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Abstract

Introduction: Unrecorded alcohol, that is, alcohol not re-
flected in official statistics of the country where it is con-
sumed, contributes markedly to overall consumption of al-
cohol. However, empirical data on unrecorded alcohol con-
sumption are scarce, especially in high-income countries.
This study measures the contribution of unrecorded alcohol
in 7 member states of the European Union. Methods: Two
categories of unrecorded consumption were assessed in
general population surveys (reducing alcohol related harm
Standardized European Alcohol Survey; n = 11,224): home-
made alcohol and cross-border shopping. Country-specific
logistic regressions were used to link respondent character-
istics to odds of acquisition of unrecorded alcohol. Total per
capita alcohol consumption was estimated under different
assumptions of calculating unrecorded alcohol consump-
tion. Results: Individuals with higher drinking levels were

more likely to acquire unrecorded alcohol in all 7 countries.
In some countries, male sex and more affluent social class
were also positively linked to acquisition of unrecorded alco-
hol. There was a substantial contribution of unrecorded al-
cohol to overall consumption in 5 out of 7 member states
(Croatia, Finland, Greece, Hungary, Portugal), but not in Po-
land or Spain. In Greece, up to two-thirds of all alcohol con-
sumed was estimated to be unrecorded. Conclusion: Unre-
corded alcohol contributes to overall consumption even in
high-income countries, and thus needs to be monitored. In
monitoring, as many categories of unrecorded alcohol as
possible should be clearly defined (e.g., surrogate alcohol)

and included in future surveys. ©2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Alcohol consumption is a substantial contributor to
disease burden [1] and also poses a considerable economic
strain to societies [2]. Total alcohol consumption - the
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main indicator to estimate the disease and economic bur-
den - is often assessed using taxation or import/export sta-
tistics only (see e.g., OECD [3]). While these sources do
shed light on the level of recorded alcohol consumption,
respective figures remain underestimates of the true con-
sumption, as they do not capture the extent to which unre-
corded alcohol is being consumed [4]. The term unrecord-
ed alcohol refers to either licit (e.g., home-made beverages;
alcohol officially manufactured for medical purposes) or
illicit (e.g., illegally produced alcohol; for more details, see
[5]) beverages and, in 2017, unrecorded alcohol, made up
about 25% of global alcohol consumption [6]. Neither the
research nor the clinical community has given sufficient
attention to unrecorded alcohol use so far, which remains
a topic predominantly discussed in alcohol policy contexts
(for a recent example, see [7]). Raised awareness of unre-
corded alcohol consumption may contribute to a more
comprehensiveassessmentofalcohol consumptionamong
people with alcohol problems in clinical care.

There is clearly a gradient of unrecorded alcohol con-
sumption with wealth: it is most prevalent in low- and
lower-middle-income countries, and least prevalent in
high-income countries (e.g., [1, 8]). However, while this
finding seems to be consistently reported, empirical evi-
dence for it is lacking [9], and most overviews are based
on expert judgments [10]. In particular, most of the em-
pirical evidence in the form of surveys comes from mid-
dle and low-income countries, as part of the STEP-wise
survey program of the World Health Organization
(WHO) [11]. STEP-wise surveys focus on low- and mid-
dle-income countries which lack their own national sur-
veys on risk factors for non-communicable disease [12].
For high-income countries, with very few exceptions
such as Estonia, Finland, and Sweden [13-15] where un-
recorded alcohol use is monitored regularly, questions
about unrecorded alcohol are missing in general health or
specialized alcohol surveys. However, outdated estimates,
such as the data from the European Comparative Alcohol
Study [16], seem to persist in reporting unrecorded alco-
hol consumption in the European Union (EU).

The Standardized European Alcohol Survey (SEAS),
which was implemented as part of the European “Reduc-
ing Alcohol Related Harm” (RARHA) project in 2015,
provides the most recent data on unrecorded consump-
tion in the EU [17]. Out of 19 countries participating in
the RARHA SEAS, 7 countries (Croatia, Finland, Greece,
Hungary, Poland, Portugal, and Spain) included ques-
tions about unrecorded alcohol in their survey versions.
As described in the Synthesis report [17], on average one
in 5 respondents from the 7 countries confirmed acquisi-
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tion of alcohol from unrecorded sources, with varying
proportions in individual countries (from 4% percent in
Spain to 40% in Greece and Finland). The survey results
also indicated that there were large differences between
countries with respect to sourcing unrecorded alcohol
(mainly foreign sources in Finland, mainly domestic
sources in Greece, Croatia, and Portugal) and with regard
to beverage type (predominately wine in Croatia, Greece,
Hungary, Portugal, and Spain; predominately spirits in
Finland and Poland). With regard to the per capita pro-
portion of unrecorded consumption in recorded con-
sumption, the estimates ranged widely, from below 5%
(Hungary, Poland, Spain), to 10-25% (Croatia, Finland,
Portugal) and up to >50% (Greece).

This paper extends the analyses presented in the Syn-
thesis report in 2 parts. In the first part, we examine char-
acteristics of people acquiring unrecorded alcohol in
each country. We hypothesized that acquisition of unre-
corded alcohol would be most prevalent in the economi-
cally disadvantaged (due to higher affordability), and in
groups with the highest consumption volumes (i.e.,
among people with heavier alcohol consumption and
among males). In the second part, we estimated the ab-
solute liters of unrecorded consumption as well as the
proportion of unrecorded consumption of total per cap-
ita consumption using country-validated data from the
WHO. For the latter, different assumptions related to
calculating levels of unrecorded alcohol consumption
are discussed and applied.

Materials and Methods

Survey Design, Implementation and Assessment of Alcohol

Consumption

The unrecorded section was implemented in 7 EU countries
participating in RARHA SEAS. In all countries, randomised sam-
pling procedures were applied to select a representative general
population sample aged 18-64 years. In each country, between
1,500 and 2,000 people were interviewed (total n = 11,224; for sam-
ple size by country see Table 3). Responses were obtained via com-
puter-assisted telephone interviews (Finland and Greece) or com-
puter-assisted personal interviews (Croatia, Hungary, Poland,
Portugal, and Spain).

To assess past-year individual consumption levels, respondents
provided data on their usual intake of beer, wine, and spirits using
a beverage-specific quantity frequency (BSQF) approach. In addi-
tion, questions on frequency of risky single-occasion drinking
(RSOD) were asked using a threshold of 40 g of pure alcohol for
women and 60 g for men. Both measures were combined to esti-
mate annual consumption of pure alcohol (ethanol) using the alco-
hol-by-volume values reported by individual countries (beer — 5%;
wine — 12%; spirits — 40%). To avoid overestimation of individual
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Table 1. Methods to calculate the population level of unrecorded alcohol consumption

Method Details
Absolute Survey-derived absolute levels of unrecorded consumption aggregated across all survey respondents
Relative Survey-derived relative levels of unrecorded consumption, that is, proportion of unrecorded among total consumption

levels, aggregated across all survey respondents and combined with recorded alcohol statistics to derive absolute levels

consumption, capping procedures were applied at a level of 400 g
of pure alcohol for daily alcohol intake of any alcoholic beverage,
equaling about 183 L of pure alcohol for annual consumption.

Assessment of Unrecorded Alcohol Consumption

In this study, we use the term “unrecorded” to refer to alcohol
acquired from either foreign or domestic sources, as long as it was
untaxed in the country where it was brought to/acquired from (le-
gal or illegal). On the contrary, the term “consumption” refers to
the annual volume of alcohol reported to have been drunk by the
respondents using BSQF measures, correcting for larger quantities
consumed on single occasions (RSOD).

While each of the 7 countries adapted the questions to the local
context for beverage type and for the most relevant categories of
unrecorded alcohol, all countries arrived at beverage-specific esti-
mates of the volume of home-made production and/or imported
alcohol for the past 12 months, again in liters of pure alcohol per
capita. English translations of the questions posed in each country
can be found in the online supplementary Material (for all online
suppl. material, see www.karger.com/doi/10.1159/000506333;
original versions can be made available upon request). In Greece,
the assessment of unrecorded alcohol consumption was limited to
home-made liquor (ouzo or tsipouro) and wine only, as the propor-
tion of home-made beer and imported alcohol was considered to
be negligible. As a conservative estimate, we assumed no imported
or home-made beer for Greece.

All questions referred to purchases or to other means of acqui-
sition of unrecorded alcohol; in Hungary, respondents were addi-
tionally asked how much of the acquired unrecorded alcohol they
consumed themselves. At the individual level, it was therefore pos-
sible that respondents could report having acquired a larger vol-
ume of unrecorded alcohol than the total amount of alcohol they
had personally consumed in the past year. Therefore, RARHA
SEAS did not allow us to estimate the individual level of unrecord-
ed consumption but provided valuable data to estimate the popu-
lation level of unrecorded consumption and its proportion of total
alcohol consumption.

Part 1: Who Reports the Acquisition of Unrecorded Alcohol?

(Individual Level Analyses)

At the individual level, we examined associations between so-
ciodemographic variables and the acquisition of any unrecorded
alcohol. In the first step, plots and crude associations were exam-
ined for sex (female vs. male), age, annual drinking volume, and
social class. The latter was operationalized with current or most
recent (for those previously employed) occupation: blue collar
worker (skilled and unskilled manual worker), white collar worker
(office worker), manager and professionals (supervisors and pro-
fessionals with managerial position such as doctors, lawyers, etc.),
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and business person (business proprietor). For those who never
worked, the occupation of a spouse or head of the primary family
was coded in order to maintain the classification of social class for
all respondents. In the second step, adjusted associations were de-
termined by including all variables in one multivariate logistic re-
gression model. In sensitivity analyses, we performed quasi-Pois-
son regressions with the same covariates but entered the total vol-
ume of unrecorded alcohol as the dependent variable.

Part 2: Contribution of Unrecorded Alcohol to Total

Consumption (Population-Level Analyses)

To start with, we contrasted the survey-derived average volume
of annual alcohol consumption and unrecorded alcohol acquisi-
tion by beverage type. Next, we aimed to quantify the contribution
of unrecorded alcohol to overall consumption. This required some
considerations, which are discussed in the following.

In estimating the population level of unrecorded consumption
from survey data, 2 different methods are possible and summa-
rized in Table 1.

In contrast to absolute consumption levels, using the relative
proportion of unrecorded alcohol does not assume that surveys
accurately capture absolute levels of consumption. Given the sub-
stantial underestimation of surveys [18, 19], the second method
seems more appropriate in calculating unrecorded consumption
at the population level. However, it should also be noted that the
“relative method” is built on the assumption that SEAS estimates
of recorded and unrecorded consumption underestimate real con-
sumption to the same degree in each individual country. Due to
the assessment of unrecorded alcohol in RARHA SEAS, 2 addi-
tional assumptions were necessary:

1. The reported volume of unrecorded alcohol acquired reflected
the volume of unrecorded alcohol consumed by the population
in the past 12 months;

2. Atthe population level, 50% of the total volume of unrecorded
alcohol acquired was included in the consumption section (as-
sessed using BSQF and RSOD measures). While 50% might
seem like an arbitrary figure, it overlaps with the proportion
reported by Hungarian respondents when asked how much of
the acquired unrecorded alcohol they had consumed them-
selves (data not shown). Based on the assumption that the con-
sumption measures (BSQF, RSOD) have captured 50% of the
unrecorded alcohol volume, estimates for recorded consump-
tion volume were corrected by deducting 50% of the unrecord-
ed alcohol volume.

Finally, we calculated 3 total per capita alcohol consumption
estimates: (1) wholly survey-based estimate under the above-de-
scribed assumption that 50% of unrecorded alcohol use is already
covered in the consumption section. For (2) and (3), we combined
survey-based estimates of unrecorded consumption with recorded
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Table 2. Results from logistic regression on acquisition of any unrecorded alcohol

Predictors Croatia Finland Greece Hungary Poland Portugal Spain
OR (I OR CI OR (I OR (I OR (I OR (I OR CI

Intercept 0.23  0.15-0.36 091 0.63-1.33  0.55 0.36-0.83 0.07 0.04-0.12 0.09 0.05-0.17 0.10 0.05-0.19  0.02 0.01-0.05
Gender, female 0.74 0.57-0.94 0.70 0.56-0.87 1.13 0.91-1.41 0.50 0.36-0.69 1.00 0.69-144 0.96 0.67-1.39 1.30  0.77-2.18
Age, years 1.01  1.01-1.02 0.99 0.98-1.00 1.00 0.99-1.01 1.01 1.00-1.03 0.99 0.98-1.00 1.00 0.99-1.01 1.00 0.98-1.02
Annual alcohol consumption 1.01 1.00-1.02 1.04 1.02-1.05 1.02 1.00-1.03 1.02 1.01-1.03 1.04 1.03-1.05 1.04 1.03-1.05 1.05 1.03-1.06
Social class: business person 0.75  0.41-1.35 1.11 0.73-1.70  1.18 0.81-1.72 2.07 1.15-3.73 3.84 1.95-7.55 099 0.49-2.02 1.69 0.74-3.87
Social class: manager and

professionals 098  0.69-1.39 1.68 1.29-2.18 1.07 0.78-1.47 2.40 1.67-3.46 3.34 2.11-529 148 0.97-2.26 2.23 1.25-3.97
Social class: white collar

worker 127  0.90-1.80 1.32 0.98-1.78 093 0.71-1.21 134 0.86-2.10 1.78 1.15-2.75 0.66  0.38-1.16 1.43  0.63-3.28
Social class: other 1.18  0.74-1.90 NA NA 144 0.35-591 0.63 0.16-2.52 1.04 0.24-459 NA NA NA NA
Observations 1,425 1,469 1,471 1,883 1,510 1,464 1,564

For social class, blue collar workers were used as reference category. Bold denotes significant at level of p = 0.05.
NA, no respondents were classified as “other” social class in Finland, Portugal, and Spain.

per capita consumption data from the WHO from the same year
[6]. Recorded consumption is considered to be the least biased es-
timate of alcohol consumption, and the WHO based its assessment
on a hierarchy of considerations, where the highest credence was
given to government estimates based on alcohol taxation revenues
[20]. For (2), the absolute estimate of unrecorded alcohol volume
from SEAS was added to the recorded volume (see Table 1 — Ab-
solute). For (3), the proportion of unrecorded alcohol calculated
from SEAS was applied to recorded alcohol in order to calculate
the total alcohol per capita consumption (see Table 1 - Relative).

In sensitivity analyses, we changed one of the assumptions -
that 50% of the unrecorded alcohol was covered in the consump-
tion section at the population level. In these analyses, we assumed
that none of the unrecorded alcohol was already covered in the
consumption section, thus recorded consumption was not correct-
ed as in the main analysis above. Consequently, the total per capi-
ta alcohol consumption was simply calculated from the sum of the
consumption section (i.e., recorded volume, as obtained through
BSQF and RSOD) plus the unrecorded alcohol volumes. These
data are reported in the online supplementary Material, which also
contains results from the additional calculations using WHO data
on recorded alcohol volumes, in which the absolute or propor-
tional estimates of unrecorded volume were applied to arrive at
total per capita consumption.

All analyses were performed with R version 3.5.1 [21] and sur-
vey weights were used in all analyses of individual data to account
for sample selection bias.

Results

Opverall, 2,236 respondents reported the acquisition of
any amount of unrecorded alcohol (range 4% in Spain to
41% in Finland). In 7% of respondents, the volume of un-
recorded alcohol exceeded the volume of their reported
personal alcohol consumption (below 5% in Hungary,
Poland, Portugal and Spain; Finland: 9%, Croatia: 11%,
Greece: 21%).
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Part 1: Who Reports the Acquisition of Unrecorded

Alcohol?

In the online supplementary Material, acquisition of
any amount of unrecorded alcohol and mean volume of
acquired unrecorded alcohol is illustrated for each coun-
try, by sex, age, drinking level, as well as social class (on-
line suppl. Fig. 1-3).

The country-specific results of the adjusted associa-
tions are reported in Table 2. The most consistent predic-
tor of the acquisition of any amount of unrecorded alco-
hol was annual consumption of alcohol, with higher con-
sumptionassociated withahigherlikelihood ofacquisition
of unrecorded alcohol (significant in all countries). Fur-
ther, males and older people were more likely to acquire
unrecorded alcohol in Croatia, Finland, and Hungary,
but not in the remaining countries. Lastly, managers, pro-
fessionals, and/or business people were more likely to re-
port the acquisition of unrecorded alcohol than blue
collar workers in Finland, Hungary, Poland, and Spain
(Table 2).

In sensitivity analyses, we found similar but less con-
sistent associations with the overall volume of unrecord-
ed alcohol acquired. Annual alcohol consumption was
positively associated with the volume of alcohol acquired
in 6 out of 7 countries. While the average volume of un-
recorded alcohol was larger among males in Finland and
Hungary, it was significantly lower in Poland. A positive
age gradient was identified in Croatia, Hungary, and
Poland. Lastly, higher volumes of unrecorded alcohol
were acquired by business people and/or managers or
professionals compared to blue collar workers in Greece,
Poland, and Spain (online suppl. Table 1 for detailed
results).
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Table 3. Survey-derived average volume of annual alcohol consumption and unrecorded alcohol acquisition in liters per capita pure

alcohol by country and beverage type

Number  Year of Total Beer Wine Spirits
field-work

Croatia 1,476 2015 Consumption in 1 pure alcohol 6.0 (5.3-6.8) 3.5(3.0-4.0) 2.0 (1.6-2.4) 0.6 (0.4-0.8)
Unrecorded in 1 pure alcohol 1.3 (1.0-1.7) 0.1(0.1-0.2) 0.7 (0.5-1.0) 0.5 (0.2-0.7)
Unrecorded from cross-border shopping, % 12.3 (8.7-16.0) 52.9 (32.8-73.1) 2.9 (1.7-4.1) 15.1 (10.4-19.9)

Finland 1,494 2015 Consumption in I pure alcohol 4.8 (4.3-5.3) 2.5(2.1-2.8) 0.9 (0.8-1.0) 0.8 (0.6-1.0)
Unrecorded in 1 pure alcohol 1.2 (1.0-1.5) 0.5 (0.3-0.6) 0.3 (0.2-0.4) 0.5 (0.4-0.6)
Unrecorded from cross-border shopping, % 93.1 (74.3-100.0) 99.5 (73.6-100.0) 80.3 (50.8-100.0) 98.7 (75.9-100.0)

Greece* 1,519 2015 Consumption in 1 pure alcohol 4.1 (3.6-4.5) 1.2 (1.0-1.4) 1.7 (1.5-1.9) 0.4 (0.3-0.5)
Unrecorded in I pure alcohol 4.0 (3.2-4.9) 0 2.8 (2.1-3.4) 1.6 (1.1-2.1)
Unrecorded from cross-border shopping, % 0 0 0 0

Hungary 1,995 2015 Consumption in | pure alcohol 4.2 (3.7-4.6) 2.2(2.0-2.4) 1.4 (1.1-1.7) 0.5 (0.4-0.6)
Unrecorded in 1 pure alcohol 0.5 (0.3-0.6) 0.0 (0.0-0.0) 0.3 (0.2-0.4) 0.1 (0.1-0.2)
Unrecorded from cross-border shopping, % 8.7 (6.2-11.3) 91.1 (27.5-100.0) 2.4 (1.5-3.2) 15.4 (10.9-19.9)

Poland 1,537 2015 Consumption in 1 pure alcohol 6.0 (5.4-6.6) 3.5(3.2-3.9) 0.5 (0.4-0.7) 1.5(1.3-1.7)
Unrecorded in I pure alcohol 0.2 (0.0-0.3) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.1 (0.0-0.3)
Unrecorded from cross-border shopping, % 34.6 (25.2-44.0) 78.5 (42.7-114.3) 68.2 (47.3-89.2) 26.3 (18.1-34.5)

Portugal 1,489 2015 Consumption in | pure alcohol 4.4 (3.9-4.9) 2.1(1.8-2.4) 2.0(1.7-2.2) 0.4 (0.3-0.5)
Unrecorded in pure alcohol 2.3(1.4-3.2) 0.0 (0.0-0.0) 2.1(1.2-3.1) 0.1 (0.0-0.2)
Unrecorded from cross-border shopping, % 0.4 (0.2-0.7) 56.0 (8.9-100.0) 0.1 (0.0-0.1) 5.4 (2.0-8.9)

Spain 1,636 2015 Consumption in 1 pure alcohol 5.7 (5.3-6.2) 3.1(2.7-3.4) 1.2 (1.1-1.4) 1.5 (1.3-1.6)
Unrecorded in I pure alcohol 0.1 (0.0-0.1) 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.1)
Unrecorded from cross-border shopping, % 24.3 (13.4-35.2) 78.4 (19.5-100.0) 4.9 (1.5-8.3) 44,5 (22.6-66.5)

* In Greece, unrecorded alcohol acquisition was assessed only for homemade wine and spirits. Thus, unrecorded beer and unrecorded alcohol from cross-border shopping was not

assessed in this survey for Greece.

Part 2: Contribution of Unrecorded Alcohol to Total

Consumption

In Table 3, the survey-derived annual liters of recorded
alcohol consumed per capita are contrasted to the annual
liters of unrecorded alcohol acquired per capita.

In Hungary, Poland, and Spain, absolute unrecorded
levels between 0.1 and 0.5 L of pure alcohol per capita
were reported. In Croatia, Finland, and Portugal, unre-
corded alcohol volumes were generally higher,and ranged
between 1.2 and 2.3 L per capita. The highest absolute
volumes of unrecorded alcohol were reported in Greece,
where unrecorded alcohol levels roughly equaled overall
consumption volumes.

Overall, acquisition of unrecorded beer made up the
smallest volume acquired from unrecorded sources. In
Croatia, Greece, Hungary, and Portugal, acquisition of
unrecorded wine made up the largest proportion of un-
recorded alcohol and even exceeded consumption levels
in Greece (2.8 vs. 1.7 L per capita). Volumes of unre-
corded spirits were generally low except for Greece,
where the acquisition of home-made spirits more than
tripled the consumption of spirits. Relative to reported
consumption volumes, acquisition of unrecorded spirits

Unrecorded Alcohol in Seven EU
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also played a considerable role in Croatia, Finland, and
Portugal.

Table 4 gives an overview of the alcohol consumption
indicators based on the assumption that 50% of the unre-
corded alcohol was already reported by the respondents
in the consumption measures. The table presents 3 differ-
ent total per capita alcohol consumption estimates as cal-
culated by (1) combining the survey-based estimates of
recorded and unrecorded alcohol, (2) adding the absolute
volume of unrecorded alcohol from SEAS (as reported in
Table 3; absolute method) to WHO estimates of recorded
consumption, and (3) calculating unrecorded alcohol
from the proportion of unrecorded from SEAS and then
adding it to WHO estimates of recorded consumption
(relative method).

For all countries studied, the survey-derived estimates
of recorded consumption were well below the estimates
using WHO data on recorded consumption. Considering
only the 2 latter estimates based on WHO data of record-
ed consumption, the results suggest that the 2 scenarios
lead to different estimates for total alcohol consumed, es-
pecially for countries with substantial proportions of un-
recorded alcohol. The total per capita consumption for
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Table 4. Total, recorded and unrecorded per capita alcohol con-
sumption in liters pure alcohol per capita, as calculated from SEAS
survey and taken from WHO estimates [1]

Country Total Recorded  Unrecorded
(% of total)
Croatia SEAS! 6.7 5.4 1.3 (19.6)
Absolute 11.6 10.3 1.3 (11.3)
Relative 12.8 10.3 2.5(19.6)
Finland SEAS! 54 4.2 1.2 (23.0)
Absolute 9.8 8.6 1.2 (12.7)
Relative 11.1 8.6 2.6 (23.0)
Greece SEAS! 6.1 2.1 4.0 (66.3)
Absolute 10.8 6.7 4.0 (37.5)
Relative 19.9 6.7 13.2 (66.3)
Hungary  SEAS! 44 3.9 0.5(10.4)
Absolute 11.3 10.9 0.5 (4.0)
Relative 12.1 10.9 1.3 (10.4)
Poland SEAS! 6.1 6.0 0.2 (2.8)
Absolute 10.6 10.5 0.2 (1.6)
Relative 10.8 10.5 0.3 (2.8)
Portugal ~ SEAS! 5.6 3.3 2.3 (41.0)
Absolute 12.8 10.5 2.3(17.9)
Relative 17.8 10.5 7.3 (41.0)
Spain SEAS! 5.8 5.7 0.1 (1.5)
Absolute 8.6 8.5 0.1 (1.0)
Relative 8.6 8.5 0.1 (1.5)

! Estimates from SEAS, assuming that 50% of volume of ac-
quired unrecorded alcohol was already included in the quantity
reported as consumed. Hence, recorded consumption reported in
SEAS was corrected by deducting 50% of population-level unre-
corded volume.

The actual recorded consumption data from the WHO was
used [1] and either the absolute or proportional value of unrecord-
ed from SEAS was put into relation to these data.

SEAS, Standardized European Alcohol Survey; WHO, World
Health Organization.

Greece would be 10.8 L per capita pure alcohol if the ab-
solute value of unrecorded alcohol was used, compared to
19.9 L per capita pure alcohol using the relative method.
For Portugal, the respective numbers would be 12.8 or
17.8 L pure alcohol per capita consumption.

In sensitivity analyses, the same calculations of total
per capita alcohol consumption at the population level
were repeated with the assumption that none of the un-
recorded alcohol acquisition was already reported in the
consumption section. Under this assumption, recorded
alcohol volumes would not be corrected, resulting in
lower proportions of unrecorded alcohol of total per cap-
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ita alcohol consumption (results presented in online
suppl. Table 2). As compared to the estimates presented
in Table 3 (main analyses), the total per capita alcohol
consumption would be lower in countries with a sub-
stantial contribution of unrecorded alcohol, namely,
Greece (13.4 instead of 19.9 L) and Portugal (15.9 instead
of 17.8 L).

Discussion/Conclusion

At the individual level, the acquisition of unrecorded
alcohol was found to be closely related to alcohol volume
consumed. In several countries, acquisition of unrecord-
ed alcohol has further been linked to male sex, older age
and a more affluent social class. At the population level,
the contribution of unrecorded alcohol to overall con-
sumption varied widely across countries. Few countries
confirmed the traditional picture of a relatively small pro-
portion of unrecorded alcohol in high-income countries
(Spain and Poland). However, the majority of countries
showed substantial amounts of unrecorded consump-
tion, albeit to varying degrees based on different assump-
tions. Unfortunately, we have no way to determine which
assumptions are most realistic. However, the overall level
of unrecorded consumption was higher than tradition-
ally assumed or reported by European high-income
countries.

Limitations

When discussing levels and proportions of unrecord-
ed consumption, we need to take into consideration sev-
eral limitations. First, the psychometric properties were
not measured in the RARHA SEAS survey in individual
countries. However, key items were selected by experts
from 21 countries who based their assessment on litera-
ture reviews and findings from previous studies. Specifi-
cally, heterogeneity in survey questions between differ-
ent countries renders comparability between them prob-
lematic. Second, only a portion of unrecorded
consumption was assessed in the survey, and some forms
of illegal alcohol (such as industrial counterfeit) as well
as surrogate alcohol were omitted. This is worthwhile
noting as a potential source of underestimation, espe-
cially given that surrogate alcohol consumption was pre-
viously identified by ministerial officials of some coun-
tries as being problematic (for an overview see [5]; online
suppl. Table 3). Surrogate alcohol includes medicinal or
industrial alcohol which is consumed as beverage alcohol
and is more prevalent among people with alcohol use
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disorders of lower socioeconomic status [22-24]. While
consumption of surrogate alcohol may only be seen in
marginalized populations and thus may be underesti-
mated by general population surveys, it still contributes
to unrecorded consumption. Further, industrially pro-
duced contraband and counterfeit alcohol were not as-
sessed, even though in some countries these types of un-
recorded alcohol are distributed within legal distribution
networks [25, 26]. While the contribution of this catego-
ry has been estimated to be substantial in some European
countries, the methodology remains unclear [25]. Fur-
ther, as respondents may not be aware of the unrecorded
status of counterfeit alcohol sold in shops and bars, gen-
eral population surveys may result in underestimations
of this category, as well.

Third, the degree to which acquisition can be used as
a proxy for personal consumption is debatable. For ex-
ample, for 7% of all survey respondents, the total of unre-
corded acquisitions over the year exceeded the overall
volume of all alcohol reported as consumed. This may
indicate that unrecorded alcohol was not bought for con-
sumption, or at least not for personal consumption. Of
note, people acquiring unrecorded alcohol were often
people from a more affluent social class, who may have
broughtalcohol back from their travels. Thus, there might
be an interaction of wealth and the category of unrecord-
ed alcohol, which should be examined in future studies.
In particular, future analyses should investigate if people
from a more affluent social class tend to acquire both
home-made alcohol and alcohol from cross-border shop-
ping. On the other hand, higher volumes of unrecorded
alcohol than total consumption volumes may simply in-
dicate that the current consumption questions underesti-
mate real consumption for a number of reasons, such as
sampling frame [27], non-response bias [28], or social de-
sirability biases [29]. The latter bias may play less of a role
for questions on acquisition than for questions on con-
sumption.

Interpretation of Results

In any case, the current questionnaire does not allow
for an unequivocal interpretation of results. Inconsisten-
cies of responses to alcohol surveys are not unusual. For
instance, it is common to find respondents declaring
themselves to be abstainers for the past year who subse-
quently fill in a frequency of drinking larger than 0. In-
consistencies apply even to seemingly clear concepts such
as lifetime abstention. In a follow-up study of the Nation-
al Alcohol Survey of the US in 1992, over half of respon-
dents who reported never having had any kind of alco-
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holic beverage over their lifetime had in fact reported
drinking in earlier surveys [30]. In other words, answers
to alcohol surveys seem to be quickly composed by re-
spondents without too much thought given to the consis-
tency of answers (generally: [31]). While psychometric
properties of the overall alcohol consumption module of
the SEAS questionnaire are not available, the results reit-
erate that per capita consumption is generally underesti-
mated if based on survey data alone. We highlight that
survey data should be interpreted in light of their psycho-
metric properties — if available. In a separate manuscript
currently in preparation, coverage of per capita consump-
tion using SEAS data will be estimated, which will con-
tribute to validating the SEAS questionnaire.

Despite the limitations and irrespective of the inter-
pretation of the results, the current study clearly shows
that unrecorded alcohol plays a role in modern high-in-
come countries in Europe. For Greece, the comparative
risk assessment for alcohol for the year 2000 estimated 2 L
of pure alcohol per capita, corresponding to 17.6% of total
consumption [32]. This is clearly much lower than the
RARHA SEAS estimate of 4.0 L per capita, or two-thirds
of total consumption. The reasons for the increase in un-
recorded alcohol can probably be found in the country’s
economic crisis, which also led to a shrinking of the
health-care system and worsening of key health indica-
tors, such as mortality [33]. The level of total alcohol con-
sumption remained stable [1], albeit with a shift from re-
corded to unrecorded alcohol, as the latter is cheaper [16].
This is in line with a general shift to the shadow economy
for many goods during the crisis [34].

At the opposite end of the spectrum, Spain showed al-
most no unrecorded alcohol according to the respon-
dents of this survey (Tables 2, 3). This is surprising as
Spain is a major wine producer, and about 20% of all al-
cohol consumed in the country is in the form of wine [1].
These findings would suggest that all the wine produced
in Spain is fully registered and that no sales of unregis-
tered wine take place, and no wine producers consume
their own product or offer unregistered wine to friends
and family. While there is no specific alcohol excise tax
on wine [1], and thus no disincentive to register it, there
should still be some investigation on the use or sale of un-
recorded wine in Spain. Based on estimates of the Food
and Agriculture Organization by the UN (taken from the
Global Information System on Alcohol and Health [35]),
one would expect a higher wine production, which may
indicate the existence of some unrecorded wine, for a to-
tal of about 2 L pure alcohol per capita. As for Poland,
unrecorded alcohol confirmed in the survey does not re-
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flect the total volume as a large proportion of unrecorded
supply is sold within legal distribution channels and
therefore, the consumers are not aware of the illicit status
of the alcohol they purchase [26, 36, 37].

Implications of Unrecorded Alcohol Use

The findings illustrate that unrecorded alcohol is com-
mon in several European countries, albeit there are con-
siderable differences with regard to the type of unrecord-
ed alcohol and the group of persons most involved in the
acquisition of unrecorded alcohol, especially with regards
to social class. The most consistent finding across all
countries, however, is that heavier drinkers were more
likely to come into contact with unrecorded alcohol. As
there are some specific risks related to specific kinds of
unrecorded alcohol [5, 38] and because unrecorded alco-
hol is often very affordable and widely available for per-
sons with alcohol use disorders [7], this topic should find
its way into clinical work, building upon the epidemio-
logical evidence gathered to date. To start with, a solid
assessment of unrecorded alcohol use, adaptive to differ-
ent contexts, is required (see also next section). In the
long run, well-established instruments to capture alcohol
consumption and problems, such as the “Alcohol Use
Disorder Identification Test,” may be extended with
questions on unrecorded alcohol use, which may prompt
clinicians to consider talking about unrecorded alcohol
with their patients.

More widespread recognition of unrecorded alcohol
use may further deepen our understanding of its public
health implications. Currently, the alcohol-attributable
disease burden is estimated based on survey data not ac-
counting for unrecorded consumption (see e.g., [1]). In-
clusion of unrecorded alcohol items in general popula-
tion surveys may change our understanding how unre-
corded consumption is distributed among drinkers, and
may consequently alter the estimates of alcohol-attribut-
able burden.

Unrecorded Monitoring: Consistent Assessment

Required

Given the contribution of unrecorded alcohol in
European high-income countries, unrecorded alcohol
consumption should be included in the usual monitoring
and surveillance systems for risk factors for non-commu-
nicable disease [39, 40]. Since alcohol is also an important
risk factor for injury and communicable disease [41],
there is even more reason for systematic monitoring.

In order to avoid inconsistencies between and within
surveys, we recommend using the WHO STEP wise Ap-
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proach to Surveillance for future monitoring [42]. In this
questionnaire, after establishing the level of alcohol con-
sumption over a specified period of time (for WHO
STEPS, this time period is 1 week), a further question asks
for the types of unrecorded alcohol consumed and their
potential part overall in consumption volumes reported
(online suppl. Material). This technique allows us to arrive
at the proportion of unrecorded alcohol for a specific pe-
riod of time, which can then be easily extrapolated for
monitoring purposes. Please note that overall, depending
on the number of unrecorded categories of alcohol for a
country, up to 6 short questions are required, and for the
majority of the people — who have no any unrecorded al-
cohol consumption to report — one question is sufficient.

Conclusion

This study highlights that unrecorded alcohol is not
necessarily linked to a lower socioeconomic status and
that unrecorded alcohol substantially contributes to total
consumption in several high-income countries in Europe.
A standardized assessment adaptable to locally relevant
categories of unrecorded alcohol is required to overcome
conceptual discrepancies and implausible variations of
estimates. In our view, the WHO STEPS survey module
meets these requirements and should be considered in
future alcohol surveys, providing the base for a continu-
ous monitoring of unrecorded alcohol consumption in
Europe and elsewhere.
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