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Abstract

Aims: We aim to adjust for potential non-participation bias in
the prevalence of heavy alcohol consumption.

Methods: Population survey data from Finnish health examina-
tion surveys conducted in 1987-2007 were linked to the administrative
registers for mortality and morbidity follow-up until end of 2014. Util-
ising these data, available for both participants and non-participants,
we model the association between heavy alcohol consumption and
alcohol-related disease diagnoses.

Results: Our results show that the estimated prevalence of heavy
alcohol consumption is on average 1.5 times higher for men and 1.8
times higher for women than what was obtained from participants
only (complete case analysis). The magnitude of the difference in the
mean estimates by year varies from 0 to 9 percentage points for men
and from 0 to 2 percentage points for women.

Conclusion: The proposed approach improves the prevalence es-
timation but requires follow-up data on non-participants and Bayesian
modelling.

Keywords: survey, Bayesian analysis, register linkage, non-response
bias, data missing not at random

Introduction

Reliable information about the prevalence of heavy alcohol consumption
is important because alcohol-related health problems and undesired social
consequences (Klingemann and Gmel, 2001) cause significant costs in many
countries (Rehm et al., 2009). Prevalence estimates can be obtained through
health surveys, but the low participation rates (Galea and Tracy, 2007) im-
peril the reliability of the results. If the participation is selective with re-
spect to alcohol consumption, the estimates of alcohol use suffer from non-
participation bias, which hinders their usability for decision-making. If non-
participants have worse health than participants, the bias usually leads to
an overly positive image of the health of the population.

Empirical evidence suggests that participation is often selective concern-
ing alcohol consumption. Studies from Canada (Zhao et al., 2009), Eng-
land (Boniface et al., 2017), Finland (Karvanen et al., 2016; Kopra et al.,
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2017b), Norway (Torvik et al., 2012), Scotland (Gorman et al., 2014) Swe-
den (Romelsjö, 1989), and the United States (Dawson et al., 2014) conclude
that non-participants drink more alcohol than participants. Follow-up stud-
ies have shown that non-participants tend to have a higher risk of alcohol-
related diseases (Romelsjö, 1989; Jousilahti et al., 2005; Gorman et al., 2014;
Christensen et al., 2015; Karvanen et al., 2016), and increased risk of hospital-
isations and death (Jousilahti et al., 2005; Christensen et al., 2015; Karvanen
et al., 2016), which indicates that non-participants tend to use more alcohol
than participants. A study from Netherlands (Lahaut et al., 2002) found
that non-participants are more often abstainers than participants, which is
not directly interpretable as a conflicting result because many social factors
may be associated with abstaining. An older study from Sweden did not find
an indication of selective participation (Halldin, 1985).

In addition to selective non-participation, bias may be introduced by im-
perfect coverage of the target population by the survey sampling frame, and
by questionnaire design. First, if some individuals of target population can-
not be invited to a survey, the sample does not represent the population
of interest and the estimates will be biased. Mäkelä and Huhtanen (2010)
observed that in Finland, persons who cannot be invited to a survey due to
missing home address have about four times higher risk for alcohol-related
deaths. This caused a small bias in the population estimates. Second, Liv-
ingston and Callinan (2015) claim that quantity-frequency design of the
alcohol use questions underestimates alcohol consumption by one-third com-
pared to asking about drinking with a within-location beverage-specific de-
sign. Gmel (2000) reported that alcohol as a subject of survey study does
not have an impact on participation in comparison to similar questionnaire
without alcohol-related questions.

Studies from the United States (Dawson et al., 2014) and Finland (Mäkelä,
2003) have shown that the non-participation bias cannot be adjusted using
just weights depending on basic demographic variables. Some studies adjust
for selective non-participation utilising continuum of resistance model (Zhao
et al., 2009; Meiklejohn et al., 2012; Boniface et al., 2017) but there are also
other methods (Karvanen et al., 2016; Kopra et al., 2017b).

In Finnish health surveys participation has been decreasing, while re-
ported alcohol consumption has been mainly increasing from 1960s to 2007
(Mäkelä et al., 2012). Jousilahti et al. (2005) report that in Finland non-
participants have a higher risk of alcohol-specific diseases and death (Jousi-
lahti et al., 2005), which is why we expect the estimates of heavy alcohol
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consumption to be biased. The difference in the disease risk could be ex-
plained by heavier alcohol consumption among non-participants. From pre-
vious studies (Harald et al., 2007; Hirvonen, 2017), we know that participa-
tion in the FINRISK Study is affected by age, gender, area, and education
(Reinikainen et al., 2017).

We aim to adjust for selective non-participation for heavy alcohol con-
sumption and to estimate the prevalence of heavy alcohol consumption with
reduced bias. We present a Bayesian solution that is based on mortality and
morbidity follow-up data.

Methods

Data

We used data from the National FINRISK Study, which is a series of cross-
sectional health examination surveys (Borodulin et al. , 2017) conducted in
Finland every fifth year since 1972. We analyzed data for the years 1987–
2007. Years 1972–1982 as well as 2012 were excluded because the questions
of alcohol consumption were too different from the questions in 1987–2007.

In 1987 and 1992 studies the questions were essentially the same. In
1997 the study questions regarding the usage of cider or mild wine (alc. vol
under 5%) were added. Otherwise the study remained the same as earlier.
In 2002, question regarding comsumption of red wine and other wines were
separated from each other. Also in 20020, the total alcohol consumption was
no more base don several alcohol beverage-specific questions but participants
were adviced to calculate their number of alcohol portions (standard drinks)
consumed and sign asuitable class from quantity-frequency table. In 2007,
the alcohol questions were the same as in 2002, but the instructions for the
calculation of daily alcohol consumption were improved.

The surveys provide data on 25–74 -year-old adults from six regions of
Finland. We restrict the data to people aged 25–65 -years since oldest age
group 65–74 years old was not available in all areas until 2007. The survey
consists of questionnaires, and a health examination carried out at a local
study clinic. The sample was drawn from the National Population Register
and was stratified by region, gender and 10-year age-group. In total, there
are 44, 317 invitees including 31, 567 participants. The survey data contains
self-reported alcohol consumption and background variables, age, gender,
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region and study year for the whole sample. The survey utilised a beverage-
specific quantity-frequency questions on alcohol use in the first three surveys
and graduate frequency measure in the latter two surveys. The questions
related to alcohol consumption are provided in Appendix B. The study ques-
tionnaires in 1987, 1992 and 1997 asked alcohol usage one type of alcohol
beverages at a time: beer, spirits/vodka, long drink or cider (in 1997), wines
and mild wines (in 1992 and 1997). In 2002 and 2007 the questionnaire was
different, and individuals reported their alcohol consumption for all beverage
types in one question.

From these questions, a number of standard drinks consumed per week
during a previous 12 months was calculated. One standard drink equals 12
grams of pure alcohol which is equivalent to, e.g, one bottle of beer (33cl,
4.7 volume percent of alcohol). Based on the number of standard drinks, the
(self-reported) total amount of 100% alcohol consumed in the previous 12
months was calculated.

Since our main interest was to estimate the prevalence of heavy alcohol
users, we classified participants as heavy alcohol consumers and others (non-
heavy alcohol consumers) as follows. The persons who reported consuming on
average at least 24 standard drinks per week for men or at least 16 standard
drinks per week for women during the one-year period before the examination
were considered heavy alcohol consumers.

The survey data were linked to three registers: The Register of Completed
Education and Degrees (Statistics Finland, 2016), Care Register for Health
Care (National Institute for Health and Welfare , 2017) and Cause of Death
Register (Statistics Finland, 2017) using personal identification code. The
register-based data were available for both participants and non-participants.
The level of education is categorised according to the International Standard
Classification of Education (ISCED, 2011). We classified education into three
levels: 1) high level (tertiary education, ISCED levels 5-8), 2) middle level
(secondary education, ISCED levels 3-4) and 3) low level (primary education
or less or unknown, ISCED levels 0-2). The Care Register gives data about
the hospital visits with dates and ICD-codes for both participants and non-
participants. From the Causes of Death Register, we obtain data about dates
and ICD-codes of the cause of death.

Follow-up data contains the time-to-event (age) and ICD code of the first
alcohol-related disease diagnosis or death. The ICD-codes we considered to
be alcohol related are listed in Table 1. The follow-up begins from the survey
and ends at the end of 2014. Persons who have neither alcohol-related disease
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diagnosis nor alcohol-related cause of death are censored at the end of the
follow-up. Deaths not related to alcohol are treated as censorings.

Table 1: The ICD-codes interpreted as alcohol-related events.
ICD-9:

291 Alcohol-induced mental disorders
303 Alcohol dependence syndrome
357.5 Alcoholic polyneuropathy
425.5 Alcoholic cardiomyopathy
535.3 Alcoholic gastritis
571.0 Alcoholic fatty liver
571.1 Acute alcoholic liver disease
571.2 Alcoholic cirrhosis of liver
571.3 Alcoholic liver damage, unspecified
577.0D-F Alcoholic disease of the pancreas, acute
577.1C-D Alcoholic disease of the pancreas, chronic
980.0 Toxic effect ethyl alcohol
980.2 Toxic effect of isopropyl alcohol
980.8 Toxic effect of other specified alcohols
980.9 Toxic effect of other unspecified alcohol
E851 Accidental poisoning by alcohol

ICD-10:

F10 Mental and behavioural disorders due to use of alcohol
G31.2 Degeneration of nervous system due to alcohol
G62.1 Alcoholic polyneuropathy
G72.1 Alcoholic myopathy
I42.6 Alcoholic cardiomyopathy
K29.2 Alcoholic gastritis
K70 Alcoholic liver disease
K85.2 Alcohol-induced acute pancreatitis
K86.0 Alcohol-induced chronic pancreatitis
T51 Toxic effect of alcohol
X45 Accidental poisoning or other exposure to alcohol
Y15 Poisoning by and exposure to alcohol, undetermined intent
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Complete case analysis

The complete case analysis (e.g. mean estimate from the participants) as-
sumes that participation is not selective concerning alcohol consumption.
Violations of this assumption lead to bias. We compared the results of com-
plete case analysis to a Bayesian approach, which relies on more realistic
assumptions and allows for selective non-participation concerning heavy al-
cohol use.

Modelling approach

We applied a Bayesian approach introduced in (Kopra et al., 2017a) to es-
timate the prevalence of heavy alcohol consumption. The Bayesian model
consists of three sub-models which are fitted simultaneously. The sub-models
are:

1. Participation model,

2. Risk factor model, and

3. Survival model.

The mathematical formulas for the models are given in Appendix A.
The participation model describes which variables affect participation.

Participation is defined as a binary indicator (0 or 1) for the availability
information on alcohol consumption. This model is a logistic regression model
with linear covariates for study year and age, and categorical variables for the
region (4 levels), education (3 levels) and the alcohol consumption (binary).
The model also takes into account the possible interactions of gender and
study year, gender and alcohol consumption, and study year and alcohol
consumption.

The risk factor model describes how alcohol consumption (heavy or non-
heavy) varies by background variables. By background variables we mean
age, gender, region, study year and education. The model is a logistic regres-
sion model with interactions for the year of birth with gender, region, study
year and education.

The survival model describes the relationship between alcohol consump-
tion and alcohol-related diseases. All disease events are combined and mod-
elled as one survival outcome. The survival model is a piecewise constant
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hazard model with one-year baseline hazard period terms. The model as-
sumes monotonically increasing baseline hazard, which is accomplished us-
ing prior specification. In addition to baseline hazard, alcohol consumption
is used as a regressor. Both baseline hazard terms and the regression co-
efficient are gender-specific. The model assumes that the disease risk of
non-participants must be between the risks of heavy alcohol consumer par-
ticipants and other participants. This follows from our reasoning that if the
risk of non-participants were the same as the risk of heavy alcohol consumers,
we would expect all of them be heavy alcohol consumers. Similarly, if the
risk of non-participants equaled to the risk of non-heavy alcohol consumers,
we would expect none of them to be heavy alcohol consumers.

Prior distributions

We used weakly informative prior distributions that reflect the existing knowl-
edge but have variances large enough to allow for surprises. This approach is
recommended in textbooks on Bayesian statistics (Gelman et al., 2014), and
there exists guidelines for elicitation of prior distributions (O’Hagan et al.
, 2006). The participation model needed an informative prior for the effect
of heavy alcohol consumption on the participation, i.e., for the strength of
selectivity mechanism. Some degree of subjectivity cannot be avoided in the
prior specification. To define a weakly informative prior, we took a 45-year-
old non-heavy alcohol consumer who participates with probability 0.7 as a
reference and considered the prior probability for a heavy alcohol consumer
who is otherwise similar. We elicit that there is 25% chance that person par-
ticipates with probability p lower than 0.5 (P (p ≤ 0.5) = 0.25), 35% chance
for p ≤ 0.6, and 50% chance for p ≤ 0.7. The functional form of the prior
distribution was chosen to be logistic distribution. These elicitations lead to
logistics prior distribution with expected value zero and variance 1/2.05.

In the survival model, we applied monotonically increasing baseline haz-
ards separately for men and women. The prior distribution for the first
hazard term (25–26-year-olds) was a uniform distribution with a range from
0 to 20. From second hazard term (26–27-year-olds) to the last hazard term
(99–100-years-old), each term had a uniform distribution with the lower limit
being the value of previous baseline hazard term and upper limit 20.

All the remaining model parameters had normally distributed priors with
zero mean and variance 1000. The prior distributions are presented using
mathematical notation in Table 4 of Appendix A.
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Imputations and model fitting

Alcohol consumption was missing for the non-participants. These missing
values (heavy or non-heavy) were imputed simultaneously with Bayesian
model fitting using data augmentation (Tanner and Wong, 1987). The model
was fitted using Markov chain Monte Carlo (MCMC) (Robert and Casella,
2004) and implemented with Just Another Gibbs Sampler (JAGS) -software
(Plummer, 2003) and R software (R Core Team, 2017) with rjags -package
(Plummer, 2015). The convergence of MCMC chains were investigated us-
ing Brooks-Gelman R̂ diagnostics (Brooks and Gelman, 1998), and all the
R̂s were below 1.01 which indicates convergence. The model fitting utilised
computational resources of IT Center for Science Ltd (CSC).
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Results

Descriptive statistics

In Table 2, we present the descriptive statistics on age, education and gender.
These variables are examined by study year, and comparisons can be made
between participants and non-participant as well as between heavy alcohol
consumers and other alcohol consumers.

The average age of the non-participants was lower than the average age of
the participants. Over the years, the average age appears not to have changed
much for the non-participants, but it has slightly increased for the partici-
pants. Among participants, the average age of heavy alcohol consumers has
increased more rapidly than for non-heavy alcohol consumers. The average
age of heavy alcohol consumers was 41.7 in 1987 (44.4 for non-heavy) and it
has increased between each study being 47.3 for heavy alcohol consumers and
45.5 for non-heavy alcohol consumers in 2007. The average age of non-heavy
alcohol consumers has also increased between the studies, except between
the 1997 and 2002 when it decreased by 0.2 years.

The level of education has increased for both participants and non-par-
ticipants during the study period. The non-participants tend to have low
education more often than participants, and participants tend to have high
education more often than non-participants. In 1987, there were a higher
proportion of highly educated participants among heavy alcohol consumers
than among non-heavy alcohol consumers. In 2007, the situation was op-
posite; the proportion of highly educated persons is higher for non-heavy
alcohol consumers than for the heavy alcohol consumers. The proportion
of women among participants has slightly increased from 52.0% to 53.4%
during 1987–2007. Among non-heavy alcohol consumers, the proportion is
higher: 52.7%–55.3%. Women are a minority among heavy alcohol con-
sumers. There were 15.9% women among heavy alcohol consumers in 1987,
and the proportion has notably increased being 27.8% in 2007.

The proportion of women was higher among the participants than among
non-participants. The proportion of women among participating heavy alco-
hol users has been rapidly increasing over the years, while the corresponding
proportion had not increased by much among non-heavy alcohol consumers.

The number of invitees, the participation rate and the number of events
for both participant and non-participant men and women are presented in
Table 3. During the study period, the proportion of heavy alcohol consumers
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Table 2: Description of background information by study year for non-
participants, participants, and heavy and non-heavy alcohol consumers
among participants.

Participants
Year Non-participants

All
Heavy Moderate

alcohol consumers alcohol consumers
Average age:

1987 42.5 44.4 41.7 44.4
1992 41.8 44.7 44.5 44.7
1997 42.8 45.0 45.0 45.0
2002 42.3 44.9 45.7 44.8
2007 41.9 45.6 47.3 45.5

High education (%):
1987 13.6 18.5 23.0 18.4
1992 18.4 26.6 30.2 26.5
1997 24.7 29.9 31.4 29.8
2002 25.6 35.7 32.7 35.8
2007 27.7 38.6 34.3 38.8

Middle education (%):
1987 30.6 31.8 31.0 31.8
1992 35.6 34.9 34.4 34.9
1997 37.7 38.1 37.6 38.1
2002 41.8 40.6 43.5 40.4
2007 45.3 44.2 45.5 44.1

Low education (%):
1987 55.8 49.7 46.0 49.8
1992 46.1 38.5 35.4 38.6
1997 37.6 32.1 31.0 32.1
2002 32.6 23.8 23.9 23.8
2007 27.0 17.2 20.2 17.1

Women (%):
1987 42.3 52.0 15.9 52.7
1992 40.5 53.0 21.2 54.1
1997 43.2 52.9 22.8 54.3
2002 41.6 53.6 29.0 54.9
2007 42.7 53.9 27.8 55.3

11



Table 3: Number of invitees, the participation rate, the prevalence of heavy
alcohol consumption based on participants and Bayesian modelling (posterior
mean), and the number of alcohol-related incident events (per 1000 follow-up
years) for the non-participant and the participant men and women.

Alcohol-related incident events
Participation Prevalence Posterior (per 1000 follow-up years)

Year Invited N rate for participants mean Participants Non-participants
Men

1987 3910 79.5% 5.0% 9.6% 202 (2.8) 91 (5.2)
1992 3888 73.3% 7.7% 15.0% 168 (2.9) 128 (6.5)
1997 4034 70.0% 9.2% 9.7% 150 (3.2) 103 (5.4)
2002 3955 66.5% 14.4% 22.9% 118 (3.6) 62 (3.8)
2007 3202 61.8% 11.0% 12.8% 47 (3.1) 35 (3.7)

Women
1987 3961 85.1% 0.7% 2.4% 52 (0.6) 29 (2.0)
1992 3951 81.0% 2.5% 4.4% 46 (0.7) 23 (1.5)
1997 4031 75.8% 3.7% 5.3% 25 (0.5) 37 (2.3)
2002 4019 75.4% 5.7% 5.9% 34 (0.9) 13 (1.0)
2007 3278 71.3% 4.0% 5.8% 12 (0.7) 10 (1.3)

has increased for both men and women among participants, and simultane-
ously the participation rate has decreased.

The probabilities for not having alcohol-related disease diagnosis up to the
given age for men and women are presented by Kaplan-Meier survival plots
(Figure 1). The top row shows that the non-participants were more likely to
have alcohol-related diagnoses than participants. The lower row shows that
the risk for non-participants lies between the risks of heavy and non-heavy
alcohol consumers, which is a requirement for the utilised Bayesian model.
The number of persons with a disease diagnosed in each group is reported
next to the survival curve in the Figure 1.

Adjusted prevalences of heavy alcohol consumption

Figure 2 presents the trends of the prevalence of heavy alcohol consumption,
based on complete case analysis and the Bayesian modelling. It can be seen
that the mean estimates of the Bayesian approach lie above the estimates of
the complete case analysis. The numeric values are presented in Table 3.

To compare the prevalence estimates based on participants only, and the
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Figure 1: Kaplan-Meier survival plots for men and women comparing the
probabilities of not having alcohol-related diagnoses among participants and
non-participants (upper panels) and for heavy, non-heavy alcohol consumers
and non-participants (lower panels). The number of persons with a disease
diagnosed in each group is reported within parenthesis.
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posterior estimate for the prevalence of entire survey, absolute and relative
differences can be calculated. For men, the absolute difference of the yearly
prevalence estimates for 1987–2007 are 4.6, 7.3, 0.5, 8.6, and 1.8 percentage
points calculated from Table 3, respectively. Those lead to average difference
of 4.6 percentage points. The corresponding relative differences for men are
1.93 (i.e. almost a two-fold difference), 1.95, 1.06, 1.6 and 1.17, respectively,
and average relative difference is 1.5. For women, the corresponding values
are yearly absolute differences; 1.7, 1.9, 1.6, 0.3 and 1.9, respectively, leading
to average absolute difference of 1.5 percentage points. The yearly relative
differences are 3.39, 1.77, 1.42, 1.04 and 1.47, respectively, leading to average
relative difference of 1.8, see Table 3.

For men, the mean estimates based on Bayesian model vary year by year,
but the credible intervals do not exclude the possibility of a monotonically
increasing trend from 1987 to 2002. The complete case estimates are outside
of the 90% credible interval of Bayesian trends in 1987, 1992, and 2002.

The credible intervals are narrower for women than for men. For women,
the complete case prevalence estimates are outside of the 90% credible inter-
vals of Bayesian trends in 1987 and 1992, and are within the credible interval
in 1997, 2002 and 2007.
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Discussion

There is evidence that non-participation in a survey asking about alcohol
consumption is selective with respect to heavy alcohol consumption in Fin-
land and in many other countries. We studied the prevalence of heavy alcohol
consumption based on data from the National FINRISK Study, which suffer
from selective non-participation. In FINRISK data, the average self-reported
alcohol consumption for men was equal to 5.9 liters and for women 1.9 liters
of pure 100% alcohol per year. For comparison, the national consumption
statistics by National Institute for Health and Welfare (2016) show that the
average yearly consumption of 100% alcohol for persons at least 15 years old
was in the range of 10–13 liters per person during 1987–2007. Thus, in FIN-
RISK data the self-reported consumption is about 60–70% lower what has
been reported in the national consumption statistics (which were not used in
our modelling in any way). Although many reasons can partly explain the
differences between the consumption statistics and self-reported data, e.g.
questionnaire design and imperfect matching of survey frame with the target
population, the differences between non-participants and participants in the
follow-up data summarized in Figure 1 suggest that selection bias is present.

We observed differences in alcohol-related events for participants and non-
participants. Non-participants had significantly increased risk for alcohol-
related disease or death compared to participants, and men had a higher risk
than women. This phenomenon has also been observed for other data, see
(Romelsjö, 1989), (Gorman et al., 2014) and (Christensen et al., 2015).

When participation is selective with respect to variables to be studied,
which is the case for alcohol use, the estimates from complete case analysis are
affected by non-participation bias and the real level of uncertainty is hidden,
e.g. confidence intervals are not wide enough when complete case analysis is
used. Mäkelä (2003) and Dawson et al. (2014) demonstrated that this kind
of bias cannot be reduced for alcohol data with demographic information.

We compared the estimates obtained by a complete case analysis to esti-
mates obtained by adjusting for non-participation with a full Bayesian mod-
elling approach. The Bayesian approach gave a higher estimate of heavy
alcohol consumption than the complete case analysis. Our approach reduced
the bias and made the uncertainty visible. We estimated that the magnitude
of bias is 0–9 percentage points for men and 0–2 percentage points for women
in the FINRISK data. The Bayesian mean estimate was on average 1.5 times
higher for men and 1.8 times higher for women compared to participants.
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The use of our approach requires follow-up data and background variables
for the entire invited sample (including non-participants), follow-up time long
enough to observe alcohol-related disease events and Bayesian modelling.
The first requirement cannot be fulfilled in many countries because of lack of
register data or legal restrictions for data linkage. The second requirement
means that the prevalence estimates will be available only several years after
the survey. This requirement may be relaxed if there exist earlier surveys
that can be assumed to share the same model parameters with the current
survey. The third requirement is the easiest to fulfill because it only calls for
statistical expertise that is widely available.

To conclude, the prevalence of heavy alcohol consumption based on survey
participants only appears to be biased downward for both men and women.
The magnitude of observed absolute bias was larger for men than women.
The proposed non-participation adjustment approach is useful in context of
alcohol research when follow-up data on non-participants are available, and
the modelling requirements are met. The follow-up data can be used to
improve the estimation of the prevalence of heavy alcohol consumption.

Declaration of conflicting interest

The Authors declare that there is no conflict of interest.

Funding

This work was supported by the Finnish Foundation for Alcohol Studies and
Academy of Finland [grant numbers 266251 and 311877].

References

Boniface S, Scholes S, Shelton N, Connor J. (2017) Assessment of non-
response bias in estimates of alcohol consumption: applying the continuum
of resistance model in a general population survey in England. PloS one,
12, e0170892.

Borodulin K, Tolonen H, Jousilahti P et al. (2017) Cohort Profile: The
National FINRISK Study. Int J Epidemiol doi: 10.1093/ije/dyx239

16



http://dx.doi.org/10.1093/ije/dyx239 (28 November 2017, date last
accessed).

Brooks SP, Gelman A. (1998) General methods for monitoring convergence
of iterative simulations. J Comput Graph Stat 7: 434-455.

Christensen AI, Ekholm O, Gray L, Glümer C, Juel K. (2015) What is wrong
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Appendix A

The statistical model is based on work presented in (Kopra et al., 2017a),
which utilises similar model to estimate the prevalence of smoking.

Notation for the data

For each individual i = 1, . . . , N invited to a survey, we denote Mi being
indicator of participation (Mi = 1 for participants and Mi = 0 for non-
participants). Background information Xi consists of both survey frame
and education information and is available for both participants and non-
participants. The survey frame has variables gender gi, region ri, age ai
and study year si. The education is denoted by ei, and values 1, 2 and 3
corresponds to high, middle and low education, respectively. Thus Xi =
(gi, ri, ai, si, ei). The heavy alcohol consumption Yi is a binary variable such
that heavy alcohol consumers have Yi = 1 and non-heavy alcohol consumers
have Yi = 0. The variable Ti is the age at the first diagnosis of any of the
alcohol-related diseases. The Ti is right censored and left-truncated at the
age when the person entered the study.

Participation model

The participation model

logit(P (Mi = 1|Xi, Yi)) = α0[gi,si] + α1[gi,si,ei] + η[gi,si]Yi

+ α2[gi,Yi](ai − 45) + α3[ri],
(1)

is a logistic regression model with following parameters. First, parameter
α0[gi,si] is a constant where notation [gi, si] indicates that there are indepen-
dent α0 parameters for all levels of gender gi and study year si. Second,
parameter α1[gi,si,ei] is the regression coefficient for education levels. For the
lowest education level this parameter is forced to be 0. The parameter η[gi,si]
describes how heavy alcohol consumption affects participation. For this pa-
rameter, we need an informative prior. The parameter α2[gi,Yi] describes how
age at study affect participation. Finally, α3[ri] is a term for the region. For
one of the regions, this parameter is forced to be 0. We selected a model
that included important factors affecting participation while ensuring the
convergence of the MCMC chains in Bayesian inference.
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Risk factor model

The model for risk factor (heavy alcohol consumption) is

logit(P (Yi = 1|Xi)) = β0[gi,ri,si,ei] + (si − ai − 1938)β1[gi,ri,si,ei]. (2)

The risk factor model is stratified by gender gi, region ri, study year si and
education ei using similar notation as in (1). The parameter β0[gi,ri,si,ei] is
constant for persons born in 1938. The parameter β1[gi,ri,si,ei] determines how
the heavy alcohol consumption prevalence changes with the year of birth.

Survival model

Let dNi(t) be the number of new events (increment) for the individual i
at the time t. The increment follows a Poisson distribution with intensity
parameters λi(t). The intensity λi(t) is modelled independently for both gen-
ders consisting of one-year period piecewise-constant baseline hazard terms
h0,0(t) for men and h0,1(t) for women, and heavy alcohol consumption term
exp (γ1Yi) and exp (γ2Yi) indicating the effect of heavy alcohol consumption
for men and women, respectively

dNi(t) ∼ Poisson(λi(t))

λi(t) =





exp (γ1Yi)h0,0(t), given that Ti ≥ t and g = 0

exp (γ2Yi)h0,1(t), given that Ti ≥ t and g = 1

0, Ti < t.

Prior distributions

The prior distributions are specified in Table 4. The prior distributions for
piecewise constant hazard terms h0,0(t) and h0,1(t) are specified such that the
hazard becomes increasing function with respect to t.
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Table 4: Prior distributions.

Notation Distribution Interpretation

Participation model
η Logistic(0, τ = 2.05) How heavy alcohol consumption

affects the participation.
α0, α1, α2, α3 N(0, 1000−1) Other parameters.

Risk factor model
β0, β1 N(0, 1000−1) Other parameters.

Survival model
h0,0(25) Unif(0, 20) Hazard for men at age 25–26.
h0,1(25) Unif(0, 20) Hazard for women at age 25–26.
h0,0(t), t = 26, 27, . . . Unif(h0,0(t− 1), 20) Hazard for men at age t.
h0,1(t), t = 26, 27, . . . Unif(h0,1(t− 1), 20) Hazard for women at age t.
γ1 N(0, 1000−1) How heavy alcohol consumption

affects hazard for men.
γ2 N(0, 1000−1) How heavy alcohol consumption

affects hazard for women.
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Appendix B

The study questions in 1987

CONSUMPTION OF ALCOHOL

1. Do you use any alcoholic drinks, even occasionally (f. ex.
beer, wine or spirits)?

1 yes

2 no, but I have not quitted completely

3 no, because I quit using alcohol ...... years ago

4 I have never used alcohol

If you have quitted alcohol use, please specify, why did you
quit?

no yes
For health reasons 1 2
For economic reasons 1 2
For other reasons 1 2

2. Have you during the past year (last 12 months) had any alco-
hol (beer, wine or spirits)?

1 yes

2 no (for your part, the questions are completed)

3. How often do you usually drink beer (III or IV A)?

1 daily

2 a few times a week

3 about once a week

4 few times a month

5 about once a month

6 about once in a few months

7 3 - 4 times a year

8 twice a year

9 once a year or more seldom
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0 never

4. How much do you usually drink beer at a time?

1 less than one bottle

2 1 bottle

3 2 bottles

4 3 bottles

5 4 - 5 bottles

6 6 - 9 bottles

7 10 - 14 bottles

8 15 bottles or more

9 I do not drink beer

5. How often do you usually drink wine (light or strong, also
home made)?

1 daily

2 a few times a week

3 about once a week

4 a few times a month

5 about once a month

6 about once in a few months

7 3 - 4 times a year

8 twice a year

9 once a year or more seldom

0 never

6. How much do you usually drink wine at a time?

1 half a glass

2 one glass

3 two glasses

4 about half a big bottle

5 a little less than one big bottle

6 about one big bottle

7 from one to two big bottles
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8 more than two big bottles
9 I do not drink wine

7. How often do you usually drink spirits?

1 daily
2 a few times a week
3 about once a week
4 a few times a month
5 about once a month
6 about once in a few months
7 3 - 4 times a year
8 twice a year
9 once a year or more seldom
0 never

8. How much do you usually drink spirits at a time?

1 less than one restaurant measure (less than 4 cl)
2 one restaurant measure (about 4 cl)
3 two restaurant measures (about 8 cl)
4 3 - 4 restaurant measures
5 5 - 6 restaurant measures (about quarter liter)
6 7 - 10 restaurant measures
7 about a half liter bottle
6 more than a half liter bottle
7 I do not drink spirits

9. How often have you during the last 12 months had so much
beer, wine or spirits that you have felt intoxicated?

1 a few times a week or more often
2 about once a week
3 a few times a month
4 about once a month
5 about once in two months
6 4 - 5 times a year
7 2 - 3 times a year
8 once a year
9 not even once
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The changes in questions from 1987 to 1992

The questions 1, 6 and 7 have with changes in text. We have highlighted the
removed text with strikeout font (e.g. removed) and added text with italic
font (e.g. added). The changes are in comparison with the previous survey.

1. Do you use any alcoholic drinks, even occasionally (f. ex.
beer, wine or spirits)?

1 yes yes, at least once a month

2 no, but I have not quitted completely yes, less than once a month

3 no, because I quit using alcohol ...... years ago

4 I have never used alcohol

If you have quitted alcohol use, please specify, why did you

quit?

no yes
For health reasons 1 2
For economic reasons 1 2
For other reasons 1 2

6. How much do you usually drink wine at a time?

1 half a glass

2 one glass

3 two glasses

4 about one small bottle about half a big bottle

5 a little less than one big bottle

6 about one big bottle

7 from one to two big bottles

8 more than two big bottles

9 I do not drink wine

7. How much do you usually drink spirits at a time?

1 less than one restaurant measure (less than 4 cl)

2 one restaurant measure (about 4 cl)

3 two restaurant measures (about 8 cl)

4 3 - 4 restaurant measures

5 5 - 6 restaurant measures (about quarter liter)
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6 7 - 10 restaurant measures

7 about a half liter bottle

6 more than a half liter bottle

7 I do not drink spirits

The changes in questions from 1992 to 1997

The questions 4 and 6 have with changes in text. We have highlighted the
removed text with strikeout font (e.g. removed) and added text with italic
font (e.g. added). The changes are in comparison with the previous survey.

4. How much do you usually drink beer at a time? (1 bottle =
1/3 liters.)

1 less than one bottle

2 1 bottle

3 2 bottle

4 3 bottles

5 4 - 5 bottles

6 6 - 9 bottles

7 10 - 14 bottles

8 15 bottles or more

9 I do not drink beer

6. How much do you usually drink wine at a time?

1 half a glass

2 one glass (1 glass = c. 12 cl)

3 two glasses

4 about half a big bottle (1 bottle = 0,75 l)

5 a little less than one big bottle

6 about one big bottle

7 from one to two big bottles

8 more than two big bottles

9 I do not drink wine
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The changes in questions from 1997 to 2002

In 2002 the questions 3–8 have been replaced with a new question number 3.

3. How often did you drink the following amounts in one day
during the last 12 months? Instruction: Start answering from the
first row. Mark (x) the most suitable ’How often?’ alternative. Then
continue row at a time down in the same manner. Please mark only
one alternative per row.

1 dose = bottle (1/3 liter) beer (class III)
or a glass (12 cl) of light wine
or a glass (8 cl) of strong wine
or a glass (4 cl) of spirits or other strong liquor

Bottle (0.33 liter) beer (class IV), Gin Long Drink or strong cider = 1.25 doses
Large bottle (0.5 liter) beer (class III) = 1.5 doses
Large bottle (0.5 liter) beer (class IV) = 2 doses
Bottle (0.75 liter) wine = 7 doses
Bottle (0.75 liter) strong wine = 10 doses
Bottle (0.5 liter) strong alcohol (e.g. Koskenkorva) = 12 doses

Doses Never Once a month 2-3 times About once 2-3 times 4-5 times 6-7 times
per day or more seldom a month a week a week a week a week
15 or more � � � � � � �
13-14 � � � � � � �
11-12 � � � � � � �
9-10 � � � � � � �
7-8 � � � � � � �
5-6 � � � � � � �
3-4 � � � � � � �
1-2 � � � � � � �

The changes in questions from 2002 to 2007

In 2007 the new question number 4 has been updated with a small change in
the instructions and a change in the categories of consumed doses per day.

4. How often did you drink the following amounts in one day
during the last 12 months?
Instruction: Start answering from the first row. Mark (x) the most
suitable ’How often?’ alternative. Then continue row at a time down
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in the same manner. Please mark only one alternative per row.
1 dose = bottle (1/3 liter) beer (class III)

or a glass (12 cl) of light wine
or a glass (8 cl) of strong wine
or a glass (4 cl) of spirits or other strong liquor

Bottle (0.33 liter) beer (class IV), Gin Long Drink or strong cider = 1.25 doses
Large bottle (0.5 liter) beer (class III) = 1.5 doses
Large bottle (0.5 liter) beer (class IV) = 2 doses
Bottle (0.75 liter) wine = 7 doses
Bottle (0.75 liter) strong wine = 10 doses
Bottle (0.5 liter) strong alcohol (e.g. Koskenkorva) = 12 doses

Doses At least 4 2-3 times About once 1-2 times 3-10 times 1-2 times Never
per day times a week a week a week a month a year a year
18 or more 1 2 3 4 5 6 7
13-17 1 2 3 4 5 6 7
8-12 1 2 3 4 5 6 7
5-7 1 2 3 4 5 6 7
3-4 1 2 3 4 5 6 7
1-2 1 2 3 4 5 6 7
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