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3. Epidemiological research on the effect of alcohol use on fatty liver and oxidative stress
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CHAPTER 2

DATA (COLLECTION) ANDMETHODS

1. Data and data collection

1.1 The Netherlands Twin Register (NTR) survey studies on alcohol use
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Table 1

Alcohol data Liver enzyme data SNP data a

5,277 1,302 1,419
9,232 2,497 2,930
1,630 531 294
2,582 1,334 620
4,439 1,170 840
5,340 1,462 1,032
1,302 224 171
719 142 100
157 9 4
345 87 20

31,023 8,758 7,430
736 744 744
1,473 1,491 1,491
2,209 2,235 2,235

or

1.2 Measures of alcohol use
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Table 2

Survey number (year of start data collection)
1 2 3 4 5 6 7 8

X X X X X X X X
Frequency X X X X X X X
Quantity X X X X X X X
CAGE X X X X X X

X
X X X X

X X

X
Age at onset experimental use X X X X X X
Age at onset regular use X X X X X
Age at onset getting drunk X X X X
Physical reactions after use X X X
Beverage preference X X X

X
Reasons not to drink at a regular
basis X

Drinking frequency

Drinking quantity



CHAPTER 2

22
 

Symptoms of AAD

C A

G

E

Age at onset experimental alcohol use

Age at onset regular alcohol use

Age at onset getting drunk
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Physical reactions to alcohol

Beverage preference

1.3 Blood collection and liver enzyme levels
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1.4 Alcohol use and liver enzyme levels within the Netherlands Study on Depression and Anxiety
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1.5 Alcohol use NTR biobank sample versus general NTR sample

p

p

p p

1.6 Alcohol use NTR biobank sample versus NESDA sample
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1.7 Relation alcohol use and liver enzyme levels
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Table 7

NTR NESDA
males females males females
1.6% n.s. n.s. n.s.
3.5% 1.0% 3.1% 1.6%
1.9% 0.8%
2.8% 1.2% 4.0% 1.7%
n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s.
n.s. n.s.
n.s. n.s. n.s. n.s.
n.s. n.s. n.s. n.s.
n.s. 0.4% 1.1% n.s.
0.8% n.s.
1.6% n.s. n.s. n.s.

log

2. Methods to study genetic effects

2.1 Biometric model



     DATA (COLLECTION) ANDMETHODS

  33 
 

A1 A2 p q

p q A1A1 A1A2 A2A2

p2 2pq q2

+a d –a

dpqqpa 2)(

G E

var(G) var(E)

G E 2cov(G,E)

EGP varvarvar

var(A)

var(D)

)var()var(
)2())((2

)()(2)()var(
22

22222

DA
pqdpqdapq

aqdpqapG

var(G) var(P)

var(A)



CHAPTER 2

34
 

2.2 Methods to estimate the heritability based on the inferred genetic relationship among family

members

2.2.1 The classical twin design
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Figure 1a
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2.2.2 Multivariate CTD
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Figure 1b
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2.2.3 Longitudinal simplex modeling

t t 1
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2.2.4 The extended twin family design
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2.3 Methods to estimate genetic effects based on SNP data
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2.3.1 Genetic association analysis
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2.3.2 Methods to estimate the heritability based on all SNPs
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2.3.2.1 Polygenic risk score prediction
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2.3.2.2 GRM method
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2.3.2.3 Density estimation (DE) method
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2. Methods

2.1 Participants

2.2 Measures
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Table 1

Number of participants
Zygosity by
sex group a

twins b brothers sisters fathers mothers spouses

945 (57%) 65 84 172 212 81
541 (50%) 40 61 143 159 35
2,413 (65%) 121 180 355 467 157
1,229 (57%) 75 115 203 288 69
1,491 (44%) 71 154 314 390 87

0 176 350 663 1,110 0
6,619 548 944 1,850 2,626 429

2.3 Statistical analyses
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Figure 1
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3. Results

log

Table 2

males females
mean (SD) N mean (SD) N
19.3 (18.7) 2076 10.4 (11.7) 4543
33.0 (14.6) 33.0 (14.0)
20.2 (19.0) 548 10.1 (11.5) 944
38.7 (14.3) 36.9 (13.4)
21.5 (18.9) 1850 12.4 (12.4) 2626
56.6 (8.1) 53.4 (8.2)
17.9 (15.9) 273 9.9 (12.0) 156
45.3 (12.0) 40.4 (12.7)

r

r r

r r r r

r r r r r

r
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Figure 2
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4. Discussion
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CHAPTER 4

STABLE GENETIC EFFECTS ON SYMPTOMS OF ALCOHOL ABUSE ANDDEPENDENCE

FROMADOLESCENCE INTO EARLY ADULTHOOD 2

Abstract
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1. Introduction

developmentally stable

developmentally dynamic

innovations

.

amplification

attenuation
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2. Methods

2.1 Sample
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2.2 Measure

C

A G

E

2.3 Data file restructuring
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2.4 Data analysis

Measurement invariance

complex

Estimation of longitudinal and twin correlations
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r

Genetic analyses

Cross sectional genetic analyses

a d

c

Longitudinal genetic analyses
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Figure 1a with innovation

5

A1 A6

Figure 1b without innovation

5

A1
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3. Results

3.1 Measurement invariance

p

p

p

p

3.2 Longitudinal and twin correlations

Table 3

15 17 18 20 21 23 24 26 27 29 30 32
15 17 1

18 20 .43 (.07)
N=672

1

21 23 .41 (.08)
N=616

.59 (.04)
N=1224

1

24 26 .38 (.08)
N=540

.45 (.05)
N=1125

.65 (.03)
N=1586

1

27 29 .20 (.14)
N=289

.47 (.06)
N=840

.67 (.03)
N=1270

.75 (.03)
N=1551

1

30 32 .29 (.14)
N=177

.48 (.08)
N=455

.63 (.04)
N=922

.69 (.03)
N=1147

.73 (.03)
N=1167

1
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3.3 Cross sectional genetic analyses

3.4 Longitudinal genetic analyses
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Table 6

Age A D C E 2ll #par df 2 df p
0.18 0.45 0.38 831.13 5 1204

AE 0.68 0.32 834.00 4 1205 2.87 1 0.090
CE 0.58 0.42 831.46 4 1205 0.34 1 0.562

1.00 869.45 3 1206 38.32 2 0.000

0.28 0.19 0.53 3656.37 5 3636
AE 0.51 0.50 3658.00 4 3637 1.63 1 0.202
CE 0.40 0.60 3658.70 4 3637 2.33 1 0.127

1.00 3719.73 3 3638 63.36 2 0.000

0.06 0.44 0.50 3644.04 5 3490
AE 0.46 0.54 3645.98 4 3491 1.94 1 0.163

1.00 3699.24 3 3492 55.20 2 0.000

0.24 0.26 0.52 3130.85 5 3035
AE 0.48 0.52 3131.39 4 3035 0.54 1 0.462

1.00 3178.66 3 3036 47.81 2 0.000

0.04 0.47 0.49 2620.02 5 2552
AE 0.47 0.53 2621.27 4 2553 1.25 1 0.264

1.00 2657.78 3 2554 37.76 2 0.000

0.28 0.12 0.59 2211.15 5 2225
AE 0.42 0.58 2211.43 4 2226 0.28 1 0.597
CE 0.34 0.66 2212.18 4 2226 1.03 1 0.310

1.00 2233.51 3 2227 22.36 2 0.000
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4. Discussion
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2. Methods

2.1 Participants

2.2 Assessment of liver enzymes
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Table 1

Zygosity by sex groupa twinsb siblings parents spouses

2.3 Statistical analyses
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Figure 2a

Figure 2b

Figure 2c
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4. Discussion
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SUPPLEMENT TO CHAPTER 5

THEGENETIC ARCHITECTURE OF LIVER ENZYME LEVELS: GGT, ALT ANDAST

Statistical analysis of the genetic architecture of liver enzyme levels
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2. Methods

2.1 Participants
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Table 1

Number of participants
Zygosity by sex
group twins brothers sisters fathers mothers

2.2 Measures

5
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2.3 Statistical analyses
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Table 2

Mean (SD)
Males females

3.2 Genetic analysis of alcohol intake with GGT
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Table 4

Cross correlations alcohol intake with GGT
(95% confidence intervals)
Male male Female female Opposite sex
0.169 (0.127, 0.210) 0.093 (0.062, 0.123)
0.140 (0.064, 0.214) 0.072 (0.025, 0.118)
0.007 ( 0.071, 0.084) 0.035 ( 0.084, 0.014) 0.041 ( 0.096, 0.015)
0.015 ( 0.084, 0.054) 0.005 ( 0.040, 0.050) 0.040 ( 0.092, 0.011)a

0.041 ( 0.103, 0.020)b

4. Discussion
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SUPPLEMENT TO CHAPTER 6

THEASSOCIATION OF ALCOHOL INTAKE

WITHGAMMA GLUTAMYL TRANSFERASE (GGT) LEVELS:

EVIDENCE FOR A CAUSAL EFFECT?

Number of participants and reasons for exclusion

Description bivariate genetic analysis
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2. Materials and methods

2.1 Participants

n

n

n

2.2 Phenotyping

2.2.1 Alcohol consumption



                                                   ASSOCIATIONS BETWEEN ADHGENE VARIANTS AND ALCOHOL PHENOTYPES IN DUTCH ADULTS

151 
 

- Daily drinking (last maximum reported)

- Weekly drinking or more (last maximum reported)

- Number of alcoholic drinks per week (last maximum reported)

2.2.2 Age at onset alcohol use

n

n

n

- Age at onset of experimental alcohol use
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- Age at onset of regular alcohol use,

- Age at onset of getting drunk

n

n n

2.2.3 Physical reactions to alcohol

n

Physical reactions to alcohol

2.2.4 Problem drinking liability

Problem drinking liability n

2.3 Genotyping and imputation
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2.4 Statistical analysis
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Table 1

Gene set from SNP
(bpa)

to SNP (bpa) Total no.
of SNPs

No. SNPs
genotyped

No. SNPs
imputed

Meffb

p

p

p

independent

n n

r2

p

p
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p

p

r2

p

p
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p
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n

independent

n n
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3. Results

3.1 Comparison of genotyped sample with random sample

p

3.2 Associations of ADH polymorphisms with alcohol phenotypes

p p

p

Alcohol consumption

Age at onset of alcohol use p

p

p

Physical reactions to alcohol

p p

p

p

p

p p

p
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Table 2

Genotype
sample

Comparison
sample

Test statistic

N 1774 1774 2(1)=.212, p=.645
Yes (%) 1754 (98.9) 1751 (98.7)
N 1565 1750 2(1)=3.235, p=.072
Yes (%) 324 (20.7) 319 (18.2)
N 1565 1750 2(1)=14.306, p<.001*
Yes (%) 404 (25.8) 355 (20.3)
N 1565 1750 2(1)=4.281, p=.039
Yes (%) 1028 (65.7) 1089 (62.2)
N 1565 1750 2(1)=15.830, p<.001*
Yes (%) 1128 (72.1) 1149 (65.7)

N 1550 1736 2(5)=9.367, p=.095
<1 (%) 454 (29.3) 540 (31.1)
1 5 (%) 491 (31.7) 606 (34.9)
6 10 (%) 281 (18.1) 280 (16.1)
11 20 (%) 252 (16.3) 243 (14.0)
21 40 (%) 65 (4.2) 61 (3.5)
>40 (%) 7 (0.5) 6 (.3)
N 1550 1736 2(5)=25.746, p<.001*
<1 (%) 359 (23.2) 485 (27.9)
1 5 (%) 484 (31.2) 591 (34.0)
6 10 (%) 298 (19.2) 307 (17.7)
11 20 (%) 295 (19.0) 270 (15.6)
21 40 (%) 103 (6.6) 72 (4.1)
>40 (%) 11 (0.7) 11 (.6)
N 1384 905 2(4)=13.526, p=.009
<12 (%) 104 (7.5) 38 (4.2)
12 13 (%) 177 (12.8) 101 (11.2)
14 15 (%) 423 (30.6) 277 (30.6)
16 17 (%) 422 (30.5) 300 (33.1)
18+ 258 (18.6) 189 (20.9)
N 1098 698 2(4)=4.268, p=.371
<12 (%) 3 (0.3) 5 (.7)
12 13 (%) 12 (1.1) 7 (1.0)
14 15 (%) 103 (9.4) 55 (7.9)
16 17 (%) 311 (28.3) 184 (26.4)
18+ (%) 669 (60.9) 447 (64.0)
N 624 351 2(1)=4.353, p=.037
<18 (%) 239 (38.3) 111 (31.6)
N 872 512 2(1)=.890, p=.346
Yes (%) 225 (25.8) 144 (28.1)
N 1559 1748 t(3305)= .584, p=.559
M .476 .459
SD .832 .855
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Problem drinking liability

p

Table 5 p

p n

Gene set SNPs Min. pb Adj. pc Emp. pd
.0005 .008 .001*
.0005 .008 .0007*
.053 .658 1f

.025 .253 .182

.039 .436 .332

.038 .666 .449

.003 .091 .151

Table 6 p

p n

Gene set SNPs Min. pb Adj. pc Emp. pd
.054 .831 1f

.053 .842 1f

.028 .347 .224

.022 .222 .169

.021 .235 .202

.067 1 1f

.019 .576 .330
p
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4. Discussion
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2. Materials and Methods

2.1 Participants
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2.2 Genotyping and quality control

p

p

p

2.3 Phenotypes
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2.4 Statistical analyses

2.4.1 Preparatory analyses

Fixed effects of source and sex

GWA

p

p p

Effect of level of pruning on GRM and DE method
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2.4.2 Main analyses

Estimation of SNP based heritability with GRMmethod

Estimation of SNP based heritability with DE method

z

z p

z z

x x
)(xsd
xxz x z

p

z

r2
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Tests for shared SNP effects on liver enzyme levels and alcohol intake
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p

3. Results

3.1 Preparatory analyses

Fixed effects of source and sex

GWA p

p p

p

p
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p

p

Effect of level of pruning on GRM and DE method

proportions

r2

r2

3.2 Main analyses

SNP based heritability based on GRM and DE methods
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Comparison of DE based estimates using the NTR/NESDA GWA results and the GWA meta

analysis results

p



 
   

   
   

 T
ab
le
4

G
G
T

A
LT

A
ST

A
lc
oh
ol

B
M
I

H
ei
gh
t

G
R
M

D
E

G
R
M

D
E

G
R
M

D
E

G
R
M

D
E

G
R
M

D
E

G
R
M

D
E

N
T
R
ab

.1
16

(.1
15
)

.2
61

(.0
35
)

.1
15

(.1
20

)
.3
74

(.0
42

)
.2
44

(.1
20
)

.2
46

(.0
31
)

.1
46

(.1
33
)

.2
87

(.0
33

)
.1
65

(.1
26

)
.2
88

(.0
27
)

.5
07

d

(.1
27

)
.2
63

(.0
28
)

N
ES
D
A
ab

.3
50

(.1
88
)

.3
13

(.0
54
)

.2
09

(.1
88

)
.4
10

(.0
37

)
.3
18

(.1
87
)

.3
25

(.0
48
)

.0
00

(.1
87
)

.3
97

(.0
70

)
.4
16

(.1
94

)
.3
55

(.0
29
)

.4
32

d

(.1
82

)
.4
11

(.0
35
)

N
T
R
+
N
ES
D
A
ab

.1
49

(.0
76
)

.1
68

(.0
22
)

.0
24

(.0
73

)
.1
52

(.0
17

)
.1
27

(.0
74
)

.1
30

(.0
31
)

.1
49

(.0
80
)

.1
48

(.0
24

)
.2
17

d

(.0
78

)
.1
69

(.0
23
)

.5
79

d

(.0
77

)
.2
26

(.0
23
)

Co
n
so
rt
iu
m
m
et
a

an
al
ys
is

cd

.0
79

e

(.0
03
)

.0
47

e

(.0
06

)
.0
99

e

(.0
02
)

.2
58

e

(.0
04
)

%
va
ri
an
ce

ex
p
la
in
ed

b
y
G
W
A
s

2%
f

<1
%

f
<1
%

g
h

1.
5%

i
10
%

j

N
ar
ro
w
se
n
se
h
2

tw
in
fa
m
il
y
st
u
d
y

.3
0
(.2

4
.3
7)

k
.2
9
(.2

4
.3
3)

k
.2
8
(.2

3
.3
4)

k
.2
3
(.1

9
.2
8)

l
.4
0
(.3

7
.4
3)

m
.7
6
(.7

4
.8
0)

m

p



CHAPTER 8

182
 

Shared SNP effects for GGT and alcohol intake

p

Table 5

GRM based DE based
without alcohol
as fixed effect

with alcohol
as fixed effect

without alcohol
as fixed effect

with alcohol
as fixed effect

4. Discussion

4.1 SNP based heritability based on GRM and DE methods
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4.2 Association alcohol intake with liver enzyme levels and shared SNP effects
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4.3 Comparison of liver enzyme results to BMI and height

4.4 Methodological considerations

Pruning
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Difference in DE based estimates from the NTR/NESDA GWA and the GWA meta analysis

results

x log

log log

log
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log log
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4.5 Future research
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2. General discussion

2.1 Genetic risk for alcohol intake levels
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2.2 Genetic risk for increased liver enzyme levels
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2.4 Genetic overlap for alcohol intake with GGT
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2.5 Methodological considerations regarding methods to estimate variance due to SNPs
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2.6 Implications of findings

2.6.1 Recovering the missing heritability for alcohol use and liver enzyme levels
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2.6.2 Directions for therapeutic interventions
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2.7 Future research

2.7.1 Moderation of association between alcohol use and liver enzyme levels

2.7.2 Relation of alcohol use with cardiovascular/metabolic traits



                 SUMMARY AND GENERAL DISCUSSION

219 
 



CHAPTER 9

220 
 

2.7.3 The mechanism underlying the disease associations with GGT not explained by alcohol use

3. Conclusions
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CHAPTER 10

NEDERLANDSE SAMENVATTING:

GENETICA VAN ALCOHOLGEBRUIK EN LEVERENZYMEN

(DUTCH SUMMARY)
1. Alcoholgebruik en gezondheid
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2. Leverenzymen als markers voor leverschade
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3. Alcoholgebruik en de relatie tot leverenzymen

4. Onderzoeksvragen
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5. Onderzoeksmethodologie
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9. Conclusies
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