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ABSTRACT. Objective: Intervention strategies are available for reduc-
ing the high global burden of hazardous alcohol use as a risk factor for
disease, but little is known about their potential costs and effects at a
population level. This study set out to estimate these costs and effects.
Method: Analyses were carried out for 12 epidemiological World Health
Organization subregions of the world. A population model was used to
estimate the impact of evidence-based personal and nonpersonal inter-
ventions—including brief physician advice, taxation, roadside random
breath testing, restricted sales access and advertising bans. Costs were
measured in international dollars (I$); population-level intervention ef-
fects were gauged in terms of disability-adjusted life years (DALYs)
averted. Average and incremental cost-effectiveness ratios (CERs) were
computed. Results: The most costly interventions to implement are brief
advice in primary care and roadside breath testing of drivers. In popu-

lations with a high prevalence of heavy drinkers (more than 5%, such
as Europe and North America), the most effective and cost-effective in-
tervention was taxation (more than 500 DALYs averted per 1 million
population; CER < I$500 per DALY averted). In populations with a
lower prevalence of heavy drinking, however, taxation is estimated to
be less cost effective overall than other, more targeted strategies, such
as brief physician advice, roadside breath testing and advertising bans.
Conclusions: The most efficient public health response to the burden
of alcohol use depends on the prevalence of hazardous alcohol use,
which is related to overall per capita consumption. Population-wide mea-
sures, such as taxation, are expected to represent the most cost-effec-
tive response in populations with moderate or high levels of drinking,
whereas more targeted strategies are indicated in populations with lower
rates of hazardous alcohol use. (J. Stud. Alcohol 65: 782-793, 2004)

A RECENT GLOBAL comparative risk assessment
(CRA) by the World Health Organization (WHO) iden-

tified alcohol use as a leading cause of mortality and
disability, contributing 58 million or 4% of all disability-
adjusted life years (DALYs) lost globally and ranking in
the top five risk factors for disease burden (Ezzati et al.,
2002; Rehm et al., 2004; WHO, 2002). Such a finding
prompts the question of what can be done to reduce this
burden and at what cost? A number of interventions have
been evaluated and shown to be effective in reducing alco-
hol use (Babor et al., 2003), yet their level of implementa-
tion remains low in all but a handful of countries, and their
comparative impact on population-level health has not been
assessed.

To address these issues in a comparative, global frame-
work, it is necessary not only to determine the costs and

effects of existing strategies but also to establish cost-ef-
fective interventions to reduce exposure. Generalized cost-
effectiveness analysis—and its implementation via a WHO
work program called CHOICE (CHOosing Interventions that
are Cost Effective; Tan Torres et al., 2003)—brings a soci-
etal perspective to the valuation of costs and effects and is
intended to inform policy makers by broadly identifying
personal and nonpersonal interventions that are very cost
effective, those that are not cost effective and those that
fall in between. The present article applies this approach to
interventions for reducing the global burden of hazardous
alcohol use.

Method

Setting

Analyses of costs and effects were carried out at the
level of WHO regions (Africa [Afr], The Americas [Amr],
Eastern Mediterranean [Emr], Europe [Eur], South East Asia
[Sear], Western Pacific [Wpr]), each of which was subse-
quently split into subregions according to rates of adult and
child mortality (WHO, 2002; see Table 1). For example,
subregions with the suffix “A” have very low levels of
child and adult premature mortality, and subregions with
the suffix “D” have high levels of child and adult prema-
ture mortality. Because rates of alcohol use were very low
in the WHO Emr region (a stable prevalence rate of less
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than 1% of the adult population), this region was excluded
from subsequent analyses.

Epidemiology of hazardous alcohol use

This economic analysis relates to the risk factor of haz-
ardous (or heavy) alcohol use, which is defined as an aver-
age rate of consumption of more than 20 g pure alcohol
daily for women and more than 40 g daily for men (Babor
et al., 2003; English et al., 1995). Rates of hazardous alco-
hol use in different subregions were taken from the recent
CRA (Rehm et al., 2003a,b, 2004; Table 1), as were case
fatality rates from which the following relative risks of mor-
tality were derived: 2.5 for men and women 15-44 years of

age; 1.3 for men and 1.4 for women in older age groups
(Rehm et al., 2001). Remission rates were derived with
reference to an average duration of 10.9 years to recovery
(Sobell et al., 2000). For disease burden calculations, the
level of disability associated with time spent as a heavy
drinker also needs to be specified. On a 0-1 scale where 1
equals full health, a health state valuation of 0.846 was
derived for hazardous alcohol use (equivalent to a disabil-
ity weight of 0.154, this time where 0 equals no disability),
which is a weighted average based on the severity break-
down of hazardous drinkers from the CRA (80% hazard-
ous, 20% harmful) and preference values for these health
states from the Dutch disability weight study (0.89 and 0.67,
respectively; Stouthard et al., 2000).

TABLE 1. Current epidemiology of heavy alcohol use

Mortality Prevalence (by adult age group)b Epidemiological rates (all ages)

Region/ Case- Dur.
subregiona Child Adult Sex 15-29 30-44 45-59 60-69 70-79 80+ Incid. Prev. Rem. fatal. (yrs)

Africa
AfrD High High Male 7.0% 9.1% 9.0% 8.1% 6.0% 6.0% 0.24% 1.73% 7.66% 1.28% 9.4
(e.g., Nigeria, Female 2.0% 3.7% 3.9% 1.7% 1.3% 1.3% 0.19% 1.40% 7.85% 1.28% 9.4

Senegal)
AfrE High V. high Male 13.7% 19.5% 16.9% 14.9% 11.1% 11.1% 1.23% 7.48% 7.70% 2.29% 8.3
(e.g., Botswana, Female 4.2% 5.8% 6.4% 4.8% 3.1% 3.1% 0.36% 2.40% 7.70% 2.30% 8.2

Kenya)
The Americas

AmrA V. low V. low Male 23.8% 19.6% 15.5% 10.1% 7.0% 7.0% 1.49% 12.88% 8.13% 0.34% 10.7
(e.g., Canada, Female 7.7% 4.9% 4.3% 3.3% 3.0% 3.0% 0.38% 3.74% 8.31% 0.33% 10.5

U.S.A.)
AmrB Low Low Male 10.9% 12.3% 11.7% 8.7% 3.7% 3.7% 0.84% 6.74% 7.69% 0.53% 10.9
(e.g., Brazil, Female 7.4% 8.1% 7.0% 6.2% 3.3% 3.3% 0.53% 4.55% 7.75% 0.30% 11.3

Mexico)
AmrD High High Male 2.5% 2.4% 2.4% 1.7% 0.9% 0.9% 0.15% 1.26% 7.56% 0.57% 10.9
(e.g., Ecuador, Female 3.3% 3.4% 2.9% 2.4% 1.6% 1.6% 0.21% 1.73% 7.62% 0.51% 11.0

Peru)
Europe

EurA V. low V. low Male 17.8% 20.4% 20.6% 13.8% 9.7% 9.7% 1.67% 14.08% 8.32% 0.37% 10.2
(e.g., France, Female 16.4% 13.6% 16.5% 10.6% 8.2% 8.2% 1.24% 11.05% 8.47% 0.35% 10.2

Norway)
EurB Low Low Male 11.0% 11.0% 9.1% 7.1% 4.0% 4.0% 0.77% 6.77% 7.78% 0.45% 10.8
(e.g., Armenia, Female 8.4% 9.0% 7.4% 5.7% 4.7% 4.7% 0.62% 5.51% 7.97% 0.41% 10.8

 Poland)
EurC Low Low Male 31.1% 25.0% 30.6% 20.7% 11.2% 11.2% 2.67% 19.26% 7.92% 0.81% 9.8
(e.g., Estonia, Female 14.1% 11.6% 14.2% 9.2% 6.2% 6.2% 1.03% 9.19% 8.18% 0.48% 10.3

Russia)
South East Asia

SearB Low Low Male 0.9% 3.0% 0.4% 0.3% 0.0% 0.0% 0.11% 0.86% 8.74% 0.60% 9.8
(e.g., Indonesia, Female 1.1% 0.8% 0.8% 0.5% 0.0% 0.0% 0.06% 0.54% 7.58% 0.37% 11.5

Thailand)
SearD High High Male 0.8% 2.5% 0.3% 0.1% 0.0% 0.0% 0.08% 0.67% 8.81% 0.59% 9.7
(e.g., India, Female 1.2% 0.4% 0.4% 0.0% 0.0% 0.0% 0.04% 0.41% 7.75% 0.47% 11.3

Nepal)
Western Pacific

WprA V. low V. low Male 7.0% 5.6% 6.9% 4.6% 3.1% 3.1% 0.48% 4.71% 8.35% 0.26% 10.4
(e.g., Australia, Female 3.1% 2.5% 3.1% 1.9% 1.4% 1.4% 0.20% 2.09% 8.49% 0.23% 10.5

Japan)
WprB Low Low Male 7.7% 8.5% 8.5% 7.7% 6.0% 6.0% 0.63% 5.61% 7.94% 0.42% 10.4
(e.g., China, Female 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.00% 0.04% 6.75% 0.19% 13.9

Vietnam)

Notes: Incid. = incidence; Prev. = prevalence; Rem. = remission; Case-fatal. = case-fatality; Dur. = duration; V. high = very high; V. low = very low.
aFull list of member states by subregion and mortality stratum available at http://www.who.int/whr/2002/MembersETC.pdf. bSource: Comparative Risk
Assessment for Alcohol (Rehm et al., 2004).
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Population model of intervention effectiveness

Intervention effectiveness was determined through a state
transition population model (PopMod; Lauer et al., 2003)
that traces the development of a subregional population,
taking into account births, deaths and the specified risk
factor. Key transition rates include the incidence of hazard-
ous alcohol use in the population, case-fatality and remis-
sion. In addition, a health state valuation is specified for
time spent at risk or as a heavy drinker.

Two epidemiological scenarios were modeled over a life-
time (100 years) analytic horizon: (1) no interventions avail-
able to reduce hazardous alcohol use (natural history) and
(2) the population-level impact of each specified interven-
tion implemented for a period of 10 years (after which epi-
demiological rates and health state valuations move back
to natural history values). The difference represents the
population-level health gain (expressed in DALYs averted)
as a result of implementing the intervention. In accordance
with the CRA (Rehm et al., 2003b, 2004), DALYs were
discounted at 3% and age weighted, with sensitivity analy-
ses performed on the impact of removing these weights.

Estimation of intervention effects

A recent review of measures to reduce alcohol misuse
(Ludbrook et al., 2002) assessed the quality of evidence for
four types of interventions specifically aimed at reducing
hazardous alcohol use (the findings coincide with a num-
ber of other reviews; e.g., Babor et al., 2003): (1) brief
interventions; (2) law enforcement (e.g., random breath test-
ing [RBT] of drivers); (3) policy and legislative interven-
tions, including taxes on alcohol sales, drink-driving laws,
restricted licensing outlets and advertising control; and (4)
mass media/awareness campaigns.

Taxation on alcoholic beverages. Excise taxation on al-
coholic beverages primarily affects the incidence of drink-
ing by reducing consumption, with effects measured in terms
of price elasticity, which relates the change in consumption
to the size of the price increase (Table 2). Price elasticities,
adjusted downwards by one third to reflect reduced price
responsiveness among heavy drinkers, were derived with
respect to preferred type of alcoholic beverage (beer, wine,
distilled spirits) in the 12 subregions, which was constructed
from country-level data contained in WHO’s Global Alco-
hol Database (WHO, 2003). Baseline price elasticities
ranged from -0.3 for the most preferred beverage category
to -1.0 for the next preferred category to -1.5 for the least
preferred (Babor et al., 2003; Ornstein and Levy, 1983;
sensitivity analysis around these elasticities was performed).
Both the current rate of tax—expressed as an add-on per-
centage of supplier price—as well as increases (of 25%
and 50%) to the current rate were evaluated, adjusting for
observed or expected level of unrecorded use (taken as a

close proxy measure for untaxed consumption) as a result
of illicit production and smuggling (see Table 2). In re-
gions with rates of unrecorded consumption already over
50% (e.g., African subregion AfrD and South-East Asian
subregion SearD), tax increases can actually have a regres-
sive impact on incidence if they are accompanied by a rise
in the already high level of unrecorded (and therefore un-
taxed) consumption. For estimating the natural history sce-
nario, incidence rates were increased by the percentage
change for current taxation.

Drink-driving legislation and RBT. Drink-driving laws
and enforcement influence fatal and nonfatal traffic inju-
ries among both hazardous alcohol users and other sub-
groups of the population (passengers, pedestrians). Two
independent effects on alcohol-related traffic injuries were
assessed (Table 3): (1) drink-driving laws, which are esti-
mated to reduce traffic fatalities by 7% if widely imple-
mented within a region (Shults et al., 2001) or, for estimation
of the natural history scenario, a fraction of this percentage
based on the current level of implementation (WHO, 2003);
(2) enforcement via RBT, which is estimated to reduce fa-
talities by a further 6%-10% in high-income subregions
implementing such a strategy now and by 18% for the ef-
fect of full implementation (Peek-Asa, 1999; Shults et al.,
2001); the impact on nonfatal injuries was estimated to be
a smaller reduction of 15%.

Reduced hours of sale (retail outlets). Access to and
availability of alcohol can be dramatically reduced through
prohibition and rationing, but there are considerable chal-
lenges in implementing and sustaining such strategies. A
more modest strategy is to reduce hours of sale among
retail outlets (no sales for a 24-hour period at the weekend),
which has been shown in Scandinavia to reduce consump-
tion and alcohol-related harm (Leppänen, 1979; Nordlund,
1984; Norström and Skog, 2003). On the basis of these
studies, a modest reduction of 1.5%-3.0% in the incidence
of hazardous drinking and 1.5%-4.0% in alcohol-related traf-
fic fatalities was modeled, depending on the subregional
pattern of drinking (largest effects in subregions with the
highest levels of hazardous drinking occasions; Rehm et
al., 2004).

Advertising bans. Public health interest in the impact of
a comprehensive ban on alcohol advertising (television, ra-
dio and billboards) is increasing, although available evi-
dence from econometric studies suggests its effect on
consumption is modest at best, arguably as a result of the
continuing presence of other alcohol marketing strategies
such as product placement or event sponsorship. Here, we
illustrate the potential effect of a comprehensive advertis-
ing ban by modeling a 2%-4% reduction in the incidence
of hazardous alcohol use on the basis of the latest interna-
tional time-series analysis (Grube and Agostinelli, 2000;
Saffer, 2000; Saffer and Dave, 2002), again adjusted for
subregional variations in patterns of drinking.
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Brief interventions. Brief interventions, such as physi-
cian advice provided in primary health care, which involve
a small number of education sessions and psychosocial
counseling, were modeled to influence the prevalence of
hazardous drinking by increasing remission and reducing
disability. Efficacy reviews of brief interventions reveal an
estimated 22% net reduction in consumption among haz-
ardous drinkers (Babor et al., 2003; Higgins-Biddle and
Babor, 1996; Moyer et al., 2002), which would have the
effect of shifting the entire distribution of hazardous drink-
ing downwards if applied to the total population at risk (a
reduction in overall prevalence of 35%-50%, equivalent to
a 14%-18% improvement in the rate of recovery over no

treatment at all). However, after taking into account real-
world effect modifiers, including treatment adherence (70%)
and target coverage in the population (50% of hazardous
drinkers), population-level remission rates were estimated
to be between 4.9% and 6.4% better than natural history
rates. In addition, an expected reduction in the number of
heaviest drinkers while in treatment (but prior to remis-
sion) resulted in a small gain in the average level of dis-
ability (treated health state valuation was 0.858, an
improvement of 1.3% after adjusting for coverage and ad-
herence). For downward adjustment of rates of remission—
in order to estimate the null scenario in the three
high-income subregions where brief interventions are used

TABLE 2. Effect of taxation on the incidence of hazardous alcohol use

Price increases
(elasticities)a

-0.3 -1.0 -1.5 Effect on incid.
Most Next Least Most Next Least Most Next Least  Consump. of hazardous

WHO region pref. pref. pref. pref. pref. pref. pref. pref. pref. untaxed alcohol useb

Africa
AfrD 79% 16% 5% 36% 41% 35% (Curr.) -5.3% -19.4% -25.9% 77.4% (Curr.) -1.9%

Beer Spirits Wine 45% 51% 44% (Curr. + 25%) -6.2% -22.6% -30.4% 85.1% (Curr. + 10%) -1.5%
54% 62% 53% (Curr. + 50%) -7.0% -25.4% -34.4% 89.0% (Curr. + 15%) -1.2%

AfrE 49% 30% 21% 28% 50% 38% (Curr.) -4.4% -22.2% -27.5% 47.4% (Curr.) -7.7%
Beer Spirits Wine 35% 63% 48% (Curr. + 25%) -5.2% -25.6% -32.2% 52.1% (Curr. + 10%) -8.1%

42% 75% 57% (Curr. + 50%) -5.9% -28.6% -36.3% 54.5% (Curr. + 15%) -8.7%
The Americas

AmrA 59% 28% 13% 37% 82% 13% (Curr.) -5.4% -30.0% -11.5% 11.7% (Curr.) -11.6%
Beer Spirits Wine 46% 103% 16% (Curr. + 25%) -6.3% -33.7% -14.0% 12.9% (Curr. + 10%) -13.1%

56% 123% 20% (Curr. + 50%) -7.1% -36.8% -16.3% 13.5% (Curr. + 15%) -14.4%
AmrB 53% 30% 17% 16% 49% 22% (Curr.) -2.8% -21.9% -18.0% 29.2% (Curr.) -7.9%

Beer Spirits Wine 20% 61% 28% (Curr. + 25%) -3.3% -25.3% -21.6% 32.1% (Curr. + 10%) -8.8%
24% 74% 33% (Curr. + 50%) -3.9% -28.2% -24.8% 33.6% (Curr. + 15%) -9.8%

AmrD 58% 39% 3% 26% 21% 25% (Curr.) -4.1% -11.6% -20.0% 21.7% (Curr.) -5.9%
Spirits Beer Wine 33% 26% 31% (Curr. + 25%) -4.9% -13.9% -23.8% 23.9% (Curr. + 10%) -6.8%

39% 32% 38% (Curr. + 50%) -5.6% -16.0% -27.3% 25.0% (Curr. + 15%) -7.7%
Europe

EurA 41% 41% 18% 13% 20% 42% (Curr.) -2.3% -11.1% -29.6% 9.9% (Curr.) -9.8%
Wine Beer Spirits 16% 25% 53% (Curr. + 25%) -2.8% -13.3% -34.4% 10.9% (Curr. + 10%) -11.4%

20% 30% 63% (Curr. + 50%) -3.3% -15.4% -38.7% 11.4% (Curr. + 15%) -12.9%
EurB 45% 30% 25% 29% 13% 12% (Curr.) -4.5% -7.7% -10.7% 34.0% (Curr.) -4.6%

Spirits Beer Wine 36% 16% 15% (Curr. + 25%) -5.3% -9.3% -13.0% 37.4% (Curr. + 10%) -5.3%
44% 20% 18% (Curr. + 50%) -6.1% -10.9% -15.3% 39.1% (Curr. + 15%) -6.0%

EurC 68% 21% 11% 65% 13% 25% (Curr.) -7.9% -7.7% -20.0% 36.2% (Curr.) -5.8%
Spirits Beer Wine 81% 16% 31% (Curr. + 25%) -9.0% -9.3% -23.8% 39.8% (Curr. + 10%) -6.4%

98% 20% 38% (Curr. + 50%) -9.9% -10.9% -27.3% 41.6% (Curr. + 15%) -7.0%
South East Asia

SearB 88% 12% 0% 30% 40% 0% (Curr.) -4.6% -19.0% 0.0% 35.7% (Curr.) -4.1%
Spirits Beer Wine 38% 50% 0% (Curr. + 25%) -5.5% -22.2% 0.0% 39.3% (Curr. + 10%) -4.5%

45% 60% 0% (Curr. + 50%) -6.2% -25.0% 0.0% 41.1% (Curr. + 15%) -5.0%
SearD 89% 11% 0% 40% 25% 0% (Curr.) -5.7% -13.3% 0.0% 79.1% (Curr.) -1.4%

Spirits Beer Wine 50% 31% 0% (Curr. + 25%) -6.7% -15.9% 0.0% 87.0% (Curr. + 10%) -1.0%
60% 38% 0% (Curr. + 50%) -7.5% -18.2% 0.0% 91.0% (Curr. + 15%) -0.8%

Western Pacific
WprA 47% 34% 18% 25% 35% 8% (Curr.) -4.0% -17.3% -7.4% 19.7% (Curr.) -7.3%

Beer Spirits Wine 31% 44% 10% (Curr. + 25%) -4.8% -20.3% -9.1% 21.7% (Curr. + 10%) -8.4%
38% 53% 12% (Curr. + 50%) -5.5% -23.0% -10.7% 22.7% (Curr. + 15%) -9.5%

WprB 88% 11% 1% 17% 9% 11% (Curr.) -2.9% -5.5% -9.9% 26.8% (Curr.) -2.4%
Spirits Beer Wine 21% 11% 14% (Curr. + 25%) -3.5% -6.7% -12.1% 32.2% (Curr. + 10%) -2.7%

26% 14% 17% (Curr. + 50%) -4.1% -7.9% -14.2% 30.8% (Curr. + 15%) -3.2%

Notes: pref. = preferred; Consump. = consumption; incid. = incidence; Curr. = current. aPrice increase due to tax (%tax/[1+%tax]) * elasticity * 2/3 (heavy
drinkers less responsive). bSum of (prevalence * price increase) for each drink type * (1 - % untaxed consumption).

Prevalence Rate of taxation
(by preferred beverage) (by preferred beverage)
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now—a current coverage rate of 12.5% for AmrA and half
this level in EurA and WprA were used.

Evidence for the effectiveness of mass media or school-
based awareness campaigns was weak in terms of both
methodological quality and their effect on consumption (as
opposed to transfer of information or knowledge alone)
(Babor et al., 2003; Foxcroft et al., 1997, 2003; Ludbrook
et al., 2002). An intervention that has very low measured
effect (but nonnegligible costs of implementation) cannot
be considered a cost-effective policy option, and therefore
mass media and school-based awareness campaigns were
omitted from the foregoing analysis.

Estimation of intervention costs

Costs covered in the analysis include program-level costs
associated with running the intervention, such as adminis-
tration, training and media, and patient-level costs, such as
primary care visits. An ingredients approach made up of
the following components was used.

• Program-level resource inputs used in the production of an
intervention at a level above that of the patient or health
care facility cover administrative functions as well as re-
sources devoted to such preventative programs as enforce-
ment of drink-driving legislation by police officers (Johns
et al., 2003). Estimated quantities of resources required were
obtained from costing experts in each of the subregions
and validated against the literature. Final estimates were
derived with reference to the prevailing characteristics of
the subregion—for example, the efficiency of tax systems
or strength of antidrinking sentiment (advertising bans, re-
stricted sales).

• Patient-level resource inputs used in the provision of a given
health care intervention are relevant in this analysis only to
brief interventions. An average rate of four primary care
visits over 1 year was estimated for the intervention itself
(includes initial assessment, educative sessions and follow-
up), plus an additional resource of 0.33 outpatient visits
(20% × 1.67 visits) and 0.25 inpatient days (5% × 5 days)
(see, for example, Fleming et al., 2000). These resource
inputs were applied to the 50% of prevalent hazardous al-
cohol users in receipt of brief advice in Year 1 and, be-

TABLE 3. Effectiveness of drink-driving legislation and enforcement

Attributable fractions Full enforcement (effectiveness)

Region/ Deaths attrib. to Traffic deaths Averted traffic deathsc Deaths avertable Nonfatal traffic
subregion Gender traffic accidentsa attrib. to alcohol useb (DD law + RBT) by DD/RBTd injury multipliere

Africa
AfrD Male 2.2% 19.3% 7% + 18% 0.15% 1.12

Female 1.1% 8.3% 0.03% 1.11
AfrE Male 2.1% 38.7% 7% + 18% 0.29% 1.12

Female 1.0% 11.9% 0.04% 1.13
The Americas

AmrA Male 2.4% 31.0% 7% + 18% 0.27% 1.14
Female 1.2% 14.9% 0.06% 1.17

AmrB Male 4.4% 47.1% 7% + 18% 0.74% 1.14
Female 1.5% 14.5% 0.08% 1.15

AmrD Male 2.6% 33.1% 7% + 18% 0.31% 1.13
Female 1.1% 9.2% 0.04% 1.14

Europe
EurA Male 1.7% 37.5% 7% + 18% 0.23% 1.17

Female 0.6% 18.2% 0.04% 1.19
EurB Male 1.5% 44.6% 7% + 18% 0.24% 1.14

Female 0.5% 13.6% 0.03% 1.14
EurC Male 2.2% 63.6% 7% + 18% 0.50% 1.14

Female 0.8% 27.9% 0.08% 1.14
South East Asia

SearB Male 7.8% 25.5% 7% + 18% 0.72% 1.11
Female 2.3% 5.4% 0.05% 1.11

SearD Male 3.7% 16.0% 7% + 18% 0.21% 1.11
Female 1.5% 3.6% 0.02% 1.12

Western Pacific
WprA Male 1.8% 26.7% 7% + 18% 0.17% 1.09

Female 0.9% 12.6% 0.04% 1.11
WprB Male 3.6% 19.9% 7% + 18% 0.26% 1.14

Female 1.8% 8.8% 0.06% 1.14

Notes: Attrib. = attributable; DD = drink-driving; RBT = random breath testing. aSource: Global Burden of Disease Study (GBD) 2000
(www.who.int/evidence/bod); %s for all age groups shown here only (age-specific values used in analysis). bSource: Comparative Risk Assess-
ment for Alcohol (Rehm et al., 2004); %s for all age groups combined shown here (age-specific values used in analysis). cSource: Peek-Asa,
1999; Shults et al., 2001. dComputation = traffic-related fraction of all deaths * alcohol-related fraction of traffic deaths * avertable traffic
deaths. eSource: GBD 2000 (www.who.int/evidence/bod); see text for derivation.
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cause we model an enduring effect for 10 years, also in
Year 6; and to the 50% of incident cases in Years 2-5 and
7-10.

• Unit costs of program-level and patient-level resource in-
puts include the salaries of central administrators, capital
costs of vehicles and equipment and the cost per outpatient
visit. Data were obtained from a review of literature supple-
mented by primary data from several countries and subse-
quently converted into international dollars (I$), using
international prices for traded goods and a regression-based
approach to establish the price of nontraded goods in each
subregion (Adam et al., 2003; Johns et al., 2003). One I$
buys the same quantity of health care resources in China or
India as it does in the United States.

Fully worked cost templates for all interventions over
the 10-year implementation period, discounted at 3% to
give an estimated total cost per year, can be found on the
WHO-CHOICE website (www.who.int/evidence/cea).

Uncertainty analysis

Population-level estimates of intervention cost and ef-
fect are inherently imbued with uncertainty, with respect to
both analytical choices (such as the use of age weighting)
and data. A series of one-way sensitivity analyses were
initially performed to assess the impact on baseline results
of discounting and age weighting. Best and worse case sce-
narios were then generated, incorporating upper and lower
estimates of total intervention cost (+/- 20% patient-level
resource costs, +/- 10% program-level costs) and effective-
ness (upper/lower range elasticities for tax [+/- 30%], +/-
20%-30% intervention effect for other strategies). Finally,
baseline data (with pessimistic and optimistic scenarios as
lower and upper ranges) were entered into an analytical
software package (MCLeague; Tan Torres et al., 2003) that
performs a probabilistic uncertainty analysis using Monte
Carlo simulation.

Results

Population-level effects of interventions

The comparative effectiveness of the different interven-
tion strategies is presented in Table 4. There are clear dif-
ferences with respect to gender, with considerably greater
averted burden seen in the male population. With the ex-
ception of RBT, approximately two thirds of the total popu-
lation-level health gain from interventions was among men.
The proportion for RBT rises to 80%-90% principally be-
cause the percentage of deaths and injuries attributed to
traffic accidents is much higher among men.

A clear difference in terms of standardized effect—
DALYs averted per year per 1 million population—is also
seen between subregions with high rates of hazardous alco-

hol use (prevalence in total population > 5%: African sub-
region AfrE; American subregions AmrA and AmrB; Eu-
ropean subregions EurA,B,C), moderate rates (prevalence
2%-5%; Western Pacific subregions WprA,B) and low rates
(< 2% prevalence; African subregion AfrD; American sub-
region AmrD; and South East Asian subregions SearB,D).
In subregions with a high prevalence of hazardous drinking,
the most effective single interventions were taxation and
brief interventions, averting between 500 and 2,000 DALYs
per 1 million population. Remaining control strategies—
RBT, reduced hours of sale at the weekend and a compre-
hensive advertising ban—mainly produced effects in the
range 250-750 DALYs per 1 million population. In subre-
gions with low and moderate rates of hazardous drinking,
single interventions realized total population health gains
in the range 10-400 DALYs averted per 1 million popula-
tion. Taxation was the most effective strategy in American
subregion AmrD and Western Pacific subregion WprA,
whereas the greatest health gain in African subregion AfrD
and South East Asia SearB,D was enforcement of drink-
driving laws. In the remaining subregion WprB (includes
China), policies aimed at restricting supply and marketing
of alcohol—restricted access at weekends and a compre-
hensive advertising ban—were estimated to generate greater
health gains than other interventions. Results for the male
population in five illustrative subregions are shown in Fig-
ure 1.

Population-level costs of interventions

Table 4 also shows the cost per capita of each interven-
tion (plus two illustrative combination strategies). Brief
advice in primary care and RBT are the most costly inter-
ventions to implement in all subregions. The relatively high
cost of brief advice stems from a combination of patient-
level costs in the provision of the intervention itself
(I$180-210 per treated case in high-income subregions
AmrA, EurA and WprA and I$30-50 elsewhere), screening
costs (I$1.00-1.40 per capita in high-income subregions and
I$0.05-0.30 elsewhere) and program costs associated with
training primary care providers. Enforcement of drink-driv-
ing regulations through RBT campaigns is costly in human
resources (four enforcement officers per checkpoint),
vehicles and equipment. For the remaining three strategies
considered here (taxation, restricted access to sales outlets
and advertising bans—each implemented at a per capita
cost of I$0.05-0.50), costs relate to legislation activities and
administration and enforcement of laws once passed.

Average and incremental cost effectiveness of interventions

Combining costs and effects data (see Table 4) reveals
that taxation is the most cost-effective strategy in six sub-
regions with a high prevalence of heavy drinkers (each
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DALY averted by current taxation costs I$100-600, and
I$90-500 if taxation rates are increased by 50%). Of the
remaining population strategies, advertising bans “domi-
nated” restricted access to sales outlets in that they had
greater effect but cost less to implement; RBT had the high-
est cost per DALY averted (range I$650-4,500). Extensive
treatment coverage (50%) of heavy drinkers with brief phy-
sician advice had an an average cost-effectiveness ratio
(CER) of I$400-2,500.

In the other six subregions, taxation was the most cost
effective in Western Pacific subregion WprA (but at a less
favorable ratio of costs to effects; I$1,368) but not else-
where. RBT was the most cost-effective strategy where rates
of hazardous alcohol use are very low (South East Asia
SearB and SearD; average CER: I$420-550). Brief advice
was most cost effective in African subregion AfrD and
American subregion AmrD (CER: I$600-700). Advertising
bans or restricted access to sales outlets had the lowest
expected costs per healthy life year gained in Western Pa-
cific subregion WprB (I$200-250 per DALY averted).

The final set of values in Table 4 shows incremental
CERs in relation to the current tax situation. The incremen-
tal CERs for increased taxation rates are modeled to equal
zero because estimated costs of implementation (compared
with the situation of no taxation) are the same as those for
current taxation (i.e., additional health gains are achieved

at a negligible extra cost). In subregions with a higher preva-
lence of hazardous alcohol use, moving away from, or add-
ing to, taxation policies alone (for instance, by also
implementing an advertising ban and/or brief advice in pri-
mary care) carries an incrementally greater cost per DALY
averted as relatively less cost-effective interventions are
implemented. In European subregion EurA, for example,
the incremental CER for adding an advertising ban to alco-
hol taxation would be close to I$300 (not much more than
the I$258 for taxation alone) but I$1,700 if brief advice
was made widely available as well. In subregions with low
rates of hazardous drinking, interventions other than taxa-
tion are either dominant (that is, they have lower costs but
larger effects than current taxation) or have a more favor-
able CER (for example, the incremental CER for moving
from current taxation to RBT in South East Asia subre-
gions SearB and SearD is I$50-150, well below the CER
of I$2,000-4,000 for current taxation).

Uncertainty analyses

Substitution of the baseline discount rate of 3% with
values of 0% and 6% had only a small impact on results,
altering total costs and average CERs for all interventions
upward by 13% and downward by 11%, respectively. The
removal of age weighting had a more appreciable impact

FIGURE 1. Intervention effectiveness in five WHO subregions (healthy life years gained per 1 million male population)
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TABLE 4. Total population-level costs, effects and cost effectiveness of interventions to reduce hazardous alcohol use

Africa The Americas Europe South East Asia Western Pacific

AfrD AfrE AmrA AmrB AmrD EurA EurB EurC SearB SearD WprA WprB

Example countries Nigeria Botswana Canada Brazil Equador France Armenia Estonia Indonesia India Australia China
Senegal Kenya U.S.A. Mexico Peru Norway Poland Russia Thailand Nepal Japan Vietnam

Income category Low Low High Mid Mid High Mid Mid Mid Low High Low
Total population

(million) 294.1 345.5 325.2 430.9 71.2 411.9 218.5 243.2 293.8 1,241.8 154.4 1,532.9
Hazardous alcohol

users (million) 4.5 17.2 26.8 24.3 1.1 51.7 13.3 33.9 2.0 6.7 5.2 43.2
Hazardous alcohol users

per 1,000 population 15.3 49.9 82.5 56.3 14.9 125.4 60.7 139.3 7.0 5.4 33.8 28.2

Intervention cost (I$m per 1m popn p.a.)a

Taxation
Current 0.17 0.15 0.44 0.24 0.21 0.45 0.28 0.21 0.12 0.07 0.47 0.13
Current + 25% 0.17 0.15 0.44 0.24 0.21 0.45 0.28 0.21 0.12 0.07 0.47 0.13
Current + 50% 0.17 0.15 0.44 0.24 0.21 0.45 0.28 0.21 0.12 0.07 0.47 0.13

Breath testing 0.29 0.20 0.48 0.59 0.34 0.61 0.74 0.51 0.16 0.08 0.83 0.23
Restricted access 0.13 0.09 0.16 0.15 0.17 0.27 0.22 0.14 0.06 0.04 0.25 0.06
Advertising ban 0.12 0.09 0.14 0.14 0.15 0.27 0.15 0.14 0.05 0.04 0.24 0.06
Brief physician advice 0.19 0.39 3.55 0.63 0.21 4.44 0.63 1.25 0.11 0.08 1.89 0.27
Highest tax + ad ban 0.27 0.22 0.56 0.36 0.34 0.69 0.41 0.33 0.16 0.10 0.67 0.18
Highest tax + ad ban

+ brief advice 0.46 0.60 3.97 0.97 0.55 4.96 1.01 1.53 0.27 0.18 2.48 0.43

Intervention effect (DALYs per 1m popn p.a.)b

Taxation
Current 99 1,506 1,224 806 196 1,365 442 1,137 64 17 258 104
Current + 25% 74 1,589 1,366 899 226 1,576 503 1,243 71 13 301 121
Current + 50% 64 1,688 1,489 987 254 1,764 564 1,349 77 10 340 138

Breath testing 145 308 261 378 185 247 161 460 392 146 150 168
Restricted access 112 779 250 383 117 251 320 689 45 40 68 260
Advertising ban 104 837 470 331 106 459 300 616 33 25 127 296
Brief physician advice 320 987 1,353 997 300 1,889 1,024 2,111 135 105 546 494
Highest tax + ad ban 164 2,475 1,919 1,291 353 2,178 847 1,925 108 35 458 425
Highest tax + ad ban

+ brief advice 473 3,407 3,212 2,245 641 3,988 1,832 3,954 238 136 983 901

Average CER (I$ per DALY)c

Taxation
Current 1,719 97 361 295 1,068 333 624 185 1,855 4,227 1,803 1,237
Current + 25% 2,288 92 323 264 928 289 548 169 1,677 5,783 1,546 1,065
Current + 50% 2,662 87 297 241 826 258 489 156 1,531 7,346 1,368 937

Breath testing 2,022 656 1,845 1,554 1,847 2,467 4,566 1,108 421 547 5,527 1,345
Restricted access 1,188 119 636 392 1,447 1,087 703 200 1,413 1,097 3,672 240
Advertising ban 1,135 106 306 434 1,435 594 511 224 1,590 1,409 1,855 197
Brief physician advice 601 398 2,624 629 691 2,351 612 592 812 742 3,455 536
Highest tax + ad ban 1,663 90 290 280 975 317 481 172 1,501 2,977 1,455 419
Highest tax + ad ban

+ brief advice 974 177 1,236 431 854 1,244 554 388 1,130 1,315 2,528 482

Incremental CER (I$ per DALY)d

Breath testing 2,671 Domd Domd Domd Domd Domd Domd Domd 141 53 Domd 1,522
Restricted access Domt 74 290 206 508 164 416 161 2,942 Domt 1,134 Domt
Advertising ban Domt 87 395 198 637 201 864 138 2,131 Domt 1,752 Domt
Brief physician advice 104 Domd 24,073 2,039 Domt 7,607 604 1,068 Domt 61 4,936 348
Highest tax + ad ban 1,579 79 165 257 858 291 326 153 987 1,745 1,004 152
Highest tax + ad ban

+ brief advice 778 240 1,775 507 759 1,718 531 470 864 894 2,786 383

Notes: m = million; popn = population; p.a. = per annum; DALYs = disability-adjusted life years; CER = cost-effectiveness ratio. Domd (dominated):
Intervention has higher costs and lower effects than tax; Domt (dominant): Intervention has lower costs and larger effects than tax. aCosts are expressed in
discounted international dollars and include program costs as well as patient-level costs (where applicable). bAge-weighted and discounted (3%) DALYs
averted per year, relative to null scenario of no intervention. cTotal cost per year/total DALYs averted per year. dIncremental CER, relative to current
taxation; incremental CERs for increased tax are zero since additional health gain is achieved at negligible extra cost.
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on results, reducing total health gain estimates by 10%-
22% across subregions, which reflects the fact that many
alcohol-related illnesses and injuries occur relatively early
in life (Rehm et al., 2004; WHO, 2002). Use of unadjusted
DALYs (no discounting or age weighting) increases total
effectiveness by 43%-59% across subregions and thereby
renders interventions more cost effective (average CERs
fall by 31%-37%). Under the best-case scenario, total costs
were 10%-20% lower and total effects 20%-30% higher
than base case results, thereby improving the average cost
per DALY averted by one third. Results for the worst-case
scenario were more extreme, increasing the average cost
per unit of health outcome by 50%-65%. The average CER
for RBT in European subregion EurA (baseline value:
I$2,467), for example, ranged from I$1,579 to I$3,947. The
rank order of cost effectiveness was unchanged (summary
table available from the authors upon request).

Entering these data ranges into a stochastic uncertainty
analysis reveals the uncertainty around point estimates. Fig-
ure 2 provides a cloud graph for each single intervention
strategy and a range of combined intervention strategies in
European subregion EurA, illustrating areas of greatest over-
lap but also order-of-magnitude differences in the total costs
and effect of different combinations (for example, the com-
bination of a 50% increase in tax plus an advertising ban
[F2] is much more cost effective than the combination of
brief advice and RBT [F1]). The bold arrowed line reveals
the incremental cost-effectiveness expansion path as suc-
cessively less efficient strategies are added into the mix of
implemented interventions.

Discussion

At least since Holder et al.’s (1991) “first approxima-
tion” for different treatment modalities for alcoholism, there
has been an evident need to generate cost-effectiveness evi-
dence capable of informing alcohol public health policy. A
key impediment to the generation of such an evidence base
has been the absence of a standard measure of intervention
effectiveness. Recent attempts to overcome this constraint
have used cost-utility and cost-benefit analyses to derive
comparable ratios of cost per effect (Fleming et al., 2000;
Miller and Levy, 2000; Wutzke et al., 2001). Completed
analyses to date, however, have been restricted to estab-
lished market economies and therefore have limited
generalizability to other countries or regions with differing
epidemiology, cost structures and health systems in place.

While beholden to the limits of summary measures of
population health (such as the DALY), the present analysis
offers a novel approach to the generation of economic evi-
dence capable of broadly informing alcohol public health
policy in a wide range of epidemiological settings. Result-
ing estimates of cost effectiveness—pitched in order-of-mag-
nitude terms—can inform policy makers not only in relation

to the efficiency of existing strategies, but also by identify-
ing priorities for alcohol control in the future (Babor et al.,
2003). In this respect, it should be noted that, in each of
the subregional populations, the most efficient interventions
for reducing hazardous alcohol are projected to show a fa-
vorable ratio of cost to effect (each DALY averted by these
efficient strategies costs less than average annual income
per capita, a threshold for an intervention to be considered
very cost effective that was proposed by the Commission
on Macroeconomics and Health; WHO, 2001).

The first key conclusion to be drawn from this analysis
is that, in populations with high rates of hazardous alcohol
use, both individual-based interventions, such as brief phy-
sician advice, as well as population-wide measures, such as
taxation on alcoholic beverages, can have a notable impact
on population health. Of these, taxation has the most size-
able and least resource-intensive impact on reducing the
current public health burden of hazardous alcohol use. In-
creasing tax rates from current levels appears to be a viable
and favorable option from both a public health and an eco-
nomic point of view, even after allowing for an estimated
increase of 10%-15% in illicit production or smuggling.
Based on the limited available evidence to date, effects
from other public health control strategies, such as reduced
hours of sale and advertising bans, are anticipated to be
smaller than those generated by taxation.

The second key finding is that, in populations with low
rates of hazardous drinking, intervention strategies targeted
at particular subgroups of the drinking population, such as
drivers who drink or primary care attendees with already
high levels of alcohol consumption, appear to be more cost
effective than population-wide strategies like taxation. In
South East Asia, for example, RBT is estimated to be the
single most cost-effective intervention because it is expected
to reduce the number of fatal and nonfatal traffic injuries, a
leading contributor to overall disease burden in this region.
The impact of taxation, by contrast, is diluted, both by the
distribution of the fixed costs of administering and enforc-
ing alcohol tax legislation across a smaller target popula-
tion of drinkers and by underlying drinking patterns (over
85% of all consumption of alcohol in this region is con-
tained in a single preferred drink category, distilled spirits,
which diminishes the scope for reducing consumption of less
preferred but more elastic categories of alcoholic beverage).

The use of a sectoral cost-effectiveness approach with
whole subregions of the world as the unit of analysis clearly
places important limits on its application to specific coun-
try contexts in which demographic or epidemiological char-
acteristics, as well as treatment costs and coverage, may
not coincide with estimates for the subregion as a whole.
The present regional analysis can therefore be seen as a
baseline from which countries can start to contextualize to
their own particular sociocultural setting. Such a process of
contextualization is already underway in a number of de-
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FIGURE 2. Cloud graph showing uncertainty around costs and effectiveness of interventions for heavy alcohol use (European subregion: EurA)
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veloped and developing countries. Extrapolation of inter-
vention effect sizes from relatively information-rich coun-
tries to other sociocultural settings evidently impinges on
the precision and generalizability of derived estimates of
population-level health gain. Greatest confidence can be
placed in interventions with better supporting evidence of
effective coverage in different subregions, such as taxation,
and least confidence (wider uncertainty) in those yet to be
widely implemented or researched, including reduced week-
end hours of sale or a comprehensive ban on advertising.
More conclusive research studies are required before firm
policy recommendations can be made for the two latter
intervention strategies, particularly in such moderate-drink-
ing populations as China, where their use appears to be
indicated. On the other hand, there is an appreciable evi-
dence base to suggest that mass media and school-based
awareness campaigns represent poor value for money be-
cause their effect has been shown to be low (Babor et al.,
2003; Foxcroft et al., 1997, 2003; Ludbrook et al., 2000).

Although WHO-CHOICE pursues a societal perspective,
considerable challenges remain in the appropriate measure-
ment of certain societal costs and effects falling outside the
boundaries of the health system (Tan Torres et al., 2003).
The present analysis has thus not been able to successfully
capture potential increases in (workforce and household)
productivity among heavy drinkers following intervention,
nor does it incorporate the economic consequences of alco-
hol-related crime, violence and harm reduction. Patient and
informal carer time spent seeking or providing care and
support was also not valued. Inclusion of these (modest)
additional costs and (substantial) incremental effects could
be expected to improve the CER of all interventions but to
a variable and currently unknown degree. Government rev-
enues arising from taxation were excluded because they
represent transfer payments within society, but this omis-
sion should not detract from the principle that taxation can
reap fiscal benefits for governments as well as health ben-
efits for their populations.
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