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Cover illustration: Antigue winecup from Greece (+ 400 BC).

In ancient Greece the philosopher Plato (429-347 BC) looked upon moderate
wine consumption as a beneficial pleasure. Its use, he said, promotes
health. He took a very critical view, however, of drunkenness and had the
opinion that drinking wine should be forbidden for children under 18.
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CHAPTER 1

INTRODUCTION

Scope

Life-style factors such as smoking, physical exercise and dietary
habits have been found to influence the risk of coronary heart disease
(CHD). Excessive alcohol consumption is another widely recognized CHD risk
factor. In contrast, a large number of epidemiological studies, including
ecological, case-control and cohort studies, indicate that moderate
alcohol consumption may have a protective effect against CHD.

Food consumption studies show that alcohol forms part of the diet in
almost all industrialized countries. The type of alcoholic beverage and
the occasion at which alcohol is consumed is often based on cultural
differences from early days. However, in the past decades, the marked
differences in national alcohol usage are slowly disappearing. In
addition, the large differences in total per capita alcohol consumption
between countries are levelling off as well In the WNetherlands, per
capita alcohol consumption has increased from a relatively and
historically low level of 2 L/year in the post-war period, to 9.4 L/year
in 1979, and has stabilized since. In 1988, the per capita alcohol
consumption was 8.3 L/year.

In spite of the fact that alcohol is consumed in moderate amounts by a
vast majority of the people, not much alcohol research is focussed on
moderate alcohol consumption. However, the possibility that habitual
moderate alcohol consumption may lower the risk of CHD in a large part of
the population is of potential importance for public health.

Several biological mechanisms have been put forward to explain the
observed lower risk of CHD in moderate users of alcohol. First, moderate
alcohol consumption may have a favourable effect on cholesterol
metabolism. Second, consumption of al¢chol has been suggested to influence
platelet function. Third, alcohol may have an effect on fibrinolysis. The
effects of alcohol consumption on these factors, which play an important
role in the aetiology of CHD, can be investigated in epidemiological as
well as in experimental studies.

Biological mechanisms as mentioned above, however, do not provide the
only possible explanation for the observed relationship between alcohol
consumption and CHD. The lower risk of CHD may well be attributable to
factors other than alcohol, such as differences in stress susceptibility,
personality, life-style including dietary habits, or a combination of
these.
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Aim of the study

The primary aim of the studies presented in this thesis was to
investigate mechanisms which could explain the lower risk of CHD in
moderate alcohol users, as observed in epidemiological studies. Therefore,
the long-term and acute effects of moderate alcohol consumption on factors
related to cholesterol metabolism, platelet function and fibrinolysis were
investigated in  human volunteers, under controlled conditions. In
addition, the relationship between alcohol consumption, food intake and
smoking habits was evaluated using data from the Dutch National Food
Consumption Study in order to investigate the possibility of moderate
alcohol consumption being associated with a healthier life-style.

Outline of the thesis

The literature data on the relation between alcohol consumption and
CHD as well as CHD risk factors is reviewed in Chapter 2. A more detailed
description of the literature on alcohol and fibrinolysis is given in
Chapter 3.

In Chapters 4 to 10 the results of four experimental studies with
human volunteers are presented. These studies have been preceded by a
five-week study, the results of which are reproduced in Appendices 1 and 2
to provide an overall picture. In Chapter 4, the effects of 20 weeks of
moderate alcohol consumption (34 g per day in white wine) on high-density
lipoprotein cholesterol and its subfractions in healthy young men
(experimental group n= 12, control group n=6) are described. This study was
followed by a study into the effects of four days of moderate alcohol
consumption (40 g per day in red wine) on haemostasis, blood lipids and
lipoproteins in the fasting state in 8 healthy young men, the results of
which are presented in Chapters 5 and 6.

Two studies on the acute effects of alcohol consumption have been
performed. In the first one, the effects of the consumption of a moderate
dose of alcohol (30 g in red port and wine) during dinner on platelet
function, fibrinolysis, blood lipids and lipoproteins were studied. The
study comprised both young and middle-aged men (20-30 and 45-55 years old)
to investigate the effects of age as well The results are reported in
Chapters 7 and 8. Chapters 9 and 10 deal with the acute effects of
moderate alcohol consumption on platelet function and fibrinolysis in
middle-aged men studied in more detail and under even more strictly
controlled conditions. Two glasses of red wine were consumed during diner

10



CHAPTER 1

and two glasses of Hollands gin (geneva) in the evening, 5 hours after
dinner (40 g alcohol in total).

The interrelationships between alcohol consumption, energy and food
intake and smoking habits among men and women aged 22-49, on the basis of
data contained in the Dutch National Food Consumption Study, are described
in Chapter 11.

Finally, in Chapter 12 the results presented in this thesis are
discussed in view of the association between alcohol consumption and CHD
as observed in epidemiological studies.
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CHAPTER 2

Introduction

About 40-50% of total mortality in the affluent society is caused by
cardiovascular disease (CVD). Most of the CVD death cases can be
attributed to coronary heart disease (CHD). In the past decades evidence
has been found that life-style factors influence the risk of CHD. Besides
smoking, lack of physical exercise, stress, and a surplus of dietary
cholesterol, saturated fatty acids, salt and energy contribute to a higher
risk of CHD.

Excessive alcohol-use is another CHD risk factor. In contrast, in the
past decade, moderate alcohol use has frequently been claimed to reduce
this risk. The association between alcohol consumption and CHD risk or
between alcohol consumption and total mortality has often been reported to
be U-shaped, i.e. moderate drinkers would be at lower risk than both
teetotallers and heavy drinkers.

This paper aims at critically reviewing the literature on this subject
and finding an answer to the question whether the association between CHD
and alcohol use is U-shaped indeed. On the basis of epidemiological and
experimental studies those mechanisms are discussed that could explain
such an U-shaped curve.

Epidemiological research on alcohol and CHD

In many epidemiological studies an inverse correlation between
moderate alcohol use and CHD incidence has been found. These studies can
be classified into ecological studies, case-control studies and cohort
studies,

Ecological studies

A number of ecological studies have investigated the relation between
average alcohol consumption and CHD prevalence in various countries. In
1969, Brummer (1) compared alcohol consumption and CHD mortality data of
20 Western countries. An inverse association between alcohol consumption
and CHD mortality was observed for both men and women in three different
age categories. St. Leger et al. (2), in a comparable study, investigated
CHD mortality among men and women aged 55-64 in 18 countries. In this
study, alcohol was classified into wine, beer and spirits. A clear inverse
relation between average total alcohol consumption and CHD mortality was
found. Besides, St. Leger et al. observed that the effect of alcohol was
not attributable to differences in known risk factors of CHD such as
smoking, cholesterol intake, fat intake or total energy intake. Wine

14
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appeared to be the predominant form of alcohol responsible for the
favourable effect et alcohol consumption (Figure 1).
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Figure 1. Relationship between CHD monality-rate in men aged 55-64 and
wine consumption (2).

Comparable results have been reported by LaPorte et al. (3), Hegsted
and Ausman (4), and Schmidt and Popham (5). Schmidt and Popham also
reported significant negative correlations between the consumption of
total alcohol, wine and spirits and CHD mortality in the 50 states of the
USA. LaPorte et al. (3) have also paid attention to trends in alcohol use
and CHD incidence rates. The sirongest relation they found applied for
beer. Figure 2 presents the relation between average beer consumption
(1945-1975) and CHD mortality (1950-1975) in the USA. Taking into account
a 5-year lag period, the correlation coefficient between beer consumption
and CHD mortality was -0.943. The predictive value of beer consumption
appeared to be even higher than that of fat consumption and smoking. A
similar pattern was found for total alcohol consumption.
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Ecological studies are no real prool of a favourable effect of alcohol
consumption on CHD development. Results just indicate a relationship on a
population level, and differences between countries with regard to culture
and living and working conditions are not taken into account. A second
drawback of these studies is that alcohol consumption data are derived
from alcohol sales data, uncorrected for sales to visitors from abroad.

Finally, the hypothetical U-shaped curve poses an insurmountable
problem for ecological studies since the use of sales statistics does not
differentiate between non-drinkers, moderate drinkers and heavy drinkers.

In spite of these objections, the fact that the CHD mortality rate for
Frenchmen aged 55-64 is so much (almost 3-fold) lower than for their Dutch

16
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contemporaries is most intriguing and suggests the need for further
research. @

Case-control studies

In many case-control studies alcohol consumption among CHD cases has
been compared with that among controls (6-13). The results of these
studies fairly consistently point at an inverse relation between moderate
alcohol consumption and CHD incidence for both men and women. Only Kaufman
et al. (13) found no effect of moderate alcohol consumption.

Petitti et al. (9) found among women the relative risk (RR) of acute
myocardial infarction for non-drinkers versus drinkers to be 3.1 (95% ClI
(confidence interval) 1.6-6.0). These results were confirmed by Stason et
al. (6) for both men and women. In another study among women, Rosenberg et
al. (11) arrived at similar conclusions; they found significantly lower
RRs among drinkers for wine, beer and spirits separately (0.5, 0.8, 0.9
respectively).

The studies mentioned above have not differentiated for consumption
level. Hennekens et al. (7), however, classified their study population
into three categories, with an average daily consumption of 0, 0-3% and
>3% glasses respectively. The relative risk was found to be significantly
lower for moderate drinkers than for non-drinkers (RR = 0.4), but the
difference between the highest consumption category and the non-drinkers
was not significant (RR = 0.7). In contrast, Klatsky et al. (8) found the
relative risk to decrease with increasing consumption level (0.4, 0.7 and
1.0 for categories with a daily consumption level of >5, 3-5 and <3
glasses respectively).

As for ecological studies, some critical comments could be made on
case-control studies. First, many case-control studies have been conducted
in a hospital, so that CHD patients dying before arrival at the hospital
have been left aside. However, the results of two studies in which the CHD
cases who had died before admission were included (7, 9) did not diverge
from other results.

Second, the group defined as 'non-drinkers at the time of
investigation' may comprise former alcoholics who have recently stopped
drinking alongside people who have never drunk. Since the group of non-
drinkers is usually the reference group (RR = 1.0) this classification
bias can yield erroneous results. [Klatsky et al. (8), therefore, defined
non-drinkers as people who had not drunk any alcohol in the past year at
least, and the control group of Rosenberg et al. (11) comprised
exclusively lifelong teetotallers. In both studies an inverse relationship
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between moderate alcohol consumption and CHD incidence could still be
found.

Third, the category of moderate drinkers could be characterized by a
life-style leading to a reduced risk of CHD, regardless of drinking
pattern.

In some studies of CHD cases the extent of occlusion of coronary
arteries - has been established by arteriography (14-17). Barboriak et al
(14) have studied the effects of smoking and of aicohol consumption on
coronary artery occlusion in a group of 2989 men. Figure 3 summarizes the
results of that study.  Smoking was found to have a dose-dependent
occlusive effect, whereas the effect of alcohol was associated with lower
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Figure 3. Interrelationships  between the extent of coronary occlusion,
alcohol intake and smoking. Number of patiens in parentheses.
Vertical bars = SEM (14).

occlusion scores in non-smokers, light smokers as well as heavy smokers.
Gruchow et al. (16) have investigated, within the same study framework,
the effect of alcohol consumption pattern by classifying the subjects into
non-drinkers, occasional drinkers, regular drinkers adhering to a more or
less fixed dose, and regular drinkers varying the amounts consumed.
Regular users of moderate doses of alcohol were found to be at
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significantly lower risk of occlusion of coronary arteries. Irregular
drinkers were at higher risk irrespective of dose.

Fried et al. (18) have studied in a group of 31 men with coronary
arteries of normal diameter the effects of smoking and of alcohol
consumption on the diameter of three main coronary arteries. Smoking and
alcohol use appeared to affect these diameters highly significantly and
independently. Smoking was found to have a vasoconstrictive effect,
whereas alcohol consumption promoted vasodilatation.

Cohort studies

In cohort studies, also called prospective studies or longitudinal
studies, large study populations are classified into categories varying in
alcohol consumption level. After a number of years the association between
alcohol consumption and CHD incidence is studied. In the past few years
the effect of moderate drinking on CHD incidence has been investigated in
many cohorts all over the world (19-45). A reduced risk of CHD has been
found among moderate drinkers in Framingham, MA (19, 39, 40), Chicago
(25), San Francisco (26, 27), western Australia (28), Yugoslavia (29),
eastern Finland (30), Puerto Rico (31), Albany, NY (32), London (33) and
Japan (34, 35).

In two studies - one in Ireland (36), another in California (37) - no
effects of alcohol use were found. A recent study in Finland showed, in
contrast to all other studies, a positive association between consumption
of alcohol, in particular consumption of spirits, and CHD incidence (38).

It is from cohort studies in particular that the U-shaped curve has
arisen. In 1980, Dyer et al. (25), who had followed 1899 employees of the
Western Electric Company from 1957 to 1974, were the first to suggest the
U-shaped curve. They found CHD incidence to decrease with increasing
alcohol consumption up to a daily dose of 5 glasses and to increase at
higher dosages. However these results lost their significance after
correction for smoking habits, serum cholesterol level and blood pressure.
In 1981 the U-shaped curve was confirmed by Klatsky et al. (26), who had
followed 8060 Californian men and women for 10 years, and by Marmot et al.
(33) in a comparable study among 1422 male civil servants in London
(Figure 4).

In the study of Marmot et al. the decreasing left-hand part of the U-
shaped curve was attributed primarily to a decrease in CHD mortality rate
with increasing alcohol consumption, and the increasing right-hand part to
an increase in mortality unrelated to CHD at an average daily alcohol dose
above 34 g. In 1986, Friedman and Kimball (39) found support for an U-
shaped association between alcohol consumption and CHD incidence in their
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study among 5209 men and women in Framingham during a 24-year follow-up
period. The decreased CHD incidence among moderate drinkers as compared to
non-drinkers has been confirmed in various other studies (see above)..

A serious drawback of many of these studies is that the category of
non=drinkers considered in these studies may comprise former heavy
drinkers as well as people who have given up alcohol on medical advice
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Figure 4. Relationship  between 10-year mortality (CVD- and non-CVD
related) and daily alcohol consumption (33).

based, for example, on a heart condition. This possible bias has recently
been studied by Shaper et al. (41) in a cohort of 7735 men living in 24
different towns in England, Scotland and Wales. They found a U-shaped
relationship between alcohol consumption and total mortality and an
inverse relationship between alcohol consumption and cardiovascular
disease (CVD) mortality, in fair correspondence with the results of Marmot
et al. (Figure 4). At the start of the follow-up study, when the average
age of the subjects was 50 years, 24.2% of the subjects had a heart
condition. The associations between alcohol and total mortality and
between alcohol and CVD mortality were studied for both sub-cohorts
separately (men suffering from and men free from heart disorders). In the
category initially free from heart disorders a U-shaped or inverse

20
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relationship could no longer be found. Shaper et al. concluded that the U-
shaped curve could largely be explained from the fact that people
suffering from CVD disorders tend to reduce or even give up alcohol
consumption so that the curvature cannot be attributed to any favourable
effects of moderate alcohol use. The Lancet paper of Shaper et al. (41)
has evoked a lively discussion in that journal as to whether moderate
alcohol use protects against CHD (42-44).

In the Honolulu Heart Study (23), in which the non-drinkers were
classified into lifetime teetotallers and former drinkers, a higher CHD
incidence as compared to drinkers was found for both categories. This
finding has been supported by the results of a case-control study among
513 cases and 918 controls (11) and other studies (27, 34, 35). In the
Honolulu Heart Study (23) and in a study by Klatsky et al. (27) no
significant  differences in CHD risk were found between lifetime
teetotallers and former drinkers. Finally, Stampfer et al. (45), in a
cohort of as many as 87,526 nurses, has recently searched into any changes
in drinking habits over the past ten years. Subjects who had given up
drinking on medical advice could be excluded from the study this way. The
CHD risk for the non-drinkers group were found to be up to 2% times as
high as for the drinkers categories.

The results of the various studies are less consistent for the right-
hand part of the U-shaped curve, ie. the higher CHD risk for excessive
drinkers. Some studies, however, work with relatively low upper limits. In
Marmot et al.'s study (33), for example, all people with a daily alcohol
consumption over 34 g have been assigned to one and the same category
(Figure 4), although adverse effects of alcohol use on CHD may apply for
far higher levels.

In most cohort studies alcoholic beverages are not categorized.
However, there are marked (culturally based) differences in popularity of
particular beverages, which could be reflected by the results of the
various studies.

Summary

In most epidemiological studies an inverse relationship between
moderate alcohol use and CHD incidence has been found. In some studies
excessive alcohol use has been found to increase CHD risk, which could
imply a U-shaped, or J-shaped, relationship. All three types of study -
ecological, case-control and cohort studies - are subject to criticism,
The strongest objection against these types of research could be that the
association between alcohol consumption and CHD found may well be
attributable to factors other than alcohol, such as differences in
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personality, life-style or nutrition, or a combination of these. If so,
these  unknown factors must increase CHD risk for non-drinkers in
populations as diverse as Japanese in Japan, Japanese in Hawaii, people in
various regions of the USA, Puerto Ricans, Yugoslavians, London civil
servants, and inhabitants of Busselton, Australia. Moreover, these factors
must be most dominant in countries with the lowest alcohol consumption. Of
course, such factors or such a complex of factors could exist. However, a
preventive effect of moderate alcohol use on CHD far more simply explains
the effects observed.

The question how moderate alcohol use can influence CHD risk is
discussed below.

Epidemiological research into CHD risk factors

Several factors have been found to influence CHD risk. In search of
explanations for the favourable effect of moderate alcohol use on CHD risk
many epidemiologists have studied the relationships between alcohol use
and these risk factors.

Blood pressure

The popularity of blood pressure measurements in population research
is reflected by the large number of epidemiological studies on the
relationship between alcohol use and blood pressure. As early as 1915,
Camille Lian (46) reported an elevated blood pressure as a result of
excessive  alcohol use. Many epidemiological studies have fairly
consistently confirmed the hypertensive effect of excessive alcohol use
(47-55), even after correction for other CHD risk factors such as smoking,
obesity, excessive salt intake and high serum cholesterol level.

There is much less consensus as to the question of the level at which
alcohol consumption has a hypertensive effect. Some studies have found a
continuous increase, from no alcohol use to heavy use (47, 48, 58, 59).
Some other studies have established a threshold above which alcoho! use
was found to be positively associated with blood pressure. In still other
studies (51, 52, 60) a J-shaped relationship between alcohol use and blood
pressure was found, in particular for women (Figure 5).

So, it is hard to tell whether or to what extent moderate alcohol use
contributes to hypertension incidence. Hypertension increases CHD risk,
but moderate alcohol wuse is certainly not positively related to CHD
incidence. Hypertension also increases the risk of cerebral haemorrhage,
which appears to be positively related to excessive alcohol use (61-63).
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Cholesterol metabolism

Cholesterol is a well known CHD risk factor. An essential element in
the body's defence against cholesterol accumulation in tissues - where
cholesterol can damage vascular wall - is 'reverse cholesterol transport',
i.e. transport from the tissues to the liver, where

blood pressure
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Figure 5. Relationship between alcohol consumption and blood pressure in
different studies (47,52,53,56),(57).

cholesterol is converted into bile acids and excreted via the bile. The
lipoprotein that probably plays an important role in this reverse
cholesterol transport is high-density lipoprotein (HDL). HDL consists of
proteins for about 50%, among which apoliproteins Ay and Ay (Apo-A; and
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Apo-A4) are predominant. These proteins are essential not only as an
envelope for lipids to be transported but also for particle recognition.

Epidemiological studies (64-71) have established that a high blood
HDL-cholesterol (HDL-C) level decreases CVD risk. Apo-Aq and Apo-A,
concentrations may be even better indicators of CVD risk. A great deal of
epidemiological studies (72-95) all over the world have consistently
proved a positive association between alcohol consumption and blood HDL-C
level. When the research populations were classified according to gender
and type of alcoholic beverage consumed (Figure 6), as in the Tromse Heart
Study (77), the correlations in all categories were significantly
positive. Even low alcohol doses increased HDL-C levels.
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Figure 6. Relationship between HDL-C and alcohol consumption (77).

One could wonder whether this apparently linear relationship between
alcohol consumption and blood HDL-C level can explain a favourable effect
of alcohol use on CHD incidence. Initially it seemed so in view of the
increase of the HDL-C level induced by alcohol consumption. Later doubts
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about the protective effect of alcohol along the HDL-C pathway are based
on the fact that HUGL-C consists of two subfractions, HDL»-C and HDL4-C. In
epid‘emiolog'ical studies HDL,-C has been associated with CHD risk, but
HDL5-C far less so (96). The increase of the HDL-C induced by moderate
alcohol use, however, has been attributed predominantly to the HDL5-C
fraction (96) whereas elevated values for HDL,-C - the subfraction most
related to CHD risk - have been found particularly in alcoholics.
Alcoholics, however, run highly increased health risks along other
pathways and hence draw little benefit from an increased HDL,-C level,
Recently, however, Miller et al. (97), in the first ’ugn -scale
epidemiological study (4860 men) on the effects of alcohol on HDL-C
subfraction levels, found comparable positive associations between alcohol
consumption and both HDL,-C and HDL4-

Few epidemiologists studying the e?fecr[s of moderate alcohol use have
taken the apoproteins Apo-A; and Apo-A, into consideration. Phillips et
al. (98) have found a positive association between alcohol use and Apo-A,
level in a group of 289 Californian men and women, but have not measured
Apo-A,. Haffner et al. ((99); 77 men) and Williams et al. ((95); 50 men
and women) have found positive correlations for both Apo- Aq and Apo-As,. In
these two studies alcohol use was found to correlate positively with HDL4-
C level, but not with HDL,-C level.

Haemostasis

Besides impairment of vascular walls, haemostasis plays an important
part in the occurrence of a myocardial or cerebral infarction. Haemostasis
is the balance between clot formation, in which blood platelets are
involved, and fibrinolysis, the dissolution of such clots. In a study into
the causes of occlusion of coronary arteries in cases of myocardial
infarction, in most cases the artery was found to be blocked by a clot
primarily consisting of thrombocytes (100). In normal physiological
conditions the formation of thrombocyte clots, called platelet
aggregation, is continually inhibited by prostacycline, a substance formed
by endothelial cells covering the blood vessels. The platelets themselves
produce thromboxane, which stimulates platelet aggregation. Most probably
platelets constantly aggregate to some extent, depending on the balance of
thromboxane and prostacycline production. Besides, several (fibrinolytic
factors play a part in continually dissolving newly formed clots.

Recently a large-scale epidemiological study proved that influencing
the thromboxane/prostacycline balance by a dose of 350 mg aspirin every
other day' favourably affects myocardial infarction risk (101). A lowered
fibrinolytic activity has been found in infarct patients (102-106). Good

25



CHAPTER 2

results  have  been  achieved in  stimulating  fibrinolytic  activity
immediately upon occurrence of the infarct and thus making the clot
blocking the blood wvessel redissolve (107). Of course, if alcohol
influences this complex and delicate haemostatic balance this could
explain the favourable effect of alcohol consumption on CHD risk.

In epidemiological studies on the physiological consequences of
moderate alcohol use hardly any research effort has been devoted to the
platelet aggregation process. Epidemiological research in this field is
primarily hampered by analytical problems. Most analytical methods for the
measurement of thrombocyte function are complicated and time-consuming,
and analyses must be carried out soon (within one hour) after blood
sampling, which makes analyses of this kind hard to use in large-scale
population studies. That is why only one research team has included this
variable in  their study. Meade et al. (108) have investigated the
association between alcohol consumption and platelet aggregation in a
population of 685 British men and 273 British women (Northwick Park Heart
Study). They found an inverse relationship for both adenosine diphosphate
(ADP)-induced and adrenaline-induced platelet aggregation.

Some new analytical methods for determining platelet function are
easier to use in large study populations and are likely to be used in
future epidemiological alcohol studies, e.g. the platelet factor beta-
thromboglobulin and platelet factor 4 (PF-4), which are indicators of in
vivo platelet aggregation. To date, however, investigations into the
association between alcohol use and platelet function are almost
exclusively confined to experimental research.

Meade et al. have also investigated the effect of alcohol on
fibrinolysis in men and women of the Northwick Park Heart Study population
(109). They found moderate alcohol use to be associated with a decreased
plasma fibrinogen level and an increased fibrinolytic activity.

Summary

In epidemiological research on the association between alcohol use and
CHD risk indicators a number of possible explanations of the beneficial
effect of moderate alcohol use on CHD incidence have been studied.
Excessive alcohol use has been found to elevate blood pressure. The effect
of moderate alcohol use on blood pressure is still uncertain. Alcohol use
affects cholesterol metabolism. Moderate alcohol wuse appears to be
associated with an increased HDL-C level. Initially this increase was
assumed to (partly) explain the favourable effects of moderate alcohol
use. Later, moderate alcohol use has been found to be associated primarily
with an increase of the HDL3-C fraction, whereas it is the other fraction,
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HDLA-C, that is claimed to have a beneficial effect on CHD risk. However
alcohol consumption has recently been proved to be positively associated
with both HDL,-C and HDL4-C. In addition, alcohol can affect cholesterol
metabolism favourably by increasing the levels of Apo-A; and Apo-A,
apolipoproteins.

Alcohol might also protect against CHD by influencing haemostasis.
Just one research group has paid attention to the effects of alcohol on
platelet aggregation and found an inverse relationship between alcohol use
and platelet aggregation rate.

In one epidemiological study, in which fibrinolysis was among the
subjects of investigation, evidence has been produced that moderate
alcohol use is associated with an increase of fibrinolytic activity,
thereby promoting the efficient removal of clots from the circulation.

Experimental research on CHD risk factors

An association between alcohol use and CHD risk has been demonstrated
in many epidemiological studies. Other epidemiological work suggests that
alcohol consumption influences several CHD risk factors. However in these
observational studies it is difficult to assess the possible causal nature
of the associations seen.

Experimental research enables the establishment of the direct effect
of a particular treatment on variables such as blood pressure, cholesterol
metabolism indices and haemostasis. However experimental studies have
their limitations as well. Such experiments are usually confined to a
period of a few weeks, and long-term effects cannot be pronounced upon. In
contrast, in  epidemiological research effects and  between-group
differences can be surveyed over many years or even during a life time.
Further, experimental studies are conducted in selected groups of limited
size. Experimental alcohol studies are often confined (o only one beverage
type and one or two dosages. In experimental research, therefore, the
study design should be chosen such that relevant conclusions on the
effects of moderate alcohol use can be given in spite of the limitations
mentioned.

Blood pressure
In experimental research the effect of alcohol on blood pressure has

been studied for normotensive subjects, hypertensive subjects as well as
CHD patients.
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Potter et al. (110) have studied the effect of a single alcohol dose
on the blood pressure of 16 voung male students. Blood pressure was
measured over a S-hour period after the ingestion of either 600 ml non-
alcoholic beer or 600 ml non-alcoholic beer spiked with alcohol (0.75 g
per kg body weight). All volunteers were subjected to both treatments in a
cross-over design. The period between both treatments was at least one
week. The blood pressure course roughly paralleled the blood alcohol
level: after a rapid increase by ca.7 mmHg within one hour blood pressure
gradually decreased. Similar acute effects have been observed by Ireland
etal. (111, 112).

Studies of this design have the drawback that the two treatments are
not isocaloric: the caloric value of the alcohol is not compensated for in
the control treatment. In a study by Stott et al. (113) this energy effect
has been taken into account. In their study, the design of which was
comparable to Potter et al's for the rest, an isocaloric amount of
glucose was added to the non-alcoholic drink. A slight increase of blood
pressure was observed one hour after alcohol ingestion, followed by a
decrease. However, the picture was similar for the glucose treatment.
Stott et al. concluded that the increase of blood pressure after the
ingestion of a single moderate dose of alcohol does not differ from the
decrease after the ingestion of an isocaloric amount of glucose.

An increase in plasma adrenaline and noradrenaline levels after
alcohol ingestion found in some studies (112, 114-116) have been connected
with a rise in blood pressure. However these studies have not allowed for
the caloric value of alcohol, in spite of indications that energy intake
alone can increase plasma catecholamine level (117). Further, rapid
ingestion of alcohol in experimental conditions can evoke aspecific stress
response and feelings of discomfort (118). Stott et al, who have allowed
for these aspects as far as possible, have not found effects of alcohol
consumption on plasma catecholamine level (113).

In various investigations the effects of alcohol consumption on the
blood pressure of hypertensive subjects have been studied (119-121). Puddy
et al. (119), in a study among 44 hypertensives accustomed to the daily
consumption of at least 3 glasses of alcoholic beverage (6 to 7 glasses on
the average), investigated the effect of the consumption of low-alcohol
beer (0.9% v/v alcohol) versus regular beer (5% v/v alcohol). After a 6-
week period in which they consumed regular beer in amounts equivalent to
the alcohol dose they were accustomed to they switched over to low-alcohol
beer for another 6-week period. Their blood pressure was found to be
significantly higher in the period of regular beer consumption. Similar
results among hypertensives have been found by Potter and Beevers (120)
and Malhotra et al. (121), albeit over shorter periods (4 and 5 days
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respectively). In Puddy et al’'s study not only bloed pressure but also
body weight was- significantly higher in the period of regular beer
consumption. This body weight increase has undoubtedly strengthened the
effect of alcohol on blood pressure. To date no studies among
hypertensives have been conducted in which the effect of alcohol energy
versus non-alcohol energy has been investigated.

Kelbaek et al. (122, 123) have recently studied the effect of a single
alcohol dose (0.9 g per kg body weight) on the heart function of 20 male
CHD and cardiopathy patients. Ten controls with a similar clinical picture
received an equal amount of an isocaloric non-alcoholic drink. A slight
but significant decrease (6%) of the systemic arterial blood pressure was
found after alcohol ingestion. Alcohol was found to have no effect on the
central venous pressure, on pulmonary artery pressure, on cardiac output,
on stroke volume or on global peripheral resistance. Kelbaek et al
concluded that ingestion of a moderate dose of alcohol by CHD patients is
unlikely to evoke disease symptoms.

Cholesterol metabolism

Experimental studies into the effect of alcohol use on cholesterol
metabolism can be classified in various ways, for example according to
experimental period, alcohol dose, beverage type or variables measured.
Besides, in some studies alcoholics have been included.

In many studies a promotive effect of alcohol on HDL or HDL-C level
has been found within some weeks after alcohol ingestion (124-133). Only
two studies have not found any effect (134, 135). However it should be
noted that the experimental period was rather short in one of these
studies (134) and that the alcohol dose was very low in the other one
(135). Moore et al. (135) did find an increased Apo-Aq level after a daily
consumption of one glass of beer for 8 weeks. Table 1 surveys the doses
and beverage types applied in the studies mentioned and the length of the
experimental periods.

The HDL-Cfractions HDL,-C and HDL4-C have been determined separately
in six studies (126, 128-130, 132, 135). The results of these studies are
conflicting. Haskell et al. (126) and Pikaar et al. (130) have found an
increase of HDL3-C, but not of HDL,-C. Burr et al. (128) and Contaldo et
al. (132), however, have reported that the HDL-C rise found in their
studies could be attributed primarily to an increase of HDLA-C level
Masarei et al. {129) have found significant increases for both HDL,-C and
HDL4-C. Moore et al. (135) have not found an effect of alcohol on HDL-C,
nor on any of its fractions.
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Tablé 1. Survey of studies into the effects of some weeks of alcohol use
an HDL or HDL-C level.

Adeohol dose Type of beverage Duration of Reference
(glday) study (weeks)
28 beer 3 124
34 white wine 6 125
31 (average) optional 6 126
31 red wine 5 127
'18.4 (average) optional 4 128
24 beer 6 129
23 or 46 red wine 5 130
75 alcohol or beer 5 131
75 red wine 5 132
90 diluted alcohol 4 133
34 0r 53 wodka 2 134
8 135

12.6 beer

Apo-Aq levels have been determined in just three of the above papers
(127, 129, 135) and Apo-A, in just one of these (129). Alcohol has
consistently been found to increase Apo-Ay levels, and in Masarei et al.’s
study (129) Apo-A, levels were found to be significantly higher after beer
consumption for 6 weeks. Camargo et al. (136) have studied the effect of
alcohol (3 weeks, 37.8 ml on the average) on apolipoproteins in 24 healthy
volunteers and found similar results for both Apo-A and Apo-A»,.

Increased HDL-C levels are frequently found in alcoholics. In some
studies the course of the HDL levels over a period of abstention has been
studied. Vilimdki et al. (137) have studied the changes in blood lipid
levels in 12 alcoholics who had presented themselves for therapy in an
alcohol rehabilitation centre at Helsinki. All of them were still under
the influence of alcohol at the start of the study. As soon as two days
after the start of abstention a significant decrease was found for levels
of HDL+ (16%), HDL5-C (30%) and HDL3-C (14%). HDL, and HDL,-C levels
continued to decrease in the next days to a total decrease of 38% and 47%
respectively. The effects observed in the HDL, fraction were much stronger
than those for HDL4, which made the authors conclude that changes in HDL
in chronic alcoholics are primarily explained by changes in HDL,. The
rapid decline of HDL-C levels found leads to the conclusion that increased
HDL-C levels are maintained only as long as alcohol is consumed on a
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regular basis and return to normal levels upon abstention. The decrease of
HDL levels in alceholics upon abstention has been confirmed by other
studies (138-143). The HDL, and HDL4 fractions have only been studied
separately in a study by Taskinen et al. (143), who belonged to the same
research group as Valimdki et al. Changes upon abstention were found to
apply primarily to the HDL, fraction in this study too.

The observed short-term effects in alcoholics during abstention was
the reason for another study by Vilimiki (144) in which the effects of
moderate (30 g/day) and heavy alcohol consumption (60 g/day) were
compared. The consumption levels differed in their effect on the HDL
fractions. The high level increased HDL, levels within two days and
gradually increased HDLy levels later on, whereas the lower level affected
HDL 5 levels only.

In all studies mentioned above, blood lipid levels have been
determined in the fasting state, usually after an overnight fast. Recently
some groups have studied the acute effects of alcohol on blood lipid
levels in the postprandial state. Goldberg et al. (145) and Franceschini
et al. (146), using a comparable experimental design, have studied the
effects of a single dose of 40 g alcohol. The alcohol (120 ml whisky) was
drunk at 09.00 after a 14-hour fast. In Franceschini et al.'s study 100 g
mayonnaise and 25 g bread were combined with the whisky. Blood lipid
levels were measured 4, 6, 8, 10 and 12 hours after breakfast. Both
studies departed from the assumption that the alcohol had been fully
metabolized after 4 hours. Goldberg et al. found a significant increase of
HDL-C level after alcohol consumption. Moreover, the activity ol hepatic
lipase, an enzyme essential to reverse cholesterol transport, was found to
have decreased by 67%. Franceschini et al. found a decrease of HDL-C level
after consumption of alcohol, mayonnaise and bread relative to the
treatment without alcohol.

Recently in our Department of Nutrition studies have been performed on
the effects of moderate alcohol use in the postprandial phase, one hour
after alcohol ingestion when the blood alcohol concentration is assumed to
peak. To date no studies seem to have considered the possibility that the
contended favourable effect of moderate alcohol use on cholesterol
metabolism is effective when the alcohol is still in the circulation. In
our studies the effects of a moderate alcohol dose have been investigated
in a situation approximating reality as far as possible. In one of these
studies (manuscript submitted), each of 8 men aged 20-30 and 8 men aged
45-55 combined alcohol consumption with a dinner early in the evening.
Half an hour before dinner they drunk one glass of port, and during dinner
two glasses of red wine. For comparison, they drank similar amounts of
mineral water instead of alcohol on another day. One hour after dinner, we
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found higher HDL-C levels for the alcohol treatment than for the mineral
water treatment. The HDL-C-promoting effect was more prominent in the
middle-aged men and was most evident for the HDL,-C fraction.

Haemostasis

In experimental research attention has also been paid to effects of
alcohol on haemostasis. Research on platelet function is characterized by
broad variation in methodology. The most commonly used parameter is
platelet aggregation. In a platelet suspension in plasma aggregation is
induced by adding collagen or another catalyst. Collagen induces platelet
aggregation also under physiological conditions, when tissue damage leads
to haemmrhage Besides, aggregation can be induced by many other stimuli.
A serious drawback of determinations of this type is that the results of
in vitro measurements of platelet function are not necessarily applicable
to the in vivo situation. First, stimulation of platelet aggregation in
vitro asks for stimulus levels far above physiological concentrations.
Second, the platelet-rich plasma suspension contains no cells but
platelets, whereas aggregation in vivo is a combined action of various
types of blood cells and endothelial cells of the vascular wall, in which
a regulatory role is played by the various mediators produced by these
cells. Third, the risk of an infarct is determined by the spontaneous
tendency towards aggregation of the platelets in vivo, which can be
started off by a shift in haemostatic balance. No reliable conclusions
with regard to this process can be drawn from in vitro determinations of
platelet aggregation.

Bleeding time is the lime after which a wound (puncture or incision)
stops bleeding. The drawbacks of platelet aggregation measurements
mentioned above do not apply to this parameter. However measurement of
bleeding time is imprecise and hard to standardize.

Finally, statements as to the tendency towards aggregation can also be
given on the basis of the activity of the aggregation promoter thromboxane
and of the aggregation inhibitor prostacycline.

Table 2 summarizes studies into the effects of alcohol consumption by
healthy volunteers on platelet function. From this table it can be
concluded that, in spite of the multiplicity of studies in this area,
there is still lack of clarity as to the effects of alcohol on platelet
function. In some studies considerable amounts of alcohol were consumed.
Hillbom et al. have found in two studies (156, 157) an increase of the
tendency towards aggregation after a single alcohol dose of 1.5 g per kg
body weight. In a subsequent study of similar design (158) they have not
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Table 2. Survey of studies into the

effects of alcohol use on platelet fanction.

Befascencs

Yeazr of im~
ysatigation

Busmber of
voluntsars

Alcohol doss
{g}

Tera

PACASSLTST

nuwumﬁu

Het affect
on infarct

2

(o)
risk” 3

147

142
148

158
151

153
154

157

159

1390

1981

1882
1982

1382
1981

1984

1384
1984

1984

1985
19835
19587
1987

1987

0

12

w3 o

'S

i90

12

12

ad libitum

590
120

120
64

51

32
100

20

23 and 46

Acuts

acute
acuts

acuts
acute

acuts

acuts
acute

Acuts

acutse

acuts

acuts

5 wks.

collagen aggregatioa
ADP aggrsgaticn
bleaeding tims

blesading tims

plasma throaboxzanse
plasaa prostacycline
ADP~induced thrombo-
xane production

serum thrombozane
adrenalins aggrsgation
collagsn aggrsgation
ADP aggrsgation
thromboxatie production
- adreaaline-iaduced

- coellagen~-iaduced

- ADP-induced

collagen aggrsgation
ADP aggrasgation
blassding tims

plasma prostacycline
fasting

-~ collagen aggregation
- ADP aggresgation
after SAFA consumption
- collagen aggresgation
-~ ADP aggresgqation
aftsr PUFA consumption
= collagesn aggregation
ADP aggresgation
collagen aggregation
ADP aggregation
thromboxane productian
‘ADP aggregation
thromboxans productian
ADP aggregation
thrombozane production
ADP aqgregation
thrombozane production
ADP aggregation
thromboxans production
collagen aggregation
blessding tims

e b N

[ o

EIE R o e

-

[N I I B R I A

[]

[~ -]

n« decreass;

2

= unfavourable sffect;

= no change:

0 no effect;

increases.

+ favourable effeckt.

3 : ‘
"Absolute dosss, irrespective of ths voluntesr’s body wsight, converted for a hypothetical 30-kg subjsct for
Comkpacrison sake. ’

SAFA, saturated fatty acids;

PUFA, polyvunsaturated fatty acids.



CHAPTER 2

found an effect after ingestion of 1.1 g per kg body weight. In accordance
with: Hillbom et al., Kangasaho et al. (149) have reported an increase of
ADP-induced thromboxane production, but they have found lower thromboxane
and prostacycline concentrations in plasma after ingestion of a high dose
of alcohol. Provided stimulation during blood sampling is avoided, plasma
analyses can produce an indication of in vivo concentrations of these
mediators. Landolfi et al. (153) have observed an increase of plasma
prostacycline level after ingestion of a moderate dose of alcohol (32 g).
An increased prostacycline production by endothelial cells (160) and by
leucocytes (161) has also been demonstrated in vitro. Elmér et al. (152)
have found an extended bleeding time in connection with a lowered
aggregation tendency after ingestion of a single dose of 0.64 g alcohol
per kg body weight.

Pikaar et al.'s study (130) is the only one we know of in which the
effect of alcohol consumption has been studied owver a longer period (5
weeks). In this study, carried out in our Department, a decrease in
platelet aggregation was found at a time at which no alcohol was present
in the circulation. In a sequel to this study no effects were observed
within a 4-day period of moderate alcohol consumption, which could
indicate that the acute effects observed result in a permanent decrease of
aggregation tendency on the long run. This hypothesis is supported by the
results of the epidemiological study of Meade et al. (108) who have found
an inverse relation between alcohol and platelet aggregation tendency. So
far, virtually all research has focused on acute effects of - usually
excessive - alcohol doses. More research is needed to arrive at definite
" conclusions as to the effect of moderate alcohol use on platelet function,
particularly to the effect on the longer run.

Stimulation of platelets induces the release of beta-thromboglobulin
and platelet factor 4. Levels of these proteins in plasma may be
indicative of platelet activation in the circulation, provided activation
is avoided during blood sampling. To date such analyses have not been
taken into consideration in alcohol research.

Only few studies have paid attention to the effects of alcohol on
fibinolytic parameters. Elmér et al. (152) have found effects on bleeding
time and platelet aggregation after whisky consumption, but have not found
any effects on fibrinolytic parameters. Anderson et al. (162), however,
have reported a dose-dependent decrease of fibrinolytic activity after
consumption of cider. This finding has been confirmed by Olsen and Sterud
(163) for a mixture of pure alcohol and fruit juice. In contrast, in a
recent study of Sumi et al. (164) increased fibrinolytic activity was
observed one hour after the consumption of shochu (a spirit), sake and
beer. These increases were attributed to a specific urokinase-type
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plasminogen activator (uk-PA). Pikaar et al. (130) studying the longer-
term effects of a dose of 2 and 4 glasses of wine on another activator,
tissue-type plasminogen activator (t-PA), have found a dose-dependent
decrease. The acute effect of moderate alcohol consumption on t-PA has
also been investigated in our study mentioned earlier. One hour after the
consumption of one glass of port and two glasses of wine, in combination
with dinner, t-PA was found to have decreased considerably, particularly
in middle-aged male subjects (165,166).

Further research is needed to provide more insight into the net effect
of moderate alcohol consumption on fibrinolysis. It is essential that the
effects on various fibinolytic parameters be studied simultaneously.

Summary

The association between alcohol consumption and blood pressure found
in epidemiological research has initially been confirmed by experimental
studies. However these studies have not taken the caloric value of alcohol
into account. Neither in a study among healthy volunteers nor in a study
among CHD patients, in which the acute effects of alcohol intake were
measured relative to those of an isocaloric amount of a non-alcoholic
beverage, an alcohol-specific increase of blood pressure was found. So
far, no well controlled isocaloric research into the long-term association
between alcohol consumption and blood pressure has been carried out.

In many studies an increase of HDL-C level has been found among
healthy volunteers after some weeks of alcohol consumption. In some of
these studies increases of Apo-Ay and Apo-A, levels have also been
observed. There is still some controversy as to the question which HDL-C
fraction is increased by alcohol consumption.

Alcoholism has been associated with an increase of HDL-C levels,
particularly of the HDL, fraction. These levels decrease rapidly, within
two days, upon alcohol abstention. In healthy volunteers a high intake of
alcohol (60 g/day) has been found to increase HDL, levels within two days
even in the fasting state. The mechanism by which alcohol influences HDL-C
levels is still unknown.

Only few studies have paid any attention to the acute effects of a
moderate alcohol dose on cholesterol metabolism in the postprandial phase.
These effects are still unclear. However a constant moderate alcohol use
might protect against CHD through the reiterative, relatively brief
favourable effect on reverse cholesterol transport. This might also
explain why the daily intake of a moderate dose of alcohol has a more
favourable effect than an irregular drinking pattern.
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There is still much uncertainty as to the effects of moderate alcohol
use on haemostasis. In some studies a decreased platelet reactivity has
been found soon after alcohol ingestion. An increase of the aggregation
inhibitor prostacycline in plasma has also been observed. However other
studies have not confirmed this finding; in contrast. even an increase of
aggregation shortly after ingestion of a high alcohol dose (1.5 g per kg
body weight) has been reported. Hardly any attention has been paid to the
effect of alcohol use over a period of some days or some weeks. In one
study aggregation has been found to decrease after consumption of 2 or 4
glasses of red wine a day over a period of 5 weeks, whereas no effect has
been found after 4 days.

Fibrinolytic parameters also appear to be affected by alcohol, but the
various types of plasminogen activator have been reported to change in the
opposite direction.

Final considerations

Many epidemiological studies have proved that moderate users of
alcohol are at lower risk of CHD than teetotallers. In contrast, excessive
alcohol use is supposed to increase CHD risk and entails other health
risks as well.

Several biological mechanisms could explain the U-shaped relationship
between alcohol use and CHD risk. First, there may be a U-shaped or J-
shaped connection between alcohol use and blood pressure. Second, alcohol
consumption may have a favourable effect on cholesterol metabolism. Third,
alcohol has been suggested to affect haemostasis favourably.

Excessive alcohol use, even on an irregular basis, entails increased
health risks and is also detrimental in a social context. Measures
directed at alcohol moderation, therefore, should aim at driving back
alcohol abuse. In contrast, there are, from the viewpoint of health
policy. no reasonable arguments for general discouragement or suppression
of moderate and sensible alcohol consumption. However, propagation of
moderale alcohol use is not free of risk since alcohol consumption even in
moderate amounts may be harmful in for example traffic or during
pregnancy. Furthermore it may encourage heavy users to be faithful to
their risky habits and moderate users to turn their sensible drinking
pattern into a less prudent one. The latter may be especially true for
people who are at high risk for alcoholism.

Finally, favourable effects of alcohol use have primarily been observed on
a population level and are not necessarily applicable to individuals.
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CHAPTER 3

ALCOHOL AND FIBRINOLYSIS: A REVIEW
J. Veenstra, E. te Wierik and C. Kluft

(Fibrinolysis 19904 Supp2:64-8)

Summary

This review summarizes the literature on the effects of alcohol
consumption on fibrinolysis. In epidemiological studies a positive
association between alcohol consumption and fibrinolytic activity has been
reported.

Experimental studies, on the other hand, rather consistently have
shown  decreases in fibrinolytic  activity  directly after  alcohol
consumption and after regular consumption for more than four days. The
changes are characterized by an increased PAI activity and a decreased t-
PA activity.

The apparent contradiction between epidemiological and experimental
studies requires further study with respect to, amongst other things,
selection of individuals, the chronicity of alcohol consumption necessary
to stabilize the acute effects, and the possibility of a rebound in
fibrinolysis on the long term in case of moderate alcohol consumption.

KEYWORDS. Alcohol. Fibrinolysis. Review.

Introduction

An inverse relationship between moderate alcohol consumption and
coronary heart disease (CHD) has been reported in many epidemiological
studies (reviews: 1,2). One of the possible mechanisms involved is a
relation between alcohol consumption and fibrinolysis. This relationship
has been investigated in epidemiological as well as experimental studics.

Epidemiological studies
The first epidemiological study on the relation between alcohol
consumption and fybrinolysis was reported by Meade et al. in 1979 (3).

Fibrinolytic activity and plasma fibrinogen concentrations were measured
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in 1601 men and 707 women aged 18-64 in north-west London. Fibrinolytic
activity showed a positive and plasma fibrinogen concentration a negative
association with  alcohol consumption. These results were confirmed in
several other epidemiological studies (4-7). Yarnell et al. (4) also
reported lower fibrinogen levels with increasing alcohol consumption.
Rogers et al. (5) concluded from a 7-day weighed dietary inventory in a
subsample (n=665) of the Cearphilly cohort of 2512 men that alcohol use is
negatively associated with both fibrinogen and antithrombin 1. Boniton-
Kopp et al. (6) found in 251 middle-aged men participating in the Paris
Prospective  Study [l that alcohol is negatively associated with
antithrombin [lI, fibrinogen en alpha 2-antiplasmin, but the latter two
associations were not significant. Finally, Bain (7) observed a negative
association between alcohol consumption and fibrinogen in women, but not
in men.

On the other hand, no correlation between alcohol consumption and
fibrinogen was observed by Balleisen et al. (8) in 2880 men and 1306 women
in the Miinster Arteriosclerosis study, a prospective longitudinal study.

Experimental studies

Experimental studies into the effects of alcohol on fibrinolysis can
be classified into studies on long-term effects., those on acute effects,
and in-vitro studies.

Experimental studies into long-term effects

In a large randomized controlled trial, Burr et al. (9) studied the
effects of 4 weeks of alcohol consumption as compared to 4 weeks of total
abstinence in 48 men and 52 women aged 19 - 60. Alcohol consumption was
not standardized and varied from less than two drinks a week to more than
20 a week (mean intake 18.4 g alcohol per day). The type of alcoholic
beverage was a matter of free choice. Half of the subjects received the
alcohol treatment first, followed by the period of abstinence, while the
other half abstained first, followed by the drinking period. At the end of
cach  experimental period a fasting blood sample was taken from each
subject for lipid and haematological analyses relevant to CHD.
Haematological variables measured were haemoglobin, plasma fibrinogen and
plasma  viscosity.  No  statistically  significant  effect of  alcohol

consumption on either one of these variables was observed.
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The long-term effects of moderate alcohol consumption on variables
relevant to CHD have also been studied by Pikaar et al. (10). They studied
the effects of four different standardized amounts of red wine during a 3-
week experimental period in 12 male volunteers between 21 and 29 years of
age. The treatments consisted of 0, 2 and 4 glasses of red wine (providing
0, 23 and 46 g of alcohol respectively) per day. Besides, the effect of
"binge drinking" was studied over a period of 5 weeks in which 14 glasses
of red wine were consumed each week, during the weekend. This study
confirmed the observation of Burr et al. (9) that alcohol has no effect on
plasma fibrinogen levels within a few weeks. The levels of plasminogen and
t-PA  activity, however, appeared to be clearly affected by wine
consumption. Plasminogen levels moderately increased with an increasing
dose of wine. t-PA activity, on the other hand, showed a large and dose-
dependent decrease, the level at the four-glass dose being roughly one
third of that in abstinence. Additional analyses reveiled that the
decrease in t-PA activity was caused by a large increase in PAIl aclivity
(11). No effects of alcohol on bleeding time were observed in the study of
Pikaar et al.(10).

Experimental studies into acute effects

Table 1 summarizes the experimental studies into the acute effects of
alcohol on fibrinolytic parameters.

In 1960, Fearnly et al. (12) observed by chance an unusual prolonged
blood clot lysis time in a small group of healthy subjects after
consumption of one glass of beer. Subsequently they investigated the
effects of a few other alcoholic beverages and found that beer, white wine
and cider reduced fibrinolytic activity, whereas gin, whisky and pure
alcohol did not.

In 1961, Nilsson et al. (13) also reported that ingestion of red and
white wine and beer results in a decrease in blood fibrinolytic activity.
In addition, they showed in in-vitro experiments that wine and beer, but
not cider, contained a pectic substance that inhibited fibrinolytic
activators.

More recently, Anderson et al. (14) also investigated the influence of
cider on the fibrinolytic system. In agreement with Fearnly et al. and
Nilsson et al., they observed inhibition of fibrinolysis as measured by
the euglobulin lysis time. Unfermented apple juice had no significant
effect.

A
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Table 1. Experimental studies into the acute effects of alcohol on fibrinolysis.

Parameter

total UK-PA antigen
pro UK-PA antigen

UK-PA inhibitor complex

First Ref. Publ.  Amount of Type of Effect
author year  alcohol beverage
Fearnly 12 1960 20-40g beer/cider/
white wine blood clot lysis time +
gin/whisky/
alcohol blood clot lysis time =
Nilsson 13 1961 25-100g beerfwine fibrinolytic activity _
alcohol fibrinolytic activity =
Andersonld 1983 90¢g cider euglobulin lysis time +
Hillbom 15,16 1983 1.5 g/kg alcohol fibrinolytic activity -
euglobulin lysis time +
fibrin degr. products =
factor VIII:C activity +
factor VIII: antigen +
factor VIII:R cofactor +
antithrombin 11 =
Elmér 17 1984 0.8 g/kg whisky factor VIII =
fibrin degr. products =
plasminogen =
fibrinogen =
fibrinolytic activity =
euglobulin clot lysis time =
antithrombin 111 =
Olsen 18 1987 0.5-1.0 g/L. ethanol blood clot lysis time +
Sumi 19 1988 23.7-47.4g  shochufsake/  euglobulin lysis time -
beer fibrin degr. products =
fibrinolytic activity +
Veenstra 20 1990 30g red wine and  t-PA activity -
port PAT activity +
Veenstra 21 1990 40¢g red wine and  PAI activity +
Hollands gin PAI antigen =
t-PA activity
t-PA antigen

o=+

HoH

+ increased, = no effect, __ decreased
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‘Hillbom et al. (15.16) studied the effects of alcohol intoxication on
a number of fibrinolytic parameters. Twelve healthy men drank 1.5 g/kg
alcohol in  fruit juice, after a 10-hour fast. A decreased fibrinolytic
activity after alcohol consumption was observed in 10 of the 12
volunteers. Furthermore, factor VI coagulant activity, factor VIII
related antigen and factor VIHI ristocetin  cofactor = significantly
increased. No significant effects were observed on fibrin degradation
products and antithrombin I11.

The absence of an effect on euglobulin clot lysis time after the
consumption of 0.8 g/kg alcohol in whisky was reported by Elmér et al.
(17). None of the other fibrinolytic factors was significantly influenced
by alcohol consumption either.

Olson and Osterud (18) investigated the effects of low and high blood
alcohol concentration in eight healthy volunteers. Serum alcohol levels of
approximately 0.5 and 1.0 g/L were compared to a control treatment without
alcohol. A strong and dose dependent decrease in fibrinolytic activity was
observed as measured by whole blood clot lysis time. They also studied the
effect of 0.5 and 1.0 g/L ethanol on fibrinolytic activity in vitro, bul
no effects were observed.

Recently, Sumi et al. (19) investigated the effects of consumption of
shochu, sake and beer on fibrinolytic parameters in 78 volunteers. Shochu
is a local Japanese spirit and sake a Japanese rice wine. In contrast to
the experimental studies mentioned above, the consumption of shochu
resulted in an acute decrease in euglobulin clot lysis time. Euglobulin
clot lysis time after sake and beer drinking also tended to decrease, but
to a lesser extent. Sumi et al. attempted to isolate the plasma enzyme
which increased after shochu drinking using column chromatography
techniques and revealed that some of the enzymes appearing in the plasma
after drinking are related to urokinase-like plasminogen activator.

Very recently, we performed two studies (20,21) on the acute cffects
of moderate alcohol consumption on fibrinolytic factors, which is a
continuation of the work of Pikaar et al. (10). In the first one (20), the
effects of a moderate amount of alcohol at dinner on the activities of t-
PA and PAI were studied in two age groups of volunteers (20-30 and 45-55
years), each consisting of eight healthy men. The alcohol treatment
comprised an aperitif (red port) and two glasses of red wine (30 g of
alcohol in total) taken half an hour before and during the meal,
respectively. The same volumes of mineral water were consumed during the
control treatment. Alcohol resulted in a strong decrease in t-PA activity
in the middle-aged group (-70%, p<0.001) and in a smaller decrease in the
young men (-29%, p=0.037) at one hour after dinner. PAI activity levels
significantly increased in the middle-aged men (+60%, p=0.010), whereas
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the increase in vyoung men (+34%) was not statistically significant
(p=0.144).

The observed differences between young and middle-aged men prompted us
to investigate the acute effects of moderate alcohol consumption in
middle-aged men in further detail and under strictly controlled conditions
(21). In this second study, eight healthy middle-aged men (45-55 years)
were housed in the metabolic ward of our Institute. The subjects received
standard diets and were not allowed to consume any food or drinks but the
meals and drinks supplied by the Institute. On the experimental days, they
received 2 glasses of red wine during dinner early in the evening and 2
glasses of Hollands gin in combination with a snack during the evening (40
g of alcohol in total). In view of the circadian variation in fibrinolytic
parameters all meals and drinks were taken and all measurements were done
always at the same time of the day. In the evening, one hour after the
consumption of the Hollands gin, PAI activity had increased by 230%
(p<0.001) and t-PA activity had decreased by 95% (p<0.001). The next
morning, after an overnight fast, PAI activity was still significantly
higher. This time we also measured PAI-1 and t-PA antigen levels and a
number of parameters of the urokinase-plasminogen activator system. PAI-1
antigen was not significantly affected. The level of t-PA antigen,
however, significantly increased after alcohol consumption in the evening
(+42%, p<0.01). No effects of alcohol on the parameters of the urokinase-
plasminogen activator system were observed.

In-vitro studies

The effects of alcohol on fibrinolytic parameters has also been
studied in vitro. Laugh (22) investigated the effect of alcohol on the
secretion of t-PA by cloned bovine endothelial cells. These cells produced
and secreted t-PA at a constant rate. Exposure to alcohol increased the
secretion of t-PA in a concentration-dependent manner. Ewven alcohol
concentrations as low as 0.1 g/l showed an increase of approximately 30%.
Kjaeldgaard et al. (23) confirmed the increasing effect of alcohol on t-PA
production in a t-PA-producing human melanoma cell line.

Another very interesting observation in the study of Laugh (22) was
that other aliphatic alcohols such as propanol and butanol also
considerably increased t-PA production and secretion, whereas methanol and
isopropanol had no effect. Thus, the efficiency of aliphatic alcohols to
enhance fibrinolysis seems to increase with clongation of the hydrocarbon
chain.
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Anderson et al. (14) not only investigated the effects of cider in
human volunteers.®but also in in-vitro experiments by adding cider to
different test sytems. The fibrinolytic activities of plasmin, urokinase
and tissue-type plasminogen activator on fibrin plates were inhibited by
cider in a concentration-dependent manner. The inhibitory agent was heat-
stable and non-dialysable.

Alcoholism and fibrinolysis

The antigen levels of plasminogen activators and plasminogen activator
inhibitors in chronic alcoholics were studied by Tran-Thang et al. (24) in
order to establish whether the variations in fibrinolytic activity
observed in alcoholics are primarily due to varying levels in activators,
inhibitors or both. In chronic alcoholics with normal liver tests t-PA
antigen levels were within the normal range. In a group of alcoholics with
abnormal liver function tests, but without signs of cirrhosis, t-PA
antigen levels were approximately twice as high as those in the control
group, and in alcoholics with cirrhosis t-PA antigen levels even had
increased sixfold. A good correlation was observed between t-PA and gamma
glutamyl transferase, indicating a relationship between t-PA antigen
levels and the severity of the disease. Urokinase-PA and PAI-1 antigen
levels were significantly increased in all three patient groups.

Increased levels of t-PA and PAI-1 antigen in patients with mild and
severe liver cirrhosis were also observed by Leebeek (25). In addition, he
reported an increased (-PA activity in a subgroup of patients. Booth et
al. (26) reported an increase in both tissue-type and urokinase-type
plasminogen activator activity in patients with alcoholic cirrhosis.

Conclusions

Most experimental studies on alcohol and fibrinolysis show a decrease
in blood fibrinolytic activity, both acutely and on the longer term (5
weeks). An increase in PAIl-1 levels in the circulation appears to cause
the effect.

The results of epidemiological studies on alcohol consumption and
fibrinolysis, on the other hand, show an increased fibrinolytic activity
of blood with increasing alcohol consumption. It has not been analysed
with specific methods whether this increase resides in reduction in PAI-1
or increase in t-PA, or in changes in other factors.
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This discrepancy beiween experimental and epidemiological studies
cannot easily be explained at present. The effects of alcohol consumption
for periods longer than 5 weeks remain to be investigated. A possible
rebound in fibrinolysis on the longer term in case of moderate alcohol
consumption would explain the epidemiological findings of a positive
association between alcohol consumption and fibrinolytic activity. It also
remains possible that in epidemiological studies the “spontaneous” level
of alcohol consumption reflects a fenotype that is linked to a
fibrinolysis  fenotype. In this respect, an experimental study on
volunteers with variable "spontaneous” alcohol consumption levels would be
interesting, with the questions what happens in periods of abstinance and
of various levels of alcohol consumption.

Finally, in new and on-going epidemiological studies, the use of newer
assay strategies might provide us with more detailed data on the changes
in t-PA and especially PAI-1.
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CHAPTER 4

HIGH-DENSITY LIPOPROTEIN CHOLESTEROL
°" DURING 20 WEEKS OF
MODERATE ALCOHOL CONSUMPTION

J. Veenstra, Th. Ockhuizen, N.A. Pikaar and G. Schaafsma

(Submitted)

Summary

The effect of 20 weeks of moderate daily alcohol consumption on high-
density lipoprotein cholesterol and its subfractions was studied in human
volunteers (experimental group n=12, control group n=6). The alcohol (34 g
per day in white wine) was consumed during dinner (2 glasses) and in the
evening (2 glasses). Measurements were performed in weeks 0, 5, 10, 15 and
20, after an overnight fast. In the experimental group HDL-C levels
increased significantly by up to 17.5 % as compared to the control group
(P=0.015). This effect of alcohol on HDL-C was mainly attributable to a
significant effect on the HDL3-C subfraction (P<0.05). HDL,-C was not
significantly influenced by alcohol consumption. This is the first
experimental study on moderate alcohol consumption and HDL-C over a period
much longer than 5 weeks.

Introduction

A positive association between high-density lipoprotein cholesterol
(HDL-C) and alcohol consumption has been observed in many epidemiological
studies (Reviews 1,2). Increased HDL-C levels have epidemiologically been
shown to be associated with lower risk of coronary heart disease (CHD).

HDL-C consists of two major subfractions, HDL,-C and HDL3-C. The
relation with low CHD risk has been predominantly observed for HDL,-C. The
effects of alcohol consumption on HDL-C subfractions seem to depend on the
alcohol dose. Moderate alcohol consumption mainly raises the HDL4-C
subfraction, higher doses of alcohol (60 g daily for 3 weeks) increase the
HDL,-C subfraction (3). Moreover, the HDL, level is raised in chronic
alcoholics (4,5). In a previous study we have observed an increase in
HDL3-C levels after 5 weeks of moderate alcohol consumption, whereas HDL -
C remained unaffected (6). Experimental data on HDL-C and moderate alcohol
consumption over periods longer than 5 weeks are scarce.
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The purpose of the present study was to investigate the effects of
moderate alcohol consumption on HDL-C subfractions over a period of 20
weeks in order to answer two questions: (1) Does moderate alcohol
consumption for more than 5 weeks influence HDL»-C levels; and (2) Is the
alcohol-induced increase in HDL3-C still present after 20 weeks of
moderate aleohol consumption.

Methods
Subjects

Eighteen apparently healthy, non-smoking volunteers, between 21 and 28
years of age, participated in this study. Their average habitual
consumption of alcohol varied between 10 and 40 g per day. They all had a
normal liver function, had no familial history of alcoholism and were used
to a normal, western life style, including dietary habits. No drugs were
used during the experiment. The study protocol was approved by the
Institute's external Medical-Ethical Committee and the participants signed
the informed consent form.

Study design

The subjects were randomly assigned to an experimental group (n=12)
and a control group (n=6). In the 5 weeks preceding the experiment, all
volunteers abstained from drinking alcoholic beverages. During the
subsequent 20 weeks the volunteers in the control group persisted in
abstainance, and those in the experimental group consumed four 100-ml
glasses of white wine (34 g alcohol) daily, two glasses during dinner at
1800 and two glasses during the evening. The subjects did not change their
habitual diet and life style. Compliance was tested at regular intervals
by means of a questionnaire. Measurements were performed in weeks 0, 5,
10, 15 and 20. Two and four months after the study the subjects of the
experimental group were questioned about their drinking habits. None of
them reported a change in this respect.

Analytical methods

Blood was taken from a vena mediana cubiti by means of a catheter. For
HDL subfractionation we used essentially the method of Gidez et al. (7).
VLDL and LDL were first removed by precipitation with heparin (140 U/mg,
1.5 g/L final concentration) and MnCly (100 mmol/L) for 20 min at 0 °C.
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Then dextran sulphate (MW 15,000) was added to a final concentration of
1.4 g/L and the mixture left for 30 minutes at 0 °C before centrifugation.
Cholesterol in HDL, (redissolved dextran sulphate precipitate) and in HDLy
(final supernatant) were determined by the method of Abell et al. (8).
HDL-C was calculated as the sum of HDL,-C and HDL3-C. Serum total
cholesterol was determined by a enzymatic-colorimetric autoanalyser method
on a Hitachi autoanalyser (Boehringer, Mannheim, FRG) using Boehringer
biochemicals.

Statistical analysis

Statistical evaluation comprised one-way analysis of variance (ANOVA)
of the measurements at weeks 0, 5, 10, 15 and 20 to determine differences
between the experimental group and the control group.

Results and discussion

Figure 1A shows the HDL-C levels in the experimental and the control
group during the experiment. The HDL-C subfractions HDL,-C and HDL4-C are
shown in Figure 1B and Figure 1C.

The levels of HDL-C were significantly higher in the experimental
group after 10 and 15 weeks of moderate alcohol consumption (P=0.028,
P=0.015, respectively). Moderate alcohol consumption had no significant
effect on HDL,-C during the 20-week experimental period. The HDL3-C level,
however, was significantly higher after 5 weeks of alcohol consumption
(19.4 %, P=0.043), which is in agreement with our previous study (6}). The
difference between the experimental group and the control group was even
more pronounced after 10 weeks (25.2 %) and after 15 weeks (20.7 %)
(P=0.049 and P=0.025, respectively). After 20 weeks the HDL4-C level was
still  significantly higher then in the control group (P=0.032). No
significant effects of alcohol on total cholesterol were observed (data
not shown).

In both groups the HDL,-C levels tended to decrease and the HDL5-C
tevels tended to increase during the experimental period, irrespective of
alcohol treatment. These tendencies might reflect seasonal changes. The
experiment starled in  August, in the late summer, and lasted until
December, just before Christmas, and therefore some changes in food
pattern and life style of the volunteers are likely to have occurred.

Our results indicate that daily moderate alcohol consumption results
in an increase of HDL-C within a few weeks and that this increase is
mainly due to the HDL3-C subfraction. HDLs seem to be involved in the
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Figure 1. Effects of moderate alcohol consumption on HDL-C (Fig. 14) and
the HDL-C subfractions HDL, -C (Fig. 1B) and HDL 3C (Fig. 1C).

The bars indicate the standard error of mean (SEM).

An  asterisk indicates a significant difference (P<0.05) between the
experimental { 3 = o © ) and the control (3 = B—£)

group.
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protection of the vascular system against accumulation of cholesterol
(9,10). Therefore, the alcohol-induced elevation of the HDL3-C subfraction
could be beneficial. However, before any conclusions as to such a
protective effect can be drawn, the underlying mechanism and consequence
of alcohol-induced increases of HDLy-C should be studied.
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CHAPTER 5

EFFECTS OF FOUR DAYS OF MODERATE WINE
AND COFFEE CONSUMPTION ON
FIBRINOLYSIS AND PLATELET AGGREGATION

J. Veenstra, C. Kluft, Th. Ockhuizen, N. A. Pikaar,
H. v.d. Pol, M. Wedel and G. Schaafsma

(Fibrinolysis, in press)

Summary

Moderate consumption of wine and coffee was studied in eight
apparently healthy men (aged 20 - 30 years) during a four-day experimental
period. After a wash-out period of 10 days, blood samples were taken after
an overnight fast, at days 0, 1, 2 and 4 of the experimental period. There
were no clear effects of wine consumption on fibrinolysis or platelet
aggregation. Coffee consumption had a clear effect on fibrinolysis: t-PA
inhibition levels at day 2 and day 4 were significantly increased by
coffee consumption and t-PA antigen levels tended 1o be higher after
coffee consumption for four days. t-PA activity was not significantly
affected. The effect of coffee on platelet aggregation seemed to be
related to the type of dietary fat consumed during the experimental
period. When coffee was consumed with a diet high in polyunsaturated fatty
acids there was an increase in platelet aggregability; there was a
decreased platelet aggregation when coffee was consumed with a diet rich
in saturated fatty acids.

Keywords: Alcohol. Wine. Coffee. Fibrinolysis. Platelet aggregation.

Introduction

In the pathogenesis of cardiovascular diseases fibrinolysis and
platelet aggregation are important processes. An increase in fibrinolysis
and a decrease in platelet aggregation may contribute to a lower risk of
cardiovascular diseases. These processes can be influenced by various
components of the daily diet such as alcohol, coffee and fat (1-10).

Most studies on alcohol, fibrinolysis and platelet aggregation have
been concerned with the effects of a single dose of alcohol in the
postprandial phase, when the alcohol is still present in the circulation.
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Data on regular moderate alcohol . consumption, fibrinolysis and platelet
aggregation, however, are very scarce. ‘In a previous study we have found
that moderate wine consumption for 5 weeks reduced platelet -aggregation
induced by collagen, increased plasminogen levels and lowered tissue-type
plasminogén activator (t-PA) activity levels in plasma after an overnight
fast (1).

The acute effects of alcohol consumption on platelet aggregation
appeared to depend strongly on the type of fat in a meal taken together
with- the alcohol (2). When alcohol was taken with a meal high in saturated
fatty acids, an inhibitory effect on platelet aggregation was observed,
but no effect was found when alcohol was consumed together with a meal
high in polyunsaturated fatty acids (2).

Alcohol has been shown to increase membrane fluidity. Chronic alcohol
consumption, however, leads to adaptation of the cell membranes rendering
them insensitive to the fluidizing effects of alcohol (3,4). Changes in
cell membrane fluidity may result in altered cell functions, in for
example platelets and endothelial cells.

Besides alcohol and fat, caffeine is another component of our daily
diet that has been reported to influence haemostasis. Samarrae et al
reported an increase in fibrinolytic activity within one hour after the
consumption of two cups of coffee (5). In another study, Wojta et al. (6)
have demonstrated a decrease in t-PA inhibition level when the caffeine
consumption was continued until the morning of investigation. As regards
the effects of coffee on platelet aggregation in vitro studies have shown
an inhibitory effect of caffeine or coffee extracts (7-9). In vivo studies
on acute effects of coffee on platelet aggregation have also shown
inhibition (10).The effects of moderate coffee consumption on fibrinolysis
and platelet aggregation in the fasting state are unknown.

In the present study we investigated the effects of moderate wine and
coffee  consumption on fibrinolysis, platelet aggregation, haematological
parameters and erythrocyte membrane fluidity, after an overnight fast,
over a period of four days. Possible interactions between wine and coffee
consumption on the one hand, and between wine or coffee consumption and
polyunsaturated or saturated fatty acids on the other hand were also
examined.
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Subjects and methods
Subjects

Eight healthy non-smoking men aged 20 - 30 participated. Their
habitual daily consumption of alcohol and coffee did not exceed 4 glasses
(40 g alcohol) and 7 cups respectively. Their liver function was normal
and they had no familial history of alcoholism. They were used to a normal
Western life-style, including dietary habits. The study protocol was
approved by the Institute's external medical-ethical committee, and the
participants signed the informed consent form.

Study Design

The study comprised four periods of two weeks each. In the first ten
days of each period the subjects consumed their habitual diet but had no
drinks containing alcohol or caffeine. This wash-out period was followed
by an experimental period of four days in which each subject received one
of four different treatments. Treatments consisted of a combination of
consumption of a standard diet, either high in polyunsaturated (PUFAs) or
high in saturated fatty acids (SFAs), and whether or not consumption of
wine or coffee. Subjects were divided at random into two groups of four.
During the experimental periods four subjects were always on the PUFA-rich
diet, whereas the other four always received the SFA-rich diet. All
possible combinations of the factors diet, wine and coffee were included
in the study according to a factorial design (11). Treatments were given
in a randomized order, according to a Latin square. Wine consumption
comprised 2 glasses of red wine at dinner (in the evening) and 2 glasses
of red wine during the evening. Coffee consumption comprised 6 cups of
black filter coffee (approximately 75 mg caffeine per cup): 2 cups in the
morning, 2 cups in the afternoon, 1 cup after finishing dinner and 1 cup
in the evening. The composition of the standard diets during the experi-
mental periods is given in Table 1. Blood samples were taken after an
overnight fast at days 0, 1, 2 and 4 of each experimental period, always
at the same time in the morning and always at the same days of the week.

Analytical Methods
Blood was taken by means of a venacatheter from resting volunteers in
supine position. For fibrinolytic parameters blood was collected in pre-

cooled polycarbonate tubes on citrate (1 vol 32 g/l sodium citrate, 9 vol
blood} and processed to platelet-poor plasma as previously described in
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Table 1. Compositien of the standard total daily diets during the
experimental periods. :

SFA-rich diet PUFA-rich diet

Energy (kcal/d) 2766 2820

(MJoule/d) 11.6 11.8
Weight (g/d) 1796 1795
Protein (g/d) 80.8 82.6
Carbohydrates (g/d) 319.7 319.5
Total fat (g/d) 129.3 134.6
Fatty acids: (% of total)
Saturated 59.9 38.5
Monounsaturated 35.5 29.5
Polyunsaturated 4.6 32.0

! Polyunsaturated fatty acids consisted for 99 % of linoleic acid

detail (12). Plasma was kept frozen at or below -40°C.

Plasminogen was analyzed in an activity assay using streptokinase for
activation and S 2251 (both obtained from Kabivitrum, Amsterdam) for assay
of activity according to Friberger et al.(13) Results were expressed as a
percentage relative to a pool plasma (12).

-PA activity was determined in euglobulin fractions of plasma using
the parabolic rate assay for t-PA as described in detail elsewhere (14).
Activity, expressed in  IU/A, was determined on the basis of the
International standard of -PA (15).

1-PA inhibition was determined by titration with purified 2-chain t-PA
using a parabolic rate assay to measure residual t-PA as described (16).
Inhibition was expressed relative to a pooled plasma sample which was
estimated to inhibit 7.6 1U of t-PA/ml.

t-PA antigen is assayed by enzyme immunoassay using Imulyse 3
(TM)(Biopool AB, Umed. Sweden).

For platelet aggregation 18 ml blood was collected by gentle suction
into 2 ml of 32 g/l sodium citrate, pH 7.4. Aggregation experiments were
carried out in platelet-rich  plasma (PRP) containing 220 x 10
platelets/ml on a Lumi Dual Aggrometer (Chrono-Log Corp, Havertown, PA).
After 3 minutes preincubation of 450 pl PRP at 37°C, 50 pl collagen or
thrombin suspension was added to induce aggregation. Aggregation curves
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were recorded for 5 minutes. For collagen (Hormon Chemie, Minchen, FRG)
the final concentrations used were 0.3, 0.6 and 1.0 mg/l and for thrombin
(Sigma, St Louis, MO, USA) 60, 80 and 100 U/

From the aggregation curves with collagen the percentage of maximal
aggregation and the velocity of aggregation were measured. For thrombin-
induced aggregation this was done for the percentage of maximal
aggregation and the time it took to reach maximal aggregation.

For haematological determinations 3 ml of EDTA-K blood was collected
and analyzed on a Sysmex CC-180 (TOA Medical Electronics Co Ltd, Carson,
CA). Haematological parameters were hemoglobin (Hb). haematocrit (Ht),
white blood cell counts (WBC), red blood cell counts (RBC) and platelet
counts (PLC).

For the analyses of erythrocyte membrane fluidity, erythrocyte
membranes were isolated as described by Dodge et al.(17) and fluorescence
polarization was measured on an Elscint MV-la apparatus (Elscint Ltd.,
Haifa, Israel) as described by van Hoeven et al. (18).

Statistical Methods

Statistical analysis comprised analysis of covariance (values were
adjusted for day 0) of each variable at days 1, 2 and 4. Main effects of
coffee, wine and diet were tested as well as two-factor interactions.
Skewed variables were transformed by logarithms before statistical
analysis. For these variables the normal means are presented in the
figures. Effects with a P value < 0.05 were considered to be significant.

Results

There were essentially no effects of wine consumption or significant
interactions between wine and coffee consumption on the parameters of
fibrinolysis, platelet aggregation, haematology and erythrocyte membrane
fluidity.

The effects of coffee consumption on the parameters of fibrinolysis
are summarized in Figure 1. Coffee significantly increased t-PA inhibition
levels after two and four days (P<0.05 and P<0.001, respectively). The
observed variations and differences in t-PA activity and plasminogen
levels (Fig. 1) were not significant due to large standard deviations and
small differences, respectively. t-PA antigen values were only obtained in
the samples of day 0 and 4 and showed a non-significant tendency of higher
values in the coffee group (day 4, 8.1 *= 2.4 ng/ml) than in the control
group (day 4, 6.3 = 2.0 ng/ml). There were no effects of the type of fat
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Figure 1. The influence of coffee consumption on the parameters of
fibrinolysis.  The  asterisks  indicate a  significant  difference
between the measurements with and without coffee. The T-bars
indicate the standard error of difference (SED) (n=16) derived
from the pooled error variance.

on the parameters of fibrinolysis.

No significant main effects of coffee treatment on platelet
aggregation were observed. The type of fat consumed during the
experimental period, however, showed a rather consistent interaction with
coffee consumption for both collagen- and thrombin-induced platelet
aggregation (Table 2). The significant interactions are shown in Figure 2.
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Table 2. Interactions between coffee consumption and the type of fat
consumed daring the experimental period. Values represent the
means of the logarithms (see statistical methods). SED values
(n=28) are derived from the pooled error variance. The P values in
the table are the P values for the interactive effect between
coffee treatment and the type of dietary fat.

PUFA-rich diet SFA-rich diet SED Pvalue
Coffee No coffee Coffee No coffee

Collagen 0.3 pg/ml

% max aggr Day 1 2.25 1.59 1.62  2.01 0.378 0.076
velo aggr 1.67 1.34 1.28 1.53 0.301 0.186
% max aggr Day 2 2.44 232 1.90  2.80 0.363 0.071
velo aggr 1.92 1.92 1.57 2.37 0.260 0.047
% max aggr Day4 276 2.26 2.00 2.56 01.337 0.047
velo aggr 247 1.70 .81 2.17 0.367 0.047
Thrombin % max aggr

0.06 U/ml Day 1 2.14  1.82 1.79  1.93 0.081 0.005
0.08 U/ml 242 208 2.18 2.28 0.094 0.010
0.06 U/ml  Day 2 1.82 1.88 1.95  1.90 0.166 0.662
0.08 U/ml 2.03 220 2.04  2.25 0.142 0.845
0.06 U/ml Day 4 222 1.90 212 211 0.080 0.042
0.08 U/ml 2.37 227 2,19 224 0.113 0.356

When coffee was consumed with the PUFA-rich diet there was an increase in
platelet aggregability. There was a decreased platelet aggregation,
however, when coffee was consumed with the SFA-rich diet.

A small but significant increase in hemoglobin concentration was
observed one and two days after coffee consumption (p=0.001 and p=0.014,
respectively). This increase was no longer significant after 4 days. There
were no significant effects of coffee consumption on the other parameters
of haematology and erythrocyte membrane fluidity.
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measurements with and without coffee.
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Discussion

Previous studies on the effect of moderate wine consumption have
demonstrated a reduction in {-PA activity (1), which has been attributed
subsequently to an increase in the plasma level of plasminogen activator
inhibitor-1 (PAI-1)(19). In the present study, such an effect of similar
amounts of wine was not found, which may be due to the short period of
wine consumption as compared to 5 weeks in our previous study.

Reports on alcohol and platelet aggregation are conflicting. When the
acute effects of alcohol were investigated, no effects, (10,20,21,22)
inhibitory effects (2,23,24) as well as stimulative effects (11,25,26)
were found. An explanation could be the large diversity in study
protocols. In three studies (2,25,26) the volunteers consumed 100 g of
alcohol or more (1 drink contains approximately 10 g), and in one study
(20) alcohol was taken ad libitum for four hours. In the other studies the
amount of alcohol consumed varied broadly between 15 and 90 g
Furthermore, the studies varied considerably in type of alcoholic beverage
(e.g. whiskey, white wine and alcohol in fruit juice). In all studies
mentioned, the alcohol was consumed on an empty stomach, mostly in the
morning.

In a previous study we have found an inhibitory effect on platelet
aggregation of moderate wine consumption for 5 weeks (1). Other studies
showed that platelet aggregability increases in alcoholics upon alcohol
withdrawal (26,27). Adaptation of the plasma. membranes to the fluidizing
effects of alcohol has been proposed as a possible mechanism through which
alcohol influences platelet aggregation on the long term (3,4). In the
present study no effects were observed on platelet aggregation, or on
membrane fluidity of 4 days of moderate wine consumption under habitual
conditions.

The effect of coffee consumption on fibrinolysis in the present study
mainly concerns an increase in level of inhibition for t-PA in plasma. The
increase is moderate and remains within normal ranges. The increase in t-
PA inhibition level does not result in a significant reduction in (-PA
activity, which may be .related to a simultaneous increase in (-PA
production as might be suspected from a tendency of increase in t-PA
antigen. In several studies a correlation between plasma levels of t-PA
(antigen) and the main t-PA inhibitor, PAI-1, has been demonstrated (28-
30). From this, it might be hypothesized that the regulation of t-PA and
PAI production is coordinated and that coffee promotes the synthesis of
both t-PA and PAL In the genomic codes of t-PA and PAI-1 homologies have
been found which possibly underlie a (partial) coordinated regulation
(31).

73



CHAPTER 5

Our results  differ from those of Wojta et al. (6) who have
demonstrated a clear decrease in (-PA inhibition level after caffeine
ingestion. However, in their study caffeine ingestion was terminated on
the morning just before blood sampling, whereas we collected blood after
an overnight fast. In the study of Wojta et al. (6), a short-term effect
of caffeine might also be operable:

The effect of coffee or caffeine on platelet aggregation has been
investigaied in some studies. In vitro studies have revealed that caffeine
is an inhibitor of platelet aggregation (7-9), and so have in vivo studies
in which the acute effects (1-3 hours after coffee consumption) were
investigated (10). These effects are likely to be mediated by an
accumulation of cyclic AMP in platelets. Methyl xanthines inhibit the
enzyme cyclic AMP phosphodiesterase which converts cyclic AMP to 5'-AMP in
a dose-dependent manner (for a review see ref. 32}.

In our study the effect of 1, 2 and 4 days of coffee consumption on
platelet aggregation was studied in the fasting state. The time between
consumption of the evening cup of coffee and the induction of platelet
aggregation was at least 12 hours so that caffeine concentrations in the
platelet-rich plasma were expected to be low, in contrast to the in vitro
and the acute in vivo studies mentioned.

The observed interaction between coffee and the type of fat is
interesting and indicates that dietary fatty acids should be taken into
account in research on coffee consumption and platelet aggregation. An
explanation for the interaction may lie in a change in the production of
arachidonic acid metabolites during aggregation. The fat of the PUFA-rich
diet mainly consisted of linoleic acid, which can be converted into
arachidonic acid by elongation and desaturation (33). Since platelets may
produce  aggregation-enhancing as  well as  aggregation-inhibiting
arachidonic acid metabolites by different enzyme systems (34), the type
and amount of dietary fatty acids is likely to influence the effects of
coffee on platelet aggregation.

A small increase in hemoglobin concentration was observed after one
and two days of coffee consumption. Although not significantly, the red
blood cell count and the hematocrit also tended to increase. This is
possibly the result of the known weak diuretic effects of caffeine (35).

In conclusion, moderate wine consumption has no effect on fibrinolysis
and platelet aggregation within four days, if measured after at least 12
hours of abstinence., Moderate coffee consumption, however, increases t-PA
inhibition levels. Furthermore, the effect of moderate coffee consumption
on platelet aggregation appears to depend on the fatty acid composition of
the diet.
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CHAPTER 6

EFFECTS OF FOUR DAYS OF MODERATE ALCOHOL
CONSUMPTION ON BLOOD LIPIDS AND
LIPOPROTEINS IN HEALTHY VOLUNTEERS

1. Veenstra, Th. Ockhuizen, H. van de Pol, M. Wedel
and G. Schaafsma.

(Submitred)

Summary

During a four-day experimental period the effects of moderate alcohol
consumption on blood lipids and lipoproteins were studied in 8 apparently
healthy young men. Following a washout period of 10 days, blood samples
were taken after an overnight fast at days 0. 1, 2 and 4 of the
experimental period. During this period the subjects received at random 4
glasses of wine per day or mineral water and a diet with a high content of
either polyunsaturated fat or saturated fal. At day 4. a significant
increase in the Apo-A{/Apo-B ratio was observed upon alcohol consumption
(238.0 versus 206.8; p=0.025). There were no significant main effects of
alcohol on total cholesterol, triglycerides and the HDL-C subfractions
HDL,-C and HDL3-C. For HDL5-C, however, a significant interaction was
found between alcohol consumption and type of fat. Alcohol together with a
diet high in polyunsaturated fatty acids significantly increased HDL4-C
levels, whereas no effect of alcohol on HDL4-C could be observed when the
diet consisted mainly of saturated fatty acids.

Keywords. Alcohol consumption, coronary heart disease, HDL cholesterol,
HDL subfractions, apolipoproteins.

Introduction

In many epidemiological studies a positive association between alcohol
consumption and high-density lipoprotein-cholesterol (HDL-C) has been
shown (1-8). High levels of HDL-C are commonly found in chronic alcoholics
(9-11), and even moderate alcohol consumption is reported to increase HDL-
C (3,5,7.8,12). Since an increase in HDL-C is inversely related to the
risk of coronary heart disease (CHD), this possibly explains the reported,
but not generally accepted (13,14), beneficial effects of moderate alcohol
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consumption e CHD risk (reviews 15-17); The proposed mechanism assumes
that the elevated HDL-C levels decrease the risk of CHD by an improved
transport of - cholesterol from the tissue deposits to the liver, where it
is metabolized. Plasma HDL-C consists of two major subfractions, differing
slightly in density; HDL5-C and HDL4-C. Of these two subfractions,
particularly HDL,-C is epidemiologically associated with a lower risk of
CHD (17). Besides HDL-C subfractions, the apolipoproteins Apo-A; and Apo-
B, the main proteins of HDL and low-density lipoprotein (LDL)
respectively, are of interest. Apo-A{ is even more strongly associated
with a lower risk of CHD than is HDL-C, and there is a strong positive
correlation between Apo-B and the development of CHD (17).

In a previous study we have investigated the effects of 5 weeks of
moderate alcohol consumption on platelet aggregation, fibrinolysis and
blood lipids {18). A small but significant increase of HDL;-C was observed
when 4 glasses of red wine were consumed daily. The changes in HDL,-C were
not significant. Other studies have reported similar effects of moderate
alcohol consumption for periods ranging from 3 to 6 weeks (12,19-21).

A study in alcoholics has shown that upon cessation of drinking, HDL,-
C and HDL4-C levels fell significantly within two days, indicating a
relatively short-term effect of alcohol (10). Data on short-term effects
of moderate alcohol consumption in healthy non-alcoholic volunteers are
scarce. Therefore the purpose of the present study was to investigate the
effects of 1, 2 and 4 days of moderate alcohol consumption in healthy male
volunteers on serum cholesterol, triglycerides, HDL-C subfractions and the
apolipoproteins Ay and B in a carefully controlled study design.

Patients and methods
Subjects

Eight healthy, non-smoking men aged 20 - 30 participated. Their
habitual daily consumption of alcohol did not exceed 4 glasses (40 g
alcohol). Their liver function was normal and they had no familial history
of alcoholism. They were used to a normal western life-style, including
dietary habits. The study protocol was approved by the Institute's
external medical-ethical committee, and the participants signed the
informed consent form.

80



CHAPTER 6

Study design

The study consisted of four periods of two weeks each. In the first
ten days of each period the subjects consumed their habitual diet but
refrained from alcohol consumption. This wash-out period was followed by
an experimental period of four days in which the subjects received at
random, according to a Latin square, alcohol or mineral water, while they
were on a diet that had a high content of either polyunsaturated fat
(PUFA) or saturated fat (SFA). The composition of the diets is given in
Table 1. Alcohol consumption consisted of 2 glasses of red wine at dinner
(always at the same time at the beginning of the evening) and 2 glasses of
red wine during the evening. During the experimental periods the
volunteers were not allowed to eat or drink anything apart from the food
and drinks supplied. Blood samples were taken after an overnight fast at
days 0, 1, 2 and 4 of the experimental period.

Table 1. Composition of the standard total daily diets during the
experimental periods (pooled portions of 2 days were analyzed).

Diet rich in Diet rich in

saturated polyunsaturated

fatty acids fatty acids
Energy (kcal/day) 2766 2820

(MJ/day) 11.6 11.8

Weight (g/day) 1796 1795
Protein (g/day) 80.8 §2.6
Carbohydrates (g/day) 319.7 319.5
Total fat (g/day) 129.3 134.6
Saturated fatty acids (%) 59.9 38.5
Monounsaturated fatty
acids (%) 35.5 29.5
Polyunsaturated fatty

acids (%) 4.6 32.0

* . . Aoy
Polyunsaturated fatty acids consisted for 99 % of linoleic acid
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Analytical methods

Blood was taken from a vena mediana cubiti by means of a catheter. For
HDL subfractionation the method of Gidez et al (22) was used. First, very
low-density lipoprotein (VLDL) and LDL were removed by precipitation with
heparin (0.15% w/v final concentration) and MnCl5 (100 mmol/L) for 20 min
at 0°C. Then dextran sulphate (MW 15,000) was added to a final
concentration of 0.14% w/v and the mixture left for 30 minutes at 0°C
before ccmnfugat on. Cholesterol in HDL, (redissolved dextran sulphate
precipitate) and in HDL5 (final supunamnt) were determined by the method
of Abell et al. (23). Serum apolipoproteins were determined by rocket
immunoelectrophoresis, using the Elphogram Apo A (/B test kit of Bio-Rad
Laboratories GmbH, Minchen, FRG. Total serum cholesterol and total serum
triglycerides were determined by enzymatic-colorimetric  autoanalyzer
methods on a Hitachi autoanalyzer (Boehringer, Mannheim, FRG) using
Boehringer biochemicals.

Statistical methods

Statistical analysis comprised analysis of covariance (values were
adjusted for day 0) of each variable at days 1, 2 and 4. Main effects of
alcohol and type of dietary fat were tested as well as 1wo-factor
interactions. Skewed variables were transformed by logarithms. For these
variables geometrical means are presented. Effects with a P value <0.05
were considered to be significant.

Results

The effects of alcohol consumption on blood lipids and apolipoproteins
are summarized in Table 2. All values were adjusted for day 0. No
significant effects on HDL-C subfractions were observed although HDL5-C
showed a tendency to be higher after 4 days of moderate alcohol
consumption. Apo-A, which is the main apolipoprotein in HDL-C, showed a
tendency to mumsc Apo-B, on the other hand, tended to be lower when
alcohol was consumed in the experimental period. A significant increase in
Apo-Ay/Apo-B ratio upon alcohol consumption was observed at day 4 of the
experimental period (p=0.025).
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Table 2. Effects of alcohol consumption on blood lipid and apolipoprotein
levels in healthy volunteers (n=38). All values were adjusted for
day 0.

Treatment Day 1 p-value  Day2 p-value  Day4 p-value

HDL,-C  (mmol/L) + 0.33 0.35 0.38
— 0.37 0.110 0.36 0.890 0.36 0.468

HDL5-C  (mmol/L) + 0.98 1.01 1.00
— 0.97 0.814 0.99 0.301 0.94 0.134

Apo-Ay  (g/L) + 1.54 1.54 1.73
— 155 0.903 1.54 0.980 1.61 0.129

Apo-B (g/L) + .78 0.81 0.77
— 0.83 0.349 0.83 0.534 0.84 0.079

Apo-A/Apo-B + 2.08 1.96 2.38
- L95 0.511 1.94 0.845 2.07 0.025

Total cholesterol + 4.84 5.12 5.04
(mmol/L) _  4.94 0.544 5.10 0.866 4.94 0.400

Triglycerides + 0.82 0.81 0.82
(mmol/L) _  0.83 0.829 0.76 0.407 0.74 0.305

+ 40 g alcohol per day; __ no alcohol.

No effects of aleohol consumption on - total cholesterol and
iriglyceride  levels were observed. The type of dietary fat, however,
strongly affected total cholesterol level at day 2 and day 4. Serum total
cholesterol levels were significantly lower for the PUFA diet than for the
SFA diet (means at day 4: 4.77 and 5.22 mmol/l, respectively: p=0.002).

For HDL4-C a clear interaction between alcohol and type of dietary fat
was observed (Table 3). When the dietary fat mainly consisted of PUFA,
alcohol consumption increased HDL3-C levels after 2 and 4 days by 10.6 and
14.4 % (p=0.005 and p=0.047, respectively), whereas no changes in HDL4-C
level occurred when alcohol was consumed in combination with a diet rich
in SFA.
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Tabile 3. Interaction between alcohol consumption and dietary fatty acid
composition on HDL 3-C {mmol/L) .

Diet rich in Diet rich in

saturated fatty acids polyunsaturated fatty acids

Aleohol  No alcohol Alcohol  No alcohol  P-value
Day 1 0.954 0,948 1.002 1.008 0678
Day2  0.982 1.032 1.043 0.94%  0.005
Dayd4 0,970 0.993 1.032 0.90  0.047

Values sharing the same superscript (within days) do not differ
significantly.

Discussion

Our results suggest that, although a tendency to an increased HDL5-C
level could be observed, the period of four days was too short to obtain a
statistically significant main effect on HDL-C subfractions in healthy
volunteers. The changes in the levels of Apo-A{ and Apo-B were also not
stalistically significant within 4 days, but the Apo-A;/Apo-B ratio had
significantly increased after 4 days of alcohol cmnsumpliﬂn. This
incicates  that the ratio between these apoproteins is a sensitive
parameter for the early effects of alcohol on lipoprotein metabolism.

The interaction between alcohol and type of dietary fat indicates that
the effect of moderate alcohol consumption on HDL3-C levels is dependent
on the type of dietary fat. Alcohol increased HDLA-C levels only when a
PUFA-rich diet was consumed. When no alcohol was consumed during the
experimental period and the dietary fat consisted primarily of PUFAs, even
a decrease of HDL4-C was observed (Table 3), which is in line with the
literature (24-26). It appears from our study that alcohol prevents the
decrease in HDL5-C induced by a PUFA-rich diet. Our finding that moderate
alcohol consumption mainly affects HDL-C. and not HDL5-C, is in agreement
with the studies of Haskell et al. (20) and Vialimaki et al. (27). Burr et
al. (28), on the other hand. observed an increase in HDL-C probably due to
a rise in the HDL,-C subfraction after only 18.4 g alcohol per day.
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whereas Masarei et al. (29) found an increase in both HDL,-C and HDL4-C
subfractions. In epidemiological studies, however, mainly HDL4-C has hwn
found to correlate with moderate alcohol intake (5,7.8) whereas the risk
of CHD is epidemioclogically inversely associated with HDL»-C. In relation
to alcohol consumption, increased HDL,-C levels have been found mainly in
chronic alcoholics (10) and in response to higher doses of alcohol than in
our study (60 g daily for 3 weeks)(27).

Apparently alcohol consumption affects lipid metabolism in two
different ways: moderate drinking increases HDL+, and heavy drinking
increases HDL,. This may be explained by the ﬁypmhmis that alcohol
influences HDLy and HDL, by different mechanisms (review 17) One of the
proposed mechanisms for the effect of alcohol on HDLy is an increased
synthesis of HDLy by enzyme induction in the liver, which is the primary
site of production of HDL,. The effects of large amounts of alcochol on
HDL, are probably due to increases in lipoprotein lipase (LPL) activity
and a subsequent increase in chylomicron and VLDL metabolism as observed
in alcoholics. LPL activity does not increase upon moderate alcohol
consumption. Furthermore, a moderate dose of alcohol (40 g) has been shown
to inhibit the activity of hepatic lipase and to increase the HDL5-C level
6 hours after intake (30). After 10 hours; however, these effects have
disappeared. In man, an inverse association between hepatic lipase and
HDL, has been described (31). The question which subfraction is influenced
by moderate alcohol consumption is of major importance since it is mainly
the HDL,-C level that is associated with a lower risk for CHD (17),
although HDL3-C may be not entirely inactive (8,32). When it turns out
that favourable changes in HDL-C subfractions can only be achieved through
mechanisms induced by drinking large amounts of alcohol, and not by
moderate drinking, it must be concluded that the positive effects of
moderate alcohol consumption on CHD are probably not mediated by a change
in HDL subfractions.

Less inconsistency exists as to the relationship between alcohol
consumption and apolipoprotein levels. This may be explained by the fact
that both HDL subfractions contain considerable amounts of Apo-Aq, so thai
increases of HDL, as well as HDL4 will result in increased Apo-Ajlevels. A
positive correlation between moderate alcohol consumpamn {up to %O 2) and
both Apo-A; and Apo-A, has been observed in a cross-sectional study
reported by Williams et alz (S). This has been confirmed in a number of
experimental studies (21.29,33). Approximately 21 % of the apoprotein
fraction of HDL7 is Apo-A,, whereas this is only about 6 % for HDLy. The
reported increase in Apo-Ay upon moderate alcohol consumption, therefore
possibly reflects the rise in HDL4 The effects of moderate alcohol
consumption on Apo-B have been investigated in only two studies, one
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investigating the effects of normal beer (165 g alcohol per week for 6
weeks) versus low-alcohol beer (29), the other investigating the effects
of the daily intake of one glass of beer for 8 weeks (33). In both studies
no ‘effects on Apo-B were observed. The significant increase of the Apo-
Ay/Apo-B ratio observed in the present study resulted from a small
increase in Apo-Ajy and a small decrease in Apo-B. If alcohol induces
changes in both parameters, but in opposite directions, the ratio between
these lipoproteins is a more sensitive parameter than are the
apolipoproteins alone. Such an inverse relation has also been described
for the effects of alcohol on HDL-C and LDL-C in epidemiological studies
(34) as well as in experimental studies (29).

In conclusion, moderate alcohol consumption affects both HDL3-C and
apolipoproteins. The alcohol-induced changes in HDL4-C appear to be
dependent on the type of dietary Tat. Furthermore, our finding that the
Apo-A(/Apo-B ratio has significantly increased after moderate alcohol
consumption for only 4 days indicates that alcohol affects apolipoprotein
levels rapidly. Since an increased Apo-Aq/Apo-B ratio has been associated
with a lower risk of CHD the influence of alcohol on these apolipoproteins
may partly explain the reported beneficial effects of moderate alcohol
consumption. The exact pathway along which alcohol influences lipid
metabolism is still unknown, and the question to what extent this
influence contributes to the inverse relationship between moderate alcohol
consumption and CHD remains to be answered.
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CHAPTER 7

EFFECTS OF MODERATE ALCOHOL
CONSUMPTION ON PLATELET FUNCTION,
TISSUE-TYPE PLASMINOGEN ACTIVATOR

AND PLASMINOGEN ACTIVATOR INHIBITOR

J. Veenstra, C.Kluft, Th.Ockhuizen, H.v.d.Pel; M. Wedel and
(.Schaafsma

(Thrombosis and Haemostasis, 1990:63:345-8)

Summary

Short-term  effects of moderate alcohol consumption on platelet
function, tissue-type plasminogen activator (t-PA) and plasminogen
activator inhibitor (PAl) were studied in two age groups of volunteers
(20-30 and 45-55 years), each consisting of eight healthy males. The
alcohol (30 g in red port and wine) was consumed during a standard dinner.
Two blood samples were drawn: one in the postprandial phase, and one the
next morning after fasting overnight. Alcohol consumption tended to
increase platelet aggregation and production of hydroxy fatty acids,
reduced plasma t-PA activity and increased PAIl activity in the
postprandial phase. After the overnight fast the effects on t-PA and PAI
had disappeared whereas at that time alcohol consumption tended to
decrease platelet function. The effects of alcohol on t-PA and PAI
activity appeared mainly in the older age group, whereas the t-PA activity
in this group was already much lower, irrespective of alcohol consumption.

Key words : Alcohol -  Platelet function - Tissue-type plasminogen
activator - Plasminogen activator inhibitor - Age

Introduction

In several epidemiological studies it has been reported that moderate
alcohol consumption may have a protective effect against cardiovascular
disease (CVD)(1-5). Two mechanisms have been put forward to explain this
tentative  beneficial  effect:  alcohol  affects lipid metabolism by
increasing the level of high-density lipoproteins, and alcohol affects
haemostasis by modulating platelet aggregability and the risk of
thrombosis. However, recently some doubt was thrown upon the validity of
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the reported epidemiological results with respect to the non-users group
(6-9).

With regard to the effect of alcohol on platelet aggregation
conflicting results have been reported (10-14). This is probably due to
the diversity of the study protocols, which vary considerably in amount of
alcohol consumed, type of beverage, duration of alcohol consumption,
participants  (alcoholics or non-alcoholics), type of stimulation of
aggregation, and time of measurement (acute or after fasting overnight).

Besides  platelet  aggregability,  plasma  tissue-type  plasminogen
activator (t-PA) activity, a major determinant of fibrinolytic activity,
appears a major factor related to the risk of CVD (15-20). t-PA activity
in plasma is largely controlled by its fast-acting inhibitor PAL

In previous studies we have found that moderate alcohol consumption by
young men during a period of five weeks reduced platelet aggregation and
lowered plasma t-PA activity, whereas no effects on these parameters were
found within four days (21,22). Since middle-aged men are known to have a
higher risk for CVD it is of particular interest to study the effects of
alcohol consumption in this age group.

The aims of the present study were a) to investigate the short-term
effects of moderate alcohol consumption on platelet function and t-PA and
PAI activity in the postprandial phase in the evening and in the morning
after an overnight fast, and b) to compare these effects in two different
age groups.

Materials and methods
Subjects

Two groups of apparently healthy, non-smoking men participated in this
study, one group of men 20 - 30 years (young: n=8) and one group of men 45
- 55 years old (middle-aged; n=8). Their average habitual consumption of
alcohol varied between 10 and 40 g per day. Some characteristics of the
two groups, derived from the medical examination preceding the experiment,
are given in Table 1. No drugs were used during the experiment. The study
protocol was approved by the institute's Medical-Ethical Committee and the
participants signed the informed consent form.

Study design

The total experimental period lasted eight weeks in which each subject
had one experimental day every two weeks. The four treatments comprised
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two different dinners (in the evening), one rich in protein and the other
rich in fat, and two' different alcohol regimes, one with and one without
alcohol. For each subject the experimental day was always on the same day
of the week and the meal always started at exactly the same time in the

Table 1 Some characteristics of the two groups of volunteers.

Young Middle-aged
mean (SD) mean (SD)

Age (years) 24.8 (2.8) 49.4 (3.8),
Height (cm) 182.5 (6.8) 174.4 (4.6)
Weight (kg) 69.8 (5.7) 76.7 (12.5)
Systolic blood pressure (mmHg) 120.6 (9.8) 130.0 (12.2)
Diastolic blood pressure (mm Hg) 73.1 (5.9) 76.9 (11.9) |
Serum cholesterol {mmol/l) 4.38 (0.85) 5.86 (0.64)
Serum triglycerides (mmol/l) 0.78 (0.21) 1.75 (0.60)
" P<0.05

evening. All subjects were subjected to all four treatments in a
randomized order, according to a Latin square design.

Two blood samples were drawn: one postprandially in the evening and one
after fasting overnight, one hour and fifteen hours after dinner and
alcohol consumption, respectively. The subjects continued their habitual
drinking and food pattern during the eight weeks of the experiment. On the
experimental days, however, all drinks and meals were supplied by the
institute.

The composition of the standard dinners is given in Table 2. Alcohol
treatment consisted of an aperitif (red port) and two glasses of red wine
(30 g alcohol in total) taken half an hour before and during the meal,
respectively. The same volume of mineral water was consumed in the
treatment without alcohol. The intake of alcohol was checked by measuring
blood alcohol levels one hour after the meal and by breath alcohol
analysis every 15 minutes in the postprandial phase. The subjects always
had blank values for the blood and breath alcohol determinations when no
alcohol had been taken, whereas significant alcohol levels were found
after alcohol ingestion. The mean blood alcohol concentration, one hour
after alcohol intake, was 0.175 g/l (SD=0.055).
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Methods

Blood was taken from a vena mediana cubiti by means of a catheter.
Collagen and ADP induced platelet aggregation was performed as previously
described (21). For collagen the final concentrations used were 0.2, 0.4
and 0.7 pg/m! and for ADP 0.5, 1.5 and 3.0 pM. From the aggregation curves

Table 2. Composition of the meals on the experimental day (pooled portions
of 2 days were analyzed).

Meal rich Meal rich
in protein in fat
Energy (kcal) 830.0 880.0
(MI) 3.47 3.68
Protein (en%) 38.0 14.0
Carbohydrates (en%) 40.0 39.0
Total Fat (en%) 22.0 47.0
Saturated
fatty acids (%) 37.1 41.5
Monounsaturated
fatty acids (%) 31.0 44.7
Polyunsaturated
fatty acids (%) 31.9 13.5

the percentage of maximum aggregation and the velocity of aggregation were
obtained. The collagen and ADP percentage of maximum aggregation and the
collagen and ADP velocity of aggregation were expressed as the area under
the curve when the percentage of maximum aggregation or the velocity of
aggregation was plotted against the collagen or ADP concentrations used.
The wuse of these derived variables reduces the number of variables
obtained from aggregation studies and also increases the precision of the
aggregation parameters.

Analysis of TxB, production during platelet dggregamon induced by 0.4
1E collagen/ml and 1.5 pM ADP was measured using an enzyme immunoassay
(EIA) method described by Pradelles et al. (23,24). Furthermore, TxB, was
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measured in hl@ud whlch was allowed to clot for 120 min at room
temperature.

For analysis of the production of hydroxy fatty acids by the platelets,
platelet aggregation was induced by a 16 pg/ml overdose of collagen. After
exactly 5 min the reaction was stopped by diluting the sample 1:4 with
ice-cold 0.9 % NaCl. Protein was precipitated by diluting the sample 1:4
with methanol, followed by centrifugation at 6000 g for 15 min at 4 °C.
The supernatant solutions were collected and could be used for HPLC
analysis without further treatment as described previously (25). The
hydroxy fatty acids 12-L-hydroxy heptadeca trienoic acid (HHT) and 12-
hydroxy eicosa tetra enoic acid (12-HETE) were measured.

For the analysis of t-PA and PAI, blood was collected in pre-cooled
polycarbonate tubes on citrate (1 vol 0.11 M citrate, 9 vol blood) and
processed to platelet-poor plasma as previously described in detail (26).
Plasma was kept frozen at or below -40°C. t-PA activity was assayed in
euglobulin fractions of plasma using the parabolic rate assay for t-PA as
described in detail elsewhere (27). Activity was expressed in 1U/ml, on
the basis of the international standard of t-PA (28). PAl-activity was
determined by titration with two-chain t-PA (Organon Teknika, Turnhout,
Belgium) using a parabolic rate assay to measure residual t-PA, as
described in detail before (29). Inhibition was expressed relative to a
pooled plasma sample which was estimated to inhibit 7.6 IU of t-PA/ml.

Serum cholesterol and triglycerides were determined by enzymatic-
colorimetric autoamlyser methods on a Hitachi autoanalyser (Boehringer,
Mannheim, FRG) vsing Boehrmger Mannheim biochemicals. Blood alcohol was
also measured enzymatically, using a Boehringer Mannheim test combination
(Cat. No. 176 290).

Statistical analysis

Statistical evaluation comprised analysis of variance, according to
the Latin square design, to test the significance of the main effects of
alcohol, age group, time of measurement and meal composition as well as
their two factor interactions. Skewed variables were transformed by their
logarithms, and the means of the variables presented are geometrical
means.
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Results
Effects of alcohol consumption on platelet function

In the postprandial phase alcohol consumption tended to increase
collagen and ADP induced platelet aggregation as compared to the control
treatment (Fig.1). From the four aggregation indices only the ADP-induced
percentage  of  maximum  aggregation was  significantly  affected
(P=10.025)(Fig.1C). The next morning, when after an overnight fast the
plasma alcohol levels had returned to zero, a tendency towards decreased
platelet function was observed. The platelet hydroxy fatty acid production
induced by the collagen overdose displayed the same pattern: in the
evening HHT and 12-HETE tended to increase after alcohol consumption,
whereas the opposite was observed the next morning (Fig. 1E,F). This two-
level interaction between alcohol treatment and time of measurement was
significant for collagen-induced percentage of maximum aggregation and
velocity of aggregation (p=0.014 and p=0.008, respectively), for ADP-
induced percentage of maximum aggregation (p=0.029) and for collagen-
induced HHT and 12-HETE production (p=0.025 and p<0.001, respectively).
Alcohol consumption had no significant effects on TxB, production during
collagen- or ADP-induced platelet aggregation or during blood clotting.

The composition of the meal taken together with the alcohol did not
influence the effects of alcohol on platelet function, and neither were
differences observed between the two age groups with respect to effects of
alcohol on platelet function.

Effects of alcohol consumption on t-PA and PAI activity

Figure 2 shows the effects of alcohol on t-PA activity in the
postprandial phase (Fig.2A) and after fasting overnight (Fig.2B). Alcohol
strongly reduced t-PA activity in the postprandial phase in the young and
middie-aged group by 29 % (P=0.037) and 70 % (P < 0.001) respectively. After
the overnight fast these effects had disappeared. Furthermore, t-PA levels
in the middle-aged men were much lower than those in the young men (mean
fasting values 11.7 and 105.6 1U/ml respectively, p<0.001). This, in
combination with the reducing effect of alcohol on t-PA activity in the
postprandial phase, resulted in very low t-PA activities in the middle-
aged group after alcohol consumption (mean value 6.4 IU/ml). The
composition of the meal taken together with the alcohol did not influence
the effects of alcohol on t-PA activity.
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Figure 1. Effects of alcohol on collagen-induced platelet aggregation
(A,B) and ADP-induced platelet aggregation (C,D) and on hydroxy fatty acid
production (E,F)(n=16).

The p-values indicated in the figure are those for the interactive effect
between alcohol treatment and time of measurement. An asterisk indicates a
significant difference (P<0.05) between the measurement with and without
alcohol. The bars indicate the standard error of difference (SED) derived
from the pooled error variance.

Aggregation parameters were calculated as described in Analytical
methods,

A - Collagen-induced percentage of maximum aggregation.

B - Collagen-induced velocity of aggregation.

C - ADP-induced percentage of maximum aggregation.

D - ADP-induced velocity of aggregation.

E - Collagen-induced HHT production (ng/10 ,@la‘telets ).

F - Collagen-induced 12-HETE production (ng/10 gla‘t‘e‘lms ).
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Figure 2. Effects of alcohol on plasma t-PA activity in young (n=8) and
middle-aged (n=8) men.

An  asterisk indicates a significart  difference (P<(.05) between the

measurement with and without alcohol. The bars indicate the standard error

of difference (SED) derived from the pooled error variance.

t-PA activities are recorded on a logarithmic scale.
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The effects of alcohol on PAl activity in the postprandial phase are
shown in Figure 3. Alcohol consumption increased PAI levels in the middle-
aged men by 60 % (p=0.010). The alcohol induced increase in PAl levels in
the young men (+ 34 %) was not statistically significant (p = 0.144),

EVENING
~ 120 - 7
° M7
ol A
n
Al 7
0- young m;gghel

[ ] Without /7]  With alcohol

Figure 3. Effects of alcohol on PAIl activity in the postprandial phase in
young (n =8} and middle-aged (n =8} men.

An asterisk indicates a significant difference (P<0.05) between the

measurement with and without alcohol. The bars indicate the standard error

of difference (SED) derived from the pooled error variance.
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Discussion

In the present study, alcohol consumption as mmpared to the control
treatment tended to increase platelet aggregation in the postprandial
phase and tended to decrease platelet aggregation the following morning
after an overnight fast. The same two-factor interaction between alcohol
consumption and time of measurement was found for the platelet production
of the cyclooxygenase metabolite HHT and the lipoxygenase metabolite 12-
HETE. Although we have no satisfactory explanation for these observation
they might in some way be related to the known effects of alcohol on an
early step in arachidonic acid metabolism (30), probably the inhibition of
the calcium dependent enzyme phospholipase A, (31). The present findings,
indicating that the effects of alcohol on platelet function are dependent
on time of measurement, at least partiy explain the diversity in reported
results on effects of alcohol on platelet function.

Although a significant two-factor interaction between alcohol and the
time of measurement was observed for platelet aggregation and the platelet
production of the hydroxy fatty acids 12-HETE and HHT, no such interaction
could be demonstrated for the production of TxB,. This seems to contradict
the observed interactive effect between alcohol and time of measurement on
HHT production because the cyclooxygenase metabolites TxB, and HHT are
known to be related as regards rate of production (32). A possible
explanation for this apparent discrepancy is the overdose in concentration
of collagen used for stimulation of HHT production (16 pg/ml) as compared
to the much lower dose of collagen applied for the induction of platelet
aggregation and Tsz formation (0.4 pg/ml).

In our previous studies plasma t-PA activity in the fasting state in
healthy young men was found to be reduced by moderate alcohol consumption
during a period of five weeks, whereas no effects were found for a period
of four days (21,22). Likewise, no effects of one moderate dose of alcohol
on t-PA activity were found in the present study when blood was taken
after fasting overnight. However, in the postprandial phase, one hour
after the alcohol consumption, a marked decrease of blood t-PA activity
was observed in both age groups.

Previously, a decrease of blood fibrinolytic activity shortly after
alcohol consumption has been reported (33), which is in agreement with our
findings. A reduction of t-PA activity may be the result of either an
increased production of its inhibitor PAI, a decreased t-PA production or
an increased t-PA elimination. Therefore we also measured the PAI levels
in the postprandial phase. The observed effects of alcohol on PAI are in
agreement with the decreases in t-PA activity, ie. strong inhibition in
the middle-aged and to a lesser extent in the young men. Fearnley et al
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(33) have demonstrated an inhibitory effect of beer and wine ingestion on
blood fibrinolytic activity, with a peak value two hours after consumption
at 1400. The effect had disappeared after about six hours. Accordingly, no
effects of alcohol consumption on t-PA activity could be observed after
the overnight fast in the present study.

Recently we have observed comparable effects of distilled liquors on
t-PA and PAI activity (in preparation). From this we conclude that the
effects on t-PA and PAIl are most probably due to alcohol and not to other
constituents of the red wine or port consumed in this study. However, we
cannot exclude the possibility that the = other constituents have
contributed to the effects on platelet function.

In the middle-aged group, t-PA activity both in the late afternoon and
in the morning was lower than in the young group. This is in agreement
with reports about decreases in blood fibrinolytic activity early in the
morning and a reduced diurnal increase upon aging (34-36). It is of
importance to note that in our middle-aged group, which already had lower
t-PA activities, the reducing effect of alcohol was significantly stronger
than in the younger group (p = 0.050).

The above mentioned results indicate that the reduced t-PA activity
and to a lesser extent the tendency towards an increased platelet
reactivity in the postprandial phase, caused by moderate alcohol
consumption, may contribute to a higher risk of a heart attack in this
phase, whereas, conversely, the tendency towards a decreased platelet
aggregability in the morning, when alcohol has been consumed the preceding
evening, possibly lowers the risk. Although platelets and fibrinolysis are
known to play an important role, it is hard to tell to what extent changes
in these variables correlate with the risk of myocardial infarctions. The
available evidence from the literature does at least not indicate that
moderate alcohol consumption increases the risk for CVD. Therefore we
conclude that the observed effects of alcohol on t-PA activity are
probably counterbalanced by beneficial effects of moderate alcohol
consumption on other haemostatic factors or by the proposed beneficial
effects on lipid metabolism.
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EFFECTS OF A MODERATE DOSE OF ALCOHOL ON
BLOOD LIPIDS AND LIPOPROTEINS
POSTPRANDIALLY AND IN THE FASTING STATE

J. Veenstra, Th. Ockhuizen, H. van de Pol, M. Wedel
and G. Schaafsma

(Alcohol and Alcoholism, 1990;25:371-7)

Summary

Effects of a moderate dose of alcohol on blood lipids and lipoproteins
were studied in volunteers of two age groups (20-30 and 45-55 years), each
consisting of eight healthy men. The alcohol (30 g in red port and wine)
was consumed during a standard dinner. Two blood samples were drawn: one
in the postprandial phase, and one the next morning after fasting
overnight. In the postprandial phase, one hour after intake, alcohol
increased high-density lipoprotein cholesterol (HDL-C) by 11.5 %,
triglycerides (TG) by 15.3 % and apolipoprotein A, (Apo-A,) by 7.3 %
(p=0.002, p=0.044 and p=0.024, respectively). The increase in HDL-C
appeared to be mainly attributed to the HDL,-C subfraction which increased
by 15.3 % (p=0.066). Furthermore, the increases in HDL-C, HDL,-C and TG
were more pronounced in the middle-aged men then in the young men. After
fasting overnight the effects of alcohol had disappeared.

Introduction

A protective effect of moderate alcohol consumption on the development
of coronary heart disease (CHD) has been observed in many epidemiological
studies (Reviews 1-3), but is not yet generally accepted (4,5). An
increase in high-density lipoprotein cholesterol (HDL-C) level wupon
moderate alcohol consumption is one of the possible mechanisms that has
been put forward to explain the beneficial effect. A positive association
between HDL-C and alcohol consumption has indeed been observed in moderate
drinkers (2,3). Plasma HDL-C consists of two major subfractions, dnffermg
slightly in density; HDL,-C and HDL3-C. Of these, mainly HDL,-C is
epidemiologically associated with lower risk of CHD.

In previous studies we have investigated the effects of moderate
alcohol consumption for 5 weeks (6) and for 20 weeks (submitted) on lipid
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and lipoprotein variables in the fasting state. Increases in the HDIL,-C
subfraction of HDL-C were found, whereas HDLZ -C remained unaffected by
alcohol. Effects of moderate alcohol consumption, for periods ranging from
2 to 6 weeks, on HDL-C have also been reported by others (7-13). Increased
HDLA-C levels have been found mainly in response to a high dose of alcohol
(60 g daily for 3 weeks)(13) and in chronic alcoholics (14,15).

In all studies mentioned, lipid variables were measured after fasting
overnight, when blood alcohol concentrations had returned to zero.
However, alcohol has been shown to have an acute inhibitory effect on
hepatic lipase, an enzyme located in the endothelial cells of the hepatic
sinusoids and playing a key role in lipoprotein metabolism (16). This
leads to the interesting possibility that alcohol not only influences
lipid wvariables, measured in the fasting state, but also postprandially
when the alcohol is still present in the circulation. Therefore, the
purpose of the present study was to investigate the effects of a moderate
dose of alcohol, taken together with either a standard high-protein or a
high-fat meal, postprandially (1 hour after intake) and after an overnight
fast in two groups of volunteers differing in age.

Methods
Subjects

Two groups of apparently healthy, non-smoking men participated in this
study, one group aged 20 - 30 years (young; n=8) and one group aged 45 -
55 years old (middle-aged; n=8). These age groups were chosen because of
the differential risk in cardiovascular incidents. Their average habitual
consumption of alcohol varied between 10 and 40 g per day. They all had a
normal liver function, had no familial history of alcoholism and were used
to a normal, western life style, including dietary habits. Characteristics
of the two groups, derived from the medical examination preceding the
experiment, are given in Table 1. No drugs were used during the
experiment. The study protocol was approved by the institute's external
Medical-Ethical Committee, and the participants signed the informed
consent form.
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Table 1. Some characteristics of the two groups of volunteers.

Young Middle-aged

mean (SD)1 mean (SD)

Age (years) 24.8 (2.8) 49.4 (3.8)
Length (cm) 182.5 (6.8) 174.4 (4.6)
Weight (kg) 69.8 (5.7) 76.7 (12.5)
Systolic blood pressure (mmHg) 120.6 (9.8} 130.0 (12.2)
Diastolic blood pressure (mm Hg) 73.1 (3.9) 76.9 (11.9)

T§D = standard deviation

Study design

The total experimental period lasted eight weeks in which each subject
received four treatments, each on one day, with two-week intervals. The
four treatments comprised two different dinners (in the evening), one rich
in protein and the other rich in fat, each at two different alcohol
regimes, one with and one without alcohol (factorial design). For each
subject the experimental day was always on the same day of the week and
the meal always started at the same time in the evening. All subjects were
subjected to all four treatments in a randomized order, according to a
Latin square design.

The composition of the meals is given in Table 2. Alcohol treatment
consisted of a glass of red port and two glasses of red wine (30 g alcohol
in total) taken half an hour before and during the meal, respectively. The
same volume of mineral water was consumed in the treatment without
alcohol. The intake of alcohol was verified by measuring blood alcohol
levels one hour after the meal and by breath alcohol analysis every 15
minutes in the postprandial phase. The subjects always had blank values
for the blood and breath alcohol determinations when no alcohol had been
taken, whereas significant alcohol levels were found after alcohol
ingestion. The mean blood alcohol concentration, one hour after alcohol
intake, was 0.175 g/l (SD =0.055).

Two blood samples were drawn: one in the evening and one after fasting
overnight, one hour and fifteen hours after alcohol consumption
respectively. The subjects continued their habitual drinking and food
pattern during the eight weeks of the experiment. On the experimental
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Table 2. Composition of the meals on the experimental day (pooled portions
of 2 days were analyzed).

Meal rich Meal rich
in protein in fat
Energy (kcal)  830.0 880.0
(M) 3.47 3.68
Protein {(en%) 38.0 14.0
Carbohydrates (en%e) 40.0 39.0
Total fat (en%) 22.0 47.0
Fatty acid composition:
Saturated (%) 371 41.5
Monounsaturated (%) 1.0 4.7
Polyunsaturated (%) 31.9 13.5

days, however, they were not allowed to consume any food or alcoholic
beverages apart from the drinks and meals supplied.

Analytical methods

Blood was taken from a vena mediana cubiti by means of a catheter. For
HDL subfractionation we used essentially the method of Gidez et al. (17).
Very low-density lipoproteins (VLDL) and low-density lipoproteins (LDL)
were first removed by precipitation with heparin (140 U/mg, 1.5 g/L final
concentration) and MnCly (100 mmol/L) for 20 min at 0°C. Then dextran
sulphate (MW 15,000} was added to a final concentration of 1.4 g/l and the
mixture left for 30 minutes at 0°C before centrifugation. Cholesterol in
HDL, (redissolved dextran sulphate precipitate) and in HDL5 (final
supernatant) were determined by the method of Abell et al. (18).

Serum total cholesterol (TC), HDL-C and triglycerides (TG) were
determined by enzymatic-colorimetric autoanalyser methods on a Hitachi
autoanalyser (Boehringer, Mannheim, FRG) using Boehringer biochemicals.

Serum apolipoproteins were measured by immunoturbidimetric analysis
using biochemicals from Boehringer Mannheim Biochemica (Mannheim, FRG).
The following antisera were used: anti-human-apolipoprotein A [ (Cat.No.
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726 478); anti-human-apolipoprotein A 1l (Cat.No. 726 486); anti-human-
apolipoprotein B {Cai.No. 726 494). The reference calibration serum for
apolipoproteins was also purchased from Boehringer (Cat.No. 837 237).

Statistical analysis

Statistical evaluation comprised analysis of wvariance, according to
the design, to test the significance of the main effects of alcohol, age
group, time of measurement and meal composition as well as their two-
factor interactions. Skewed wvariables were transformed by their
logarithms, and the means of the variables presented are geometrical

means.

Results
Effects of alcohol in the postprandial phase

The effects of alcohol in the postprandial phase are summarized in
Figure 1. The main effects of alcohol (mean values, n=32) are shown in the
histograms at the left-hand side. The levels of HDL-C, TG and Apo-A, had
significantly increased 1 h after the intake of a meal together with
alcohol, as compared to the levels after a meal taken without alcohol.
Mean HDL-C levels after alcohol were 11.5 9% higher (P=0.002), mean TG
levels had increased by 15.3 % (P=0.044) and mean Apo-A levels by 7.3 %
(P=0.024). Mean HDL,-C and Apo-B levels also tended to be higher when
alcohol was consumed (P=0.066 and P=0.064, respectively). No main effecls
of alcohol on TC, HDL5-C, or Apo-A; could be observed in the postprandial
phase (P-values 0.387, 0.544 and 0.150, respectively).

The histograms in the middle and right-hand part of Figure 1 (8 bars)
show the effects of alcohol for the two age groups separately alter
consumption of the two different meals. Each bar represents the mean value
of eight observations. The effects of alcohol on HDL-C and HDL,-C appeared
to occur mainly after the high-protein meal and were more pronounced in
the middle-aged volunteers. The alcohol-induced increase in Apo-As, on the
other hand, was mainly due to an effect observed after the high-fat meal.
The pattern of the histogram for Apo-A; was very similar to that of Apo-
A, although no significant main effect for Apo-A was observed.

An increase in TG levels due to alcohol was observed in both age
groups and after each meal type, with more pronounced increases occurring
in the middle-aged men.
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Figure 1. Effects of alcohol in the postprandial phase.

Main effects of alcohol are shown in the histograms on the left-hand side
(2 bars, each representing the mean of 32 values). The effects of
different treatments in the two age groups are shown in the middle and
right-hand parts (8 bars, each representing the mean of 8 values). An
asterisk  indicates a  significant  difference  (P<0.05) between the
measurement with and without alcohol. The [-bars to the right of the
histograms indicate the standard errors of difference (SED) derived from
the pooled error variance.
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Effects of alcohol after an overnight fast

After the overnight fast no significant main effects of alcohol were
observed. However, the mean levels of HDL,-C, Apo-Ay and TG were
significantly lower than in the postprandial phase, in the evening before.
Mean HDLy-Clevels had decreased from 0.425 to 0.356 mmol/L (P<0.001), and
Apo-Aq levels from 1.42 to 1.34 g/ (P=0.020). Mean TG levels in the
fasting state were 1.22, compared to 1.99 mmol/L in the postprandial phase
(P<0.001).

Differences between the two age groups’

For a number of lipid variables, significant differences were observed
between the two age groups. The mean fasting values for all variables
measured are summarized in Table 3. TC levels in the middle-aged men were
37.5 % higher than those in the young men (P<0.001). Apo-B and TG levels
were also much higher in the middle-aged men (49.4 % and 114.6 %,
respectively, P<0.001 for both wvariables). No significant differences
between the two age groups were observed for HDL-C and HDL-C subfractions
and for Apo-A{ and Apo-A,.

Table 3. Mean values for fasting lipid-variables of the young and middle-
aged volunteers. -

Young Middle-aged

volunteers volunteers P-value
TC (mmol/L) 4,56 6.27 0.001
HDL-C {(mmol/L) 1.251 1.122 0.283
HDL5-C(mmol/L) 0.416 0.305 0.087
HDL3-C(mn101/L) 0.780 0.727 0.350
Apo-Ay (g/L) 1.362 1.314 0.597
Apo-Ay (g/L) 0.362 0.392 0.317
Apo-B  (g/l) 0.605 (0.904 0.001
TG (mmol/L) 0.786 1.687 0.001
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Discussion

To our knowledge this is the first report on the effects of a moderate
amount of alcohol on blood lipids and lipoproteins in the postprandial
phase when the alcohol is still present in the circulation. In two other
studies on the postprandial effecis the first blood sample was taken when
the alcohol was expected to be completely metabolized (4 hours after the
intake of 40 g of alcohol) (16,19].

In the present study an increase in HDL-C, Apo-A, and TG levels was
observed one hour after the intake of a moderate dose of alcohol, when the
mean blood alcohol concentration was 0.175 g/L. HDL,-C and Apo-B also
tended to increase. The following morning after an overnight fast the
effects had disappeared. Since the study comprised a cross-over design in
which all subjects had all four treatments in a randomized order, always
at the same time on the same day of the week, the observed effects cannot
be attributed to differences between individuals, circadian rhythm or day-
to-day fluctuations.

With the rise in HDL-C level (Fig.1), levels of HDL-C subfractions
HDL5-C and HDL3-C both tended to increase, the increase in HDL»-C level
being more pronounced and almost reaching significance (P=0.066). This is
very interesting since our previous studies and those of others (6-13)
suggested that the increasing effect of alcohol on fasting blood HDL-C
appeared to be mainly attributed to HDL4-C rather than to the more
favourable HDL,-C. Perhaps the reported alcohol-induced increase of HDL3-C
after an overnight fast are secondary to the postprandial rise of HDL
levels. Unusually high HDL levels have been reported in chronic alcoholics
(20). Upon cessation of alcohol consumption, a sharp fall in the HDL,
fevels has been observed in alcoholics (14,15), whereas HDL. levels were
less high and showed a much slower decrease. From the rapid decline of
HDL, after cessation of alcohol ingestion it may be concluded that the
increased HDL5 levels in alcoholics are only maintained as long as alcohol
is present in the circulation. By the same mechanism alcohol perhaps also
increases HDL, in  non-alcoholics when moderate blood  alcohol
concentrations are present. The increases in HDL-C and HDL,-C observed in
the present study disappeared during fasting overnight.

The middle-aged volunteers in the present study had higher TC, Apo-B
and TG levels than the young volunteers. On the other hand, their HDL-C,
particularly HDL,-C, tended to be lower. Some differences between both age
groups in the effects of alcohol in the postprandial phase could also be
observed. The alcohol-induced increase in TG is mainly due to increases in
the middle-aged men (Fig.1). Furthermore, the effects of alcohol on HDL-C
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and HDLz-C are also more pronounced in the middle-aged men, which is
indicative of a possible relation between the changes in HDL and TG.

Whether the transient increases in HDL-C and HDL,-C play a role in the
reported beneficial effects of moderate alcohol consumption depends
strongly on the mechanism causing this changes. Since higher HDL-C levels
may be indicative of an increased reverse cholesterol transport as well as
a decreased clearance of HDL-C, we conclude that the question whether the
observed effects are favourable or not cannot be answered from our results
and remains to be determined.

Epidemiological studies have suggested that regular daily moderate
alcohol consumption is more positively associated with a lower risk of CHD
than irregular drinking (21). Our present findings, showing that a
moderate dose of alcohol influences lipid metabolism postprandially, opens
the possibility that the suggested protective effects of regular moderate
alcohol consumption against the development of CHD are to be attributed to
transient changes in lipid metabolism in the postprandial phase.
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CHAPTER ¢

MODERATE ALCOHOL CONSUMPTION AND
PLATELET AGGREGATION
IN HEALTHY MIDDLE-AGED MEN

J. Veenstra, H. van de Pol and G. Schaafsma

(Alcohol: an International Biomedical Journal, in press)

Summary

Changes in platelet aggregation have often been proposed as an
explanation for the protective effect of moderate alcohol consumption on
the development of coronary heart disease, observed in epidemiological
studies. To test the tenability of this assumption, the acute effect of
moderate alcohol consumption on platelet aggregation was studied in eight
healthy middle-aged men in a controlled study. The intake of alcohol
consisted of two glasses of red wine at dinner and two glasses of
distilled liquor (Hollands gin), combined with a snack, before bedtime. No
acute effects of moderate alcohol consumption on platelet aggregation were
observed.

Key words: Alcohol consumption, Platelet aggregation, Human, Healthy
volunteers, Coronary heart disease

Introduction

In  many epidemiological studies a protective effect of moderate
alcohol consumption on coronary heart disease (CHD) has been observed
(reviews 1-4). One of the proposed explanations is that moderate alcohol
consumption reduces platelet aggregation. In man, the acute effects of
alcohol on platelet aggregation have been investigated in a number of
studies (5-13). The results, however, are conflicting. No effects (5-8),
inhibitory effects (9-11), as well as stimulative effects (12,13) of
alcohol consumption on platelet aggregation have been reported. This
discrepancy may be explained by the large diversity in study protocols. In
three studies (9,12,13) the volunteers consumed 100 g of alcohol or more
(1 drink contains approximately 10 g), and in one study (5) alcohol was
taken ad libitum for four hours. In the other studies the amount of
alcohol consumed varied broadly between 15 and 90 g. Furthermore, the
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studies wvaried considerably in type of alcoholic beverage (e.g. whiskey,
white wine and alcohol in fruit juice). In all studies mentioned, the
alcohol was consumed on an empty stomach, mostly in the morning.

Until now, no data are available on the acute effects on platelet
aggregation of a moderate dose of alcohol, consumed at a customary time of
the day and under habitual conditions. The aim of the present study was to
investigate the acute effects of alcohol on platelet aggregation under
carefully controlled conditions mimicking normal life as closely as
possible.

Methods
Subjects

Eight apparently healthy, non-smoking volunteers, between 45 and 55
years of age, participated in this study. Their average habitual
consumption of alcohol varied between 10 and 40 g per day. They all had a
normal liver Tunction, had no familial history of alcoholism and were used
to a normal, Western lifestyle, including dietary habits. No drugs were
used during the experiment. The study protocol was approved by the
Institute's external Medical-Ethical Committee and the participants signed
an informed consent form.

Study design

The total experimental period lasted four weeks in which the subjects
received four treatments, each of which lasted three days. During these
days, the subjects were housed in the metabolic ward of the department and
were not allowed to consume any food or drinks but the meals and drinks
supplied. The four treatments comprised two different standard diets, one
rich in saturated fatty acids and the other rich in polyunsaturated fatty
acids, each at two different alcohol regimes, one with and one without
alcohol (factorial design). For each subject the experimental days were
always on the same days of the week. The first two days, in which no
alcohol was consumed, served as a run-in period. On the third day 40 g of
alcohol was consumed, two glasses of red wine during dinner and two
glasses of Hollands gin just before bedtime combined with a snack, 5 hours
after dinner. If no alcohol was given, exactly the same volumes of mineral
water were consumed. Blood samples were taken at four moments; 1) three
hours before dinner, 2) one hour after dinner, 3) one hour after the snack
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and 4) the next morning. Compliance was tested by measuring the biood
alcohol concentration.- All subjects were subjected to all four treatments
in a randomized order, according to a Latin square design.

Analyses

Blood was taken from a vena mediana cubiti by means of a catheter. For
platelet aggregation analyses 20 ml blood was collected by gentle suction
into 200 pl of 320 g/l sodium citrate pH 7.4. Aggregation experiments were
carried out in platelet-rich plasma (PRP) containing 220x10% platelets/ml
in a Lumi Dual aggrometer (Chrono-Log Corp., Havertown, PA). After 3
minutes of preincubation at 37 °C of 450 pl PRP, 50-pl aliquots of
collagen or ADP suspensions were added to induce aggregation. Aggregation
curves were recorded for 5 minutes. For collagen (Hormon Chemie, Miinchen,
FRG) the final concentrations used were 0.2, 0.4 and 0.7 mg/L. and for ADP -
(Boehringer-Mannheim, Mannheim, FRG) 0.5, 1.0 and 2.0 pM. From the
aggregation curves the percentage of maximum aggregation and the velocity
of aggregation were obtained. For each sample separately, the percentage
of maximum aggregation or velocity of aggregation was plotted against the
collagen or ADP concentrations. The areas under the curves thus obtained
were used as derived variables. The use of these derived variables reduces
the number of variables obtained from aggregation studies and also
increases the precision of the aggregation parameters.

Platelets were counted on a Sysmex CC-180 Microcellcounter (TOA
Medical Electronics Co Ltd; Carson, CA).

Blood alcohol concentrations were determined enzymatically by the
method of Beutler and Michal (14), using Boehringer biochemicals
(Boehringer, Mannheim, FRG).

Statistics

Statistical evaluation comprised analysis of wvariance, according lo
the design, to test the significance of the main effects of alcohol and
meal composition as well as their two-factor interactions. The
measurements at moment 1 (before alcohol consumption) were used as a
covariate.

119



CHAPTER 9

Results

The mean blogd alcohol concentration one hour after wine consumption
was 0.12 g/l (range 0.05 to 0.20 g/L) and one hour after the two glasses
of Hollands gin 0.23 g/L (range 0.16 to 0.32 g/L). After consumption of
mineral water the blood alcohol concentration was always 0.00 g/L.

In all subjects platelet counts were normal at the start of the study
(mean 195 IOQ/L, range 154-297) and remained unchanged during the
different treatments.

The results of the platelet aggregation measurements are summarized in

Table 1. The acute influence of moderate alcohol consumption on platelet
aggregation in healthy middle-aged volunteer

Parameter Alcohol

Before 1 hrafter 1hrafter  The next

dinner dinner the snack  morning
Collagen
Percentage of 271 216 197 212
aggregation 237 198 226
P-value 0.223 0.955 0.467
Velocity of 169 163 147 167
aggregation 176 143 174
P-value 0.420 0.808 0.726
ADP
Percentage of 435 437 413 420
aggregation 423 387 445
P-value 0.675 0.382 0.107
Velocity of 546 503 514 519
aggregation 516 495 515
P-value 0.460 0.538 0.864

I'Values refer to the area under the curve for percentage of aggregation
and velocity of aggregation and are expressed in arbitrary units (see

methods).
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Table 1. There were no significant effects of alcohol or diet, or two-
factor interactions beiween alcohol and diet on platelet aggregation. The
percentage of maximum aggregation and the velocity of each collagen and
ADP induced aggregation was also statistically analyzed separately and in
none of these analyses significant effects of alcohol were observed.

Discussion

Our study demonstrates that moderate alcohol consumption has no acute
effects on platelet aggregation in healthy middle-aged men. Thus, the
reported protective effect of alcohol against CHD is not likely to be
attributable to such an acute effect. In a previous study (15), we have
investigated the effects of 5 weeks of moderate alcohol consumption in a
controlled study and observed an alcohol-induced decrease in platelet
aggregability. Four days of moderate alcohol consumption, however, did not
influence platelet aggregation (submitted for publication).

Alcohol consumption and platelet aggregability has also been
investigated in an epidemiological study (958 participants) by Meade et
al. (16). They report a decrease in platelet aggregation with increasing
daily alcohol consumption.

We conclude that a moderate intake of alcohol has no acute effect on
platelet aggregation in habitual moderate drinkers. Daily moderate alcohol
consumption, on the othet hand, causes a decreased platelet aggregability
in the long term. This long-term effect of alcohol may, among other
mechanisms, play a role in the proposed protection of moderate alcohol
consumption against CHD. However, one should bear in mind that platelet
aggregation is always measured ex vivo and that aggregability in vivo
depends on many other factors.
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ACUTE EFFECTS OF MODERATE ALCOHOL
CONSUMPTION ON FIBRINOLYTIC FACTORS
IN HEALTHY MIDDLE-AGED MEN

J. Veenstra, C. Kiuft, H. van de Pol, G. Dooijewaard and G. Schaafsma.

(Submitted)

Summary

Acute effects of moderate alcohol consumption on fibrinolytic factors
were investigated in eight healthy middie-aged men (between 45 and 55
years) in a carefully controlled study. Alcohol consumption comprised two
glasses of red wine during dinner and two glasses of Dutch gin in
combination with a snack during the evening (40 g of alcohol in total).
During the control treatment corresponding volumes of mineral water were
consumed. Blood samples were drawn before dinner (around 1500), one hour
after dinner (around 1900), one hour after the snack (around 2300) and the
next morning (around 0800). PAI activity was increased by 230% (p<0.001)
after alcohol consumption at the late evening measurement. PAI-1 antigen
levels, however, were not significantly affected. The specific activity of
PAI (activity/antigen quotient) was significantly increased by alcohol
consumption at all three times of measurement after dinner. As a
consequence t-PA activity was reduced by up to 95% (p<0.001), around 2300.
Levels of t-PA antigen, on the other hand. were increased after alcohol
consumption (up to + 42%, p<0.01). No effects of alcohol consumption on
the urokinase plasminogen activator (u-PA) system were observed. We
conclude that shortly after moderate alcohol consumption both t-PA antigen
and PAI activity levels are increased, resulting however in a decreased
activity of t-PA. Increased PAI activity persists after an overnight fast.

Introduction

In the past 10 years many epidemiological studies have shown moderate
alcohol consumption to be associated with a lower risk of coronary heart
disease (CHD) (reviews 1-4). This lower risk has been attributed (in part)
to anti-thrombotic effects of alcohol use, which is supported, for
example, by the observations in the Nurses Health Study in a cohort of
87,526 nurses (5). In this study moderate drinkers had a lower risk of

123



CHAPTER 10

CHD. The relation between alcohol consumption and stroke, on the other
hand, seems to depend on the type of stroke involved. Moderate alcohol
consumers have a higher risk of haemorrhagic stroke but lower risk of
ischaemic stroke. Since occlusion of blood vessels is involved in both CHD
and ischaemic stroke, effects on haemostatic factors might explain the
reported benefits of moderate alcohol use.

In a previous study we have reported effects of 5 weeks of moderate
alcohol consumption on platelet function and fibrinolysis (6). A dose
dependent decrease in tissue-type plasminogen activator (t-PA) activity
and increase in plasminogen concentrations was observed. Additional
analysis showed that plasma activities of the fast t-PA inhibitor PAI-1
were significantly increased after 5 weeks of moderate alcohol consumption
(7). In a four day experimental period no effects of alcohol on
fibrinolytic parameters were observed (8). More recently we have
demonstrated strong acute effects of a moderate dose of alcohol on t-PA
activity and PAI activity in young and middle-aged healthy men (9). PAI
activity was increased, whereas, (-PA activity displayed a strong decrease
one hour after the intake of a moderate amount of alcohol. The observed
effects were significantly more pronounced in the middle-aged men than in
young men.

The aim of the present study was to further investigate the acute
effects of moderate alcohol consumption on the fibrinolytic system in
middle-aged men in a carefully controlled study.

Methods
Subjects

Eight apparently healthy, non-smoking volunteers, between 45 and 55
years of age, participated in this study. Their average habitual
consumption of alcohol varied between 10 and 40 g per day. They all had a
normal liver function, had no family history of alcoholism and were used
to a normal, Western lifestyle, including dietary habits. No drugs were
used during the experiment. The study protocol was approved by the
Institute's external Medical-Ethics Committee and the participants signed
an informed consent form.

Study design

The total experimental period lasted four weeks in which the subjects
received four treatments, each of which lasted three days. During these
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days, the subjects were housed in the metabolic ward of the Institute and
were not allowed to«wonsume any food or drinks but the meals and drinks
supplied. The four treatments comprised two different standard diets, one
rich in saturated fatty acids and the other rich in polyunsaturated fatty
acids (Table 1), each at two different beverage regimes, one with and one
without alcohol.

Table 1. Composition of the total daily diet on the experimental days
(pooled portions of 2 days were analyzed).

Meal rich Meal rich

in saturated in polyunsaturated
fatty acids fatty acids
Weight (g) 2378.0 2387.0
Energy {(kcal) 2193.0 2239.0
(MJ) 9.2 9.4
Protein (en%) 12.0 12.5
Carbohydrates (en%) 50.0 48.5
Total fat (en%) 38.0 39.0

Fatty acid composition:

Saturated (%) 52.7 34.0
Monounsaturated (%) 355 25.8

Polyunsaturated (%) 11.8 40.2

For each subject the experimental days were always on the same days of
the week. The first two days, in which no alcohol was consumed, served as
a run-in period. On the third day, 40 g of alcohol was consumed: two
glasses of red wine during dinner and two glasses of Dutch gin in the
evening combined with a snack, 5 hours after dinner. In the regimen
without alcohol, exactly the same volumes of mineral water were consumed.
Blood samples were taken at four moments: 1) three hours before dinner
{around 1500}, 2) one hour after dinner {around 1900), 3) one hour after
the snack (around 2300), and 4) the next morning {(around 0800). Compliance
was tested by measuring the blood alcohol concentration. All subjects were
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subjected to all four treatments in a randomized order, according to a
Latin square design.

Analysis

Blood was taken from a vena mediana cubiti by means of a catheter and
processed to platelet-poor plasma as previously described in detail (10).
Plasma was kept frozen at or below -40°C. t-PA activity was assayed in
euglobulin fractions of plasma using the parabolic rate assay for t-PA as
described in detail (11). Activity was expressed in IU/ml, on the basis of
the international standard of -PA (12). PAl-activity was determined by
titration with two-chain t-PA (Organon Teknika, Turnhout, Belgium) using a
parabolic rate assay to measure residual t-PA, as described in detail
before (13). Inhibition was expressed relative to a pooled plasma sample
which was estimated to inhibit 7.6 TU of t-PA/ml.

PAI activity was determined by titration with two-chain melanomal t-PA
(14) in a parabolic rate assay essentially as described by Verheijen et al
(15). Results are expressed relative to a pooled plasma which has been
found to neutralize 7.6 IU/ml t-PA.

PAI antigen and t-PA antigen were measured by ELISA (Tintelize PAI-1
and Imulyse TM 5 t-PA, Biopool, Umea, Sweden), according to the
instructions of the manufacturer.

Antigen levels of u-PA were measured by ELISA, in essence as described
by Binnema et al (16), using donkey anti-(goat IgG) IgG conjugated with
alkaline phosphatase (Jackson Immunoresearch Laboratories, West Grove,
USA) instead of rabbit anti-goat IgG. The assay measures the u-PA antigen
present in plasma, irrespective of its molecular form, ie. pro-u-PA,
active u-PA and u-PA in complex with inhibitors.

The plasmin activatable pro-u-PA activity was measured by a biological
immuno-assay BIA (17). In the first step of the ELISA and BIA the same
immobilized rabbit anti-u-PA IgG coating is used. The difference between
results of the ELISA and BIA for u-PA moieties is considered to represent
u-PA inhibitor complexes mainly.

Blood alcohol concentrations were enzymatically determined by the
method of Beutler and Michal (18), using Boehringer biochemicals
(Boehringer, Mannheim, FRG).

Statistics
Statistical evaluation comprised analysis of variance, according to

the design, to test the significance of the main effects of alcohol and
meal composition as  well as their two factor interactions. The
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measurements at moment 1, before alcohol consumption were used as
covariable.

Results

The subjects always had blank values for the blood alcohol
determination when no alcohol had been taken, whereas significant alcohol
levels were found after alcohol ingestion. The mean blood alcohol
concentration, one hour after dinner was 0.12 g/L (SD=0.041) and one hour
after the snack 0.23 g/L. (SD=0.048).

Irrespective of the alcohol treatment a clear circadian pattern was
observed in PAI activity (Fig.1A) and t-PA activity (Fig.2A). The faily
acid composition of the diet did not influence the effects of alcohol on
the variables measured. Therefore the data presented are the mean values
of both diets.

When the subjects were on the alcohol regimen, a small increase (28%.
not significant) in PAl activity was observed, one hour after dinner, as
compared to the control treatment. Later in the evening, however, after
the consumption of two glasses of distilled liquor (around 2300), PAI
activity was increased by 230% (p<0.001). The following morning the
difference in PAl activity between alcohol and control treatment was still
significant  (p=10.023). PAI-1 antigen levels, however, were not
significantly influenced by alcohol (Fig.1B). The effects ol alcohol on
the specific activity of PAIL (activity/antigen quotient) are shown in
Figure 1C. A significant increase in specific PAIl activity caused by
alcohol consumption was observed at all three times of measurement after
dinner.

t-PA activity was also influenced by alcohol consumption, but in the
opposite direction (Fig.2A). t-PA activity one hour after dinner was
slightly lower (25%) as compared to the control treatment (not
significant). Later in the evening, however, one¢ hour after the
consumption of 2 glasses of distilled liquor (around 2300), a very strong
decrease in t-PA activity of 95% was observed as compared to the control
treatment (p<0.001). The following morning. as a consequence of the
diurnal rhythm, t-PA activities on both the alcohol and the control
regimen were very low and not significantly different. In contrast to the
t-PA activity, -PA antigen levels were significantly increased one hour
after the consumption of 2 glasses of distilled liquor (Fig.2B). This
makes the effect of alcohol on the specific activity of t-PA (Fig.2C) even
more pronounced.
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The results of the measurements of the u-PA system are summarized in
Table 2. No significant effects of alcobol could be observed on total u-PA
antigen, plasmin activatable pro u-PA and u-PA-inhibitor complex.

Table 2. Levels of u-PA variables one hour after the consumption of 2
glasses of Dutch gin.

Alcohol No alcohol  P-value

(SEM) (SEM)
Total u-PA antigen (ng/mb) 2.78 (0.08) 2.60 (0,12 (L243
Pro u-PA ; (ng/ml) 1.82(0.10) 1.85(0.14)  0.883

u-PA-inhibitor ¢omplex  (ng/ml) 0.88 (0.12) 0.66 (0.11y  0.214

Discussion

Our results indicate that the activity of the fibrinolytic factors PAI
and t-PA is strongly influenced by the consumption of moderate amounts of
alcoholic beverages. The u-PA levels on the other hand remain unaffected.
Since the study comprised a cross-over design in which all subjects had
all four treatments in a randomized order, always at the same time on the
same day of the week, the observed effects cannot be attributed to
differences between individuals, circadian rhythm or systematic day-to-day
Mluctuations. '

Blood fibrinolytic activity, as assessed by global methods, has been
shown to have a circadian rhythm with highest activity in the late
alternoon and lowest activity in the early moening (19-21). In addition,
-PA  activity has been shown (o parallel this circadian rhythm, which
indicates that t-PA activity is a major determinant of blood fibrinolytic
activity assessed by global methods (23,24). PAl-1 activity on the other
hand, displays a circadian pattern opposite to that of t-PA activity from
which it is suggested that the observed fluctuations probably originate
from changes in PAI-1 levels (23.24). Within-day variations in u-PA are
much less pronounced (23).

The circadian fluctuations in PAL and t-PA activity observed in the
present study are in agreement with the literature mentioned above. The
observed effects of alcohol on -PA and PAIL activity are in the same order
of magnitude as the diurnal variations. This indicates that alcohol
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consumption may be an important additional determinant of blood
fibrinolytic activity. bven after an overnight fast the effect of alcohol
on PAIL activity was still significant. Since in most studies fibrinolytic
activity is measured in the early morning our results indicate that
alcohol consumption at the previous evening may disturb the outcome of
such measurements.

Recently Sumi et al. (25) observed an increase in u-PA after the
consumption of the local Japanese spirit 'Shochu’. In contrast, no
significant effects of alcohol on the u-PA system were observed in the
present study. Possible explanations for this contradiction may be the
large differences between the alcoholic beverages used and the higher dose
of alcohol consumed in the study of Sumi et al. (up to 47.4 g).

Several mechanisms can be put forward to explain the observed effects
of alcohol on the t-PA system. The plasma level of t-PA activity depends
on a complex variety of local and systemic processes (for a review see 26)
which include: 1) Fluctuations in plasma t-PA activity either by changes
in the rate of the continuous production by endothelial' cells or by acute
release; 2) Removal of t-PA from the circulation by liver clearance; and
3) Inhibition by specific inhibitors, especially the fast acting t-PA
inhibitor PAI-1.

In the present study PAI activity is increased whereas PAI-1 antigen
levels remain unchanged by alcohol. This possibly indicates that a t-PA
inhibiting agent other than PAI-1 is responsible for the increased PAI
activity after alcohol consumption. In this respect Nilsson et al. (27)
have demonstrated inhibition of blood fibrinolytic activity between 2 and
3 hours after the consumption of red wine and beer. Six hours after
consumption the effects on fibrinolytic activity had disappeared. The
inhibition was not attributable to alcohol since after removal of alcohol
the wine had the same effect. Moreover, spirits and absolute alcohol had
no effect on fibrinolytic activity. On the basis of in-vitro experiments
Nilsson et al. concluded that the antifibrinolytic activity of wine and
beer was caused by a pectin of low molecular weight. Since, in the present
study, maximal PAl activity is reached one hour after the consumption of
spirits (6 hours after dinner and wine consumption) it is questionable
whether the presence of a pectic substance in wine is responsible for all
of the observed effects. Another possible explanation for the observed
increase in PAI activity may be that alcohol has a direct stimulatory
effect on the activity of PAI-1 present in the circulation or that an
inhibitor other than PAI-1 is increased by alcohol.

The t-PA activity showed a strong decrease, which is most probably due
to the increase in PAIl activity, despite an increase in [-PA antigen
levels,
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The alcohol induced increase in PAI activity and decrease in plasma t-
PA activity is likely to have consequences for the local processes of
thrombus formation and subsequent lysis. At the local level t-PA activity
is controlled by t-PA  incorporation into the thrombus and protection
against inhibition of t-PA by PAI-1 after binding to fibrin. The initial
PAI-1 activity in a clot is very high, as the result of local platelet
release, preventing the clot from lysis. Due to the relatively short half
life of PAI-1 of 90 minutes, t-PA activity will increase in time and
eventually fibrin lysis will take place. Obviously these processes play an
important role in the pathogenesis of CHD. However, the increase in PAI
activity and the strong decrease in t-PA activity induced by alcohol seems
in striking contrast with the epidemiological finding that moderate
alcohol consumption protects against CHD. Maybe the increase in t-PA
antigen is of more importance at the local level than a decreased t-PA
activity. We conclude that further research is needed on the relation
between alcohol consumption, fibrinolysis and CHD. In addition, increased
PAI activity and reduced t-PA activity levels have been observed in
patients with recurrent deep venous thrombosis and in patients with
pulmonary embolism. The possibility that alcohol is involved in these
illnesses also needs further attention.
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Summary

The interrelationships between alcohol consumption, energy and food
intake and smoking habits were studied in 1145 men and 1171 women, aged
22-49, in the Dutch National Food Consumption Study, in which a 48-hour
dietary record method was used. The. aim of the study was to investigate
whether moderate alcohol consumption is associated with a gem:*m“y
healthier life-style.

A strong relmnonshlp between alcohol consumption and energy lntake
was found. The energy derived from alcohol was obviously not compensated
for by lower intake of other nutrients. Alcohol consumption was much
higher on weekend days than on midweek days. No differences in nutrient
intake were found between non-drinkers, moderate drinkers and heavy
drinkers on midweek days. On weekend days, however, there was a sligm]y
higher total fat and saturated fat intake in moderately drinking men. For
women cholesterol intake was found higher in moderate and heavy drinkers.
Finally, a strong positive relationship between alcohol consumption and
smoking was observed.

It is concluded that the observed differences in energy and nutrient
intake and in smoking habits are not indicative of a healthier life-style
in moderate alcohol users between 22 and 49 years of age. Consequently,
the more favourable prognosis of moderate drinkers cannot be ascribed to a
more healthy life-style.

Introduction
In many epidemiological studies moderate consumers of alcohol have
been shown to have a lower risk of coronary heart disease (reviews 1-4).

Effects of .alcohol consumption on factors related to cholesterol
metabolism, blood haemostasis and blood pressure have been put forward to
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explain the beneficial effects of moderate alcohol consumption. An
alternative  explanation, however, might be that moderate alcohol
consumption is associated with a healthier life-style.

The aim of the present study was to investigate the relations between
alcohol consumption, food intake and smoking habits using data from the
Dutch National Food Consumption Study.

Methods

The Dutch National Food Consumption Study was conducted between April
1987 and April 1988. This survey comprised 5898 persons (2204 households)
constituting a representative sample of the Dutch population aged 1-74.
Each household kept a two-day record of food consumption. Indoor
consumption was recorded for all members of the household, usually by the
housewife. Outdoor consumption was noted individually in a personal
logbook. Instructions for proper recording were given by specially trained
dietitians who also checked the completeness of the dietary records and
measured some of the portions of foods and drinks consumed. From the
dietary record daily energy and nutrient intakes were calculated using the
computerized Dutch Food Composition Table (NEVO). Information on socio-
demographic and life-style factors, including smoking habits, was also
collected.

In the present study only the data for subjects between 22 and 49
years of age were analysed. Furthermore, people who were on a dietary
regimen, vegetarians and pregnant women were excluded from the study
because of the unusual character of their food and alcohol consumption.
The dietary record was analysed for the first and the second day
separately. In this paper the data for the first day are presented. The
analyses for the second day were used to check the consistency of the
results,

For the analyses of the relation between alcohol consumption and
smoking habits chi-square tests were used. The statistical analyses of the
relation between alcohol consumption and energy and nutrient intakes were
based on analysis of variance using BMDP statistical software (5).
Student's t-test was used to test the significance of differences between
alcohol  categories. In all statistical  testing performed the null
hypothesis was rejected at p < 0.05.
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Results
Alcohol consumption
Data of 1145 men and 1171 women were analysed. Table 1 shows the

distribution of alcohol consumption over the days of the week for men and
women separately. On almost all days of the week alcohol consumption among

Table 1. Distribution of alcohol consumption over the days of the week for men

and women.
men {n = 1145) women (n = 1171)
percentage alcohol percentage alcohol
of consumption of consumption

alcoholusers  (g),usersonly  alcohol users  (g),users only

Day % mean (SD) % mean (SD)
Monday 471 37.3 (30.0) 34.0 23.0(16.6)
Tuesday 43.8 34.9 (24.3) 26.4 22.6 (15.6)
Wednesday 519 36.5(29.2) 31.5 22.6 (12.0)
Thursday 57.9 33.7 (19.0) 37.7 25.6 (20.6)
Friday 64.4 45.4 (36.1) 36.5 31.2 (23.4)
Saturday 71.3 49.8 (31.7) 52.6 29.2 (20.5)
Sunday 68.1 44.1(38.1) 42.8 31.8(23.8)

male users was more then 50 % higher than among female users. Furthermore,
for both men and women, alcohol consumption was higher on Friday, Saturday
and Sunday than on other days of the week. Therefore we decided to look at
males and females separately on the basis of their alcohol consumption and
also to analyse midweek (Monday, Tuesday, Wednesday and Thursday) and
weekend (Friday, Saturday, Sunday) separately. Subjects were classified
into non-drinkers, moderate drinkers (men < 35 g, women < 25 g) and heavy
drinkers (men > 35 g, women > 25 g). The distribution across these
categories is shown in Table 2.
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Table 2. Distribution of the study population across the alcohol consumption

categories.
Mon-drinkers Moderate drinkers Heavy drinkers Total

Mén:

Midweek days 336 193 144 673

Weekend days 152 133 187 472
Women:

Midweek days 465 148 75 688

Weekend days 272 107 104 483
Total 1225 581 510 2316
Smoking habits

The relation between alcohol and smoking habits is presented in Table
3. On both midweek and weekend days and for both men and women there was a
statistically  significant  relation  between  alcohol consumption  and
smoking. A relatively high percentage of heavy smokers and a relatively
low percentage of non-smokers was observed among the heavy alcohol users
as compared to the total population. The opposite was seen for the non-
drinkers, albeit the differences were less marked there.

Food consumption

The relation between alcohol and food intake on midweek and on weekend
days 15 summarized in Tables 4 and 5, respectively. In both men and women
and on midweek days as well as weekend days, total energy intake showed a
significant increase with increasing alcohol consumption. No significant
differences, however, were observed between alcohol categories when energy
intake was calculated exclusive of the energy from alcohol.

On midweek days there was no relation between alcohol consumption and
fat intake. On weekend days total fat intake and intake of saturated fat
in moderately drinking men was significantly higher than among non-
drinkers and heavy drinkers. These differences, however, were not observed
on the second day of the dietary record. For monounsaturated fat,
polyunsaturated fat, linoleic acid. cholesterol and P/S ratio differences
between groups were not significant.
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Table 3. Alcohol consumption and smoking habits on midweek and weekend days.

Non-drinkers Moderate drinkers Heavy drinkers  Total

Midweek days % % %o Y%
Men:
non-smokers 57.1 48.7 35.4 50.1
< 10 cig./day 16.4 19.7 16.7 17.4
> = 10 cig./day 26.5 31.6 47.9 32.5
Chi-square value: 24.7 P-value < 0.001
Women:
non-smokers 59.4 51.4 28.0 54.2
< 10 cig./day 14.0 17.6 10.7 14.4
> = 10 cig./day 20.7 311 61.3 31.4
Chi-square value: 38.5 P-value < 0.001
Weekend days % % % %
Men: |
non-smokers 58.6 63.2 42.8 53.6
< 10 cig./day 13.8 13.5 13.9 13.8
> = 10 cig./day 27.6 23.3 43.3 32.6
Chi-square value: 18.3 P-value < 0.001
Women:
non-smokers 59.9 60.7 37.5 553
< 10 cig./day 8.8 11.2 15.4 10.8
> = 10 cig./day 31.3 28.0 47.1 34.0

Chi-square value: 17.6 P-value = 0.002
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Table 4. Alcohol and food consumption on midweek days.

Nutrients

MNon-drinkers  Moderate drinkers Heavy drinkers  ANOVA
mean {SD) mean (SD) mean (5D) P-value t-tes?

Men:
Alcohol (g) 0 () 19.2 (1.8 54.4  (25.6) <(.001 ab.c
Energy, alcohol included (ki) 11191 (3325) 11484 (2966) 12842 (3621) <0.001 b
Energy. alcohol excluded (kJ) 11184 (3323) 10916 (2964) 11155 (3462)
Total fat (g) 125.3 (45.9) 122.1 (44.0) 126.0 (56.1)

Saturated fat (g) 50.8  (18.2) 495 (18.5)y 505 {20.8)

Monounsaturated fat (g) 48.4 (18.8) 47.8 (189)y 506 (253

Polyunsaturated fat (g) 224 (13.0) 21.0 (1L 21.2 (12.4)

Linoleic acid (g) : 18.0 (11.6) 16.8 (10.0) 17.0 (10.7)

P/3 ratio 0.45  (0.23) 0.44 (0.21) 042 (019
Cholesterol (mg) 327 (155) 33 (17 365 (183
Carbohydrates (g) 295 (104) 288  (B2) 294 (92
Protein (g) 91.7 (28.2) 899 (27.0y 89.6 (29.0)
Women:
Alcohol (g) 0 (0) 145 (6.5)  41.5 (16.7) <0.001 ab.c
Energy. alcohol included (k1) 8471 (2252) 8851 (2991) 9520 (2751) 0.002 b
Energy. alcohol excluded (kJ) 8467 (2251) B421 (2975) B3D1 (2660)
Total fat (g) 96.8 (34.7) 972 (44.6) 97.0 (37.4)

Saturated fat (g) 40.2  (14.9) 405 (18.35) 405 (16.8)

Monounsaturated fat (g) 381 (15.2) 37.8 (19.1)y 387 (157)

Polyunsaturated fat (g) 15.7 (8.3 16.2  (9.8) 15.1  (7.8)

Linoleic acid (g} 126 (7.5) 131 (87 124 (7.0}

P/S ratio 0.41 (D.24) 043 (0.25) 039 (0.20%
Cholesierol (mg) 277 (155) 294 (150) 284 (148)
Carbohydrates (g) 217 (68) 212 (78) 207 (76)
Protein (g) 7L (209 731 (2590 M0 (20.0)

# a: significant difference between non-drinkers and moderate drinkers

b: significant difference between non-drinkers and heavy drinkers

c: significant difference between moderate drinkers and heavy drinkers

140



CHAPTER 11

Table 5. Alcohol and food consumption on weekend days.

Nutrients Non-drinkers Moderate drinkers Heavy drinkers  ANOVA

mean (5D} mean {SD) mean (SD) Povalue t-test

Men:

Alcohol (g) 0 (0) 19.4  (8.5) 65.8  (34.6) < 0.001 ab.c

Energy. alcohol included (kJ) 11554 (3127) 12831 (3333y 13726 (3421) <0.001 ab.c

Energy, alcohol excluded (kJ) 11547 (3125) 12254 (3345) 11793 (3160)

Total fat (g) 129.2 (43.5) 143.6 (51.0) 132.9 (45.8) 0.027 a.c
Saturated fat (g) 52.0  (19.2) 57.1  (20.3) 51.3  (18.6) 0.018 a.c
Monounsaturated fat (g) 50.0 (18.7) 55.7 (21.6) 526 (19.7)

Polyunsaturated fat (g) 23.0 (12.2) 26.2  (13.8) 254 (12.9)
Linoleic acid (g) 18.8 (1L.1) 21.8  (12.6) 214 (11.6)
P/S ratio 0.46 (0.22) 0.48 (0.26) 0.52 (0.24)

Cholesterol (mg) 377 (207) 411 (228) 393 (214)

Carbohydrates (g} 313 {100) 315 (96) 312 97

Protein (g) 86.8 (26.8) 94.3 (29.6) 94.2  (33.7) 0.047 ab

Women:

Alcohol (g) 0 (0y 14.4  (7.1) 47.3 (207 <0.001 a.b.c

Energy. alcohol included (k) 9146 (2767) 9724 (2617) 10967 (2939) <0.001 b.c

Energy. alcohol excluded (kJ}) 9141 (2766) 9298 (2638) 9577 (2827}

Total fat (g) 103.5 (39.7) 108.4 (40.9) 111.1 (41.1)

Saturated fat (g) 424 (158) 446 (16.7y 452 (17.8)
Monounsaturated fat (g) 40.2  (17.0) 41.8 (172 42,7 (1.3
Polyunsaturated fat (g) 17.6  {10.4) 19.0  (9.9) 19.6 (111}
Linoleic acid (g) 14.6  (9.5) 15.7  (8.7) 16.6 (10,2}
P/S ratio 0.42 (0,22 0.44  (0.20) 0.45 (0.24)

Cholesterol (mg) 294 (159 347 (204) 342 (188) 0.008 ab

Carbohydrates (g) 242 (85) 236 (76) 242 (85)

Protein (g) 71.5  (23.8) 759 (23.6) BO.3  (27.9) 0.007 b

# a: significant difference between non-drinkers and moderate drinkers

b: significant difference between non-drinkers and heavy drinkers

c: significant difference between moderate drinkers and heavy drinkers
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In women no relations between alcohol and fat consumption were
observed for weekend days. The intake of cholesterol, however, was
significantly higher for moderate as well as heavy drinkers than for non-
drinkers.

No differences in intake of carbohydrates were observed between non-
drinkers, moderate drinkers and heavy drinkers.

On weekend days protein intake was significantly related to alcohol
consumption in both men and women. Heavily drinking men and women consumed
more protein than non-drinkers, and moderately drinking men also had a
higher protein intake. I[n the analyses of the second day of the dietary
record the differences in protein intake did not reach statistical
sipnificance.

Discussion

The strength of the Dutch National Food Consumption Study is that the
population studied is representative of the Dutch population with respect
to gender, age and socio-demographic characteristics. Furthermore, the
data are randomly sampled over the year so that all seasons are equally
represented. A drawback of the two-day dietary record method used is that
data on alcohol and food consumption are only sampled on two days.
Therefore. on the individual level, alcohol and food intake might not
reflect the usual situation and subjects characterized in this study as
non-drinkers need not necessarily be teetotallers. The use of a dietary
record instead of a recall method, however, guarantees that the data,
especially those on alcohol consumption, are as accurate as possible. and
reflect reality at the population level. Alcohol consumption data derived
from dietary recall methods are known to be often heavily underreported.
This probably explains the relatively high alcohol intake found in the
present study as compared to other data on alcohol consumption in the
Netherlands.

In our preparatory analyses large differences in alcohol consumption
were observed between men and women, between age groups, and between
midweek and weekend days. which is in agreement with earlier findings in
the Netherlands (6). Although we had not studied this beforehand we
expected comparable differences for food consumption. For this reason we
decided to study midweek and weekend days separately in the largest age
group of the survey, i.e. men and women between 22 and 49 years of age.
Because of the large difference in alcohol consumption between men and
women it also seemed appropriate to use different ranges defining moderate
and heavy drinkers for men and women. In previous studies of this kind,
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midweek and weekend days were not analysed separately and no different
alcohol categories were.used for men and women (7-9).

Alcohol consumption in the Netherlands, as estimated from sales and
excise figures, is not very high as compared to other industrialized
countries (10). Nevertheless, the present study shows that average alcohol
consumption in the heavily drinking group is quite high. On midweek days
no less then 11.0 % of the adult men drink 4 glasses or more (>40 g
alcohol). On weekend days such an amount is even used by 28.6 % of the
men. Women are drinking much less. Only 3.3 % of the women drink more than
4 glasses on midweek days and 10.7 % use that dose on weekend days.
However, sensible drinking limits for women are of course also lower than
formen (11).

The present study clearly shows that the energy provided by aleohol is
not compensated for. The alcohol is simply added to the diet. This may be
due to the fact that in the Netherlands most of the alcohol is consumed at
the. end of the day. separately from the meals. Despite the strong and
consistent relationship between alcohol consumption and energy intake. the
quetelet index (data not shown) was only increased to a small extent in
men who reported heavy drinking on midweek days. The lack of an overall
effect of alcohol on quetelet index might be explained by the observed
relationship with smoking, which is known to be related with a lower body
weight. or by physical activity, of which no data are available.

Food consumption among moderate drinkers was not found to tend
consistently towards a healthier diet. For weekend days we found even a
slightly higher consumption of total fat and saturated fat in moderately
drinking men and a higher cholesterol intake in moderately and heavily
drinking women. Comparing the intake of these nutrients on weckend days
with the midweek intake we may conclude that in the weckend the diet
contains more fat and cholesterol. especially when alcohol is used. This
may be attributed partly to the (Dutch) habit of taking some kind of a
fatty snack together with alcohol.

Finally, a strong relation between alcohol consumption and smoking was
observed, which is in agreement with findings in many other
epidemiological studies (12-14).

In conclusion, the observed differences in energy and nutrient intake
and smoking habits are not indicative of a healthier life-style among
moderate alcohol users. The present findings do not provide an explanation
for the proposed decreased risk of coropary heart disease in moderale
drinkers.
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CHAPTER 12

12. GENERAL DISCUSSION AND CONCLUSIONS

Epidemiological studies have shown a remarkably consistent inverse
relationship between moderate alcohol consumption and CHD risk (Chapter
2). The aim of the studies described in this thesis was to investigate
possible underlying mechanisms related to cholesterol metabolism, platelet
function and fibrinolysis.

Cholesterol metabolism

The positive association between alcohol consumption and HDL-C levels,
which has been observed in many epidemiological studies, is the most
frequently cited explanation for the lower risk of CHD in moderate alcohol
users. In the experimental studies performed by our group the effects of
moderate alcohol consumption, in doses ranging from 20 to 40 g of alcohol
per day, on fasting HDL-C levels were studied for periods of 20 weeks
(Chapter 4), 5 weeks (Appendix 1) and 4 days (Chapter 6) respectively.

In the 20-week study, a significant increase in HDL-C was observed.
This effect was mainly attributable to a significant increase in the HDL5-
C subfraction, whereas HDL,-C was not significantly influenced. Similar
results were observed in the 5-week cross-over study. No significant main
effects on the HDL-C subfractions were observed within 4 days of moderate
alcohol consumption.

The consumption of a moderate dose of alcohol during dinner has been
shown to significantly increase HDL-C levels in the postprandial phase, 1
hour after dinner (Chapter 8). With this rise in HDL-C both HDL-C
subfractions, HDL,-C and HDL3-C, tended to increase, the increase in HDL,-
C being more pronounced. In addition, the levels of apolipoprotein A, and
triglycerides had also significantly increased 1 hour after alcohol
consumption. The effects of alcohol disappeared after fasting overnight,
which is in agreement with the results of the 4-day study (Chapter 6).

The experimental studies described in this thesis have shown that
moderate alcohol consumption significantly raises the levels of HDL-C. The
acute rise in HDL-C is mainly attributable to HDL,-C, whereas in the long
term moderate alcohol consumption mainly affects the HDL4-C level. The
findings of an increase in HDL-C after long-term moderate alcohol
consumption is in agreement with the experimental and epidemiological
findings in the literature, discussed in Chapter 2. There are no previous
reports, however, on the acute effects of moderate alcohol consumption on
blood lipids and lipoproteins. The present findings, showing that a
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moderate dose of alcohol influences lipid metabolism postprandially, opens
the possibility that the suggested protective effects of regular moderate
alcohol consumption against the development of CHD are to be attributed to
transient changes in lipid metabolism in the postprandial phase. In this
respect, it has been reported that regular users of moderate doses of
alcohol have a lower risk of coronary occlusion than irregular alcohol
consumers irrespective of their level of consumption (Chapter 2). The
question as to whether the observed increase in HDL-C is beneficial,
however, depends on the mechanism causing this increase. Higher HDL-C
levels may be indicative of an increased reverse cholesterol transport
from peripheral tissues to the liver, as well as a decreased clearance of
HDL-C. Further detailed studies into the precise mechanism of the acute
and chronic effects of alcohol on lipid metabolism are needed to answer
this question, ‘

Platelet function

A decrease in platelet aggregability might contribute to a lower risk
of CHD. In this thesis the acute effects of moderate alcohol consumption
were investigated in two studies (Chapters 7 and 9). In the first study,
platelet function 1 hour after the consumption of 30 g of alcohol as red
port and wine tended to increase. In the second study no acute effects of
moderate alcohol consumption on platelet aggregation were observed. In
this second study platelet aggregation was measured under even more
carefully controlled conditions. First, the volunteers were housed in the
metabolic ward of our department, and second, platelet aggregation was
also measured before alcohol consumption so that an analysis of covariance
could be performed.

Four days of moderate alcohol consumption (Chapter 5) had no
significant effect on platelet aggregation in the fasting state. After 5
weeks of moderate alcohol consumption, however, an alcohol-induced
decrease ol platelet aggregation in the fasting state was observed
(Appendix 1).

Besides the study ol Pikaar et al. (Appendix 1). no experimental data
on long-term alcohol consumption and platelet function are available. The
results ol studies into the acute effects of alcohol consumption on
platelet  function. on the other hand, are conflicting. No effects,
inhibitory effects. as well as stimulatory effects have been reported (see
Table 2. Chapter 2). This discrepancy may be explained by the very large
variation in methodology and study design. In most of the studies the
volunteers consumed excessive amounts of alcohol, and in one study alcohol
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was even taken ad libitum for four hours. Another difference with the
studies in this thesis- is that in all other studies alcohol was consumed
on an empty stomach, mostly in the morning. Thus, essentially no
experimental data on moderate alcohol consumption, at a customary time of
the day and under habitual conditions, and platelet aggregation are
available from the literature.

From our results it is concluded that consumption of a moderate dose
of alcohol has no acute effect on platelet aggregation in habitual
moderate drinkers. Daily moderate alcohol consumption, on the other hand,
causes a decreased platelet aggregability after a few weeks. This is in
agreement with the epidemiological observation of an inverse relationship
between alcohol consumption and platelet aggregation (Chapter 2). Such a
long-term effect of moderate alcohol consumption may, among other
mechanisms, play a role in the proposed protection of moderate alcohol
consumption agamst CHD. However, one should bear in mind that platelen
aggregation is always measured ex vivo and that aggregability in vivo
depends on many other factors.

Fibrinolysis

Besides platelet aggregability, fibrinolysis is a major determinant of
haemostasis. The literature on the effects of alcohol on fibrinolysis is
reviewed in Chapter 3. Epidemiological studies have shown a positive
association between alcohol consumption and fibrinolytic activity and a
negative association between alcohol and fibrinogen. Most experimental
studies, on the other hand, show an acute decrease in fibrinolytic
activity after the consumption of alcoholic beverages.

In- the studies mentioned above, fibrinolytic activity has only been
studied with global assays. At present, the value of these assays is
subject to serious doubts since the outcome depends largely on the
procedures used and its relevance in vivo is not clear. In the past
decade, more specific assays have been developed to measure the activities
and the antigen concentrations of the two major determinants of
fibrinolysis, tissue-type plasminogen activator (t-PA) and its fast-acting
inhibitor PAI. From the literature, however, no data are available on the
acute or long-term effects of moderate alcohol consumption on t-PA and
PAL

The acute effects of alcohol on t-PA and PAl were investigated in two
studies included in this thesis (Chapters 7 and 10). In Chapter 7, a
strong decrease in plasma t-PA activity in young and middle-aged men is
described, whereas PAI activity significantly increased in the middle-aged
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men and tended to increase in the young ones. These results were confirmed
in a subsequent study (chapter 10) and, besides t-PA and PAI activity, the
antigen levels of t-PA and PAI-1 were also measured. t-PA antigen levels
significantly increased after alcohol consumption and PAI-1 antigen levels
remained unaffected. The absence of an effect on PAI-1 antigen possibly
indicates that a t-PA inhibiting agent other than PAIl-1 is responsible for
the increased PAI activity after alcohol consumption. In this latter
study, it was also found that PAI activity, after alcohol consumption in
the evening, was still significantly elevated in the next morning, after
an overnight fast. Since in most studies fibrinolytic factors have been
measured early in the morning our results indicate that alcohol
consumption in the previous evening disturbs the outcome of such
measurements.

No effects of moderate alcohol consumption on t-PA activity in the
fasting state were observed within four days (Chapter 5). After 5 weeks of
regular moderate alcohol consumption, however, a dose-dependent decrease
in t-PA activity after fasting overnight was observed (Appendix 1).
Additional analyses showed that this decrease in {(-PA activity was
accompanied with a four-fold increase in PAI activity (Appendix 2).
Finally, the effects of 5 weeks of weekend drinking were also tested. The
volunteers consumed 14 glasses of wine during 3 weekend days and abstained
during midweek days. In contrast to daily consumption of two glasses of
wine for five weeks, weekend drinking did not affect PAI activity. This
finding is very interesting since irregular alcohol  consumers,
irrespective of the level of consumption, have been shown to be at higher
risk of coronary occlusion than regular users of moderate doses (Chapter
2). However, for the reason mentioned above, it is possible that the
effects measured after 5 weeks of moderate alcohol consumption, at least
in part, are just the remnants of an acute effect of alcohol consumption
the day before. The measurements after weekend drinking, on the other
hand, were performed only after a few days in the middle of the week,
which could also explain the absence of an effect on PAI activity.

In conclusion, the results of studies on alcohol and fibrinolysis are
contradictory.  Alcohol consumption is epidemiologically associated with
increased  fibrinolytic  activity, = whereas  decreases in  fibrinolytic
activity and t-PA activity and increases in PAIl activity have been
observed in experimental studies. Further research is needed to explain
this contradiction and to investigate the mechanisms and consequences of
the effects of alcohol. Some wvery recent epidemiological studies have
indicated a possible relationship between lipid metabolism and
fibrinolysis. This relationship also needs further attention, not only in
alcohol, but also in lipid research.
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Possible underlying mechanisms

So far, the effects of moderate alcohol consumption on  lipid
metabolism, platelet function and fibrinolysis have been described as
independent effects without mutual relationships. However, the many other
fields of biomedical research on alcohol have made it quite clear that
alcohol has its effects on almost all organs and tissues of the human
body.

Alcohol changes the levels and activities of numerous enzymes. Alcohol
has an effect on carbohydrate. fat. protein, hormone and vitamin
metabolism. The water and mineral balance is influenced by alcohol and
alcohol consumption affects the function and structure of the
gastrointestinal tract. The function of blood platelets and cells of the
immune system can also be influenced by alcohol. Finally, alcohol
influences almost all neurotransmitter receptors and ion channels of the
central nervous system and has profound effects on behaviour.

It is not likely that. all these effects of alcohol are caused by
different specific effects of the alcohol molecule. In fact, the alcohol
molecule is quite small and, unlike many other drugs, the structural
conformations of alcohol are not very unique. A number of mechanisms can
be put forward which might explain the various effects of alcohol
mentioned above:

1 - Alcohol changes the fluidity of all cell membranes, and through
this mechanism alcohol can interfere in potentially all membrane-
associated processes;

2 - The metabolism of alcohol in the liver can influence many other
liver processes; and

3 - Acetaldehyde, the first metabolite of alcohol, has a high affinity
for lysine and may therefore cause structural and functional
changes in proteins and polypeptides.

These mechanisms will be explained in further detail in the following
paragraphs.

Fluidity of cell membranes

The cell membrane separates the cell from its environment. Therefore,
all interactions between the cell and the environment are membrane-
associated processes. The specific cell functions and the intracellular
homeostasis is regulated by membrane-bound enzymes, hormone receptors, and
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transmembrane transport processes. The structure of the cell membrane can
be seen as a biological compromise. On the one hand, the membrane must
have some mechanical rigidity in order to maintain the integrity and shape
of the cell, and on the other hand, the membrane has to be fluid enough to
facilitate the function of membrane-bound enzymes, receptors and channels.
The mobility and the structure of the membrane proteins depend on the
fluidity of the lipid bilayer of the membrane. Regional differences in the
fluidity of the membrane probably facilitate the function of pmtems in a
specific membrane domain (1).

Alcohol has been shown to have an acute in-vitro fluidizing effect on
membranes. After chronic alcohol consumption, however, an altered membrane
lipid composition results in a reduced membrane fluidity and a decreased
sensitivity to the acute fluidizing effects (2). This adaptation of the
membrane has been shown to occur in chronic alcoholics (3). The acute
fluidizing effect of alcohol is also likely to occur in vivo after the
consumption of a moderate amount of alcohol. Although the alcohol
concentration for a measurable fluidizing effect in wvitro is fairly high
(above 0.5 g/L), one must realize that the alcohol concentrations . in the
gastrointestinal tract and the liver can also be quite high and that
membranes of different cells and even different domains of the same cell
membrane (1) may vary in sensitivity to alcohol. Whether long-term
moderate alcohol consumption has an effect on membrane fluidity or
composition is still unknown. Moreover, the in-vitro studies and studies
in alcoholics are mainly concerned with overall membrane fluidity rather
than the action of alcohol on specific domains of the membrane.

In theory, in all the effects of alcohol on CHD risk factors described
in this thesis, changes in membrane fluidity may play a role.

Metabolism of alcohol in the liver

Alcohol 1s mainly metabolized in the liver, and in moderate alcohol
consumers alcohol dehydrogenase (ADH) is the major alcohol-metabolizing
enzyme. After alcohol consumption, when the ADH enzyme is fully active, it
accounts for between 70 and 100 % of the liver's energy requirement, which
is normally met by fat oxidation. Furthermore, the activity of ADH results
in an increased NADH/NAD ratio which influences the activity of numerous
other enzymes. Besides this indirect effect of alcohol on the metabolic
processes in the liver, alcohol and its first metabolite acetaldehyde may
have a direct toxic effect. Acetaldehyde is thought to be a causative
factor in liver injury after chronic alcohol abuse.
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The liver probably plays an important role in the effects of alcohol
observed in this thesis. First, the observed acute increase in plasma
triglycerides presumably originates from the reduction in fat oxidation by
the liver and increased synthesis of VLDL from free fatty acids that
otherwise had been oxidized. By the same mechanism, prolonged heavy
alcohol consumption may result in the development of a fatty liver.
Second, HDL. considered as an important factor in reverse cholesterol
transport, is produced and released by the liver. It has been shown that
the induction of hepatic microsomal enzyvmes, not only by alcohol but also
by other drugs, is associated with increases in HDL-C and Apo-A; (5.6).
Finally, besides lipid metabolism the liver is also involved in the
clearance of the fibrinolytic factors t-PA and PAIl and probably also in
the production of PA1-1 (7).

Acetaldehyde

Acetaldehyde is the first intermediate product in the metabolism of
alcohol. Acetaldehyde is further metabolized into acetate by the enzyme
acetaldehyde dehydrogenase (ALDH). After the consumption of a moderate
amount of alcohol (0.25 g/kg) the mean blood acetaldehyde concentration
was 3.4 pmol/L, whereas the peak blood alcohol concentration was 6.7
mmol/L. (8). The large difference between acetaldehyde and alcohol
concentrations is caused by the fact that the formation of acetaldehyde is
the rate-imiting step in alcohol metabolism.

In the past decade, more and more studies have s‘hown that acetaldehyde
reacts with all kinds of proteins and peptides. This binding of
acetaldehyde has been identified as a Schiff base binding with the epsilon
amino group of lysine residues (9). Part of the acetaldehyde-lysine
adducts stabilize, resulting in an irreversible covalent binding, which is
similar to the glycosylation of proteins by glucose. The stabilization of
the adducts can be enhanced in vitro by reducing agents. Besides the
epsilon amino group of lysine. acetaldehyde can probably bind to the alpha
amino group of an amino terminal amino acid of a protein. In addition,
condensation products of acetaldehyde and endogenous amines, such as
dopamin and serotonin, have been pmposcd to play a role in the
behavioural effects of alcohol (10,11).

Thus, despite the much lower concentration of acetaldehyde alter
alcohol consumption as compared to alcohol, acetaldehyde can alter the
structural and functional properties of potentially every protein and
peptide. Depending on their biological half-life. these changes in the
properties of proteins may result in long-term effects after a single
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acetaldehyde "loading". It has been shown that even after 28 days of
abstinence, social drinkers have higher levels of haemoglobin-associated
acetaldehyde than teetotallers (12).

Acetaldehyde modification of enzymes or receptors may also play a role
in the effects of alcohol consumption on CHD risk indicators. For example,
the large decrease in t-PA activity after a moderate dose of alcohol,
which is accompanied with an increase in t-PA antigen levels, might result
from the binding of acetaldehyde at the active site of the enzyme. A
similar effect has been reported for several other enzymes (13). For
example, acetaldehyde has been found to bind with the 10 lysine residues
of a ribonuclease enzyme, one of which (lysine-41) is located at the
active site of the enzyme (14). An increase in acetaldehyde adduct
formation corresponded with a decrease in catalytic activity. Specific
protection of the active site, however, by addition of the substrate
phosphate almost completely prevented the inhibition of enzyme activity.

The possibility that reversible or irreversible acetaldehyde adduct
formation plays a role in the effects observed in the present thesis will
be subject of future studies. In this respect, it may be of interest to
note that acute increases in blood acetaldehyde levels, induced by alcohol
consumption after treatment with the ALDH inhibitor calcium carbimide,
results in strong cardiovascular effects and an increased risk of
myocardial infarction and stroke (15).

In conclusion, the mechanisms mentioned above may underly the observed
changes in cardiovascular risk indicators studied in the present thesis.
The effects of moderate alcohol consumption on lipid metabolism and
haemostasis parameters observed in the studies reported in this thesis are
summarized in Table 1 (page 153). Measurements show that the blood alcohol
concentration in these experiments never surpassed a level of 0.5 g/L.
From Table 1 it can be concluded that even the consumption of moderate
amounts of alcohol has a considerable influence on a number of risk
indicators for cardiovascular disease.

Possible mutual relationships

In the acute studies, the strongest effect of alcohol on blood lipids
was the effect on triglycerides, whereas no significant effect on
triglycerides was observed after 5 or 20 weeks of moderate alcohol
consumption in young adults. The possibility that the short-term and long-
term effects of alcohol on HDL and apolipoproteins are secondary to the
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Table 1: Summary of effects of moderate alcohol consumption on lipid
metabolism and haemostasis parameters,

Period Lipid Platelet Fibrinolysis
metabolism aggregation

Acute effects, in Triglycerides 1t No effects PAI activity 1

the postprandial HDL-C 1 t-PA activity |

phase Apo-Ay 1 t-PA antigen 1

Effects after 4 Apo-A4/B 1 No effects No effects

days, in the
fasting state

Effects after 5 HDL5-C 1t Collagen- t-PA activity |
weeks, in the induced PAI activity 1
fasting state aggregation |

Effects after 20 HDL-C 1t

weeks, in the HDL5-C 1

fasting state

acute effects of alcohol on triglycerides will be the subject of further
studies.

Another possible mutual relationship is the association between
triglycerides and fibrinolytic ~ factors already mentioned. In
epidemiological  studies, a  positive  association between  plasma
triglycerides and PAI-1 levels has been observed. In addition, VLDL and
LDL lipoproteins have been shown to enhance the production of PAI-1 by
endothelial cells in vitro (16). It has also been shown that, depending on
the type of fat in the diet, plasma triglycerides in rats are negatively
associated with t-PA activity (17). So, it is quite possible that the
effects of alcohol consumption on the fibrinolytic factors t-PA and PAI
are mediated by plasma triglyceride or VLDL levels.

Finally, the effects on both blood lipids and fibrinolytic factors
possibly play a role in the long-term effect of alcohol consumption on
blood platelet function. Platelet function was shown to be mediated by the
fatty acid composition of plasma lipids (18,19), probably by influencing
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the production of prostanocids from arachidonic acid. A strong positive
association  between plasma fibrinogen concentration and  platelet
aggregation has also been reported (20). In the present study, no effects
of alcohol on plasma fibrinogen were observed. In epidemiological studies,
however, alcohol consumption is negatively associated with fibrinogen
(Chapter 3). It is possible that the decrease in platelet aggregation
after 5 weeks of moderate alcohol consumption compensates for the decrease
in t-PA activity., The existence of such a compensatory effect is very
difficult to assess in an experimental or epidemiological study.
Theoretically, the net result of this proposed effect could be a lower
risk of CHD after a period of moderate alcohol consumption. The strong and
acute alcohol-induced decrease in  t-PA  activity, however, possibly
increases the risk of CHD directly after alcohol consumption. The latter
could explain the relationship between heavy alcohol consumption and
sudden coronary death, observed in recent Finnish and Swedish studies (21-
24).

Different types of alcoholic beverage

In all studies presented in this thesis wine was used as alcoholic
beverage. In the studies into the acute effects, apart from two glasses of
red wine at dinner, one glass of red port was consumed as appetizer or, in
the second study, two glasses of Hollands gin were consumed during the
evening. The use of these beverages was preferred to the use of a solution
of pure alcohol since the purpose of our studies was to investigate the
effects of moderate alcohol consumption under conditions resembling normal
life as closely as possible.

So, from the results presented it cannot be excluded that some
beverage constituents other than alcohol are responsible for the observed
effects. A large body of evidence from the literature (Chapters 2 and 3),
however, shows that the protective effects of alcohol consumption on risk
of CHD and the effects of alcohol on CHD risk indicators are not specific
for any alcoholic beverage. Lower risk of CHD and a negative association
between alcohol consumption and HDL-C have been observed for beer, wine
and spirits. The decrease in fibrinolytic activity, as assessed by global
assays, has been observed after beer and wine consumption, but pure
alcohol lowered fibrinolytic activity as well. Sometimes the reported
effect of a specific type of beverage on CHD risk in an epidemiological
study is found to be more pronounced, but this may simply be caused by the
specific drinking habits of the population studied. An effect of beer is
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more likely to be found in a population drinking primarily beer than in a
population where wine and spirits consumption dominates.

Very recently, we have performed a study in which the effects of 40 g
of alcohol consumed during dinner in the form of spirits, wine or beer
were studied in a group of middle-aged volunteers. The blood alcohol
levels after the consumption of spirits were significantly higher than
after wine or beer consumption. Therefore, theoretically, the effects of
the same amount of alcohol from spirits could be more pronounced than the
effects after beer and wine consumption. The preliminary results of this
latest study (data not shown), however, indicate that the effects of
alcohol on triglycerides and HDL-C are comparable to those observed in the
studies presented and that there are no significant differences between
the different types of alcoholic beverage.

Consequences of the observed effects for the risk of CHD

What are the consequences of the observed effects, summarized in Table
1, for the risk of CHD-?

In epidemiological studies HDL-C, the apolipoproteins Apo-Aj and Apo-
Ay, and fibrinolytic activity are positively associated with alcohol
consumption, whereas for platelet aggregation an inverse relationship has
been observed (Chapters 2 and 3). The results of these studies have often
been used as an explanation for the observed lower risk of CHD in moderate
alcohol consumers, as compared to teetotallers. A serious drawback of the
epidemiological studies, however, is that it is very difficult to assess
whether an association is causal. In other words, the possibility that the
observed relationships between alcohol consumption and CHD risk indicators
result from confounding factors cannot be excluded in these observational
studies. The results presented in this thesis, on the other hand, clearly
show that even moderate alcohol consumption has a direct influence on the
CHD risk indicators, acutely as well as in the long term. From this it may
be concluded that the associations between alcohol- and CHD risk
indicators, and consequently between alcohol and CHD risk, found in
epidemiological studies, are likely to be causal.

Food intake and smoking habits
Besides a biological mechanism, a healthier life-style could provide

an alternative explanation for the observed lower risk of CHD in moderate
alcohol wusers. Therefore, we studied the relationship between alcohol
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consumption, food intake and smoking habits in men and women aged 22-49 on
the basis of data contained in the Dutch National Food Consumption Study
{(Chapter 11). :

Strong positive associations between alcohol consumption and energy
intake and between alcohol consumption and smoking were found. Moreover,
on weekend days a slightly higher intake of total fat and saturated fat
was observed in moderately drinking men, and among women a higher
cholesterol intake was found in moderate and heavy drinkers. Despite the
strong and consistent relationship between alcohol consumption and energy
intake, the body mass index had only slightly increased in men who
reported heavy drinking on midweek days. The lack of an overall effect of
alcohol on body mass index might be explained by the observed relationship
with smoking, which is known to be related with a lower body weight, or by
physical activity, on which no data are available. Another explanation is
that energy derived from alcohol may be considerably lower than the
theoretical value of 7 kcal/g.

Although a 48-hour dietary record method was used in this survey,
which entails certain limitations, the results do not support the
hypothesis of a healthier life-style among moderate alcohol consumers.

Conclusions

Several mechanisms were investigated that might explain the observed
lower risk of CHD in moderate alcohol consumers. The consumption of
moderate amounts of alcohol has an acute effect as well as a long-term
effect on lipid metabolism and on the fibrinolytic factors t-PA and PAIL
In the long term, moderate alcohol consumption also affects platelet
function. A combination of effects of moderate alcohol consumption on
lipid metabolism, fibrinolysis  and platelet function may explain the
lower risk of CHD. It is also shown in this thesis that, at least in the
Netherlands, moderate alcohol consumption is not associated with a
healthier life-style as far as food intake and smoking habits are
concerned. Thus, the lower risk of CHD probably results from the direct
influence of moderate alcohol consumption on biological factors that
determine CHD risk.

General implications

In this thesis, the relationship between moderate alcohol consumption
and CHD risk is discussed. The conclusions underline the sense of sensible

156



CHAPTER 12

drinking limits. Considering the possible negative side effects of
promoting alcohol use; however, the conclusions of this study should not
be used to promote alcohol consumption among non-drinkers. Moreover, it
should be realized that the lower risk of CHD is mainly observed in
population studies and is not necessarily applicable to all individuals.
On the other hand, the conclusions may be used to persuade excessive
drinkers to lower their alcohol consumption to sensible limits.
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SUMMARY

MODERATE ALLCOHOL CONSUMPTION AND
RISK OF CORONARY HEART DISEASE

‘sz‘_rdiayascular disease (CVD) accounts for about 40-50% of total
mortality in affluent societies. Most CVD deaths can be attributed to
coronary heart disease (CHD). In the past decades evidence has been found
that llfe-s§ty]e factors influence the risk of CHD. Besides smoking, lack
of  physical exercise and possibly stress, a surplus  of dietary
cholesterol, saturated fatty acids, salt and energy contribute to a higher
risk of CHD.

Excessive alcohol use is another- CHD risk factor. In contrast, in the
past decade, moderate alcohol use has frequently been claimed to reduce
this risk. The association between alcohol consumption and CHD risk or
between alcohol consumption and total mortality has often been reported to
be U-shaped. ie. moderate drinkers would be at lower risk than both
teetotallers and heavy drinkers. ‘

In epidemiological studies, a lower risk of CHD in moderate drinkers
as compared to non-drinkers has often been reported (Chapter 2). The aim
of the studies presented in this thesis was to investigate mechanisms that
might explain the lower risk of CHD in moderate alcohol consumers. For
this purpose the long-term and acute effects of moderate alcohol
consumption on factors related to cholesterol metabolism, platelet
function and fibrinolysis were investigated in a number of experimental
studies with human volunteers (Chapters 4-10). In addition, the
relationships between alcohol consumption and food intake and between
alcohol use and smoking habits was investigated on the basis of data
contained in the Dutch National Food Consumption Study (VCP), in order to
investigate the possibility that moderate alcohol consumption s
associated with a healthier life-style (Chapter 11).

A ‘positive association between alcohol consumption and HDL-C, which
has been observed in many epidemiological studies, is the most frequently
cited explanation for the lower risk of CHD in moderate alcohol users.
HDL-C probably plays an important role in the so-called  'reverse
cholesterol transport’. This transport of cholesterol from the tissues,
where it can damage vascular walls, to the liver, where it is converted
into bile acids and excreted via the bile, is an essential element in the
body's defence against accumulation of cholesterol. In the mstudieﬁ
presented in this thesis, the effects of moderate alcohol consumption on
HDL-C were investigated for periods of 20 weeks (Chapter 4), 5 weeks
(Appendix 1) and 4 days (Chapter 6). In addition, the acute effects were
investigated ‘(Chapter 8). In the 20-week study as well as in the S-week
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study an increase in HDL-C was observed (measured in the morning after an
overnight fast), which was mainly attributable to an increase in the HDL;-
C subfraction. In the 4-day study no effects of alcohol on the HDL-C
subfractions were observed. The consumption of a single moderate dose of
alcohol during dinner also influenced the HDL-C levels in the postprandial
phase, one hour after alcohol consumption. With this acute rise in HDL-C
both HDL-C subfractions, HDLZ-C and HDL4-C, tended to increase, the
increase in HDL,-C being more pronounced. In addition, the levels of Apo-
A5 and triglycerides had also significantly increased 1 hour after alcohol
consumption.

The observed increases in HDL-C after a few weeks of moderate alcohol
consumption are in agreement with the experimental and epidemiological
data from the literature. No previous studies, however, have been reported
in which the acute effects of moderate alcohol consumption were
investigated in the postprandial phase, when the alcohol is still present
in the circulation. The present findings, showing that a moderate dose of
alcohol influences lipid metabolism postprandially, opens the possibility
that the suggested protective effects of regular moderate alcohol
consumption against the development of CHD are to be attributed to
transient changes in lipid metabolism in the postprandial phase. The
increase in HDL-C fits into the hypothesis of a protective effect of
moderate alcoho! consumption on CHD. Increases in HDL-C, however, may also
be indicative of a reduced clearance of HDL-C and the question whether the
observed effects are beneficial cannot be answered with certainty. More
information is needed about the mechanisms underlying the acute and
chronic effects of moderate alcohol consumption on lipid metabolism.

Besides lipid metabolism, haemostasis also plays an important role in
the risk of CHD. A decrease in platelet aggregability, for example, might
contribute to a lower risk of CHD. In epidemiological studies an inverse
relationship between alcohol consumption and platelet aggregation has been
observed. In agreement with this, a decrease in platelet aggregation was
observed after 5 weeks of mederate alcohol consumption (Appendix 1). In
the 4-day study (Chapter 5), however, alcohol had no effect and in the
postprandial phase, a moderate dose of alcohol also had no significant
effect on platelet aggregation (Chapters 7 and 9). So, it can be concluded
that the consumption of a moderate dose of alcohol probably has no acute
effect on platelet aggregation in moderate drinkers. After a few weeks, on
the other hand. moderate alcohol consumption leads to a decrease in
platelet aggregation. The latter finding is in accordance with the
relationship between alcohol consumption and platelet aggregation observed
in epidemiological studies. Such a decrease in platelet aggregation fits
into the hypothesis of a lower risk of CHD accompanying moderate alcohol
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consumption. However, one should bear in mind that platelet aggregation is
measured in vitro and that aggregation in vivo depends on many other
factors. ‘

) Besides the aggregability of blood platelets, fibrinolysis is  an
important factor in haemostasis. Until recently, all studies into the
effects of alcohol on fibrinolysis used global methods for the analysis of
fibrinolytic activity (Chapter 3). At present, however, the value of these
global methods is open to serious doubt and new and more specific methods
have been developed to measure the activity and antigen levels of the two
most important fibrinolytic factors, tissue-type plasminogen activator (t-
PA) and plasminogen activator inhibitor (PAI). An increase in PAl and a
decrease in t-PA results in a decreased fibrinolytic activity and may
therefore contribute to a higher risk of CHD. In the literature, however,
no attention is paid to the effects of moderate alcohol consumption on
these specific fibrinolytic factors.

In the present study, a significant increase in PAI activity and in t-
PA antigen levels has been observed shortly after the consumption of a
moderate amount of alcohol. The activity of t-PA, on the other hand,
showed a strong decrease (Chapters 7 and 10). A decrease in t-PA activity
and an increase in PAIl activity were also observed in the S5-week study
{Appendices 1 and 2). The mechanism of the observed changes and the
consequences for the fibrinolytic activity in vivo are not yet quite
clear. The strong decrease in -PA activity may increase the risk of an
infarct and therefore conflicts with the hypothesis of a lower risk of
CHD. The observed increase in t-PA anfigen, on the other hand, possibly
indicates compensation for the decrease in -PA activity. For the
haemostasis we can conclude that the net result of the effects of moderate
alcohal consumption on platelet aggregation and fibrinolysis for the
haemostasis in vivo is unknown at present. It is possible that the effects
on platelet aggregation result from changes in fibrinolysis and there are
even recent indications of a relationship between the changes in Lhe
fibrinolytic factors t-PA and PAl and changes in lipid metabolism,
especially triglycerides.

During the experiments in which the acute effects of moderate alcohol
consumption were studied, the blood alcohcl concentrations were also
measured. In all subjects the alcohol levels remained under 0.5 g/L. Thus.
from the present investigations it can be concluded that alcohol, even in
moderate doses, influences factors related to cholesterol metabolism as
well as to platelet function and fibrinolysis. Consequently, it is also
quite possible that moderate alcohol consumption influences the risk of
CHD favourably.
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Besides a biological mechanism, a healthier life-style could also
contribute to a lower risk of CHD in moderate alcohol users. Strong
positive associations between alcohol consumption and energy intake and
between alcohol consumption and smoking were found (Chapter 11). Moreover,
on weekend days a slightly higher intake of total fat and saturated fat
was observed in moderately drinking men, and among women a higher
cholesterol intake was found in moderate and heavy drinkers. Despite the
strong and consistent relationship between alcohol consumption and energy
intake, body mass index had only slightly increased in men who reported
heavy drinking on midweek days. The lack of an overall effect of alcohol
on body mass index might be éxplained by the observed relationship with
smoking; which is known to be related with a lower body weight, or by
physical activity, on which no data are available. Another explanation is
that the caloric value of alcohol may be considerably lower than the
theoretical value of 7 kcal/g. Although a 48-hour dietary record method
was used in this survey, which entails certain limitations, the results do
not support the hypothesis of a healthier life-style among moderate
alcohol consumers.

In conclusion, the observed lower risk of CHD probably results from a
direct influence of moderate alcohol consumption on biological factors
that determine the risk of CHD.
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MATIG ALCOHOLGEBRUIK EN RISICO OP
CORONAIRE HARTZIEKTEN

Zo'n 40-50 % van de totale sterfte in de westerse samenleving wordt
veromrzgakt door hart- en vaatziekten (HVZ). Een groot deel hiervan is toe
te schrijven aan coronaire hartziekten (CHZ). In de afgelopen decennia is
meer en meer duidelijk geworden dat verschillende leefstijifactoren het
risico op CHZ kunnen beinvloeden. Naast roken. gebrek aan lichaamsbeweging
en mogelijk stress kan een voeding met te veel cholesterol, verzadigd
vet, zout en energie bijdragen aan een hoger risico. Een andere
belangrijke risicofactor is overmatig alcoholgebruik. Matig alcoholgebruik
daarentegen wordt regelmatig in verband gebracht met een lager risico. De
relatie tussen de alcoholconsumptie en het risico op CHZ wordt daarbij
vaak omschreven als cen U- of J-vormige curve, volgens welke matige
drinkers een lager risico hebben dan niet-drinkers en zware drinkers.

In epidemiologisch onderzoek is een lager risico op CHZ bij matige
drinkers, in vergelijking met niet-drinkers,  veelvuldig  aangetoond
(Hoofdstuk 2). Het doel van het huidige onderzoek was het bestuderen van
mechanismen die het lagere risico op CHZ bij matige drinkers zouden kunnen
verklaren. Hiertoe werden in een serie experimentele studies bij gezonde
mannelijke vrijwilligers zowel de lange termijn als de acute effecten van
matig alcoholgebruik onderzocht op factoren die gerelateerd zijn aan
cholesterolmetabolisme, bloedplaatjesfunctie en fibrinolyse (Hoofdstukken
4-10). Bovendien werd de relatie tussen alcoholgebruik en voedings- en
rookgewoonten bestudeerd in data van de Nederlandse voedselconsumptie-
peiling (VCP) om na te gaan of matig alcoholgebruik mogelijk geassocieerd
is met een gezondere levensstijl (Hoofdstuk 11).

Een positieve associatie tussen alcoholconsumptie en het HDL-C, die is
waargenomen in  vele epidemiologische studies. is de meest gebruikte
verklaring voor het lager risico op CHZ bij matige drinkers. Het HDL-C
speelt  vermoedelijk  een rol in het zogenaamde "reverse cholesterol
transport”. Dit transport van cholesterol vanuit de weefsels, waar het de
vaatwanden kan beschadigen, naar de lever, waar het wordt omgezel in
galzuren en het lichaam via de gal verlaat, is een essenticel element in
de verdediging van het lichaam tegen accumulatie van cholesterol. In het
huidige onderzoek werden de effecten van matig alcoholgebruik op het HDL-C
bestudeerd over perioden van 20 weken (Hoofdstuk 4), S weken (Appendix 1)
en 4 dagen (Hoofdstuk 6). Bovendien werden de acute effecten bestudeerd
(Hoofdstuk 8). Zowel over 20 als over 5 weken werd een verhoging van hgl
HDL-C (gemeten ‘s ochtends vroeg na een nacht vasten) waargenomen, (j[ﬁ?
voornamelijk was toe te schrijven aan cen verhoging van de HDL3-C-
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subfractie. In de studie over 4 dagen werd geen effect op de HDL-C-
subfracties waargenomen. De consumplic van een eenmalige matige dosis
alcohol tijdens het diner beinvioedde ook de HDL-C-concentratie in de
postprandiale fase, gemeten 1 uur na alcoholconsumptie. Deze acute
verhoging van het HDL-C werd veroorzaakt door cen stijgende tendens in
beide HDL-C-subfracties, maar de stijging in de HDL,-C-subfractie was
sterker. Bovendien werd er een stijging van de concentraties van
apolipoproteine A 5 en triglyceriden waargenomen.

De gevonden verhogingen in HDL-C na enkele weken matig alcoholgebruik
zijn in overeenstemming met de experimentele en epidemiologische gegevens
uit de literatuur. Er zijn echter geen cerdere studies bekend waarin de
acute  effecten  van  matig alcoholgebruik  zijn  onderzocht in  de
postprandiale fase, op het moment dat de alcohol nog in het bloed aanwezig
is. Een regelmatig terugkerende acute verhoging van het HDL-C in de
postprandiale fase zou, naast de meer lange termijn effecten van alcohol
op het HDL-C, een bijdrage kunnen leveren aan een toename in het reverse
cholesterol transport. De verhogingen van het HDL-C passen in de hypothese
van een beschermende werking van matig alcoholgebruik op CHZ. Stijgingen
in het HDL-C kunnen echter ook duiden op een verminderde clearance van het
HDL-C; de vraag of de waargenomen effecten gunstig zijn valt dan ook niet
met zekerheid te beantwoorden. Hiervoor zal er eerst meer bekend moeten
zijn over het mechanisme dat ten grondslag ligt aan de acute en chronische
effecten van matig alcoholgebruik op het lipidemetabolisme.

Naast het lipidemetabolisme speelt ook de hemostase ecen belangrijke
rol in het risico op CHZ. Zo kan een wverlaging van de aggregatic van
bloedplaatjes bijdragen tot een lager risico. In epidemiologisch onderzoek
wordt er een inverse relatie waargenomen tussen alcoholgebruik en
bloedplaatjesaggregatie. In overeenstemming hiermee werd na 5 weken matig
aleoholgebruik {Appendix 1) een wverlaging van de bloedplaatjesaggregatie
waargenomen. In de studie over 4 dagen werd echter geen effect gevonden
(Hoofdstuk 3). Ook in de postprandiale fase had cen matige dosis alcohol
geen significant ceffect op de aggregatic van de bloedplaatjes (Hoofdstuk 7
en 9). Hicruit kan worden geconcludeerd dat de consumptie van ecen matige
dosis waarschijnlijk geen acuut cffect heeft op de bloedplaatjesaggregatie
bij matige drinkers. Daarentegen leidt matig alcoholgebruik op termijn van
enkele weken 1ot cen lagere bloedplaatjesaggregatie. Dit laatste is in
overeenstemming met het in epidemiologisch onderzoek gevonden verband
tussen alcoholgebruik  en de bloedplaatjesaggregatie.  Een  dergelijke
verlaging van de aggregatie van bloedplaatjes past in de hypothese van een
lager risico op CHZ door matig alcoholgebruik. Men dient echter niet te
vergeten dat de bloedplaatjesaggregatic een variabele is die altiJd "ex
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vivo" wordt gemeten en dat de aggregatieneiging in vivo afhangt van nog
vele andere factoren. , )

Naast  de bloedplaatjesaggregatic is de fibrinolyse een belangrijke
factor in de hemostase. Tot voor kort werd in het onderzoek naar de
effecten van alcohol op de fibrinolyse uitsluitend gebruik gemaakt van
globale methoden om de fibrinolytische activiteit te meten {(Hoofdstuk 3).
Momenteel wordt de waarde van deze methoden echter sterk in twijfel
getrokken. Er zijn inmiddels meer specifieke bepalingen ontwikkeld om de
activiteit en de antigenconcentraties van de twee Dbelangrijkste factoren
van de fibrinolyse te meten, het “tissue-type plasminogen activator" (t-
PA) en de fysiologische remmer van het t-PA, het "plasminogen activator
inhibitor" (PAl). Een stijging van het PAl en ecen daling van het t-PA
heeft een daling van de fibrinolytische activiteit tot gevolg en kan dus
bijdragen tot een verhoogd risico op CHZ. In de literatuur is tot op heden
echter nog geen aandacht besteed aan de effecten van matig alcoholgebruik
op deze specifieke fibrinolysefactoren.

In het huidige onderzoek werd kort na de consumptie van een matige
dosis alcohol een significante stijging van de PAl-activiteit en de -PA-
antigenconcentratie ~ waargenomen. De  t-PA-activiteit, = daarentegen,
vertoonde een zeer sterke daling (Hoofdstuk 7 en 10). Een daling van de t-
PA-activiteit en stijging van de PAl-activiteit werd ook waargenomen in de
studie over 5 weken (Appendices 1 en 2). Wat het mechanisme is dat ten
grondslag ligt aan deze effecten en wat de consequenties zijn voor de
fibrinolyse in vivo is niet met zekerheid te zeggen. De sterke daling in
t-PA-activiteit zou het risico op een infarct kunnen verhogen en past dus
zeker niet in de hypothese van een lager risico op CHZ. Daarentegen duidt
de waargenomen stijging in t-PA-antigen mogelijk op compensatie voor de
daling in t-PA-activiteit. We kunnen wat de hemostase betreft concluderen
dat het netto resultaat van de verschillende effecten  van matig
alcoholgebruik op de fibrinolyseparameters ¢n de bloedplaatjesaggregatic
op de hemostase in vivo nog niet geheel duidelijk is. De mogelijkheid
bestaat dat de effecten op de bloedplaatjesaggregatic het gevolg zijn van
de veranderingen in de fibrinolyse en er zijn zelfs recente aanwijzingen
dat veranderingen in de fibrinolysefactoren -PA en PAl mogelijk
samenhangen met veranderingen in het lipidemetabolisme, met name de
triglyceriden. ) i

Tijdens de experimenten waarin de acute effecten van  matig
alcoholgebruik  werden bestudeerd is ook de bl‘omﬁa.lcmho[c:oncemrﬂtm
gemeten. Deze bleef in alle individuen onder de 0,5 promille. Samenvattend
kunnen we op basis van het huidige onderzoek conclu‘dm‘em dat alcohol reeds
in matige doseringen van invloed is op factoren die gerglmegrd zijn aan
sowel het  cholesterolmetabolisme, — de bloedplaatjesfunctie  als  de
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fibrinolyse. Het is dus zeer wel mogelijk dat ook het risico op CHZ door
matig alecholgebruik gunstig wordt beinvloed.
-~ MNaast een biolegisch mechanisme zou een gezondere levensstiji kunnen
bijdragen aan een lager risico op CHZ bij matige drinkers. Er werden
sterke positieve associaties gevonden tussen alcoholgebruik en de totale
energieconsumptie en tussen alcoholgebruik en roken (Hoofdstuk 11).
Bovendien was de alcoholconsumptie in het weekend licht geassocieerd met
een hogere consumptie van totaal vet en verzadigd vet bij matig drinkende
mannen, en was de cholesterolconsumptie zowel hoger bij vrouwen die matig
als bij hen die veel drinken. Ondanks de sterke en consistente relatie
tussen alcoholgebruik en energieinname was de Quételet-index alleen licht
verhoogd bij mannen die een hoge alcoholconsumptie rapporteren op
doordeweekse dagen. De afwezigheid van een overall effect van alcohol op
de Quetelet-index kan mogelijk worden verklaard door de gevonden relatie
met roken, waarvan bekend is dat het is geassocieerd met een lager
lichaamsgewicht, of door een relatie met de lichamelijke activiteit,
waarover geen gegevens bekend zijn in het VCP-bestand. Een andere
verklaring is dat de energiebijdrage van alcohol mogelijk aanmerkelijk
lager is dan de theoretische waarde van 7 kcal/g. Hoewel er in het VCP-
onderzoek gebruik is gemaakt van een 48-uurs opschrijfmethode, hetgeen
bepaalde beperkingen met zich meebrengt, ondersteunen de bovengenoemde
resultaten niet de hypothese van een gezondere levensstijl bij matige
alcoholgebruikers in Nederland.

Het waargenomen lagere risico op CHZ bij matige drinkers is dus
vermoedelijk  het resultaat wvan een directe invloed van matig
alcoholgebruik op biologische factoren die het risico op CHZ bepalen.
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APPENDIX 1

EFFECTS OF MODERATE ALCOHOL CONSUMPTION ON
PLATELET AGGREGATION, FIBRINOLYSIS,
AND BLOOD LIPIDS

N.A. Pikaar, M. Wedel, E.J. van der Beek, W. van Dokkum, H.J.M. Kempen,
C. Kluft, Th. Ockhuizen and R_IJ. Hermus

(Metabolism 1987;36:538-43)

Summary

To investigate the effect of moderate alcohol consumption on blood
constituents related to cardiovascular disease, 12 male volunteers
consumed (instead of their uswal alcoholic drinks) Tour different
standardized amounts of red wine in addition to their habitual diet. Each
dose was given to the subjects during a period of 5 weeks in a randomized
order, all subjects receiving the four doses. They consisted of 0, 2 and 4
glasses/d. providing 0, 23 and 46 g alcohol/d as well as in "binge
drinking" (14 glasses in the weekend, comparable to an average of 2
glasses/d). The results showed a clear dose-related response to drinking
for several blood constituents. Most marked was a decrease in the tissue-
type plasminogen activator activity and to a lesser degree an increase in
plasminogen levels. Collagen-induced platelet aggregation was reduced,
affecting all parameters measured. Levels of HDL3- cholesterol,
gammaglutamyltransferase, and urate showed a small but significant
increase. No change was noted in the levels of alkaline phosphatase,
alanine-aminotransferase, aspartate-aminotransferase, bile acids, folate,
fibrinogen, the ADP-induced platelet aggregation, platelet secretion, or
in haematologic values. The results are only partially in accordance with
the presumed protective action of moderate drinking on the cardiovascular
system and show a stronger response to the consumption of alcohol in
coagulation and fibrinolysis factors than in blood lipids.

Introduction
Epidemiologic studies have shown a U-shaped relationship between
alcohol consumption and cardiovascular disease (CVD). moderate drinkers

having a lower risk than abstainers and alcoholics  (1). Possible
explanations relates to effects of alcohol consumption on blood lipid and
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lipoprotein levels as well as on the process of thrombogenesis (2). In
experimental as well as in epidemiologic research, a positive relation
between alcohol consumption and the HDL-cholesterol (HDL-C) level of the
blood was found (3-5). The HDL-C level appears to be inversely related to
CVD (4), but still the subfractions of HDL involved and the role of the
separate fractions are unknown (6). With regard to thrombogenesis platelet
count, platelet aggregation, fibrinogen level, and fibrinolytic activity
may be involved (2).

We investigated the effect of regular, moderate alcohol consumption in
young men under strictly standardized drinking conditions. Of main
interest were the effects on blood lipids -particularly HDL-fractions -
platelet function and four haemostatic variables. In addition, some liver
function and haematologic tests were included to monitor possible adverse
effects of the alcohol consumption.

Methods
Subjects

Twelve apparently healthy male students (21 to 29 years) participated
in the study. The following selection criteria were applied: age 20 to 30
years, moderate habitual alcohol consumption (an average of maximally two
glasses of alcoholic beverages per day), no drug use especially those
influencing haemostasis, no smoking and trustworthy to follow the
instructions. A dietary evaluation by means of a questionnaire with
special emphasis on drinking habits, a routine hematologic test and a
clinical examination formed part of the selection procedure. All subjects
gave written informed consent. The study protocol was approved by the
Institute's medical-ethical committee.

Study Design

Throughout the 20 weeks of the experiment, divided in four periods of
5 weeks, the subjects (all living at home) continued their habitual
activities and food pattern except the drinking of alcohol. The food
consumption pattern and drug use were monitored at the end of each
experimental period by means of a one-day record. In addition to their
usual diet they drank four different doses of red wine. One single lot of
red table wine of a brand regularly consumed in the Netherlands was used.
The four doses were: no wine, two glasses/d, four glasses/d and "binge
drinking” (no wine from Monday till Thursday, four glasses on Friday, five
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on Saturday, and five on Sunday i.e., the same amount per week as the two
glasses/d dose), one dose given for a period of 5 weeks. Each subject
drank all doses in a randomized order, according to a Latin square design,
balanced for carryover effects from a previous period (7).

In weeks 4 and 5 of every period measurements were performed in all
subjects to determine whether a steady state had been  achieved. For
practical reasons measurements concerning aggregometry, bleeding time, and
anthropometry were done in six subjects in week 4 and in the other six
subjects in week 5.

Analytical Methods

After an overnight fast venous blood was taken by means of a
venacatheter, inserted after half an hour's rest in a sitting position and
processed for the different analyses as described below. Serum was
prepared by centrifugation after clotting for half an hour at room
temperature and for two hours at 4°C.

Total serum cholesterol was determined by the method of Abell et al

(8), total triglycerides by the method of Giegel et al. (9). The Gaubius
Institute TNO which performed these analyses is certified by the WHO
Collaborating Center for Blood Lipid Research in Atherosclerosis and
Ischaemic Heart Disease, Prague. For HDL-subfraction-action we used
essentially the method of Gidez et al. (10). VLDL and LDL were first
removed by precipitation with heparin (0.15% w/v final concentration) and
MnCI12 (100 mmol/L) for .20 minutes at 0°C . Then dextransulphate (MW
15.000) was added to a final concentration of 0.14% w/v and the mixture
left for 30 minutes at 0°C before centrifugation. Cholesterol in HDL
(redissolved dextran-sulphate precipitate) and in HDLy (final supernatant)
were determined by the method of Abell et al. (8). Alkaline phosphatase
(AP}, alanine-aminotransferase (ALAT), aspartate-aminotransferase (ASAT),
gamma-glutamyltransferase (GGT). and urate in serum, were analyzed by
standard methods, using a Cobas Bio Centrifugal Analyzer (Hoffmann-La
Roche. Basel, Switzerland).
Serum bile acids were assayed enzymatically with the kit Enzabile
(Nyegaard. Oslo); 5—me‘1hy‘llethrahydmfolate (5-Me-THF) was extracted from
serum with a boiling borate buffer and determined by a radioimmunoassay
(Simul TRAC kit. Becton Dickinson Immunodiagnostics, Orangeburg, NY).

Blood for coagulation and fibrinolysis parameters was collected free
flowing in precooled polycarbonate tubes on citrate (1 vol 0.11 mol/L
citrate and 9 vol blood) before 10 AM from resling volunteers and
processed to. platelet poor plasma as described in detail (11). Plasma was
kept frozen at -40°C. Factor VIl: ag and fibrinogen werc assayed by
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electroimmunodiffusion (12) using goat antiserum (Central Laboratory of
the Blood Transfusion Service, Amsterdam) and a home-made rabbit anti-
serumn (courtesy Dr W. Nieuwenhuizen) respectively, and Agarose 15 (BDH
Chemicals Ltd. Poole, Engeland). In case of fibrinogen 0.2% disodium EDTA
was added to increase the mobility of the fibrinogen (13). Plasminogen was
measured in an activity assay using streptokinase (Kabivitrum, Amsterdam)
for activation and § 2251 (Kabivitrum, Amsterdam) for assay of activity
according to Friberger et al. (14). Results are given in percentages
relative to a pooled plasma (11). Tissue-type plasminogen activity (t-PA)
in plasma euglobulin fractions was measured with a parabolic rate assay
(15). Activity is expressed in U/L compared to a home standard of t-PA
(courtesy of Dr JH. Verheijen). One unit of this standard equals 6
international t-PA units (16).

Platelet aggregation and ATP-secretion were studied on a Lumi Dual
Agrometer (Chrono-Log Corp, Havertown, PA). Venous blood (20 mL) was
collected by gentle suction into 2 mL of trisodium citrate 3.8% (wfv).

Subsequently, platelet rich plasma (PRP) and platelet poor plasma
(PPP)y were prepared by centrifugation. PRP was diluted with PPP to give
standardized PRP with a final platelet count of 200 x 10%/mlL. Platelet
aggregation was induced by adding 50 pL of ADP solution (Cluster Kit,
Dade, Miami) diluted with saline to 450 pL standardized PRP to give a
final concentration of 1.0, 2.5, and 5.0 pmol/L. Similarly, aggregation
was induced by adding 5 pL collagen solution (Hormon Chemie, Munchen, West
Germany) with a final concentration of 1 and 4 pg/mL. Chronolume
luciferin-luciferase reagent was used to measure ATP concentration as an
indicator of the platelet secretion. reaction (Chronolume, Chronolog Corp:
Havertown, PA)} (final concentration 3.8 mg/ml) Aggregation curves,
recorded up to five minutes after the addition of ADP, generally showed
reversible "primary” and "secondary" aggregation. The heights of both were
expressed as extent of aggregation in %, while maximal velocities were
calculated from the tangents at the steepest slope of the aggregation
curve. From the curves obtained after induction with collagen, lag time,
induction time, change in shape of thrombocytes, maximal aggregation, and
maximal velocity of aggregation were computed.

Hematologic cell counts were performed in EDTA-K blood on the Sysmex 8
parameter semi-automated apparatus CC-180 (TOA Medical Electronis Co
Lid.Caron.CA). After blood sampling the subjects had breakfast and one
hour later measurements of blood pressure, bleeding time, an anthropometry
were performed. Bleeding time was measured (17) with a disposable device,
"Simplate 11" (General Diagnostics, Warner-Lambert Co, Morris Plains, NJ).
Systolic and diastolic blood pressure (sitting position, Korotkov phase 1
and 5) measurements were conducted by one single observer, using a London
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Sc]nomli of Hygiem? Sphygmonanometer (18). Anthropometric measurements
comprised bady weight. height, and four skinfolds (19).

Statistical Analysis

.The results were analyzed with ANOVA according to the experimental
design, using the statistical package GENSTAT (20). In the analysis dose
effects were adjusted for effects of a dose applied in the previous
period. Carryover effects over more than 5 weeks of a specific dose were
assumed to be negligible. This assumption was checked to some extent by
investigating if the variables measured did change in weeks 4 and 5 as a
result of treatments applied in the previous period (this effect was not
observed). If no such carryover effects were found, unadjusted means were
presented. If the F values from the ANOVA were significant at the 5%
level, differences between mean values were tested with the method of the
least significant difference (21). After examination of the residuals for
the ANOVAs, a number of variables had to be transformed by logarithms; for
these variables geometrical means were presented.

Results
Changes Related to Alcohol Consumption

A number of the measured variables had been influenced by the
consumption of the different doses of red wine, as shown in Table 1. Some
related but unaffected variables have been tabulated as well.

Platelets

Aggregation after induction with 1 pg/mL collagen is clearly
influenced by the alcohol dose: the induction time lengthens with
increasing dose (P= .03), the maximal aggregation percentage (P= .01) and
aggregation velocity decrease (P= .03) due to drinking of alcohol (Table
1). Lag time and change of shape were not influenced by the alcohol doses
given. Aggregation after induction with 4 ng/mL collagen and with T mmol.
35 mmol. and 5 mmol ADP (not tabulated) do not show an effect. The
induction time was significantly longer when four glasses were consumed in
a previous period than when 0 or 2 glasses were consumed in a previous
period, irrespective of the dose given in the next period (1.28 v 1.01 and
0.99 min. respectively). ATP-secretion after induction with 5 mmol ADP was
not found to be dependent on alcohol consumption.
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Haemostatic Plasma Factors

Plasminogen shows a dose-related effect of alcohol consumption
(P= .01): the values increase with increasing alcohol dose, but only the
differences between abstaining and drinking were significant; t-PA values
decrease with increasing alcohol dose (P= .02), only the results for the
dose of four glasses being significantly smaller than those after
abstaining. There is no change in fibrinogen or factor VI111: ag levels.

Table 1. Mean wvalues of blood variables in response to red wine
consumption.

0 glasses 2 glasses Binge 4 glasses

Platelet aggregation
(collagen 1 pg/mL)

Lag time (min) 0.81 0.90 0.92 0.88
Induction time (min) 1.679 1.9430  2.09b  2.10P
Shape change (cm) 0.47 0.54 0.5 0.54
Maximum aggregation (%) 52.24 3850 41.2 39.5
Aggregation velocity (%/min) 39.12 2485 28.0b 2680
Hemostatic factors
Plasminogen (%) 87.54 9092 920b 933D
t-PA (U/L) 00.82  48.43b 5542b 235D
Lipids .
Total cholesterol {mmol/L) 3.72 3.74 3.72 375
HDL3-C (mmol/L) 0.782 0.828b  p.g2ab  ggb
HDL,-C (mmol/L) 0.39 0.40 0.39 0.42
triglycerides (mmol/L) 0.80 0.78 0.76 0.76
Others
GGT (U/L) 8.44 9.0b  gpbc ggc
Uric acid (umol/L) 30208 309.423b 32280 323.8b

i .
Geometrical means.
Means not sharing a superscript are significantly different at the 5% level.

172



APPENDIX 1

Lipids

No effect of the treatments on the mean levels of total cholesterol
and triglycerides were observed. HDL3-C levels tend to increase with
increasing dose as shown in Table 1. The results for the dose of four-
glasses are significantly higher than those after abstaining. It appears
that when four glasses of red wine a day are consumed, HDL,-C levels
moderately rise from week 4 to week S5 (mean values of 0.37 and 0.46 mmol/L
respectively, P= .01) and triglyceride levels fall somewhat (mean values
of 0.85 and 0.66 mmol/L respectively, P= .05).

Miscellaneous

GGT and uric acid show clearcut dose-related effects (P= .00 and
P = .04, respectively): with increasing dosage the levels increased, as
shown in Table 1. AP, ALAT, ASAT, bile acids, 5-Me-THF, blood pressure,
and bleeding time did not show any effects. Alcohol consumption was not
found to influence haematologic values (RBC, WBC, Hb, Ht, MCV, MCH, MCHC,
and PLT).

Changes in Time

Some variables seemed not to respond to the different doses of red
wine, but to the experiment as such (20 weeks). These findings are
summarized in Table 2. The weights of the subjects showed a slight but
significant decrease between the first' and the second period of the study
and remained stable during the rest of the experiment.

Table 2. Mean values of variables, changing over the four periodes of the
experiment, irrespective of the alcohol dose.

1 11 I v
Weight (kg) 72.08 71,.4bb 71.3‘]; 71.73
Body fat (%) 14.78 14,59 13.8 13.7
Systemic blood pressure (mm Hg) 119.5 ‘M‘J.Qr‘ 122.3bC 1 2].7b
Diastolic blood pressure (mm Hg) 63.9% 64.5;" 67.0b 68.1 o
Bleeding time (s) 437.04 351.0 342.0 367.0¢4%

Means not sharing superscript are significantly different at the 5% level
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This reduction in weight is accompanied by a significant decrease (P= .04)
in percentage of body fat of the subjects. Diastolic blood pressure rises
slowly during the study period (P= .02} and bleeding time shows a marked
difference (P = .02) between the first period and the last three periods
(437 seconds (s) versus a mean value of 353 s).

Discussion

A decrease in aggregability by the presence of alcohol in the blood is
described (22,23), but little is known about the long-term effects of
alcohol on platelet aggregation in the fasting state. In an epidemiologic
study Meade et al. (24) reported a descreased aggregability (induced by
ADP), related to higher levels of habitual alcohol consumption. Likewise,
Renaud et al. (25) observed a negative correlation between alcohol intake
and platelet aggregability, especially when saturated fat dominated in the
diet. In our study, moderate alcohol consumption in the form of red wine
reduced platelet aggregability (after induction with 1 mg/mL collagen) in
the fasting state, all parameters of the aggregation curve showing a
logical coherence. The induction with 4 pg/mL collagen may have beén too
strong for aggregation to show significant effects.

Information about the influence of drinking on coagulation and
fibrinolysis is scarce. In an epidemiologic study by Meade et al. (26),
fibrinolytic activity, measured by a clot lysis technique, appeared to
increase with alcohol consumption, while fibrinogen levels were falling.
Barboriak (27), discussing the variables potentially influencing CVD,
cites that blood coagulation was found to be reduced and fibrinolytic
activity to be enhanced by alcohol consumption. Elmer et al. (23) did not
observe an acute effect of whisky consumption on fibrinolysis. On the
contrary, ingestion of cider inhibited plasma fibrinolytic activity in a
concentration-dependent manner (28). The inconsistent results may be due
1o the application of different types of beverage and of analytical
methods. In our study fibrinolysis appeared to be clearly affected by wine
consumption. Plasminogen levels rise moderately with an increasing dose,
indicating increasing  [ibrinolytic  potential.  However, this is amply
compensated for by a large decrease in t-PA, the level at the four-glass
dose being roughly one third of that in abstinence. The changes appear to
be specilic since the other haemostatic components studied do not change
significantly.  The decrease in t-PA may be due to an increase in
inhibitors in  the euglobulin  [raction. This possibility is under
investigation.

The increase in total HDL-C due to alcohol consumption is well-
documented. Data from five study populations yielded a positive
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association of alcohol consumption with HDL-C (3). Thornton et al. (3)
found that in a drinking period of 6 weeks HDL-C levels amounted to 1.25
mmol/L and dropped to 1.04 mmol/L in an abstinence period. In a study on
biochemical markers of alcohol consumption, Shaper (29) found HDL-C values
of 1.04, 1.16, and 1.19 mmol/L when 0, 1 to 3, and 4 to 6 glasses were
drunk daily. These results are comparable with the sum of HDL+- and HDL4-C
values obtained in our experiment, being 1.17, 1.22, and 1.27 mmol/L for
0. 2 and 4 glasses a day, respectively. Reports about effects of drinking
on the separate HDL-fractions are contradictory (6). Haskell et al. (30)
observed that drinking resulted in an increase in total HDL-C and in HDLy-
mass (ca 14%), whereas HDLy-mass did not change. These results were
confirmed in a cross-sectional survey of 77 adult males (31). Taskinen et
al. (32) obtained different results. HDL,-mass in fasted serum increased
by 23% within three days on a dose of 5.5 g alcohol/kg body weight whereas
HDL-mass remained unchanged. Haffner et al. (33) reported alcohol intake
to be positively related to HDL-C and to HDL»-C in men and to HDL5-C in
women.

The drinking pattern did not affect the level of total cholesterol in
our experiment while total HDL-C showed an increase with increasing dose,
in good agreement with other findings (5,29). The HDL4-fraction increases
depending on the dose, the level obtained at the four-glass dose being
significantly higher than during abstinence. A nonsignificant increase (ca
8%) is seen for the HDLy-fraction at the four-glass dose compared with
abstinence. There is no clear dose response. Both HDL,-C and triglyceride
levels significantly change from week 4 to week 5 only at the four glass
dose, indicating that adaptation to drinking is rather slow. Our results
are in agreement with those of Haskell et al. (30), Williams et al. (31),
and Haffner et al. (33). but not with those of Taskinen et al. (32). The
deviating results of Taskinen et al. may be due lo diferrences in study
design (a period of only 2.5 days) and methodology (31). Interpretation of
the effect of alcohol consumption on HDL-fractions is difficult as yet.
Levels of HDL5-C have epidemiologically been associated with a decrease in
CVD while HDL:;’—C does not show a distinct relationship (6,34).

Many investigators are looking for biochemical markers indicative of
alcohol use. Most parameters showed a poor predictive value (29, 35-37).
GGT is used to discrimininate between drinkers and abstainers (35, 37).
Allen (37) found GGT values of 8, 40. and 89 U/L for abstainers, persons
consuming 1.5 to 4.5 drinks per day, and persons drinking more,
respectively. Our results are much lower and more in agreement with those
of Shaper (29) who reports 13.8, 15.1, and 18.6 U/L for 0, 1102, and 3
to 6 drinks daily, respectively. The increase in urate level is comparable
with those stated elsewhere (29. 37). In our study GGT and wrate show a
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significant  but  small dose response, confirming their uselessness as
indicators for alcohol consumption. The effect of HDL-C also used as a
marker has been discussed above. In our study no influence of drinking on
the levels of AP, ALAT, ASAT, MCV, and MCH was observed. Moreover, the
results discussed above prove that the liver function of the volunteers
were hardly affected by drinking of the doses of alcohol as applied. This
is also confirmed by the absence of a significant response of the bile
acid level, which is considered to be a sensitive indicator of liver
damage by some (38), although othérs dispute its value (39).

There is strong epidemiologic evidence that the regular use of large
quantities of alcohol is related to higher blood pressure and a greater
prevalence of hypertension (40, 41). After adjustment for Quetelet index,
age, and smoking habits, blood pressure was reported to increase linearly
with alcohol consumption (40). Arkwright et al. (41) found that alcohol
consumption correlated with systolic pressure but not with diastolic
pressure.  Systolic  pressure  increased  progressively  with  alcohol
consumption (ca 1 mm Hg/drink/d). Men who drank 1 to 160 mL/w (0 to 2
drinks/d)  had  significantly  higher mean  systolic  pressure  than
tectotalers. Klatsky et al. (42) observed that men taking two drinks per
day or less had the same blood pressure as nondrinkers. The blood
pressures of our subjects were low (120.9/65.9 mm Hg) and did not show any
dose-related  response, although diastolic pressure rose during the
experiment, independent of the dose. Systolic pressure also increased, but
not significantly. These effects might be due to a slightly higher (mean)
amount of alcohol consumed during the whole experiment compared to the
habitual situation while the response to alcohol is too slow to show up in
the separate S-weeks periods. Little is known about the effect of drinking
on bleeding time. Haut and Cowan (22) noticed among other effects a
prolonged bleeding time immediately after alcohol ingestion. Elmer et al.
(23) observed a prolongation of the bleeding time one hour after drinking
at a plasma alcohol concentration of 19.3 mmol/L. In our study bleeding
time did not respond to the dose of alcohol so that no net effect of the
different  coagulation factors  occurred. The drop in  bleeding time
occurring  between the first period and the other ones is difficult to
explain,

Regarding the haematologic values. attention should be given to the
nonresponse of MCV, MCH, and the platelet count. MCV is known as a marker
of alcohol consumption, since even moderate drinkers display an increase
(43). Cushman et al. (36) claim MCV to be the most sensitive individual,
marker in males. MCH is mentioned as a marker by Shaper (29). Alcohol
abuse is sometimes accompanied by thrombocytopenia (22). The folate levels

176



APPENDIX 1

in the fasting state of this study appeared not to be influenced. although
it has been reported tg decrease after acute drinking (44). ;

In this study, body weight decreased in the second period and
stabilized afterwards. The weight loss can mainly be accounted for by loss
of body fat, and suggests a lower intake or a higher energy expenditure in
the experimental period, compared to the habitual diet. It is not likely
that a major change in the diet of the volunteers is responsible for this
effect. The volunteers kept their normal dietary pattern, adding the
required number of glasses of wine and omitting the alcoholic beverages
usually consumed.

Some of the blood constituents measured in this experiment respond to
the consumption of alcohol, especially the platelet aggregation (induced
with 1 pg/mL collagen) and tissue plasminogen activator: minor responses
are observed for plasminogen HDL3-C, GGT and urate, the effects being
dose-related. However, it should be noted that the differences between
abstaining and drinking are most evident, whereas the results for the
different types of drinking are predominantly nonsignificant (Table 1).

Although the results for "binge" drinking tend to be situated between
those in the 0- and four-glass periode, they do in no case differ
significantly from those in the two-glass period. It should be stressed
that the changes in concentration of the different constituents manifest
themselves in the fasting state, ie., without any alcohol in the blood.
Since measurements were performed in weeks 4 and 5 of each period.
however, it remains uncertain how rapid changes took place. The rising
level of HDL-C and the falling level of triglycerides in week 5 compared
to week 4 in the period of the highest dose suggest that adaptation for
these variables is rather slow. The carryover effect on induction fime
when four glasses had been consumed in a previous period also indicates
that effects on platelet aggregation are lasting as well. The alcohol
consumption in our study was restricted to red wine only. Consequently.
some of the results can be specifically due to the consumption of red winc
or to the change in type of beverages habitually consumed.

In conclusion, it appears from our study that regular, moderate
drinking of red wine in a S-week period has scarcely or no effects at all
on liver function, haematologic values, and blood pressure. It remains
unclear which underlying mechanisms are responsible for the presumed
protective effect of moderate alcohol consumption on cardiovascular
disease. Effects on lipid constituents appear to be slight in the period
studied while interpretation remains difficult. On the other hand. alcohol
consumption rather strongly affects the mechanism of haemostasis. The
reduced platelet aggregation and the increased plasminogen level should be
interpreted as a favourable and the decrease in (-PA level as an
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unfavourable aspect. A study is in progress to elucidate the interaction
on the wvarious haemostatic factors and of the long-term response of
different variables.
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APPENDIX 2

REGULAR MODERATE WINE CONSUMPTION FOR
FIVE WEEKS INCREASES PLASMA ACTIVITY OF
THE PLASMINOGEN ACTIVATOR INHIBITOR 1
(PAI-1) IN HEALTHY YOUNG VOLUNTEERS

C. Kluft, J. Veenstra, G. Schaafsma and N.A. Pikaar

(Fibrinolysis, 1990;4 Supp2:69-70)

Sammary

Daily consumption for 5 weeks of 2-4 glasses of red wine by young
healthy volunteers causes an increase in activity of PAI-1 in blood
collected in the morning. Five weeks of weekend drinking (3 days) had no
effect.

KEYWORDS. Plasminogen activator inhibitor-1. Alcohol. Wine.

Introduction

Since the early reports of Fearnly et al. (1) and Nilsson et al. (2),
it has been known that the consumption of alcoholic beverages, such as
beer and wine, has am acute effect on blood fibrinolytic activity. The
effect has been recorded as a reduction in blood fibrinolytic activity by
global assays and appears maximally in the first few hours after drinking.
No residual effect was observed after an overnight fast. Recent studies
indicate that an increase in t-PA inhibition is responsible for the effect
(3).

For five weeks we studied the effects of two dosages, as well as
regular and intermittent moderate wine consumption, on the plasma activity
levels of the major plasminogen activator inhibitor, PAI-1, in blood
samples after an overnight fast.
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Methods
Study design

For four periods of five weeks twelve healthy male students (21-29y,
latin square design of 20 weeks) consumed 0, 2 or 4 glasses of red wine
per day instead of their usual mean daily alcohol intake of maximally two
glasses. Additionally, in one of the four periods, they consumed 14
glasses of wine (an amount similar to two glasses of wine per day) in the
weekends only (3 days with 4, 5 and 5 glasses respectively, binge
drinking) (4). After binge drinking, blood was sampled midweeks.

One single lot of red table wine, of a brand regularly consumed in the
Netherlands, was used.

Analytical Methods

The t-PA inhibitory capacity of plasma was measured at a fixed time in
the morning (before 10.00 am.) from fasting individuals, using a
functional parabolic rate assay according to Verheijen et al. (5). PAI-1
contribution to t-PA inhibition was assessed by the inhibition of an
excess of a monoclonal antibody directed to PAI-1 (6,7), and expressed as
the amount ol neutralized t-PA (1U).

Results

It was found that regular consumption of either 2 or 4 glasses of wine
cach day increased t-PA inhibitory activity of plasma to a similar extent.
Binge drinking did not induce changes in t-PA inhibition level (see Table
L).

Only part of the t-PA inhibition in the used assay is due to PAI-1
(8). To identify the change in t-PA inhibitory activity, a monoclonal
antibody with the ability to quench PAI-1 activity was used (6). As shown
in Figure 1 the increase in t-PA inhibition (4 glasses of wine daily) is
due to an about four-fold change in PAI-1 activity.
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Table 1. Elﬂ?ectt of wine consumption for five weeks on t-PA inhibition of
plasma.

Wine t-PA inhibition
0 glasses / day 4.9 (4.3-6.4) IU/ml
2 glasses / c‘iay 6.3 (4.6-7.8) TU/ml(*)
A.glasses/ day 6.4 (5.4-7.6) TU/mi(#)
binge 4.4 {3.3-6.3) TU/ml

Median values with interquartile range.
Different from 0 glasses / day p < 0.025 (*) and p < 0.01 (#):
paired students t-test.

PRI-1 activity (IU/ml)

12,5

10.0 | .
7.5 *
5.0 *
25 -»; 1‘3
0.0 — % -
25 *

O glasses 4 glasses
datly daily

Figure 1. Specific  PAI-1  activity after  five weeks withowt alcohol
consumption (left) and after five weeks consumption of 4 glasses
of wine daily (right). PAIl-1 activity is determined as the 1-FPA
inhibitory activity quenched by a wmonoclonal antibody directed
to PAI-1. Medians are 0.9 and 4.0 1U/ml.
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Discussion

Moderate wine consumption of 2 to 4 glasses daily for 5 weeks results
in an increase in plasma activity of PAI-1. This increase was observed
following an overmight fast, after which the acute effects of alcohol
consumption have already ceased (1,2,9).

To obtain the observed effect on PAI-1 it is necessary to maintain a
prolonged and regular alcohol consumption. This is evidenced by the fact
that a single episode of four days of alcohol consumption (10) was
insufficient to cause the effect. Also, binge drinking did not induce an
effect on PAl-activity. This might be due to either absence of effect or a
transient cffect already nullified upon sampling the wednesday/thursday
after the weekend.

This suggests that wine or alcohol consumption needs to be defined
carefully with regard to regular consumption. It would be interesting to
study what degree of irregularity (absence for one day a week, two days a
week?) would prevent an effect on PAI-1.
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