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Aims To explore the causal effect of long-term alcohol consumption on coronary heart disease risk factors.

Methods
and results

We used variants in ADH1B and ADH1C genes as instrumental variables (IV) to estimate the causal effect of long-term
alcohol consumption on body mass index (BMI), blood pressure (BP), lipids, fibrinogen, and glucose. Analyses were
undertaken in 54 604 Danes (mean age 56 years). Both confounder-adjusted multivariable and IV analyses suggested
that a greater alcohol consumption among those who drank any alcohol resulted in a higher BP [mean difference in
SBP per doubling of alcohol consumption among drinkers: 0.76 mmHg (95% CI: 0.63, 0.90) from multivariable ana-
lyses and 0.94 mmHg (23.03, 4.69) from IV analyses; P-value for difference in these results ¼ 0.95]. The positive
association of alcohol with HDLc in the multivariable analyses [4.9% (4.7, 5.1)] appeared stronger than in the IV ana-
lyses [1.5% (24.5, 7.4)], and the weak inverse association with fibrinogen in the multivariable analysis [22.0% (22.1,
21.8)] was not present in the IV analyses [0.6% (23.8, 5.0)], but statistically the results for both of these could not be
reliably distinguished from each other (P-values 0.21 and 0.32, respectively). The weak inverse association of alcohol
with BMI [20.13 kg/m2 (20.16, 20.10)] and with triglycerides [20.4% (20.7, 0.4)] in multivariable analyses were in
contrast to the strong positive association of alcohol with BMI [1.37 kg/m2 (0.59, 2.15)] and the strong inverse asso-
ciation with triglycerides [214.9% (225.6, 24.3)] in IV analyses; P ¼ 0.006 and 0.01, respectively, for difference
between the two. Alcohol was not associated with non-HDLc or glucose.

Conclusion Our results show adverse effects of long-term alcohol consumption on BP and BMI. We also found novel evidence
for a potentially beneficial effect on triglyceride levels, which needs further replication.
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Introduction
It has been suggested that the beneficial effect of modest alcohol
consumption on coronary heart disease (CHD) is due to potential
beneficial effects on high-density lipoprotein cholesterol (HDLc),
insulin sensitivity, and fibrinogen levels.1 –9 Meta-analyses of short-
term alcohol intervention studies suggest that it increases HDLc

and adiponectin (a marker of insulin sensitivity) and decreases
fibrinogen.9 Many of the individual intervention studies are small,
do not randomize to different amounts of alcohol and assess
short-term effects; furthermore, there is marked heterogeneity
between them.9 There is also evidence that alcohol has detrimen-
tal effects on systolic and diastolic blood pressure (SBP and
DBP).10 Trials of effects on BP have also tended to be small, lack
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randomization, assess short-term effects only, and there is hetero-
geneity between them.10

One method that is increasingly used to assess causal effects in
observational data is Mendelian randomization.11,12 This method
uses genetic variants that are robustly associated with a risk
factor as an instrumental variables (IV) to test the causal effect
of the risk factor on an outcome of interest. Results from this
method are less likely to be influenced by reverse causality or con-
founding than those obtained from conventional multivariable
approaches.11– 13

Alcohol is degraded to acetaldehyde in the liver by alcohol de-
hydrogenase (ADH) and then subsequently to acetate by acetalde-
hyde dehydrogenase.14 Genetic variants in the ADH genes produce
between-person variation in the speed with which people degrade
alcohol and its metabolites.14 This in turn influences alcohol reac-
tions, with nausea and flushing associated with high acetaldehyde
levels.15 In studies of East Asian population variants in or near to
the ALDH2 gene, which encodes for ADH 2 and is common in
East Asians, has been used as a proxy for alcohol consumption.
In most studies, results suggest that greater alcohol consumption
is associated with a higher body mass index (BMI), BP, HDLc,
and lower low density lipoprotein (LDLc), but is not associated
with triglycerides,16–18 though in one study the association with
lipids was in the opposite direction (variants related to greater
alcohol consumption associated with lower HDLc and higher
LDLc).19 Mendelian randomization studies in East Asian popula-
tions also suggest that greater alcohol consumption is associated
with reduced CHD.17,18 However, since this variant is not poly-
morphic in European populations it cannot be used to examine
the effects of alcohol on CHD in Europeans.

Among European origin populations, common functional poly-
morphisms in ADH1B and ADH1C are associated with flushing
and levels of alcohol consumption; people who have fast degrading
alleles consume less alcohol than those with slow degrading
alleles.15,20,21 One or both of these variants have been used to
explore the causal effect of alcohol on CHD risk factors in Euro-
pean populations, but to date the studies have had small sample
sizes (all fewer than 4000 participants) and have reported mixed
results.22– 27

The aim of this study was to use variants in ADH1B and ADH1C
as IVs to estimate the causal effect of long-term alcohol consump-
tion on BMI, SBP, DBP, HDLc, non-HDLc, triglycerides, fibrinogen,
and glucose, in by far the largest Mendelian randomization study
to date of this effect.

Methods
We used data from the Copenhagen General Population Study, a large
general population cohort study that aims to eventually recruit
100 000 participants and collect genotypic and phenotypic data of rele-
vance to a wide range of health-related problems. Individuals are ran-
domly selected from the national Danish Civil Registration System and
have to be aged 20 years or older and resident in greater Copenhagen;
they also have to be white and of Danish decent. Recruitment began in
2003 and is still on-going. Additional study details have been previously
published.28,29

At the time of genotyping for the present study 60 409 individuals
had been recruited. Because a previous diagnosis of CHD may influ-
ence alcohol consumption and other lifestyle behaviours related to
risk factors, and consequently bias the multivariable analyses and the
comparison of those with the IV analyses, we excluded 3363 (5.5%)
of the participants who had a previous diagnosis of CHD. Of the
remaining 57 046, 57 023(99.9%) had valid data for both genetic var-
iants and 54 604 (96%) had complete data on all variables included
in any analyses presented here; these form our study sample. Missing
data varied from 0 to 1% for any individual variable (Supplementary
material online, Table S1).

All measurements were completed by trained staff at one clinic
centre. Weight was measured without shoes and in light clothing to
the nearest 0.1 kg on Soehnle Professional scales. Height was mea-
sured to the nearest 0.1 cm with a Seca stadiometer. Arterial BP
was measured in the left arm, after 5 min of rest, with the participant
seated; the appropriate cuff size was used. Non-fasting plasma total
cholesterol, HDLc, triglycerides, fibrinogen, and glucose were mea-
sured using standard hospital assays (Konelab) and were subject to
daily internal quality control assessing assay precision and monthly ex-
ternal quality control assessing assay accuracy. Non-HDLc was calcu-
lated as total cholesterol minus HDLc.

Amount of usual alcohol intake was reported as weekly consump-
tion of beer in bottles and standard glasses of wine and spirits; each
of these in Denmark contains the equivalent of �12 g of pure
alcohol. Information on being a lifetime abstainer or on giving up
alcohol was not available and therefore those in the zero (no con-
sumption) category are a mixture of these two. The ADH1B
(rs1229984, Arg47His in exon 3) and ADH1C (rs698, Ile349Val in
exon 8) genotypes were identified by TaqMan assays (see Supplemen-
tary material online). Genotype calls agreed with those using the
Nanogen microelectronic chip technology.20,30

Details of how potential confounders were assessed have been
reported in previous publications20,28,29 and in the Supplementary ma-
terial online.

Statistical analyses
All analyses were conducted in Stata version 11. HDLc, non-HDLc, tri-
glycerides, fibrinogen, and glucose were natural log-transformed to
improve normality. An exact test was used to examine Hardy–Wein-
berg Equilibrium (HWE) and linkage disequilibrium between the two
variants was assessed with Lewontin’s D’ and r2.31,32

Our a priori assumption was that the genetic variants would not
be associated with potentially confounding factors of the alcohol-
outcome associations, but we checked this using linear or logistic
regression.

We used two approaches to examine the relationship of alcohol
with outcomes—multivariable linear regression analyses and IV ana-
lyses, using ADH1B and ADH1C genotypes as instruments. Both
methods estimate the same association; that of alcohol consumption
with CHD risk factors.

Approximately 10% of participants reported no alcohol consump-
tion and among those who reported some consumption, this was
markedly right skewed. We examined associations in three different
ways: (i) a 10-level categorical variable with all non-drinkers in one cat-
egory and drinkers split into nine categories with approximately similar
numbers in each; (ii) a logged continuous variable of alcohol intake per
week among those reporting some consumption; and (iii) a binary vari-
able comparing non-drinkers to drinkers. Method (i) allowed us to
examine the shape of the association and deviation for all participants
using multivariable analyses, but it was not possible to do this with IV
analyses due to potential problems of weak instrument bias (the
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difference in consumption levels between genotype for some of these
categories was very small). Method (ii) allowed us to examine a dose–
response effect within those consuming some alcohol using both multi-
variable and IV analyses. To help with interpretation in these analyses,
we transformed the right skewed alcohol variable to log base 2 so that
results are the change in outcome per doubling of alcohol consump-
tion among drinkers. Method (iii) allowed us to examine the associ-
ation of any consumption vs. none using both analytical methods.
For log-transformed outcome variables, the coefficients were back
transformed and are presented as differences in means of the
outcome by exposure on a percentage scale.

In the multivariable analyses, we used the category representing one
to two drinks (12–24 g) per week as the reference. This allows the
nature of the relationship between amount of alcohol consumed and
each risk factor amongst those who drink any alcohol (i.e. the group
in whom the main IV analyses) to be easily viewed.

In IV analyses, we used the control function estimator and used
ADH1B and ADH1C genotypes jointly as multiple instruments (as cat-
egorical variables). We used a Sargan type test of over-identification
to check the joint validity of using the two variants together. This
tests whether they give consistent estimates when used individually.
Further details of a range of additional IV analyses that were under-
taken to test how robustour findings were, and of the methods used
to statistically compare IV with multivariable analyses are provided in
the Supplementary material online.

Additional analyses included examining: (i) by gender associations;
(ii) by age associations; (iii) whether associations differed by type of
alcohol; and (iv) whether there was an interaction between alcohol
(none vs. some) and ADH1B in associations with outcomes. The ration-
ale and assumptions for analyses (iv) are provided in the Supplemen-
tary material online.

Results
The distributions of all characteristics were the same in the 57 023
eligible participants and in the 54 604 participants with complete
data (Supplementary material online, Table S1). Overall, 10% of
the population reported drinking no alcohol and 9% reported
drinking 25 or more drinks per week. Drinking differed by
gender, with 13% of women reporting no consumption and 3%
reporting 25 or more drinks per week, compared with 6% of
men reporting no consumption and 17% reporting 25 or more
drinks per week (P , 0.0001).

Both genotypes were in HWE (P ¼ 0.5 and 0.7 for ADH1B and
ADH1C, respectively). The linkage disequilibrium coefficient
Lewontin’s D’ was 0.86 and r2 was 0.006 between ADH1B and
ADH1C.

All of the observed confounders were associated with alcohol
consumption (Supplementary material online, Table S2), but
neither genotype was associated with any of the observed con-
founding factors (Table 1).

Multivariable associations
Figure 1 shows the fully adjusted associations of alcohol category
with outcomes. Detailed age and gender (Supplementary material
online, Table S3) and fully adjusted (Supplementary material online,
Table S4) associations with all outcomes by alcohol category
are shown in Supplementary material online. In these analyses
(that included all participants, including non-drinkers) alcohol

consumption was positively associated with SBP, DBP, and HDLc
and inversely associated with BMI and fibrinogen, with some evi-
dence of weak inverse associations with non-HDLc, triglycerides,
and glucose also.

Instrumental variable associations
Individuals with greater numbers of fast degrading alleles were
more likely to be non-drinkers and on average drank less alcohol
if they reported some consumption (Figure 2 and Table 2). These
associations are monotonic, but the difference between those
with three or four alleles is greater than those between 0 and 1
or 1 and 2. Associations of ADH1B, ADH1C and the total allele
score with alcohol consumption were similar in males and
females (Supplementary material online, Table S5A; Pinteraction all
≥0.3). Genotypes appeared more strongly related to alcohol con-
sumption at younger compared with older ages (Supplementary
material online, Table S5B), but there was no strong statistical evi-
dence that associations differed by age (Pinteraction all ≥0.1).

There was no strong statistical evidence that each variant alone
differed as an IV for alcohol (Poveridentification ≥0.2). Associations
using different IV analysis methods (Supplementary material
online, Table S6) were similar to the main analyses using the
control function.

Table 3 shows the results of the main IV and fully confounder-
adjusted multivariable analyses for the association of alcohol with
CHD risk factors in those who drank some alcohol. Both
confounder-adjusted multivariable and IV analyses suggested that
greater alcohol consumption among those drinking some alcohol
resulted in higher BP. The positive association of alcohol with
HDLc in the multivariable analyses appeared stronger than in the
IV analyses, and the weak inverse association with fibrinogen in
the multivariable analysis was not present in the IV analyses, but
statistically the results for both of these could not be reliably dis-
tinguished from each other. In contrast, the strong positive associ-
ation of alcohol with the BMI and the strong inverse association
with triglycerides in IV analyses were in marked contrast to the
weak inverse associations from multivariable analyses for both out-
comes (P ¼ 0.006 and 0.01, for the difference between the results
from two analytical methods for BMI and triglycerides, respective-
ly). Amount of alcohol consumed was not associated with
non-HDLc or glucose among those reporting some consumption.

Table 4 shows the multivariable and IV analyses results compar-
ing non-drinkers to drinkers. For SBP, DBP, HDLc, and fibrinogen,
the multivariable and IV analyses were consistent and suggested
that not drinking any alcohol is associated with lower BP and
HDLc and higher fibrinogen. In the IV analyses, non-drinking was
associated with lower BMI and higher triglyceride levels, and
there was statistical evidence that these associations differed
from the multivariable associations (P , 0.0001 for the difference
between the results from the two analytical approaches for both
outcomes).

Additional analyses
None of the associations of alcohol with CHD risk factors in either
multivariable or IV analyses differed by gender (all Pinteraction ≥ 0.1)
or by age (all Pinteraction ≥ 0.2). When analyses were repeated with
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the youngest age group (20–39 years) removed they were essen-
tially the same as those presented in Tables 3 and 4.

The median (inter-quartile range) percentage contribution to
total alcohol consumed was 69% (47, 92), 18% (0, 40), and 0%
(0, 14) for wine, beer, and spirits, respectively. The Spearman cor-
relation coefficients for amount consumed between total alcohol
and each of wine, beer, and spirits were 0.83, 0.60, and 0.50, re-
spectively (all P-values ,0.00001). The pattern of association of
ADH1B and ADH1C with wine and beer was similar to that with
total alcohol consumption (Supplementary material online, Figure
S1A and B). Variants did not appear to be associated with
amount of spirits consumed (Supplementary material online,
Figure S1c). Both the multivariable and IV analyses results were
similar when either wine or beer was used instead of total
alcohol (results available from authors on request). The multivari-
able analyses with amount of spirits consumed were similar to
those with total alcohol (results available from authors), but
since there was no association of variants with spirits we were
not able to undertake IV analysis with this exposure.

Associations of ADH1B with observed confounders were similar
among drinkers and non-drinkers, with the exception of smoking
(Supplementary material online, Table S7). Among non-drinkers
those with one or two fast-alleles were less likely to be smokers
than those with none, whereas ADH1B was not associated with
smoking amounts drinkers (Pinteraction ¼ 0.02). There was no
strong statistical evidence of an interaction between ADH1B
and alcohol consumption (none vs. some) in their associations
with any outcomes, except for BMI (Supplementary material
online, Table S8). Among non-drinkers those with one or two
fast alleles, compared with none, had higher BMI, whereas
among drinkers those with one or two fast alleles had lower
BMI (by a similar magnitude to the opposite association in non-
drinkers; Pinteraction ¼ 0.03).

Discussion
It has been suggested that HDLc is one of the main mechanism by
which moderate alcohol consumption is cardioprotective.4,5,9

Although our IV analyses were consistent with the positive multi-
variable association of alcohol with HDLc, they suggested that
this association was possibly weak. Importantly, recent Mendelian
randomization studies33– 37 and RCTs,38 question whether HDLc
is causally related to CHD, in stark contrast to findings supporting
causal effects of cholesterol in remnants or triglyceride-rich lipo-
proteins and LDLc on CHD.39 –43 If HDLc is not causally related
to CHD then it cannot explain any observed beneficial effect on
CHD of moderate alcohol consumption.

Other mechanisms that have been proposed to explain reduced
CHD risk in those drinking moderate amounts of alcohol are
reduce fibrinogen and increased insulin sensitivity.5,7 –9 Consistent
with evidence from intervention studies9 we found greater levels
of alcohol consumption to be associated with lower fibrinogen,
though our IV analyses suggest that this might be very weak.
Furthermore, the evidence that fibrinogen is causally related to
CHD is not robust,44,45 questioning the possibility that it could
mediate a suggested beneficial effect of alcohol on CHD. Our ana-
lyses suggested no clear beneficial effect of alcohol on non-fasting
glucose, but this is a weak proxy for insulin sensitivity. Without
fasting insulin or a more direct measure of insulin resistance in
our study we are unable to explore Mendelian randomization
evidence for an effect of alcohol on insulin resistance.

We surprisingly found a potential beneficial effect of alcohol on
triglyceride levels in our IV analysis. Meta-analysis of trials finds no
association of alcohol with triglycerides apart from a possible det-
rimental effect at very high levels.9 These intervention studies
assess short-term effects and for the most part of modest levels
vs. no consumption and are not directly comparable with our
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Table 1 Associations of observed confounders with ADH1B and ADH1C genotype (n 5 54 604)

ADH1B ADH1C

Mean (SD) or n (%) by
genotype

Mean (SD) or n (%) by genotype

1/1 (slow)
n 5 52 326

1/2 or 2/2 (fast)
n 5 2278

P-valuea 2/2 (slow)
n 5 9542

1/2 (intermediate)
n 5 26 626

1/1 (fast)
n 5 18 436

P-valuea

Age (years) 56.0 (13.2) 56.4 (13.1) 0.14 56.0 (13.1) 56.1 (13.2) 55.9 (13.3) 0.47

Women (n %) 29 648 (57) 1261 (55) 0.22 5496 (58) 15 061 (57) 10 352 (56) 0.11

Current smoker (n %) 11 110 (21) 477 (21) 0.74 2083 (22) 5610 (21) 3894 (21) 0.28

.4 h per week MVPA 25 410 (49) 1130 (50) 0.33 4649 (49) 12 934 (49) 8957 (49) 0.97

Prescribed antihypertensives 8934 (17) 388 (17) 0.96 1637 (17) 4578 (17) 3107 (17) 0.62

Prescribed statins 3906 (7) 148 (7) 0.12 714 (7) 1989 (7) 1351 (7) 0.83

Income .600 000 Kr 10 423 (20) 479 (21) 0.20 1885 (20) 5363 (20) 3654 (20) 0.60

Education .13 years 9079 (17) 399 (18) 0.84 1720 (18) 4571 (17) 3187 (17) 0.17

Heightb (m) 1.71 (0.09) 1.71 (0.09) 0.62 1.71 (0.09) 1.71 (0.09) 1.71 (0.09) 0.65

MVPA, moderate or vigorous physical activity; Kr, Danish kroner.
aF-statistic for continuous variables and x2 for categorical variables testing the null hypothesis that distributions of the confounders do not differ by genotype (1 degree of freedom
for ADH1B and 2 degrees of freedom for ADH1C).
bHeight is included here as an association of the genetic variant with height might suggest a problem with population stratification.
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Figure 1 Multivariable associations of alcohol consumption with coronary heart disease risk factors; n ¼ 54 604. All associations are adjusted for age, gender, smoking, physical activity, anti-
hypertensive and statin prescriptions, education, and income. The reference category in all analyses is one to two drinks per week; this takes the null value of 0 for all outcomes. Mean differences
are indicated by dots and 95% confidence intervals by vertical lines.
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findings. Because the influence of the genetic variant is present
from conception for the whole of life it will begin to affect
amount of consumption once someone starts to drink. Indeed
we have shown that the variants are related to alcohol consump-
tion across age groups from early adulthood to old age and that
our associations do not differ by age. It is therefore possible that
we have identified a novel potential beneficial effect of alcohol
consumption on triglyceride levels. Recent evidence suggests that
cholesterol in remnants, rather than triglyceride levels per se
causes greater CHD, and our result regarding triglyceride levels
may be a proxy for remnant cholesterol as the two are highly cor-
related.39,40 Previous Mendelian randomization studies using the
ALDH2 variant in East Asian populations have suggested that
alcohol consumption is not related to triglyceride levels in those
populations,17–19 and we accept that our finding related to this
outcome should be treated with caution unless it is replicated.

For BP our IV and multivariable analyses, results were consistent
with each other, with both confirming higher BP in those drinking
more alcohol. These findings are consistent with a meta-analysis of
randomized controlled trials of alcohol reduction,9 and with previ-
ous Mendelian randomization studies in East Asian populations
using the ALDH2 variant.16– 19 Our IV analyses also suggest that
greater alcohol consumption is associated with a higher BMI,
which is consistent with previous East Asian population studies
using the ALDH2 variant.16–19

Study strengths and limitations
A strength of our study is the large sample size and the use of
genetic variants that have been shown to be robustly associated
with alcohol consumption15,20,21 to examine the causal effect of
long-term differences in alcohol consumption on a range of
CHD risk factors. Assuming that the variants fulfil the assumptions
of IV they will provide more valid estimates of causal associations
than multivariable regression.12 Although alcohol consumption was

Figure 2 Association of combined ADH1B and ADH1B
fast-allele score with average alcohol consumption levels in parti-
cipants reporting drinking some alcohol and with not drinking
alcohol; n ¼ 54 604. Shows geometric means (dots) and 95%
confidence intervals of geometric means (vertical lines) of
alcohol grams per week in those drinking some alcohol (A) and
percentages (dots) and 95% confidence intervals of non-drinkers
(B) by total number of fast-alleles.
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Table 2 Association of ADH1B and ADH1C with alcohol consumption

Mean difference (%) alcohol consumption in
those consuming some alcohol (95% CI) n 5 49 334

OR of being a non-drinker in the
whole cohort (95% CI) n 5 54 604

ADH1B one or two fast alleles vs. none 215.0 (219.2, 210.8) 1.49 (1.32, 1.69)

F-test 50 41a

P-value ,0.0001 ,0.0001

ADH1C per fast allele 22.1 (23.3, 21.0) 1.06 (1.02, 1.10)

F-test 13 7a

P-value ,0.0001 ,0.0001

Total ADH1B plus ADH1C allele score 22.9 (24.0, 21.8) 1.09 (1.05, 1.13)

F-test 27 17a

P-value ,0.0001 ,0.0001

OR, odds ratio; CI, confidence intervals.
aFrom a model of the mean risk difference of not drinking.
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Table 3 Confounder adjusted multivariable and instrumental variable associations of alcohol with coronary heart disease risk factors in those who report some
alcohol consumption (i.e. those reporting no consumption have been removed from these analyses)

Mean difference of each outcome per doubling of alcohol consumption (95% CI). The null value for all results 5 0

BMI (kg/m2) SBP (mmHg) DBP (mmHg) HDLc (%)a Non-HDLc (%)a Triglycerides (%)a Fibrinogen (%)a Glucose (%)a

Multivariable 20.13 (20.16, 20.10) 0.76 (0.63, 0.90) 0.58 (0.50, 0.66) 4.9 (4.7, 5.1) 0.0 (20.2, 0.1) 20.4 (20.7, 0.0) 22.0 (22.1, 21.8) 20.2 (20.3, 0.0)

Instrumental variable 1.37 (0.59, 2.15) 0.94 (23.03, 4.91) 0.23 (21.95, 2.41) 1.5 (24.5, 7.4) 4.2 (21.2, 9.7) 214.9 (225.6, 24.3) 0.6 (23.8, 5.0) 22.1 (25.6, 1.5)

PIV vs. MV
b 0.006 0.95 0.71 0.21 0.14 0.01 0.32 0.25

In the multivariable analysis results all results are adjusted for age, gender, smoking, physical activity, prescribed antihypertensives, prescribed statins, education, and income. In the instrumental variable analysis results the control function
method was used with ADH1B and ADH1C used jointly as categorical (indicator) instrumental variables. The first stage F-statistic for all instrumental variable analyses ¼ 29.
n ¼ 49 334.
CI, confidence interval.
aThese results are differences in means on a percentage scale. This is because the distributions of these outcomes on their original scale (mmol/L) were strongly positively skewed, resulting in residuals in the regression models also being
skewed. Consequently log transformations were used in the regression models and the resulting coefficients were transformed to give a difference on the percentage scale.
bTest of null hypothesis that there is no difference in association of alcohol with each outcome between the confounder-adjusted multivariable association (row 1) and the instrumental variable association using the control function (row 2);
P-value obtained from the bootstrap distribution.
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Table 4 Confounder adjusted multivariable and instrumental variable associations of drinking no vs. some alcohol with coronary heart disease risk factors

Mean difference of each outcome comparing non-drinkers to those who drink any amount of alcohol (95% CI). The null value for all associations 5 0

BMI (kg/m2) SBP (mmHg) DBP (mmHg) HDLc (%)a Non-HDLc (%)a Triglycerides (%)a Fibrinogen (%)a Glucose (%)a

Multivariable 0.88 (0.76, 0.99) 20.20 (20.75, 0.37) 20.47 (20.80, 20.14) 213.1 (213.9, 212.3) 2.0 (1.2, 2.8) 5.2 (3.7, 6.7) 7.2 (6.6, 7.9) 0.7 (0.2, 1.2)

Instrumental
variable

24.49 (28.70, 20.29) 29.40 (230.16, 11.37) 20.80 (212.04, 10.44) 216.6 (247.3, 14.0) 213.9 (242.0, 14.3) 89.1 (34.2, 144.0) 5.4 (217.5, 28.3) 8.3 (210.2, 26.8)

PIV vs. MV
b ,0.0001 0.43 0.49 0.90 0.31 ,0.0001 0.83 0.42

n ¼ 54 604.
CI, confidence interval.
In the multivariable analysis results all results are adjusted for age, gender, smoking, physical activity, prescribed antihypertensives, prescribed statins, education, and income. In the instrumental variable analysis results the control function
method was used with ADH1B and ADH1C used jointly as categorical (indicator) instrumental variables. The first stage F-statistic for all instrumental variable analyses ¼ 22.
aThese results are differences in means on a percentage scale. This is because the distributions of these outcomes on their original scale (mmol/L) were strongly positively skewed, resulting in residuals in the regression models also being
skewed. Consequently log transformations were used in the regression models and the resulting coefficients were transformed to give a difference on the percentage scale.
bTest of null hypothesis that there is no difference in association of alcohol with each outcome between the confounder adjusted multivariable association (row 1) and the instrumental variable association using the control function (row 2);
P-value obtained from the bootstrap distribution.
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associated with all of the measured confounders, the two genetic
variants were not associated with any. Since this cohort consisted
of white individuals of Danish descent, population stratification is
unlikely, this is further supported by the lack of association of
these variants with height (Table 1). It is conceivable that in
social groups where there is pressure to consume alcohol any
effect of the genetic variants will be over-ridden by this social pres-
sure. However, we have shown that in the youngest age group
(20–39 years) among whom this pressure might be greatest, the
variants are if anything more strongly associated with consumption
than at older ages. In our study the association of ADH fast alleles
with alcohol when both variants were simply summed together
appears to be largely driven by the difference in alcohol consump-
tion between those with three or four alleles compared with all
other individuals. However, our main results combined the two
variants as separate categorical variables and these results were
consistent with those from a weighted allele score IV (results in
Supplementary material online). For all analyses the first-stage
F-statistic did not suggest we had problems with weak instruments.

A key limitation is our inability to explore causal effects on
insulin sensitivity due to the lack of appropriate measures of this,
or on CHD outcomes due to the lack of numbers. Among the
non-drinkers we cannot distinguish between lifetime abstainers
and those who have stopped drinking because of ill-health. This
limitation would potentially bias the multivariable analyses more
so than the IV analyses, but could result in some underestimation
of true associations in both. This will also affect the causal analyses
we hoped to be able to undertake comparing the association of
the variants with each outcome between lifetime abstainers and
those who drink alcohol.

Since the genetic variants can only affect amount of alcohol con-
sumed among those who have tried drinking some alcohol, we
would not expect them to be related to CHD risk factors in
those who have never consumed alcohol (see further discussion
in Supplementary material online).46 In our study, we found no evi-
dence of statistical interaction between ADH1B and alcohol con-
sumption with outcomes except for the BMI. The general lack of
gene*alcohol consumption interaction could be because the
group who (at the time of recruitment) report that they do not
drink alcohol includes many who had been heavy drinkers and
stopped drinking because of alcohol-related ill-health. Indeed the
association of fast alleles with reduced odds of smoking in those
reporting no alcohol could be because heavy drinkers who have
quit alcohol are more likely to have no fast alleles and are more
likely to smoke as a substitute for quitting alcohol (for additional
discussion, see Supplementary material online). It could also be
that even with this large sample size we lack statistical power to
detect an interaction between ADH1B and alcohol consumption.

Other studies have examined the possible interaction of ADH
variants with alcohol in their associations with CHD risk factors,
primarily HDLc, but most of these have had very small sample
sizes and report inconsistent results; like our study many were
also unable to truly determine lifetime abstention.26 Studies of
East Asian populations using the ALDH2 variant find interactions
between alcohol and this variant supporting its causal role in in-
creasing BP.16,18,19 These findings fit with our main IV results
regarding a detrimental effect of alcohol on BP. The interactions

of ADH1B and alcohol consumption with BMI was driven both
by an inverse association of fast alleles with BMI in drinkers (sup-
portive of our assumption that greater consumption causes
greater BMI), but also by a positive association in non-drinkers.
The latter could be due to sick quitters, who are more likely to
have no fast alleles being thinner, but as with the interaction for
smoking, these analyses were not the main aim of our paper and
could be chance findings given the number of interaction tests
completed. They should be treated with caution unless replicated.

Whilst Mendelian randomization approaches tend to reduced
bias they have considerably less statistical power than conventional
multivariable approaches, and despite the very large sample size
used here the IV analyses have wide confidence intervals. It is im-
portant, therefore, to replicate our findings, particularly for trigly-
cerides, in other studies with greater statistical power.

To conclude, taking our results together with those of other
studies, it seems unlikely that if moderate alcohol consumption is
causally related to lower CHD risk this is mediated via HDLc or
fibrinogen. Improved insulin sensitivity might mediate a potential
beneficial effect, but we have been unable to test this. We have
found evidence for a possible beneficial effect of alcohol on trigly-
ceride levels, but these results require further validation. Finally,
our results support a detrimental effect of alcohol consumption
on BP and BMI.

Supplementary material
Supplementary material is available at European Heart Journal
online.

Acknowledgements
We thank all of the study participants.

Funding
This study was supported by Herlev Hospital, Copenhagen University
Hospital, The Copenhagen County Research Fund, and The Danish
Medical Research Council. The UK Medical Research Council (MRC)
and the University of Bristol provide core funding for the MRC
Centre of Causal Analyses in Translational Epidemiology (G0600705)
and the contributions of D.A.L. to this paper were supported by the
UK MRC (G0601625). L.Z. was funded by an MRC Population
Health Scientist postdoctoral fellowship (G0902144).

Conflict of interest: none declared.

Authors’ contributions
Study concept and design: Lawlor, Nordestgaard, Davey Smith; Ac-
quisition of data: Nordestgaard, Tybjaerg-Hansen, Benn; Batabase
handling and updating: Benn; Statistical analysis: Lawlor; Drafting of
the manuscript: Lawlor; Interpretation of results: Lawlor, Nordest-
gaard, Benn, Zuccolo, Tybjaerg-Hansen, Davey Smith; Critical revi-
sion of the manuscript for important intellectual content: Lawlor,
Nordestgaard, Benn, Zuccolo, Tybjaerg-Hansen, Davey Smith;
Obtained funding: Nordestgaard, Tybjaerg-Hansen; Administrative,
technical, or material support: Nordestgaard, Benn; Lawlor, Nor-
destgaard and Benn had full access to all of the data in the study

D.A. Lawlor et al.2526
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/34/32/2519/632619 by guest on 16 August 2022

http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht081/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht081/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht081/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht081/-/DC1
http://eurheartj.oxfordjournals.org/lookup/suppl/doi:10.1093/eurheartj/eht081/-/DC1


and take responsibility for the integrity of the data (Nordestgaard
and Benn) and the accuracy of the data analysis (Lawlor).

References
1. Corrao G, Rubbiati L, Bagnardi V, Zambon A, Poikolainen K. Alcohol and coron-

ary heart disease: a meta-analysis. Addiction 2000;95:1505–1523.
2. Di Castelnouvo A, Rotondo S, Iacoviello L, Donati MD, de Gaetano G.

Meta-analysis of wine and beer consumption in relation to vascular risk. Circulation
2002;105:2836–2844.

3. Ronksley PE, Brien SE, Turner BJ, Mukamal KJ, Ghali WA. Association of alcohol
consumption with selected cardiovascular disease outcomes: a systematic review
and meta-analysis. BMJ 2011;342:d671.

4. Collins MA, Neafsey EJ, Mukamal KJ, Gray MO, Parks DA, Das DK, Karthuis R.
Alcohol in moderation, cardioprotection, and neuroprotection: epidemiological
considerations and mechanistic studies. Alcohol Clin Exp Res 2009;33:206–219.

5. Di Castelnuovo A, Costanzo S, Giuseppe R, de Gaetano G, Iacoviello L. Alcohol
consumption and cardiovascular risk: mechanism of action and epidemiologial
perspectives. Future Cardiol 2009;5:467–477.

6. Costanzo S, Di Castelnuovo A, Donati MB, Iacoviello I, de Gaetano G. Alcohol
consumption and mortality in patients with cardiovascular disease: a
meta-analysis. J Am Coll Cardiol 2010;55:1339–1347.

7. Bonnet F, Disse E, Lalle M, Mari A, Hojlund K, Anderwald CH, Balckau B. for the
RISC Study Group. Moderate alcohol consumption is associated with improved
insulin sensitivity, reduced basal insulin secretion rate and lower fasting glucagon
concentration in healthy women. Diabetologia 2012;12:3228–3237.

8. Joosten MM, Beulens JW, Kerstens S, Hendriks HFJ. Moderate alcohol consump-
tion increases insulin sensitivity and ADIPOQ expression in postmenopausal
women: a randomised, crossover trial. Diabetologia 2008;51:1375–1381.

9. Brien SE, Ronksley PE, Turner BJ, Mukamal KJ, Ghali WA. Effect of alcohol con-
sumption on biological markers associated with risk of coronary heart disease:
systematic review and meta-analysis of interventional studies. BMJ 2011;342:d636.

10. Xin X, He J, Frontini MG, Motsamai OI, Whelton PK. Effects of alcohol reduction
on blood pressure: a meta-analysis of randomized controlled trials. Hypertension
2001;38:1112–1117.

11. Davey Smith G, Ebrahim S. ‘Mendelian randomisation’: can genetic epidemiology
contribute to understanding environmental determinants of disease? Int J Epide-
miol 2003;32:1–22.

12. Lawlor DA, Harbord RM, Sterne JAC, Timpson NJ, Davey Smith G. Mendelian
randomization: using genes as instruments for making causal inferences in epi-
demiology. Stat Med 2008;27:1133–1163.

13. Davey Smith G, Lawlor DA, Harbord R, Timpson N, Day INM, Ebrahim S. Clus-
tered environments and randomized genes: a fundamental distinction between
conventional and genetic epidemiology. PLoS Med 2008;4:e352.

14. Zakhari S. Overview: how is alcohol metabolized by the body? Alcohol Res Health
2006;29:245–254.

15. Macgregor S, Lind PA, Bucholz KK, Hansell NK, Madden PAF, Richter MM,
Montgomery GW, Martin NG, Health AC, Whitfield JB. Associations of ADH
and ALDH2 gene variation with self report alcohol reactions, consumption and
dependence: an integrated analysis. Hum Mol Genet 2009;18:580–593.

16. Chen L, Davey Smith G, Harbord RM, Lewis SJ. Alcohol intake and blood pres-
sure: a systematic review implementing a Mendelian randomization approach.
PLoS Med 2008;5:e52.

17. Kato N, Taheuch F, Tabara Y, Kelly TN, Go MJ, Sim X, Tay WT, Chen C-H,
Zhang Y, Yamamoto K, Katsuya T, Yokota M, Kim YJ, Ong RTH, Nabika T,
Gu D, Chang L-C, Kokubo Y, Huang W, Ohnaka K, Yamori Y, Nakashima E,
Jaquish CE, Lee J-Y, Seielstad M, Isono M, Hixson JE, Chen Y-T, Miki T,
Zhang X, Suguyama T, Jeon J-P, Liu JJ, Takayanagi R, Kim SS, Aung T, Sung YJ,
Zhou X, Wong TY, Kim B-SS, Aung Tm Sung YJ, Zou Z, Wong TY, Han B-G,
Kobayashi S, Ogihara T, Zhu D, Iwai N, Wu J-Y, Teo YY, Tai ES, Cho YS, He J.
Meta-analysis of genome-wide association studies identifies common variants
associated with blood pressure in east Asians. Nat Genet 2011;43:531–538.

18. Takagi S, Iwai N, Yamauchi R, Kojima S, Yasuno S, Baba T, Terashima M,
Tsutsumi Y, Suzuki S, Morii I, Hanal S, Ono K, Baba S, Tomoike H,
Kawamura A, Miyazaki S, Nonogi H, Goto Y. Aldehyde dehydrogenase 2 gene
is a risk factor for myocardial infarction in Japanese men. Hypertens Res 2002;
25:677–681.

19. Takeuchi F, Isono M, Nabika T, Katsuya T, Sugiyam T, Yamaguchi S, Kobayashi S,
Ogihara T, Yamori Y, Fujioika A, Kato N. Confirmation of ALDH2 as a major
locus of drinking behaviour and of its variants regulating multiple metabolic phe-
notypes in a Japanese population. Circ J 2011;75:911–918.

20. Tolstrup JS, Nordestgaard BG, Rasmussen S, Tybjaerg-Hansen A, Grobaek M. Al-
coholism and alcohol drinking habits predicted from alcohol dehydrogenase
genes. Pharmacogenomics J 2008;8:220–227.

21. Zuccolo L, Fitz-Simon N, Gray R, Ring SM, Sayal K, Davey Smith G, Lewis SJ. A
non-synonymous variant in ADH1B is strongly associated with prenatal alcohol
use in a European sample of pregnant women. Hum Mol Genet 2009;18:
4457–4466.

22. Hines LM, Stampfer MJ, Ma J, Gaziano JM, Ridker PM, Hankinson SE, Sacks F,
Rimm EB, Hunter DJ. Genetic variation in alcohol dehydrogenase and the bene-
ficial effect of moderate alcohol consumption on myocardial infarction. N Engl J
Med 2001;344:549–555.

23. Whitfield JB, O’Brien ME, Nightingale BN, Zhu G, Heath AC, Martin NG. ADH
genotype does not modify the effects of alcohol on high density lipoprotein.
Alcohol Clin Exp Res 2003;27:509–514.

24. Djousse L, Levy D, Herbert AG, Wilson PW, D’Agostino RB, Cupples LA,
Karamohamed S, Ellison RC. Influence of alcohol dehydrogenase 1C polymorph-
ism on the alcohol-cardiovascular disease association (from the Framingham Off-
spring Study). Am J Cardiol 2005;96:227–232.

25. Younis J, Cooper JA, Miller GJ, Humphries SE, Talmud PJ. Genetic variation in
alcohol dehydrogenase 1C and the beneficial effect of alcohol intake on coronary
heart disease risk in the Second Northwick Park Heart Study. Atherosclerosis 2005;
180:225–232.

26. Ebrahim S, Lawlor DA, Ben-Shlomo Y, Timpson N, Harbord R, Christensen M,
Baban J, Keissling M, Day INM, Gaunt T, Davey Smith G. Alcohol dehydrogenase
type 1C (ADL2C) variants, alcohol consumption, HDL-cholesterol and risk of
coronary heart disease in women and men: British Women’s Heart and Health
Study and Caerphilly cohorts. Atherosclerosis 2008;196:227–232.

27. Latella MC, Di Castelnuovo A, de Lorgeril M, Arnout J, Cappucio FP, van
Doungen MB, de Gaetano G, Lacoviella L. European Collaborative Group of
the IMMIDIET Project. Genetic variation of alcohol dehydrogenase type 1C
(ADH1C), alcohol consumption, and metabolic cardiovascular risk factors:
results from the IMMIDIET study. Atherosclerosis 2009;207:284–290.

28. Timpson NJ, Harbord R, Davey Smith G, Zacho J, Tybjaerg-Hansen A,
Nordestgaard BG. Does greater adiposity increase blood pressure and hyperten-
sion risk? Mendelian randomization using the FTO/MC4R genotype. Hypertension
2009;54:84–90.

29. Lawlor DA, Harbord RM, Tybjaerg-Hansen A, Palmer TM, Zacho J, Benn M,
Timpson NJ, Davey Smith G, Nordestgaard BG. Using genetic loci to understand
the relationship between adiposity and psychological distress: a Mendelian ran-
domization study in the Copenhagen General Population Study of 53,221
adults. J Intern Med 2011;269:525–537.

30. Sethi AA, Tybjaerg-Hansen A, Andersen RV, Nordestgaard BG. Nanogen micro-
electronic chip for large-scale genotyping. Clin Chem 2004;50:443–446.

31. Lewontin RC. The interaction of selection and linkage. I. General considerations;
heterotic models. Genetics 1964;49:49–67.

32. Pritchard JK, Przeworski M. Linkage disequilibrium in humans: models and data.
Am J Hum Genet 2001;69:1–14.

33. Frikke-Schmidt R, Nordestgaard BG, Stene MCA, Sethi AA, Remaley AT,
Schnohr P, Grande P, Tybjærg-Hansen A. Association of loss-of-function muta-
tions in the ABCA1 gene with high-density lipoprotein cholesterol levels and
risk of ischemic heart disease. JAMA 2008;299:2524–2532.

34. Johannsen TH, Kamstrup PR, Andersen RV, Jensen GB, Sillesen H,
Tybjærg-Hansen A, Nordestgaard BG. Hepatic lipase, genetically elevated high-
density lipoprotein, and risk of ischemic cardiovascular disease. J Clin Endocrinol
Metab 2009;94:1264–1273.

35. Haase CL, Tybjærg-Hansen A, Grande P, Frikke-Schmidt R. Genetically elevated
apolipoprotein A-I, high-density lipoprotein cholesterol levels, and risk of ische-
mic heart disease. J Clin Endocrinol Metab 2010;95:E500–E510.

36. Haase CL, Tybjærg-Hansen A, Qayyum AA, Schou J, Nordestgaard BG,
Frikke-Schmidt R. LCAT, HDL cholesterol and ischemic cardiovascular disease:
a Mendelian randomization study of HDL cholesterol in 54,500 individuals.
J Clin Endocrinol Metab 2012;97:E248–E256.

37. Voight BF, Peloso GM, Orho-Melander M, Voight BF, Peloso GM,
Orho-Melander M, Frikke-Schmidt R, Barbalic M, Jensen MK, Hindy G,
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