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Preface

The use of alcohol-containing beverages has been connected with both positive and
negative social and heaith consequences. From time immemorial, wine and beer have
belonged to the everyday menu in many countries and cultures. The use of distilled
beverages is a comparatively recent phenomenon. In many cultures, the appreciation
for alcohol has been high for centuries, and many artists and scientists still find
support in alcoholic beverages as a source of inspiration, The role of alcoholic
beverages in gastronomy is undisputed. Besides, many medicinal propertics have
been ascribed to these beverages. However, positive as the effects of alcohol
consumption may be, it is undeniably true that some people misuse atcohol, This may
explain, at least in part, the ambivalence in the attitude towards alcohol use in
present-day society. On the one hand, this attitude is positive because of the sensory
and aesthetic properties of alcoholic beverages and their highly valued role in a wide
range of cultural expressions. On the other hand, society’s attitude is negative
because of the risks of misuse inherent in the use of any product.

Some governments have {ried ic influence the balance between positive and
negative effects of alcohol use in the community by formulating alcohol control
policies. These relate to price and excise measures, to restrictions imposed on
advertising and availability, and to education and information. These policies are
largely based on research data obtained by investigating the reasons for and
consequences of excessive alcohol use. By fai the majority — probably even as much
as 99% - of scientific literature pertains to alcohol abuse and alcoholism.

As early as 1980, the Dutch alcohol industry and alcohol trade judged it desirable
to have available an overview of scientific literature on moderate alcohol use and its
social and biomedical implications and assigned the TNO Toxicology and Nutrition
Institute at Zeist to carry out this work, This literature survey, entitled ‘Biomedical
and social aspects of the use of alcoholic beverages’, was written by Ms Ir W.G. Vrij-
Standhardt and Ms It E.L. Rasmussen-Conrad. It was completed in 1981 und
updated in 1984. This state-of-the-art report prompted alcohol production and trade
companies to embark on various activities in the fields of public education, training
and education of staff in alcohol production and trade, starting an alcohol
documentation centre and a current awareness newsletter ‘Alcohol Selectief’. The
report also provided the scientific basis for discussions with both the Dutch
government and EC authorities on alcohol control measures. Finally, it resulted in
the identification of the topic ‘alcohol and cardiovascular disease protection’ as an
area for experimental research which has proved to be very fruitful.

From the very start in 1980, all these activities have been based at the TNO
Toxicology and Nutrition Institute, under the guidance of the SAR (‘Stuurgroep
Alcohol Research’, Steering Group for Alcohol Research). The SAR comprises




representatives of the Dutch wine, spirits and beer industry and trade. Its present
composition is: Mr H. Bergsma, chairman; Mr R.J.B. Wallast Groenewoud,
secretary; Mr Th.G.Chr. Hooij, Drs N.J. Gratama, Drs J.J.M. Verhoek and Mr H.E.
Jonker Roelants, members. The citical and constructive attitude of all SAR
participants towards the subject matter has made the cooperation with SAR a most
fruitful one.

In recent years, many new research data have become available. That is why both
the SAR and TNO felt it necessary to update the 1984 literature survey. We feel
pleasure and satisfaction in presenting this book, which is an updated and thoroughly
revised edition of the 1984 report.

We are most grateful to the authors, Ms Ir W.G. Vrij-Standhardt, Ms Drs E. te
Wierik and Dr J. Veenstra, who have spent a great deal of time and atiention to
writing the chapters. We also mention with gratitude the contributions made by the
staff of the Alcohol Documention Centre, Ms M. van Ruyven and Ms E. Vermeulen-
Hermans. Many of the drawings and schemes in this book have been aptfully
designed and lettered by Mr M. van der Vaart. We acknowledge with appreciation
the SAR for generously providing the funds fof this project. We are indebted to the
publisher, Pudoc, for pleasant cooperation in producing this valuable review. The
project has been coordinated by Dr G. Schaafsma. Finally, we wish to thank Mr D.G.
van der Heij and Dr G. Schaafsma for undertaking the painstaking work involved in
editing this book.

It is our hope that ‘Biomedical and social aspects of alcohol use’ will provide all
those interested in the various aspects of alcohol consumption with the scientific facts
underlying the implications of alcohol use. We also hope that a better understanding
of all aspects of moderate alcoho! use will help to formulate effective policies to
prevent excessive use of alcohol.

Zeist, June 1991 Professor Dr R.J.J. Hermus, Director
TNQO Toxicology and Nutrition Institute
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Introduction

This book primarily offers a survey of literature relating to biomedical and social
aspects of the consumption of alcoholic beverages.

The information contained in this book is aimed at those who are concerned with
alcohol research, alcohol policies or the production of alcoholic beverages.
Moreover, the book is intended to be a useful source of information for health
educationers and advisers, staff of alcohol and drugs cenires, food scientists and
nutritionists.

Relevant recent literature has been searched for in the Alcohol Documentation
Centre of the TNO Toxicology and Nutrition Institute at Zeist, Netherlands, This
Centre has the disposal of many journals, books and other publications dealing with
the social and biomedical aspects of alcohol use and abuse, P

Chapter 1 presents the various definitions of terms related to aleoholism, problem
drinking and moderate and excessive alcohol consumption. It is followed by
overviews of the biokinetics of alcohol (Chapter 2) and alcohol metabolism {Chapter
3). The subsequent eight chapters (Chapters 4-11) review the literature on the
biomedical consequences of alcohol consumption and the effects of ethanol on
various systems and organs. Studies into the relationship between the consumption
of alcoholic beverages and the development of cancer are discussed in Chapter 12,
The consequences of the consumption of alcoholic beverages during pregnancy are
treated in Chapter 13, Differences between the three main categories of alcohotic
beverages - beer, wine and spirits — are mentioned in Chapter 14,

The last four chapters are devoted to the social aspects of the use of alcohol.
These chapters focus on factors that influence behaviour in relation to alcohol
consumption (Chapter 15), alcohol and traffic {Chapter 16}, prevention of alcohol
abuse (Chapter 17) and measures to control abuse of alcoholic beverages.

Since the previous edition much progress has been made in many fields discussed in
this book. Some of these will be mentioned briefly below.

Varicus studies have largely revealed the effects of alcohol on the brain and the
way alcohol affects neurotransmission. A recent discovery is the presence of alcohol-
metabolizing enzymes in the stomach which are claimed to metabolize a significant
proportion of the alcohol ingested. The significance of this finding is not clear yet,
but it could explain the fact that some alcohol is ‘missing” when BAC curves are
calculated. Research into the hepatotoxicity of alcohol has elucidated details on
various mechanisms (with free-radical production being the most recent one} which
could explain alcohaolic liver injury. There is no such thing as a competition from one




mechanism once will come out as the mechanism. Instead, various mechanisms act in
concert to result in liver injury,

Another field in which much progress has been made in recent years is molecular
biology and genetics. Identification of loci which code for enzymes has revealed wide
genetically determined variation in enzyme activity. This may be why some people are
more vulnerable to the adverse effects of alcohol abuse than others. Besides
hereditary factors, other factors that influence behaviour in relation to alcohol use
have been studied extensively. Interaction studies have been carried out to study
several factors in one model.

A chapter on alcohol use in relation to traffic participation is new to this edition.
Since many traffic accidents are related to alcohol use, many studies into the motives
for drinking prior to driving have been performed and prevention strategies have
been developed.

Various strategies have been designed to dissuade people from using alcohol
excessively. The use of mass media for alcohol abuse prevention programmes is a
novel phenomenon.

By reviewing the vast body of literature on the biomedical and social aspects of
alcohol use the authors of this book have tried to give an outline of the present
knowledge in this fascinating multidisciplinary field.



CHAPTER 1

Moderate and excessive drinking, problem
drinking and alcoholism. Definitions

E. te Wierik

The word ‘alcohol’ stems from Arabic (a! = the; kuhl = *spirit” or ‘refined’).
Originally it referred to a fine powder used to darken the area around the eyes, i.e.
eyeblack, and is related to the Hebrew kahol, a substance outlining the eyes (5, 10).
In Latin pharmacology the term was used to indicate fine powdery substances or
concentrations of distilled liquids. Paracelsus (1493-1541) used the term for the best
or the spirit of wine.

The only alcohol suitable for consumption is ethyl alcohol, or ethano). Ethanol is
a clear, colourless liquid, generated by carbohydrate fermentation or by chemical
synthesis, and constitutes the intoxication element of alcoholic beverages.

In its pure form ethanol may be used for several purposes, for example as a
solvent, or — in a 70% solution — as a bactericide,

When administered as a medicine, alcohol may have a stimulating as well as a
sedative, anaesthetic or narcotic effect. Its effectiveness depends on the
concentration in the organism (13). The effects of alcohol may range from euphoria
to intogication and are responsible for the tremendous popularity of alcoholic
beverages.

In fermented beverages the alcoholic concentration varies from 2 to 17%. In
distilled drinks it may be considerably higher. Irrespective of the type of drink a
standard drink (glass) contains about 10 g ethanol.

Research on drinking habits attempts to provide insight into patterns of alcohol
consumption and in its consequences. Other motives are:

- to gain insight into the development of problem drinking and alcoholism by
studying drinking habits,

- 1o collect data in order to establish aims for preventive action,

—to provide a basis for the development of theories regarding drinking habits,

—to lay a foundation for future research so that changes in drinking habits can be
investigated in the long term.

Not only the motives of alcohol research vary, but also the way in which these
drinking patterns are classified. Consequently, the results of these studies can be
compared only to a limited extent. The quantities of alcohol drunk during normal
and excessive alcohol consumption and in cases of alcoholism expressed in, for
instance, grammes of pure alcohol per day vary widely. There are also differences in
interpretation of terms ‘alcoholism’ and ‘alcoholic’. Research on alcohol has



developed into ‘alcohology’ in the course of time. As any science, alcohol research
is characterized by a distinct terminology of its own. To define a set of concepts
Keller et al. (10) have compiled a Dictionary of words about alcohol.

In this review, however, covering the literature up to 1991, terms are adopted from
the original sources,

Since the meaning attached to terms may vary among authors, a number of
frequently used terms, such as moderate drinking, excessive drinking, problem
drinking and alcoholism, will be elucidated below.

1.1. Moderate and excessive drinking

It is by no means easy to give a straightforward answer to the question what
quantities of alcohol should be considered moderate, reasonable or acceptable, nor
to define what quantitics represent light, moderate, safe, heavy and excessive
drinking or alcoholism. There are several reasons why limits for ‘safe” drinking are
hard to give. First, it is not feasible to perform éxperiments with humans to
investigate the chronic injuries incurred after different patterns of alcohol
consumption. Second, some alcohol-related diseases occur rarely. Third, it is difficult
to detect ‘true’ alcohol consumption by interviewing (12). Moreover, it is difficult to
fix limits since there is a broad variation in sensitivity to alcohol. After the same
amount of alcohol, women will have a higher blood alcohal concentration than men
because of the differences in body composition. Besides, there is an intra-individual
variation related to someone’s state of health. Pregnancy, for example, goes with a
much lower limit of safe drinking. In addition, under certain conditions (traffic, use
of medicine) safe drinking levels are hard to give.

Although moderate alcohol consumption is hard to define many scientists have
tried to do so. McDonald defines two drinks per day for the average woman and
three drinks per day for the average man as moderate (14). Up to 13 drinks per week
by women and up to 20 drinks per week by men is regarded as healthy drinking in
another study (1). The Royal College of Physicians suggest 17 drinks per week for
men and 11 drinks per week for women to be moderate (2).

Keller (10) defines the terms ‘moderate drinking’ and ‘moderate drinker’ as,
respectively, a rate of alcohol consumption or someone whose alcohol consumption
is:

— moderate in amount (i) in terms of daily caloric value of alcohol intake, and (i) in
terms of temporary effect (i.e., never or rarely involving intoxication;and

- moderate in long-term effects, i.c. there is no question of negative effects bearing
on health, job, family or relatives, social live or community welfare,

According to Forrest (8), ‘moderate drinkers’ or ‘social drinkers’ may consume
one of two alcoholic beverages per drinking occasion. Such individuals may drink
once or twice a week or perhaps even far less frequently. A social drinker may
consume only three or four alcoholic beverages each year, on specific festive
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occasions, but the definition also holds for a pattern of daily consumption that is
limited to less than two drinks per day. Perhaps the key characteristics of
social/moderate drinkers is their capacity to control their use of ethanol and the
absence of behavioural, social, legal and medical problems associated with drinking.

Keller (10) describes an excessive drinker as someone whose alcohot
consumption is:

- excessive in amount (i) in terms of daily caloric value of alcohol intake, and (i) in
terms of reversible effects, i.¢., causing intoxication; or

- excessive in the course of time, accompanied with shorter or longer periods of
intoxication; or

- excessive with regard to effects, e.g. in the eyes of people in the individual’s social
environment; or

- excessive with regard to aetiological (e.g. cultural, physical or psychological)
factors.

Forrest (8) classifies heavy drinkers as those who consume three of four aleoholic
beverages or more per drinking occasion and drink on three or more occasions a
week. These people, like social drinkers, may drink to the point of intoxication on an
infrequent basis. d

1.2. Problem drinking

Rinaldi et al. (19) tried to reach a consensus on alcohol-related terms. They asked a
multidisciplinary group of experts to cooperate. After four rounds of data gathering a
list of 50 substance abuse terms was produced; the group reached consensus on most
of these. In this list problem drinking has two definitions:
- a drinking pattern that has resulted in serious disturbances of health, work, social
adjustment, or other areas of functioning, and
- a pattern of alcohol consumption that does not satisfy all the criteria of alcoholism,
but that is characterized by a sufficiently large intake to have generated problems
of health or social functioning.

A definition of a problem drinker is also presented by Keller (10): ‘One whose
heavy, deviant or implicative drinking causes private or public harm and who is seen
to cause problems for himself and for others. The category includes the alcoholics.’

Problem drinking is defined by Forrest (8) as people who drink excessively,
frequently drink to the point of intoxication, and experience family, interpersonal,
legal, medical or economic problems as a direct result of their alcohol consumption,

1.3. Alcoholism

The term ‘alcoholismus’ was first coined by the physician Magnus Huss in 1849
(10). Over the years various attempts have been made to give general and universal
definitions of the terms ‘alcoholism’ and ‘alcoholic’.



In his ‘“The disease concept of alcoholism’, Jellinek proposed a definition of
alcoholism as ‘any use of alcoholic beverages that causes damage to the individual or
society or both’ (9). After the proposal of the Disease Concept, alcoholism was
redefined according to various professional {medical, social, psychological) interests.

At least ten definitions are commonly used. Boyd et al. (4) tested the following
ten definitions of alcoholism used in the United States and Europe.

1. Alcohol abuse as defined by the Diagnostic and Statistical Manual of Mental
Disorder, 3rd edition (DSM-III}. The diagnostic criteria are:

— pattern of pathological alcohol use

— impairment in social or occupational functioning due to alcohol

— the disorder exists for at least one month (11, 21).

2. Alcohol dependence as defined by DSM-III:

— pattern of pathological alcohol use

- impairment in social or occupational functioning due to alcohol
~ the disorder exists for at least one month

~ tolerance

— withdrawal symptoms (11, 21).

3. Alcoholism as defined by the Research Diagnostic Criteria (RDC). This category

is for subjects who have symptoms in at least three out of the following five groups

tor at least one month (20): :

Group 1

— tremors, delirium tremens or a history of cirrhosis

— impotence associated with drinking

— alcoholic black-outs

— alcoholic binges or benders

Group 2

— drinking every day

- exceeding the equivalent, in terms of alcohol content, of 1% litres of whisky per
week

- being unable to answer questions concerning frequency or quantity of drinking

Group 3

— the subject had not been able to stop drinking when he wanted to

- the subject tried to control drinking by allowing hlmself to drink only under certain
circumstances

- drinking before breakfast

- drinking non-beverage forms of alcohol

Group 4

- arrests for drinking

— traffic difficulties associated with drinking

- trouble at work owing to drinking

— fighting associated with drinking
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Group 5

— the subject felt he drank too much

— his family objected to his drinking

- other people objected to his drinking
— he lost friends because of his drinking
- he felt guilty about his drinking

4. Alcoholism as defined by the Feighner criteria (6). A ‘definite” diagnosis is made

when symptoms occur in at least three of the four following groups. A ‘probable’

diagnosis is made when symptoms occur in only two groups.

Group 1

— any manifestation of alcohol withdrawal such as tremulousness, delirium tremens,
convulsions or hallucinations

- history of medical complications

- aleoholic black-outs

- aleoholic binges or benders

Group 2

- the subject had not been able to stop drinking when he wantedto  ~

~ the subject tried to control drinking by allowing himself to drink only under certain
circumstances

- drinking before breakfast

- drinking non-beverage forms of alcohol

Group 3

- arrests for drinking

— traffic difficulties associated with drinking

— trouble at work owing to drinking

- tighting associated with drinking

Group 4

- the subject thinks he drinks too much

- his family objected to his drinking

- other people objected to his drinking

—he lost friends because of his drinking

—he felt guilty about his drinking.

5. Alcoholism as defined by the National Council on Alcoholism. ‘Alcoholism is a
chronic, progressive and potentially fatal disease. It is characterized by: tolerance,
physical dependency and/or pathological organ changes all of which are the direct or
indirect consequences of the alcohol ingested’ (3).

6. Jellinek’s definition of alpha, beta, and gamma alcoholism (9):

— Alpha alcoholism is a purely psychological, continuous dependence on the capacity
of alcohol to alleviate physical or emotional pain. Although this type of drinking
exceeds conventional norms and has social consequences for the drinker and his
relatives, it does not lead to uncontrolled drinking, nor does it cause an inability to
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abstain from drinking. Alpha alcoholism may develop into gamma alcoholism (see
below), i.e. it may be a stage development. On the other hand, there are persons who
have maintained the drinking pattern characteristic of alpha alcoholism for thirty or
forty years without showing any changes or progressive development.

— Beta alcoholism is the type of alcoholism in which physical complications occur
such as polyneuropathy, gastritis or cirthosis of the liver, but in which no physical or
psychological dependence on aleohol is present. According to Jellinek, this type of
drinking is found in a type of social setting in which nutritional deficiences are rife
and excessive drinking is habitual.

— Gamma alcoholism represents a serious form of drinking. An increase in tissue
tolerance to alcohol, adaptation of cell metabolism, physical dependence, withdrawal
symptoms, and loss of control over drinking may be observed. In gamma alcoholism
there is a definite progression from psychological to physical dependence. The
gamma alcoholic usually has alternating periods of intoxication and sobriety, and is
not able to abstain from drinking for more than one or two days. Intra- and
interpersonal changes in this type of drinking are considerable. General health
damage and harmful effect on social standing are more manifestly present than other
types of alcoholism.

7. The alcohol dependence syndrome as defined by the 9th Revision of the
International Classification of Diseases (ICD-9): ‘A state, psychic and usualiy atso
physical, resulting from taking alcohol, characterized by behavioral and other
responses that always include a compulsion to take alcohol on a continuous or
periodic basis in order to experience its psychic effects and sometimes to avoid the
discomfort of absence; tolerance may or may not be present’ (15, 23).

8. Alcoholism as defined by the Present State Examination (PSE) (22) holds if any
item of the following check-list applies. *

‘During the past month, have you:

- had family problems because of drinking?

- missed work because drinking?

- had morning shakes or other withdrawal symptoms?

— had blackouts for several hours?

— heard voices or seen visions?’

9. The four different stages of alcoholism defined by the Towa Alcoholism Stages
Index (16). This diagnostic test contains four scales based on the four major types of
signs that mark problem drinkers or alcoholics: :

— trouble due to drinking

~ drinking for personal effects

— precceupied drinking

— uncontrolied drinking

A subject who qualifies on any one of the scales is classified as being in an early stage
{stage 1) of the process; if he qualifies on two scales he is in stage I1, and so on.
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10. Alcoholism as defined by the Michigan Alcohol Screening Test (MAST). This is
a self-judgement scale comprising 25 items. Every item has its own weighed score. A
score of 4 is said to be probably problematic and a score greater than 4 is indicative
of aleohol dependence. Some of these items with their weighted scores are (11):

Item Question Score
yes  no
4. Is it possible for you to stop drinking after one or two glasses
without difficulties? 2
16. Do yo drink before the afternoon? 1
19. Have you ever asked help for your use of alcoholic beverages? 5
23 Have you ever been arrested for drunkenness? 2

By testing these ten definitions on 23 alcoholic patients Boyd et al. (4) observed that
all patients were defined as alcoholic by seven of the ten definitions (Nos. 1, 2, 3, 5,
6, 10), and at least 78 % of the patients were diagnosed as alcoholic by the other
three definitions. The authors have developed the Alcohol Poly-Diagnostic Interview
which is derived from the ten definitions mentioned. This interview was found to be
sensitive for treated alcoholics, but has not yet been tested on untreatéd alcohotics
(11).

In an experiment designed to find the lexical meanings of the term ‘alcoholic’
the conditions defined by DSM-III were investigated. The hypothesis that the
presence of pathological alcohol use, impairment in social or occupational
functioning, tolerance to alcohol, and withdrawal symptoms would each evoke
‘alcoholic’ with a greater frequency than the absence of these factors was
corroborated. None of these factors was found to be analogous to a necessary
definitional condition since the absence of any one did not result in a zero frequency.
These variables were found to be supplementary (17).

Rinaldi et al. (19) tried to reach a consensus on alcohol-related terms. As
described above, a multidisciplinary group of experts was asked to cooperate. Among
the 50 definitions agreed upon are:

—alcoholic: a person who has experienced physical, psychological, social or
occupational impairment as a consequence of habitual, excessive consumption of
alcohol;

- alcoholism: a chronic, progressive and potentially fatal biogenetic and psychosocial
disease characterized by tolerance and physical dependence manifested by a loss
of control, as well as diverse personality changes and social consequences;

—alcohol dependence: chronic loss of control over the consumption of alcoholic
beverages, despite obvious psychological or physical harm to the person.
Increasing amounts are required over time, and abrupt discontinuance may
precipitate a withdrawal syndrome. Following abstinence, relapse is frequent.

Although the results met with some criticism, this attempt to arrive at a
consensus has been received favourably (7, 18).
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Summary

A sharp distinction expressed in terms of amount of pure alcohol per day between
moderate and excessive, or between excessive drinking and alcoholism, is hard to
establish. Observations have been made with regard to physical, social and
psychological damage.

One is supposed to be a moderate drinker when one is able to control his use of
ethanol and when there are no behavioural, social, legal and medical problems
associated with drinking,

Excessive/heavy drinking is associated with intoxication, whereas a problem
drinker is characterized as one who’s repeated heavy drinking has resulted in
problems of health or social functioning. This category includes alcoholics. More-
over, in most definitions alcoholics are supposed to be physically dependent on
alcohol.

Many definitions concerned with ‘alcoholism’ and other alcohol-related terms
are commonly used, but an attempt to arrive at consensus has been made.

’
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CHAPTER 2

Biokinetics of alcohol

W.G. Vrij-Standhardt

Biokinetics may be defined as the processing of substances by the body. In this
chapter the absorption, distribution and elimination of alcoliol will be discussed
successively. The metabolism of alcohol (biotransformation) will be dealt with in
Chapter 3.

2.1. Absorption

Alcohol is absorbed over almost the entire length of the digestive tract. Absorption

from the mouth and oesophagus is minimal. A significant proportion of alcohol is

absorbed from the stomach (ca. 20%) (37). Most of the alcohol is absorbed from the

duodenum and small intestine. Some absorption may also occur in the large
“intestine. .

The alcohol ingested is highly diluted by the admixture of saliva and digestive
juices. After administration of 40 g alcohol, diluted to 10 and 20%, Isracl (32) found
a maximum concentration in the jejunum of 2.5 and 3%, respectively. The
administration of 0.8 g alcohol per kg body weight (diluted to 25%j) resulted in a
maximum concentration of 1-5% in the jejunum. Its concentration in the ileum was
equal to that in serum (0.2%). After two hours the alcohol concentrations in the
entire digestive tract almost equalied thie level in the serum (21). When alcohol (45
to 60 g, diluted to 20%) was administered directly to the stomach, peak concen-
trations of 6-10% and 5-7% were observed in the duvodenum and the jejunum,
respectively (53).

The alcohol molecules are absorbed through the intestinal wall by a process of
passive diffusion (7); the quantity of alcohol absorbed per unit of time is directly
proportional to the concentration gradient between intestinal lumen, epithelial cells,
capillaries and the portal vein (4). This implies that alcohol absorption follows first-
order kinetics. The presence of food in the stomach delays gastric emptying and
consequently postpones the moment the alcohol is absorbed in the intestine.
Considering the high rate of absorption in the intestinal tract, gastric emptying is a
rate-limiting factor, thus affecting the rate of absorption and the overall absorption
period.

Various models have been proposed to describe the processes of alcohol input
and absorption (29, 67, 101). Picters et al. (67) have developed the most extensive
model with 6 parameters. It is a 3-compartment model with feed-back control of
stomach emptying depending of actual stomach alcohol concentration.
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Tt may take six hours or even longer until the stomach is entirely void of alcohol.
Of the total amount ingested, however, 90% will be absorbed within 1 to 3 hours
depending on various factors such as the quantity and concentration of alcohol as
well as the amount and type of food present in the stomach (21). In normal
circumstances a maximum blood alcohol concentration (BAC) will be reached 45
minutes after the consumption of a single dose (1).

2.1.1. Effects of food on alcohol absorption

Various experiments have been performed to establish the effect of the presence of
food on the absorption rate of alcohol. As a rule, the influence of the consumption of
food om the BAC or on the serum alcohol level was investigated. The BAC, however,
is not only determined by the absorption of alechol, but also by the distribution in the
body and by the elimination rate. The results of these experiments are hard to
compare because of differences in experimental design. The types and quantities of
food ingested, the intervals between food intake and alcohol consumption, and the
quantities of alcohol all tend to vary as well as the way of determining alcohol levels
(in venous or capillary blood, serum or breath). Based on the results of many
experiments the following conclusions may be drawn. The detay of gastric emptying
caused by the presence of food results in a fower BAC peak: the alcohol wiil be
absorbed into the blood over a longer period of time while elimination has already

BAC (g/)
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Fig. 2.1. BAC curves after the consumption of various kinds of spirits, wine and beer, Each of these
beverages contained 0.6 g of alcohol per kg body weight. Types of beverage: 1, gin, vodka; 2, whisky;
3, dessert wine; 4, table wine; 5, beer: 6, table wine with meal; 7, beer with meal. After: Leake &
Silverman (42).
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set in. The effects of alcohol consumption are thus weakened by the intake of food.
A larger amount of food results in a lower BAC peak (44). The effect of food
consumption is maximal when alcohol is consumed with the meal or less than two
hours after the meal (30, 79).

Haggard et al. (21) have devoted a great deal of research to the rate of alcohol
absorption. A light meal, taken just before the consumption of 22-44 g of alcohol
(whisky or martini-based cocktails) lowered the BAC peak by 50-80%. The BAC
peak resulting from the consumption of 600-1200 ml beer was hardly affected by
taking meals. Maximum BACs upon the consumption of beer, whether or not
preceded by a meal, were comparable with a maximum BAC induced by the
consumption of whisky or cocktaiis after a meal. Others (42), however, found a small
decrease in BAC induced by beer when a meal had been taken (see Fig. 2.1).

Food, particularly food rich in fats and carbohydrates, delays gastric emptying,
and thus makes alcohol reach the intestine more slowly. This explains the effect of
the presence of food on the absorption rate of alcohol. The major factor accounting
for the delay in absorption by solid food seems to be a slower delivery ef alcohol to
the small intestine, where it is rapidly absorbed, rather than the presence of solid

BAC (g/l)
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Fig. 2.2. Blood alcohol curves, Simulated data generated according to the one-compartment open
model with first-order absorption and Michaclis-Menten elimination kinetics. For curve A, the
absorption rate constant was assigned a value of 8/h, and for curve B the absorption rate constant was
1/h. After: Sedman et al. (78).
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food acting as a mechanical barrier to the absorptive epithelium (30). It is assumed
that the lower BAC peak in the presence of food is merely attributable to delayed
absorption, not to a reduction of the total amount of alcohol absorbed. In
experiments on dogs Harger et al. (23) and Southgate (82) found that 90% of the
alcohol ingested is absorbed, irrespective of whether the stomach contains food.
Welling et al. (99) based their assumption that less alcohol is absorbed if food is
present in the stomach on the smaller area under the BAC curve (AUC). Sedman et
al. (56), however, found that a delay in absorption per se resulted in a smaller AUC
although the total amount of alcchol ingested remained equal (see Fig. 2.2). The
maximum BAC is reduced more successfully by food rich in carbohydrates than by
food with a high protein content. Fats have often been considered to exert a stronger
effect than carbohydrates because of the stronger inhibitory effect of fat on gastric
motility. In some experiments, however, fats were found to be less effective than
carbohydrates (99), or roughly as effective as protein (78). In general, the various
macronutrients may be said to delay absorption in the following order: carbohydrates
> fats > proteins.

Clark et al. (12} distinguished various types of carbohydrate. They compared the
effects of fructose, sorbitol and galactose. The administration of sorbitol resulted in
the lowest BAC, with fructose as a close second, while even galactose still lowered
the BAC. They explained the delaying action of these monosaccharides on alcohol
absorption as follows. Sorbitol is absorbed extremely slowly, so large gquantities of
water will be retained in the intestine due to its osmotic effect. Not just water, but
also the alcohol dissolved in it, is retained in the intestine for a longer period of time
by the osmotic effect of sorbitol. Fructose is absorbed more rapidly than sorbitol, and
galactose at still a faster rate. A quantity of sorbitol (125 g) as large as that
administered in these trials causes fermentative diarrhoea because most of it
eventually reaches the large intestine and is fermented by the microflora. A quantity
of 40 g a day is the maximum amount deemed permissibie (2). A similar quantity of
fructose {125 g) also proved effective whereas half of this amount proved to have
hardly any effect. Fructose not only affects the absorption of alcohol, but also
accelerates its elimination from the blood (cf. Chapter 3). Consequently, fructose
may also induce a lower BAC. Large quantities of glucose as well as of a mixture of
glucose and fructose lowered the BAC through inhibition of gastric emptying (17,
78, 85). Broitman et al. (10), on the other hand, found a higher alcohol absorption
rate in rats when glucose or other carbohydrates were present in the intestine. This
held true when alcohol concentrations were low (0.23%) and carbohydrate contents
were small (50 mmol/l). This phenomenon may be explained by an increased
absorption of water.

Some milk and dairy products are considered to be particularly effective in
lowering the BAC (5, 54); however, this has not been confirmed by other groups
(33). Presumably, milk taken on an empty stomach has some effect by delaying
gastric motility and diluting the alcohol. When the stomach is filled, milk has no
additional BAC-lowering etfect. In experiments with rats, caffeine proved to have a
delaying effect on gastric emptying owing to relaxation of the gastric musculature
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resulting in a lower BAC, particularly when caffeine had been administered a quarter
of an hour before alcohot was ingested (80).

2.1.2. Differences in absorption among alcoholic beverages

The quantity and type of alcoholic beverages consumed also affect alcohol
absorption (68). The process is influenced by the alcohol concentration and by the
occurrence of other substances in the beverage in question. Alcohol is absorbed
relatively slowly from low-alcohol beverages, presumably as a result of dilution (the
absorption rate in the intestine is directly proportional to the alcohol concentration
present in the lumen), Large quantities of high-alcohol beverages, however, may slow
down gastric motility and cause erosion of gastric mucosa (38). Pylorospasm, often
followed by vomiting, may also occur. When alcohol consumption has become
habitual, this will occur less frequently (21). Owing to these effects highly
concentrated doses of alcohol will also be absorbed at a slower rate than doses with
15-30% alcohol. Alcohol from beer is absorbed rather slowly and resuits in a lower
BAC than an equal quantity of alcohol from spirits (sce Fig. 2.1). Alcohol from wine
is also absorbed more slowly than aleohol from spirits (56).

The difference in absorption rate between these beverages is determined not only
by differences in alcohol concentration but also by the presence of other
components. The carbohydrate content of beer and sweet wine decreases gastric
motility like meals do. Consequently, alcohol absorption from beer is delayed hardly
any further by meals (21). Potential delaying effects on alcohol absorption have also
been attributed to other qualities of alcoholic beverages (ac1d1ty, buffer capacity,
alkaloid content) (41).

A

2.1.3. Other factors influencing absorption

Every physiological or pharmacological factor affecting gastric motility or circulation
may basically modify alcohol absorption. An efficierit blood circulation maintains the
concentration gradient throughout the intestinal mucosa by rapidly removing the
alcohol absorbed. Kalant (38) and Holford (29) have reviewed the factors affecting
absorption. Alcohol absorption may be delayed not only by food ingestion, dilution
of the alcohol and the presence of congeners, but may also result from a drop in body
temperature, deep mental concentration or physical exercise. Aspirin, aminopyrine
and anticholinergic drugs also slow down absorption whereas cholinergic drugs,
insulin-induced hypoglycaemia and a raise in body temperature increase the
absorption rate slightly.

Variation in hormonal status (e.g. stage of the menstrual cycle) affects ethanol
absorption (36). The absorption rate shows a diurnal rhythmicity (45). Alcohol
absorption seems also to be under genetic control (71).
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2.2. Distribution

Once alcohol has been absorbed into the bloodstream it is rapidly transported
throughout the body and distributed over the body fluids. The small electrically
neutral alcohol molecules can diffuse easily through membranes. During absorption
the arterial BAC tends to be higher than the venous BAC, peaking at a higher level
and requiring less time to reach the peak, until an arterio-venous concentration
equilibrium is reached, whereafter the venous BAC remains above the arterial BAC
(51). About 1.0-1% h after drinking an equitibrium is reached (63). This will take
place sooner in organs highly perfused with blood (brain, lungs, kidneys, liver) than
in other organs (96). It will take a relatively long time for this equilibrium to be
reached in inactive skeletal muscular tissue because of the poor perfusion of this
tissue. Once the equilibrium has been reached the amount of alcohol in the organs
will be proportional to the organs’ water content (63, 72).

Determination of alcohof in other body fluids as an alternative to blood alcohol
determination has been proposed by several authors (20, 46, 76, 92). Blood
sampling has various medical and legal drawbacks, whereas saliva, tear fluid en urine
are easily obtainable. When the water content is considered, there is a close
correlation between alcohol concentrations of blood and saliva in the elimination
phase (from two hours after drinking) (20, 76). The tear/blood alcohol ratio was
found to be 1.14, independently of BAC. The tear/blood water content ratio is 1.16,
so the distribution of alcohol in tears follows closely its water content (46). The
recent development of a simple and cheap dipstick based on aleohol oxidase holds
promise for immediate determination of alcohol concentrations in saliva or other
body fluids (27). Thorough studies to test the accuracy of these dipstick methods are
to be recommended.

Sometimes urine is used for alcohol determinations (55), but these calculations
often lack accuracy because the time of urine formation is usually unknown. In
mutilated or partly decomposed bodies fluid of the eye, internal ear or brain can be
used for forensic alcohol determination (92).

Hypothetically, physical exercise may lower the peak of the BAC curve. As the
muscular tissue will be more richly perfused, the alcohol equilibrium between blood
and muscular fluid may be reached sooner. Considering the large amount of
muscular tissue (some 18 kg) and its high fluid content (79%) (81) the peak of the
BAC curve might be flattened appreciably. Experiments by Pikaar et al. (69) did not
prove BAC-lowering effects of physical exercise (cycling), although a lower breath
alcohol content was found, presumably because an equilibrium in the lungs had not
been reached due to panting. Body fat and skeletal mass absorb hardly any alcohol.

2.2.1. Breath alcohol analysis

The application of equipment to measure the alcohol content of breath from which
the alcohol content of the blood may be deduced subsequently, serves various aims
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today. The principle is based on the facts that part of the alcohol present in the blood
is excreted via the lungs and that the alcohol concentration in exhaled breath is
proportional to the BAC. The partition coefficient between breath and blood has
been estimated at 1:2100 to 1:2300 (57, 70), i.e. 2100-2300 ml of breath contains as
much alcohol as 1 mi of blood once an equilibrium between blood and breath in the
lungs has been reached. Determination of the alcohol content of expired breath has
advantages as well ag drawbacks as compared with determination of the alcohol
content directly in the blood. The advantages lie mainly in the speed and ease of
determination and in the fact that the method is non-invasive. One of the drawbacks
is that the specimen cannot be stored for repeat analyses, Another problem is the
lack of precision. The determination of breath alcohol content is an indirect way of
determining the (arterial) BAC. It is only valid when a respiratory equilibriumn has
been established (34). Breathing techniques, temperature, humidity and other
factors may interfere with the determinations. Gullberg (19) showed that variation in
human breath by far exceeds the inaccuracy of breath alcohol analysis equipment.
The first 7 to 20 minutes after alcohol consumption the alcohol stili lingering in the
mouth yields values that are too high, even after drastic rinsing and ga¥gling with
water (25, 83).

In the first 1%2 hour high values tend to be f‘ound with breath tests as compared
with blood tests. It should be noted that blood tests usually are performed in venous
blood. The breath alcohol concentration, however, closely follows the pattern of
arterial BAC during absorption. This discrepancy is in accord with the finding that
the alcohol concentration in arterial blood is higher than that in venous blood during
the first 1-1%4 hour. Because alcohol is highly soluble in water it is easily transported
via capillaries from the arteries to the tissues; later, it diffuses from the tissues to the
veins with a reversed diffusion gradient (65). o,

The alcohol concentration in the brain also depends on the alcohol concentration
in arterial blood. During elimination there is a close relationship between alcohol
concentrations in breath, arterial blood and venous blood whereas during absorption
breath alcohol concentration is a much better predictor of arterial BAC (51).

2.2.2. Sex differences in distribution

Men and women differ in bodily constitution. On average, women have less body
water per kg body weight than males (500 and 600 ml/kg, respectively) (81). A
certain quantity of alcohol per kg body weight will induce a higher BAC (considered
as the degree of intoxication) in women than in men (36). Because the average body
weight of women is lower, even larger mean differences in BAC between men and
women will occur upon the consumption of the same quantity of alcohol. The
‘reference man’ weighs 70 kg, 60% of which is body water (42 litres), whereas the
‘reference woman’ weighs 58 kg, 50% of which is body water (29 litres). So, on
average, the amount of body water over which the alcohol can be distributed is
appreciably larger in men than in women (81). Kohlenberg (40) found alcohol
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distribution volumes of 51 and 38 litres, respectively, calculated with Michaclis-
Menten kinetics from the BACs of men and women,

2.3, Elimination

The term ‘elimination’ is used in two meanings in the literature on alcohol,
Sometimes it stands for the mere excretion of unconverted alcohol, sometimes for
the elimination of alcohol from the body including the transformation of alcohol in
the liver. In this paper the term will be used in the latter sense. Alcohol metabolism is
discussed in Chapter 3.

Practically all aleohol is oxidized to CO, and H,O. A small proportion of the
alcohol is excreted as such with urine, breath, sweat and tears. At all times the
excretion of alcohol is a function of the actual BAC, so the total amount of excreted
aleohol can be seen as a function of the area under the BAC-time curve (AUC).
There is a non-linear relationship between oral ethanol dose and AUC (101). An
oral dose of 40 g alcohol for a person of 70 kg results in an AUC of about 3 g-h/l.

Assuming a breath/blood partition coefficient of 1:2100 and a lung ventilation
rate (in rest) of 8 I/min, 720 mg of alcohol —i.e. 2% of the dose of 40 g ~ is expired.
Elimination via the lungs depends on breath volume.

Alcohol is not concentrated in urine (57). The blood/urine aleohol concentration
ratio is around 1 (1.5-1.0 in the absorption phase, 1.2-2.0 in the elimination phase
{75). With an average urine production of 1.5 I/h 0.5% of a dose of 40 g alcohol is
estimated to be excreted via the kidneys.

The amount of alcohol extreted in sweat is negligible except in case of excessive
perspiration owing to extreme physical exertion (0.5% at most (50)).

In the literature (albeit, as a rule, not in primary sources) varying percentages are
given for the various elimination routes (12, 14, 29, 50, 57, 63, 72, 96). Generally
speaking, 90-98% may be said to be oxidized, 1-5% is excreted via the lungs, and
1-5% is excreted via other routes (urine, sweat).

2.3.1. The blood alcohol curve

The height of a BAC at any given moment will depend on the amount of alcohol
absorbed at that particular moment, its distribution over the body, and the amount of
alcohol already converted and excreted. A great deai of research has been devoted to
the course of the BAC curve. Wilkinson (101) has produced quite an adequate state-
of-the-art report in this field. The BAC curve first shows a steep increase, followed -
sometimes after maintaining a plateau - by a slow decrease (see Figs. 2.1 and 2.2).
The increase is often called the ‘absorption phase’ and the decrease the

‘elimination phase’. A descending curve, however, only indicates that elimination
exceeds absorption. It does not mean that absorption has finished yet. Absorption
may take six hours or more, whereas the BAC curve peaks much earlier. Holford
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(29) found a linear relationship between oral alcohol dose and BAC peak, which can
be expressed by Cpeak(rng/]) = 20 x dose (g/70 kg).

Views on the way the curve descends have changed through the years. Around
1934, Widmark stated that elimination follows zero-order kinetics, that is to say, the
amount of alcohol eliminated is not related to BAC values, Expressed as a graph this
corresponds with a straight line:

C = C{)—,Bt

in which C represents the concentration found at a given moment #, Cy the initial
concentration, and s the slope. The theoretical initial conceritration Cy is found by
extrapolating the linear phase of the BAC curve to the ordinate according to
Widmark. Multiplying Cyy with the volume in which alcohol is distributed results in
the (theoretical) initial quantity of alcohol » M C, in which M | is the body mass and r
is the Widmark factor, which reduces the body mass to the alcohot distribution mass.
This quantity proves to be smaller than the quantity of alcohol consumed, especially
in case of delayed absorption due to food in the stomach, This discrepancy is called
the ‘alcohol deficiency’ problem which has been the subject of many hypotheses

(26, 50). According to Heifer (26) the difference is, at least to some extent, the
result of an unallowed procedure of linear extrapolation. There is no proof for a
chemical reaction (esterification with fatty acids or amino acids from food, as
suggested by Widmark). Possibly the recently found ‘first-pass metabolism’ of
alcohol in the stomach (16) can explain the ‘alcohol deficiency’.

According to Widmark, the liver alcohol dehydrogenase (ADH) level is saturated
even if alcohol concentrations are low. If this is true, the slope of the straight line (g)
must not be related to the amount of alcohol. However this assumption often turns
out to be incorrect: frequently higher values of the slope are found when initial BAC
values are higher (15, 101). Presumably it is not ADH but the amount of NAD * that
reduces the speed of this reaction (43).

The Michaelis-Menten equation is currently preferred as a representation of the
descent of the BAC (47, 95):

in which K stands for the Michaelis constant and V' for the maximum velocity (all
other symbols represent the same elements as in the Widmark equation).

The Michaelis-Menten equation expresses the experimentally obtained course of
the curve more adequately than Widmark’s straight line does, particularly the tait of
the curve (Fig. 2.2). At concentrations much greater than the Ky 4 the elimination rate
approaches V', and climination is approximately of a zero order, i.e. elimination is
independent of alcohol concentration. At low concentrations elimination is
concentration-dependent. Ueno (93) found V', to be significantly correlated to g
although the former value was slightly higher. When BAC values exceed 0.1 t0 0.2 g/l
virtually all experimentally obtained curves are (pseudo)linear. Recently new models
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have been developed, which account for Michaelis-Menten elimination kinetics of
alcohol as well as kinetics of acetaldehyde and acetate, which are defined by first-
order processes (39).

Although an approach based on the Michaelis-Menten equation is more correct,
it remains feasible to approach elimination of alcohol from the blood by Widmark’s
straight line. Either approach may be used, dependent on the specific case it is to be
applied to. The zero-order kinetics approach is simple, but less precise since it can be
applied only to BACs exceeding 0.2 g/l. When applied to oral consumption of
alcohol, when absorption and distribution are often disturbing factors, this method
usually is sufficiently accurate, The Michaelis-Menten equation covers the whole of
the elimination phase, even when concentrations are low. Its application, however,
requires more complicated calculations.

2.3.2. Elimination rate

Both Wallgrenn & Berry {96) and Piendl (66) provide a survey of the literature on
the rate of elimination of alcohol from the blood. The elimination rate corresponds
to the slope of the decrease of a BAC curve (). Since this slope is rarely linear in
experimentally established curves (not even when the BAC is 0.2 g/l or higher) the
elimination rate is not constant in time. Consequently it is not correct to speak about
the elimination rate. The average elimination rate is 100 mg/kg body weight per
hour.

Individual differences, however, may be large, due to differences in genetic
constitution, body weight and habitual aleohol consumption. Depending on
individual elimination rate and body weight, an amount of 4.5-12 g alcohol per pour
(an average of 7 g/h) may be metabolized, calculated on the basis of the slope of the
descending BAC curve (g). Back extrapolation of venous blood aleohol levels, based
on a single known concentration, as a means of determining the BAC at the time of
the accident, is legally valid in many countries, but can lead to estimates bordering on
wild guesses (51, 91).

A significant difference, both in Bgp and V., is seen between persons with normal
aldehyde dehydrogenase and persons with the deficient type of it {(93). Piendl (66)
and Kohlenberg (39) found no consistent differences in elimination rate between
men and women as suggested by Jones & Jones (36) and Sutker (88). Regarding the
decline of the BAC, Jones & Jones found that alcohol is metabolized more slowly by
women using oral contraceptives than by men. Women who do not use oral
contraceptives show a higher elimination rate than men (expressed in mg kg'1 h™).
According to Sutker (88) the climination rate depends on the phase of the menstrual
cycle, with the highest elimination rate during the mid-luteal phase (days 20-25).

The elimination rate is not the only factor in determining the duration of alcohol
intoxication. The maximum BAC value also plays a role. For one particular amount
of alcohol consumed, this value is usally higher in women than in men (cf. Section
2.2.2).
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