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Abstract

Background: When calculating the number of deaths attributable to alcohol consumption (i.e., the number of
deaths that would not have occurred if everyone was a lifetime abstainer), alcohol consumption is most often
modelled using a capped exposure distribution so that the maximum average daily consumption is 150 grams of
pure alcohol. However, the effect of capping the exposure distribution on the estimated number of alcohol-
attributable deaths has yet to be systematically evaluated. Thus, the aim of this article is to estimate the number of
alcohol-attributable deaths by means of a capped and an uncapped gamma distribution and capped and
uncapped relative risk functions using data from the European Union (EU) for 2004.

Methods: Sex- and disease-specific alcohol relative risks were obtained from the ongoing Global Burden of Disease,
Comparative Risk Assessment Study. Adult per capita consumption estimates were obtained from the Global
Information System on Alcohol and Health. Data on the prevalence of current drinkers, former drinkers, and lifetime
abstainers by sex and age were obtained from various population surveys. Alcohol-attributable deaths were
calculated using Alcohol-Attributable Fractions that were calculated using capped (at 150 grams of alcohol) and
uncapped alcohol consumption distributions and capped and uncapped relative risk functions.

Results: Alcohol-attributable mortality in the EU may have been underestimated by 25.5% for men and 8.0% for
women when using the capped alcohol consumption distribution and relative risk functions, amounting to the
potential underestimation of over 23,000 and 1,100 deaths in 2004 in men and women respectively. Capping of the
relative risk functions leads to an estimated 9,994 and 468 fewer deaths for men and for women respectively when
using an uncapped gamma distribution to model alcohol consumption, accounting for slightly less than half of the
potential underestimation.

Conclusions: Although the distribution of drinkers in the population and the exact shape of the relative risk
functions at large average daily alcohol consumption levels are not known, the findings of our study stress the
importance of conducting further research to focus on exposure and risk in very heavy drinkers.
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Background
Alcohol consumption is one of the most important risk
factors for the global burden of disease, and was the third
leading cause of Disability Adjusted Life Years lost (bur-
den of disease) globally in 2004 and 2010 [1-3]. Generally,
in calculating the number of deaths attributable to alcohol
consumption, the most conservative approaches have
been used [4,5]. For example, the method used in the
2005/2010 Comparative Risk Analysis (CRA) as part of
the Global Burden of Disease (GBD) study to estimate
Alcohol-Attributable Fractions (AAFs) (defined as the
proportion of deaths that would not have occurred if
everyone was a lifetime abstainer; for background on at-
tributable fractions see [6,7] for unadjusted attributable
fractions, and [8] for adjusted attributable fractions) as-
sumed that a person could consume a maximum of 150
grams of pure alcohol per day [9]. The approach of
capping the continuous alcohol exposure distribution has
also been used for country level and regional alcohol-
attributable burden of disease studies [10-13].
To mathematically achieve a maximum alcohol con-

sumption cap of 150 grams of alcohol per day, the gamma
distribution used to model the consumption of a popula-
tion of current drinkers is normalized to integrate to 1
when the gamma distribution is integrated from >0 to 150
grams of pure alcohol per day (for a detailed description
of this methodology see [14,15]). While data have shown
that some people may drink more than 150 grams of alco-
hol on any given day, it seemed implausible that this level
of consumption could be maintained during the biological
latency period where alcohol consumption leads to the in-
cidence and development of a disease, and mortality from
the disease. However, there is evidence that some people,
especially those with alcohol dependence, continue to
drink at high levels for prolonged periods of time. For ex-
ample, a 20-year cohort study of alcohol-dependent pa-
tients who had received treatment for their alcoholism
found that some participants consumed large average
amounts of alcohol over prolonged periods of time. Dur-
ing the times in the cohort study when participants were
drinking, average alcohol consumption per day was ap-
proximately 140 grams per participant (for a description
of the cohort and main results see [16,17]), thus making it
probable that the heaviest drinkers consumed above 150
grams of pure alcohol during the biological latency period.
In order to test the effect of capping the alcohol con-

sumption distribution, unsystematic sensitivity analyses
that calculated AAFs had been performed for a limited
number of alcohol-related diseases [9,14]. These sensitivity
analyses indicated that there was not a large difference in
the calculated AAFs when alcohol consumption was mod-
elled using a capped or an uncapped distribution. These
analyses had been, however, very limited, in that they only
addressed breast cancer, pancreatitis and diabetes.
Capping of the gamma distribution changes the nature
of the distribution. The domain of the gamma distribu-
tion is 0 to ∞; normalization of the gamma distribution
changes this domain from 0 to 150 and causes changes
to the distribution’s basic characteristics by altering the
properties of the shape and scale parameters. Although
changes in the gamma distribution after normalization
are relatively small, the alteration of the distribution
leads to small mathematical inaccuracies [18].
The second conservative assumption generally fol-

lowed when calculating the number of deaths attribu-
table to alcohol consumption is that the Relative Risks
(RRs) do not increase past a large value as consumption
increases, with most RR functions being capped after
consumption of 120 to 150 grams of alcohol per day;
however, in some cases, a lower alcohol consumption
limit has been applied to the RR functions [19]). These
RR limits were based on the greatest average daily alco-
hol consumption reported in the underlying cohort
studies used in the meta-analyses to calculate the alcohol
RR functions. Capping was performed as RR functions
obtained from meta-regression are not considered to be
valid when consumption is greater than the greatest
average daily alcohol consumption reported in these co-
hort studies (see [20]).
Since the above-noted conservative assumptions have

not been previously explored systematically, the aim of
our study was to systematically examine the effect of
capping the alcohol consumption distribution and the
RR functions using alcohol consumption data and mor-
tality data from the EU for 2004.

Methods
Exposure estimates
Average daily consumption of alcohol for 2005 (the clo-
sest year to 2004 for which data were available) was cal-
culated based on a triangulation of survey data and per
capita consumption data estimates. Total adult (15 years
of age and older) per capita consumption of alcohol was
calculated by adding the estimates of recorded, unre-
corded, and tourist adult per capita consumption. All
data on recorded (based on official statistics of taxes,
sales and/or production, imports and exports), unrecorded
(based on population survey data, government monitoring
data and expert judgement) and tourist consumption (cal-
culated for countries where there was significant cross
border trade (Estonia and Moldova) or countries where
the number of tourists that visited a country was greater
that the population of the country) were obtained from
the Global Information System on Alcohol and Health
database (http://apps.who.int/globalatlas/default.asp; see
also [21]). The Global Information System collects data
via surveys to governments and experts; definitions of
the categories described above and the methodology for
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estimation can be found on the WHO website (http://
apps.who.int/globalatlas/default.asp). For 2010 alcohol ex-
posure estimates by country see [22].

Risk relations
Disease categories where alcohol consumption had a causal
impact were identified via standardized methodology [23].
Sources for alcohol-related RR functions by International
Classification of Diseases (ICD-10) codes are outlined in
Additional file 1: Web Appendix 1. The RR functions and
diseases modelled in this paper were based on those in the
2005/2010 CRA for alcohol [3]. The RRs, in most cases,
were obtained from meta-analyses reporting a continuous
RR function by dose of exposure, i.e., by average daily
grams of ethanol consumed (except for tuberculosis and
myocardial infarction where categorical risk estimates were
used). RRs for current drinkers and former drinkers were
obtained from the same meta-analyses (see Additional file
1: Web Appendix 1 for the specific meta-analyses used).

Relative risk function capping
AAFs were calculated using capped and uncapped RR
functions. To prevent unrealistic RR functions, the
majority of uncapped RR functions were capped after
consumption of 300 grams of alcohol per day, and were
changed to linear functions after a consumption of 150
grams of alcohol per day (see Additional file 2: Web
Appendix 2). The choice of capping or linearizing the
RR function after 150 g/day was made based on the
slope of the function at high consumption. If the slope
was increasing rapidly, the function was capped right
away, if not, it was linearized first.

Mortality data
Data on the number of deaths by cause, sex, age and
country were obtained from the 2004 GBD study [24].

Alcohol exposure modelling methodology
The prevalence of average daily consumption of alcohol
at the population level has been found to be modelled
best using the gamma distribution [9]. The gamma distri-
bution has been shown to provide a good fit with alcohol-
drinking population data and is very adaptable [9,14]. The
gamma distribution can be expressed as follows:

Gamma x; κ; θð Þ ¼ xκ�1 e�x=θ

θκΓ κð Þ for x; κ; θ > 0

where κ represents the shape parameter, θ represents the
scale parameter, and Γ(κ) is the gamma function and is
calculated as follows:

Γ κð Þ ¼
Z 1

>0
tκ�1e�tdt
The gamma distribution displays some properties that
make it easily manageable. For example:

θ ¼ σ2

μ
and κ ¼ μ2

σ2

Also, the mean of the gamma distribution is equal to
the empirical mean.
Previous research examining the relationship between

mean alcohol consumption and the standard deviation
of the gamma distribution using data from 851 datasets
found a strong linear relationship between the mean and
the standard deviation of the alcohol consumption
gamma distribution [9]. The standard deviation of the
gamma distribution for any population (and any age
group within a population) can be calculated as follows:
For men:

σmen ¼ 1:171⋅ μmen

For women:

σwomen ¼ 1:258 ⋅ μwomen

Thus, only data on adult per capita consumption and
the prevalence of current drinkers are needed in order
to model the alcohol consumption distribution [5,9,14].
To account for alcohol that is not consumed due to
spillage, breakage and waste, and undercoverage in the
medical epidemiology studies that are used to calculate
alcohol RRs, 80% of total per capita consumption is
used when empirically modelling alcohol consumption
using the gamma distribution (for a detailed discus-
sion see [5]).
The alcohol consumption distribution cap of 150

grams per day was implemented by normalizing the
gamma distribution, so that when consumption was in-
tegrated from >0 to 150 grams of alcohol per day, the in-
tegral would be equal to 1. It should be noted that the
use of the notation >0 indicates the exclusion of 0 in the
integration, as an average consumption of 0 grams per
day does not qualify a person as a drinker. This, how-
ever, leaves no mathematical artifact, as the gamma dis-
tribution at 0 always equals 0.

Modelling alcohol-attributable deaths
The AAFs were calculated for the total number of deaths
attributable to alcohol consumption according to CRA
methodology [3], and, thus, calculated the number of
deaths that would not be present under the counterfactual
scenario that everyone was a lifetime abstainer (thus, life-
time abstainers were used as the reference category for
risks). The decision to use lifetime abstention as the refer-
ence follows the earlier CRAs for alcohol (see [3,5]; see

http://apps.who.int/globalatlas/default.asp
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[25] for a detailed discussion of this choice). The AAFs
were calculated as follows (using the cap at 150 g/day):

AAF ¼

PabstainerRRabstainer þ PformerRRformer

þ
Z 150

>0
Pcurrent xð ÞRRcurrent xð Þdx� 1

PabstainerRRabstainer þ PformerRRformer

þ
Z 150

>0
Pcurrent xð ÞRRcurrent xð Þdx

where Pabstainer represents the prevalence of lifetime ab-
stainers, RRabstainer represents the relative risk for lifetime
abstainers (equals 1 as lifetime abstainers are the reference
group), Pformer represents the prevalence of former
drinkers, Pcurrent(x) represents the prevalence of current
drinkers who on average consume × grams of alcohol per
day, RRformer is the relative risk for a disease for a former
drinker, and RRcurrent(x) is the relative risk for a disease
for a current drinker who on average drinks × grams of al-
cohol per day. In the uncapped scenario, the integral
would be evaluated between 0 and infinity. The separation
between lifetime abstainers and former drinkers was based
on the different associated risks. Former drinkers usually
have higher risks for disease and mortality (see [23] for an
overview of RRs for former drinkers for different disease
categories), as a substantial number of former drinkers
have quit drinking for health reasons (see the so-called
sick quitter hypotheses, e.g., [26,27]).
The above attributable fraction is based on continuous

exposure and risk functions. Such an approach is
deemed, in general, to be advantageous compared to cat-
egorical distributions [28,29] because it involves no loss
of information. However, for alcohol, the difference be-
tween capped distributions and the categorical approach
was not large [14]. In some sense, capping of RRs intro-
duces an element of the categorical approach into the
continuous approach.

Normalization
To assess the changes in the AAFs due to the nor-
malization of the gamma function, we compared the es-
timated number of alcohol-attributable deaths in the EU
for 2004 obtained with a normalized prevalence distribu-
tion (from >0 to 150 grams per day) with those obtained
with a non-normalized prevalence distribution (from
>0 to infinity). To depict the difference in
normalization at higher levels of consumption, we
compared the normalized and non-normalized gamma
distributions for men 15 years of age and older in
Latvia; Latvian men were chosen as the relatively high al-
cohol consumption levels in Latvia make the difference
between the capped and uncapped distributions more
salient.
Results
Figure 1 shows the original and the normalized gamma
distributions for men 15 years of age and older in Latvia.
When the gamma distribution is normalized, we ob-
served a higher average daily consumption of alcohol
among current drinkers, resulting in a greater change in
the alcohol consumption distribution when normalized.
However, as displayed in Figure 1, for men aged 15 years
and older in Latvia, the effect of this shift is minimal. As
Latvia has the highest average consumption among
current drinkers in the EU (consumption was 35.8 litres
per current drinker for 2005), the shift in the consump-
tion distribution would be less than that for other EU
countries for 2005.
Table 1 displays the prevalence of average daily alcohol

consumption among current drinkers of >0 to <150 grams
per day, 150 to <200 grams per day, and 200+ grams per
day for the EU in 2005 using an unadjusted alcohol con-
sumption distribution. These numbers stem from an
gamma distribution that was based on the aggregated al-
cohol consumption from all countries in the EU (see also
[30], for details on country distributions). For women, we
found that 99.99% of current drinkers consumed less than
150 grams of alcohol per day and 0.001% consumed
between 150 and <200 grams per day. In the EU in 2005,
98.30% of male current drinkers consumed between >0
and <150 grams of alcohol per day, 1.20% consumed
between 150 and <200 grams per day, and 0.50% con-
sumed 200 grams or more of alcohol per day. The shift in
the mean alcohol consumption is negligible for women.
For men, the normalization of the gamma distribution to
150 grams per day leads to a difference in mean alcohol
consumption downwards of 2.85 grams per day (from
31.97 to 29.12 g/day).
Table 2 outlines the AAFs for men and women in the

EU for 2005 by disease category with the alcohol con-
sumption gamma distribution capped and uncapped,
while keeping the RR functions capped. Table 3 outlines
the AAFs using uncapped RR functions. The change in
the AAFs when capping the alcohol consumption distri-
bution and/or the RR functions is greater for men than
for women. This simply stems from the fact that fewer
women than men drink 150 grams or more of alcohol
per day.
Table 4 outlines the number of deaths by cause and

sex that were attributable to alcohol using a capped and
an uncapped alcohol consumption distribution and an
uncapped RR function. We observed that 24,242 fewer
alcohol-attributable deaths were estimated when the al-
cohol consumption distribution and the RR functions
were capped. Of the 24,242 alcohol-attributable deaths,
95% were in men. This represents a relative difference of
23.1% (25.5% for men and 8.0% for women) in the num-
ber of deaths as compared to the uncapped distribution.



Figure 1 Original and normalized gamma distributions for men in Latvia.
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Table 5 outlines the number of deaths by cause and
sex attributable to alcohol consumption using a capped
and an uncapped alcohol consumption distribution and
capped RR functions. We can conclude that of the
24,242 difference in alcohol-attributable deaths that
comes from capping the alcohol consumption distribu-
tion and the RR functions, 43.2% (43.3% for men and
40.8% for women) is due to capping of the RR function.
The majority of the difference in mortality observed
when comparing the capped and uncapped RR functions
(while keeping the alcohol consumption distribution un-
capped) was due to deaths from liver cirrhosis. When
comparing the resulting AAFs and deaths for men and
women estimated using a capped and an uncapped
gamma distribution, there was a greater protective effect
of alcohol consumption observed for the capped distri-
bution when compared to the uncapped distribution (al-
though some estimates seem to be equal, the capped
estimates are lower; however, the difference is not shown
in the number of digits presented for these estimates).

Discussion
The results of our study indicate that for the EU in 2004
there was a substantial difference in the number of esti-
mated alcohol-attributable deaths when either the alco-
hol consumption distribution or the RR functions are
capped. However, it is uncertain if capping leads to
Table 1 Prevalence of average daily alcohol consumption
in the European Union

Average daily consumption in grams per day Females Males

>0 to <150 99.99% 98.30%

150 to <200 0.01% 1.20%

200 grams and greater 0.00% 0.50%
better estimates of the actual number of alcohol-
attributable deaths as literature on very heavy drinkers
and their resulting increased risk of alcohol-related dis-
eases is scarce. In alcohol epidemiology, cohorts that are
used to measure the underlying risk relationships are
usually selected to maximize the follow-up rate, and,
thus, these cohorts are typically composed of special
populations with comparatively few heavy and virtually
no very heavy drinkers [20,31,32]. Even in cohorts that
are representative of the general population, many heavy
or very heavy drinkers are excluded by study design, as
they are not typically included in the sampling frame
(which often excludes homeless/institutionalized indivi-
duals) or are less likely to respond and participate in
studies when contacted [13].
Studies on the risk of mortality from alcohol-related dis-

eases for people with alcohol dependence (who consume a
large amount of alcohol) do exist, and show a high RR of
mortality for this population; however, these studies do
not provide the underlying alcohol consumption for this
population and, thus, it is impossible to rely on these stud-
ies to improve the RR functions at high alcohol
consumption levels [30,33,34]. Moreover, it is not clear if
alcohol consumption or some co-morbid conditions asso-
ciated with alcohol dependence were responsible for the
high mortality observed in these studies.
Given the uncertainties outlined above, research on

the morbidity and mortality consequences of heavy and
very heavy drinking is urgently needed to adequately
assess the burden of disease attributable to alcohol
consumption. The results of these required studies
ideally will determine whether the high consumption
levels observed in studies of individuals with alcohol de-
pendence can, in fact, be sustained over long periods of
time, and will determine the risk relationships between



Table 2 AAFs for males and females in the European
Union, using a capped and an uncapped gamma
distribution, and with capped relative risk functions

Females Males

Cause of death Capped Uncapped Capped Uncapped

Oral cavity and pharynx
cancer

26.3% 26.3% 53.0% 55.5%

Esophageal cancer 15.1% 15.2% 34.8% 39.4%

Colorectal cancer 5.2% 5.2% 7.9% 8.7%

Liver cancer 9.0% 9.0% 17.5% 18.7%

Breast cancer 10.8% 10.8% 0.0% 0.0%

Epilepsy 14.7% 14.7% 33.5% 40.5%

Lower respiratory
infections

7.0% 7.0% 13.2% 14.8%

Stroke −1.1% −0.9% 10.4% 12.8%

Hypertension 8.0% 8.3% 23.9% 28.0%

Liver cirrhosis 49.3% 49.9% 71.7% 85.2%

Diabetes −6.4% −6.2% −1.4% 4.2%

Tuberculosis 10.3% 10.3% 31.7% 32.7%

Ischemic heart disease −7.2% −7.2% −11.2% −11.0%

Motor vehicle accidents 9.0% 9.1% 14.2% 14.7%

Suicide 9.0% 9.1% 14.2% 14.7%

Other injuries 9.0% 9.1% 14.2% 14.7%

Table 3 AAFs for males and females in the European
Union, using a capped and an uncapped gamma
distribution, and with uncapped relative risk functions

Females Males

Cause of death Capped Uncapped Capped Uncapped

Oral cavity and pharynx
cancer

26.3% 26.3% 53.0% 55.8%

Esophageal cancer 15.1% 15.2% 34.8% 41.2%

Colorectal cancer 5.2% 5.2% 7.9% 9.0%

Liver cancer 9.0% 9.0% 17.5% 18.9%

Breast cancer 10.8% 10.8% 0.0% 0.0%

Epilepsy 14.7% 14.7% 33.5% 44.8%

Lower respiratory
infections

7.0% 7.0% 13.2% 15.4%

Stroke −1.1% −0.8% 10.4% 13.8%

Hypertension 8.0% 8.4% 23.9% 30.1%

Liver cirrhosis 49.3% 50.2% 71.7% 93.4%

Diabetes −6.4% −6.2% −1.4% 25.3%

Tuberculosis 10.3% 10.3% 31.7% 32.7%

Ischemic heart disease −7.2% −7.2% −11.2% −11.0%

Motor vehicle accidents 9.0% 9.1% 14.2% 14.7%

Suicide 9.0% 9.1% 14.2% 14.7%

Other injuries 9.0% 9.1% 14.2% 14.7%
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very heavy drinking and different disease categories
(for a first attempt at estimating these risk relationships
see [33]).
The estimated number of alcohol-attributable deaths

due to liver cirrhosis was the category that was most af-
fected by the capping of the RR functions. Liver cirrho-
sis, in particular, is associated with longer term heavy
drinking, with some studies finding that overall exposure
to alcohol is the most important factor in developing
this disease [35,36]. However, the exact form of the risk
function for very heavy drinkers is still unknown, as is
whether the RR function for liver cirrhosis in fact con-
tinues to increase exponentially with increasing exposure
at very high alcohol consumption levels. Capping the
gamma distribution also resulted in a greater estimated
effect of alcohol consumption on ischemic heart disease,
stroke and diabetes. This greater protective effect was
due to the normalization of the gamma distribution
resulting in a greater prevalence of moderate drinkers
(drinkers who experience a protective effect for the
aforementioned diseases) when compared to the un-
capped distribution. These results contrast with earlier
non-systematic analyses of the effects of capping which
showed very little difference between the AAF estimates
using capped and uncapped models [9]. This contrast is
easily explained when considering that the diseases that
make up most of the difference have not been studied in
previous analyses. In the previous analyses, Kehoe and
colleagues only analysed the effects of capping the
gamma distribution at 300 grams per day (where most
studies have used a cap of 150 grams per day) and only
looked at the effect of capping the gamma distribution
of the estimated AAF for diabetes, breast cancer and
pancreatitis [9].
Capping seems to be potentially problematic only in

the male population, due to the larger proportion of
men, as compared to women, who drink over 150 grams
of alcohol per day. The 150 g/day cap is not sex specific.
This lack of a sex specific cap creates a problem as men
with alcohol use disorders (heavy consumers of alcohol)
usually consume more alcohol than do women with al-
cohol use disorders [37]. Thus, the 150 g/day cap theor-
etically leads to a larger bias when estimating the
alcohol-attributable burden of disease for men as com-
pared to the bias the cap theoretically leads to when esti-
mating the alcohol-attributable burden of disease for
women. It could be argued that gender specific capping
could lead to more accurate results; however, as men-
tioned previously, RR data for sustained very high alco-
hol consumption are largely unavailable, which is an
issue that should also be addressed.
This study has limitations in terms of the data used to

compare the estimated alcohol-attributable mortality
when using a capped and an uncapped alcohol



Table 4 Alcohol-attributable deaths for people aged
15 years and older in the European Union calculated
using capped (at 150 grams per day) and uncapped
alcohol consumption distributions and uncapped relative
risk functions

Females Males

Cause of death Capped Uncapped Capped Uncapped

Oral cavity and pharynx
cancer

1,719 1,721 12,935 13,563

Esophageal cancer 1,235 1,238 8,492 9,632

Colorectal cancer 4,008 4,012 6,884 7,570

Liver cancer 1,459 1,460 5,259 5,619

Breast cancer 11,048 11,073 0 0

Epilepsy 472 473 1,650 1,993

Lower respiratory
infections

5,297 5,304 8,171 9,138

Stroke −3,507 −2,895 22,803 28,097

Hypertension 5,193 5,396 9,285 10,878

Liver cirrhosis 13,840 14,019 41,721 49,549

Diabetes −3,995 −3,893 −637 1,877

Tuberculosis 238 238 1,830 1,889

Ischemic heart disease −30,117 −30,113 −50,684 −49,698

Motor vehicle accidents 1,067 1,067 5,386 5,551

Suicide 1,379 1,380 6,990 7,203

Other injuries 5,006 5,008 10,467 10,787

Total deaths 14,342 15,488 90,552 113,648

Table 5 Alcohol-attributable deaths for people aged
15 years and older in the European Union calculated
using capped (at 150 grams per day) and uncapped
alcohol consumption distributions and capped relative
risk functions

Females Males

Cause of death Capped Uncapped Capped Uncapped

Oral cavity and pharynx
cancer

1,719 1,721 12,935 13,499

Esophageal cancer 1,235 1,238 8,492 9,206

Colorectal cancer 4,008 4,011 6,884 7,351

Liver cancer 1,459 1,460 5,259 5,553

Breast cancer 11,048 11,068 0 0

Epilepsy 472 473 1,650 1,802

Lower respiratory
infections

5,297 5,303 8,171 8,790

Stroke −3,507 −3,189 22,803 26,067

Hypertension 5,192 5,322 9,285 10,129

Liver cirrhosis 13,840 13,926 41,721 45,213

Diabetes −3,995 −3,893 −637 312

Tuberculosis 238 238 1,830 1,889

Ischemic heart disease −30,117 −30,113 −50,684 −49,698

Motor vehicle accidents 1,067 1,067 5,386 5,551

Suicide 1,379 1,380 6,990 7,203

Other injuries 5,006 5,008 10,467 10,787

Total deaths 14,341 15,020 90,552 103,654
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consumption distribution. Specifically, this paper was
limited by the absence of age-specific estimates for the
EU due to a lack of age-specific reported information on
the prevalence of current drinkers, former drinkers, and
lifetime abstainers, and the relative amount of alcohol
consumed. Additionally, data on the uncertainty of the
RR functions after 150 g/day were in most cases not
available, and, thus, it was impossible to calculate the
95% confidence intervals for the burden of disease at-
tributable to alcohol consumption. The limitations of
this study which are inherent to all burden of alcohol
studies include inaccuracies with alcohol exposure data,
risk estimates (discussed previously), and mortality data.
The accuracy of the measurement of lifetime abstainers
in a population and in the observational studies that
were used in the meta-analyses that the RR estimates
were based upon are subject to multiple biases and often
lifetime abstainers are misclassified as former drinkers
[38]. Alcohol drinking status estimates are also limited
by the biases introduced by the surveys that measure
them [13]. The alcohol consumption estimates (i.e. per
capita consumption of alcohol) are subject to random
error with data on unrecorded adult per capita con-
sumption and tourist per capita consumption having
substantially more uncertainty than does recorded con-
sumption [39]. Thus for countries as recorded adult per
capita consumption and tourist per capita consumption
proportionally make up more of total adult per capita
consumption the larger the random error will be for the
measured total adult per capita consumption. Addition-
ally, the categorization of deaths by cause is often
miscoded or coded in junk categories [40,41]. Although
these biases will affect the measured difference in mortal-
ity when using a capped and an uncapped alcohol con-
sumption distribution, this paper demonstrates that there
is a need to determine an accurate cap as there is a large
difference between the calculated alcohol-attributable
mortality when using a capped and an uncapped distribu-
tion. As this analysis does not assess the goodness of fit of
alcohol consumption distribution models and does not
adjust for any confounding factors, the numbers presented
in this manuscript should not be taken as “true” estimates
as they are only used to demonstrate the effect of capping
the alcohol consumption distribution on the estimated
alcohol-attributable mortality.
Future research should focus on determining an accur-

ate alcohol consumption cap rather than assessing the
impact of these biases on the differences between
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uncapped and capped alcohol consumption distribu-
tions; once an accurate alcohol consumption cap is deter-
mined, it should always be used.

Conclusion
Capping of the alcohol consumption distribution or of
the RR functions is a conservative approach when es-
timating the number of deaths attributable to alcohol
consumption and may lead to an underestimation of
alcohol-attributable mortality. Further research is neces-
sary to determine the extent to which the capping of al-
cohol consumption and RR functions leads to an
underestimation of the actual number of alcohol-
attributable deaths.

Additional files
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Additional file 2: Web-appendix 2. Examples of extrapolated
behaviour of relative risk functions after consumption of 150 grams of
alcohol per day.

Abbreviations
AAF: Alcohol-Attributable Fraction; GBD: Global Burden of Disease;
EU: European Union; RR: Relative Risk.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
GG performed the majority of the statistical analyses and took the lead in
preparing the manuscript. KS helped to design the study, performed some
of the analyses, and contributed to the preparation of the manuscript. TK-C
helped to design the study and wrote portions of the programming for the
statistical tests. JR designed the study, supervised all aspects of the work, and
contributed to the preparation of the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
Financial support for this study was provided to the last author listed above
by the National Institute for Alcohol Abuse and Alcoholism (NIAAA) with
contract # HHSN267200700041C to conduct the study titled “Alcohol- and
Drug-attributable Burden of Disease and Injury in the US”. In addition, the
last author received a salary and infrastructure support from the Ontario
Ministry of Health and Long-Term Care.

Author details
1Centre for Addiction and Mental Health (CAMH), Toronto, Canada. 2Faculty
of Engineering, University of New South Wales, Sydney, Australia. 3Institute of
Medical Science, University of Toronto, Toronto, Canada. 4Department of
Statistics, University of Toronto, Toronto, Canada. 5Dalla Lana School of
Public Health (DLSPH), University of Toronto, Toronto, Canada. 6Department
of Psychiatry, University of Toronto, Toronto, Canada. 7Institute for Clinical
Psychology and Psychotherapy, TU Dresden, Germany.

Received: 2 October 2012 Accepted: 13 February 2013
Published: 18 February 2013

References
1. Rehm J, Mathers C, Popova S, Thavorncharoensap M, Teerawattananon Y,

Patra J: Global burden of disease and injury and economic cost
attributable to alcohol use and alcohol use disorders. Lancet 2009,
373(9682):2223–2233.
2. World Health Organization: Global Health Risks. Mortality and burden of
disease attributable to selected major risks. Geneva, Switzerland: World Health
Organization; 2009.

3. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, Amann M,
Anderson HR, Andrews KG, Aryee M, Atkinson C, Bacchus LJ, Bahalim AN,
Balakrishnan K, Balmes J, Barker-Collo S, Baxter A, Bell ML, Blore JD, Blyth F,
Bonner C, Borges G, Bourne R, Boussinesq M, Brauer M, Brooks P, Bruce NG,
Brunekreef B, Bryan-Hancock C, Bucello C, et al: A comparative risk
assessment of burden of disease and injury attributable to 67 risk factors
and risk factor clusters in 21 regions, 1990–2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet 2012, 380:2224–2260.

4. Rehm J, Room R, Monteiro M, Gmel G, Graham K, Rehn N, Sempos CT, Frick
U, Jernigan D: Alcohol Use. In Comparative quantification of health risks:
global and regional burden of disease attributable to selected major risk
factors. Volume 1. Edited by Ezzati M, Lopez AD, Rodgers A, Murray CJL.
Geneva, Switzerland: World Health Organization; 2004:959–1109.

5. Rehm J, Klotsche J, Patra J: Comparative quantification of alcohol
exposure as risk factor for global burden of disease. Int J Method Psych
2007, 16(2):66–76.

6. Walter SD: The estimation and interpretation of attributable risk in health
research. Biometrics 1976, 32:829–849.

7. Walter SD: Prevention of multifactorial disease. Am J Epidemiol 1980,
112:409–416.

8. Benichou J: A review of adjusted estimators of attributable risk. Stat
Methods Med Res 2001, 10:195–216.

9. Kehoe T, Gmel G Jr, Shield K, Gmel G Sr, Rehm J: Determining the best
population-level alcohol consumption model and its impact on
estimates of alcohol-attributable harms. Pop Health Metrics 2012, 10(1):6.

10. Rehm J, Shield KD, Gmel G, Rehm MX, Frick U: Modeling the
impact of alcohol dependence on mortality burden and the effect
of available treatment interventions in the European Union.
Eur Neuropsychopharmacol 2013, 23(2):89–97.

11. Rehm J, Rehm MX, Shield KD, Gmel G, Gual A: Alcohol consumption,
alcohol dependence and related harms in Spain, and the effect of
treatment-based interventions on alcohol dependence. Adicciones. In press.

12. Shield K, Gmel G, Kehoe T, Dawson DA, Grant BF, Rehm J: Mortality and
potential years of life lost attributable to alcohol consumption by race
and sex in the United States in 2005. PLoS One 2013, 8(1):e51923.

13. Shield K, Rehm J: Difficulties with telephone-based surveys on alcohol in
high-income countries: the Canadian example. Int J Method Psych 2012,
21(1):17–28.

14. Rehm J, Kehoe T, Gmel G, Stinson F, Grant B, Gmel G: Statistical modeling
of volume of alcohol exposure for epidemiological studies of population
health: the example of the US. Pop Health Metrics 2010, 8:3.

15. Rösner S, Hackl-Herrwerth A, Leucht S, Vecchi S, Srisurapanont M, Soyka M:
Opioid antagonists for alcohol dependence. Cochrane Database Syst Rev
2010, 12:CD001867.

16. Gual A, Bravo F, Lligoña A, Colom J: Treatment for alcohol dependence in
Catalonia: health outcomes and stability of drinking patterns over
20 years in 850 patients. Alcohol Alcohol 2009, 44(4):409–415.

17. Gual A, Lligoña A, Costa S, Segura L, Colom J: Long term impact of
treatment in alcoholics. Results from a 10-year longitudinal follow-up
study of 850 patients. Med Clin (Barc) 2004, 123(10):364–369.

18. Pal N, Jin C, Lim WK: Handbook of Exponential and Related Distributions for
Engineers and Scientists. Boca Raton, FL: Chapman & Hall/CRC; 2006.

19. Baliunas D, Taylor B, Irving H, Roerecke M, Patra J, Mohapatra S, Rehm J:
Alcohol as a risk factor for type 2 diabetes - A systematic review and
meta-analysis. Diabetes Care 2009, 32(11):2123–2132.

20. Rehm J, Gmel G, Sempos CT, Trevisan M: Alcohol-attributable mortality
and morbidity. Alcohol Res Health 2003, 27(1):39–51.

21. World Health Organization: Global status report on alcohol and health.
Geneva, Switzerland: World Health Organization; 2011.

22. Shield K, Rylett M, Gmel G, Gmel G, Kehoe-Chan T, Rehm J: Global alcohol
exposure estimates by country, territory and region for 2005 – a
contribution to the Comparative Risk Assessment for the 2010 Global
Burden of Disease Study. Addiction 2013.

23. Rehm J, Baliunas D, Borges GLG, Graham K, Irving HM, Kehoe T, Parry CD,
Patra J, Popova L, Poznyak V, Roerecke M, Room R, Samokhvalov AV, Taylor
B: The relation between different dimensions of alcohol consumption
and burden of disease - An overview. Addiction 2010, 105(5):817–843.

http://www.biomedcentral.com/content/supplementary/1471-2288-13-24-S1.docx
http://www.biomedcentral.com/content/supplementary/1471-2288-13-24-S2.docx


Gmel et al. BMC Medical Research Methodology 2013, 13:24 Page 9 of 9
http://www.biomedcentral.com/1471-2288/13/24
24. World Health Organization: The global burden of disease: 2004 update.
Geneva, Switzerland: World Health Organization; 2008.

25. Rehm J, Monteiro M, Room R, Gmel G, Jernigan D, Frick U, Graham K: Steps
towards constructing a global comparative risk analysis for alcohol
consumption: Determining indicators and empirical weights for patterns
of drinking, deciding about theoretical minimum, and dealing with
different consequences. Eur Addict Res 2001, 7(3):138–147.

26. Shaper A, Wannamethee G, Walker M: Alcohol and mortality in British
men: explaining the U-shaped curve. Lancet 1988, 2(8623):1267–1273.

27. Marmot MG, Brunner E: Alcohol and cardiovascular disease: the status of
the U- shaped curve. Br Med J 1991, 303:565–568.

28. Murray CJL, Lopez A: On the comparable quantification of health risks:
lessons from the global burden of disease study. Epidemiology 1999,
10:594–605.

29. Ezzati M, Lopez A, Rodgers A, Murray CJL: Comparative quantification of
health risks. Global and regional burden of disease attributable to selected
major risk factors. Geneva, Switzerland: World Health Organization; 2004.

30. Hayes RD, Chang CK, Fernandes A, Broadbent M, Lee W, Hotopf M, Stewart
R: Associations between substance use disorder sub-groups, life
expectancy and all-cause mortality in a large British specialist mental
healthcare service. Drug Alcohol Depend 2011, 118:56–61.

31. Rothman KJ, Greenland S, Lash TL: Modern Epidemiology. 3rd edition. PA,
USA: Lippincott Williams & Wilkins; 2008.

32. Rehm J: Alcohol consumption and mortality. What do we know and
where should we go? Addiction 2000, 95(7):989–995.

33. Harris EC, Barraclough B: Excess mortality of mental disorder. Br J
Psychiatry 1998, 173:11–53.

34. Rehm J, Shield KD, Rehm MX, Gmel G Jr, Frick U: Alcohol consumption,
alcohol dependence, and attributable burden of disease in Europe: potential
gains from effective interventions for alcohol dependence. Toronto, Canada:
Centre for Addiction and Mental Health; 2012.

35. Rehm J, Taylor B, Mohapatra S, Irving H, Baliunas D, Patra J, Roerecke M:
Alcohol as a risk factor for liver cirrhosis - a systematic review and meta-
analysis. Drug Alcohol Rev 2010, 29(4):437–445.

36. Lelbach W: Quantitative aspects of drinking in alcoholic liver cirrhosis. In
Alcoholic liver pathology. Edited by Khanna H, Isreal Y, Kalant H. Toronto, ON:
Toronto Addiction Research Foundation of Ontario; 1975:1–18.

37. Kremer G: Alkoholprobleme im Allgemeinkrankenhaus. Früherkennung und
Kurzintervention bei Patientinnen und Patienten mit Alkoholproblemen in der
somatischen Medizin. Ph.D. Thesis. Bielefeld (Germany): Bielefeld University;
2001.

38. Rehm J, Irving H, Ye Y, Kerr WC, Bond J, Greenfield TK: Are lifetime
abstainers the best control group in alcohol epidemiology? On the
stability and validity of reported lifetime abstention. Am J Epidemiol 2008,
168(8):866–871.

39. Shield K, Rehm M, Patra J, Sornpaisarn B, Rehm J: Global and country
specific adult per capita consumption of alcohol, 2008. Sucht 2011,
57(2):99–117.

40. Lozano R, Murray CJL, Lopez AD, Satoh T: Miscoding and misclassification of
ischaemic heart disease mortality. Global program on evidence for health
policy discussion paper 12. Geneva, Switzerland: World Health Organization;
2001.

41. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J,
Adair T, Aggarwal R, Ahn SY, Alvarado M, Anderson HR, Anderson LM,
Andrews KG, Atkinson C, Baddour LM, Barker-Collo S, Bartels DH, Bell ML,
Benjamin EJ, Bennett D, Bhalla K, Bikbov B, Abdulhak AB, Birbeck G, Blyth F,
Bolliger I, Boufous S, Bucello C, Burch M, et al: Global and regional
mortality from 235 causes of death for 20 age groups in 1990 and 2010:
a systematic analysis for the Global Burden of Disease Study 2010.
Lancet 2012, 380(9859):2095–2128.

doi:10.1186/1471-2288-13-24
Cite this article as: Gmel et al.: The effects of capping the alcohol
consumption distribution and relative risk functions on the estimated
number of deaths attributable to alcohol consumption in the European
Union in 2004. BMC Medical Research Methodology 2013 13:24.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Exposure estimates
	Risk relations
	Relative risk function capping
	Mortality data
	Alcohol exposure modelling methodology
	Modelling alcohol-attributable deaths
	Normalization

	Results
	Discussion
	Conclusion
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

