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Abstract
AIMS—This paper examines changes in alcohol consumption in Denmark between 2003 and 2006
after the excise tax on spirits in Denmark was lowered by 45% on 1. October 2003 and travelers’
allowances for alcohol import were increased on 1. January 2004.

METHODS—Cross-sectional and panel data from Denmark from 2003 to 2006 were analyzed.
Samples were collected by telephone interviews using random digit dialing.

RESULTS—Panel data for Denmark revealed that alcohol consumption remained relatively stable.
Similar results were found in the Danish cross-sectional data. It appears that substitution rather than
increased importation occurred.

CONCLUSION—We found no evidence to support earlier research stating that decreased prices
and increased availability is related to higher alcohol consumption. This could be partly because
Denmark has reached a “saturation” level of consumption over the past 30 years, but also because
the survey mode of data collection did not capture specific sub-populations who might have increased
their consumption. Other indicators of alcohol use or alcohol-related harm may be necessary to
examine in order to fully assess the consequences of such changes in alcohol availability.
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Introduction
In October 2003 the Danish government lowered its excise tax on spirits by 45%, leading to a
price reduction of 25% on cheaper brands. This measure was taken in anticipation of a generous
increase in the travellers’ allowances between European Union countries for personal import
of spirits which took effect in January 2004 [1]. The government’s concern was that travellers’
alcohol imports would increase after the change in the travellers’ allowance - from 1.5 litres
to 10 litres - and that total tax revenues would decline. Thus, this tax reduction was aimed at
offsetting such an effect [2].
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However, it is well known that the price of alcohol can influence consumption levels [3,4], and
thus increases in the price of alcoholic beverages can lead to reductions in consumption and
heavy drinking as well as in alcohol-related consequences [5]. A classical example of the effects
of taxes on consumption comes from Denmark where spirits taxes were increased twelve-fold
during the First World War. The rise resulted in a substantial decrease in per-capita alcohol
consumption and in acute and chronic health consequences of drinking [6]. Conversely, it is
possible that a reduction in the price of alcohol can lead to increases in consumption. A recent
example of a price decrease comes from Switzerland where in 1999 taxes on foreign spirits
were lowered by 30% to 50%. This price reduction was associated with an increase in
consumption among younger subgroups in the Swiss general population [7]. Recently
Wagenaar et al. [8] conducted a meta analysis to address the question if alcohol prices and tax
levels are related to alcohol consumption. On the basis of 112 studies they found evidence that
alcohol prices and taxes are related inversely to alcohol consumption.

Research on the price elasticity of alcohol has shown that spirits is more elastic than either beer
or wine, and can thus raise more concern for the consequences of a tax reduction on this
beverage type.5 The high price elasticity of spirits could be due to the fact that people who are
most responsive to price changes; i.e., problem drinkers and younger people [5,7], prefer spirits.

Aggregate data for Denmark show that recorded sales of spirits rose by 16% but total recorded
alcohol consumption (per inhabitants aged 15 or older) fell by 2% from 2003 to 2004 [9]. The
reasons for this may be related to the phenomenon, “substitution”, meaning that people bought
more spirits within their own country after the tax reduction on spirits and imported less, thus
implying that people changed their shopping behaviour but not their drinking behaviour.

Aggregate level changes deserve further investigation at the subgroup level to examine how
particular groups may have increased or decreased their consumption during the study period.
This can be observed only with the use of survey data, which is the basis for the present analysis.
Although problems with coverage of total alcohol consumption are well-known and
documented with surveys [10,11], such data offer the only means for detecting changes in
drinking and drinking patterns on the subgroup level because aggregate registry data, by their
nature, do not allow analyses of individuals. Further, the Danish tax change on spirits also
offers the unique opportunity to conduct a natural experiment and to collect longitudinal (both
panel and cross sectional) data before and after the tax reduction. Most previous studies
examining price differences in alcoholic beverages have been based on only cross-sectional
data [5].

The question as to whether both a decrease in the tax on spirits within Denmark and a
liberalization of the EU travellers’ allowance would contribute to an increase in spirits and
overall alcohol consumption in the Danish general population is the basis of the present
investigation which is a part of the larger Nordic study “Effects of major changes in alcohol
availability” involving Denmark, Finland and Sweden. This collaborative project was formed
to investigate alcohol consumption responses to such policy changes in all three countries
because Swedes often purchase cheaper alcohol in Denmark and because taxes on alcohol were
also lowered in Finland as of 1. January 2004. Mäkelä et al. [12] have recently reported on
short-term consumption changes between 2003 and 2004 based on survey data collected from
sampling the general population in all three countries using both panel and cross-sectional
designs. Surprisingly they found no increases in consumption in any of the three countries
within this period.

Further studies regarding these policy changes have since been conducted using other sources
of data. Mäkelä and Österberg [13] reported that contrary to the results of the surveys, recorded
per capita consumption increased in Finland from between the periods of 2001–2003 and 2004–
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2006. The same was true for alcohol-related deaths and hospitalisations. The authors also
observed that the increases were highest among middle-aged and older segments of the
population as well as those worst off economically and socially. Based on registry data
Bloomfield et al. [14] (in review) found a 26% increase in hospitalisations for alcohol
intoxication among young persons below 15 years of age between 2000 and 2005 in Denmark.
They attributed this increase to an intervention effect of the policy changes.

In order to examine whether any possible longer term trends based on survey data are evident
in Denmark since 2003, this paper investigates changes in alcohol consumption in
representative cross-sectional samples of the Danish general population surveyed in 2003,
2004, 2005 and 2006 as well as with panel data collected in 2003 and followed through 2006.

We hypothesized that given the documented price elasticity of spirits and the extent of the tax
reduction, we would see over the long-term increases in spirits consumption and in total alcohol
consumption in Denmark, and that this increase would be stronger among younger rather than
older consumers.

Methods
The data come from a national survey of the Danish general population conducted by a public
opinion survey firm, Vilstrup, on behalf of the University of Southern Denmark. Random digit
dialing (RDD), which included cell phones, and computer-assisted telephone interviewing
(CATI) were used and sampling within households was done with the last birthday method.

The analytical strategy chosen for the study was to employpanel samples and, independently,
repeated cross sectional samples from the general population to test for changes in individual
consumption as well as importing behaviour. As panel samples alone cannot separate the effects
of aging from other effects associated with time, the repeated cross-sectional samples were
meant to control for the effect of aging in panel samples and to allow comparisons for the whole
population over time. The cross-sectional data therefore permit comparison with aggregate
level statistics, such as sales data. Panel samples were included to test causal hypotheses.

The first wave was conducted in August and September 2003 and 1771 persons were
interviewed. We restricted the age range to 16 to 69 in order to make samples and results
comparable to the survey data collected in Finland and Sweden. The cooperation rate for the
2003 sample was 49.6% (AAPOR cooperation rate formula 4) [15]. For the panel data
respondents were re-interviewed in 2004, 2005 and 2006 and the cooperation rates ranged from
82.1 to 90.7%. Additional cross-sectional samples were interviewed in 2004, 2005 and 2006.
Cooperation rates for these additional cross-sectional samples ranged from 56% to 70.7%.
Cross-sectional data were weighted according to age, sex and regional distributions in the
Danish general population. For the panel analysis we included all persons who were
interviewed at least at two time points (Table 1). A total of 634 persons were interviewed at
all four time points.

It was not possible to conduct a non-response analysis as the sample was drawn from random
digit dialling methods. However, an elaborate missing value analysis and missing value
imputation were conducted to investigate the possible effects of attrition over the panel
samples. These did not yield significant differences in results [16].

Alcohol consumption was measured with beverage-specific quantity-frequency questions.
Volume (per day) is the summary of beverage-specific volume measures. These come from
quantity-frequency questions for beer, wine, strong wine, spirits and “alcopops”. For
frequency, the categories were: “every day or nearly every day”, “4–5 times a week”, “2–3
times a week”, “approximately once a week”, “2–3 times a month”, “approximately once a
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month”, “a few times during the last 12 months”, “once in the last 12 months”, and “never”.
Spirits consumption was measured with the beverage-specific quantity-frequency questions
on spirits.

Information about the amount of alcohol brought in from the last trip outside Denmark and the
number of adults who imported it was used to calculate the amount of imports on the last trip
for every individual. Because of the skewed distribution of the individual import levels we
report not only mean imported amounts but also the 75th percentiles (in centilitres of pure
alcohol).

Means and medians of pure alcohol consumption in centilitres per day were calculated to
describe overall consumption in all four years and also separately for men and women and for
different age and sex groups. For further analysis, the logarithm (base 10) was taken. To obtain
valid values also for non-drinkers 1 was added to the original values before taking the log.

We tested the change in consumption in two different ways. First we tested whether the
interventions (price change for spirits and change in travellers’ allowance) had an effect.
Therefore we included a dummy variable with the value of 0 for 2003 and 1 for 2004, 2005
and 2006. Additionally we tested for a linear trend over the four survey years. Tests for the
intervention effect and univariate linear trend tests for the panel data were calculated by using
a multilevel model where the different time points are level 1 measures nested in the
individuals, who are level 2. The advantage of these models is that they account for
heterogeneity in the population as well as for the covariance between the different time points.
Further, it is not required to have the same number of observations on each subject [17]. We
used a model with random intercept and random slope, which has the following equation: Yit
= β0i + β1it + εit, and where Yit is the logarithm of consumption for an individual i at time t,
β0i is the random intercept, β1i is the random regression coefficient for time, and εit is the “error”
for subject i at time t.

For analyzing consumption changes in the cross-sectional samples we used linear regression
models with the survey year variable as independent variable similar to Rehm and Arminger
[18]. This strategy is legitimate because samples for the different years are representative for
the Danish population and questionnaires did not differ between the survey years.

The value for linear trend was recalculated from the coefficient for time from the model for
logged consumption to obtain change in centilitres over time.

The panel data were analyzed additionally by using multivariate multilevel models. The
dependent variable was overall consumption (logged). Models were analyzed separately for
men and women. Time was coded with 0 for 2003, 1 for 2004, 2 for 2005 and 3 for 2006.
Further independent variables for the multivariate analyses were age (centered), age squared,
education (three categories, low: less than upper secondary level, middle: upper secondary
level, high: tertiary level, reference category was low educational achievement), personal
monthly income (used as quasi-metric variable, seven categories, 0: up to 10,000 Danish
crowns, 1: 10,000–14,999 crowns, 2: 15,000–19,999 crowns, 3: 20,000–29,999 crowns, 4:
30,000–39,999 crowns, 5: 40,000–49,999 crowns, 6: 50,000 crowns or more). All independent
variables were measured in the associated survey year. We first estimated a baseline model
(M1) in order to assess the intra-class correlation which indicates the relation of the different
time point measures for the same individual. Then the survey year (time) was added to the
model (M2). For the third model (M3) we added variables at the individual level, but only
variables with significant coefficients remained in the model. Only for the model of overall
consumption of women did we also include the non-significant coefficient for age because of
the significant coefficient for age squared. Additionally we tested a random slope for the time
variable and cross-level interactions. For the income variable there were 11% missing values

Grittner et al. Page 4

Eur Addict Res. Author manuscript; available in PMC 2010 September 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for women and 7% missing values for men. Therefore we also calculated a model where we
estimated the coefficients after multiple imputations for the missing income values. Multiple
imputation was done by using a MLwiN macro offered by the London School of Hygiene and
Tropical Medicine [19]. The coefficients for the model after multiple imputations are not shown
in the tables because they differ only slightly from the model without imputed values.

Results
Table 2 displays mean alcohol consumption from the four waves of the survey. The overall
mean of daily average alcohol consumption ranges from 1.4 to 1.7 centilitres of pure alcohol
for the panel and the cross-sectional data. (For illustrative purposes, 1.5 centilitres of pure
alcohol is equivalent to approximately one small bottle of beer (0.33 litres), one glass of wine
(0.12 litres) or one glass of spirits (0.04 litres) in Denmark). With regard to the panel data few
statistically significant changes in consumption (based on linear trend tests and on tests of the
intervention effect) could be found over the four years for the total population sample as well
as for men and women and age subgroups. For the entire sample, a statistically significant
decreasing trend in consumption could be observed, even if the difference is relatively small.
Consumption among men remained stable over the study period. Analysis based on the data
from the cross-sectional samples show similar results. For younger women, though, there is a
decrease of consumption over time while for older women consumption increases.

Since prices for spirits changed in Denmark, we also explored more specific potential changes
in spirits consumption only (data not shown). No statistically significant changes could be seen
except for women aged 50–69 in the panel samples where consumption increased over the
study period from 0.04 centilitres per day in 2003 to 0.10 centilitres in 2006. And although not
statistically significant (probably due to small numbers), young women aged 16–29 years in
the panel samples decreased their spirits consumption by half over the study period: from 0.44
to 0.21 centilitres per day. A decrease could also be seen in the cross-sectional data, but was
not statistically significant for either men or women.

Table 3 shows that levels of consumption for the same individual in different years are in
general highly correlated with each other. This is indicated by the high coefficient of the intra-
class correlation of 71.6% for women and 73.8% for men (model 1). The results of model 2
indicate that there is a slight decrease in consumption for both men and women over the study
period. The decrease is statistically significant for women. Model 3 shows that among women
overall consumption is higher among younger and older women in comparison to middle aged
women. For women with higher income and for women with middle or high educational
achievement consumption is also higher in comparison to those with lower educational
achievement and lower income. For men overall consumption decreases with age in a nonlinear
manner and is also higher for those with higher income. Model 4 allows the slope for individuals
to vary according to different rates of change over the study period. For both men and women
the rates of change differ significantly between individuals as indicated by the significant
coefficient for τ11. In Model 5 cross level interactions were tested. Only for women is there a
significant interaction between time and age, which means that younger women decreased their
levels of consumption more steadily than older women.

Multivariate analysis of the cross sectional data (Table 4) revealed no significant changes in
overall consumption levels over time for men and women. For both men and women only the
age squared coefficient was significant which indicates that younger and older men or women
have higher rates of consumption than middle aged men or women. Among women those with
higher income and those with middle or high educational achievement have higher levels of
consumption in comparison to those with lower income and lower educational achievement.
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Among men, only income had a significant effect in that those with higher income have higher
levels of consumption than those with lower income.

We also examined changes in spirits consumption with multivariate analyses (data not shown).
Levels of spirits consumption differed more than levels of overall consumption for the same
individual over the study period (in the panel samples) as was indicated by an intra-class
coefficient of 47.9% for women and 63.3% for men. But there were no significant changes
over the study period for either men or women. As regards the cross-sectional data there was
also no significant time trend over the study period.

Because the tax reduction on spirits coincided with the liberalization of the travellers’ import
allowances, we were interested to see if this measure had an effect on Danes’ importing
behaviour. Figure 1 displays self-reported imports based on both cross-sectional and panel
data. An increasing trend of 40 to 50 centilitres in mean total import in the years 2003–2005
is followed by a decrease to 30 cl in 2006 for the panel and for the cross-sectional data. But
the distribution for alcohol import is skewed: more than half of respondents imported no alcohol
and another 25% report stable or decreasing amounts of alcohol import. That means that only
few people increased their import levels over time.

Discussion
This paper has examined four years of data, in both panel and cross-sectional form, to
investigate changes in alcohol consumption after the introduction of the tax reduction on spirits
in Denmark in 2003 and the liberalization of travellers’ imports in 2004. The expectation was
that total alcohol consumption in general and spirits consumption in particular would increase
over the study period, and especially among young consumers. The hypotheses could not be
confirmed: in general no relevant changes in drinking behaviour were found.

Offering possible reasons for the lack of detectable increases in consumption over the study
period is challenging. The following discussion presents initial ideas to further pursue as
potential reasons. Firstly, it can be observed that consumption in Denmark has remained stable
at approximately 12 litres of pure alcohol per capita (population 15 years and older) over the
past 30 years. Beginning in 2001 and 2002, a dip to close to 11 litres per capita occurred, then
a rise to 12 litres in 2003, and a dip again to 11 litres in 2004 through 2006 [20]. Only spirits
sales rose in 2004 but decreased again by 2005 [21]. This long-term stability may lend support
to the argument that alcohol consumption in Denmark has reached a saturation point [22] and
that any price decreases are not incentive enough to consume more.

Considering sales statistics for spirits only, we could say that spirits sales have behaved as
predicted based on its price elasticity – at least in the first year after the tax decrease. Spirits
sales statistics demonstrate an increase of approximately 16% from 2003 to 2004. Yet, we
could not detect this increase in our survey data for reported spirits consumption. As mentioned
above we hypothesize that this is due to “substitution”: people import less alcohol, buy more
in their own country but drink at the same level. This hypothesis is also supported by our import
level analysis where imports did not noticeably rise, except for a small minority of the sample.
Another possible explanation that has been offered is that petrol prices increased by about 25%
in Denmark between 2002 and 2006, and this could have discouraged some importation of
alcohol and other products from across the southern border [23].

An interesting finding in the Danish data is that there was a consistent age pattern in the changes
in alcohol consumption in both the panel and cross-sectional data. Younger age groups
decreased their consumption over the study period more noticeably than did older age groups.
This was particularly marked for women 16–29 years in both panel and cross-sectional samples,
and the decrease reached statistical significance in the cross-sectional samples. The same
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pattern can likewise be seen in spirits consumption for both the panel and cross-sectional data.
Here, interestingly, the oldest age group increased its spirits consumption; this reached
statistical significance among women aged 50–69 years. Thus, these data shed a bit of light on
subgroup behaviour and indicate that if any increase in consumption could be detected by
survey research methods it appears that it has occurred among the older age groups.

One general weakness of this investigation is the study design’s ability to establish causality.
Here, any changes or lack of change that we have detected are dependent upon the sample that
was drawn and the variables chosen to be measured. Extraneous variables which were not
measured or could not be measured in a general population survey remain unaccounted for,
and indeed may act as confounders [24,25]. This problem has been recently addressed by Room
et al [22] as a response to the lack of expected results found in the larger Nordic tax study. The
authors refer to the economics literature in which predictions of changes in economic behaviour
are made with the caveat ceteris paribus. Because it is clear that not all things remain equal,
various other influencing factors must be considered. Room et al [22] developed a list of
societal factors (e.g., taxes, availability controls, societal responses to problems, advertising,
purchasing power, etc.) that should be included in a model if one were to isolate and test tax
or availability policies in future studies. This, obviously, was not the case nor was it possible
to achieve in the present study. Yet, the inspiration and point of departure for the larger study
was the belief that the tax reductions were large enough to have overriden any other external
factors operating simultaneously[22].

Further limitations regarding this study involve the modest survey cooperation rates, especially
in the initial and later cross-sectional surveys. It is well known that willingness to cooperate
in survey research is declining and telephone surveys are especially affected [26–28]. However,
our 2003 survey data appear to be relatively robust in that estimates of heavy drinking and
binge drinking among young people agree quite closely with estimates from surveys with
higher response rates [29]. Nevertheless, surveys are the only method to investigate individual
behaviour which is not reflected in aggregate registry data. An accompanying weakness is that
surveys are limited in their ability to reach all segments of society; thus, usually those living
on the fringes (i.e., homeless, unemployment, poor groups which can include higher
proportions of heavy drinkers) may not be included in the samples [30]. Because of these
methodological shortcomings, it has been desirable to supplement the present study’s findings
with other sources of alcohol-related data, such as registry statistics on alcohol-related
hospitalizations, accidents and crimes which may include population sub-groups who have
engaged in any increased consumption. This has been done in the studies of Mäkelä and
Österberg [13] and Bloomfield et al. [14] and such efforts have contributed to fleshing out a
picture of the full potential impact of the recent policies. Researchers should consider the whole
spectrum of available variables when designing future studies of major alcohol policy changes.
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Figure 1.
Mean and 75th percentile of imported alcohol per year in centiliters pure alcohol
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Table 1

Sample n’s of all four waves for Denmark: panel samples (re-interviewed respondents) and new cross-sectional
samples

Panel* Cross sectional

2003 1488 1771a

2004 1247 894

2005 1064 955

2006 855 883

Sumb 1488 4503

*
at least interviewed at two time points

a
283 only 2003 + 1488 panel

b
of individuals
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Table 4

Models for cross-sectional data (time was forced into the models)

Overall consumption

women men

N=2116 N=1952

constant 0.110*** 0.326***

time −0.008 −0.002

age 0.0001 −0.0004

Age2 0.0002*** 0.0002***

income 0.016*** 0.012**

Education middle 0.086*** ---

Education high 0.062*** ---

Time* age --- ---

Corrected r2 0.041 0.023

*
p<0.05

**
p<0.01

***
p<0.001
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