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Abstract

In order to conduct a comparative risk analysis for alco-

hol within the Global Burden of Disease Study (GBD

2000), several questions had to be answered. (1) What

are the appropriate dimensions for alcohol consumption

and how can they be categorized? The average volume

of alcohol and patterns of drinking were selected as

dimensions. Both dimensions could be looked upon as

continuous but were categorized for practical purposes.

The average volume of drinking was categorized into the

following categories: abstention; drinking 1 (10–19.99 g

pure alcohol daily for females, 10–39.99 g for males);

drinking 2 (20–39.99 g for females, 40–59.99 g for males),

and drinking 3 (640 g for females, 660 g for males). Pat-

terns of drinking were categorized into four levels of

detrimental impact based on an optimal scaling analysis

of key informant ratings. (2) What is the theoretical mini-

mum for both dimensions? A pattern of regular light

drinking (at most 1 drink every day) was selected as theo-

retical minimum for established market economies for

all people above age 45. For all other regions and age

groups, the theoretical minimum was set to zero. Poten-

tial problems and uncertainties with this selection are

discussed. (3) What are the health outcomes for alcohol

and how do they relate to the dimensions? Overall, more

than 60 disease conditions were identified as being relat-

ed to alcohol consumption. Most chronic conditions

seem to be related to volume only (exceptions are coro-

nary heart disease and ischemic stroke), and most acute

conditions seem to be related to volume and patterns. In

addition, using methodology based on aggregate data,

patterns were relevant for attributing harms for men but

not women.
Copyright © 2001 S. Karger AG, Basel
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Table 1. Alcohol related morbidity and mortality conditions from major overview studies

Disease ICD-9 Disease ICD-9

140 Chronic pancreatitis 577.1
Tongue cancer 141 Spontaneous abortion 634
Oropharyngeal cancer 143–146 Fetal damage 655.4
Hypopharyngeal cancer 148 Low birth weight 656.5
Cancer of other sites (lip, mouth, pharynx) 149 Psoriasis 696.1
Esophageal cancer 150 Prematurity/intrauterine growth-retardation 764, 765
Liver cancer 155 Excess blood alcohol 790.3
Laryngeal cancer 161 Toxic effect of ethyl alcohol 980.0
Female breast cancer 174 Toxic effect of methyl alcohol 980.1
Oropharyngeal carcinoma 230.0 Road injuries E810–E819
Esophageal carcinoma 230.1 Motor vehicle non-traffic accidents E820–825
Liver carcinoma 230.8 Bicycle accidents E826
Laryngeal carcinoma 231.0 Other road vehicle accidents E829
Breast carcinoma 233.0 Water transport accidents E830–839
Diabetes 250 Air-space transport accidents E840–E845
Alcoholic psychosis 291 Alcoholic beverage poisoning E860.0
Alcohol dependence syndrome 303 Other ethanol and methanol poisoning E860.1, E860.2
Harmful alcohol use 305.0 Fall injuries E880–E888
Epilepsy 345 Fire injuries E890–E899
Alcoholic polyneuropathy 357.5 Accidental excessive cold E901
Hypertension 401–405 Drowning E910
Coronary heart disease 410–414 Aspiration E911
Ethylic myocarditis 425.5 Striking against/struck by objects E917
Cardiac arrhythmias 427.0, 427.2, 427.3 Caught in/between objects E918
Heart failure and ill-defined descriptions

and complications of heart disease 428–429
Occupational and machine injuries
Accidental firearm missile

E919–E920
E922

Stroke

Esophageal varices
Gastro-esophageal hemorrhage
Alcoholic gastritis
Alcoholic liver cirrhosis
Unspecified cirrhosis
Cholelithiasis
Acute pancreatitis

430–438
456.0–456.2
530.7
535.3
571.0–571.3
577.0
574
577.0

Suicide
Assault
Victim assault firearms
Visting assault cutting instruments
Visting child battering
Visting assault other
Late effects of injury by another

E950–E959
E960
E965
E966
E967
E968
E969

Italics indicate that alcohol consumption may also be beneficial with respect to these disease categories.

Introduction

The relationship between alcohol and health is com-
plex and multidimensional. At least two dimensions of
alcohol consumption have been found to influence dis-
ease: overall volume and patterns of drinking. Overall vol-
ume was linked to more than 60 disease conditions in a
series of recent meta-analyses [1–3] (table 1). The data on
patterns of drinking is scarcer, but evidence is accumulat-
ing that patterns of drinking affect the link between alco-
hol and disease [4–7]. In other words, the impact of the
average volume of consumption on mortality or morbidi-
ty is dependent on how alcohol is consumed in a certain
culture. The same amount of alcohol if consumed moder-
ately with meals, for example, may have less detrimental
or even beneficial effects compared to consumption as

weekend or holiday binges [8]. Therefore, to determine
the impact of alcohol on disease burden, both the overall
volume and pattern of drinking have to be considered and
integrated.
One way of integrating average volume and patterns

into the risk relationship that also takes into account the
availability of data across most countries is to model the
relationship between volume, patterns and mortality with
hierarchical models [9, 10]. In these models, patterns of
drinking are seen as moderating the influence of volume
on disease. This approach can provide meaningful com-
parisons across countries because drinking patterns have
been found to be relatively stable over time [11, 12].
Using this approach, country-specific weights for the

influence of drinking patterns on the relationship between
average volume and mortality can be derived (see below
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Table 2. Schema for necessary data to derive attributable fractions

Attributable fractions f: Prevalence Pattern weight Relative risk

exposure factor and population,
the attributable fraction is the pro-
portion by which the incidence rate
of the outcome would be reduced if
the distribution of exposure would
change to an alternative distribution

Four drinking categories (abstainer,
drinker 1, 2, 3) are distinguished.
Prevalence for all four categories
are taken from surveys

Steps to derive at pattern weight:
1. Determine pattern value from
survey of key informants, and/or
survey data where available
2. Conduct hierarchical linear
analyses on mortality using per
capita consumption gross-national
product, year (level-1 variables)
and pattern values (level-2 variable)
as determining factors (separate by
age and sex)
3. Construct pattern weight based
on intercept and regression weight
for patterns

Relative risk estimates
for each drinking cate-
gory are either taken
directly from meta-
analyses (chronic
diseases) or indirectly
from meta-analyses of
attributable fractions
(accidents)

for details) [for a full derivation of the model including
formulas see, 9]. The pattern weights can then be included
into the usual epidemiological models to determine the
disease burden attributable to alcohol [for the theoretical
underpinnings see, 2, 13, 14]1 To model the influence of
alcohol on disease in these more sophisticated models for
different regions of the world, the following information is
required (table 2): (1) prevalence of categories of volume
of alcohol consumption by sex, age and country; (2) a
measure of drinking pattern (pattern value) by country;
(3) an estimate of pattern weight modifying the relative
risk for disease outcomes where patterns are involved by
sex, age and country2 (derived from pattern value by hier-
archical analysis); (4) a general estimate of relative risk
relating average volume categories with disease outcomes,
specified for sex and age (from epidemiological litera-
ture); (5) mortality data for all disease outcomes related to
alcohol by sex, age and country; (6) morbidity and disabil-
ity data for all disease outcomes related to alcohol by sex,
age and country, and (7) counterfactual scenarios for
determining the alcohol-attributable fractions of mortali-
ty or morbidity.
Table 2 shows how all the different pieces for modeling

the burden of disease attributable to alcohol were put into

1 Hierarchical models will only be used for determining pattern weights and
not for the calculation of burden of disease per se as this calculation is done
based on sex, age, and region-specific exposure and outcome data and per capi-
ta consumption cannot be used as an indicator for sex- and age-specific drink-
ing.
2 Of course, countries with the same pattern value will have the same pattern
weight.

place. This paper describes each of these steps in more
detail. The actual calculations are reported in Rehm et al.
[15].

Prevalence of Categories for Average Volume

of Alcohol Consumption

The following categories for average volume per day of
drinking alcohol were selected based on the availability of
data for risk analysis evident in major meta-analyses [1–3,
16]. This categorization of average drinking allowed some
control of different shapes of risk curves (e.g., linear, J-
shape, threshold, etc.), but at the same time allowed stud-
ies that only collected categorical information to be used
in the meta-analyses3: (1) abstainer (defined as no drinks
of alcohol within last year); (2) drinker 1 (females 0–
19.99 g pure alcohol daily, males 0–39.99 g pure alcohol);
(3) drinker 2 (females 20–39.99 g pure alcohol, males
40–59.99 g pure alcohol), and (4) drinker 3 (females
640 g pure alcohol, males 660 g pure alcohol).
The global burden of disease model requires a disag-

gregated approach estimating the burden separately by
sex, age and countries. Thus, prevalence of these exposure

3 We have not used the terminology of English et al. [1] because we believe
that this terminology is problematic and potentially stigmatizing. ‘Harmful
drinkers’ clearly are at the highest risk for chronic disease but clearly not every
harmful user will experience harm, nor does the word ‘harmful’ correspond to
‘harmful use’ as ICD 10 category (F10.1).
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Proportion of abstinence
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Table 3. Patterns of drinking assessed by
WHO survey 2000 Pattern Link to disease burden

The same per capita consumption will have more
detrimental effects in countries where drinking is
concentrated among fewer people

Heavy drinking occasions
Quantity of alcohol per occasion
Proportion of daily drinking
Getting drunk
Festive drinking

The fewer occasions on which a given amount of
alcohol is consumed, the more detrimental the
consequences [33]

Drinking with meals Drinking with meals has been shown in epidemiolo-
gical and biological research to be less detrimental
than drinking at other times [34]

Drinking in public places Drinking in public often requires transportation, and
thus has been linked to accidents and injuries [35]

Drinking linked to violence Violence often results in accidents and injuries
(This variable confounds exposure and a potential
consequence and thus was dropped in the present
analysis)

categories can only be derived from surveys because per
capita consumption data do not indicate alcohol con-
sumption separately by sex or age.

Measure for Patterns of Drinking by Countries

In order to provide initial estimates of drinking pat-
terns across a range of countries, a survey of key infor-
mants selected by WHO staff was conducted in early
2000. The survey covered relevant drinking characteris-
tics within different countries or regions (see Appendix 1
for a full copy of the questionnaire). Key informants from
more than 50 countries responded [17]. In most cases,
respondents had some access to national or regional sur-
vey data, although these data were not always published
in the international literature. In addition, all answers
were rated on validity (e.g., whether based on surveys or
just best guesses; see appendix 1). The survey considered
five main areas of drinking patterns of the culture that
might be expected to affect the impact of volume of drink-
ing: proportion of abstinence, heavy drinking occasions,
drinking with meals, drinking in public places, and drink-
ing linked to violence (later dropped from analyses be-
cause of confounding with outcome measures). The ra-
tionale for the impact of each of these drinking patterns is
shown in table 3.

The key informant ratings were analyzed using optimal
scaling analysis [18]. Similar to factor analysis, but per-
mitting the simultaneous inclusion of ordinal and catego-
rical data, this statistical technique allows the analyst to
determine the number of underlying dimensions and the
relation of items to each dimension. In the case of the pat-
terns of drinking analysis, one dimension was identified
which we labelled detrimental impact. This dimension
had an eigenvalue of 0.29 (maximum 1.0). Eigenvalues
are an indication of explained variance of the scaled new
variable. Hence, about 29% of the underlying variance of
the scaled variable could be explained.
Table 4 shows the countries in the analysis ordered by

their score on the new detrimental impact variable (ta-
ble 4, first column). The interpretation of these scores is
that the higher the score, the higher the postulated detri-
mental effects of the same per capita consumption of alco-
hol on harm. Let us give an example. If two countries have
the same level of per capita consumption, and in one
country there are 60% abstainers and in the other country
only 10%, we expect more alcohol-related harm in the
former country because the same volume of alcohol con-
sumption is spread over fewer drinkers. That is, for a
country with a large proportion of consumption to have
the same overall per capita consumption of alcohol as a
country with few abstainers, those who do consume alco-
hol in the country with many abstainers must be consum-
ing much more than drinkers in the country with few
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Table 4. Pattern value for detrimental
influence of drinking patterns on constant
volume

Country Score on detrimental
drinking pattern from
optimal scaling analysis
of key informant ratings

Score of detrimental
drinking pattern based
on summing the ratings
of key informants

Detrimental
drinking pattern
collapsed into 4
general categories

–1.75 1 1
UK –1.54 1 1
Australia –1.38 1 1
New Zealand –1.26 3 1
Denmark –1.17 2 1
Spain –1.14 3 1
Japan –1.04 2 1
France –0.96 3 1
China (South) –0.95 4 2
Italy –0.94 3 1
Bulgaria –0.69 5 2
China (North) –0.58 6 2
Canada –0.55 4 2
Nigeria (Christian) –0.51 5 2
Greece –0.51 4 2
Poland –0.31 5 2
Nigeria (Moslem) –0.24 5 2
Brazil –0.21 7 3
Sweden –0.15 5 2
Czech Republic –0.1 6 2
Israel 0.02 6 2
Finland 0.11 6 2
Trinidad & Tobago 0.2 5 2
Norway 0.52 8 3
Ukraine 0.6 6 2
Slovak Republic 0.6 7 3
Peru 0.62 9 3
Mexico 0.67 10 4
Argentina 0.76 5 2
Seychelles 0.88 9 3
Ireland 0.99 8 3
Papua New Guinea 1.21 8 3
South Africa 1.36 8 3
Philippines 1.45 8 3
Thailand 1.79 9 3
India 1.85 12 4
Zambia 2.53 13 4

The higher the value, the higher the predicted detrimental impact of the same per capita
consumption. More explanations can be found in the text.

abstainers. Similarly, a cultural pattern of drinking that
includes a higher number of heavy drinking occasions,
more frequent intoxication, more public drinking, and
less drinking with meals should all be linked to more harm
for a given level of per capita consumption.
Looking at table 4, we would expect the same level of

per capita consumption to be linked to fewer problems in
countries like Germany and the UK, and to more prob-

lems in Zambia. Please note that this pattern value does
not reflect the absolute amount of alcohol-related harm in
the countries in any way. Clearly, Germany will have
more alcohol-related harm per capita than, for instance,
the Philippines, because there is much more alcohol con-
sumed per capita in Germany. However, 1 liter of per
capita consumption of pure alcohol in the Philippines is
expected to be linked to more harm than 1 liter per capita
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of consumption in Germany because that liter of alcohol
is concentrated in a smaller number of people in the Phil-
ippines and because it is consumed on heavier drinking
occasions, less with meals, etc.
The results of the optimal scaling analysis (table 4, first

column) were very similar to a score derived simply by
summing the ratings of the key informant survey (table 4,
second column; Pearson correlation 0.93). To further sim-
plify the pattern values into robust general categories
based on these scale values, the countries were classified
into four categories and assigned values from 1 to 4 (ta-
ble 4, third column).
To apply pattern values to estimating the burden of

disease attributable to alcohol, countries with missing
data on drinking pattern values were assigned the same
category as that of neighboring countries taking into con-
sideration geographic and cultural proximity. The pattern
values for more than 100 countries worldwide can be seen
in Appendix 2. As part of the process of developing these
ratings, the list of derived and assigned pattern values
shown in Appendix 2 was made available on a WHO list-
serve to a large number of key informants for critical
assessment. The pattern of drinking thus defined proved
to be unrelated to volume: the overall Pearson correlation
between pattern values and per capita consumption for
the 101 countries is –0.16 and does not even achieve sta-
tistical significance; that is, it is not significantly different
from zero.
Although this procedure allowed us to derive pattern

values from a combination of empirical data and expert
judgement, these patterns still needed to be validated
empirically to demonstrate that they were, in fact, related
to outcomes. In other words, pattern values serve as a
description of one aspect of exposure that is theoretically
postulated to relate to harm, but such a relation still has to
be empirically established. In addition, the degree of
influence of patterns on harm (i.e., how much weight to
assign to drinking pattern in calculating the burden of dis-
ease attributable to alcohol) has to be estimated. More-
over, the weight to assign drinking pattern may vary by
outcome, sex and age. Therefore, as described in the fol-
lowing, hierarchical linear analyses with all-cause mortali-
ty as the summary outcome were used to determine pat-
tern weights [19].

Determining Drinking Pattern Weight from

Pattern Values for Modifying the Relative Risk

for Disease Outcomes where Patterns Are

Involved

To determine pattern weights, hierarchical linear anal-
yses were conducted using a pilot sample of 29 European
countries4 with data for at least 3 consecutive years in the
1990s5 on each of the following variables: per capita alco-
hol consumption for the population above 15 years of age,
unrecorded consumption, standardized mortality and per
capita gross national product (level-1 variables), as well as
an estimate of patterns of drinking for that time period
(level-2 variable). Calendar year was used to control for
omitted variable bias and the time structure [10]; per
capita gross national product was included to control for
poverty as a potential confounder. The data were taken
from the following sources.
(1) Mortality data were obtained from the WHO data

bank and age-standardized using UN population esti-
mates. Direct standardization of mortality rates was per-
formed using the latest WHO World Standard Population
[20], which is shown in figure 1. The reference population
is quite ‘young’ with regard to the population distribu-
tions in established market economies (fig. 1, ‘Scandina-
vian standard’) but better reflects developing and emerg-
ing economies. On the other hand, the new WHO stan-
dard takes into account the reduced mortality rates in the
older age groups nowadays which have shaped a distribu-
tion a little ‘older’ than the formerly widespread used Segi
[21] standard (fig. 1).
(2) Per capita alcohol consumption data (for the popu-

lation 15+) was taken from the global status report on
alcohol [22] and the databank of the Marin Institute for
the Prevention of Alcohol and Other Drug Problems6.
(3) Per capita gross national product data were taken

from the World Bank statistics, which used the Atlas
method to arrive at standardized, de-inflated values in
current (year 2000) US dollars.
For these 29 countries, time series data were collected

from 1963 onwards on the four level-1 variables (stan-

4 Europe was taken as a pilot as data availability is highest there. The final
analysis will include all countries worldwide which fulfill the criteria on avail-
able data.
5 Three consecutive years during the 1990s was the inclusion criterion for the
respective country for this pilot study, although time series started in 1963 for
most countries, sometimes with missing values for single years.
6 The Marin Institute for the Prevention of Alcohol and Other Drug Prob-
lems was responsible for producing e and updating the databank underlying the
last Global Status Report on Alcohol from 1999. Without this databank we
would have been unable to conduct the comparative risk analysis on alcohol.
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Fig. 1. Comparison of standard population
distributions.

dardized mortality, calendar year, per capita alcohol con-
sumption, per capita gross national product). The coun-
try-specific time series varied in length from 3 to 26 years.
Random intercept and random coefficient models were
analyzed to determine the influence of patterns of drink-
ing on consumption. Greater detail on the equations used
can be found in Rehm and Gmel [9]; a detailed compari-
son of alternative methods and their results is given in
Gmel et al. [10]. Separate analyses were conducted for
males and females.
Most chronic conditions seem to be related to volume

only (exceptions are coronary heart disease and ischemic
stroke), and most acute conditions seem to be related to
volume and patterns. The effect of patterns of drinking on
mortality was significant only for males in most age cate-
gories. Therefore, drinking pattern was included as a
weighting factor in the respective derivation of attribut-
able fractions (AFs) for males. For females, no significant
effect appeared. This may well reflect the fact that mea-
sures of per capita consumption and drinking pattern are
heavily dominated by male drinking.
Mortality in country X at time t was modeled as a func-

tion of the per capita consumption volume at that time in
the respective country:

Mortalityxt = ß0x + ß1x per capita consumptionxt +...+Âxt.

The impact of 1 unit of per capita consumption on mor-
tality thus is constant in time, but specific per country and
denoted by ß1x. This impact itself (throughout this paper
called ‘pattern weight’ is regarded as both a dependent
variable and predictor variable for which the value not

only varies across countries, but also systematically de-
pends on drinking pattern (labeled ‘pattern value’ ob-
served in the respective country.

Pattern weight = ß1x = Á10 + Á11 pattern valuex + u1x.

The coefficient Á10 can be regarded as a global measure for
the impact of per capita consumption on mortality sepa-
rated from the country-specific modifications. Note that
this measure would not be the same if we estimated in a
simple one level analysis a global coefficient Á1 (not vary-
ing across countries). The coefficient Á11 can be regarded
as the contribution of the drinking patterns to modify the
detrimental effects of per capita consumption on mortali-
ty. This modifying effect is the same for all countries. But
clearly drinking patterns vary across countries and there-
fore the impact on mortality ß1x is specific per country.
Unexplained variation may remain in these country-spe-
cific impact coefficients. This is expressed by the level-2
error term u1x. It is not assumed that the level-1 error term
Âxt and a level-2 error term like u1x are uncorrelated.
The following is an example of how the effects of drink-

ing patterns translated into relative pattern weights for
different age groups: if one takes France or Italy as 1, then
Norway or Finland as countries with an overall pattern
weight of 4 would have a 4.2-fold higher risk of mortality
for each liter of pure alcohol consumed per capita in the
age group of 15- to 29-year-olds, and a 1.5-fold higher risk
of mortality for the whole population. In other words, the
influence of patterns seemed to vary not only by sex but
also by age.
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Computing Relative Risks by Sex and Age by

Relating Average Volume Categories with

Disease Outcomes

Relative risk estimates for the relationship between
categories of volume of drinking (e.g., abstainers, moder-
ate, hazardous, harmful) were taken from the latest meta-
analyses [3]. These estimates are sex- and age-specific for
causes of disease where the underlying epidemiological
data allowed such a differentiation [1, 13]. This approach
assumes that the relationship between volume of drinking
and mortality/morbidity is specific for each disease but
does not vary across countries. The prevalence of drinking
category and relative risk estimates can then be combined
to yield disease-specific AFs using standard epidemiologi-
cal formulas [1, 13; CRA guidelines http://www.ctru.
auckland.ac.nz/CRA/main.html].
For acute conditions, data on drinking patterns were

used in the following way. The average AF for each condi-
tion was calculated based on a review of the literature using
direct methods (e.g., not deriving AFs from prevalence and
relative risk, but directly from social statistics, for instance
accident statistics specifying the proportion of alcohol-
related accidents based on police records). The average AF
was converted into a relative risk estimate assuming log-
linear increasing risk over the drinking categories. For the
derivation of the revised country-specific AFs, the relative
risks, the pattern weights and the prevalence figures were
then combined. Pattern weights were assumed to be simi-
lar across volume categories (e.g., moderate, hazardous,
harmful), which is the assumption used in the derivation of
the pattern weights (see above), and which can be justified
from empirical data from an individual-level epidemiolog-
ical study on all-cause mortality [23].

Mortality Data for All Disease Outcomes

Related to Alcohol by Sex, Age and Region

These data were taken from the WHO EIP mortality
data bank.

Morbidity and Disability Data for All Disease

Outcomes Related to Alcohol by Sex, Age and

Region

WHO EIP will eventually make these data available.
Morbidity and disability data will include incidence,
prevalence, duration, case fatality and disability weight
[24].

Counterfactual Scenarios for Determining the

Alcohol-Attributable Fractions of Mortality or

Morbidity

Counterfactual scenarios are necessary to derive attrib-
utable and avoidable risk associated with a certain expo-
sure. Traditionally, the counterfactual scenario used was
no exposure at all (e.g., what would happen if there was no
alcohol at all?), but later developments of epidemiological
methodology called for more sophisticated scenarios, e.g.,
using a theoretical minimum or feasible or plausible dis-
tributions of exposure in a population as counterfactual
scenarios [14]. In addition to modeling the attributable
burden as the deviation of actual drinking from the theo-
retical minimum [14; CRA guidelines http://www.ctru.
auckland.ac.nz/CRA/main.html], cultural limits (e.g., ab-
stinence requirements based on religious reasons) and real
population distributions should be integrated in different
scenarios and sensitivity analyses.
Compared to usual comparative risk analysis as pre-

scribed by the WHO [http://www.ctru.auckland.ac.nz/
CRA/main.html], alcohol poses specific problems as a
risk factor because alcohol has been shown to have a pre-
ventive effect for some diseases [3, 25, 26]. The theoreti-
cal minimum7 thus does not seem to be fixed and seems to
depend on the mix of diseases in a certain region. In the
analyses of English et al. [1], the ‘moderate drinker’ cate-
gory was defined as optimal (i.e., used as the counterfac-
tual scenario). In a broader global perspective, however,
this category would be considered the ‘theoretical mini-
mum’ risk only in limited circumstances. In particular,
the theoretical minimum for older age groups in countries
that have low risk drinking patterns may be one drink a
day [1, 27]. However, it should be stressed that this is a
theoretical minimum because in reality such drinking pat-
terns are quite rare [28]. In general, the theoretical mini-
mum would be zero for populations with no or very few
risk for ischemic diseases (e.g., low proportion of these
diseases in age groups under 45 [27, 29, 30]). The theoreti-
cal minimum should also be zero in populations with very
detrimental drinking patterns (e.g., there is no benefit for
ischemic diseases if alcohol is consumed as one bottle of
wine every Friday which would yield an average of 1
drink per day, but in a detrimental pattern [7].

7 The theoretical minimum risk distribution is defined as ‘the distribution of
exposure that would have the lowest associated population risk, or in other
words, would generate the largest estimate of attributable and avoidable bur-
den’ [14, p 597].
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An additional consideration in determining theoretical
minima for alcohol is the preponderance in available
studies of mortality as an outcome. It has been argued that
morbidity and disability, as well as social outcomes, may
have a different minimum. However, at this time, there
are insufficient data to determine different theoretical
minima for alcohol for mortality and morbidity.
In sum, a pattern of regular light drinking (at most one

drink every day) was selected as theoretical minimum for
established market economies for all people above age 45.
For all other regions and age groups, the theoretical mini-
mum was set to zero. However, because no single theoreti-
cal minimum can be justified for alcohol as a risk factor,
we strongly argue that the concept of a theoretical mini-
mum should be abandoned. Instead, we propose that a
number of sensitivity analyses using different assump-
tions be conducted.

Conclusions

From a substantive point of view, patterns of drinking
were found to influence the overall mortality attributable
to alcohol to a considerable degree, especially in young
people in Europe [10]. This is not surprising, as young
people often die from acute causes of death, especially
accidents. However, most analyses appearing in the litera-
ture are still restricted to average volume of drinking [for
example, on the aggregate level, see the contributions in
Addiction supplement 1, 2001, and for the individual lev-
el see, 2, 27]. Clearly, the failure to include pattern indica-
tors is linked to the slow change of introducing pattern
variables into standard medical epidemiology [31, 32].
Even if empirical measures of patterns were intro-

duced immediately into medical epidemiology, there
would still be some time before pattern weights could be
derived from individual level epidemiological studies in
the same way we derive relative risk estimates, as years
typically elapse before outcomes are measured in such
studies. In the interim, in order to model consequences of
alcohol we need some estimates both for pattern values
and pattern weights.
The methods introduced here, i.e. getting a pattern val-

ue from key informant surveys and determining pattern
weights in hierarchical linear analysis, proved feasible. Of
course, the end result can only be as good as the input. In
this light, the data on pattern values from the expert sur-
vey can be considered the weakest link in the procedure.
To improve the quality of these data, it would certainly be
worthwhile to organize a new key informant survey with

more specific questions and stressing the need for search-
ing for empirical data, even if they are only partially appli-
cable.
There remains the problem that the method applied

here did not produce pattern weights for females, which
were significantly different from zero. This may reflect
reality (e.g., females may consume alcohol in a less detri-
mental way) or it may be just due to fact that per capita
consumption measures used to derive pattern weights did
not constitute a good indicator for female drinking (see
above). We suspect the latter explanation is the main rea-
son for this finding. However, the impact of patterns for
females also did not show statistical significance in some
individual level studies [23]. Female drinking patterns
and their impact is a topic which has to be analyzed fur-
ther in the future.
In summary, even though they can be improved, the

overall methods are feasible and seem promising. In a
global perspective, it is no longer justifiable to base esti-
mates of health consequences of drinking solely on vol-
ume of drinking, without taking account of the drinking
pattern.
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