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This study was embedded within the Biobank-based Integrative Omics Study (BIOS) Consortium [1],
using data from five Dutch cohorts namely: the Rotterdam Study, the Cohort on Diabetes and
Atherosclerosis Maastricht, The Netherlands Twin Register, the Leiden Longevity Study, and the
Prospective ALS Study Netherlands. Additionally, we included participants from The Cooperative
Health Research in the Region of Augsburg study (F4), the Study of Health in Pomerania-Trend

cohort, and the TwinsUK study.

The Rotterdam Study (RS) [2] is a population-based cohort study that aims to unravel etiology,
preclinical course, natural history and potential targets for intervention for chronic diseases in mid-life
and late-life. All residents of Ommoord, a district of Rotterdam in the Netherlands, aged 55 years and
older were invited in 1990 to participate (RS-I). An additional 3011 participants, who had reached the
age 55 years or who were 55 years and over and had moved into the research area, were included in
2000 (RS-I11). In 2006, a third cohort of 3934 participants aged 45 years and older was initiated (RS-
I11). As of 2008, the Rotterdam Study cohort includes a total of 14926 participants. In our analysis,
only participants with complete information on alcohol intake and DNA methylation data on the 144
predictive CpGs were included. This resulted in the inclusion of 611 participants from visits RS-11-3
and RS-111-2 as part of the BIOS Consortium and 648 participants from RS-111-1. Information on
habitual alcohol consumption in the past year was obtained during home interviews and the
continuous alcohol phenotype “grams per day” was calculated by multiplying the average number of
glasses consumed per day by 10 according to Dutch standard glasses.
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The Cohort on Diabetes and Atherosclerosis Maastricht (CODAM) [3] consists of a selection of
547 subjects from a larger population-based cohort [4]. Participants were included into CODAM by a
moderately increased risk of developing cardiometabolic diseases, of European ancestry and over 40
years of age and additionally met at least one of the following criteria: increased body mass index
(BMI; >25), a positive family history for type 2 diabetes, a history of gestational diabetes and/or
glycosuria, or use of antihypertensive medication. In the current study, 159 CODAM participants
were available with data on alcohol intake and DNA methylation levels on the 144 predictive CpGs.
Dietary intake was assessed using a self-administered 79-item semi-quantitative food frequency
guestionnaire. The alcohol consumption frequencies were converted to the continuous alcohol
phenotype “grams per day” using an extended version of the Dutch Food Composition table from
2001 (NEVO).
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The Netherlands Twin Register (NTR) [5, 6] was established in 1987 to study the extent to which
genetic and environmental influences cause phenotypic differences between individuals. The NTR has
120,000 twins and their relatives enrolled with a total of 255,729 registered participants as of 2019.
To this end, data was collected with a focus on health, lifestyle, personality, brain development,
cognition, mental health and aging. In the current study, 617 unrelated NTR participants were
available with data on alcohol intake and DNA methylation levels on the 144 predictive CpGs. Food
frequency questionnaires were used to obtain the number of glasses alcohol consumed per week. This
value was divided by seven to obtain the number of glasses of alcohol per day, which was
subsequently multiplied by 12 to come to the continuous alcohol phenotype “grams per day”.
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Leiden Longevity Study (LLS) [7, 8] was established to identify genetic factors influencing
longevity and examine their interaction with the environment as a means to develop interventions to
increase health at older ages. Long-lived siblings of European descent were recruited together with
their offspring and their offspring's partners. There are four inclusion criteria for the long-living
subjects: (1) men must be aged >89 years and women > 91 years; (2) subjects must have at least one

living sibling; (3) the sib pairs have an identical mother and father; (4) the parents of the sib-ship are



Dutch and Caucasian. In total, this led to the ascertainment of 944 long-lived siblings from 421
families, together with 1671 of their offspring and 744 partners. In the current study, 491 participants
(unrelated offspring and their partners) were available with data on DNA methylation data and
alcohol intake. Using a food frequency questionnaire, participants of the Leiden Longevity Study
reported in 2006 the intake of foods consumed during the previous month [9]. The obtained data were
converted into energy and nutrient intake by using the NEVO food composition database of 2006.
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Prospective ALS Study Netherlands (PAN) [10] is a population-based study performed in the
Netherlands including patients above 15 years of age and diagnosed with suspected, possible,
probable or definite ALS according to the El Escorial criteria and control samples. Prevalent cases
were all cases diagnosed before 31 December 2008 and still alive at that date. Incident cases were
identified from 1 January 2006 to 31 December 2009. In 2016, more than 3200 participants were
included in this study. In the current study, 164 PAN participants were available with data on alcohol
intake and DNA methylation levels on the 144 predictive CpGs. The food frequency questionnaire
was used to obtain alcohol consumption and the continuous alcohol phenotype “grams per day” was
obtained using the NEVO food composition database of 2006.
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The Cooperative Health Research in the Region of Augsburg (KORA) study is a series of
independent population-based epidemiological surveys and follow-up studies of participants living in

the region of Augsburg, Southern Germany. The KORA F4 study, a seven-year follow-up study of the



KORA S4 survey (examined 1999-2001), was conducted between 2006 and 2008. The standardized
examinations applied in the survey have been described in detail elsewhere [11]. A total of 3080
subjects with ages ranging from 32 to 81 years participated in the examination. In a random subgroup
of 1802 KORA F4 subjects the genome-wide DNA methylation patterns were analysed. In the current
study, 841 KORA participants were available with data on alcohol intake and DNA methylation levels
on the 144 predictive CpGs. Alcohol consumption was measured by questionnaires on drinking of
beer, light beer, wine, spirits, and mixed drinks during the previous weekend (Saturday and Sunday)
and the day before the last working day. The continuous phenotype, “grams per day”, is calculated
using the following converters between drinks and grams: one liter beer was equivalent to 40.0 g
alcohol; one liter light beer to 22.0 g alcohol; one liter alcohol-free beer to 3.0 g alcohol; one liter of
wine to 100.0 g alcohol; and one glass of spirits (0.02L) to 6.2 g alcohol. Grams per day were
calculated as: (alcoholweekend + 5 * alcoholworking day)/7.
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The study of Health in Pomerania (SHIP)-Trend [12] is a longitudinal population-based cohort
study in West Pomerania, a region in the northeast of Germany, assessing the prevalence and
incidence of common population-relevant diseases and their risk factors. Baseline examinations for
SHIP-Trend were carried out between 2008 and 2012, comprising 4420 participants aged 20 to 81
years. DNA was extracted from blood samples of N=495 SHIP-Trend participants to assess DNA

methylation using the Illumina HumanMethylationEPIC BeadChip array. Samples were randomly



selected based on availability of multiple OMICS data, excluding type Il diabetes, and enriched for
prevalent MI. The samples were taken between 07:00 AM and 04:00 PM, and serum aliquots were
prepared for immediate analysis and for storage at -80 °C in the Integrated Research Biobank
(Liconic, Liechtenstein). Processing of the DNA samples was performed at the Helmholtz Zentrum
Minchen. In the current study, 433 SHIP-Trend participants were available with data on alcohol
intake and DNA methylation levels on the 144 predictive CpGs. Information regarding alcohol
consumption was obtained by questionnaire: drink-specific quantity-frequency 30d [13].
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The TwinsUK cohort was established in 1992 to recruit monozygotic and dizygotic same-sex twins
[14], with over 14,000 twin participants (age range from 16 to 98 years old) from across the United
Kingdom. In the current study, 713 female twin participants were included with data on alcohol intake
and DNA methylation levels at the 144 CpGs. Alcohol consumption intakes in this sample of 713
twin participants was collected using self-reported questionnaires, as previously described [15].
Briefly, participants reported their average weekly alcohol intake, which was summarized as units per
week and converted to grams/day (one unit of alcohol in the UK is defined as 7.9 grams [16]). DNA
methylation data in the set of 713 TwinsUK participants was processed using BMIQ [17], as
previously described [15]. A subset of 442 participants, hereby named TwinsUK2, further completed
131-item food frequency questionnaires [18]. TwinsUK2 habitual consumption of alcoholic beverages
was converted to alcohol intake in grams/day. TwinsUK2 DNA methylation data was processed using

the ENmix package [19]. In both TwinsUK datasets, alcohol intakes were obtained approximately



within two years of blood sample collection for DNA methylation profiling. Due to family relatedness
epigenetic analyses of alcohol intake in TwisnUK datasets were carried out using linear mixed-effects
models, fitting random effects for family and zygosity.
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Microarray data acquisition and processing DNA methylation data

Dataset Methylation array Tissue Unrelated or Family ~ Normalization
BIOS consortium  Illumina 450K array ~ Whole blood Unrelated DASEN
RS-111-1 [llumina 450K array ~ Whole blood Unrelated DASEN
KORA F4 [llumina 450K array ~ Whole blood Unrelated CPACOR
SHIP-Trend Illumina EPIC array ~ Whole blood Unrelated CPACOR
TwinsUK [llumina 450K array ~ Whole blood Family BMIQ
TwinsUK2 [llumina 450K array ~ Whole blood Family ENmix

BIOS consortium dataset includes participants from the Rotterdam Study, Cohort on Diabetes and
Atherosclerosis Maastricht, the Netherlands Twin Register, Leiden Longevity Study, and the
Prospective ALS Study Netherlands. BMIQ- beta-mixture quantile normalization method; CPACOR-
Incorporating Control Probe Adjustment and reduction of global CORrelation; DASEN, a data-driven
approach to preprocessing Illumina 450K; RS- The Rotterdam Study; SHIP- Study of Health in
Pomerania-Trend cohort; TwinsUK- The TwinsUK Study; TwinsUK2- Subset of the TwinsUK Study.
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