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Abstract Natural experiments are an important alterna-
tive to observational and econometric studies. This paper
provides a review of results from empirical studies of
alcohol policy interventions in five countries: Denmark,
Finland, Hong Kong, Sweden, and Switzerland. Major
policy changes were removal of quotas on travelers’ tax-
free imports and reductions in alcohol taxes. A total of 29
primary articles are reviewed, which contain 35 sets of
results for alcohol consumption by various subpopulations
and time periods. For each country, the review summarizes
and examines: (1) history of tax/quota policy interventions
and price changes; (2) graphical trends for alcohol con-
sumption and liver disease mortality; and (3) empirical
results for policy effects on alcohol consumption and
drinking patterns. We also compare cross-country results
for three select outcomes—binge drinking, alcohol con-
sumption by youth and young adults, and heavy con-
sumption by older adults. Overall, we find a lack of
consistent results for consumption both within- and across-
countries, with a general finding that alcohol tax inter-
ventions had selective, rather than broad, impacts on sub-
populations and drinking patterns. Policy implications of
these findings are discussed.
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Introduction

Research on alcohol policy faces the problem that causality
is likely to work in both directions—from policy to out-
comes and from outcomes to policy. For example, econo-
metric studies of alcohol taxes are limited by the fact that
tax rates may be set endogenously as a response to alcohol-
related harms or other economic and political variables,
rather than vice versa [1-3]. Subsequent changes in alcohol
consumption and behaviors result in uncertain data-gener-
ating processes and complicate causal interpretation of
results, especially for aggregate state or national data.
Regression analyses that treat the problem as a simple
cause-and-effect from policy to outcomes will suffer from
endogeneity bias [4]. Also, many tax changes are small in
magnitude, limiting possible responses by consumers.
Given these and other problems inherent in observational
studies, an alternative identification strategy is to seek
circumstances where a substantial change is imposed
externally by forces beyond control of local alcohol poli-
cymakers. Natural or quasi-experiments are circumstances
that mimic a randomized trial, wherein a policy interven-
tion is imposed on a well-identified subpopulation and
there also is an absence of change for a similar subpopu-
lation or control group. Further, interventions are of suffi-
cient magnitude that behavior is likely to be affected. One
strength of natural experiments is that non-policy deter-
minants of alcohol consumption and related harms—such
as income, urbanization, and demographics—are reason-
ably assumed to be constant, at least in the short run.
Hence, identification of a causal effect for alcohol policy
and its potential magnitude should be relatively
straightforward.

A review of empirical results from natural experiments
fills an important gap for evidence-based alcohol policy.
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Several previous literature reviews include only a few
relevant studies of natural experiments, especially studies
published prior to 2008, whereas most studies examined
here were published from 2008 to 2014. A literature
review by Elder et al. [5] included two studies for
Switzerland. A review by Patra et al. [6] included three
studies for Switzerland and five Nordic studies. An
analysis of alcohol-related harms by Wagenaar et al. [7]
included only three studies for Finland. There also are a
number of earlier reviews and commentaries that incor-
porate results from the Nordic Tax Study, including
summaries by Ramstedt [8, 9], Room et al. [10, 11], and
Rossow et al. [12], but these reviews also provide more
limited results and comparisons.

This study conducts a comprehensive review of research
results stemming from natural experiments for alcohol
policy interventions in five countries: Denmark, Finland,
Hong Kong, Sweden, and Switzerland. In three Nordic
countries, economic and physical interventions that
approximate natural experiments are: (1) removal of quotas
on travelers’ tax-free alcohol imports from European
Union (EU) countries (effective January 2004); (2) sub-
stantial tax reductions in Denmark in anticipation of
imports from Germany (October 2003 and January 2005);
and (3) substantial tax reductions in Finland in anticipation
of Estonia joining the EU (March 2004). Because parts of
Sweden are adjacent to Denmark, it was expected that
quota and tax changes would have differential effects, with
greater impacts in southern Sweden. Hence, northern
Sweden is used as a control site in many Nordic studies. In
Hong Kong, as a response to an economic recession,
wholesale duties on imported wine and beer were cut in
half in 2007 and subsequently eliminated in 2008. By 2012,
Hong Kong was the largest wine auction and distribution
center in the world [13]. In Switzerland, an agreement with
the World Trade Organization resulted in an elimination of
discriminatory duties on foreign spirits effective July 1999,
leading to significant reductions in retail prices of foreign
spirits. The number of importers also was increased.

Using these interventions, numerous research studies
focus on before—after changes in outcomes for alcohol
consumption, imports, and alcohol-related harms. For this
review, a total of 59 relevant papers were identified based
on a systematic search of alcohol literatures. Our focus
here is on empirical results for five countries for alcohol
consumption and drinking patterns, both positive and
negative/null results. Alcohol-related harms for these and
additional countries are covered in a separate paper [14]. In
the present paper, we analyze the extent to which major
policy interventions resulted in changes in drinking and
drinking patterns. More generally, we assess the extent to
which empirical results for five countries provide a con-
sistent set of findings and evidence-base for future policy.
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Methods
Literature search

We conducted a systematic search designed to identify
scholarly articles with empirical results for policy inter-
ventions described above.' Three main sources were sear-
ched: PubMed; TARD Research Database (http://www.
drinksresearch.org); and the AMPHORA project (http://
amphoraproject.net/). We used the latter source to identify
European policy changes, while web-based searches were
used for other countries for policy-related studies.
Advanced searches were conducted using various combi-
nations of a country’s name and title/abstract keywords for
alcohol/spirits/beer/wine price* OR tax* OR import* OR
policy*, where * is a truncation indicator to include all
forms of a root word. Given dates of initial policy changes,
searches were limited to articles in the English language
published from 2003 to 2014 for Nordic studies and shorter
or longer periods for Hong Kong and Switzerland. We
screened abstracts to limit articles to those with empirical
results that post-date initial policy changes for each coun-
try: 2003 for Nordic countries; 1998 for Switzerland; and
2006 for Hong Kong. In cases where screenings were not
clear, copies were obtained and final decisions were based
on a reading of each article. For the most part, excluded
articles discuss broader aspects of alcohol policy or contain
empirical results covering earlier policy changes and time
periods. No studies were omitted for quality reasons, but in
several cases there are data or method issues that require
comment. Restricting results to English-language articles is
not a major limitation as many articles in Nordic languages
are preliminary results that are summarized or examined
elsewhere in English (e.g., [11]). Both authors read the
articles and together finalized the summaries. Data were
collected on the following items: policy interventions
analyzed; outcomes examined; data type and sample sizes;
subpopulations (age, gender, etc.); time periods examined;
measurements for alcohol use; and statistical methods.
Note was taken of significant positive results for main-
tained hypotheses at a 95 % confidence level and any
contrary results (i.e., significant negative or null results).

! Three of 59 studies focus exclusively on imports [15-17], and are
omitted here. Studies for several other countries provide results for
alcohol-related harms, e.g., [18-22]; see [14]. We focus here on those
natural experiments where a variety of methods are applied to diverse
outcomes for consumption and drinking patterns, thus permitting both
within- and cross-country comparisons by outcome, subpopulation,
time period, etc.
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Policy interventions

Policy interventions analyzed in primary studies are sum-
marized in Table 1. In all cases there are two or more
policy changes occurring within a short time span, such as
Denmark with tax cuts in late 2003 and 2005, import
quotas from EU countries removed in early 2004, and
minimum age increased in 2004. Although most interven-
tions operate in the same direction (lower taxes and prices,
increased availability), results from experiments are com-
plicated by near simultaneous changes in several policy
variables that can have differential effects. This reflects a
tendency for alcohol policy to operate in several dimen-
sions simultaneously, and might be seen as an important
limitation for systematic reviews. A few studies report
separate results for time-dependent interventions [23-25].
Further, there are effects possible by beverage due to sig-
nificant differences in portability and tax/price changes,
e.g., larger tax reductions for spirits. Policy interventions

Table 1 Description of policy interventions: five countries

that are not uniform raise issues of substitution among
beverages vs. additions to total alcohol consumption.
Several studies comment on this policy issue [13, 26, 27,
28]. Finally, this review is concerned with changes in
alcohol behaviors arising from policy interventions, and
not more-or-less stable cross-sectional predictors that drive
differences within and across countries. For example, it is
well known that consumption levels are higher in Denmark
compared with its Nordic neighbors and heavy drinking is
an issue in Finland. It is changes in consumption or
changes in heavy drinking that studies of natural experi-
ments are designed to illuminate.

Overall, price reductions in the five countries are greater
in Finland and greater for spirits compared to beer and
wine, except in Hong Kong. Relative beverage shares
affected directly by tax changes are approximately: Den-
mark, 100 %; Finland, 100 %; Hong Kong, 55 % (im-
ported wine and beer); Sweden, 17.5 % (spirits); and
Switzerland, 8 % (imported spirits). With these limitations

Excise tax on spirits reduced by 45 %, leading to a reduction of 25 % in retail prices of cheaper brands

Special quota removed on travelers’ tax-free imports of alcohol beverages from other EU countries

Tax rates on alcohol beverages reduced by one-third on average: spirits, 44 %, table wine, 10 %, and beer, 32 %.
Retail prices fell by 22 % on average. Off-premise price of spirits fell by 33 %; wines, 3 %; and beer, 13 %.

Retail limits and advertising restrictions imposed in 2007-2008 [25, p. 621], but these changes were minor. In
January 2008, taxes on spirits increased by 15 % and on beer and wine by 10 %. In January 2009, taxes on all
alcohol increased by 10 % and in October 2009, an additional 10 %. Effects of tax increases on retail prices
were: spirits, plus 7 to 11 % each time; wine, 3 % each time; and medium-strength beer, 2 to 3 % each time

Wholesale import duties reduced by 50 % on imported wine and beer, and all other alcohol beverages (<30 %
All duties eliminated, except spirits. Price reductions for local consumers during 2008-2011 were about 2 % for
beer and 14 % for wine. Wine imports grew substantially. Price indexes for Chinese-style wines and spirits rose

New anti-drunk driving campaign instituted, including random breath-testing and heavier penalties
Increase in spirits import quota in 2002 and increase for all beverages in 2003 [17]

Restrictions on internet sales lifted in October 2007. In 2008, there were minor changes in taxes that reduced

Elimination of discriminatory taxes on foreign spirits. Tax rates reduced by 12-50 %, and equalized with taxes
on domestic spirits, leading to reductions of 30-50 % in retail prices of foreign spirits. Number of importers

Country Dates Policy changes
Denmark October 2003
January 2004
July 2004 Minimum age limit for buying alcohol in shops raised from 15 to 16 years
January 2005  Excise taxes on wine and beer reduced by 13 %
Finland January 2004  Removal of special quota on travelers’ tax-free imports from EU countries
March 2004
Prices for on-premise sales declined on average by 4 % [25, p. 286]
2007-2009
[25, p. 286]. Alcohol offenses legislation amended and strengthened
Hong Kong March 2007
abv), except imported spirits where the ad valorem duty remained at 100 %
February 2008
2008-2010
Sweden 2002 and 2003
2003 and 2005 Tax cuts in Denmark (see above)
2000-2010 Retail prices for alcohol beverages rose less than the general price index
January 2004  Effective removal of special quota on travelers’ tax-free imports
March 2004 Tax cuts in Finland on all beverages (see above)
2007-2008
wine prices and increased beer prices
Switzerland  July 1999
increased. Foreign spirits are about half of the sprits market
2002-2005

Control laws enacted to raise legal age; tax alcopops; and lower blood alcohol content (BAC) for drink-driving

Sources: Denmark [15, 26, 28, 29, 30]; Finland [28, 31, 25]; Hong Kong [13, 32, 33]; Sweden [9, 11, 17, 28, 34, 35]; and Switzerland [27, 36, 37]

abv alcohol by volume
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in mind, the major price and availability changes analyzed
in primary studies are summarized as follows:

e Denmark—Ilarge reduction in Danish spirits tax (45 %)
in late 2003 and large increase in EU travelers’
allowances in early 2004. Spirits prices for cheaper
brands fell by 25 % [28, p. 181]. More modest tax
reductions (13 %) for beer and wine occurred in 2005.
Estimated beverage shares in 2003 and 2010 are: beer,
47 and 38 %; wine, 39 and 48 %; and spirits, 14 and
14 % [38].

e Finland—Ilarge reductions in alcohol taxes in early
2004 for spirits (44 %) and beer (32 %), resulting in
average off-premise price reductions of 33 % for spirits
and 13 % for beer [31, p. 286]. A smaller tax reduction
for table wine of 10 %. A large increase in EU
travelers’ allowances occurred in January 2004, which
was effective when Estonia joined the EU in May 2004.
The change in EU travelers’ allowances was more
important in Finland compared with its Nordic neigh-
bors [39, p. 27]. Tax increases occurred in 2008—2009.
Estimated beverage shares in 2003 and 2010 are: beer,
47 and 46 %; wine, 15.5 and 17.5 %; spirits, 25.5 and
24 %; and other, 12 and 12.5 % [38].

e Hong Kong—wholesale duties reduced by 50 % on
imported wine and beer, and all other alcohol beverages
except spirits, effective March 2007. All duties were
eliminated in February 2008, except spirits. Price
reductions were about 14 % for “foreign-style” wines,
but only 2 % for beer [13, p. 721]. Spirits prices also rose
[32]. Estimated beverage shares in 2006 and 2010 are:
imported beer, 42 and 38 %, imported wine, 13 and
23 %; and imported spirits, 36 and 31 % ([32], Table 3).

e Sweden —Sweden made several gradual adjustments to
pending EU rules on cross-border trade. During
2002-2003, quotas were relaxed and effectively
removed in early 2004 [9, p. 414; 17]. A large
reduction in Danish spirits’ tax occurred in late 2003.
Swedish retail prices for alcohol beverages rose some-
what less than the general price index for 2000-2010.
Estimated beverage shares in 2003 and 2010 are: beer,
40.5 and 37 %; wine, 42 and 47 %; spirits, 17.5 and
15 %; and other, 0 and 1 % [38].

e Switzerland—substantial reduction in import duties on
foreign spirits in 1999 (=12 to —50 %), resulting in a
30-50 % reduction in retail prices for foreign spirits
[40, p. 267]. The number of importers also was
increased. Estimated beverage shares in 2000 and
2010 are: beer, 30 and 32 %; wine, 52 and 49 %;
spirits, 17 and 18 %; and other, 1 and 1 % [38]. About
half of all spirits sales in Switzerland are foreign
imports [40, p 267], suggesting that only 8—10 % of the
market was directly affected by the price change.
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Results by country for alcohol consumption
and drinking patterns

Description of primary studies

Searches using PubMed returned 92 articles, while IARD
searches returned 88 articles. Adding studies obtained from
article-level references, a total of 149 primary articles were
examined for relevant results with 59 articles selected for
review for consumption or harms (a list of 90 excluded
articles is available upon request). Several of 59 studies
cover more than one country [11, 28, 23, 39]. For alcohol
consumption and drinking patterns, we recovered 29
studies containing a total of 35 results divided as follows:
Denmark (6 results); Finland (9); Hong Kong (2); Sweden
(13); and Switzerland (5). Data samples include special
random surveys (e.g., Nordic Tax Study surveys); on-going
formal surveys; census registry data; and school surveys.
Tabular summaries are grouped by type of data used in
each primary study, which divides the studies according to
target populations. Depending on the survey and time
periods, sample sizes vary from modest numbers in the
1-5000 range (e.g., [11, 13, 41, 40] to large samples with
40-100,000 respondents [25, 42]. Subpopulations by age
include legal-age individuals (ages 16 or 18 years and
older); young adults (16-29 years); underage youth (<16
or 18 years); and older adults (>44 years). Consumption by
older adults is a special focus in Nordic studies due to
propensity to import and connections with chronic alcohol-
related harms. Northern Sweden is used as a control site in
several Nordic studies, but this feature is absent in primary
studies for Hong Kong and Switzerland. Alcohol con-
sumption in surveys is often measured as total units of pure
alcohol based on beverage-specific quantity-frequency
questions. Consumption of specific beverages also is
important, given differential policy interventions (e.g.,
spirits in Denmark). A variety of statistical methods are
applied in primary studies, but a basic method is compar-
isons of before—after averages, with data divided into cat-
egories for age, gender, socioeconomic status, beverage,
initial drinking-level or pattern, control site, and so forth.
In some studies, hundreds of comparisons are possible [43,
34]. In what follows, we first organize results by country,
and present within-country summaries for drinking and
drinking patterns. This is followed by cross-country results
for three select outcomes. For each study and outcome
category, we report positive results (statistically significant
at 95 % level, p < 0.05) and any negative or null results.

Each country-level presentation includes a graph for
pure alcohol consumption per capita (ages 15+) and esti-
mates of liver disease mortality for males (age-standard-
ized rate). Both series are indexed to 100 for the year prior
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to initial policy interventions. Graphs, as well as some
studies, provide a longer-run picture of alcohol control
efforts, since liver disease (“cirrhosis”) mortality is an
indicator of chronic heavy drinking. We also comment
selectively on consumption of individual beverages and
unregistered consumption. For Nordic countries, the con-
sumption source is Nordic Alcohol Statistics [44, 45],
including estimates of unregistered consumption for
2003-2010. Swiss consumption data are from World
Health Organization (WHO), Global Alcohol Database
[38] for 1996-2010. Nordic and Swiss mortality data are
from EU, EuroStat [46]. For Hong Kong, consumption data
are from a Department of Health web site [32], and esti-
mates for age-standardized deaths for 2004-2011 are from
a report for the Open Philanthropy Project [47].

Results for Denmark

Figure 1 shows trends for alcohol consumption and cir-
rhosis mortality in Denmark. The two data series follow
similar time trends. After policy interventions in
2003-2005, total consumption increased by 5 % in 2006,
but thereafter declined slightly. Consumption in 2003 was
11.6 1 of pure alcohol compared to 11.3 1 per capita in
2010. Consumption of distilled spirits rose in 2004, but
then remained steady [44]. A decline in consumption of
beer was offset partly by increased consumption of wine.
Unregistered consumption accounted for 9 % of total
consumption in 2008-2010 compared to 15 % for
2003-2005 [38]. Mortality due to liver disease among
males peaked in 1997 at 25.4 deaths per 100,000 persons
[46]. During 1997-2003, mortality declined by 9 % and
has remained at roughly the same level since 2003.
Empirical results for Denmark for alcohol consumption
and drinking patterns are presented in Table 2.

Six studies analyze changes in Danish consumption,
with selected results by age, gender, socioeconomic status,
initial drinking level, beverage, and time period. Grittner

110.0
105.0
100.0 1
95.0 98.0
90.0

100.0 99.1

et al. [26, 48] and Mikeli et al. [28] provide summaries of
Nordic Tax Study (NTS) survey data for 2003-2006.
Mikeld et al. [28, p. 182] report that recorded purchases of
spirits rose by 16 % from 2003 to 2004 but total alcohol
sales fell by 2 %, suggesting short-run substitution or
drinking-level saturation.” In NTS survey data for
2003-2004, there is no sign of increases in alcohol or
spirits consumption among either men or women, and use
of spirits fell significantly among younger persons aged
16-29 years. Cross-sectional results show increases for
consumption only for older persons aged 50-69 years.
There is no indication that heavy drinkers increase their
consumption more, or decrease it less [28, p. 186]. Grittner
et al. [26] extend the NTS data to 2006, yielding four cross
sections and a panel sample of 634 persons interviewed at
all four time points. In time-trend models for interventions,
panel samples show statistically significant negative trends
for all persons, all women, younger women, and middle-
aged women (30—49 years). Consumption by men remains
stable, but older women show some increase in spirits
consumption. Multivariate panel regressions yield uniform
and statistically significant negative time trends, while
cross-sectional regressions yield insignificant time effects
for consumption by both men and women. The authors
conclude that no relevant changes in drinking behavior are
apparent [26, p. 222], suggesting that substitution rather
than increased consumption occurred as prices fell. Using
NTS data for 2003-2005, Ripatti and Mikeld [39] model
dependence between initial drinking levels and changes in
consumption, controlling for regression-to-the-mean
(RTM). They find no evidence of differential changes by
initial level of consumption for light or heavy drinkers.
Further, Room et al. [11, p. 79] comment that any positive
effect in the spirits market was dissipated after 2 years.
They attribute short-run effects to a “charm of novelty”
associated with liberalized travelers’ allowances. Lastly, a
study by Andersen et al. [29] uses school surveys for
1988-2010 to analyze trends in weekly use of beer, wine,
and spirits among grade-9 students (15-years olds). They
report that proportions of students who drank any kind of
alcohol increased from 1991 to 2002. However, from 2002
to 2010, drinking prevalence falls and declines are signif-
icantly negative for all beverages, except wine drinking by

85.0
80.0 =4— alcohol
75.0 =— deaths |

T

70.0

2003 2004 2005 2006 2007 2008 2009 2010

Fig. 1 Denmark: and male cirrhosis

(2003 = 100)

consumption mortality

2 “Short-run” substitution refers to circumstances were the range of
alternative substitutes is proscribed to those already known or
otherwise permitted. Drinking-level “saturation” as used by Room
et al. [11] is the notion that in some “mature” markets, potential
demand is satisfied and individuals do not respond much to changes in
prices, e.g., my personal demand for toothpaste does not vary. In this
situation, substitution occurs mainly in the form of brand switching,
including imports and unregistered consumption. Hence, market
saturation will be associated with a price elastic demand for alcohol
brands and an overall price inelastic demand for total alcohol.
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Table 2 Policy effects on alcohol consumption: Denmark

Study and data/methods

Policy effects—alcohol consumption

Grittner et al. [26]—panel and cross-section NTS Surveys for
2003-2006. Volume of alcohol use. Panel and cross-section
regressions for linear trends

Grittner et al. [48]—four NTS Surveys for 2003—2006. Volume of
alcohol use, with adjustments for sample attrition among heavy
drinkers

Mikela et al. [28]—NTS Surveys for 2003 and 2004, with northern
Sweden as control. Volume of alcohol use. Regressions with
corrections for RTM for absolute and relative changes

Ripatti and Mikela [39]—NTS Surveys for 2003-2005 for people who
drank in all 3 years. Two models with controls for RTM

Room et al. [11]—Register Data and NTS Surveys for recorded and
unrecorded alcohol use, 2000-2007. Tests based on 2003-2004
difference compared to prior and successive year-to-year changes

Andersen et al. [29]—School Surveys for grade-9 (15 years) for
1991-2002 and 2002-2010. Frequency of alcohol use and lifetime
drunkenness. Logistic regressions for trend and gender

Positive—Significant positive trend for older men (50-69 years) for
total alcohol in cross-section data, but not in panel data. For spirits,
no significant changes, except older women increased consumption
in 2006

Negative/Null—All other significant linear trends are negative. Panel
regressions show a slight decrease in consumption for all subjects and
all women. Cross-section regressions show no significant positive
time trends for men or women. No significant time trend for spirits
and no significant changes over study period for men or women.
Younger groups decreased consumption more than older groups,
particularly younger women

Positive—Overall consumption is underestimated due to high-level
non-respondents and overestimated for low-level non-respondents

Negative/Null—Earlier findings in Grittner et al. [26] that policy
changes did not increase consumption are not changed after five
different corrections for sample attrition

Positive—Volume of alcohol use in NTS cross sections shows
significant increase for older group, but not in panel data

Negative/Null—Volume of alcohol use showed a significant decline
for all persons and for all age groups, except older group. Spirits
consumption declined significantly for all persons, men, and younger
group. Changes were not larger among heavier drinkers. Regression
results for relative changes are insignificant for all groups

Positive—None

Negative/Null—Alcohol use decreased on average for respondents. No
evidence of differential changes from initial levels of consumption
for lighter or heavier drinkers

Positive—Some evidence of shift to spirits from beer and wine as
prices fell, but this effect dissipated after 2 years

Negative/Null—Denmark did not show an increase in alcohol use over
the years; consumption declined by 8 % from 2003 to 2007. Binge
drinking did not increase for any major subgroup or population

Positive—None

Negative/Null—Statistically significant declines for 20022010 in
alcohol, beer and spirits weekly drinking for boys and girls; decline
in wine drinking by girls; and significant decline in boys who had
been drunk four or more times. Other measures decreased, but not
significantly. Gender differences significant for beer and drunkenness

Notes: Nordic Tax Study (NTS); regression-to-the-mean (RTM)

boys. Summary data for 13-year-old boys also indicate a
decrease in drinking prevalence.

Denmark made major changes in alcohol policy in
2003-2005 that reduced prices, especially on spirits, and
increased availability. Contrary to expectations, consump-
tion declined modestly from 2003 to 2010. Intervention
studies in Table 2 suggest that any positive effects were
largely temporary, reflecting substitution, novelty, satura-
tion or other social trends by age, gender, or beverage.
Some older persons may have increased consumption after
2004, especially older women (>49 years).
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Results for Finland

Figure 2 displays trends in Finland for pure alcohol con-
sumption and cirrhosis mortality. After 2003, consumption
rose by about 11 %, with a slight decline after 2007. Total
consumption per capita was 11.3 1 in 2003 and 12.0 1 in
2010. Unregistered consumption was 17.7 % of the total in
2003, rose to 21 % in 2004-2005, and averaged 18 %
during 20062010 [44]. Male mortality rose dramatically
by 52 % during 2004-2007 and then stabilized. Mortality
rates per 100,000 were 22.8 in 2003, 34.7 in 2007, and 33.6
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consumption and male cirrhosis mortality

in 2010. Liver disease mortality in Finland contrasts
sharply with negative trends in most other countries of
Western Europe [49]. Empirical results for alcohol con-
sumption and drinking patterns in Finland are presented in
Table 3.

There are eight studies for adults in Table 3 for tax-
quota policy interventions occurring in 2004. Data samples
are divided as follows: three studies use NTS self-surveys
for 2003-2005 [28, 39, 50]; two studies use other on-going
surveys for adults [31, 25]; two studies employ combina-
tions of self-survey and register data [11, 51]; and one
study uses aggregate register data [24]. Much has been
made of the fact that register data for Finland show
increases in alcohol use for 2004-2007, whereas NTS
surveys show only selective increases in consumption and
no change overall [11, 28]. Three NTS studies report null
results as follows: (1) Mikeld et al. [28, p. 185] finds that
the volume of total alcohol use declines significantly in
panel data for all persons, men only, and younger respon-
dents (16-29 years), and spirits consumption did not
change for men, women, or heavier drinkers; (2) Mustonen
et al. [50, p. 517] report no significant changes in absti-
nence or frequency of drinking, and men and women report
less binge drinking in 2005 compared with 2003, while
positive changes are a small rise in total alcohol and spirits
consumption by middle-aged men (30-49 years) and
younger women; and (3) Ripatti and Mikeld [39, p. 27] use
a panel sample for 2003-2005 for individuals who reported
drinking alcohol in all 3 years. Correcting for RTM, they
report a decrease in overall consumption and no change in
consumption among heavy drinkers. Sample sizes in these
studies vary from about 1100-1300 respondents in [28] to
2400 in [39, 50].

Two other studies use large on-going surveys for Finnish
adults. Results in Helakorpi et al. [31] for 2004-2008 show
an increase in moderate-to-heavy consumption among
middle-aged and older persons (45-64 years), but no
increases among younger men or women. Binge drinking

by men did not increase significantly, except among those
with low-education attainment. Among women, binge
drinking increases for all age groups, except for ages
3544 years, and increases are stronger among women
with higher education. The authors comment that for policy
changes, different drinking consequences can occur with
results varying by subpopulation [31, p. 291]. Rossow et al.
[52, p. 1449] report an increase in consumption and heavy
drinking among both men and women during 2000-2008
based on drinking habit surveys carried out by Statistics
Finland. However, over the longer-run, there is a conver-
gence of men’s and women’s drinking patterns, with a
decline for men in the proportion of drinking occasions
with intoxication [53]. Several studies contrast results for
survey and register data. Using register data, Mikeld and
Osterberg [51] show that recorded consumption rose by
7 % in 2004 compared with 2003, and total consumption
(recorded plus unrecorded) increased by 10 %. Unrecorded
consumption rose in 20042005, but decreased in 2006.
They also report that youth health surveys show a down-
ward trend in drinking frequency and binge drinking after
2004. They note that this finding contrasts with earlier
econometric results indicating greater price sensitivity
among youth [51, p. 561]. Room et al. [11] put these data to
a similar test. They argue that NTS data did not show a
general increase in consumption, except for selective
increases among those over the age of 45 years or with less
education. However, register data indicate increased con-
sumption, suggesting that policy interventions may have
strengthened pre-existing trends [11, p. 84]. Allamani et al.
[23, 24] employ aggregate data for 1958-2011. Their
multivariate analysis for Finland indicates that lower taxes
in 2004 did not lead to an increase in recorded alcohol
consumption, but this ignores possible policy effects on
unregistered consumption.

Lastly, Lintonen et al. [25] use a large nationwide
adolescent health survey and report mixed results based on
two types of statistical tests: cross-tabulations with Chi
square tests; and regression models that include time, time-
squared, and binary indicator variables for policy changes.
Separate results are reported for six age/gender groups for
1981-2011. Using cross-tabs for the period 2003-2005,
there are significant decreases in monthly drinking among
14- and 16-year-old girls, and 14-year-old boys [25,
p. 622]. In regression models, significant decreases are
observed for both 14-year-old boys and girls. Monthly
drunkenness decreases among 14- and 16-year-old girls
using both tests [25, p. 623]. Finnish alcohol policy began
to tighten after 2006, but mixed results are again reported.
Cross-tabs for 2005-2011 indicate a decrease in monthly
alcohol use among 14- and 16-year-old boys and girls, but
regression models show a significant increase for 14-year-
old girls and 16-year-old boys [25, p. 623]. Monthly
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Table 3 Policy effects on alcohol consumption: Finland

Study and data/methods

Policy effects—alcohol consumption

Mikeli et al. [28]—NTS Surveys for 2003 and 2004, with northern Sweden
as control. Volume of alcohol use. Regressions with corrections for RTM
for absolute and relative changes

Ripatti and Mikeld [39]—NTS Surveys for 2003-2005 for people who
drank in all 3 years. Two models for initial drinking level and changes
with controls for R-TM

Mustonen et al. [SO]—NTS Surveys for 2003-2005; two cross-section
samples for 2003 and 2005. Volume of alcohol use

Helakorpi et al. [31]—Health Surveys for 2000-2003 and 2004-2008.
Volume of alcohol use in past 7 days, with prevalence measures for
moderate-to-heavy drinking and binge drinking. Logistic models for
differences across subgroups

Rossow et al. [52]—Finnish Drinking Habits Survey for 2000 and 2008,
with random sampling. Face-to-face interviews by Statistics Finland for
individuals 15-69 years

Mikelid and Osterberg [51] —Register Data for recorded and unrecorded
alcohol use for 2001-03 and 2004-06

Room et al. [11]—Register Data and NTS Surveys for recorded and
unrecorded alcohol use, 2000-2007. Tests based on 2003-2004 difference
compared to prior and following successive year-to-year changes

Allamani et al. [23, 24]—Recorded Alcohol Consumption, 1958-2011, with
partial correlation, regression and artificial neural network analyses. Study
fails to incorporate unregistered consumption

Positive—None

Negative/Null—Volume of total alcohol showed a significant decline in
NTS panel data for all persons, men, and younger group (16-29 years).
Volume of total alcohol showed no change in cross sections for all groups,
except for a significant decline for younger group. No changes in spirits
use for all persons or for any group. Regression results for relative
changes are insignificant for all groups

Positive—None

Negative/Null—Mean alcohol use decreased for respondents. No evidence
of differential changes from initial levels of consumption for lighter or
heavier drinkers. Individual random fluctuations were relatively smaller
for Finnish respondents

Positive—Small rises in total alcohol and spirits consumption by middle-
aged men (3049 years) and younger women (15-29 years)

Negative/Null—On average, panel and cross-sections respondents reported
no increase in overall alcohol consumption from 2003 to 2005. No
increases reported using other distribution measures (median, levels
cutoffs at 25, 50, 75, or 90 %). No significant increase in home storage
reported. No change in frequency of abstinence, drinking, or frequency of
binge drinking

Positive—From 2004 onwards, moderate-to-heavy drinking increased
among those aged 45-64 years, but no increases for those aged
25-44 years for men or women. Men with lowest education significantly
increased drinking levels and binge drinking. Women with lowest and
intermediate education increased drinking levels, while binge drinking
among women increased significantly for intermediate and highest-
education groups

Negative/Null—Binge drinking by men did not increase significantly and
among women, ages 35-44 years

Positive—all data series show increases between 2000 and 2008: proportion
of abstainers, plus-16 %; mean alcohol per capita for drinkers, 22.7 %;
mean per capita sales, 19 %; proportion of heavy drinkers for males,

16 %, and proportion of heavy drinkers for females, 146 %

Negative/Null—None

Positive—Recorded alcohol consumption increased by 7 % in 2004 and
total consumption (recorded plus unrecorded) increased by 10 %.
Unrecorded sales increased by 25 % in 2004-2005 and then stabilized in
2006. Increases in consumption concentrated among lower-educated
group and males (>45 years)

Negative/Null—Results tend to contradict expectations that lower-income
young people would be most affected by reforms. Discusses substitution
effects by different groups of drinkers. Notes decline in youth drinking
frequency and binge drinking after 2004

Positive—Finland had a sustained increase in alcohol use, but increase was
steeper in 2004 compared to 2000-2003 and 2004—-2007. Consumption
rose by about 12 % from 2003 to 2007, but rise from 2003 to 2004 was
10 % alone. Analysis of separate survey data found an increase in
consumption, particularly in those aged 45 and over, with less education

Negative/Null—Self-reported NTS survey data showed no increase in
average volume of consumption or in binge drinking for population or any
major subgroups

Positive—None

Negative/Null—Lowering of the excise tax in 2004 did not raise recorded
consumption. Positive factors are female employment and urbanization. A
higher level of female education reduced consumption. In 2004 after the
excise tax was lowered, previous trend continued with unaffected slope
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Table 3 continued

Study and data/methods

Policy effects—alcohol consumption

Lintonen et al. [25]—Adolescent Health and Lifestyle Survey, 12-18 years
olds for 1981-2011. Cross-tabs with Chi square tests and regressions for

monthly frequency and drunkenness. Regression models include time,
time-squared, and policy dummies

Positive—For period 2005-2011, using cross-tabs, a significant decrease in

monthly alcohol use among 14- and 16-year-old boys and girls. A
decrease in monthly drunkenness among 14-year-old girls and 16-year-
old boys

Negative/Null—For period 2003-2005, cross-tabs indicate a decrease in

monthly drinking among 14- and 16-year-old girls and 14-year-old boys.
In regression models, decreases for both 14-year-old girls and boys.
Decreases in monthly drunkenness observed for 14- and 16-year-old girls
in both cross-tabs and regressions. For 2005-2011, regression models
show a significant increase for monthly drinking by 14-year-old girls and
16-year-old boys, and an increase in drunkenness by 14-year-old boys.
Concludes that “adolescent drinking was not affected by the policy
change” in 2004 (p6250)

Notes: Nordic Tax Study (NTS); regression-to-the-mean (RTM)

drunkenness decreases among 14- and 16-year-old boys
(cross-tabs), but the regression model yields an increase for
14-year-old boys. Many findings in this study are contrary
to expectations and the authors conclude that adolescent
drinking was not affected by 2004 interventions [25,
p. 625].

Overall, consumption results for Finland are mixed.
Results from NAS surveys [28, 39, 50] show little change
in adult drinking behavior, but other health surveys [31,
52] suggest that moderate-to-heavy drinking increased
among older adults. Heavy-drinking individuals, espe-
cially older adults (>45 years), may have increased
imports of alcohol, at least in the short run [16]. Lower-
income younger persons and youth were not affected by
tax-quota policy interventions [28, 31, 25, 51]. A partic-
ular policy concern in Finland is the increase in moderate
to heavy consumption by those over 45 years, which is
reflected in the mortality series in Fig. 2. As noted by
Helakorpi et al. [31, p. 291], pronounced differences
according to subpopulation can result from a given policy
change. Further, NAS survey results for alcohol con-
sumption do not agree with changes in aggregate register
data for Finland. Room et al. [11, p. 85] comment that
this may reflect small changes in consumption levels and
possible sampling biases. They give priority to register
data as a more reliable source.

Results for Hong Kong

Figure 3 shows trends in Hong Kong for alcohol con-
sumption and cirrhosis mortality for the time period 2004
to 2011. Per capita consumption rose by 10 % from 2006 to
2008, and then stabilized. Consumption of pure alcohol
was 2.54 1 per capita in 2006 compared to 2.62 1 in 2010,
which is well below other Asian countries such as main-
land China, Japan, and Korea. However, wine consumption
increased sharply, accounting for only 13 % of

consumption in 2006 and 23 % in 2010. The policy change
created a market environment that removed all duties on
alcohol except spirits [54]. An index for male mortality
declined after 2006, and does not reflect increases in con-
sumption. Results for Hong Kong are in Table 4.

Two studies present results for alcohol consumption and
drinking patterns, given policy changes in 2007 and 2008.
Chung et al. [13] conducted telephone surveys of Chinese
residents (1870 years) in 2006, 2011, and 2012. Preva-
lence of ever-drinking alcohol increases from 67 % in 2006
to 85 % in 2012. Respondents who reported any past-year
drinking also increased. Quantity of alcohol consumed did
not change, but prevalence of binge drinking declined
significantly [13, p. 4]. Using survey data for 2010 and
2011, Kim et al. [33, p. 1220] report no change in the
proportion of weekly drinkers, while prevalence of past-
month binge drinking declined. Hence, two empirical
studies in Table 4 report little or no change in drinking
behaviors, except for increased prevalence of ever-drink-
ing. Binge drinking, which is uncommon in Hong Kong,
declined after 2006, although some selective increases
occurred. A main effect of duty reductions was an increase
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Table 4 Policy effects on alcohol consumption: Hong Kong

Study and data/methods

Policy effects—alcohol consumption

Chung et al. [13]—Telephone Surveys for 2006, 2011, and 2012 for
persons 18-70 years Volume of alcohol (beer/wine) for prevalence,
weekly use, and binge drinking. Logistic model for changes from
2006 to 2011 and 2012. Small samples, especially binge drinking

Kim et al. [33]—Telephone Surveys for 2006 and 2011 for persons
18-70 years. Volume of alcohol (beer/wine) for prevalence, weekly
use, and binge drinking

Positive—Prevalence increased over time for ever-drinking and
drinking alcohol (beer/wine) in the past year

Negative/Null—Weekly volume of use declined, but not significantly.
Prevalence of binge drinking declined significantly. Age-related
results for outcomes indicate less drinking by persons 51-70 years

Positive—None

Negative/Null—Proportion of weekly drinkers was unchanged, while
prevalence of binge drinking in past month declined

in social drinking as evidenced by wine consumption [55,
p. 514].

Results for Sweden

Figure 4 displays trends in Sweden for pure alcohol con-
sumption and cirrhosis mortality. Alcohol use declined
steadily from 2004 to 2010. Consumption of pure alcohol
was 10.2 I per capita in 2003 and 9.5 11in 2010, a decline of
7 %. Unregistered consumption was 32 % of the total in
2003, rose to 37 % in 2004-2005, and averaged 27 % for
2006-2010 [44]. Deaths from liver disease declined after
2005, and the death rate in 2010 was 10 % below the rate
in 2003. Empirical results for Sweden are presented in
Table 5.

There are 13 studies in Table 5, but only a few provide
positive or mixed evidence for select increases in alcohol
consumption. According to Ramstedt [9, p. 410], total
consumption peaked in 2004 and subsequently declined.
Short-term rises were greatest for wine and strong beer.
From 2004 to 2009, consumption declined by 11 %, with
larger decreases for spirits. Ripatti and Mikeld [39, p. 28]
use NTS data for 2003-2005 for individuals reporting
drinking in all 3 years. Correcting for RTM, these data

105.0
100.0
95.0 - 93.3
90.0
89.8
85.0
80.0
=¢— alcohol
75.0 =
=— deaths
70.0 :

2003 2004 2005 2006 2007 2008 2009 2010

Fig. 4 Sweden: and male cirrhosis

(2003 = 100)

consumption mortality

@ Springer

indicate an increase in consumption for moderate drinkers
in southern Sweden, but reductions for heavy drinkers.
Using survey data, six studies provide mostly negative or
null results for Swedish adults. For example, Gustafsson
[43] uses NTS samples for 2003-2006, which show no
significant increases for all persons or men-only samples,
and statistically significant reductions in alcohol use
among younger women, women-only samples, younger
binge drinkers, and younger heavy drinkers. Similar
negative or null results are found in Mékeld et al. [28],
Raninen et al. [56], Ripatti and Mikeld [39], and Room
et al. [11]. A study by Stafstrom and Ostergren [57] uses
self-report surveys conducted in 1999 and 2005 for Scania
County in southern Sweden. Deregulation of cross-border
trade did not increase total alcohol consumption. Signifi-
cant declines are found for several groups, including men,
high-volume men and women, unemployed men, single
men, and single women. Some increases are noted for
low- and moderate-volume drinkers, but this might be
explained by sampling biases or RTM as individual
drinking patterns fluctuated considerably over time [57,
p. 575].

Two studies for youth provide evidence for increased
alcohol use after 2004. Hallgren et al. [42, p. 584] analyze a
large sample based on repeated cross sections for Stock-
holm students in grade 9 (15-16 years) and grade 11
(17-18 years) between 2000 and 2010. They show that
consumption increased only among heaviest drinkers (top
5-10 %) for grade-9 males, grade-11 males, and grade-11
females. Prevalence of abstainers increases steadily over
time and binge drinking declines among lighter drinkers,
but bingeing increases for heaviest drinkers and grade-11
females [42, p. 587]. However, a study by Stafstrom [60]
analyzes two data sets collected in 2003 and 2005 for
grade-11 students in southern Sweden. He finds a signifi-
cant increase in binge drinking. Prevalence of drinking is
stable over time, but proportion of respondents who had
ever been intoxicated declines [60, p. 582]. Four other
studies provide mostly negative or null results for youth
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Table 5 Policy effects on alcohol consumption: Sweden

Study and data/methods

Policy effects—alcohol consumption

Gustafsson [43]—NTS Surveys for 2003-2006, with northern Sweden
as a control. Volume of alcohol use. Year-to-year averages within-
region and comparisons with northern Sweden control site

Mikeli et al. [28]—NTS Surveys for 2003 and 2004, with northern
Sweden as a control. Volume of alcohol use. Regressions adjusted for
cluster effects and RTM outliers for absolute and relative changes

Ripatti and Mikelad [39]—NTS Surveys for 2003-2005 for people who
drank in all 3 years. Two models for initial drinking level and
changes with controls for RTM

Ramstedt [9]—Survey and CAN School Survey data, including
unrecorded consumption. Factors behind consumption for period
1990 to 2009

Raninen et al. [S6]—Monitoring Project Survey data on alcohol use
and import data for 2004-2011. Monthly data aggregated to annual
level for year-to-year comparisons for 2004-2011. Sample divided
into 20 groups from low- to high-use men and women, and under and
over 50 years of age

Stafstrom and Ostergren [57]—Scania Public Health Cohort Survey—
prospective cohort samples for 1999 and 2005 in county of Scania in
southern Sweden. Volume of alcohol use and purchase patterns.
Identifies RTM effects among men and women

Room et al. [11]—Register Data and NTS Surveys for recorded and
unrecorded alcohol use for 2000-2007. Tests based on 2003-2004
difference compared to prior and following successive year-to-year
changes

Positive—None; panel data support cross-sectional results

Negative/Null—Year-to-year cross-section results showed no
significant increases for all persons, men-only, and women-only
samples. No significant changes in spirits consumption. Significantly
negative declines found for all women and younger women
(16-29 years) for 2003—-2005. Younger binge drinkers and younger
heavy drinkers significantly reduced use in 2003-2005. Control
comparisons show no significant increases for southern Sweden

Positive—None

Negative/Null—Volume of total alcohol use showed no changes for
any group in panel sample. Volume of total alcohol use showed no
changes in cross sections, except a significant decline for younger
group (16-29 years) relative to northern Sweden. No changes in
spirits consumption, except a significant decline for younger group.
No significant changes reported by income-level or drinking pattern.
Regression results for relative changes are insignificant for all groups

Positive—Lighter drinkers increased level of consumption controlling
for RTM. Moderate drinkers increased their consumption the most

Negative/Null—Consumption level decreased on average among
respondents. No evidence of differential changes among heavier
drinkers. Heavy drinkers decreased consumption

Positive—Wine and strong beer increased, but sales declined for spirits
and weaker beer. Weekly use of alcohol increased for men and
women

Negative/Null—Alcohol use by men after 2005 declined for all age
groups or was stable. Use by women after 2005 declined for all age
groups or was stable. Use by grade-9 students declined, especially by
girls

Positive—None

Negative/Null—Alcohol use decreased overall for whole population
(12.6 %) and for three of four subgroups (men only, women only,
persons < 50 years). Low consumption groups (especially men)
decreased their consumption more in relative terms compared to high
consumption groups. Smallest declines or slight increases were found
in elderly (> 50 years) and women in high consumption group

Positive—Buying liquor from a private person was associated with
higher consumption. No longer buying alcohol from a private person
or not buying alcohol from abroad was associated with lower
consumption

Negative/Null—Consumption did not change significantly for all
individuals from 1999 to 2005, including young adults (ages
18-29 years). Declines were found for men, high-volume men and
women, unemployed men, and single men and women. As noted by
an anonymous reviewer, samples used in this study may be subject to
self-selection bias, and may not generalize to the population as a
whole

Positive—There was a short-term increase in imports for one quarter,
but a corresponding fall in SB sales

Negative/Null—Consumption in southern Sweden declined by about
8 % from 2003 to 2007. Neither longitudinal panel study nor
repeated cross-section studies based on surveys showed any increase
in average volume of use or binge drinking for any major subgroup in
short or medium term
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Table 5 continued

Study and data/methods

Policy effects—alcohol consumption

Hallgren et al. [42]—Stockholm Student Survey; two cross-sectional
samples for grade-9 (15-16 years) and grade-11 (17-18 years)
students for 6 years, 2000-2010. Surveys addressed alcohol use and
risk factors for alcohol misuse. Changes in mean consumption and
binge drinking examined for males and females separately

Norstrom and Svensson [41]—CAN School Survey for grade-9
(15-16 years) students in 2000-2012. Seven drinking groups by
annual use. Binge drinking measure. Log OLS regressions for group
mean use and total mean consumption

Raninen et al. [S8]—CAN School Survey for grade-11 (17-18 years)
for 2004-2012. Alcohol use divided into deciles. Cross-tabs by year
and mean level of use. Tests for relative changes from 2004 to 2012
for overall sample and for boys and girls

Svensson and Landberg [S9]—CAN School and Youth Surveys; binge
drinking from school surveys for 1971-2009 and surveys conducted
among male military conscripts for 1972-2006

Stafstrom [60]—Stania School Surveys for 2003 and 2005 in 20
schools in Scania in southern Sweden (ages 17-18 years). Alcohol
use in past year for frequent users of imports and infrequent users

Svensson [61]—SoRAD School Survey; monthly estimates for
2002-2007 for smuggled alcohol, proportion reporting binge
drinking, and average alcohol use in past 30 days. Age group is
16-19 years

Positive—Among heaviest drinkers (90-95 percentile), there was an
increase in consumption over time for grade-9 males, grade-11 males,
and grade-11 females. Grade-11 females were only group to
significantly increase their binge drinking. Binge drinking frequency
increased among heaviest drinkers, but declined among lighter
drinkers

Negative/Null—Steady increase in number of abstainers. Excluding
non-drinkers from samples, significant reductions in average per
capita consumption were found for grade-9 males, grade-9 females,
and grade-11 males. Grade-11 females showed no significant change
in consumption. Grade-9 male binge drinking decreased significantly,
while grade-9 females and grade-11 males remained relatively
constant

Positive—None

Negative/Null—Overall decline in youth alcohol use (51 %) was
mirrored in all seven groups. Overall decline in binge drinking
(39 %) also mirrored for all seven groups. Relative decrease was
smaller for heavy drinkers (2 % compared to 29 % for light
drinkers). Very small gender differences. OLS regression shows
elasticity much smaller for heavy drinkers

Positive—Consumption rose between 2004 and 2006, and then
declined overall (20 %). Relative decline smaller for heavy drinking
group (14 %) compared to lighter drinking groups (< —32 %). Girls
show smaller declines

Negative/Null—Decreases for all decile groups and changes for boys
and girls were roughly the same as overall sample. Increasing level of
abstainers despite no additional restrictive policies

Positive—For 1972-2000, significant relationship between total
alcohol consumption and binge drinking by conscripts (18-years) and
boys (15-16 years). Insignificant for girls

Negative/Null—Binge drinking among boys and conscripts decreased
after 2000, whereas binge drinking among girls was stable.
Insignificant relationship between total alcohol consumption and
binge drinking

Positive—Significant increase in proportion that often or always used
imported alcohol, 42.6 % in 2003 to 55.9 % in 2005. Significant
increase in binge drinking occurred for both groups of importers.
Concludes that alcohol consumption is independent of availability

Negative/Null—Proportion of alcohol consumers was stable over time
and proportion decreased for those who had ever been intoxicated

Positive—Proportion of surveyed youth reporting smuggled purchases
increased from about 10 % in 2002 to 20 % at end of 2007

Negative/Null—No indications that binge drinking increased and
average consumption was roughly stable. Consumption among youth
decreased from 2002 to 2007; 27 % for boys and 29 % for girls

Notes: ordinary least-squares (OLS); Nordic Tax Study (NTS); regression-to-the-mean (RTM); Systembolaget (SB); Swedish Council for

Information on Alcohol and Other Drugs (CAN)

drinking in Sweden. For example, Norstrdom and Svensson
[41, p. 1440] analyze survey data for grade-9 students for
2000-2012 and report substantial declines in mean alcohol
consumption and frequency of binge drinking, and a
marked increase in abstainers. Similar results are found in
Svensson [61] and Svensson and Landberg [59]. A study by
Raninen et al. [58] uses data drawn from a nationally
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representative sample of grade-11 students for 2004 to
2012. Consumption of alcohol rises for 2004-2006, but this
increase is not statistically significant. After 20006, there is a
steady and significant decline, and consumption in 2010
among all respondents is 15 % below peak levels.
Decreases are observed in all decile groups and changes for
boys and girls are roughly the same [58, p. 683].
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Numerous studies in Table 5 address issues of alcohol
consumption in Sweden following tax cuts in Denmark
during 2003-2005 and Swedish import quota interventions
during 2002-2004. Unlike the Finnish case, register data
for Sweden are consistent with results from NTS surveys.
Short-term positive effects on alcohol consumption are
mostly limited to moderate- and lighter-drinkers. Gustafs-
son [34, p. 464] and Bloomfield et al. [35] argue that
southern Sweden is now characterized by social drinking,
rather than drinking to intoxication. Studies by Hallgren
et al. [42] and Stafstrom [60] found some increases for
heavier-drinking youth, but their results are not supported
by four other youth studies [41, 58, 61, 59].

Results for Switzerland

Figure 5 displays trends for Swiss alcohol consumption
and cirrhosis mortality. Both series were declining prior to
price reductions for foreign spirits in 1999. Declines con-
tinued after 1999, but proportional reductions in mortality
are somewhat greater. Consumption series show a slight
increase in 2000 (plus 2 %) following interventions, but
thereafter a 10 % decline in consumption occurs. Con-
sumption in 2010 was 101 per capita of pure alcohol
compared to 111 in 1999 and 2001. Unregistered con-
sumption is negligible [38]. Only spirits prices were
directly affected by policy changes. Spirits were 17 % of
sales in 2000 and roughly half of all spirits sales are foreign
imports. Liver disease mortality in 2010 was 13.0 deaths
per 100,000 compared to a rate in 1996 of 17.7, a 26.5 %
decline [46]. Empirical results for Switzerland are pre-
sented in Table 6.

Four related studies use survey data collected at four
time points during 1999-2001, starting 3 months prior to
interventions (March 1999 baseline). Follow-up surveys
were conducted in October 1999, March 2000, and October
2001. Studies report results for short-run changes during 3
to 9 months following interventions, while long-run results
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consumption and male cirrhosis mortality

pertain to changes from 1999 to 2001. Two studies suggest
a short-run increase in use of spirits among heavier drin-
kers [27, 40], but this change is reported as temporary in
Gmel et al. [62, p. 39]. Long-run increases in spirits con-
sumption are mainly found for lighter drinkers, especially
younger males (<30 years) who were classified as light-
drinkers at baseline. Heeb et al. [27, p. 1441] report that
binge drinking is insignificant for spirits use, while Kuo
et al. [36, p. 723] find binge drinking is important, but time
(follow-up year) is insignificant. No results are reported for
effects of interventions on prevalence or frequency of
binge drinking, but heavier drinkers were not more affected
by lower prices. A study by Gmel et al. [62] makes a
substantial effort to correct for RTM, and they find that
long-term effects are much weaker for heavy drinkers or
even negative. Heeb et al. [27, p. 1442] comment that price
changes for spirits may not have increased alcohol con-
sumption, as there is a decline in use of other alcohol
beverages. Lastly, Allamani et al. [23, p. 1538] report that
policy interventions temporarily increased consumption in
2000, but consumption continued its long-term decline
after that date. In summary, recorded consumption for
Switzerland rose modestly in 2000, but thereafter declined
by 10 %. Empirical studies in Table 6 indicate a temporary
rise in spirits consumption that is matched somewhat by
reductions in use of beer and wine. Price reductions mostly
affected younger males and light drinkers, while effects on
heavy drinkers were not long lasting [62, p. 32].

Selected results for drinking patterns: cross-
country comparisons

In order to further assess results in Tables 2, 3, 4, 5, 6, we
examine the consistency of findings across countries for
three critical groups: binge drinkers; young adults and
youth; and heavy-drinking older adults.

Binge drinking

There are 18 studies that present results for binge drinking
or intoxication. In 14 of 18 studies, we judge results to be
largely negative or null—alcohol policy interventions that
reduced prices and increased availability had little or no
positive effect on binge drinking and drunkenness. Listed
by country, these 14 studies are: Denmark [11, 29]; Finland
[11, 25, 51, 50]; Hong Kong [13, 33]; Sweden [11, 43, 41,
61, 59]; and Switzerland [27]. Four remaining studies
report mixed results. For example, Helakorpi et al. [31] use
a health survey to examine Finnish drinking patterns. For
2004-2008 compared with 2001-2003, binge drinking
increases among all women (except ages 35—44 years), and
older men (>45 years). Some increases also occur for men
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Table 6 Policy effects on alcohol consumption: Switzerland

Study and data/methods

Policy effects—alcohol consumption

Gmel et al. [62]—four-wave Telephone Survey for 3 months before
and 3 to 28 months after policy changes. Volume of alcohol and
spirits use. Regressions with four corrections for RTM, conditional
on drinking status (low-, medium- and high-levels) and changes

Heeb et al. [27]—Telephone Survey of current drinkers in March 1999
and October 1999. Volume of alcohol use. Drinkers divided into
categories for change over time (stable use, increase, decrease) to
account for RTM. Regression model for before/after spirits use.
Small sample size for some groups

Kuo et al. [36]—Telephone Survey of current drinkers in March 1999,
October 1999, and spring 2000. Volume of alcohol use, with measure
for heavier drinking. Regression model for before/after spirits use;
R-sq. is only 0.07

Mohler-Kuo et al. [40]—Telephone Survey conducted 3 months before
and 28 months after policy change. Volume of alcohol use

Allamani et al. [23]—Recorded Consumption for aggregate per capita
alcohol consumption, 1961-2008, with partial correlation, regression
and artificial neural network analyses

Positive—Stronger short-term effect found for high-volume drinkers
compared to low-volume drinkers, but long-term changes were much
weaker and mainly associated with light and moderate drinkers

Negative/Null—Total alcohol consumption remained stable from first
to fourth wave, while spirits consumption increased slightly. Changes
for high-level drinkers depend on time reference point and changes
for low- and high-level drinker groups may reflect RTM effects.
High-level drinkers were not affected by tax changes in long run

Positive—Spirits consumption increased significantly by 28 % in
6 months, while other categories declined. Younger males showed a
significant increase and females did not. Spirits use increased most
among male groups defined by binge drinking status. Regression
results indicated significant effects for only younger men
(15-29 years) and low-volume increasers for males. All other groups
were insignificant

Negative/Null—Consumption of alcohol, beer, and wine declined
overall and declined for all age and gender subgroups. Percentages of
heavy- and binge-drinkers changed little, except middle-aged women
decreased drinking. Higher-volume drinkers at baseline decreased
spirits use. Negative effects indicated for high-volume decreasers and
binge-decreasers

Positive—Spirits use increased significantly at follow-up among
younger subgroups (< 30 years), especially males. Increase was
relatively greater for moderate drinkers compared to heavier drinkers
(> 3 drinks per day)

Negative/Null—Spirits consumption did not increase for middle-aged
(31-59 years) and older (60 + years) individuals. Mean
consumption declined some at follow-up for heavier drinkers

Positive—Spirits consumption increased significantly (38 %). Wine

(6.7 %) and total consumption also increased (7.5 %), but beer use
did not change from 1999 to 2000

Negative/Null—None

Positive—1999 law was associated with a temporary increase in
consumption in 2000

Negative/Null—Restrictive laws in 2002-2005 associated with an on-
going decrease in consumption dating to 1990. Advertising
restrictions associated with increase in consumption

Regression-to-the-mean (RTM)

with lowest-education attainment and women with high-
levels of education. The authors note varying effects by
subgroup for policy interventions [31, p. 291]. Similar
selective results are reported in Hallgren et al. [42] for
Sweden. Stafstrom [60] reports an increase in binge
drinking by Swedish students, but a decline for intoxica-
tion. Organized by age group, the results indicate the fol-
lowing: (1) Denmark—binge drinking did not increase for
any major adult subgroup [11] and drunkenness declined
significantly among 15-year-old boys [29]; (2) Finland—no
changes in adult bingeing using NTS data [11, 50] or
among youth [25, 51], but selective increases among adults
using other survey data [31]; (3) Hong Kong—decline in
binge drinking among adults [13, 33]; (4) Sweden—
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younger binge drinkers reduced alcohol use [11, 43] and
bingeing declined generally, with exceptions [42, 41, 60,
61, 59]; and (5) Switzerland—adult binge drinking chan-
ged little [27].

Young adult and youth alcohol consumption

There are 18 studies that report results for young adults and
youth. Excluding results for binge drinking, there are 10
studies for young adults and eight studies for youth.
Overall, these studies contain 14 negative results and only
four report positive or mixed results. Three Danish studies
report significant declines in alcohol use by young adults
for 2003-2004 or 2003-2006 and youth during 2002-2010
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[26, 28, 48]. In Finland, three of four studies indicate
policy interventions in 2004 did not increase drinking by
youth or young adults [28, 25, 51]. The exception is
Mustonen et al. [50, p. 518], who report a rise for
2003-2005 in spirits consumption by younger women
(ages 15-29 years). Among nine Swedish studies, negative
results are found in three studies for young adults and five
of six studies for youth [9, 28, 43, 41, 58, 60, 57, 61].
Results in Hallgren et al. [42, p. 586] for Stockholm youth
are mixed—only very heavy drinkers increased consump-
tion over time. Finally, two studies for Switzerland [27, 36]
provide positive results for spirits drinking by young adults
(15-29 years), but long-term effects are confined to lighter
drinkers.

Older adults and heavy-drinking older adults

Results for older adults (>44 years) and older heavy-
drinking adults are reported in a number of studies. Sum-
marized by country and data type, these results provide
insight into economic and cultural differences as well as
possible shortcomings of some research methodologies.
For Denmark, NTS surveys tend to show some short-run
increases in consumption by older men and women fol-
lowing policy changes, but little change when panel data
are employed [26, 28, 39, 48]. Differential changes among
heavy drinkers are not apparent. Mikeli et al. [28, p. 189]
comment that heavy drinkers might be underrepresented in
the surveys or that selective dropouts might affect some
results. However, Grittner et al. [48] find that correcting for
non-respondents has no effect on NTS-based results.
Results for Finland based on NTS data show similar out-
comes [11, 28, 39, 50]. However, several Finnish studies
[31, 51, 52] using other surveys or register data indicate
that heavy drinking increased in Finland among older
adults, especially those with lower-levels of education. In
Sweden, NTS data again show little variation by age or
drinking level [11, 28, 39, 43], and this is supported by
other independent surveys [9, 56, 57]. In Switzerland, any
positive results are limited to younger male drinkers and
lighter-to-moderate drinkers [27, 62, 36]. Overall, with the
exception of Finland, policy changes seem to have had
little effect on older adults.

Discussion

This paper provides a critical assessment of empirical
evidence from 29 studies covering natural experiments in
alcohol policy for five countries: Denmark, Finland, Hong
Kong, Sweden, and Switzerland. Overall, we find a general
lack of consistent results that can provide a sound evi-
dence-base for development of alcohol tax policy. In all

countries there is a lack of robust results for major seg-
ments of the population, following interventions that
reduced prices and relaxed import quotas. Our conclusion
parallels concluding statements in several primary studies.
For example, a cross-country study by Room et al. [11,
p- 82] finds that self-report longitudinal and repeated cross-
sectional NTS survey data failed to show “any increase in
average volume of consumption or binge drinking for any
country, or for major subgroups within countries.” A youth
study (ages 12-18 years) by Lintonen et al. [25, p. 625]
reports that higher prices in Finland during 2005-2011
were associated with increased consumption by some
age/gender groups, but overall effects of policy changes are
unclear. In many cases, positive policy effects are short-
term in nature or apply to particular groups of individuals
or subpopulations (older women, low-educated individuals,
grade-11 girls, etc.). What we learn from this review is that
alcohol tax and price changes are likely to have selective
effects on drinking and drinking patterns, rather than broad
population-level effects.

Room et al. [10, p. 573] argue that alcohol policy must
look beyond mechanical and technical factors, such as tax
rates, and take account of a broader range of social and
cultural factors. The results in our review are in general
agreement with that position. As pointed out by Allamani
et al. [37, p. 1711], similar interventions can have quite
different effects depending on context and culture, and this
holds true for alcohol taxation as a restrictive policy.
Desired outcomes are not guaranteed even if a particular
policy has been shown to be effective in the past or in a
different country or for a different subpopulation. Future
research might therefore focus on critical groups, such as
youth and older heavy drinkers, but account carefully for
social and cultural variables that additionally or more
importantly drive learning behaviors and drinking patterns.
Another implication of our findings is that recent micro-
simulation modeling efforts and broad policy statements,
such as Anderson et al. [63] and OECD [64], are based on
assumptions that are incorrect or at least too broad. A price
or other policy change that affects only subpopulations,
such as older or highly educated women, is not reflected in
population-level parameters used in such simulations and
policy claims. As noted by Holder [65], complex systems
do not always work in a simple linear manner or in stan-
dard expected ways. Despite substantial advances in micro-
simulation modeling, intervening variables and dynamic
feedbacks may still limit the ability of such models to
capture overall complexity of price effects on alcohol
consumption, drinking patterns, and ultimately alcohol-re-
lated harms. This seems especially true when social pat-
terns of alcohol use are deeply ingrained. The price
reductions examined in this paper—which vary in magni-
tude by alcohol beverage—present intriguing examples of
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contradictions to standard economic theory and challenge
alcohol policy researchers to examine other natural
experiments in different countries and time settings.

A large body of literature argues that alcohol prices are a
highly effective policy tool for addressing issues of alcohol
consumption, especially for underage youth, young adults,
binge drinkers, and heavy drinkers. Beginning with seminal
works by Edwards et al. [66] and Barbor et al. [67, 68], it is
widely accepted that alcohol prices (and taxes) effectively
target abusive alcohol consumption and alcohol-related
harms. Although substitution is known to occur, it is
argued that net effects of higher prices are positive at the
“total population” level. Recent surveys and analyses have
sought to extend this evidence base, but in our view these
attempts are not always successful. For example, Wagenaar
et al. [7] examine alcohol prices or taxes and various cat-
egories of alcohol harms. Their statistical tests do not,
however, allow for the magnitude of effects. Consequently,
what appears as a statistically significant effect may well be
unimportant in terms of its economic impact or importance.
A meta-regression is required to sort out issues of magni-
tude, while controlling for heterogeneity, heteroskedastic-
ity, publication bias, and outliers [69, 70]. Results in the
present paper provide guidance on possible importance (or
unimportance) of intervening covariates affecting hetero-
geneity of outcomes for alcohol consumption and related
harms.

As noted by Babor et al. [68, p. 105], “... studies of
what happens when there is a change [i.e., natural experi-
ments] provide the most valuable evidence on the effects of
alcohol policy.” In this study, we provided a comprehen-
sive accounting of results from 29 studies that examine five
price-related policy changes. While some positive and
mixed results are found, our overall conclusion is that the
present view on effectiveness of prices and taxes is still
open to debate. We do not argue that prices have no effect
on alcohol consumption, but rather evidence from five
countries tends to support more nuanced effects that
depend on time, place, demographics, culture, and so forth.
It is of course possible that results from these natural
experiments are in some sense not representative. First,
Finland and Sweden are possible special cases with long
histories of restrictive controls intended to reduce drinking,
especially drinking to intoxication, but Denmark represents
a Western European pattern of drinking [30]. Drinking and
mortality trends in Finland are different as evidenced by
register data and liver disease mortality [11, p. 85], but a
diversity of evidence is an advantage in a policy context
where special circumstances may be important. Hong Kong
also may be a special case, with drinking levels that are low
relative to Western countries, but it is not that different
compared with many developing nations. Second, for the
most part policy interventions examined here resulted in
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reduced prices, and it may be that the demand for alcohol is
price inelastic at lower prices only. A “kinked” demand
curve is an alternative representation of notions of market
“saturation.” However, it is unlikely to be the case that all
subpopulations have kinked demands for alcohol at current
prices, which complicates modeling and simulation efforts.
Third, it also may be that natural experiments are only
useful for revealing short-run effects of polices, while
overriding cultural trends are dominant in the long run, but
not easily understood. Room et al. [10] also argue that
incomes and “affordability” play a more important role in
determining the range of options for alcohol use, so a strict
focus on prices is misleading. All countries represented
here are highly developed higher-income nations, with
relatively homogenous populations. Moreover, in some
cases there clearly are intervening short-run effects such as
higher petrol prices in Sweden in 2004 that may have
decreased cross-border purchases [11, p. 82]. Fourth, it
might be the case that the tax and quota changes analyzed
here are simply too small in magnitude to have much
impact on consumption, partly due to the fact that price
reductions were larger for spirits in four of five cases.
Larger or more comprehensive price/tax changes might
have greater impacts generally. Finally, while there is
considerable methodological variation across studies, there
is less independent variation in the underlying data and
sampled populations, with many adult and youth studies
employing the same or similar data sets (e.g., NTS surveys,
CAN surveys, Hong Kong telephone survey, Swiss tele-
phone survey).
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