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Abstract

Aims: Harmful drinking patterns are shaped by a broad complex interaction of factors, societal and individual, psychological and behavioral.
Although previous studies have focused on a few variables at a time, the current study simultaneously examines a large number of variables in
order to create a comprehensive view (i.e. phenotype) of harmful drinking, and to rank the main predictors of harmful and non-harmful drinking
by order of importance.
Methods: We surveyed a large sample of Dutch adults about their habitual drinking characteristics and attitudes, perceptions and motives for
drinking. We fed 45 variables into a random forest machine learning model to identify predictors for (1) drinking within and in excess of Dutch
guideline recommendations and (2) harmful and non-harmful drinking.
Results: In both models, respondents’ subjective perceptions of ‘responsible drinking’, both per occasion and per week, showed the strongest
predictive potential for different drinking phenotypes. The next strongest factors were respondents’ reason for drinking, motives for drinking
and age. Other variables, such as drinking location, knowledge about alcohol-related health risks and consumption of different beverage types,
were not strong predictors of drinking phenotypes.
Conclusions: Although the direction of the relationship is unclear from the findings, they suggest that interventions and policy measures aimed
at individuals and social norms around drinking may offer promise for reducing harmful drinking. Messaging and promotion of drinking guidelines
should be tailored with this in mind.

INTRODUCTION

Harmful drinking is associated with a range of short- and
long-term health risks (Ronksley et al., 2011; Piano, 2017;
WHO, 2018; Carvalho et al., 2019; Roerecke et al., 2019;
Shield et al., 2020) and with negative psychosocial conse-
quences (Appleton et al., 2018). As a result, it is the focus of
high-profile initiatives like the World Health Organization’s
(WHO) Global Strategy to reduce the harmful use of alcohol
(WHO, 2010) and many national-level efforts.

In the Netherlands, the net social cost of alcohol use is
estimated at Euro 2.5 billion annually [de Wit et al., 2019;
Central Bureau of Statistic (CBS), 2021] and includes the
burden from lost productivity, law enforcement and legal
costs, healthcare costs, and life-years lost to accidental injuries
(e.g. road traffic), chronic (non-communicable) diseases and
alcohol abuse. Given the health risks associated with harmful
drinking, the Health Council of the Netherlands has devel-
oped drinking guidelines for the general adult population,
which recommends ‘Do not drink alcohol or drink no more
than one glass daily’. Effectively, the guideline is an average
of at most one drink per day. A ‘glass’ (or drink) in the
Netherlands is officially defined as containing ∼10 g of pure
alcohol (Health Council of the Netherlands, 2015).

A 2020 population survey in the Netherlands found that
44% of the Dutch population over the age of 18 years met

the guideline of the Dutch Health Council, whereas 6.9%
were considered excessive drinkers and 7.8% heavy drinkers
(CBS, 2021). In line with definitions used by the two
collaborating entities, Trimbos and RIVM, we considered
‘excessive’ and ‘heavy’ drinkers to be two distinct groups
though not mutually exclusive. We defined ‘Excessive’
drinkers as consuming on average more than two drinks per
day for women and more than three drinks per day for men.
We defined ‘Heavy’ drinkers as engaging in heavy episodic
drinking (HED) (four or more drinks on an occasion for
women and six or more drinks on an occasion for men,
at least once a week). Yet, heavy drinkers may also drink
excessively (i.e. HED at least once a week and consuming
on average more than two drinks per day for women and
more than three drinks per day for men). In the present
study, excessive drinking and HED are jointly referred to
as ‘harmful’ drinking. Harmful drinking patterns can be
modified through prevention and policy interventions, which
rely on a better understanding of their prevalence and of the
factors that drive them.

There is a wealth of studies that have assessed the associ-
ations between behavioral, psychological and social variables
and harmful drinking. These variables include, for example,
drinking settings and locations (Callinan et al., 2016), social
context (Cullum et al., 2012; Monk et al., 2020), beverage
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type (Ally et al., 2016; Kilian et al., 2021), awareness and
knowledge of alcohol-related health risks (Bowden et al.,
2014), individual reasons or motives for consuming alcohol
(Crutzen and Kuntsche, 2013), and perceptions and attitudes
towards alcohol and drinking (Livingstone and McCafferty,
2015). Also included are perceptions of what is considered
‘responsible’ drinking, shaped in part by the general drinking
culture and in part by individual-level factors. The term
‘responsible drinking’ is poorly defined in terms of consump-
tion volume and frequency and has been criticized for its use in
campaigns supported by the alcohol industry (Maani Hessari
and Petticrew, 2018; Gray et al., 2021). Despite criticism,
‘responsible drinking’ can be a useful concept for captur-
ing individual-level views and definitions of appropriate or
acceptable drinking patterns and is used within that context
in this study. It may be expected that perceptions of what
is ‘responsible drinking’ in terms of frequency and amount
may vary among individuals and reflect other factors and
motivations that underlie their drinking behavior. Insights
into the relationship between people’s subjective perception of
responsible drinking and their actual intake may guide future
interventions to combat harmful drinking.

In this study, we examine the combination of characteristics
of harmful drinking among a Dutch sample of adults. Pre-
vious studies generally focused on single variables and their
associations with harmful drinking behavior. In contrast, in
this study, we use a random forest model (Breiman, 2001),
an innovative approach that allowed us to consider multiple
factors simultaneously and create a more comprehensive pic-
ture of what, when, where, with whom and why people drink.
This method was previously used to predict harmful drinking
(Bonnell et al., 2020). Here, we used it to rank both individual-
level variables and behavioral aspects, motivations, attitudes
and perceptions in order to distinguish harmful drinkers from
non-harmful drinkers.

Improving our ability to understand the interactions among
behavioral, social and psychological factors that characterize
harmful drinking supports the development of better public
education and awareness around drinking and its potential
risks. This knowledge can help to create more effective health
promotion and interventions to reduce harmful drinking.

METHODS

Ethical procedures

We performed this study in accordance with the Declaration
of Helsinki (World Medical Association, 2018). The study
protocol received a favorable review of the TNO internal
review board (reg. nr. 2020-106). The data reported here are
part of a larger study conducted in October and November
2020. Participants started with retrospective questionnaires
in which they reported on their drinking behavior prior to
the Coronavirus Disease 2019 (COVID-19) outbreak in the
Netherlands (February 2020 as the retrospective period) and
during the outbreak (September 2020 as the retrospective
period). Subsequently, participants completed a 4-week diary
reporting their daily drinking behavior. The data used in the
present study include only the retrospective data on drinking
behavior prior to the COVID-19 outbreak and implementa-
tion of social measures in the Netherlands.

Participants

We recruited participants through existing survey pan-
els throughout the Netherlands to include a nationally

representative sample in terms of age, sex and educational
distribution. We sent panel members an email announcement
including a brief study description. Through a link in the
email, we directed participants to a webpage where they could
view the participant information and provide their consent to
participate by continuing to the screening questions. Inclusion
criteria were age (between 18 and 65 years) and currently
drinking alcohol at least once a month.

Individuals reported their age and biological sex and subse-
quently answered three alcohol consumption questions from
the short-form Alcohol Use Disorders Identification Test-
Concise to screen for heavy drinking and/or alcohol abuse
or dependence (Bush et al., 1998). We screened women who
scored three or more points on these questions and men who
scored four or more using diagnostic criteria for Alcohol Use
Disorders (AUD) as defined in DSM-5 (American Psychiatric
Association, 2013). We excluded those meeting four or more
criteria for AUD from the study, whereas the others continued
to the questionnaire. We financially reimbursed participants
for their participation.

Questionnaire

The variables and questions are briefly described in the fol-
lowing sections.

Consumption

For consumption of alcoholic beverages we asked participants
about their drinking behavior in ‘the past month’. When
estimating their consumption, we instructed participants to
consider the Dutch definition of a standard drink expressed
as alcohol by volume (ABV), which contains ∼10 g of pure
ethanol (Health Council of the Netherlands, 2015) and is
equivalent to one 250 ml serving of beer (5% ABV), 100 ml of
wine (12% ABV) or a 35 ml serving of distilled spirits (35%
ABV).

To determine frequency of drinking and amount consumed,
we first asked participants to respond to the question: ‘In
February 2020 how often did you drink alcohol-containing
beverages?’. Options included ‘never’, ‘monthly’, ‘weekly’ and
‘daily’. For ‘monthly’ and ‘weekly’ responses, we assessed
the number of days on which alcohol was consumed. Sub-
sequently, we assessed the number of standard drinks per
drinking occasion. Participants then reported the three types
of alcoholic beverages they drank most commonly, up to three
of the usual locations where they drank, up to three of their
most common reasons to drink and their usual number of
drinking companions. We then asked participants how often
they drank six or more drinks (for men) or four or more drinks
(for women) on a single occasion. Response options included
5–6 times per week, 3–4 times per week, 1–2 times per week,
2–3 times per month and once per month.

We considered participants who indicated they consumed
no more than one drink on an occasion to have met the Dutch
drinking norm of drinking within the recommended guideline
(Health Council of the Netherlands, 2015). In addition, we
calculated the average number of drinks consumed per day
using frequency and amount of consumption. We defined light
drinkers as consuming on average up to one glass of alcohol
a day and moderate drinking as an average of one to two (for
women) or one to three (for men) glasses of alcohol a day. In
line with definitions used in national alcohol consumption sur-
veys in the Netherlands (Statistics Netherlands, CBS, 2021),
we defined ‘excessive drinking’ as consuming on average more
than two (for women) or three (for men) glasses a day and
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‘HED’ as drinking four or more (for women) or six or more
(for men) glasses on one occasion, at least once a week. For
the purpose of this study, we defined harmful drinking as
including both excessive drinking and HED. The other two
groups (i.e. light and moderate drinkers) together formed the
category of non-harmful drinking.

Attitudes towards alcohol consumption

We assessed general attitudes towards alcohol consumption
by three items: ‘Having a drink is one of the pleasures of life’,
‘Having a drink with someone is a way of being friendly’ and
‘There is nothing good to be said about drinking’. We asked
participants to rate items on a 5-point Likert scale ranging
from ‘Strongly agree’ (coded as 1) to ‘Strongly disagree’
(coded as 5) (adapted from Alcohol Research Group, 2009).

Furthermore, we assessed attitudes towards alcohol con-
sumption in specific situations, which included at party at
someone’s home; a mother spending time with a young child;
a father spending time with a young child; a man dining alone
in a restaurant; a woman dining alone in a restaurant; a man
at a bar with friends; a woman at a bar with friends; a woman
out with colleagues; a man out with colleagues; at home with
friends; when having to drive; a man having dinner at home
with a partner; a woman having dinner at home with a partner
[questions adapted from Gender, Alcohol, and Culture: An
International Survey (GENACIS); GENACIS, 2018]. For each
situation, we asked participants to indicate how much a
person in that situation should be able to drink. Response
options were (1) zero drinks, (2) some (one or two) drinks but
not enough to feel the effects, (3) enough to feel the effects but
not become drunk, (4) getting drunk is sometimes alright and
(5) getting drunk is always alright.

To determine perceptions of acceptable drinking we asked
participants to respond to the question: ‘What do you consider
to be responsible drinking?’ in 2-fold: (1) by the number
of days per week (from 0 to 7) on which drinking usually
takes place and (2) by the number of drinks consumed on
those days (from 0 to 10). By multiplying these two answers
we computed a third variable reflecting perceptions of the
‘responsible number of drinks per week’.

Knowledge and perceptions related to the consumption

of alcohol

We assessed knowledge of health risks related to the con-
sumption of alcohol as follows: ‘How much do you agree
or disagree that the consumption of alcoholic beverages can
increase the risk of the following health conditions?’. We
provided participants a list of health risks including liver
disease, heart disease, cancer, asthma, depression and birth
defects. We asked participants to rate each health risk on a
5-point Likert scale ranging from ‘Strongly agree’ (coded as
1) to ‘Strongly disagree’ (coded as 5) (we derived items from
European Commission, 2010). We assessed perceptions about
the health risks associated with specific consumption patterns
by asking: ‘How much do you think people risk harming
themselves if they do each of the following?’. We provided
a list of behaviors including: try alcohol once or twice; have
one or two drinks nearly every day; have four or five drinks
nearly every day; have five or more drinks each weekend.
We asked participants to rate risk on a 4-point Likert scale
ranging from ‘No risk’ (coded as 1) to ‘Great risk’ (coded as
4) (we derived items from Hibell et al., 2012). In addition, we

assessed attitudes towards the acceptability of drinking a glass
of beer versus a glass of wine versus a glass of spirits.

Motivations for alcohol consumption

We used the Drinking Motive Questionnaire revised short
form (DMQ–R SF) (Kuntsche and Kuntsche, 2009) to assess
motivations for alcohol consumption. It consists of 12 items
that are rated on a 3-point Likert scale from ‘Never’ (coded as
1) to ‘Sometimes’ (coded as 2) to ‘Almost always’ (coded as 3),
with three items for each of the four subscales: drinking for (a)
enhancement (e.g. drinking to have fun and to get drunk), (b)
social (e.g. to better enjoy social gatherings), (c) coping (e.g. to
alleviate personal problems and worries) and (d) conformity
motives (e.g. not to feel left out of the group). We averaged
the three items within each subscale for scoring.

Knowledge regarding alcoholic beverage types

We assessed knowledge of alcohol content in beverages by
three items: ‘Does a regular glass of beer have [more/less/equal
amount of] alcohol than a regular glass of wine?’, ‘Does a
regular glass of beer have [more/less/equal amount of] alcohol
than a regular glass of distilled spirits?’ and ‘Does a regular
glass of wine have [more/less/equal amount of] alcohol than a
regular glass of distilled spirits?’.

Analysis

To study the classification of drinking types using numerous
behavioral and psychological variables, we used a random
forest model. Random forest models can handle mixtures of
continuous and categorical data, and are therefore among the
most powerful, fully automated, machine learning techniques
(Breiman, 2001). The random forest method is a generaliza-
tion of the decision tree method. For the present study, we split
all included participants into two groups for each variable in
the dataset (e.g. meeting drinking norms versus not meeting
drinking norms). After a certain number of splits, the end
groups (i.e. leaves) are homogeneous subsets (i.e. subsets with
drinkers who meet the norm and subsets of drinkers who do
not). The random forest model builds many decision trees
using a random selection of variables and random subsets of
the dataset for each decision tree. Consequently, the number
of variables and participants used varies from decision tree
to decision tree. All decision trees, with their error rates,
are compared to determine the joint set of variables that
produce the strongest classification model (meet norm/exceed
norm). The random forest algorithm estimates the (mean
Gini) importance of a variable (from 0 to 100) by looking
at how much the impurity of the leaves (subsets) increases
when one variable is removed from the model while all others
are left unchanged; little increase of impurity implies low
importance (Breiman, 2001). In the present study, we used
45 behavioral and psychological variables as input. For the
final model, we considered variables relevant if their mean
Gini importance (i.e. the increase of impurity of the leaves
in the model when the variable was excluded) was above
the ‘elbow’ when looking at the importance of all variables
in decreasing order (Genuer et al., 2010). In short, only a
few variables have a (distinctively) high importance followed
by a bunch of variables with mutually comparable impor-
tance; this introduces an elbow (or plateau) when plotting the
importance in decreasing order. We built two random forest
models to classify (1) individuals meeting the Dutch drinking
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Fig. 1. Sample distribution of age groups and sex (%) for drinking within versus exceeding the Dutch drinking norm (left graph) and harmful drinkers
versus non-harmful drinkers (right graph).

norm versus drinkers who exceed this norm, and (2) harmful
drinkers versus non-harmful drinkers.

Above all, we used random forest analyses as an exploratory
data mining technique to find the best subset of variables for
constructing a model to describe a specific drinking category.
The outcome is a model (a forest with multiple decision trees)
that can be used on data of new persons to ‘classify’ a type of
drinker, though this is not the focus of the present study. We
performed all random forest analyses using the randomForest
R package (Liaw and Wiener, 2002) in R (R Development
Core Team, 2019).

RESULTS

Baseline characteristics

The final sample consisted of 1184 included individuals.
Young males (aged 18–29 years) were underrepresented (by
∼50%), but otherwise the sample was representative of the
Dutch population. Figure 1 illustrates the distribution per
model group by age and sex. Among the final sample, 30%
(360 respondents) met the Dutch drinking norm. The remain-
ing 70% (824 respondents) exceeded the norm (Model 1).
Those meeting the norm were older (mean ages of 47 and
44 years, respectively) and more likely to be female (69 versus
55%) than those who did not. Out of the 1184 individuals,
10.5% (124 respondents) were ‘harmful drinkers’ (Model 2).
The remaining 89.5% (1060 respondents) were not (Model
2). The mean age among harmful drinkers was 46 years,
compared with 45 among non-harmful drinkers, and harmful
drinkers were also less likely to be female (52 versus 60%),
but not significantly so. The P-value on the two-sample pro-
portion test was greater than 0.05.

Random forest model: ranking predictive variables
Model 1: drinking within versus exceeding the Dutch

drinking norm

A total of six variables emerged in the classification model
as significant predictors of drinking within and in excess of
the Dutch drinking norm (Fig. 2). In order of importance,
these included perception about how many drinks constitute
‘responsible drinking’ on a given occasion (rank 1) and in
a week (rank 2), the most common reasons for drinking

(rank 3), age (rank 4), drinking for enhancement (rank 5)
and social motives (rank 6). For this model, an accuracy of
89% was found in the training set that included 884 subjects
and an accuracy of 71% in the validation set that included
300 subjects. Table 1 shows the group characteristics and the
means and variations for each group of the six most important
model variables. Figure 3 illustrates the distribution within
each group for each of these six variables.

Compared with individuals drinking within the Dutch
norm, those drinking in excess of the norm considered
‘responsible drinking’ to involve more drinks both per
occasion (2.46 versus 1.44 standard drinks) and per week
(6.06 versus 3.65 standard drinks). The most common reason
for drinking reported by both groups was ‘At home, because
they enjoy it’. As the second most common reason to drink,
individuals drinking in excess of the Dutch norm reported
‘Drinking to party or have fun’, whereas those drinking
within the norm reported ‘To accompany dinner at home
or home of others’. Individuals drinking more than the norm
were younger (44.0 versus 47.4 years) and had a stronger
motive to drink for enhancement (1.80 versus 1.52) and for
social reasons (1.95 versus 1.62) compared with drinkers who
stayed within the Dutch norm.

Model 2: harmful drinkers versus non-harmful drinkers

In this classification model, six variables also emerged as
significant predictors of harmful versus non-harmful drink-
ing (Fig. 4). Ranked in order of importance, these include
perceptions of ‘responsible drinking’ in terms of the number
of drinks per week (rank 1), drinking for coping (rank 2),
enhancement motives (rank 3), perceptions of ‘responsible
drinking’ in terms of the number of drink per occasion (rank
4), the most common reasons to drink (rank 5) and age
(rank 6). For this model, we found an accuracy of 80% in
the training set of 884 subjects and an accuracy of 79% in
the validation set of 300 subjects. Table 2 shows the group
characteristics and the means and variation for each group
of the six most important model variables. Figure 5 illus-
trates the distribution within each group for each of the
six included variables. Compared with non-harmful drinkers,
harmful drinkers on average perceived the ‘responsible’ num-
ber of drinks to be greater than non-harmful drinkers both
per occasion (3.34 versus 2.01 standard drinks) and per week
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Fig. 2. Random forest model with 45 variables ranked by importance (most important at the top) to classify norm drinkers versus more than norm
drinkers. Variables above the black line have a (distinctively) high classification importance.

Table 1. Variable descriptives for Model 1

Group

Meets Dutch drinking norm
(n = 360)

Exceeds Dutch drinking norm
(n = 824)

Age in years, mean (SD) 47.4 (12.6) 44.0 (13.4)
Most common reason to drink (rank)

1.
2.
3.

‘At home because I enjoy it’
‘To accompany dinner at home or home of
others’
‘To celebrate something’

‘At home because I enjoy it’
‘To party or have fun’
‘To accompany dinner at home or home of
others’

Perception of responsible drinks per occasion,
mean (SD)
Perception of responsible number of
drinks/week, mean (SD)

1.44 (0.65)
3.65 (2.69)

2.46 (1.31)
6.06 (5.23)

DMQ—Social, mean (SD)
DMQ—Enhance, mean (SD)

1.62 (0.53)
1.52 (0.41)

1.95 (0.60)
1.80 (0.45)

(10.60 versus 4.71 standard drinks). Both groups reported the
most common reason to drink as ‘At home, because they enjoy
it’. As the second most common reason to drink, harmful
drinkers reported ‘Drinking to party or have fun’, whereas
non-harmful drinkers reported ‘To accompany dinner at home
or home of others’. Compared with non-harmful drinkers,
harmful drinkers had a stronger motive to drink for enhance-
ment (2.10 versus 1.67) and coping reasons (1.80 versus 1.33)
and were older (46.1 versus 44.9 years).

DISCUSSION

This study investigated drinking patterns in a large Dutch
community sample using a machine learning approach to
understand the relative importance of 45 behavioral and
psychological variables in determining drinking patterns.
We built random forest models to distinguish between (I)
individuals who drank within and those who exceeded Dutch
drinking guidelines and (II) harmful versus non-harmful
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Fig. 3. Distribution within each group for each of the six highest ranked variables in Model 1. Categories for ‘most common reason to drink’ are as
follows: 1 = party, have fun; 2 = celebrate something; 3 = dinner in restaurant; 4 = dinner at home or home of others; 5 = drinks at or after work; 6 = at
home, because its available; 7 = at home, because I enjoy it; 8 = at home, because it’s a habit; 9 = other.

Fig. 4. Random forest model with 45 variables ranked by importance (most important at the top) to classify harmful drinkers versus non-harmful
drinkers. Variables above the black line have a (distinctively) high classification importance.

D
ow

nloaded from
 https://academ

ic.oup.com
/alcalc/article/57/6/696/6675750 by guest on 25 N

ovem
ber 2022



702 Alcohol and Alcoholism, 2022, Vol. 57, No. 6

Table 2. Variable descriptives for Model 2

Group

Non-harmful drinkers
(n = 1060)

Harmful drinkers
(n = 124)

Age in years, mean (SD) 44.9 (13.3) 46.1 (13.2)
Most common reason to drink (rank)

1
2
3

‘At home because I enjoy it’
‘To accompany dinner at home or home of
others’
‘To party, have fun’

‘At home because I enjoy it’
‘To party, have fun’
‘At home, because it’s a habit’

Perception of responsible drinks per occasion,
mean (SD)
Perception of responsible number of
drinks/week, mean (SD)

2.01 (1.04)
4.71 (3.61)

3.34 (1.96)
10.60 (8.53)

DMQ—Coping, mean (SD)
DMQ—Enhance, mean (SD)

1.33 (0.43)
1.67 (0.43)

1.80 (0.61)
2.10 (0.49)

Fig. 5. Distribution within each group for each of the six highest ranked variables in Model 2. Categories for ‘most common reason to drink’ are as
follows: 1 = party, have fun; 2 = celebrate something; 3 = dinner in restaurant; 4 = dinner at home or home of others; 5 = drinks at or after work; 6 = at
home, because its available; 7 = at home, because I enjoy it; 8 = at home, because it’s a habit; 9 = other.

drinkers. The group of harmful drinkers included both
‘excessive’ drinkers and those who engaged in HED, as defined
for the Netherlands. Of the 45 variables included those with
substantial differentiating potential, in both models, included
respondents’ subjective perceptions of what constituted a
‘responsible’ number of drinks both per occasion and per
week, the most commonly cited reason to drink, drinking
motives, including enhancement, coping and social reasons,
and respondents’ age.

Discussion of the main findings

The findings show that respondents’ own definitions of
‘responsible drinking’ were the strongest predictors of
drinking in excess of the Dutch drinking norm and of harmful
drinking patterns. The term ‘responsible drinking’ has been
identified by some as a charged term, often used in industry-
led campaigns. A criticism of the use of the term has been a
lack of a coherent definition with specificity in quantity and
frequency (Moss and Albery, 2018). However, in the present

study, we asked respondents to quantify, in frequency and
amount, their own definition of acceptable drinking behavior.
As such, it may be seen as useful concept for exploring how
consumers view acceptable drinking behavior as well as how
this predicts their own drinking behavior. Compared with
non-harmful drinkers, harmful drinkers perceive a higher
number of alcoholic drinks per occasion and per week
as responsible drinking. Moreover, this variable was the
strongest predictor of all studied variables in distinguishing
harmful from non-harmful drinkers as well as drinking within
or in excess of the Dutch drinking norm. These findings are
consistent with other studies showing that perceptions of
normative drinking, as well as perceptions of risk correlate
with drinking behavior (Foster et al., 2015; Bräker and
Soellner, 2016; Kuntsche et al., 2017; Lau-Barraco et al.,
2017; Dillard et al., 2018). Differences in how definitions
of responsible drinking vary between those who engage
in harmful drinking and those who do not merit further
study.
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The second most salient variable influencing drinking
behavior was motivation. Specifically, enhancement, coping
and social motives to drink were important variables in
distinguishing drinking groups. For each type of motivation,
the scores were higher among those that exceed the Dutch
drinking norm and those that engage in harmful drinking
compared with the other groups. These findings are in line
with prior research (e.g. Kuntsche et al., 2014), including
a study in a large Dutch sample (Crutzen and Kuntsche,
2013). In that study, social motives were positively associated
with the number of drinks on the heaviest drinking day and
enhancement motives with the number of drinking days.
Coping motives were positively associated with both drinking
measures (Crutzen and Kuntsche, 2013). Together, these
findings underscore the relevance to target motivation when
targeting harmful drinking patterns.

Another important variable in both random forest models
was ‘most common reason to drink’. Both harmful and non-
harmful drinkers reported drinking ‘at home, because I enjoy
it’ as the most common reason to drink. As the second
most important reason, harmful drinkers reported ‘party, have
fun’ (regardless of location), whereas non-harmful drinkers
reported ‘dinner at home or home of others’. As the third
most important reason, harmful drinkers reported ‘at home,
because it’s a habit’, whereas non-harmful drinkers reported
‘party, have fun’.

These findings reflect subtle differences between groups,
specifically, that harmful drinkers are more likely to (a) drink
to party and have fun and (b) habitually drink at home.
However, since we did not assess the variable ‘most common
reason to drink’ in terms of amount consumed, it is not
possible to conclude whether harmful drinking was more
likely to occur at home than elsewhere. The findings do imply
that most drinking occurs at home, for both non-harmful and
harmful drinkers. Other studies across countries have shown
that most drinking, including harmful drinking, occurs within
the home, and not in licensed premises (Callinan et al., 2016,
2021).

Lastly, age was an important variable in both models, albeit
in opposite ways. Individuals drinking within the norm were
older than those drinking in excess of the norm (Model 1),
whereas non-harmful drinkers were younger than harmful
drinkers (Model 2). It should be noted that the group of
moderate drinkers, which in the present study was a relatively
younger group, exceeds the Dutch drinking norm (Model 1),
but in Model 2 is part of the non-harmful drinking group.
The outcome of Model 1 is in line with outcomes of another
large survey in the Netherlands showing that with increasing
age, the percentage of people meeting the Dutch drinking
norm also increases (Schouten et al., 2021). The study also
reported that harmful drinking decreased with age (at least
until the age of 65), and that young adults aged 18–29 years
were particularly likely to engage in harmful drinking. This
finding is at odds with the outcome of Model 2. This dis-
crepancy with prior research may be in part related to the
underrepresentation of young males, who are on average more
likely to engage in harmful drinking (Schouten et al., 2021, US
National Survey on Drug Use and Health, 2019).

Other correlates

Variables such as biological sex, perception of alcohol-related
health risks, social context, drinking location and beverage
type were not strong predictors in either model of whether

respondents drank within or in excess of the Dutch norm, or
whether they engaged in non-harmful versus harmful drink-
ing.

In the present study, there was a higher proportion of
females in the group drinking within the norm (69%) than in
the group exceeding it (55%), and also among non-harmful
drinkers (60%) compared with harmful drinkers (52%). Pre-
vious national surveys have consistently shown that harmful
drinking is more likely among males than females (Schouten
et al., 2021, US National Survey on Drug Use and Health,
2019). Apparently, however, in the present study, the differ-
ence between males and females was not sufficient to render
‘sex’ an important distinguishing variable in either model. The
underrepresentation of young males may have influenced this
limited importance of ‘sex’ in the model outcomes.

Awareness and knowledge about alcohol-related health
risks are important elements in prevention (Bowden et al.,
2014). Drinking guidelines and health literacy around alcohol
are predicated upon the notion that knowledge and under-
standing of risks associated with different drinking patterns
will act to moderate drinking behavior and prevent harmful
drinking. The fact that perception of alcohol-related health
risks was not a strong differentiator between drinking groups
might reflect poor awareness of alcohol-related harms in gen-
eral or at least reflect few differences in knowledge or percep-
tions of alcohol-related health risks between these groups. In
a recent national survey in the Netherlands, most participants
were unaware that excessive drinking (part of harmful drink-
ing in the present study) increases the risk of different types of
cancer and dementia (Schouten et al., 2021). However, a lack
of awareness of alcohol-related harms was most widespread
among those engaging in harmful drinking. Taken together,
these and other similar findings call for more intensive efforts
to share information and increase awareness and knowledge
of alcohol-related health risks.

Drinking location also did not strongly distinguish drinking
phenotypes from each other. For both harmful and non-
harmful drinkers, the most important ‘reason’ to drink was
‘at home, because I enjoy it’. These results are in line with
findings from other large nationally representative surveys
reporting that people consume the majority of alcohol they
drink in their own homes (Callinan et al., 2016, 2021).
However, the present study shows drinking location was not
strongly distinguishing non-harmful from harmful drinkers.
The importance of the social context within which drinking
takes place has been well described, including drinking in
(or due to) social isolation, drinking as a social activity, the
role of ‘drinking confederates’ and group pressure in drinking
situations (Collins and Marlatt, 1981; de Wit and Sayette,
2018; Kelly et al., 2018; Monk et al., 2020). However, in the
present study, social context was also not a strong drinking
phenotype characteristic.

Finally, the study showed no difference across the two
models in the importance of the type of alcohol beverage in
predicting whether drinking was harmful or whether or not
it exceeded the norm. Other studies have suggested that the
type of beverage most associated with harmful drinking was
the one that is most consumed in a country (Rossow, 2001;
Schmidt et al., 2003), and not any particular type of drink.
In the Netherlands, beer is the most consumed beverage type,
followed by wine (WHO, 2018), and it is reasonable to assume
that it is also more likely to be consumed by harmful drinkers
and those exceeding the drinking norm. Taken together, these
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results suggest that individual characteristics such as percep-
tions, reasons and motivation to drink may be better targets
for combatting harmful drinking than drinking location or
beverage type.

Strengths and weaknesses of the present study

The present study has several strengths. It uses a large sample
with a wide range of drinking levels and a broad age group
(18–65 years), allowing disaggregation of drinking patterns
within the survey population. Its main strength is the simulta-
neous inclusion of 45 behavioural and psychological variables
that could be ranked according to importance and predictive
value. These include habitual drinking characteristics as well
as attitudes towards, motives for, and perceptions about alco-
hol consumption. Furthermore, the application of a machine
learning technique such as the random forest model offers an
opportunity to simultaneously assess the relative strength of
different variables related to alcohol consumption in a novel
way.

At the same time, the study also has its limitations.
First, younger males (between 18 and 29 years) were
underrepresented in the sample, which is problematic given
their usually strong representation in the excessive and heavy
drinker categories (Schouten et al., 2021). Second, whereas
the addition of perceptions and subjective definitions of
‘responsible drinking’ was novel and relevant for the model,
we did not assess knowledge among drinkers about current
Dutch drinking guidelines. Previous research, including
a recent government-funded alcohol survey, found that
knowledge about drinking guidelines is lower among those
who drink excessive or heavily than among lighter drinkers
(Schouten et al., 2021). The inclusion of this dimension
would have shed light on the extent to which perceptions
of responsible drinking are related to knowledge of drinking
guidelines. Another limitation is that we defined harmful
drinkers as those engaging in excessive drinking and HED.
In reality, for many people, harmful drinking is likely to
involve levels below the threshold for either of these but higher
than levels defined by the Dutch drinking norm. Furthermore,
statistical power was too low to examine excessive drinking
and HED as separate categories. The two groups of drinkers
might be different and have different predictive variables.

Implications/future perspectives

In the present study, self-rated ‘responsible drinking’ is the
most powerful variable that separates those drinking within
the Dutch norm from those exceeding the norm, and also
harmful drinkers from non-harmful drinkers. Evidently, from
our (correlational) data, the directionality of the relationship
remains to be seen; in other words, whether a person’s idea
of ‘responsible drinking’ determines their drinking behavior
or whether actual drinking behavior determines the subjective
definition of ‘responsible drinking’, or perhaps both. Clearly,
individuals’ perceptions of ‘responsible drinking’, in terms of
both the number of drinks per occasion and per week, deviate
from the Dutch Health Council’s drinking norm that advises
not drinking at all or at least no more than one drink a day.
This was particularly the case for harmful drinkers. Whether
this deviation between perception of ‘responsible drinking’
and the Dutch drinking norm is related to a lack of awareness
about the norm or whether it reflects a general acceptance
of drinking levels that exceed the norm and the associated
risk cannot be concluded from this study. Previous research

performed by the Trimbos Institute in October 2020 shows
that 55.6% of the total Dutch population were unaware of the
official drinking guidelines, and 43.6% of people who drink
excessively (Schouten et al., 2021). Together with the outcome
of the present study, these findings underscore the need for
strengthening and continuing to provide information and
education about alcohol consumption, particular attention to
specific target groups like excessive and heavy drinkers, and
guidelines that are realistic within the context of prevailing
drinking patterns.

CONCLUSION

In the present study, we employed a random forest model to
classify and rank a wide range of behavioral and psychological
variables related to alcohol consumption in a large Dutch
community sample. Though the direction of the relationship
is unclear from the findings, they suggest that interventions
and policy measures aimed at individuals’ perceptions, moti-
vation and social norms around drinking may offer promise
for reducing harmful drinking. Messaging and promotion of
drinking guidelines should be tailored with this in mind.
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