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Abstract

Background Alcohol-attributable costs to society are captured by cost-of-illness studies, however estimates are often not
comparable, e.g. due to the omission of relevant cost components. In this contribution we (1) summarize the societal costs
attributable to alcohol use, and (2) estimate the total costs under the assumption that all cost components are considered.
Methods A systematic review and meta-analyses were conducted for studies reporting costs from alcohol consumption for
the years 2000 and later, using the EMBASE and MEDLINE databases. Cost estimates were converted into 2019 interna-
tional dollars (Int$) per adult and into percentage of gross domestic product (GDP). For each study, weights were calculated
to correct for the exclusion of cost indicators.

Results Of 1708 studies identified, 29 were included, and the mean costs of alcohol use amounted to 817.6 Int$ per adult
(95% confidence interval [CI] 601.8-1033.4), equivalent to 1.5% of the GDP (95% CI 1.2-1.7%). Adjusting for omission
of cost components, the economic costs of alcohol consumption were estimated to amount to 1306 Int$ per adult (95% CI
873-1738), or 2.6% (95% CI 2.0-3.1%) of the GDP. About one-third of costs (38.8%) were incurred through direct costs,
while the majority of costs were due to losses in productivity (61.2%).

Discussion The identified cost studies were mainly conducted in high-income settings, with high heterogeneity in the
employed methodology. Accounting for some methodological variations, our findings demonstrate that alcohol use continues
to incur a high level of cost to many societies.

Registration PROSPERO #CRD42020139594.

_ R
Alcohol use has been identified as a major risk factor for

Alcohol incurs substantial costs to societies, including in burden of disease [1-3], leading to the introduction of
middle-income countries. reduction goals in major UN and other international frame-
works, such as the Sustainable Development Goals [4, 5].
However, alcohol consumption differs from many other
risk factors, as attributable health burden is not restricted

A methodology is proposed to estimate total costs while
accounting for omitted cost components.

If all. cost components were to be.considered, the eco- to the drinker alone but also extends to others, including
nomie costs O.f alcohol consumption would amount to those who have abstained from alcohol during their life-
1306 international dollars (Int$) per adult (95% confi- time (e.g. via drunk driving or maternal alcohol consump-

dence interval 873-1738), 1872 Int$ per drinker (95% CI tion [6]). Furthermore, harm attributable to alcohol is not
1279-2466), or equivalent to 2.6% (95% CI 2.0-3.1%) of  regiricted to health but comprises many other aspects of
the gross domestic product. life and sustainable development, such as criminal behav-
iour [7] and loss of economic productivity (e.g. Rehm
et al. and Thavorncharoensap et al. [8, 9]). A recent WHO
report describes how alcohol consumption undermines
B4 Jakob Manthey commitments to achieve 13 of the 17 UN Sustainable
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health-related indicators but also on economic and social
development, the environment, and equality [10].

Given the adverse consequences of alcohol consump-
tion, numerous studies have tried to summarize different
impacts of alcohol on harm to society, and economic cost
studies have proven to be an important way to achieve this
goal [11]. Summaries of such studies were published more
than a decade ago [8, 9] (for a systematic review restricted
to the European Union, see Barrio et al. [12]), while sev-
eral dozen additional studies have been published since
[13]. Thus, an update of these reviews and their conclu-
sions seems warranted.

A recent systematic literature search has found that eco-
nomic cost studies differ widely in the cost components
included [13], both with respect to direct and indirect costs
and to subcategories (see Single et al. [11] for definitions).
In fact, differences in the methodology of cost studies were
identified as a major hindrance to comparing estimates
over time and between locations [14]. Thus, in addition
to summarizing cost studies, we aimed to present an esti-
mation for all economic costs under the assumption that
all relevant components are included. To our knowledge,
this is the first such attempt to account for methodological
differences in estimating the economic costs of alcohol
or other substances. Thus, the aims of the current review
were twofold:

1. To summarize the economic costs for societies attribut-
able to alcohol consumption, differentiating for available
subcategories.

2. To estimate the costs for a hypothetical scenario in
which all relevant components are included.

2 Methods
2.1 Search Strategy and Selection Criteria

We aimed to include all studies estimating the societal costs
attributable to alcohol consumption for the year 2000 or
later, excluding all studies that limited the estimates to sub-
groups of drinkers, such as those with alcohol dependence.
Following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [15],
electronic searches were performed on the MEDLINE and
EMBASE databases, and additional studies were identi-
fied through a reference scan and expert suggestions. The
systematic literature search was conducted in March 2019,
updated in July 2020, and resulted in a total of 1708 stud-
ies. The following terms were used in the systematic search:
‘costs and cost analysis’, ‘cost-benefit analysis’, ‘cost of ill-
ness’, ‘health care costs’, ‘health expenditures’, ‘alcohol
drinking’, ‘alcoholic intoxication’, ‘alcoholism’, ‘binge
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drinking’, ‘alcoholic beverages’, and ‘heavy drinking’. In
addition to these terms, terms including dependence, dis-
order, and consumption were searched for within the three
words adjacent on either side of the word ‘alcohol’, while
variations of illness, sickness, disease, social, societal, or
analysis were searched for within the three words adjacent
on either side of the word ‘cost’. Additionally, studies were
identified through reference scans and expert suggestions.
The search strategy and review procedures were registered
with PROSPERO [16] (registration # CRD42020139594).
For details on study bias assessment, see electronic supple-
mentary material (ESM) 1 and 2.

2.2 Data Extraction and Additional Data Sources

For each study, data were first extracted by one person and
then independently checked by another person for accuracy.
JM was responsible for resolving discrepancies. For each
study, the estimated costs were extracted into a classification
scheme determined in a previous study [13]. The scheme
was characterized by four levels of cost components: (1)
total costs; (2) categories within level 1 (total costs), i.e.
direct, indirect, intangible, and saved costs; (3) categories
within each level 2 category (e.g. health care costs as part of
direct costs); and (4) categories within each level 3 subcat-
egory (e.g. hospitalization costs as part of health care costs).

We gathered further information on gross domestic prod-
uct (GDP) and on the prevalence of past-year drinkers from
the studies or from external sources if not reported. Other
required covariates were adult population size (15 years or
older) for the respective jurisdiction, alcohol per capita con-
sumption—an indicator for population alcohol exposure, and
regional grouping of countries/locations (henceforth, loca-
tions). For definitions and sources, see ESM 1.

2.3 Calculation of Costs Attributable to Alcohol Use

We calculated two indicators to compare the economic costs
attributable to alcohol use across different countries and
years. First, we (1) inflated local currency cost estimates to
2019 values based on World Bank Consumer Price Index
data [17]; (2) converted these figures into 2019 international
dollars (Int$) using World Bank conversion factors [17]; and
(3) divided the result by the adult population size (aged 15
years or older) for the year for which costs were estimated.
In other words, this measure described the tangible costs
attributable to alcohol in 2019 Int$ per adult. Second, we
calculated a cost equivalent as a percentage of the GDP by
dividing the estimated costs by the location-specific GDP of
the same year for which costs were estimated.

To summarize cost estimates, we considered perform-
ing a random-effects meta-analysis. However, only eight
studies reported measures of uncertainty around selected
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point estimates and no single study reported measures of
uncertainty for all estimates. As the measures of uncertainty
constitute one of the two sources of variation required for
random-effects meta-analyses, we relied only on the other
source of variation, i.e. the difference in the methodology
in estimating costs. To achieve this, we calculated weights
for each study describing the proportion of all possible costs
included, ranging from O to 1. These weights represented
not only an indicator of study quality but further served to
estimate the tangible costs under the assumption that all rel-
evant cost indicators were included in the estimates. The
calculation of weights started at the lowest level of costs
(for a definition of cost levels, see above). First, the relative
contribution of each cost category was determined by the
share of costs determined by each category, averaged over all
studies. For example, we calculated how much direct costs
are driven by hospitalization costs in all studies. This was
repeated for all categories of the same level, e.g. outpatient
or medication costs. Second, we summarized how many of
the possible cost categories at this level were considered in
each study, weighted by the relative contribution of each
category (calculated in the first step). This resulted in the
study-specific weight for level 3 (in this example, health care
costs). By repeating this procedure, we accounted for the
inclusion of all relevant cost categories at each level for each
study. For more details on weight calculation, see ESM 1.

For the two cost indicators (Int$ per adult; % GDP) and
separately for the total costs, and the direct and indirect
costs, weighted means were calculated to estimate average
costs across all studies. The variation around point esti-
mates is given by 95% confidence intervals (CIs) based on
the standard error. Cluster effects were assessed through
intraclass correlation coefficients (ICC) of random inter-
cept regression models using the R packages /mer [18] and
performance [19].

2.4 Additional Analyses

In additional analyses, we (a) examined the correlation of
the two cost indicators; (b) estimated costs for a scenario in
which all relevant cost drivers are considered; and (c) tested
the association of costs with alcohol consumption variables
using a number of regressions with switching dependent and
independent variables.

For (a), we used the two cost indicators (Int$ per adult
and % GDP) from all studies reporting both direct and indi-
rect costs and calculated the unweighted Pearson correlation.
We repeated the correlation analyses applying study weights
in order to account for possible distortions in the correlation
introduced by variations in including cost components.

For (b), we divided the costs by the respective study
weights, separated for the two cost indicators, thus correcting

for omissions of relevant cost components. Subsequently,
unweighted means were calculated across all studies.

For (c), we performed linear regressions using the two
cost indicators as dependent variables and either alcohol per
capita (i.e. annual litres of pure alcohol intake divided by
the adult population size) or alcohol per drinker (i.e. annual
litres of pure alcohol intake divided by the adult popula-
tion size who reported alcohol consumption in the past 12
months) as the independent variable, weighted with the
study weight (see above and ESM 1 for details). In total, 12
models were performed for (1) two different cost indicators
as dependent variables; (2) two different alcohol indicators
as independent variables; and (3) for total direct and indirect
costs.

All data were processed in R version 4.0.3 [20] and
Microsoft Excel (Microsoft Corporation, Redmond, WA,
USA). The complete data and R code are appended to this
paper (ESM 3).

3 Results
3.1 Descriptive Data

After excluding duplicates, a total of 1688 references
were screened (see the flow chart [supplementary Fig. 1]
in ESM 1), finally resulting in 29 included studies report-
ing alcohol-attributable tangible costs in the analyses. In 9
studies, intangible costs were estimated, however with quite
different and partially incomparable methods (e.g. report-
ing number of quality-adjusted life-years [QALYs] lost [21]
or disability-adjusted life-years [DALYs] [22] or assigning
monetary values to lost lives [23]). Similarly, saved costs
were rarely estimated (n = 7 studies), again with largely dif-
ferent definitions and approaches (e.g. as tax revenue [24]
or avoided costs due to the protective effect of low levels
of alcohol use on certain diseases [25]). Given the hetero-
geneity of studies estimating intangible and saved costs,
we restricted the analyses to tangible costs, i.e. direct and
indirect costs only. The cost indicators for direct and indi-
rect costs are listed and defined in Table 1. A risk-of-bias
assessment, conducted by two independent reviewers (with
moderate agreement), suggested overall acceptable quality
of the studies (5.9 out of 9 possible points; for more details,
see ESM 1 and 2).

The majority of studies provided cost estimates for Euro-
pean countries (n = 16) or the high-income North America
region (n = 7), with other regions being underrepresented
(n = 1 Australasia, n = 1 high-income Asia Pacific, n = 1
Southern Sub-Saharan Africa, and n = 3 South-East Asia) or
not presented at all. Almost all studies reported both direct
and indirect cost estimates, with two studies providing only
direct cost estimates [26, 27] and one study providing only
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indirect cost estimates [28]. The majority of studies reported
cost estimates for entire countries, while one study referred
to 28 European countries [28], and 10 studies provided
subnational estimates [29-38]. Only one study estimated
costs using a bottom-up approach, i.e. using survey data of
a sample of drinkers rather than routine statistics [34]. For
an overview of all studies, see Table 2.

3.2 Total Alcohol-Attributable Costs

Across 26 studies providing estimates of both direct and
indirect costs (see Fig. 1 for estimates from all 29 studies),
the mean total costs amounted to 817.6 Int$ per adult (95%
CI 601.8-1033.4) or 1151.6 Int$ per adult drinker (95%
CI 857.0-1446.2). We observed a considerable degree of
clustering, with estimates from one location being more
similar to each other than to other locations (ICC = 0.914).
For example, costs for Germany, despite being estimated
5 years apart, hardly differed (609.6 Int$ and 608.5 Int$).
However, we did not observe a similar cluster effect at the
regional level (ICC = 0.096), despite descriptively higher
costs reported, e.g. for Western European countries (922.8
Int$) compared with Southeast Asian countries (206.4
Int$; regional differences not significant in weighted lin-
ear regression).

Costs were further compared with the GDP of the
same year and location. Averaged across the 26 studies
that provided estimates on both direct and indirect costs,

the alcohol-attributable costs equalled about 1.5% of the
GDP (95% CI 1.2-1.7%) [see also supplementary Fig. 2
in ESM 1]. As for costs per adult, the costs expressed
as a percentage of the GDP exhibited a high degree of
clustering for locations (ICC = 0.911) but not for regions
(ICC =0.115).

3.3 Share of Direct and Indirect Costs

Across 26 studies that provided estimates for both direct
and indirect costs, 38.8% (95% CI 31.3-46.3%) of the total
costs, i.e. 317.2 Int$ per adult, incurred through direct cost
components such as health care, crime, and traffic accidents.
The remaining 61.2% (95% CI 55.0-71.4%) of costs (500.4
Int$ per adult) were driven by indirect costs, such as loss of
productivity due to workplace absence or premature mortal-
ity (see also Fig. 2).

Health care costs made up nearly half of all direct costs
(46.2% of all direct costs; 95% CI 37.4-55.0%) and were
considered in all of the 28 studies that reported direct costs.
Costs related to the criminal justice system were also often
considered (n = 21 studies; 28.9%, 95% CI 23.5-34.3%),
while traffic accident-related costs (n = 13 studies; 13.5%,
95% CI 8.0-19.0%) and other costs (n = 13; 11.4%, 95% CI
6.1-16.7%) were less frequently estimated (see also Fig. 3).

Estimation of indirect costs also varied greatly across
studies (see Fig. 4). In all studies explicitly reporting the
approach for estimating indirect costs, most followed the

Table 1 Cost components of the direct and indirect costs of alcohol consumption

Direct costs = costs that reflect a utilization of Health care

resources

Criminal justice system

Traffic
Other

Indirect costs = costs that reflect productivity losses Health care

Unemployment
Absenteeism

Presenteeism

Health care costs caused by alcohol-attributable health
conditions (e.g. costs of hospitalization)

Costs caused by alcohol-attributable crimes (e.g. incar-
ceration costs, police)

Costs caused by driving under the influence of alcohol
(e.g. car damage)

Other alcohol-related direct costs (e.g. costs of social
workers)

Productivity losses caused by alcohol-attributable hospi-
talization

Productivity losses caused by alcohol-attributable unem-
ployment

Productivity losses caused by alcohol-attributable
absence from work

Alcohol-attributable productivity losses while working

Household and leisure time Alcohol-attributable productivity losses during household

Premature mortality

Early retirement

Other

and leisure activities (mostly estimated for the non-
employed population)

Alcohol-attributable productivity losses at work due to
death before age of retirement

Alcohol-attributable productivity losses at work due to an
inability to work

Other alcohol-attributable indirect costs (e.g. productivity
loss due to incarceration)
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Table 2 Summary of studies including reported cost estimates, and the study weight

Region/authors Location Year Costs per adultin % of GDP % Direct % Indirect Study
2019 Int$ weight
%)

Australasia

Collins and Lapsley ~Australia 2004/2005 797.5 1.7 48.9 51.1 75.8
[57]

High-Income Asia Pacific

Chung et al. [58] South Korea 2002 530.5 1.5 8.4 91.6 64.1

Southeast Asia 206.4 (0-787.1) 1.4 (0-5.0%)

Ranaweera et al. Sri Lanka 2015 178.0 1.1 43.8 56.2 36.2
(591

Thavorncharoensap Thailand 2006 297.1 2.0 4.2 95.8 55.7
et al. [60]

Paileeklee et al. [34] Thailand (Khon 2007 61.3 0.6 20.4 79.6 27.7

Khaen)

Southern Sub-Saharan Africa 2.5

Matzopoulos et al. ~ South Africa 2009 443.2 2.5 59.9 40.1 50.5
[23]

High-Income North America 967.9 (519.7— 1.5(0.8-2.2)

1416.1)

CSUCH Scientific ~ Canada 2017 469.9 0.8 59.5 40.5 67.8
Working Group
[47]

Rehm et al. [40] Canada 2002 652.7 1.2 51.0 49.0 78.5

Trangenstein and USA (Baltimore) 2013 1277.0 1.7 18.5 81.5 73.1
Jernigan [36]

Miller et al. [33] USA (California) 2010 1462.7 1.9 35.6 64.4 27.7

Bohs and Sayed USA (Florida) 2008 1675.7 2.8 39.2 60.8 66.2
[31]

Barkey [29] USA (Montana) 2005 852.9 1.7 314 68.6 58.0

Wickizer [38] USA (Washington 2005 666.9 0.9 18.8 81.2 59.8

State)

Eastern Europe 621.5(9.8-1233.2) 2.1(0.7-3.4%)

Saar [61] Estonia 2006 645.4 2.0 18.7 81.3 554

Potapchik and Russian Federation 2008 598.6 2.1 32.6 67.4 57.9
Popovich [39]

Western Europe 922.8 (477.1- 1.3 (0.9-1.7%)

1368.5)

Lievens et al. [22]  Belgium 2012 327.1 0.5 62.4 37.6 53.7

Verhaeghe et al. Belgium 2012 245.0 0.4 58.5 41.5 40.4
[62]

Kopp and Ogrodnik France 2010 24412 2.1 9.6 90.4 67.6
[24]

Adams and Effertz  Germany 2007 608.5 1.1 37.6 62.4 59.2
[63]

Konnopka and Germany 2002 609.6 1.2 34.6 65.4 46.6
Konig [25]

Cortez-Pinto et al. ~ Portugal 2010 415.2 1.3 100.0 NA 9.9
[27]

Scandurra [64] Spain 2007 133.0 0.3 12.8 87.2 322

Jarl et al. [21] Sweden 2002 562.0 1.1 374 62.6 65.9

Scarboroughetal. UK 2007 163.6 0.2 100.0 NA 16.2
[26]

FGS McClure Wat- UK (Northern 2009 1097.7 1.9 70.3 29.7 75.8
ters [32] Ireland)
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Table 2 (continued)

Region/authors Location Year Costs per adultin % of GDP % Direct % Indirect Study
2019 Int$ weight
(%)*

Beale et al. [30] UK (Scotland) 2007 1248.6 1.6 58.6 414 77.1

Scottish Govern- UK (Scotland) 2006/2007 1064.3 1.5 54.2 45.8 75.8
ment [35]

Varney and Guest UK (Scotland) 2001/2002 768.2 1.2 42.0 58.0 65.1
[37]

EU28

Lyszczarz [28] EU 28 2016 123.0 0.2 NA 100.0 20.3

Average 817.6 (601.8— 1.5 (1.2-1.7%) 38.8 (31.3-46.3%) 61.2(55.0-71.4%) 58.2

1033.4)

Int$ international dollar, GDP gross domestic produce, NA not applicable as costs were not estimated, CSUCH Canadian Substance Use Costs
and Harms, EU28 all countries of the European Union and the UK

4Study weight described the percentage of cost components included in the estimates, weighted for the relative contribution to total costs.
1 study weight could be interpreted as the degree of underreporting

Australia (Collins & Lapsley)

South Korea (Chung et al.)

Sri Lanka (Ranaweera et al.)

Thailand (Thavorncharoensap et al.)
Thailand (Khon Khaen) (Paileeklee et al.)
South Africa (Matzopoulos et al.)

Canada (CSUCH Scientific Working Group)
Canada (Rehm et al.)

USA (Baltimore) (Trangenstein & Jernigan)
USA (California) (Miller et al.)

USA (Florida) (Bohs & Sayed)

USA (Montana) (Barkey)

USA (Washington State) (Wickizer)

Estonia (Saar)

Russian Federation (Potapchik & Popovich)
Belgium (Lievens et al.)

Belgium (Verhaeghe et al.)

France (Kopp & Ogrodnik)

Germany (Adams & Effertz)

Germany (Konnopka & Kénig)

Portugal (Cortez—-Pinto et al.)

Spain (Scandurra et al.)

Sweden (Jarl et al.)

UK (Scarborough et al.)

UK (Northern Ireland) (FGS McClure Watters)
UK (Scotland) (Beale et al.)

UK (Scotland) (Scottish Government)

UK (Scotland) (Varney & Guest)

EU 28 (Lyszczarz)

500 1,000 1,500 2,000 2,500
Costs in 2019 International $ per adult

o

. Australasia . Southern Sub—Saharan Africa Western Europe
Region . High-income Asia Pacific . High-income North America EU28
. Southeast Asia . Eastern Europe

Fig. 1 Total costs presented in 2019 international dollars per adult (size of the data point represents study weight, with a larger size indicating
inclusion of more relevant cost components). EU 28 all countries of the European Union and the UK)
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human capital approach, and in only four studies were other
approaches (mostly friction cost) pursued in sensitivity
analyses [23, 31, 39, 40] (for more details on the estimation
methods of each study, see Costs_data_extraction.xIsx in
ESM 3). Of 27 studies that provided indirect cost estimates,
productivity losses due to premature mortality were most
commonly estimated (n = 23 studies; 32.3% of all indirect
costs; 95% CI26.7-37.9%). In one study [28], the productiv-
ity losses due to premature mortality were calculated for 28
European countries, with estimates ranging from 22.4 Int$
(Malta) to 235.8 Int$ (Lithuania) per adult. Only three other
indirect cost components were estimated by at least one-third
of the studies: absenteeism (n = 17 studies; 8.0%, 95% CI

3.7-12.3%), presenteeism (n = 9 studies; 14.8%, 95% CI
7.3-22.3%), and other indirect costs (n = 10 studies; 12.1%,
95% CI 1.6-22.6%).

3.4 Correlation of the Two Cost Indicators

Among the 26 studies that reported both direct and indirect
costs, the two cost indicators, expressed as the percentage
of the GDP and as 2019 Int$ per adult, do correlate to a
medium but not high extent (unweighted Pearson correla-
tion = 0.595; weighted Pearson correlation = 0.568; see also
supplementary Fig. 3 in ESM 1).

Australia (Collins & Lapsley)
South Korea (Chung et al.) A

Sri Lanka (Ranaweera et al.) 4
Thailand (Khon Khaen) (Paileeklee et al.) A

Thailand (Thavorncharoensap et al.) -

South Africa (Matzopoulos et al.) 4

Canada (CSUCH Scientific Working Group) A
Canada (Rehm et al.) A

USA (Baltimore) (Trangenstein & Jernigan) 4
USA (California) (Miller et al.) 1

USA (Florida) (Bohs & Sayed) -

USA (Montana) (Barkey) 4

USA (Washington State) (Wickizer)

Estonia (Saar) -

Russian Federation (Potapchik & Popovich)
Belgium (Lievens et al.) A

Belgium (Verhaeghe et al.) A

France (Kopp & Ogrodnik) 4

Germany (Adams & Effertz) 4

Germany (Konnopka & Konig)

Spain (Scandurra et al.) A

Sweden (Jarl et al.) 4

UK (Northern Ireland) (FGS McClure Watters)
UK (Scotland) (Beale et al.)

UK (Scotland) (Scottish Government) -

UK (Scotland) (Varney & Guest)

o
X

25% 50% 75%
Share of total costs

100%

Cost source . direct indirect

Fig. 2 Distribution of total costs per study for all studies that provided direct and indirect cost estimates (the vertical dashed line indicates the

mean share of direct costs across all studies: 38.8%)
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Australia (Collins & Lapsley) A

South Korea (Chung et al.) A

Sri Lanka (Ranaweera et al.) 4

Thailand (Khon Khaen) (Paileeklee et al.) -
Thailand (Thavorncharoensap et al.) 1

South Africa (Matzopoulos et al.) 4

Canada (CSUCH Scientific Working Group)
Canada (Rehm et al.) A

USA (Baltimore) (Trangenstein & Jernigan) -
USA (California) (Miller et al.) 4

USA (Florida) (Bohs & Sayed)

USA (Montana) (Barkey) 1

USA (Washington State) (Wickizer)

Estonia (Saar) A

Russian Federation (Potapchik & Popovich)
Belgium (Lievens et al.) A

Belgium (Verhaeghe et al.) A

France (Kopp & Ogrodnik) 4

Germany (Adams & Effertz)

Germany (Konnopka & Kénig) -

Portugal (Cortez—Pinto et al.) A

Spain (Scandurra et al.)

Sweden (Jarl et al.) 1

UK (Northern Ireland) (FGS McClure Watters) -
UK (Scarborough et al.) 4

UK (Scotland) (Beale et al.)

UK (Scotland) (Scottish Government)

UK (Scotland) (Varney & Guest)

0%

Direct cost source

-
o
S+
=N

50% 75%
Share of direct costs

health . crime . traffic . other

N
Q-
S~

Fig. 3 Distribution of direct costs for all studies that provided direct cost estimates

3.5 Estimating Costs in the Scenario of All Relevant
Cost Drivers Being Considered

In further analyses, we estimated the total alcohol-attrib-
utable tangible costs under the assumption that each study
included all relevant cost components. If all cost compo-
nents were to be considered, the tangible costs of alco-
hol consumption would amount to 1305.8 Int$ per adult
(95% CI1 873.3-1738.4), 1872.1 Int$ per drinker (95% CI
1278.8-2465.5), or equivalent to 2.6% (95% CI 2.0-3.1) of
the GDP. On average, only 58.2% of the alcohol-attributa-
ble tangible costs were considered in the identified studies.
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3.6 Association of Costs with Alcohol Consumption
Variables

Lastly, we examined the link of the two cost indicators
with the annual amount of pure alcohol intake (in litres)
per capita and per drinker as two different indicators for
population alcohol exposure as a proxy for the causal
driver for incurred costs (for total, direct, and indirect
costs). As illustrated in supplementary Fig. 4 (see ESM 1),
alcohol exposure was not clearly linked to both cost indi-
cators, suggesting other unobserved factors to be more
relevant for incurred costs than alcohol exposure itself.
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Australia (Collins & Lapsley)

South Korea (Chung et al.)

Sri Lanka (Ranaweera et al.) -

Thailand (Khon Khaen) (Paileeklee et al.) -
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4 Discussion
4.1 Summary of Main Findings

Alcohol use continues to incur a high level of cost to mod-
ern societies. Despite numerous pleas to standardize the
methodology (e.g. Mgller and Matic [14]), we are still
faced with a situation in which many different method-
ologies to estimate these costs have been used over the
past decade [13]. We show that there is large variation
in the studies with respect to which cost components are
considered and that these differences should be accounted
for. However, we also found methodological homogeneity,
as nearly all studies followed a top-down approach, with
indirect costs being calculated based on human capital
assumptions.

In all studies examined in this study, alcohol use incurred
substantial costs and, if all harms caused by alcohol were to
be included, these costs are estimated to amount, on average,
to 1306 Int$ per adult or 2.6% of the GDP in the countries
examined. As a consequence, the findings underscore and
reiterate the message given by international organizations
to reduce the use of alcohol [4].

4.2 Strengths and Weaknesses

This study not only summarized the total economic costs of
alcohol consumption but also systematically quantified the
contribution of various key cost components. Furthermore,
this study is the first to overcome the limitations of previ-
ous reviews (e.g. Rehm et al. and Thavorncharoensap [8,
9]) related to methodological differences in cost estimation,
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thus eliminating a key barrier to compare costs across stud-
ies and countries.

While our search was systematic and we did not rely
only on standard databases but also on expertise from other
researchers, we may not have identified all relevant studies,
which are often only published on government websites.
Furthermore, the conclusions of any systematic review can
only be as good as the underlying studies. As the risk assess-
ment indicated, the overall quality of the studies was rated
as being of medium quality, meaning that there are impor-
tant areas to improve upon. For instance, only a few stud-
ies reported measures of uncertainty for selected estimates,
which prohibits a complete meta-analytical summary of cost
estimates. Furthermore, intangible costs were estimated in
very different ways, again prohibiting meta-analytical aggre-
gation. Lastly, indirect costs were mostly calculated follow-
ing a human capital approach, which make the findings more
comparable, but introduces the risk of overestimation costs
as the underlying assumptions may not hold true. Costs cal-
culated under the human capital approach heavily depend
on the discount rate, yet there is no consensus on which rate
is to be used [14]; thus, this will continue to be a limitation
when comparing cost studies.

4.3 Discussing Important Differences in Results
with Other Studies

We corroborate previous estimates, indicating that health
care spendings only make up a fraction of total costs (13%
in the 2009 review; 18% in our study), while productivity
losses are the main cost driver (72% in the 2009 review; 61%
in our study). Furthermore, our results, based on a larger
number of studies from more recent years, are in line with
total costs estimates of a 2009 review, according to which
alcohol-attributable economic costs amounted to 2.5% and
2.1% of the GDP in high- and middle-income countries,
respectively [8, 41]. While these estimates overlap with
our figures after adjustment for underreporting of omitted
cost components, our unadjusted estimates are well below
previous findings. This gap may be driven by three factors.
First, the decline in drinking levels and attributable burden
in many high-income countries [41, 42]; second, a lower
study quality, i.e. exclusion of relevant cost components in
more recent studies; and third, overproportional increases in
the GDP relative to alcohol-attributable costs.

In fact, although comparing incurred costs with GDP is a
common practice, we need to acknowledge several concep-
tual problems associated with this comparison. Most impor-
tantly, reporting health and crime costs, as well as productiv-
ity losses, as a ‘GDP loss’ is misleading, given that health
and crime spending are themselves part of the GDP [14,
43]. While the percentage of GDP should not be interpreted
as ‘loss of GDP’, this measure gives an approximate and
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comparable indication of the level of economic costs within
a country. Based on a recommendation from an international
expert group [44], we therefore kept this measure but com-
plemented it with the measure on costs per adult, which can
be standardized based on Int$ and may be the preferred way
of reporting.

4.4 Novel Insights into Alcohol-Attributable
Economic Burden

In contrast to previous reviews on the economic burden of
alcohol use, we provide several novel insights. First, we
found cost estimates to be highly correlated within locations
but less so within regions. We see two possible explanations
for this finding. Any study seeking to estimate the economic
burden from alcohol use will be informed by previous work,
with a focus on studies that were conducted in the same
location using similar data sources. For example, if gov-
ernments mandate researchers to update previous estimates
(see, for example, the paper by the Scottish Government
[35]), changes to the estimation method ought to be kept to
a minimum in order to allow for comparison of costs over
time. Thus, such circumstances could explain why the same
methodological approaches are maintained, even if they are
incomplete, while guideline recommendations are not con-
sidered. Another plausible explanation relates to the fact that
the value of goods depends largely on the local context (e.g.
on governmental regulations, as well as supply and demand
dynamics). In fact, variations in indirect costs, the main
driver of total costs, are primarily driven by average wages,
which are known to vary greatly between countries, even in
rather homogenous regions with a common market, such as
Europe. Standardizing the costs to Int$ may have accounted
for some, but not all, of the cross-country variations in the
value of goods. On the contrary, applying inflation rates (as
has been done in this study) is perhaps sufficient to remove
major sources of within-country variation, resulting in high
intraclass correlation.

Second, we found no clear link of alcohol exposure indi-
cators to total costs; however, the relationship between alco-
hol exposure and adverse outcomes is more complex than
one might initially assume. In fact, the same level of alcohol
exposure will lead to higher burden in countries with lower
levels of education, life expectancy and economic wealth
[45]. As we did not account for these and other confound-
ing factors in our analyses, the link between alcohol expo-
sure may not be observable. Moreover, we do not have any
external criteria for which to validate our weighting method
against, thus we cannot say for certain that key methodologi-
cal variations between studies were accounted for. Hence,
unaccounted methodological differences between studies
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may have masked the underlying association between costs
and alcohol exposure.

4.5 Explanations of Results and Implications
for Policymakers

First and foremost, three main sectors are impacted by alco-
hol use: the health care sector, where alcohol use incurs
major costs due to having causal impacts on more than
200 International Classification of Diseases (ICD) disease
and injury categories [8, 46]. Second, costs in the criminal
justice sector even exceed the costs of health care in some
countries (see Fig. 3). The high costs for criminal justice are
a main reason why the overall costs in several countries (e.g.
Canada [47]) exceed the costs of tobacco use, even if the
latter causes a larger burden of disease in almost all coun-
tries around the world [1]. Third, considerable productivity
losses indicate the importance of alcohol control measures
for economic stability or growth. Premature mortality from
alcohol consumption causes a sizable loss to society, both
economically and socially. Moreover, impaired productivity
at the workplace, either acutely or as a result of hangovers, is
an important and perhaps overlooked adverse consequence
of alcohol consumption [48, 49]. Our findings suggest costs
from presenteeism to be about half that of health care costs,
indicating the need to strengthen workplace alcohol pre-
vention programmes [50]. Finally, we need to emphasize
that the costs reported here represent the lower threshold
of real costs. If intangible costs and costs from harms to
others were included [51], the costs of alcohol use would
be much higher. In one Australian study, the overall costs
of alcohol use doubled once costs of harm caused to others
were included [52].

Given the substantial costs of alcohol use to societies,
the consumption of alcohol should be reduced, and there
are evidence-based cost-effective alcohol control policies
available to achieve this [53]. Given the high cost, higher
excise taxation of alcohol seems to be the best choice as it
will not only reduce the level of alcohol use and associated
costs but in most cases will also increase tax revenues to
the state [54].

4.6 Implications for Future Research

Given the limited comparability of cost studies and the
implications discussed above, we suggest that funding for
future cost-of-illness studies should be tied to adhering to
methodological standards, such as imputing cost catego-
ries to achieve better comparability between studies [13,
14]. This could be best achieved by the use of standard-
ized software (see the Canadian Centre on Substance Use
and Addiction report [47] for an example of an application),

which would allow us to use cost studies for monitoring pur-
poses, to establish trends, and to evaluate policies; in other
words, to use cost studies as per their original intent [14,
55]. Such an approach would not only further facilitate better
comparability between countries but would also allow for
benchmarking between countries, which is one of the major
methodologies used to improve health care systems (e.g.
Bennett et al. [56] for the area of non-communicable dis-
ease). It would also take away one of the major and repeated
criticisms of cost studies [55], which we have addressed in
this contribution. In fact, our findings suggest that current
cost estimates are largely unrelated to the underlying alcohol
exposure involved, and rather are driven by differences in
methodology or by country-specific factors, rendering cross-
country comparisons rather meaningless.

5 Conclusion

Our findings show that the reported costs from alcohol con-
sumption amount to an equivalent of 1.5-2.6% of the study
location’s GDP, with the majority of costs due to productiv-
ity losses.
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