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Abstract

Background: Studies have suggested a link between alcohol intake and adiposity. However, results from longitudinal
studies have been inconsistent, and a possible interaction with genetic predisposition to adiposity measures has often
not been taken into account.

Objective: To examine the association between alcohol intake recorded at baseline and subsequent annual changes in
body weight (ABW), waist circumference (AWC) and WC adjusted for BMI (AWCgy), and to test for interaction with
genetic predisposition scores based on single nucleotide polymorphisms (SNPs) associated with various forms of
adiposity.

Method: This study included a total of 7028 adult men and women from MONICA, the Diet, Cancer and Health cohort
(DCH), and the Inter99 studies. We combined 50 adiposity-associated SNPs into four scores indicating genetic
predisposition to BMI, WC, WHRgy, and all three traits combined. Linear regression was used to examine the
association of alcohol intake (drinks of 12 g (g) alcohol/day) with ABW, AWC, and AWCgy, and to examine
possible interactions with SNP-scores. Results from the analyses of the individual cohorts were combined in
meta-analyses.

Results: Fach additional drink/day was associated with a ABW/year of —18.0 g (95% confidence interval (Cl):
—334, =26, P = 0.02) and a AWC of —0.3 mm/year (-0.5, —=0.0, P = 0.03). In analyses of women only, alcohol
intake was associated with a higher AWCgy of 0.5 mm/year (0.2, 0.9, P = 0.002) per drink/day. Overall, we
found no statistically significant interactions between the four SNP-scores and alcohol intake in relation to
changes in adiposity measures. However in analyses of women separately, we found interaction between the
complete score of all 50 SNPs and alcohol intake in relation to ABW (P for interaction = 0.03). No significant
interaction was observed among the men.
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Conclusion: Alcohol intake was associated with a decrease in BW and WC among men and women, and an
increase in WCgy among women only. We found no strong indication that these associations depend on a

genetic predisposition to adiposity.

Trial registration: Registry: ClinicalTrials.gov Trial number: CT00289237, Registered: 19 September 2005

retrospectively registered.

Keywords: Alcohol, Weight change, Waist change, Genetic predisposition, SNP score, Gene-diet interaction,

Background

Alcoholic beverages are energy dense and often an
addition to the total daily energy intake from other
macronutrients. These extra calories from alcohol
may contribute to weight gain. A cross-sectional
study by Tolstrup et al. 2005 [1] showed that total al-
cohol intake among men and women was directly as-
sociated with high body mass index (BMI) (=30 kg/
m?) and large waist circumference (WC) (2102 cm
for men and >88 cm for women) [1]. The same study
also showed that among both men and women, fre-
quent drinking was associated with the lowest odds of
being overweight and having an increased WC for
given level of total alcohol intake [1]. Another study,
using follow-up data from the same cohort, found
that drinking frequency was inversely associated with
subsequent major waist gain, and not associated with
major waist loss [2]. Alcohol consumption has also
shown to be a contributing factor to an increase in
body weight, body fat and BMI among Korean
women [3]. However, the majority of cross-sectional
studies published since 2005 indicates no association
between light to moderate alcohol intake and obesity [4].
Adding to the complexity, studies have found that type of
alcohol may affect weight differently; thus, intake of wine
may protect against weight gain, whereas intake of spirits
and beer may be directly associated with weight gain, but
this still needs confirmation [4—6].

The inconsistent evidence relating alcohol intake to
the development of obesity may be the product of
not taking potential confounding factors or effect
modifiers into account, such as gender, frequency and
amount of alcohol, sleeping habits, physical activity,
disease and history of alcohol use [4, 5]. Smoking is
also strongly associated with alcohol intake [7] and
may have a confounding effect on the relationship
between alcohol intake and body weight changes.
However, also genetic influences may be involved in
these associations. Indeed, Corella et al. 2012 examin-
ing the interaction of variants of the MC4R and FTO
genes with various dietary factors including alcohol
consumption on obesity did not find evidence for in-
teractions with alcohol, but they found lower alcohol
consumption in people carrying the variant alleles [8].

Furthermore, Greenfield et al. 2003 [9] in a co-twin
case-control study including 334 female twins, showed
an inverse relationship between alcohol consumption
and total and abdominal fat, independently of known
environmental confounders. However, they also found
that the association between moderate alcohol
consumption and abdominal, but not total fat was
dependent on genetic risk; those genetically predis-
posed appeared protected against abdominal fat accu-
mulation. In these individuals, a daily intake of 1-1.5
alcoholic drinks was associated with approximately
20% less abdominal fat than among individuals of a
similar genetic risk with alcohol intakes of less than
one drink per week [9].

On this background, we aimed to investigate the as-
sociation between alcohol intake and changes in body
weight (BW) (ABW; g/year), in WC (AWC; mm/year),
and in WC adjusted for given BMI (AWCgyy; mm/
year), over a period of 5 years, while taking relevant
confounding factors and possible interaction with
gender into account. We further aimed to investigate
the possible interaction between alcohol intake and
molecular genetic predisposition, assessed by scores
based on single nucleotide polymorphisms (SNPs), as-
sociated to various forms of adiposity, in relation to
ABW, AWC or AWCgpmr.

Methods

Information for this study was obtained from three
different Danish cohorts of adults; The MONICA, the
Inter99 and the Diet, Cancer and Health (DCH)
studies, with no possibility of overlapping participants.
Furthermore, all participants had information on alco-
hol intake and subsequent changes in anthropometric
measurements. Also information on SNPs associated
with different measures of adiposity, as well as infor-
mation on potential confounders was available. In
total, 7028 participants were included in the present
study.

The cohorts

Monica

The MONICA (MONItoring trends and determinants of
CArdiovascular disease) study consisted of 4581 men
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and women born in 1922,1932,1942 and 1952 from 11
municipalities around the former Copenhagen County. Of
these, 3608 participated in a baseline health examination
during 1982-1983 and 5 years later during 1987-1988. In
total, 2987 men and women chose to participate in the
second health examination [10]. Between 1982 and 1983,
a total of 1852 participants completed a 7-day dietary
record [11]. Moreover, 1578 participants had information
on relevant covariates and repeated measurements on
body weight, and 1426 participants had information on
genetic variants. Participants with prevalent cancer
(n = 16), cardiovascular disease (n = 61) or diabetes
(n = 20) at baseline were excluded from this study.
Furthermore, participants with incident cancer (n = 13),
cardiovascular disease (n = 57) or self-reported diabetes
(n = 2) during follow-up were also excluded. The final
cohort-population consisted of 1257 participants.

Inter99

Inter99 was a randomised multifactorial lifestyle inter-
vention study (CT00289237, ClinicalTrials.gov), focusing
on prevention of ischemic heart disease through
repeated lifestyle counselling. Short-term outcomes in-
cluded changes in lifestyle factors, plasma cholesterol,
blood pressure and body mass index. The study was con-
ducted in 11 municipalities around the former
Copenhagen County. The study group was a randomly se-
lected age- and gender-stratified sample of 13,016 people
born between 1939 and 1940, 1944-1945, 1949-1950,
1954-1955, 1959-1960, 1964—1965 and 1969-1970 and
were all invited to a baseline health examination during
1999-2001. A total of 6784 accepted to participate in the
baseline examination, where blood samples and physical
tests were taken. Moreover, self-administered question-
naires regarding health status and validated 198-item food
frequency questionnaires (FFQ) [12] were filled out.
Participants were invited to participate in a follow-up
examination during 2004—2006 [13]. In total, 4544 partici-
pants had information from baseline and follow-up exam-
ination on diet, genes, anthropometric measures and
information on potential confounders. The study, and
each intervention component, has been described in detail
elsewhere [14, 15].

For this study, participants with prevalent cancer
(n = 87), cardiovascular disease (n = 318) or self-
reported diabetes (n = 93) at baseline, and participants
with incident cancer (n = 68), cardiovascular disease
(m = 254) or self-reported diabetes (n = 118) were
excluded. The final cohort population consisted of 3606
participants.

Diet, cancer and health study
The DCH study was based on a total of 160,725 men
and women, with no diagnosis of cancer in the Danish

Page 3 of 11

Cancer Register, from the Aarhus and Copenhagen area
that were invited to participate in a baseline examination
during 1993-1997 and a follow-up examination during
1999-2000 [16]. In total 57,053 accepted the invitation.
All participants filled in a lifestyle questionnaire and a
192 item semi-quantitative FFQ and had their anthropo-
metric measurements taken. For the DiOGenes study, a
sub-cohort was selected from the DCH Study, including
only the individuals who were younger than 60 yrs. at
baseline and younger than 65 yrs. at follow-up in order
to avoid the aging-related sarcopenia. Moreover, partici-
pants diagnosed with cancer, cardiovascular disease or
diabetes at baseline and those who developed these
diseases during follow-up were excluded. Participants
were only included if they had stable smoking habits and
had an average BW gain of no more than 5 kg/year dur-
ing baseline and follow-up. A subsample of 2409 partici-
pants was selected, and it comprised 1200 (600 men and
600 women) body weight gainers, and 1209 randomly
selected participants as controls. Body weight gainers
were defined as those in the sub-cohort selected for
DiOGenes who experienced the greatest annual weight
gain during the follow-up period, and they were identi-
fied by using the residuals from a gender-specific regres-
sion model of annual BW change on baseline values of
age, BW, height, smoking status and follow-up time.
The randomly selected participants included 79 partici-
pants who were also defined as weight gainers, and they
were excluded from the analyses (n = 1130) [17]. In
total, 2165 had information on genes, alcohol intake co-
variates and ABW (2128 in analyses of AWC). However,
278 of these only had genetic information on FTO
(rs9939609). The final cohort population therefore con-
sisted of up to 2165 participants.

Anthropometric measurements

In all three cohorts, baseline height and BW were mea-
sured to the nearest 0.5 cm for height and 0.1 kg for
weight. Due to missing information on WC at baseline
in the MONICA study, this study was not included in
the analyses on changes in WC. In both the Inter99 and
the DCH cohort, baseline WC was measured to the
nearest 1 cm, horizontally midway between the lower rib
margin and iliac crest. The same procedures were used
at follow-up. However, in the DCH the measurements of
BW and WC (measured at the level of the umbilicus)
were self-reported, but instructions were given on how
to carry out the measurements combined with a paper
measuring tape. A validation study was conducted in the
DCH study to compare measurements of self-reported
WC at the level of umbilicus and technician-measured
natural WC and Spearman correlation coefficients of
0.88 in women and 0.87 in men were found [18].
Moreover, WCgy was calculated, defined as residuals of
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WC regressed on BMI (gender- and study-specific re-
gressions; separately for baseline and follow-up values).

This measure was used instead of waist-hip ratio ad-
justed for BMI because no information on hip circum-
ference was available at follow-up. The baseline
correlation between waist-hip ratio adjusted for BMI and
WCpga was 0.77 in DCH and 0.68 in Inter99. Due to dif-
ferent follow-up time in the three cohorts, and between
the individuals in each cohort, average changes per year
in BW, WC and WCgyg was calculated as the difference
between baseline and follow-up divided by the follow-up
time in years for each individual.

Assessment of alcohol intake

In all the cohorts, alcohol intake was recorded at
baseline. In the MONICA study, intake of food and
beverages was obtained by a 7-day dietary record and
was completed within a 3 week period. Participants
were given verbal and written instructions on how to
record their diet. The individual average daily intake
of macronutrients and total energy intake was calcu-
lated using the software Dankost (http://dankost.dk/).
For the Inter99 and DCH cohorts, FFQs were used to
obtain information on diet and beverage intakes; very
similar FFQs were used in both cohorts. The FFQs
consisted of 198 and 192 items, respectively, and re-
ferred to the average intake of different foods and
beverages within the last year. The individual average
daily intake of macronutrients and total energy intake
were calculated using the software FoodCalc (http://
www.ibt.ku.dk/jesper/foodcalc/). Both Dankost and
FoodCalc are based on the official Danish food-
composition tables (http://frida.fooddata.dk/). The
development and validation of the dietary records and
FFQs used in the three cohorts has been described in
detail elsewhere [12, 19, 20]. Alcohol intake was
recorded as the average daily intake of beer, wine,
dessert wine, and spirits within the last 12 months
[21, 22]. From this information, we calculated daily
intake of alcohol, reported as number of standard
drinks (which in Denmark is defined as 12 g alcohol)
per day, and total daily energy intake. Both alcohol
consumption and total energy intake were included in
the analysis as continuous variables.

Possible confounders

Information on physical activity (PA) was self-reported
in all three cohorts. In the MONICA study, participants
were asked to classify themselves into one out of four
categories: 1) Almost completely inactive, 2) Some
physical activity, 3) Regular to hard activity, and 4) Hard
activity. The validated Cambridge Physical Activity Index
was used to assess PA in the DCH cohort [23] and was
also categorised into four groups: 1) Inactive, 2)
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Moderately inactive, 3) Moderately active and 4) Active.
In the Inter99 study, information on time spent
commuting and leisure time PA was used to categorize
participants into four groups as: 1) 0- < 2 h/week, 2)
2- < 4 h/week, 3) 4- < 7 h/week and 4) >7 h/week. All
participants had reported smoking habits and informa-
tion was categorised into five groups: 1) Never smoked,
2) Former smokers, 3) tobacco 0- < 15 g/day, 4) tobacco
15- < 25 g/day and 5) tobacco 225 g/day. All
participants gave information on vyears of regular
schooling and this information was categorized as having
school education above or below the primary level
Finally, information on age, gender, baseline height,
menopausal status in women and total energy intake
was available in all cohorts.

SNP selection and genotyping

Based on a review of genome-wide association studies
(GWAS) until 2010, 58 SNPs were identified to be as-
sociated with BMI, WC or WHRgy; [24-36] and 50
of these SNPs were available in all 3 cohorts
(Additional file 1). SNPs have not been investigated
for their associations with WCgy;, but the SNPs asso-
ciated with WHRgy; were considered pertinent to the
WCgMmi, phenotype. Both in the MONICA and DCH
cohort the SNPs were genotyped using the KASPar
SNP genotyping method (KBioscience, Hoddesdo-
n,UK) and the average genotyping success rates were
respectively 98.3% in the MONICA cohort and 97.8%
in the DCH cohort; 185 replicate samples in the DCH
cohort had a success rate above 98% and an error
rate below 0.5%. The SNPs were also successfully ge-
notyped in the Inter99 study using either the KASPar
SNP genotyping method, or through Human Cardio-
metabo bead chip array [37] with an average success
rate of 96.7%.

Genetic predisposition score

For every individual, the 50 SNPs were recoded into 0/1/
2 according to number of obesity-associated risk alleles.
Furthermore, genetic predisposition for each individual
was defined through four SNP-scores and, in addition to
the total score consisting all 50 SNPs, three phenotype-
specific scores were created [38]. These SNP-scores have
been shown to be associated with their concurrent
phenotypes in our cohorts [38]. Scores were based on
summing up the number of risk alleles with respect to
contributing SNPs, a BMI score was based on 33 SNPs,
a WC score on 6 SNPs, and the WHRgyy; score on 14
SNPs. Some of the scores were slightly overlapping with
respect to sets of SNPs (Additional file 1). By construc-
tion, a higher score indicated an estimated greater
predisposition to general adiposity and to the three phe-
notypes, respectively.
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Statistical analyses

Multiple linear regression models were used to examine
the association between alcohol intake and changes in
BW, WC and WCgyg with adjustments for baseline
measure of outcome, age, gender, height, smoking status,
education, PA, and menopausal status. WCgy,y was
additionally adjusted for baseline BMI. Males were coded
as a separate menopausal group and the software took
care of this inherited dependence (between gender and
menopausal status) in the analysis while all men still
remained in the analyzed sample.

We performed analyses both with and without
adjustment for total energy intake. Inclusion of total
energy in the model introduces a substitution model,
implying conditioning on total energy, where a higher
alcohol intake must be followed by a lower intake of
energy from other non-specified sources. In the ana-
lyses without total energy intake, alcohol intake may
in this sense vary without concomitant differences in
the diet. Since no substantial difference was seen in
the results from the two models, only the energy-
adjusted results are presented.

Moreover, to examine whether genetic predisposition
modifies the association between alcohol intake and
changes in BW, WC and WCpgyy, statistical interaction
was investigated by adding SNP-score and SNP-score x
alcohol variables to the model. Additionally, similar
interaction analyses based on single SNPs and alcohol
intake with adjustment for the same set of confounders
as mentioned earlier were also performed.

Finally, we tested for gender interactions by adding
product terms to the models (2-way interactions: alcohol
x gender; and 3-way interactions: SNP-score x alcohol x
gender). Significant interactions were further evaluated
through stratified analyses.

After performing the analyses in each cohort, a fixed-
effects meta-analysis, based on inverse variance-
weighting, was performed in order to combine results
from the three cohorts.

All analyses were performed using Stata 12.1 (StataCorp
LP, College Station, Texas; www.stata.com) and p-values
of <0.05 were considered as statistically significant.
However, adjustment for multiple testing using the
Bonferroni method was performed for the interaction ana-
lyses based on single SNPs and in the interaction analyses
based on gender.

Sensitivity analyses

To check the robustness of the results, a number of sen-
sitivity analyses were performed. We included baseline
levels of the anthropometric measures in the primary
models to avoid confounding or regression towards the
mean. However, it has been suggested that adjustment
for baseline values in analyses of changes can cause bias
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[39]. Thus, supplementary analyses were conducted
without any adjustments for baseline measures of
outcome variables. Finally, analyses were performed de-
manding stable smoking habits, i.e. by excluding individ-
uals with non-stable smoking habits. Smoking stability
was here indicated through belonging to the same smok-
ing category both at baseline and at follow-up, where
three categories were defined: 1) Never smokers, 2)
Ex-smokers/occasional smokers and 3) Current smokers.

Results

In total, 7028 participants were included in the present
study, with 1257, 2165 and 3606 individuals from the
MONICA, DCH and Inter99 studies, respectively. Charac-
teristics of the participants, together with information on
alcohol intake, total energy intake, anthropometric mea-
surements, SNP scores and covariates are given in Table 1.
The table shows that subjects from the MONICA and
DCH cohorts had the highest median alcohol intake (1.0
drink/day [5th—95th range: 0.0, 5.0] and 1.0 drink/day
[0.0, 5.4] respectively). The lowest intake of alcohol was
seen in the Inter99 cohort with a median intake of 0.8
(0.0, 4.3). Participants in the DCH cohort showed the
highest ABW with a median of 1.0 kg/year (1.1, 2.4) and
AWC with a median of 1.4 c¢cm (-0.8, 4.4). The genetic
predisposition scores were nearly identical in the three co-
horts in term of median and 5th/95th percentiles.

Information on the included SNPs, together with in-
formation on which obesity traits they have been found
to be associated with are presented in Additional file 1.

The associations between alcohol intake and ABW,
AWC and AWCgyy are presented in Fig. 1. Results from
the meta-analyses showed an inverse relationship be-
tween alcohol intake and ABW (-18.0 g per drink/day,
[-33.4,-2.6], P = 0.02) (Fig. 1a). We also found an inverse
association between alcohol intake and AWC (-0.26 mm
per drink/day, [-0.5, —0.0], P = 0.03) (Fig. 1b). No sig-
nificant association was seen for AWCgy (0.1 mm per
drink/day, [-0.1, 0.3], P = 0.17) (Fig. 1c).

Interactions between the four SNP-scores and alcohol
intake in relation to ABW, AWC and AWCgy are pre-
sented in Fig. 2. Overall, the meta-analyses showed no
interactions for any of the SNP-scores in relation to
ABW, AWC or AWCBML

Furthermore, after multiple testing, no significant re-
sults were seen in any of the interaction analyses based
on individual SNPs in relation to ABW, AWC or
AWCpm (Additional files 2, 3 and 4).

We found no significant interactions between gender
and alcohol intake in relation to ABW or AWC.
However, we did find an interaction between gender and
alcohol in relation to AWCgyg (P = 0.01). In stratified
analyses, we found that alcohol was associated with a
higher AWCgy; among women (0.5 mm per drink/day,
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Table 1 Information on alcohol intake, anthropometric measurements, genetic predisposition scores and covariates'

MONICA' DCH Inter99
N 1257 2165 3606
Follow-up time (years) 50 (49;5.3) 5350598 54 (5.1, 57)
Dietary variables
Alcohol intake (drinks/day) 1.0 (0.0; 5.0 1.0 (0.0; 5.4) 0.8 (0.0; 4.3)
Energy (MJ/d) 9.0 (5.1; 14.9) 88 (53; 14.3) 94 (5.2;15.8)

BW (kg)
Baseline (kg)
Follow-up (kg)
ABW (kg/year)
WC (cm)

02 (=1.0; 1.6)

Baseline (cm) -

Follow-up (cm) -

AWC (cm/year) -
WCgulcm)

Baseline (cm)

Follow-up (cm) -

AWCgy, (cm/year)
SNP-based variables’
29 (23;35)
3(1;6)
14 (10; 18)
44 (37, 52)

BMI score

WC score

WHRgy score

Complete score
Covariates

Age, baseline (years)

Height (cm) 169.0 (156.0; 184.0)
Gender, female (%) 52.1
Smoking, never smokers (%) 30.1
Education, <primary school (%) 345
Physical activity, most sedentary group (%) 216
Menopausal status, post-menopausal (%) 417

69.0 (52.0; 93.0)
699 (51.4; 94.7)

414 (306; 61.1)

77.1 (56.8; 104.4)
82.0 (58.0; 110.0)
10 (=1.1; 24)

752 (54.9; 1024)
76.0 (55.5; 103.5)
02 (=141.7)

90.0 (70.0; 112.0)
98.0 (76.0; 121.0)

84.0 (67.0; 105.0)
87.0 (69.0; 109.0)

14 (-0.8; 44) 0.5 (=1.3; 2.5)
-03 (=7.9,9.) -02 (=7.7; 85)
—02 (=11.5; 126) —02 (=82;9.1)
—00 (=2.0; 2.2) 00 (-14;1.2)
28 (23; 35) 29 (23; 34)
3(1;6) 3(1;6)

14 (10; 18) 14 (10; 18)

44 (37, 51) 44 (36; 51)

53.0 (50.0; 58.0)
171.0 (157.5; 186.0)

45.0 (34.7; 59.8)
172.0 (158.0; 187.5)

494 514
414 408
30.2 249
9.5 1.2
556 259

Abbreviation: Body Mass Index (BMI), Body Weight (BW), Waist Circumference (WC), Waist-Hip-Ratio (WHR)

"Results presented as median (5-95 percentiles) unless otherwise stated
'Information on WC was not available in the MONICA cohort

2Sum of BMI, WC or WHR associated risk alleles. In MONICA: n = 941 on BMI score, n = 1185 on WC score, n = 1121 on WHR-score, n = 836 on complete score. In
DCH: n = 1438 on BMI score, n = 1805 on WC score, n = 1624 on WHR-score, n = 1247 on complete score. In Inter99: n = 2211 on BMI-score, n = 2995 on WC

score, n = 2903 on WHR score, n = 1837 on complete score

[0.2, 0.9], P = 0.002), but not among men (-0.03 mm per
drink/day, [-0.2, 0.1], P = 0.75). In addition, we found a
significant 3-way interaction between the complete score
of all 50 SNPs, alcohol and gender in relation to ABW
(P = 0.006). For women, each additional risk allele from
the complete score was associated with a ABW of
-10.2 g (-19.3, -1.1, P = 0.03) per drink of alcohol/day,
while no significant interaction was observed among the
men. When evaluating interaction effects from the indi-
vidual SNPs included in the complete score, we found
nominal significant interactions between alcohol and

SFRS10 (rs7647305), DNM3-PIGC (rs1011731) and
TNNI3K (rs1514175) among women, suggesting that
each additional risk allele from these variants was associ-
ated with a lower ABW. For rs7647305, each additional
risk allele was associated with a ABW of -86 g per
drink/day (95% CI: -143, -29, P = 0.003), while each
additional rs1011731 risk allele was associated with a
ABW of -62 g per drink/day (95% CIL: -108, -16,
P = 0.008) and each additional rs1514175 risk allele was
associated with a ABW of -52 g per drink/day (95% CI:
-98, -5, P = 0.03). None of these variants showed
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a Body weight

Cohort B (95% CI) Weight

MONICA (n=1,257) P 2646 (-5.33,58.25) 23.42
DCH (n=2,165) e -14.27 (-41.88, 13.35) 31.05
Inter99 (n=3,606) —_— -43.43 (-66.23, -20.63) 4553
Overall (n=7,028) <> -18.01(-33.39, -2.62) 100.00
-100 50 0 50 100
glyear
C Waist circumference adjusted for BMI %
Cohort B (95% CI) Weight
DCH (n=2,126) -—*— 0.01(-0.31,0.33) 25.78
Inter99 (n=3,139) -1 0.15(-0.04, 0.34) 74.22

0.11(-0.05, 0.27) 100.00

Overall (n=5,256) <<>

06 04 02 0 0.2 04 0.6
mmiyear

Fig. 1 Annual change in BW, WC and WCgy, per 1 alcohol unit/day increase in alcohol intake. Results presented in g/year and mm/year,
respectively. Model adjusted for baseline measure of outcome, age, gender, height, smoking status, education, physical activity, menopausal
status and total energy intake.'Furthermore, case C is also adjusted for baseline BMI

b Waist circumference

%
Cohort B (95% C1) Weight
DCH (n=2,126) -0.25 (-0.64, 0.14) 35.57
Inter99 (n=3,139) -0.27 (-0.56, 0.02) 64.43

Overall (n=5,265) <>

-0.26 (-0.49, -0.03) 100.00

06 04 02 0 02 04 06
mm/year

significant interaction with alcohol among the men.
Finally, we observed a significant 3-way interaction
between the WHRgyy score, alcohol and gender in
relation to ABW (P = 0.04). However, in stratified ana-
lyses we found no significant WHRgy-score x alcohol
interaction for men or women. Moreover, using multiple
testing correction, based on the Bonferroni-adjustment
in the analysis on gender interaction, lead to that no re-
sults remained significant after such corrections.

Sensitivity analyses conducted without adjustment
for baseline measure of outcome, and with respect to
exclusions of individuals with non-stable smoking
habits, did not notably change the observed associa-
tions (Additional files 5, 6, 7 and 8).

Discussion

The present study was designed in order to investigate
the association between alcohol intake and ABW, AWC
and AWCgy and to examine possible interaction with
genetic predisposition to different measures of adiposity.
In the meta-analyses of the three cohorts, we found a
statistically ~significant inverse association between
alcohol intake and ABW and AWC. Furthermore, alco-
hol intake was associated with a higher AWCg\y but

only among women. No statistically significant interac-
tions were seen between alcohol and SNP-scores or with
any individual SNPs. However, in analyses of women
separately, we found interaction between the complete
score of all 50 SNPs and alcohol intake in relation to
ABW. The confidence intervals were narrow, making it
unlikely that notable interactions were overlooked.

The majority of previous cross-sectional studies indi-
cated no association between light to moderate alcohol
intake and obesity [4]. In addition, evidence from longi-
tudinal studies are inconsistent, and several studies have
found no association or inverse associations between al-
cohol intake and BW change [4]. Similarly, our study
showed inverse associations between alcohol intake and
both ABW and AWC. This study further revealed that
alcohol intake was associated with a higher AWCgyy
among women, which is in line with the findings re-
ported by Hee-Ju et al. showing that alcohol consump-
tion was associated with an increase in body weight,
body fat and BMI among Korean women [3].

These findings were seen both with and without ad-
justment for total energy, suggesting no mediation from
total energy on the relationship between alcohol intake
and weight development.
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a Body weight b Waist circumference w
%
Cohort 8 (95% Cl) Weight Cohort B (95% ClI) Weight
BMI SNP-score
MONICA (n=941) —_— 028994, 10.49) 2086 BMI SNP-score
DCH (n=1,437) —— 2.30 (-5.47, 10.06) 36.10 DCH (n=1,413) —_— 0.00(-0.10,0.11) 43.97
Inter99 (n=2,211) —— -8.49 (-15.60,-1.38) 4304 Inter99 (n=1,906) —— +0.15 (-0.25, -0.06) 56.03
Subtotal  (n=4,589) <> -2.77 (-7.43,1.90) 100.00 Subtotal (n=3,319) L -0.08 (-0.15, -0.01) 100.00
'WC SNP-score
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Subtotal ~ (0=5,647) p— 1.09(-5.08,7.27) 100.00 Subtotal (n=4,115) < 0.06 (-0.03, 0.16) 100.00
Complete SNP-score
MONICA (n=836) —_—— 1.98 (-6.84, 10.80) 2314 Compiete SNP-score
DCH (n=1,246 —_— 0.06 (-7.67,7.80) 30.07 DCH (n=1,226) —p— -0.01(-0.12,0.10) 3367
Inter99 (n=1,837) —r— -228(-8.48,393) 46.79 Inter99 (n=1,588) —— -0.01 (-0.09, 0.06) 66.33
Subtotal  (n=3,919) <> -0.59(-4.83,3.65) 100.00 Subtotal  (n=2,814) <> -0.01 (-0.08, 0.05) 100.00
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C  waist circumference adjusted for BMI
%
Cohort B (95% CI) Weight
BMI SNP-score
DCH (n=1,413) —— -0.01 (-0.09, 0.08) 3231
Inter99 (n=1,906) -0.03 (-0.09, 0.03) 67.69
Subtotal  (n=3,319) <0.02 (-0.07, 0.03) 100.00
WC SNP-score
DCH (n=1,774) <0.13 (-0.33, 0.06) 28.05
Inter99 (n=2,595) —— 0.02(-0.11,0.14) 71.95
Subtotal  (n=4,369) I -0.03 (-0.13, 0.08) 100.00
'WHR SNP-score
DCH (n=1,592) —— +0.02 (-0.16, 0.12) 19.14
Inter99 (n=2,523 = 0.07 (0.00, 0.14) 80.86
Subtotal  (n=4,115) <> 0.05(-0.01,0.12) 100.00
Complete SNP-score
DCH (n=1,226) —r— -0.03 (-0.12, 0.06) 2348
Inter99 (n=1,588) -b— 0.03 (-0.02, 0.08) 76.52
Subtotal  (n=2,814) < 0.02(-0.03, 0.06) 100.00
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Fig. 2 SNP score x alcohol interactions in relation to annual change in BW, WC and WCgy, Results presented in g/year and mm/year, respectively, and
relate to the interaction (effect-modification) effects per additional risk allele for each alcohol unit/day. Model adjusted for baseline measure of outcome
age, gender, height, smoking status, education, physical activity, menopausal status and total energy intake. 'Furthermore, case C is also adjusted for
baseline BMI

The number of previous studies on gene x alcohol
interaction and adiposity is limited. In the study by
Greenfield et al. 2003 [9], an interaction analysis sug-
gested that women with a predisposition to abdominal
obesity were protected by a moderate alcohol intake [9].
In line with this, results from our interaction analyses
suggested that an interaction between the complete
score of all 50 SNPs and alcohol may be present among
women, only. Our results are to some extent also in line
with previously reported results suggesting sexually
dimorphic associations between a number of known var-
iants and anthropometric traits [40], but whether or not
the interaction with alcohol intake truly is gender-
specific needs further investigation. Furthermore, as we
found some evidence that SFRS10 (rs7647305), DNM3-
PIGC (rs1011731) and TNNI3K (rs1514175) may inter-
act with alcohol in relation to ABW among women only,
these specific variants may be worth investigating fur-
ther in other cohorts. However, we did not adjust our
main analyses for multiple testing, and we cannot
exclude that this is a false positive result. Indeed, with

an unadjusted p-value of 0.03, this interaction would not
remain statistically significant when adjusting for the
number of included SNP scores (i.e. unadjusted p-value
of 0.03 x 4 SNP scores = 0.12).

The strengths of this study include the use of data
from three large cohorts with detailed questionnaire in-
formation on alcohol consumption and energy intake,
repeated measures of anthropometry, as well as informa-
tion on several potential confounders including detailed
information on participants’ smoking habits. Also, we
had information on 50 genetic variants found previously
to be consistently associated with BMI, WC or WHRgp,
at genome-wide significance levels, making it possible to
calculate genetic risk scores. Furthermore, we conducted
prospective analyses, thereby limiting the influence of
reverse causality.

Our study also has some limitations. Although the
genetic risk scores were based on information from
many established BMI, WC and WHRgy associated
SNPs, these variants only explain a limited proportion of
the total variation in obesity (<2%). Also, the SNPs
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included in this paper were identified through review of
GWAS published until 2010 [24-36]. Since then, several
additional variants have been identified. However, the
newly identified SNPs generally explain an even smaller
proportion of the variation in BMI, than those identified
in the first rounds of GWAS [41, 42], Thus, if interac-
tions between the genetic risk scores and alcohol intake
in relation to change in weight and waist circumference
depends on how much of the total genetic predisposition
to obesity these explain, we would not expect additional
SNPs to add much to the current results.

It may be considered to investigate other genetic vari-
ants than those known to be associated with BMI and
WC, such as variants affecting insulin sensitivity or fatty
liver disease, which, may be bi-directionally implicated
in the changes over time in BW and WC. However, such
data was available only for some of the cohorts in the
present study and hence analyses would be performed
with sub-optimal power.

Moreover, while the included SNPs associate with
the level of adiposity or fat distribution, they do not
specifically associate with changes in the adiposity
measures, and it is possible that another so far
unidentified set of SNPs, specifically related to gain in
general and abdominal obesity, may show different re-
sults. Indeed, we showed previously that although
these genetic risk scores were strongly associated with
BW and WC in cross sectional designs, they were not
generally associated with changes over time in BW or
WC [38]. Also, although we included information on
up to 7028 participants, it is possible true associations
were still missed due to a lack of statistical power.
Yet, the generally quite small effect-estimates and
narrow Cls suggest that it is unlikely we have over-
looked associations with any public health relevance.
The dietary information on alcohol intake could be
subject to misclassification. Non-differential misclassi-
fication could have weakened the associations ob-
served, but if some kind of selective under-reporting
occurred, it could have led to spurious findings.
Nevertheless, self-reported measures of alcohol intake
show reasonable levels of reliability and validity [43].
In view of the small size of Denmark, and the homo-
geneity of its population, it is very unlikely that there
were any geographic differences, which potentially
could have affected our outcomes, since all partici-
pants came from either the greater Copenhagen area
(the capital of Denmark) or Aarhus city (Second lar-
gest city in Denmark). However, study heterogeneity
could be a problem if studies outside Denmark were
included.

Missing information on which type of alcohol that
may have been responsible for the observed inverse as-
sociation and the observed gender interaction is a
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potential limitation of the present study. However, inves-
tigating the interaction between type of alcohol intake
and molecular genetic predisposition to adiposity in rela-
tion to subsequent changes in waist circumference and
body weight is beyond the scope of the present paper,
but could be a relevant aim for future studies, if add-
itional cohorts including the pertinent information could
be identified. Although we adjusted for many potential
confounders, we cannot exclude the possibility of un-
measured or residual confounding potentially affecting
our results. In this context, smoking habits are closely
linked to both BW regulation and alcohol intake and in
addition to baseline adjustment for smoking habits, we
performed sensitivity analyses while excluding individ-
uals with non-stable smoking habits and this did not
change the observed associations. Furthermore, we did
not exclude participants that were undergoing thyroid
hormone therapy and hormone replacement therapy,
however, we adjusted for menopausal status and since
we expect this group to be a very small proportion of
the entire study population of otherwise healthy individ-
uals in general we do not think this would change the
observed associations.

We cannot rule out whether underlying disease has
affected our results, although through information
from Danish health registers it was possible for us to
exclude participants who had a chronic disease at
baseline. In order to ensure that the results were not
affected by diseases not yet diagnosed at baseline, we
also excluded participants who developed a chronic
disease during the follow-up period. Again results
were essentially similar before and after this exclu-
sion. Another limitation in the current study may be
that the included cohorts and the study design were
different. In general, no major differences were seen
between the cohorts in relation to the main results,
i.e. the associations between exposure and outcome,
indicating that the other differences had little impact
on the results. It may be argued that, given the diver-
sity of study designs, combining the results of the
three studies in a meta-analysis may be mislead-
ing. However, our analyses did not indicate between-
study heterogeneity of effects. Moreover, given the re-
stricted sample sizes, a discussion of the reasons for
differences in results based on study design would be
too speculative.

The participants in this study were not necessarily rep-
resentative of the general Danish population. This par-
ticularly applies to the participants from the DCH
cohort, where half the study population were a selected
group of body weight gainers and for participants in
Inter99 study who were at high risk of ischemic heart
disease. The results may therefore not be directly com-
parable to the general Danish population.
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Conclusion

In conclusion, our longitudinal study suggests an inverse
association between alcohol intake at baseline and ABW
and AWC over a period of approximately 5 years. However,
this study could not demonstrate that the association be-
tween alcohol consumption and ABW, AWC or AWCgyy
depends on genetic predisposition to obesity.
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