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Abstract

Objective A comprehensive review of cost drivers asso-
ciated with alcohol abuse, heavy drinking, and alcohol
dependence for high-income countries was conducted.
Method The data from 14 identified cost studies were
tabulated according to the potential direct and indirect cost
drivers. The costs associated with alcohol abuse, alcohol
dependence, and heavy drinking were calculated.

Results The weighted average of the total societal cost
due to alcohol abuse as percent gross domestic product
(GDP)—purchasing power parity (PPP)—was 1.58%. The
cost due to heavy drinking and/or alcohol dependence as
percent GDP (PPP) was estimated to be 0.96%.
Conclusions On average, the alcohol-attributable indirect
cost due to loss of productivity is more than the alcohol-
attributable direct cost. Most of the countries seem to incur
1% or more of their GDP (PPP) as alcohol-attributable
costs, which is a high toll for a single factor and an enor-
mous burden on public health. The majority of alcohol-
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attributable costs incurred as a consequence of heavy
drinking and/or alcohol dependence. Effective prevention
and treatment measures should be implemented to reduce
these costs.

Keywords Alcohol abuse - Heavy drinking -
Societal cost of alcohol - Prevention policy

Introduction

Alcohol is one of the most abused drugs all over the world,
particularly in developed nations. Hazardous and harmful
drinking of alcohol has been a major risk to health. A
number of studies worldwide have established a causal
relation between consumption of alcohol and several dis-
ease conditions leading to increased rates of morbidity and
mortality (Foster and Marriott 2006; Rehm et al. 2003a, b)
It has been estimated that more than 2 million deaths
worldwide were attributable to alcohol consumption in the
year 2002, representing 3.7% of all deaths in that year
(Rehm et al. 2006b). Alcohol is one of the most important
risk factors for global burden of disease (GBD), ranking
fifth just behind tobacco (Ezzati et al. 2004). Moderate
alcohol consumption has been related to cardiovascular
beneficial effects; on the other hand, heavy drinking (HD)
and alcohol dependence (AD) are implicated as a ‘potent’
contributor to the overall global burden of disease. Con-
sequently, this has resulted in detrimental effects on health,
hence significant influence on health expenditure.

In addition, occasionally drinking excess amount of
alcohol can cause acute ill health in the short-term (Foster
and Marriott 2006; Rehm et al. 2003a) resulting in acci-
dents and injuries. Drinking alcohol is also responsible for
a number of crimes, including drunk driving, violence, and
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sexual assaults. Countries, therefore, incur expenditures for
law enforcement, other welfare system services, and
material damages associated with alcohol use and abuse.
Also, there are indirect costs on account of the productivity
losses due alcohol-related mortality, morbidity, and other
impairment.

Many consequences of alcohol drinking necessitate
societal intervention involving expenses that can be
accounted for; therefore, the quantification of social costs
to society has been used to determine social consequences
of alcohol use (Rehm 2001). These social costs presented
as a single monetary amount provides a useful indicator of
alcohol abuse and relevant information for alcohol policy
formulation (Godfrey 1997). To date, several studies have
been conducted to evaluate the cost of alcohol use and
abuse. Cost studies for several countries have been regu-
larly updated to address the change in the pattern of alcohol
abuse and determine the impact of training and prevention
programmes as well as new laws governing alcohol con-
sumption. However, there is variation between methods
used for these cost studies by different authors and for
different countries. Cost drivers in all these studies vary,
sometimes to a large extent. Again, while most of the
studies have identified costs associated with alcohol con-
sumption as a whole, there have been few attempts to make
out what portion of that cost is associated with heavy
drinking and alcohol dependence as defined by the Diag-
nostic and Statistical Manual of Mental Disorders, version
IV (DSM-1IV) or the International Classification of Dis-
eases, version 10 (ICD-10).

In the present paper, representative alcohol cost studies
from a number of high income countries have been selected
and compared for the cost drivers used to determine the
alcohol-attributable cost in order to formulate a general
template for cost drivers and to identify the gaps in the cost
studies in relation to the determination of cost drivers. An
attempt has also been made to find out the impact of
HD/AD on total alcohol-attributable social costs.

Method
Literature search

A literature search on alcohol-attributable social cost
studies was performed in multiple electronic bibliographic
databases from January 1992 to June 2009, including: Ovid
MEDLINE, PubMed, EMBASE, Web of Science, Psych-
INFO, Google Scholar, and the Cochrane Database of
Systematic Reviews using the combination of the key
words: alcohol, cost, dependence, abuse, use, disorder,
heavy drinking, and productivity losses. The search was not
limited geographically or to English language publications.

In addition, we conducted manual reviews of the citations
in the relevant articles.

The contents of identified 110 abstracts were reviewed
independently by three investigators to determine whether
they contained data on cost drivers associated with alcohol
consumption. We selected a few high-income countries
from Europe, Australia, and Asia in addition to G8 coun-
tries for comparison. For many countries of interest, only
one study was available. When there was more than one
study for any country, the most recent study was more
comprehensive than the previous studies in all cases.
Figure 1 presents a flow diagram describing selection of
alcohol cost studies for the analysis.

Data extraction

Information on alcohol-related costs from the identified
studies was independently extracted by three investigators.
In order to calculate inter-rater reliability (IRR), Fleiss’ k
statistics using attribute agreement analytic method was
used. All analyses related to IRR were computed using
Minitab statistical software. There was a very high IRR
(x = 0.81, P <0.0001) among three reviewers (SM, JP,
LP) across all variables coded. Discrepancies, if any, were
reconciled by a fourth investigator (JR) independent of the
first process. Different cost drivers as suggested by the
International Guidelines for Estimating the Costs of Sub-
stance Abuse (Single et al. 2003) were obtained. For all the
countries, both direct (healthcare costs, legal enforcement
costs, and other direct costs; see Table 2) and indirect costs
(due to productivity losses) were taken.

Derivation of costs for comparison

All of the countries used the local currency for estimating
costs. Most of the countries used the currency year of the
costing year, although a few countries used a different
currency year. As France, Italy and Spain adopted the Euro
in 2001, their respective costs estimated in the then local
currency were converted to Euro values using the final
currency conversion value when the Euro was adopted
(Euro Working Group 1999). Subsequently, the estimated
costs in individual studies were converted to 2006 currency
values using currency inflation rates obtained from con-
sumer price indices (US Department of Labor 2007) except
for New Zealand, for which the data from Reserve Bank of
New Zealand (2006) was used. Ultimately, these values
were converted to 2006 US Dollar (United Nations 2007).
GDP (PPP) values of different countries for the year 2006
were obtained from the CIA World Fact Book (CIA 2007).
GDP (PPP) values of England and Wales and Scotland were
derived from the GDP (PPP) value of UK by dividing it in
proportion of their respective population in 2001 (88.5% of
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Fig. 1 Flow diagram
describing selection of alcohol
cost studies
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*Cabinet Office, 2003; Collicelli, 1996; Collins and Lapsley, 2002; Fenoglio et al., 2003; Garcia-Sempere and Portella,
2002; Johansson et al., 2006; Konnopka and Kénig, 2007; Rehm et al., 2006; 1985; Varney and Guest, 2002; US Dep. of

Health and Human Services, 2000

total UK population for England and Wales and 8.6% of
total UK population for Scotland). Finally, the population
weighted averages of all cost components, total cost, and
cost as percent GDP (PPP) were calculated for comparison.

Definition of alcohol abuse, heavy drinking/alcohol
dependence

Our study defined alcohol abuse as any alcohol use that
involves a net social cost additional to the resource costs of
the provision of that substance (Collins and Lapsley 1991).
Heavy drinking was defined as a daily consumption of
>60 g of pure alcohol for men (at least five standard drinks
of pure alcohol) and >40 g of pure alcohol for women (at
least 3—4 standard drinks) (English et al. 1995). Alcohol
dependence was operationalized as the explicit mention of
costs for this ICD-10 category; in addition, all disease
categories with “alcoholic” in its name or which had
alcohol-attributable fractions (AAF) of 100% were counted
as due to HD/AD.

Derivation of costs of heavy drinking and alcohol
dependence

Most cost studies included only information on the costs of
alcohol abuse and did not show any details of costs for HD/

AD. Therefore, we estimated the costs of HD/AD indirectly
for all the countries except for Germany, where disease-
specific details were available.

All alcohol-dependence categories (e.g., alcoholic car-
diomyopathy or alcoholic gastritis) were set to 100% AAFs
by definition. The formula for the proportion (fraction) of a
disease attributable to heavy drinking (AAFyzp) was
derived from the basic formula for AAF (Patra et al. 2009).
Then AAFyp was directly calculated from alcohol expo-
sure prevalence proportions in Canada and the disease- and
sex-specific risks pooled relative risks (RRs) from meta-
analysis (Rehm et al. 2006b). Using above methodology,
we separated the (acute care) hospital days due to HD/AD
from the net alcohol-attributable hospital days by broad
disease categories. The following fractions attributable to
heavy drinking/alcohol dependence were found: malignant
neoplasms 29.9%; diabetes 17.3%; neuropsychiatric con-
ditions 86.8%; cardiovascular diseases 45.8%; digestive
diseases 61.3%; skin diseases 16.1%; maternal condi-
tions 42.8%; other disease conditions viz skin diseases,
toxicity, etc. 50%.

Overall, a fraction of 60.7% attributable to HD/AD from
the net total alcohol-attributable hospital days was derived.
These proportions were calculated in a way that the alco-
hol-related conditions with an attributable fraction of 100%
were included in the broad disease categories. The fractions
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attributable to HD/AD for different kinds of injuries
(43.7%) were directly taken from Patra et al. (2009). Since
all non-Canadian studies, with the exception of Germany,
did not provide disease-specific costs, we applied the
overall proportion (60.7%) of Canada to their individual
cost parameters to derive total costs due to HD/AD. In the
study from Germany, costs were given by broad disease
categories, and it was possible to calculate its overall
proportion (58.5%) of HD/AD using Canadian disease-
specific proportions.

Results
Overall costs of alcohol use and abuse

Table 1 presents the social cost estimates for different
countries. USA seems to have incurred the highest direct
healthcare cost. Healthcare cost as percent total alcohol-
attributable cost ranged from 2.8% (New Zealand) to 29%
(Germany). As percent GDP (PPP), Germany incurred the
highest (0.36) and Australia had the lowest (0.03) value.
There were a few differences, however, among countries
on the description of healthcare costs. The study from the
USA estimated all healthcare costs as medical conse-
quences. It was, therefore, not possible to segregate the cost
to hospitalization, non-hospitalization, and prescription
drug categories. In addition to the USA study, studies from
Germany, Italy, Japan, and Spain also did not estimate any
cost for prescription drugs/medication. In relation to the
population-weighted average, Canada, Denmark, Germany,
and Japan incurred more costs for alcohol-attributable
healthcare than the average as percent GDP (PPP).

UK (England and Wales) led all the countries in the cost
toward law enforcement as percent total alcohol-attribut-
able cost. As percent GDP (PPP), UK (England and Wales)
also incurred the highest cost (0.71) toward law-enforce-
ment, and France incurred a negligible cost (0.01). The
study from Germany did not report any cost toward law
enforcement. Not all the countries have recorded entire law
enforcement costs for police, courts, incarceration, etc.
resulting in a broad range of these costs between different
countries.

Australia, France, and Italy incurred more than a quarter
of their total alcohol-attributable costs in terms of other
direct social cost that included research, prevention and
training, administrative costs, and material damages, etc.
Cost of material damage due to fire and accidents was the
major other direct social costs in the case of Australia,
Canada, Italy, Spain, USA, and Switzerland (see Table 2).
While insurance expenditure due to road accidents was the
most predominant in the case of France and New Zealand,
cost of social work services was the major cost component

for Denmark, Japan, Scotland, and Sweden. In the cost
study for Germany, other direct social costs have been
shown as non-medical costs. In the case of the UK (Eng-
land and Wales), no other direct social cost was reported
besides healthcare costs and law-enforcement costs.

Indirect costs are segregated into two components:
productivity loss due to premature mortality and produc-
tivity loss due to morbidity and other productivity losses
(due to absenteeism, reduced activity, early retirement, and
temporary inability). While cost due to morbidity has been
higher than the cost due to mortality in the case of Aus-
tralia, Canada, Denmark, Italy, Japan, New Zealand,
Sweden, UK (England and Wales), and the USA, it has
been otherwise with the rest, namely, France, Germany,
Scotland, and Switzerland. The study from Spain has not
included any productivity loss due to mortality, although
loss due to morbidity has been estimated. In relation to the
population weighted average, only the USA seems to have
more than average costs for alcohol-attributable produc-
tivity losses.

The total cost of alcohol abuse for each country was
estimated as percentage of 2006 GDP (PPP) of the
respective countries. While Australia, Italy, Spain, Sweden,
and Switzerland are found to spend less than 1% of their
respective GDP (PPP), all other countries are found to
spend more than 1% of their respective GDP (PPP).

Cost of heavy drinking and alcohol dependence

Table 3 gives an overview of the social costs attributable to
heavy drinking/alcohol based on the same studies as the
social costs of alcohol abuse above. Again, not only the
absolute costs were estimated but also their proportion of
the 2006 GDP (PPP) of the respective countries. For the
three countries, namely, New Zealand, UK (England and
Wales), and USA, HD/AD cost as percent GDP (PPP) was
more than the weighted average of 0.96%.

Discussion

There are some limitations related to several methodolog-
ical issues of this comparative study. The main problem
with the social cost of substance abuse studies is the use of
eclectic and differing methodologies by studies resulting in
varying cost estimates. Despite these differences, the
overall costs in different studies are surprisingly similar in
terms of their proportion of GDP (PPP), which is also a
reflection that these countries are fairly similar in terms of
wealth and per capita alcohol consumption (Rehm et al.
2004). Another limitation specifically for the estimates of
costs attributable for heavy drinking or alcohol dependence
was the transfer of Canadian data to other countries. On the
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Table 2 Types of other direct
social costs attributable to
alcohol

Australia
Canada

Denmark

France

Germany

Italy

Japan
New Zealand

Spain

Sweden

Switzerland

UK (England and Wales)
UK (Scotland)

. . USA
NA not available (not included

in cost estimation)

Total material damage due to fire and accident, resources used in
abusive consumption

Total material damage due to fire and accident, research, prevention,
and training, direct administrative and workplace costs

Social work services

Road accident expenditure (insurance companies), loss of tax,
research, prevention, and training

Non-medical costs

Total material damage due to fire and accident, direct administrative
costs

Social work services, road accident expenditure

Road accident expenditure (insurance compensation and ministry of
transportation expenditure)

Total material damage due to fire and accident, research, prevention,
and training

Social work services, research, prevention, and training
Material damage due to accident

NA

Social work services

Total material damage due to fire and accident, research, prevention,
and training, direct administrative costs

other hand, all the countries examined are similar in that
they are established market economies with a high level of
consumption compared to the global average.

The indirect costs amount to nearly 50% or more of the
total costs for all countries except Australia and Denmark.
On average, indirect cost due to alcohol abuse is more than
the direct cost due to alcohol abuse (Fig. 2). However, it
may be noted that the data on income, employment, and
alcohol consumption are used to measure productivity
losses, as direct measures of productivity are not available
(Sindelar 1998) leading to variation of the cost due to
productivity losses in different studies.

Although law enforcement costs and other direct social
costs are substantial, healthcare costs seem to be the most
predominant category in terms of direct alcohol-attribut-
able costs. It is, however, possible that the actual healthcare
costs might even have been higher than estimated as some
studies have left out a few cost determinants, such as
prescription drugs, cost of laboratory tests or rehabilitation,
etc. Most of the countries seem to incur 1% or more of their
GDP (PPP) as alcohol-attributable cost. Population-
weighted average for alcohol-attributable cost as percent-
age of GDP (PPP) is calculated to be 1.58%. The variation
in cost could be attributed to difference in the economic
approach and the number of variables used for cost esti-
mation. Quite possible, some cost determinants have been
left out. Nevertheless, this value (1.58%), to a great extent,
corroborates with the values obtained by Anderson and
Baumberg (2006) who determined an average of 1.3% of
GDP as alcohol-related cost for European countries. This is

obviously worrisome for a single cost factor, such as,
alcohol abuse.

The economic cost of alcohol abuse is substantial in
major market economies. HD and AD make up a consid-
erable portion of these costs. The various health problems
associated with HD/AD are not only detrimental to the
victim himself but there is also the pain and suffering of the
all individuals, besides the victim affected. In addition to
morbidity and mortality, alcohol is also associated with
increase in accidents and accident severity, unemployment,
homelessness, criminality, domestic violence, and child
abuse, etc. The strong influence of alcohol consumption on
society and the resulting cost burden necessitates sincere
and concerted efforts to reduce excessive alcohol con-
sumption. Countries should formulate policies to prevent
and reduce problems of disorder and violence at societal
level including measures designed to improve the man-
agement of drinking environments, and to change patterns
of drinking so that the number of episodes of heavy
drinking and intoxication can be reduced.

Alcohol cost studies are useful in identifying what
aspects of alcohol abuse involve the greatest economic
costs, what specific problems occur due to alcohol abuse
and dependence in particular geographic regions. This
information can help appropriately target interventions.
Despite being helpful in estimating economic burden of
alcohol drinking and guiding formulation of public health
policies in different countries, discrepancies remain
regarding methodologies, range of cost drivers selected for
the study, and assumptions made therein. While some
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Law enforcement costs
Healthcare costs 4%

15%

Other direct costs
10%

Indirect (productivity
loss) costs
71%

Fig. 2 Percentage of alcohol-attributable cost components in 14
high-income countries

alcohol cost studies are prevalence-based, some others are
incidence-based. There are different approaches, such as,
human capital approach, the friction cost approach, and
hybrid approach for determining productivity loss. Future
cost studies should harmonize methods through guidelines
or by using a standard reference case analysis. Whenever
possible, a societal perspective should be adopted in order
to include all relevant costs. However, the selected model
needs to consider a country-specific socio-economic envi-
ronment. As labor markets are not at full employment in
most cases, hybrid approach should be appropriate.

There is lack of uniformity in the range of cost drivers
too. A majority of the studies do not include all direct and
indirect cost drivers for estimation of the cost of alcohol-
ism. While some do not consider the legal costs or other
direct social costs, some studies do not include all indirect
costs due to absenteeism, reduced activity due to short- and
long-term disability or premature mortality.

All alcohol economic evaluations that adopt a societal
perspective should include all relevant direct (medical
costs, legal costs and other direct social costs such as
research, training, and prevention programs) and indirect
costs (due to absenteeism, reduced activity due to short-
and long-term disability or premature mortality). Exclu-
sions should be explicitly justified. Prospective authors
may follow the International guidelines for estimating the
costs of substance abuse (Single et al. 2003). Rehm et al.
(20064, 2007) and Gnam et al. (2006) provide suggested
templates for cost calculation.

There are limited attempts to disaggregate the alcohol-
attributable costs according to different drinking patterns,
including separating out the cost of alcohol dependence.
There are also a few studies examining what portion of this
economic cost is avoidable (Rehm et al. 2007) or what
changes have occurred due to policy interventions

(Chisholm et al. 2006). It is desirable that future studies
address these aspects.

Finally, a huge portion of the costs of alcohol are
avoidable (Rehm et al. 2007). There are effective and even
cost-effective interventions as well as treatment available
to reduce these costs (Babor et al. 2003; Room et al. 2005).
Given this situation, we see no justification in continuing
the status quo.
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Appendix 1

Computing proportion of disease attributable
to heavy drinking/alcohol dependence as part
of all alcohol-attributable disease

The formula for the proportion (fraction) of a disease
attributable to heavy drinking (AAFyp) was derived from
the basic formula for AAF. Then AAFyp was directly
calculated from alcohol exposure prevalence proportions in
Canada and the disease- and sex-specific risks pooled rel-
ative risks (RRs) from meta-analyses (see Rehm et al.
2006) from the below formula. All alcohol-dependence
categories (e.g., alcoholic cardiomyopathy or alcoholic
gastritis) were set to 100% AAFs by definition.

AAFiip = [Py (RRup — 1)]/[ D1 Pi(RR; = 1) + 1]

where i exposure category with baseline exposure or no
alcohol i = 0; P; prevalence of the ith category of expo-
sure; RR; relative risk at exposure level i compared to no
consumption.

Using above methodology, we separated the (acute care)
hospital days due to HD/AD from the net alcohol-attrib-
utable hospital days by broad disease categories. The
following fractions attributable to heavy drinking/alcohol
dependence were found:

malignant neoplasms: 29.9%;

diabetes: 17.3%;

neuropsychiatric conditions: 86.8%;
cardiovascular diseases: 45.8%;

digestive diseases: 61.3%;

skin diseases: 16.1%;

maternal conditions: 42.8%;

other disease conditions—toxicity etc.: 50%.

Opverall, a fraction of 60.7% attributable to HD/AD from
the net total alcohol-attributable hospital days could be
derived. As indicated above, these proportions were cal-
culated in a way that the alcohol-related conditions with an
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attributable fraction of 100% were included in the broad
disease categories. The fractions attributable to HD/AD for
different kinds of injuries (43.7%) were directly taken from
Patra et al. (2009). Since all non-Canadian studies, with the
exception of Germany, did not provide disease-specific
costs, we applied the overall proportion (60.7%) of Canada
to their individual cost parameters to derive total costs due
to HD/AD. In Germany, costs were given by broad disease
categories, and it was possible to calculate its overall
proportion (58.5%) of HD/AD using Canadian disease
specific proportions.
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