (median respectively 37 0 and 

26 0 lU/ml, p<0 05) and lower delta (post-venous occlusion minus pre-venous occlusion value) u-PA 

(median respectively 018 and 0 09 ng/ml, p<0 05) After 6 months of smoking cessation post-occlusion 

PAI-I antigen levels increased (median 9 9,12 7 and 14 9 ng/ml before and 1 and 6 months after 

quitting respectively) and t-PA activity decreased (median 30 4,21 6 and 27 7 ID/ml before and 1 and 6 

months after stop smoking respectively) 

In conclusion, there are differences in fibrinolytic parameters between smokers and non-smokers which 

may contnbute to the increased cardiovascular risk in smokers In our study 6 months of smoking 

cessation did not favourably alter fibrinolysis in a small group of healthy smokers without concomitant 

cardiovascular risk factors 

Introduction 
Smoking is the most important preventable cardiovascular risk factor The responsible 

pathophysiological mechanisms which explain the increased risk in smokers (1) and the rapid risk 

reduction after smoking cessation (2,3) have not been elucidated 

In smokers arterial thrombosis in the presence of only moderate atherosclerotic changes are 

considered to be responsible for the development of cardiovascular disease (4,5) This suggests the 

involvement of the haemostatic system 

In recent years considerable research was focused on the contribution of impaired fibrinolysis in the 

development of cardiovascular diseases Especially tissue plasminogen activator (t-PA) and 

plasminogen activator inhibitor I (PAI-I) were subject of investigation Indeed, PAI-1 was found to 

contribute as a significant risk factor for re-infarction in young survivors of myocardial infarction (6) 

Alterations in fibrinolytic parameters have been described in smokers although the results are 

inconclusive (7-11) 

No longitudinal studies are available in which fibrinolytic variables were followed after smoking 

cessation 



Therefore we repetitively measured fibrinolytic parameters before and after venous occlusion in a group 
of smokers and of non-smokers and compared them with the results in a group of smokers after 
documented smoking cessation 

Subjects and Methods 
Subiects 
Participants were recruited by a call in a weekly paper in the surroundings of Nijmegen, a medium-sized 
city (150 000 inhabitants) in The Netherlands Forty-four smokers (S) and 34 non-smokers (NS), 20-50 
years of age, were included The selected smokers had been smoking at least 5 cigarettes per day for 
at least 5 years The non-smokers had either never smoked or had smoked maximally 3 cigarettes per 

112 day for at most 1 year and this smoking period was at least 5 years prior to the current study 

All participants filled in a questionnaire concerning their health and smoking behaviour and underwent a 
I thorough physical examination, including a blood survey (measurement of plasma glucose and fasting 
| total cholesterol and triglyceride concentration), electrocardiogram (ECG) and determination of ankle-
8. arm indices (AAI) to check if they met the inclusion criteria 
J" Much attention was paid to select participants with a minimum of atherosclerosis to study the effects of 
I cigarette smoking only Therefore, the following criteria for exclusion were applied 1 ) demonstrated 
? cardiovascular diseases, 2) history of deep venous thrombosis or pulmonary embolism, 3) arrhythmias 
a others than sporadic (supra Jventncular extrasystoles on ECG, 4) use of any medicine including 
f" hormonal replacement therapy, 5) plasma triglyceride concentration (TG) exceeding 2 5 mmol/l, 6) 
| cardiovascular risk factors defined as obesity (Body mass Index > 30 kg/m2 ), hypertension (systolic 

blood pressure exceeding 160 mm Hg and/or diastolic blood pressure exceeding 95 mm Hg, the mean 
of at least 2 readings in supine position after 5 minutes of rest was used), diabetes mellitus or non-
fasting plasma glucose > 111 mmol/l, hypercholesterolaemia (total plasma cholesterol >6 5 mmol/l) or a 
decreased AAI (AAI < 0 80) 
The Medical Ethics Committee of the University Hospital of Nijmegen gave their approval to this study 
Written informed consent was obtained from all participants 

Study-design 
Eighteen of the 34 non-smokers were invited twice with an interval of 6 months, the remainder were 
studied once 
The smokers were examined before and 1 and 6 months after smoking cessation Except for the first 
visit, morning urine samples were collected in this group at every visit for colmine measurements 
Testing was performed after an appropriate night rest Vigorous excercise within the previous 24 hours 
was not allowed Smokers were asked not to smoke 1 hour prior to the first investigation and all 
participants were further asked not to consume alcohol or caffeine containing beverages from 12 hours 
before all the following examinations Subjects were advised to consume a light breakfast on the 
morning of attendance Tests were postponed if the subjects suffered from intercurrent diseases or had 
used medication in the preceding 10 days 
At every visit subjects answered questions about their health, physical exercise, use of medication 
including nicotine replacement therapy and smoking behaviour Moreover standardised measurements 
of body weight and waist-hip ratios were performed 



Smoking cessation 
The smokers stopped smoking after the first visit. They were not allowed to use nicotine replacement 
therapy during the whole study period. Smokers were contacted weekly in the first three months and 
subsequently every fortnight to support their cessation effort. 
Only subjects who stated being completely abstinent and of whom cotinine concentration in the urine 
was below 300 ng/ml were included for further analysis. 

Blood collection 
Blood sampling was carried out between 9.00 and 10.00 a.m. after a rest period of at least 20 minutes in 
sitting position. To avoid stress all examinations were performed in the same quiet room by three very 
well trained senior laboratory workers. 113 
The first blood sample was taken at the right arm without venous occlusion. The second blood sample 
was drawn from the left arm after exactly ten minutes of venous occlusion at that site with the vein still g 
occluded. The degree of venous occlusion applied was calculated by averaging the systolic and diastolic 's 
blood pressure. Blood pressure was measured twice by a semiautomated oscillometric device (BOSO <= 
Oscillomat) at the left arm after the first venapunction. 
Blood was collected into the following vacuum tubes (9 volumes of blood +1 volume of.anticoagulant) 
which were placed on crushed ice before and during the procedure: 1) siliconized glass tubes containing 
the anticoagulant-antiplatelet CTAD solution (3.8% trisodium citrate, theophylline, adenosine, 
dipyridamol; Diatube® H, Diagnostica Stago, Asnières, France) for fibrinolytic antigen determinations; 2) 
tubes containing 0.5 ml 0.5 M citrate buffer, pH 4.3 (Biopool® Stabilyte tubes, Biopool, Umeâ, Sweden) 
for measurements ol t-PA activities and 3) tubes containing EDTA for analysis of full blood count. Blood 
was collected after systematic rejection of the first 3 ml and centrifuged for 20 minutes at 4000 χ g 

(except for the EDTA blood that was analysed immediately) at 4 °C yielding plasma which was 

immediately aliquoted and frozen at -70°C until assayed. 

Laboratory measurements 

Cholesterol and triglycerides were determined by commercially available enzymatic reagents on the 

Hitachi 747 analyser (Boehringer Mannheim, Germany: no's 237574 and 1361155). 

Full blood counts and platelet counts were analysed using Bayei® instruments (H2/H3, Bayer 

corporation, Tarrytown, USA). 

Components of the plasminogen activator system 

Antigen levels of the different components of the plasminogen activator system were determined with 

the ELISA format as described by Grebenschikov et al. (12,13). This sandwich assay is suitable for 

measuring uPA, PAM and tPA in one experimental setup. The composition of the buffers was as 

follows: coating buffer: 15 mmol/L Na2C03 and 35 mmol/L NaHCOs, pH 9.6; phosphate buffered saline 

(PBS): 14 mmol/L NaCI, 2.7 mmol/L KCl, 1.5 mmol/L KH2PO4 and 8.1 mmol/L Ι ^ Η Ρ Ο φ pH 7.4; 

blocking buffer: 1% BSA in PBS; washing buffer: 0.1% Tween-20 in PBS; dilution buffer: 1% BSA in 

washing buffer; colour buffer: phosphate-citrate buffer capsule with sodium perborate (Sigma) in 

deionized water; substrate solution: contained 4 mg OPD in 11 ml colour buffer. All incubation steps 

were separated by washing steps (4 times, 300 μΙ of washing buffer per well). The coating antibody 

(Ab) was diluted in the coating buffer, whereas catching, tagging and detecting Abs as well as 



standards, unknowns and reference samples were diluted in the dilution buffer (100 μΙ per well) The 

procedure started with treating the microliter plates with coating antibody (duck α-chicken IgY, overnight 

at 4°C), whereafter the plates were blocked with BSA (2 h at 37 °C) The next step was the incubation 

with capture antibody (chicken a-analyte, 2 h at 37 0C) The incubation with the unknowns, reference 

samples and the standards took place overnight at 4 0 C The incubation with trapping antibody (rabbit 

a-analyte) as well as the subsequent incubation with detecting antibody (goat α-rabbit labelled with 

HRP) were performed for 2 h at ambient temperature The incubation with substrate solution was 

performed in darkness for 30 mm at ambient temperature. Color reaction was stopped by the addition of 

H2SO4 and the optical density was measured at 492 nm within 30 mm In each run, a reference 

preparation was run to check between-assay variability and to monitor overall performance (14) Prior to 

1 1 4 the assay samples were diluted 50x for tPA and 10Ox for uPA 

The t-PA activity was measured with the Coaset® t-PA method (Chromogemx AB, Molndal, Sweden) 

f The assay was carried out essentially according to the manufacturers prescription m microplates 

S In Short, diluted patient plasma samples and t-PA standard samples (included in the testkit) were 

8. incubated with human plasminogen, plasmm-sensitive chromogemc substrate (S2251 ) and a test-

j specific t-PA stimulator (3 mg/ml fibrin and fibrinogen fragments) for a standardised time (2 hours) 

I During incubation, plasminogen is converted by t-PA to plasmm that releases the yellow-coloured p-

¥ nitroanilme from the chromogemsc substrate The reaction is stopped with 20 % acetic acid and the 

ï absorbance is measured with a microplate reader at 405 nm 
"f The von Willebrand Factor antigen (vWFag) concentration was measured with an ELISA method 
I (Asserachrom® vWF, Stago, Asmere, France) and expressed as percentage of vWFag content of 

normal pooled plasma The assay was performed according to the manufacturer prescription 
The concentration of clottable fibrinogen was measured with the Clauss method (15) on a STA analyser 
(Stago, Asmere, France). 

Specificity, sensitivity and accuracy 
The u-ΡΑ assay detects all forms of u-ΡΑ including low molecular weight (LMW)-u-PA, high molecular 

weight (HMW)-u-PA, pro-u-PA, receptor bound u-ΡΑ and u-ΡΑ complexed with PAI-1 and PAI-2. The 

analytical and functional sensitivities for u-ΡΑ are 0 013 ng/ml and 0 027 ng/ml, respectively 

In the PAI-1 assay latent and active forms of PAI-1 as well as PAI-1 complexes are detected, the 

analytical and functional sensitivities are 0 010 ng/ml and 0 019 ng/ml, respectively. 

The tPA assay measures sc-tPA, tc-tPA and tPA complexed with PAI-1 and PAI-2 The analytical and 

functional sensitivities are 0 017 ng/ml and 0 026 ng/ml, respectively 

For estimation of the accuracy of the method lyophilized reference preparations (101094 for u-ΡΑ and 

PAI-1,040297 for t-PA) For u-ΡΑ the within- and between-run coefficient of variation (CV) was 4 0% 

and 9 2%, respectively For PAI-1 these values were 2 0% and 12 2%, for t-PA 3 3% and 10 7% 

respectively 

The Coaset® t-PA activity assay measures the t-PA that is not bound to inhibitors and that is capable to 

convert plasminogen m plasmm The assay allows detection of 0,1 IU/ml The inter-and mtra-assay 

variation was less than 5% 



Urinary nicotine metabolites 

Concentrations of cotinine and 3-hydroxycotinine, both metabolites of nicotine, in urine samples were 

determined by the commercially available Double Antibody Nicotine Metabolite kit (EURO/DPC Ltd, 

United Kingdom: quality system ISO 9001/EN29001/BS 5750 part I) using liquid-phase 

radioimmunoassay. Intra- and inter-assay coefficients of variation were less than 10%. On the basis of 

data received from the provider of the kit we defined that subjects with urinary nicotine metabolite 

concentrations exceeding 300 ng/mL were considered smokers. 

Statistical analysis 

Venous occlusion is invariably accompanied by haemoconcentration by extrusion of predominantly 

crystalloids from the intravascular to extravascular compartment. Therefore, to compare plasma protein 

concentrations before and after venous occlusion all post-occlusion values have been corrected for the 

effect of haemoconcentration as recommended by Wieczorek et al. (16) using the following formula: 

Correction factor = Hti (1- 0.9 χ Ht2)/Ht2 (1- 0.9 χ Hti) with Hti and H t representing haematocrit prior to 

and after venous occlusion respectively. 

Groups were compared using Mann Whitney U test. For comparisons within groups Wilcoxon signed 

rank test for 2 related samples after Friedman two way ANOVA by ranks test was applied (Statistical 

Product and Service Solutions (SPSS) package, release 6.1.3). Only the participants who completed the 

study successfully were enclosed for further analysis. 

Results 
Comparison of baseline data between smokers and non-smokers 

Baseline characteristics of the participating smokers and non-smokers are shown in Table 1. Estimated 

median cigarette exposure among smokers was 16.7 packyears (range 1.0-52.8; calculated by 

Tablet 
Subjects' baseline characteristics expressed as median (range). 

Characteristic/group Smokers (n=44) Non-smokers (n=34) P-value ' 

Age (years) 

Number of males/females 

Alcohol intake (unils/week) 

Length (m) 

Weight (kg) 

Body Mass Index (kg/m2) 

Systolic blood pressure (mmHg) 

Diastolic blood pressure (mmHg) 

Heart rate (beats/mm) 

Plasma cholesterol (mmol/1) 

Plasma glucose (mmol/l) 

Plasma creatinine (μπιοΙ/Ι) 

Plasma triglycerides (mmol/l) 

Right ankle-arm index 

Left ankle-arm index 

Waist-hip ratio 

39 (23-50) 

24/20 

5 (0-60) 

1.78(1.60-2.00) 

74.9 (48-96.8) 

23.1 (16.1-30.0) 

123(108-157) 

78(61-90) 

64(48-100) 

5 0 (3.3-6.5) 

4.9 (3.8-6.9) 

86(65-112) 

1.09(0 30-2 50) 

1.16(1.00-140) 

1.16(1.00-1.30) 

0.91 (0.80-1.00) 

40 (29-50) 

17/17 

2 (0-28) 

1.74(1.60-2 00) 

69.2 (60.3-98.0) 

23.1 (18.6-29.9) 

126(105-152) 

77 (63-93) 

60 (48-84) 

4.8 (3.0-6.2) 

4.6 (3.5-7.9) 

86(69-103) 

0.79 (0.40-2.00) 

1.13(0.90-1.30) 

1.14(1.00-1.30) 

0.88(0.80-1.00) 

<0.05 

<0.05 

<0.001 

' between groups (Mann-Whitney U test) 



multiplying the number of packs smoked per day with the number of years smoked and assuming that 1 

pack contains 25 cigarettes) In the non-smoking group 31 subjects had never smoked Only small but 

significant differences were found in weekly alcohol intake (p=0 049) and heart rate (p=0 045) between 

groups Smokers had a median plasma triglyceride level of 1 09 (range 0 30-2 50) which was 

significantly higher compared with the median of 0 79 (range 0 40-2 00) measured in non-smokers 

Comparison of fibrinolytic data between smokers and non-smokers 

In Table 2 pre- and post-occlusion fibrinolytic parameters measured at baseline are shown After venous 

occlusion haematocnt rose with 18% in smokers and with 16% in non-smokers 

Except for plasma PAI-1 antigen, plasma levels of all measured fibrinolytic variables increased after 

occlusion (p<0 001) Plasma PAI-1 antigen decreased significantly after occlusion (p<0 001) 

Smokers had lower post occlusion plasma t-PA activity levels (p=0 02) compared with non-smokers 

Delta (post-occlusion minus pre-occlusion value) u-ΡΑ was significantly lower (p= 0 028) in smokers 

(median 0 09 ng/ml, range -0 2-0 5) compared with non-smokers (median 018 ng/ml, range -01-0 5) 

Evaluation after 6 months in smokers who stopped smoking and those who remained non-smoking 

Nineteen from the 44 smokers stated that they had stopped smoking untili the 6 months investigation 

However, 3 subjects were excluded for further analysis because their urinary colmine levels exceeded 

300 ng/ml which suggests that they still smoked One subjects was excluded because he used a ß-
blocker during the study Therefore, 15 subjects (34%, 9 males and 6 females, median age 36 years 
with range 27-49 years) were eligible for further analysis 
From the eighteen non-smokers who were measured twice, 3 subjects were excluded because of use of 
medication analgetics and hormonal replacement therapy Comparisons of baseline characteristics of 
the remaining 15 non-smokers (9 males and 6 females, median age 38 years with range 2949 years) 
with those of the 15 successful stoppers still revealed higher values for weekly alcohol intake (p=0 04), 
heart rate (p=0 03) and plasma tnglycendes level (p=0 001) 
After 6 months of smoking cessation fibrinolytic variables as well as the effects of venous occlusion on 
these parameters were not different from the values measured in the group of non-smokers at the same 
time Figure 1a and 1b show respectively post-occlusion PAI-1 antigen and tPA activity measured in 
both groups after different time intervals to illustrate these findings 
Post-occlusion plasma levels of fibrinogen as well as of VWF were similar in smokers (fibrinogen 2840 
\igM (2120-4450), VWF 102 % (80-224)) and in non-smokers (fibnnogen 2550 pg/ml (1950-3120), 
VWF 96 % (48-208)) at baseline and remained unchanged after smoking cessation 

Comparisons within the group of successfully stopped smokers 
After smoking cessation body weight increased significantly (p<0 001) from 74 3 kg before to 79 3 and 
80 0 kg respectively after 1 and 6 months Hip-waist indices and the level of plasma triglycerides did not 
change significantly Smoking cessation had no influence on delta (Δ) u-ΡΑ antigen nor on the delta 

values of the other measured fibrinolytic variables After smoking cessation only a significant increase in 

post-occlusion PAI-1 antigen concentration (p=0 022) as well as a significant decrease in t-PA activity 

(p=0 017) was found using Friedman two way ANOVA by ranks Subsequent comparisons with baseline 

values by Wilcoxon signed rank tests only revealed a significant increase in post-occlusion PAI-1 



TableZ 
Pre- and post-occlusion values of fibrinolytic parameters in a group of smokers (n=44) and a comparable group of non-

smokers (n=34) Results expressed as median (range) 

Group Smokers (n=44) Non-smokers (n=34) P-value' 

Fibrinolytic variable 

Plasma u-ΡΑ antigen (ng/mlj 

Before venous occlusion 1 0 (0 6-1 5) Π 1 0(0 7-1 6) Π t 10(07-16) η t 

J 12(07-18) J After venous occlusion» 11(0 8-15) J 12(07-18) J Δ<005 

Plasma PA11 antigen (ng/ml) -| "17 

Belore venous occlusion 13 8 (4 4-63 9) 

After venous occlusion' 12 2 (3 8-58 3) 

Plasma t-PA antigen (ng/ml) 

Π . 118(39-517) Π , 

J 101(3 0-52 4) J 

Before venous occlusion 

After venous occlusion' 

t-PA activity (IWml) 

After venous occlusion' 

Plasma t-PAJPAI-1 ratio 

Before venous occlusion 

Alter venous occlusion· 

31 (1 6-5 9) Π , 

12 3(31-501) J " 

26 0(10-124 2) 

02(01-06) η 

09(02-57) J * 

27(13-7 4) Π φ 

14 0(4 5-39 7) J 

37 0(5 4-981) 

03(01-07) η 

16(02-67) J * 

<0 05 

• Values after venous occlusion were corrected for haemoconcentration t between groups (Mann-Whitney U test), Δ 

indicates the difference between the change in pre- and post-occlusion value between groups, the brackets indicate the 

difference between the pre- and post-occlusion values, ' p<0 001 (Wilcoxon signed rank test) 

antigen (p=0 036) and a significant decrease in t-PA activity (p=0 047) after 6 months of quitting The 

significant changes are shown in Figure 1. 

Discussion 
In this study we examined the effect of smoking on fibrinolytic parameters in a well defined low risk 

population. We found that in apparently healthy smokers post-occlusion t-PA activity as well as delta u-

PA were decreased when compared with the non-smoking group. From these findings we conclude that 

fibrinolytic changes may be involved in the increased cardiovascular risk in smokers. After 6 months of 

smoking cessation only post-occlusion t-PA activity decreased and PAI-I antigen levels increased. The 

relevancy of these significances have to be interpreted cautiously because of the small number of 

observations in a probably low risk population and the wide range in the data of the post-occlusion 

fibrinolytic parameters. 



Figure 1.: 
Levels of PAI-1 antigen (Figure 1a) and t-PA activity (Figure 1b) after venous occlusion in smokers (n=15) before and 1 and 

6 months after smoking cessation and in non-smokers (n=15) with a time interval of 6 months. 

' p<0 05 (Wilcoxon signed rank test) 

Figure la Post-occlusion PAI-1 antigen concentration 
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Fibrinolytic parameters were determined before and after venous occlusion Blood was drawn from the 

right arm before occlusion and from the left arm after venous occlusion at that site to avoid the effect of 

venapuncture All tests were performed according to a strict protocol and in the absence of stress by 

only three laboratory technicians to avoid confounding PAI-I levels decreased (p<0 001) while all other 

fibrinolytic variables significantly increased (p<0 001) after venous occlusion This is in accordance with 

the study of Stegnar et al (17) who studied the fibrinolytic response to venous occlusion in healthy 

subjects 

Except for post-occlusion t-PA activity, pre- and post-occlusion fibrinolytic variables were not different 

between smokers and non-smokers Our data are in accordance with those presented by Maire et al 

(7) and Gris et al (9) and in contrast with those presented by Simpson et al (8) Simpson et al (8) 

measured fibrinolytic parameters before and after venous occlusion in 18 non-smokers and 18 smokers 

and found increased pre-occlusion PAI-I antigen levels in smokers 

Our findings of the lower t-PA activity in smokers are in accordance with the findings of Allen et al (10) 

Impaired fibrinolysis by decreased t-PA activity may be of importance to explain the cardiovascular risk 

in smokers by an increased risk of arterial thrombosis 

Except for u-ΡΑ antigen we did not find differences in delta (post-occlusion minus pre-occlusion value) 

figures between smokers and non-smokers These results are consistent with the data described by 

Simpson et al (8) and in contrast with the results of the study performed by Gris et al (9) in which delta 

values of t-PA and PAI-I antigen levels were significantly lower in 21 smokers compared with the figures 

measured in 20 non-smokers 

The observed attenuated response of u-ΡΑ to venous occlusion in smokers is not previously described 

in literature as far as we know Urokinase type plasminogen activator may play a pathogenetic role in 

thromboembolic processes as the response of u-ΡΑ to desmopressin infusion was decreased in patients 

with a first episode of deep venous thrombosis (18) 

This is the first prospective study in which the effect of smoking cessation on fibrinolytic variables is 

described We expected an increase of the fibrinolytic potential after smoking cessation Instead, in our 

study 6 months of smoking cessation was associated with a decrease in post-occlusion t-PA activity and 

with an increase in post-occlusion PAI-I antigen concentration, both changes which contribute to 

impaired fibrinolysis In accordance to literature (19,20) smoking cessation was accompanied by 

significant weight gam in our study Furthermore, the smokers in our study had a higher weekly alcohol 

intake, a higher resting heart rate and a higher level of plasma triglycerides compared with the non-

smokers These differences between smokers and non-smokers have also been described in literature 

(8,10,21-24) 

As fibrinolytic variables are known to be affected by life-style factors (25-29), increased body weight in 

addition to the other (expected) changes in life-style factors may explain the apparently unfavourable 

changes in fibrinolytic parameters after smoking cessation As increased body weight (and probably also 

the other altered life-style factors) gradually return to basis after smoking cessation (30) the 

unfavourable effects on fibrinolytic variables may vanish in the long-term 

Our study population was highly selected as it consisted of a group of young and middle-aged smokers 

who did not suffer from symptomatic atherosclerotic disease or from other cardiovascular risk factors 

except for smoking The cardiovascular risk in this group of smokers probably is very low This, in 

addition to the considerable range in the data of the fibrinolytic variables after venous occlusion (see 
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Figure 1) and the small number of successfully stopped smokers necessitates cautiousness regarding 
the observed significances. 
We conclude that there are differences in fibrinolytic parameters between smokers and non-smokers 
which may contribute to the increased cardiovascular risk in the former group. In our study six months of 
smoking cessation did not favourably alter fibrinolysis in a small group of asymptomatic smokers without 
concomitant cardiovascular risk factors. 
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Summary and conclusions 

Tobacco smoking has been introduced in Europe in the 15,h century by Christopher Columbus Ever 

since then, the positive and negative health consequences of smoking have been debated It has 

become evident that smoking is the most important preventable cardiovascular risk factor Furthermore 

smoking contributes to the development of many other diseases including cancer and chronic 

obstructive pulmonary diseases 

The pathophysiological mechanisms which are involved in the increased cardiovascular risk among 

smokers have not been elucidated Changes in arterial wall function and structure as well as changes in 

blood properties may all play a role 

In this thesis, we tried to reveal these processes by identifying differences between habitual smokers 125 

and non-smokers in arterial wall and blood properties Moreover, these factors were followed 

longitudinally after smoking cessation ω 

I 
3 

The disease processes which explain the excess of cardiovascular morbidity and mortality in smokers · ! 

are mainly unknown In chapter2 (part I) we focussed on the current knowledge of the effects of R 

smoking and its cessation on systems which are supposed to be involved Changes in arterial wall | 

function and structure as well as changes in blood lipids, haemostatic and endothelial function may all f 

play a role § 

Smoking cessation is the most effective action in preventing smoking related illness However, only 2% of 

smokers quit successfully after being advised lo stop by a physician Although the medical profession 

should play a leading role in campaigns to stop smoking, general practitioners in the Netherlands gave 

advise to stop smoking to only 10% of the smokers who visited their surgeryi In chapter2 (part II) an 

overview is presented of the various aids that can be used to support smoking cessation attempts TTiree 

aids have proven long-term (more than 6 months) effectiveness supportive counselling, nicotine 

replacement and bupropion chloride with success rates of 5%, 3-13% and 11 -15% of the attempts, 

respectively Supportive counselling combined with nicotine substitutes or bupropion chloride is the most 

worthwhile intervention to support quitting attempts Wider application of these aids is expected to have 

major implications on morbidity and mortality in the Netherlands 

To design other therapeutical regimens for prevention and treatment of cardiovascular diseases in 

smokers, insight in the pathophysiological mechanisms seems inevitable Studies in which the outcome 

goals are defined as cardiovascular morbidity and mortality are hardly feasible due to the required 

investigation duration Therefore, secondary endpomts have been defined to shorten the length of time 

in which important research questions can be answered Vascular lumen stenosis and obstruction 

measured by angiography or echo-doppler techniques were initially used for this purpose Nowadays, 

non-invasive studies of arterial wall structure and function, which can both be measured by recently 

developed ultrasound devices, enables the use of large study-populations 

With high-resolution ultrasound the combined thickness of the intimai and medial layer (IMT) of 

peripheral arteries can be estimated reliably The method of IMT measurement is described in chapters 

(part I) Increased IMT especially of the carotid arteries is associated with the presence of several 

cardiovascular risk factors There is also evidence that IMT itself is a risk factor for the development of 

cardiovascular disease Future research will define its role for individual cardiovascular risk assessment 



In chapters (part II) an outline of the arterial wall function measurement is presented. Arterial wall 
function can be determined by calculating cross-sectional compliance (CC) and distensibility coefficient 
(DC). These terms are defined as respectively the absolute and relative change in volume for a given 
change in pressure and can be calculated from the (changes in) arterial diameter during the cardiac 
cycle. Diameters of all large peripheral arteries can be measured by the Wall Track System®, which is 
an echo-tracking device. CC and DC of the carotid arteries decrease with aging. Age has a lesser effect 
on the femoral artery and no effect on the radial artery. This illustrates the heterogeneity of the arterial 
tree. In subjects with a number of cardiovascular risk factors CC and DC are decreased, indicating 
progressive arterial wall stiffening. Recently the first evidence has been reported that these parameters 
can be used for cardiovascular risk assessment. However long-term prospective studies are necessary 

126 before clinical application can be introduced. 

1= Previously, reproducibility figures of CC and DC, measured by a vessel wall movement detector system 
I (Wall Track System®), were only determined in a healthy population. As reproducibility is important 
S during follow-up studies, we performed reproducibility tests in subjects with varying cardiovascular risk 
" i as described in chapter 3 (part III). In 34 subjects who were divided in three groups with varying 
e* cardiovascular risk, measurements were performed twice during one visit and two times with a time 
| interval of at least three days. Reproducibility figures of CC and DC of the common carotid arteries varied 
« between 8 and 12%, and between 13 and 22% for the common femoral artery. Intraobserver, intra- and 

intersession variability were similar in the three groups. From these results we concluded that in our hands 
the reproducibility of dynamic vascular wall properties determined by ultrasound is good. Despite 
differences in the absolute values for CC and DC in groups with increased cardiovascular risk, mean 
reproducibility figures remained at a similar level as previously described in healthy volunteers (10-15%). 

To investigate the effects of habitual smoking on arterial wall dynamics (chapter 4) we determined CC 
and DC of both common carotid arteries, the right common femoral and the right brachial artery in a 
large group of habitual smokers (n=187, of whom 127 had the intention to quit smoking). They did not 
have other cardiovascular risk factors. They were compared with a group of non-smokers (n=56). CC 
and DC of the left common carotid artery were slightly higher (p<0.05) in smokers compared with non-
smokers. However, no differences in the other arteries were recorded between groups. Furthermore, 
stepwise regression analysis revealed no significant contribution of smoking to CC and DC of all 
investigated arteries. Therefore, we concluded that in this study no major changes in large arterial wall 
properties in long-term smokers compared with non-smokers could be demonstrated. 

Although it is known that smoking is associated with an increase in IMT, most studies have been 
performed in heterogeneous groups with many elderly patients that already suffered from 
atherosclerotic diseases or that were known to have concomitant cardiovascular risk factors. The 
purpose of the study which is described in chapter 5 was to assess the effect of only cigarette smoking 
with other cardiovascular risk factors excluded on arterial wall thickness of the carotid and femoral 
artery. IMT of the common and internal carotid artery, carotid bulb and common femoral artery was 
compared between 184 cigarette smokers not having additional cardiovascular risk factors and 56 non-
smokers. The far walls of only the right common carotid artery (smokers (S): 0.77 + 0.17 mm, non-



smokers (NS)· 0.71 ± 0.12 mm), both carotid bulbs (right: S: 1.02 ± 0 39 mm, NS: 0.80 ± 0.28 mm; left: 
S: 0.92 ± 0.33 mm, NS: 0.76 ± 0.26 mm), both internal carotid artenes (right. S. 0.73 ± 0.23 mm, NS. 
0.61 ± 0.19 mm; left'S. 0.63 ± 0.16 mm, NS: 0.56 ± 0 1 9 mm) and especially the right common femoral 
artery (S: 115 ± 0.45 mm, NS. 0 87 ± 0 28 mm) were thickened in smokers. From these results we 
concluded that cigarette smoking only induces arterial wall thickening of the carotid and femoral arteries 
which indicates that early atherosclerosis is already present in asymptomatic chronic smokers 

Smoking cessation rapidly reduces cardiovascular risk To investigate whether changes in arterial wall 
function or structure could play a role in this rapid risk reduction we studied these parameters in a 
prospective follow-up study which is described in chapter 6. Hundred and twenty seven smokers who 
were motivated to quit smoking, 55 non-smokers and 60 persistent smokers participated in this two 127 
years' prospective study Stop smoking was controlled by questionnaires in addition to early morning 
urinary colmine levels. CC and DC as well as IMT of both carotid arteries and of the right common E? 
femoral artery were measured ultrasonographically before and 3,6,12 and 24 months after smoking | 
cessation. The non-smoking and persistent smoking group were measured twice with an interval of 24 ^ 
months. After two years 33 smokers successfully stopped and were eligible for further analysis. From °-
the remaining two groups 6 non-smokers and 5 persistent smokers were lost during follow-up. Chronic § 
smoking and 2 years of smoking cessation did not affect CC and DC. Although at baseline IMT was I 
thicker in smokers, IMT progression was similar in both groups as well as over time within the group of 3 
successful quitters. Two years of smoking cessation was not accompanied by measurable alterations in 
CC and DC. Therefore, in this study, we could not attribute the rapid cardiovascular risk reduction to 
changes in measured structural and functional vessel wall properties. 

Besides changes in arterial walls, alterations in blood composition and properties may be involved in the 
increased cardiovascular risk in smokers. In the current atherosclerosis concept unfavorable lipoprotein 
concentrations and lipoprotein modification (e.g. oxidation) are supposed to play a role In chapter 7 we 
examined lipoprotein concentrations in addition to copper induced oxidisability of low density 
lipoproteins (LDL) and LDL composition in smokers (31 persistent smokers and 47 smokers with the 
intention to quit during the study), non-smokers (n=25) and after smoking cessation. Seventeen subjects 
of the smoking cessation group (36%) managed to quit dunng 12 months. A significant transient 
increase in high density lipoprotein (HDL) cholesterol was observed (from 1.20±0 39 mmol/L up to 
1.34+0 42 mmol/L) after 1 month of smoking cessation which disappeared again after 3 months LDL 
composition and LDL in vitro oxidisability were not different in smokers and after smoking cessation. 
From the results of this study we concluded that neither the increased cardiovascular risk in smokers 
nor the decreased risk in quitters seem to be mediated by permanent changes in lipid profiles or by 
alterations in the susceptibility to in vitro oxidation of LDL 

Studies in smokers revealed arterial thrombosis in the presence of only moderate atherosclerotic 
changes as the cause of cardiovascular disease. This suggests the involvement of the haemostatic 
system We measured fibrinolytic parameters in 44 smokers before and in 15 subjects after 1 and 6 
months of smoking cessation and compared the values with those measured in 34 (respectively 15) 
non-smokers (chapters). Blood was collected before and after a ten minutes' venous occlusion. 
Fibnnolytic parameters were measured in both samples to obtain information at rest and after a local 



stressful stimulus Smokers had lower tissue plasminogen activator (t-PA) activity and the response of 

urokinase type plasminogen activator (u-ΡΑ) on venous occlusion was attenuated. However after 

smoking cessation only a mild increase in plasminogen activator inhibitor I (PAI-I) antigen and a 

decrease in t-PA activity was found after venous occlusion with unchanged pre-occlusion figures. These 

findings have to be interpreted cautiously because of the small number of observations in a probably 

low cardiovascular risk group, and the wide range in data. We concluded that there are differences in 

fibrinolytic parameters between smokers and non-smokers which may contribute to the increased 

cardiovascular risk in smokers In our study 6 months of smoking cessation did not favourably alter 

fibrinolysis in a small group of healthy smokers without concomitant cardiovascular risk factors. 

1 2 8 In summary, in this thesis we could not explain the increased cardiovascular risk in smokers and the 

rapid demmution after smoking cessation by alterations in arterial wall function and structure or by 

£ changes in blood lipids, LDL oxidisability and haemostatic factors Whether smoking directly or indirectly 

J (by inducing other cardiovascular risk factors) influences cardiovascular disease processes remains an 

I important research question 
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Samenvatting en conclusies 

Het roken van tabak werd in de vijftiende eeuw door Christopher Columbus in Europa geïntroduceerd. 
Vanaf die tijd zijn zowel de positieve als de negatieve gevolgen van roken onderwerp van discussie 
geweest. Het is duidelijk geworden dat roken de belangrijkste te vermijden risicofactor voor hart- en 
vaatziekten is. Verder draagt roken bij aan het ontstaan van vele andere ziektes waaronder kanker en 
chronische longziektes. 
De pathofysiologische processen die betrokken zijn bij het verhoogde risico op hart- en vaatziekten bij 
rokers zijn niet duidelijk. Zowel veranderingen in vaatwand functie en structuur als veranderingen in het 
bloed kunnen een rol spelen. 
In dit proefschrift hebben we geprobeerd deze processen op te helderen door verschillen in bloed- en 
vaatwandeigenschappen aan te tonen tussen rokers en niet-rokers. Bovendien werden deze factoren in 
de tijd vervolgd na stoppen met roken. 

De ziekteprocessen die het hoge ziekte- en sterftecijfer als gevolg van hart- en vaatziekten bij rokers 
zouden kunnen verklaren zijn grotendeels onbekend. In hoofdstuk 2 (deel I) besteden we aandacht aan 
de huidige kennis betreffende de invloed van roken en het stoppen ermee op de systemen waarvan we 
denken dat ze erbij betrokken zijn. Veranderingen in de functie en structuur van de vaatwand evenals 
veranderingen in het vetgehalte van het bloed, bloedstolling en endotheel functie kunnen allemaal een 
rol spelen. 

Het stoppen met roken is het meest effectieve middel om de aan roken gerelateerde ziektes te 
voorkomen. Jammer genoeg slaagt slechts 2% van de rokers erin hun gewoonte op te geven nadat ze 
van hun arts het advies hebben gekregen om te stoppen. Hoewel medici een belangrijke rol zouden 
behoren te spelen in anti-rook campagnes, geven huisartsen in Nederland slechts in 10% van de 
contacten met rokende patiënten het advies om te stoppen! In hoofdstuk2 (deel II) wordt een overzicht 
gegeven van de verschillende hulpmiddelen die gebruikt kunnen worden om stoppogingen te 
ondersteunen. Drie ervan hebben bewezen effectiviteit op langere (meer dan 6 maanden) termijn: 
ondersteunende begeleiding, nicotine vervangers en bupropion chloride, met een succespercentage 
van respectievelijk 5%, 3-13% en 11-15 % van de stoppogingen. Begeleiding gecombineerd met 
nicotinevervangers of bupropion chloride is de meest waardevolle interventie om pogingen tot stoppen 
met roken te ondersteunen. Grootschaliger toepassing van deze hulpmiddelen zal naar verwachting van 
grote invloed zijn op ziekte en sterfte in Nederland. 

Om andere therapeutische regimes te ontwikkelen voor de preventie en behandeling van hart- en 
vaatziekten bij rokers is het noodzakelijk inzicht te verkrijgen in de pathofysiologische processen die 
erbij betrokken zijn. Onderzoek met als doel het meten van hart- en vaatziekte en sterfte zijn nauwelijks 
uitvoerbaar vanwege de noodzakelijke lange duur van de studies. Daarom zijn er andere doelen 
geformuleerd om belangrijke onderzoeksvragen op kortere termijn te kunnen beantwoorden. 
Aanvankelijk werden voor dit doel vaatwand vernauwing en verstopping gemeten middels angiografie of 
echo-doppler technieken. Tegenwoordig is het mogelijk vaatwand structuur en functie niet-invasief in 
grote doelgroepen te bestuderen middels recent ontwikkelde ultrageluids apparatuur. 



De dikte van de (gecombineerde) intima en media laag (IMT) van perifere vaten kan met behulp van 
hoge-resolutie ultrasone golven betrouwbaar worden gemeten. De methode waarmee IMT is gemeten 
wordt beschreven in hoofdstuk 3 (deel I). Toegenomen IMT van vooral de halsslagader is geassocieerd 
met verschillende risicofactoren voor hart- en vaatziekten Er is bewijs dat IMT zelf ook een risicofactor 
is voor de ontwikkeling van hart- en vaatziekten. Verder onderzoek zal bepalen welke rol IMT speelt in 
het inschatten van het risico op hart- en vaatziekten bij een individu. 

In hoofdstuk 3 (deel II) wordt het meten van de vaatwand functie beschreven. De functie van de 
vaatwand kan worden uitgedrukt in cross-sectionele (overdwarse) comphantie (meegaandheid; CC) en 
distensibihteits (stijfheids) coefficient (DC). Deze termen worden gedefinieerd als respectievelijk de 

132 absolute en relatieve volume verandering per druk verandering. Deze kunnen worden berekend uit de 
veranderingen in diameter van het vat tijdens de hartcyclus De diameters van alle grote perifere vaten 

S kunnen worden gemeten met behulp van het Wall Track System® ("echografisch vaatwand detectie 
| systeem") CC en DC van de halsslagader nemen af bij het ouder worden. Leeftijd heeft een minder 
8 sterk effect op de liesslagader en helemaal geen effect op de polsslagader Dit illustreert de 
® verscheidenheid van het slagaderlijk systeem. In proefpersonen met een aantal risico factoren voor 
I hart- en vaatziekten zijn CC en DC sterk verminderd, hetgeen wijst op voortschrijdende aderverkalkmg 
§ Recent is het bewijs geleverd dat deze parameters inderdaad gebruikt kunnen worden voor het 
| vaststellen van het risico op hart- en vaatziekten Lange termijn onderzoek is echter nodig alvorens 

klinische toepassing verantwoord is. 

Tot voor kort waren reproduceerbaarheidsgegevens van CC en DC, gemeten met behulp van een 
systeem waarmee vaatwandbewegmg kan worden vastgesteld (het Wall Track System®), alleen 
bepaald bij gezonde proefpersonen Aangezien reproduceerbaarheid belangrijk is in "follow-up" 
onderzoek, voerden we reproduceerbaarheidsonderzoek uit bij proefpersonen met verschillende risico 
factoren voor hart- en vaatziekten, zoals beschreven in hoofdstuk 3 (deel III) BIJ 34 proefpersonen die 
werden opgesplitst in drie groepen met verschillende risico factoren voor hart- en vaatziekten werden 
twee metingen uitgevoerd gedurende één bezoek en vervolgens twee metingen met een interval van 
tenminste drie dagen Reproduceerbaarheidsgegevens van CC en DC van de halsslagaders en van de 
rechter liesslagader varieerden respectievelijk tussen 8 en 12 % en tussen 13 en 22 %. Intra-
waamemer en intra- en intersessie variabiliteit waren vergelijkbaar tussen de drie groepen. Uit deze 
resultaten concludeerden we dat in ons onderzoek de reproduceerbaarheid van dynamische 
vaatwandeigenschappen vastgesteld door middel van ultrasone golven goed is Ondanks verschillen in 
de absolute waarden voor CC en DC in groepen met een verhoogd risico, bleven de gemiddelde 
reproduceerbaarheidscijfers op eenzelfde peil als het beschreven onderzoek bij gezonde vrijwilligers 
(10-15%). 

Om de effecten van roken op vaatwand dynamiek te onderzoeken (hoofdstuk 4) bepaalden we CC en 
DC van zowel de halsslagaders, de rechter liesslagader en de rechter polsslagader bij een grote groep 
rokers (n=187, waarvan 127 het voornemen hadden te stoppen) Ze hadden geen andere risico factoren 
voor hart- en vaatziekten Ze werden vergeleken met een groep met-rokers (n=56). CC en DC van de 
Imker halsslagader waren bij rokers iets hoger (p<0.05) dan bij met-rokers. Er werden echter geen 
verschillen tussen de groepen geconstateerd in de andere vaten. Verder bracht stapsgewijze regressie 



analyse geen significant effect van roken aan het licht voor wat betreft CC en DC Op grond daarvan 
concludeerden we dat in dit onderzoek bij rokers vergeleken met met-rokers geen belangrijke 
veranderingen in de eigenschappen van grote vaatwanden konden worden aangetoond 

Hoewel bekend is dat er een relatie bestaat tussen roken en een toename in IMT, zijn de meeste 
onderzoeken gedaan in heterogene groepen bestaande uit voornamelijk oudere patiënten die al 
klachten van aderverkalkmg hadden of waarvan bekend was dat ze leden aan andere risico factoren 
voor hart- en vaatziekten Het doel van de studie, die is beschreven in hoofdstuk 5, was het effect te 
bepalen van sigaretten roken bij rokers zonder andere risico factoren voor hart- en vaatziekten op de 
vaatwanddikte van de hals- en hesslagader Er werd een vergelijking gemaakt tussen de IMT van de 
gemeenschappelijke en interne halsslagader, de bulbus en de hesslagader van 184 rokers zonder 133 

bijkomende risicofactoren en 56 met rokers Alleen de achterwand van de rechter gemeenschappelijke 
halsslagader (rokers (S) 0 77 mm, met rokers (NS) 0 71 ± 012 mm), beide bulbi (rechts S 1 02 ± « 
0 39 mm, NS 080 ± 0 28 mm, links S 0 92 ± 0 33 mm, NS 0 76 ± 0 26 mm), beide interne | 
halsslagaders (rechts S 0 73 ± 0 23 mm, NS 0 61 ± 0 19 mm, links S 0 63 ± 0 16 mm, NS 0 56 ± | 
019 mm) en vooral de rechter hesslagader (S 1 15 ± 0 45 mm, NS 0 87 ± 0 28 mm) waren bij rokers <| 
verdikt Uit deze resultaten concludeerden we dat het roken van sigaretten op zich vaatwandverdikkmg „ 
in de hals- en hesslagader geeft, hetgeen wijst op beginnende aderverkalkmg in chronische rokers g. 
zonder klachten s 

Vi 

Het stoppen met roken vermindert op korte termijn het risico op hart- en vaatziekten Om te 
onderzoeken of veranderingen in vaatwandfunctie of -structuur een rol zouden kunnen spelen bij de 
snelle risico vermindering, bestudeerden we deze parameters in een prospectief "follow-up" onderzoek 
Dit staat beschreven in hoofdstuk 6 Honderd zevenentwintig rokers die echt wilden proberen te 
stoppen, 55 met-rokers en 60 rokers die doorgingen met roken namen aan deze twee jaar durende 
prospectieve studie deel Het stoppen met roken werd gecontroleerd middels vragenlijsten aangevuld 
met bepalingen van het colmine gehalte (afbraak product nicotine) in de ochtendurine CC en DC zowel 
als IMT van beide halsslagaders en van de rechter hesslagader werden met ultrasone golven gemeten 
voor, en 3,6,12 en 24 maanden nadat met roken werd gestopt De groep met-rokers en de groep 
blijvende rokers werden twee maal gemeten met een interval van 24 maanden Na twee jaar waren 33 
rokers definitief gestopt en ZIJ kwamen m aanmerking voor verdere analyse Van de overblijvende twee 
groepen raakten we gedurende de "follow-up" 6 met rokers en 5 blijvende rokers kwijt Chronisch roken 
en twee jaar stoppen met roken had geen effect op CC en DC Hoewel over het algemeen de IMT 
groter was bij rokers, was IMT progressie vergelijkbaar zowel tussen beide groepen als binnen de groep 
van definitief gestopte rokers Twee jaar stoppen met roken veroorzaakte ook geen meetbare 
verandering in CC en DC Om die reden konden wij in ons onderzoek het m snel tempo verminderen 
van het risico op hart- en vaatziekten (epidemiologisch onderzoek) met toeschrijven aan veranderingen 
m de gemeten vaatwand structuur en functie 

Behalve veranderingen m vaatwand functie en structuur kunnen veranderingen m de samenstelling en 
eigenschappen van het bloed een rol spelen in het verhoogde risico bij rokers In het huidige model voor 
aderverkalkmg wordt verondersteld dat lipoprotéine concentraties en veranderingen erin (bv oxidatie) 
een rol spelen In hoofdstuk 7 onderzoeken we lipoprotéine concentraties, koper geïnduceerde 



oxideerbaarheid van lipoprotéines met lage dichtheid (LDL) en LDL samenstelling bij rokers (31 
blijvende rokers en 47 rokers met het voornemen tot stoppen gedurende het onderzoek), met rokers 
(n=25) en op verschillende tijdstippen na stoppen met roken Zeventien proefpersonen (36%) slaagden 
erin werkelijk te stoppen gedurende 12 maanden Een significante tijdelijke verhoging van lipoprotéine 
cholesterol met hoge dichtheid (HDL) werd waargenomen (van 1 20±0 39 mmol/L tot 1 34±0 42 
mmol/L) een maand na het stoppen Drie maanden erna was die verhoging weer verdwenen LDL 
samenstelling en de in vitro oxideerbaarheid van LDL verschilden met tussen blijvende rokers en 
degenen die gestopt waren De resultaten leidden tot de conclusie dat permanente veranderingen in 
lipiden profielen of veranderingen in de in vitro oxideerbaarheid van LDL noch een rol speelden bij het 
verhoogde risico op hart- en vaatziekten bij rokers, noch bij het afgenomen risico na stoppen 
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In studies waren slagaderlijke trombose naast slechts matige aderverkalkmg de oorzaak van hart- en 
S vaatziekten bij rokers Dit wekt het vermoeden dat het stollingssysteem erbij betrokken is We 
·§ bepaalden fibrinolyse parameters in 44 rokers voor en in 15 personen 1 en 6 maanden na het stoppen, 
8 en vergeleken die met de waarden van 34 (respectievelijk 15) met rokers (hoofdstuk 8) Er werd bloed 
| afgenomen voor en 10 minuten na afsluiting van de arm aders Fibrinolyse parameters werden gemeten 
I in beide monsters teneinde informatie te verkrijgen in rust en na een lokale prikkel Rokers vertoonden 
§ een lagere activiteit van de weefsel plasmmogeen activator (t-PA) en ook de reactie van de urokinase 
| type plasmmogeen activator (u-ΡΑ) na afsluiting was verzwakt Na het stoppen met roken daarentegen 

werd alleen een lichte toename geconstateerd in de plasmmogeen activator remmer I (PAI-I) en een 

daling in t-PA activiteit na ader afsluiting, bij gelijkblijvende cijfers gemeten voor de afsluiting Deze 

resultaten dienen voorzichtig te worden geïnterpreteerd vanwege het geringe aantal metingen in een 
groep met waarschijnlijk een laag risico op hart- en vaatziekten Bovendien is de spreiding in de 
resultaten groot Concluderend kunnen we zeggen dat er verschillen m fibrmolytische variabelen zijn 
tussen rokers en met-rokers en dat deze kunnen bijdragen aan het verhoogde risico op hart- en 
vaatziekten bij rokers Zes maanden na stoppen met roken bleken de fibrinolyse parameters echter met 
ten gunste te veranderen in een kleine groep gezonde rokers die geen andere risicofactoren voor hart
en vaatziekten hadden 

Samenvattend kunnen we stellen dat we in dit onderzoek met m staat bleken, op basis van 
veranderingen m de functie en structuur van de vaatwand, of op basis van veranderingen m bloed 
lipiden, LDL oxideerbaarheid en stollingsfactoren, een verklaring te geven voor het verhoogde risico op 
hart- en vaatziekten bij rokers, noch voor de snelle vermindering ervan na het stoppen Of roken direct 
of indirect (door effect op andere risicofactoren voor hart- en vaatziekten) van invloed is op betrokken 
ziekte processen blijft een belangrijke onderzoeksvraag 
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