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Abstract

Background and aims—An early age of alcohol initiation (AAI) is associated with and has

been hypothesized to be a cause of alcohol use disorders (AUD) in adulthood. Results from twin

studies, however, indicate that AAI is an indicator of risk for AUD. We aimed to test a causal

hypothesis vs. a risk indicator hypothesis for the relationship between early AAI and AUD.

Design—A population-based twin study using biometric twin modelling.

Setting—Norway.

Participants—A population-based sample of 1336 Norwegian twins.

Measurements—Lifetime DSM-IV AUDs were assessed by structured clinical interview, and

AAI by questionnaire.

Findings—The risk indicator model in which the association between AAI and AUD was

explained by common vulnerability was the best fit to the data. The heritability was 37% (95%CI

21%, 53%) for AAI and 62% (95%CI 51%, 73%) for AUD. Genetic risk for AAI accounted for

44% (95%CI 17%, 71%) of the total genetic risk for AUD, and the correlation between genetic

factors for AAI and AUD was −0.66 (95%CI −0.87, −0.46). Individual-specific environmental

risk for AAI explained only 1% (95%CI 0%, 3%) of the risk for AUD. Shared environmental

factors did not influence AUD, but accounted for 25% (95%CI 7%, 35%) of the variance in AAI.

Conclusions—The association between early age of alcohol initiation and alcohol use disorders

in later life does not reflect a causal relationship, but is almost entirely due to common genetic risk

factors.
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Introduction

Individuals who initiate alcohol use at an early age are at increased risk for problem drinking

and DSM-IV alcohol use disorders (AUD) (i.e. alcohol abuse or dependence) in adolescence

and adulthood (1–14). There is, however, a lack of agreement regarding the interpretation of

these findings. One hypothesis is that the association between early age at alcohol initiation

(AAI) and AUD is due to a direct causal link, i.e. that AAI is a risk factor for developing

AUD (4, 9, 14, 15). However, an alternative hypothesis based on findings from studies using

genetically informative data has been proposed, suggesting that the relationship results from

common factors that influence both AAI and AUD (16). From a public health point-of-view,

the first hypothesis would support preventive interventions for AUD aimed at delaying AAI.

By contrast, the second would predict that such an intervention would have no effect given

that it would not reduce the underlying factors influencing AUD.

By using genetically informative data like samples from twins, it is possible to estimate the

relative contribution of genetic and environmental factors on individual variations in

behavior, traits, and disorders (17). It is also possible to test whether the association between

two phenotypes is due to a direct causal effect or the result of common underlying genetic or

environmental factors (18).

Twin studies have demonstrated that while AAI is influenced by genetic factors,

environmental factors shared by family members, and environmental factors specific to each

individual (18–21), AUD is more strongly influenced by genetic factors and, to a lesser

extent, by environmental factors shared by family members (21, 22). The heritability of

DSM-IV AUD, i.e. the proportion of the observed variance attributable to genetic factors,

has been estimated as 50–60% (22–28) and greater than 70% when diagnostic

misclassification is considered (29). Results from previous studies using different twin

methods indicate that the association between AAI and AUD is due to common genetic

factors (16, 18, 30–32).

It is important to replicate these findings, which have significant implications for designing

preventive strategies. We do that here in an independent sample with a narrower age range

(17 years) than those in previous studies (18, 30, 32) (weighted range, 25.2 years) and

thereby reduce the risk of cohort effects. Random measurement error, which could deflate

estimates of individual-specific environmental factors common to AAI and AUD, will also

be considered. While earlier twin studies explored whether there are both common genetic

and environmental factors for AAI and AUD, no study to date has applied a model-fitting

approach akin to the comorbidity models described by Neale and Kendler (1995) (33, 34).

The advantage of the Neale and Kendler comorbidity models is that a comprehensive set of

possible reasons for the comorbidity between disorders can be tested. In the current study we

specifically want compare the fit of the “Correlated Liabilities” model and the “A causes B”

model of the Neale and Kendler comorbidity models (34).

The aim of the current study is to use data from a population-based sample of young adult

male and female twins to test whether the association between AAI and AUD is best

explained by a causal or risk indicator mechanism.
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Methods

Sample

Study participants came from the Norwegian Institute of Public Heath Twin Panel

(NIPHTP) (35, 36). The Norwegian Medical Birth Registry, which contains information

about all births in Norway since January 1, 1967, was used to identify twins in the general

population. In 1998, a questionnaire was sent to all twins born in Norway between 1967 and

1979. Altogether, 12,700 twins received the questionnaire, and 8,045 responded after one

reminder. This included 3,334 complete pairs and 1,377 single responders.

Data for the present report come from a population-based study of psychiatric disorders in

Norwegian twins recruited from the NIPHTP (35, 37–39). Between 1999 and 2004, Axis I

and Axis II psychiatric disorders were measured using structured clinical interviews in twins

born between 1967 and 1979. Participants were recruited among the 3,153 complete pairs of

twins who responded to the questionnaire and agreed to participate in an interview study,

and 68 pairs of twins drawn directly from the NIPHTP. Of these 3,221 eligible pairs, 0.8%

were unwilling or unable to participate, and in an additional 16.2% of pairs only one twin

responded to the interview invitation. Altogether, 2,801 twins were assessed with structured

interviews for Axis I and Axis II disorders. Of these, 2,794 responses were valid; 128

respondents were from twin pairs where one or both members had not yet initiated alcohol

use. These cases were excluded from further analyses. The final sample consisted of 208

monozygotic (MZ) and 113 dizygotic (DZ) pairs of male twins, 430 MZ and 255 DZ pairs

of female twins, 324 opposite-sex twin pairs, and 6 single responders. The mean age of

participants was 28.7 (range, 19–36) years. Zygosity was determined by a combination of

questionnaire items and genotyping. The misclassification rate was estimated at less than

1.0%, which is unlikely to substantially bias the results (40).

Measurements

To measure AAI, we used an item from the 1998 questionnaire where participants were

asked how old they were when they felt influenced by alcohol for the first time.

Life-time DSM-IV AUD were assessed using the Composite International Diagnostic

Interview (CIDI), developed by the World Health Organization. The CIDI has a good test-

retest and inter-rater reliability (41, 42). We used a Norwegian version of the Munich-CIDI

(43). Alcohol dependence was assessed independently of alcohol abuse so a participant

could be positive for both. The respondents were asked questions about their alcohol use

before entering the AUD module of the CIDI. We used two alcohol use items to model AUD

as a problem continuum (44). Binge drinking was defined as consuming five or more units

of alcohol on a single occasion. Participants were asked how often this occurred. The binge

drinking item measured current binge drinking. The second alcohol use item concerned life-

time high alcohol consumption (“Have there been periods of your life when you have

consumed too much alcohol”). The response alternatives for this item were: no (0), maybe

(1), and yes (2).

Interviewers were mostly psychology students in the final part of their training, and

experienced psychiatric nurses. They attended a standardized CIDI training program
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administered by teachers certified by the World Health Organization, and were closely

followed up individually during the whole data collection period. The interviews were

largely conducted face-to-face. For practical reasons, 231 interviews (8.3%) were done by

telephone. Each twin in a pair was interviewed by a different interviewer.

Approval was received from The Norwegian Data Inspectorate and the Regional Ethical

Committee, and written informed consent was obtained from all participants after the study

was completely described to them.

Statistical analyses

We tested for sex differences in the mean AAI using an independent sample t-test. To

calculate male/female risk ratios and chi-square-based confidence intervals, we used “tables

for epidemiologists” in STATA. Risk ratios for each category of the ordinal variables were

calculated separately.

We used an item response theory (IRT) model for AUD, allowing life-time DSM-IV alcohol

abuse, alcohol dependence (without the alcohol abuse criterion), binge drinking frequency,

and self-perceived life-time high alcohol consumption to be indicators. The IRT model is a

confirmatory factor analysis parameterized using a logit link function where the indicators

are categorical variables and the latent variable has a mean of zero and a variance of unity.

AAI was kept on a continuous scale with age as integers. To estimate the root mean square

error of approximation (RMSEA) (45) and the confirmatory fit index (CFI) (46) for the IRT-

model on AUD, we used the WLSMV-estimator in Mplus 6.11 (47). RMSEA values of 0.06

or less and CFI values of 0.95 or more indicate a close fit to the data (48). We used the latent

AUD factor in all the following twin analyses and estimated the biometric twin models

using full information maximum likelihood for categorical data.

In the classical twin model, individual differences in risk are assumed to originate from three

latent causal sources: additive genetic risk; shared environmental factors, comprising all

environmental factors contributing to similarity in twins; and individual-specific factors,

comprising all environmental exposures not shared by twins. Because MZ twins share all the

same genes and DZ twins share on average 50% of the same genes by descent, additive

genetic factors contribute twice as much to phenotypic similarity in MZ twins as in DZ

twins. By definition, MZ and DZ twins share all of their common environmental factors and

none of their individual-specific environmental factors. Individual-specific environment

contributes to make MZ twins truly different. Measurement error makes MZ twins appear

different when they are not. Measurement error is therefore confounded with individual-

specific environment. In the current study, we modelled AUD as a latent variable. Latent

variables are without random measurement error; hence, individual-specific environmental

influences on the AUD latent variable provide a more accurate estimate of the true size of

individual-specific environmental factors for AUD in the population. The latent AUD

variable, and thus individual-specific environmental influences on the latent AUD variable,

could still comprise measurement error common to all indicators, such as error associated

with occasions of measurement or error associated with the interviewer.
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We compared two types of bivariate twin models to test whether AAI influences AUD

directly, i.e. as a risk mediator or indirectly, i.e. as a risk indicator for AUD (17). If AAI is

directly related to AUD, then the genetic and environmental risk for AUD should be

mediated through AAI (Figure 1a, causal model) (17). If AAI is an indicator of genetic or

environmental risk for AUD, then the effects should not be mediated, but rather have an

effect directly from common genetic and environmental factors for AUD (Figure 1b, risk

indicator model). In the first model, there is a direct causal relationship between AAI and

AUD as indicated by the arrow (b) in Figure 1a. All covariance between additive genetic,

shared environmental, and individual-specific environmental factors for AAI and AUD is

mediated through AAI (Figure 1a). In the second model (Figure 1b), AAI and AUD share

underlying factors indicated by the arrows ac, cc, and ec. There is no direct relationship

between the two, and AAI is therefore an indicator of risk (Figure 1b). While three

parameters are used in the risk indicator model to represent the association between the two

phenotypes, only one parameter is used in the causal model. According to the principle of

parsimony, the causal model should be favored above the risk indicator model if there is no

significant difference in fit to the data. We used Akaike’s information criterion, an index of

parsimony, calculated as Δχ2-2Δdf (49), to select between the two competing models. To the

best of our knowledge, no prior twin studies have directly compared a model specifying a

direct relationship between AAI and AUD and a model where the association between AAI

and AUD is explained by common underlying genetic and environmental factors.

We estimated the biometric twin models by full information maximum likelihood using the

Mplus statistical software, version 6.11 (47).

Results

AAI did not differ across the sexes, with an average (S.D.) of 16.3 (2.05) years and 16.1

(2.12) years for females and males, respectively. However, men had a significantly higher

prevalence of all indicators of AUD, with female/male risk ratios between 1.27 and 4.10

(Table 1). The prevalence of life-time DSM-IV alcohol dependence and abuse was 4.1% and

3.3% for women, and 11.0% and 11.3% for men, respectively. Among men, 8.6% had

episodes of binge drinking in which they consumed five or more units of alcohol 1–2 times

weekly. The corresponding figure for women was a quarter of that of men (2.1%). While

17.1% of men reported drinking too much at some point in their lives, only 10.7% of women

admitted the same.

The IRT-model on AUD had a good fit to the data, with a RMSEA of 0.049 (90%CI 0.028 –

0.074) and a CFI of 0.994. The IRT-analysis uncovered moderate to high reliability for the

four indicators of AUD (Table 2). The standardized factor loadings were excellent for DSM-

IV alcohol dependence and abuse (0.95 and 0.83), indicating that the latent factor is a valid

measure of AUD, and moderate for binge drinking and self-perceived life-time alcohol

abuse (both 0.65).

In preliminary univariate analyses, we found no qualitative or quantitative sex effects for

AAI or AUD. The DZ opposite-sex twin pairs genetic correlation was therefore fixed to 0.5

in the subsequent multivariate models. We proceeded by estimating the additive genetic,
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shared environmental, and individual-specific environmental parameters as being equal in

males and females. Next, in the preliminary univariate analyses, we tested separately for

redundancy of the additive genetic, shared environmental, and individual-specific

environmental factors for AAI and AUD. The shared environmental factor for AUD was

estimated as zero and could be dropped from the model without reducing model fit. The

remaining additive genetic, shared environmental, and individual-specific environmental

factors all contributed to the model fit.

In the bivariate analyses, we first fitted the full bivariate risk indicator model (Table 3;

Model #1). The AUD-specific shared environmental factor (cd path) could, as in the

preliminary analysis, be dropped from the model (Table 3; Model #2). We then successively

tested whether the common additive genetic, shared environmental, and individual-specific

environmental paths could be dropped, respectively (Figure 1b, ac, cc, and ec). The common

shared environmental path could be eliminated (Table 3; Model #4), but the common

additive genetic and individual-specific environmental paths could not be removed without

reducing the model fit (Table 3; Models #3 and #5). We tested the causal model (Figure 1a,

Table 3; Model #6). This model had an inferior fit compared with the best-fitting risk

indicator model (Table 3; Model #4). The parameter estimates for this model are shown in

Figure 2. The negative cross loadings in Figure 2 mean that the younger the AAI, the greater

the risk for AUD. The squared pathway coefficients indicate the proportion of variance

accounted for. The heritability of AAI was found to be 34% (0.582). Twenty-five percent of

the variance was accounted for by shared environmental and 44% by individual-specific

environmental factors (Figure 2). Figure 3a shows the same results in a pie diagram. The

total heritability for AUD was 62%. Figure 3b shows that this includes genetic risk specific

to AUD (35%) and genetic risk shared in common with AAI (27%). Genetic factors for AAI

accounted for 44% of the total genetic risk for AUD. Individual-specific environmental risk

for AAI, however, explained only 1% of the risk for AUD (Figure 3b), and accounted for

3% of the total individual-specific environmental influence on AUD. The correlation

between the genetic factors for AAI and the genetic factors for AUD (i.e. the genetic

correlation) was −0.66. The corresponding individual-specific environmental correlation

was −0.18.

Discussion

We found that the association between AAI and AUD could best be accounted for by

common underlying genetic factors. This is in accordance with findings from previous twin

studies using different approaches (16, 18, 30–32). The specific hypothesis postulating a

direct causal effect on AUD was not supported in data from young adult twins from the

general population. According to the best fitting risk indicator model, AUD was 62%

heritable, and almost half of the total genetic risk for AUD could be explained by genetic

factors common to AAI, as reflected in the high genetic correlation (−0.66). These results

are similar to those reported by Sartor et al. (18) where the heritability of alcohol

dependence was 0.53 and the correlation between genetic factors for first alcohol use and

alcohol dependence was 0.59. Agrawal et al. (21) also found the genetic factors for AUD

and AAI to be substantially correlated (0.50 to 0.95). Our results indicate that AAI is a good

indicator of genetic risk for AUD in young adulthood. Environmental factors for AAI
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proved to be trivial risk factors for AUD. Specifically, shared environmental factors for AAI

did not increase the risk for AUD, and individual-specific environmental factors for AAI

explained only 1% of the total risk for AUD.

Common genetic and environmental factors for age of alcohol initiation and alcohol use
disorders

Recently, Kendler et al. (50) suggested a comprehensive model for AUD focusing on

adolescent alcohol use as a precursor for AUD. In a model comprising a range of genetic/

temperamental and familial/social factors, they found that alcohol use between ages 15 and

17 years could best be predicted by peer group deviance, alcohol availability, and concurrent

conduct disorder. All the former three predictors at this age are somewhat influenced by

shared environmental factors (24, 51, 52), and this fits well with our finding that shared

environmental factors are of importance for AAI. In the study by Kendler et al. (50), AUD,

on the other hand, was, in addition to adolescent alcohol use, best predicted by genetic risk

of alcoholism, early onset anxiety disorder, and conduct disorder between ages 15 to 17

years. In prospective cohort studies, the association between early onset of drinking and

AUD disappeared after adjusting for family alcoholism history, parental drinking, and

conduct problems (53–55). Seen together with findings from multivariate studies of

psychiatric comorbidity (24, 56), this indicates that while the common genetic risk for AAI

and AUD is shared with a genetic risk for externalizing disorders, specific genetic and

environmental risks for AUD could also partly reflect risk for early onset internalizing

disorders. Future longitudinal studies investigating the association between AUD and onset

of internalizing disorders in young adulthood would therefore be of interest.

Implications

If early AAI is not directly causally related to AUD in adulthood, public health programs

aimed at postponing the onset of alcohol use, although good for several reasons, will not be

successful in preventing later development of AUD. However, we found that early AAI is a

strong indicator of genetic liability to AUD, which could be relevant for designing

preventive programs. We also found that environmental factors for AAI and AUD were

more or less distinct. This indicates that interventions only targeting adolescent

environmental factors impacting on AAI will not likely succeed in preventing the

development of AUD. However, if AAI is a moderator of the effect of genetic factors, as

found by Agrawal et al. (21), an early age of the first drink may enhance the expression of

genes associated with AUD. This suggests that AAI is a modifiable factor requiring further

consideration.

Strengths and Limitations

The present study has three main methodological strengths compared with previous studies.

First, it was performed in a large population-based sample using structured interviews for

the AUD diagnoses. Second, by using latent variable modelling for AUD, we were able to

distinguish true individual-specific environmental factors for AUD from measurement error.

Life-time DSM-IV AUD contributed most to the AUD latent variable, and the self-report

measures of present binge drinking and self-perceived life-time high alcohol consumption

contributed to a lesser degree. Since the IRT-model had a good fit to the data, the residual
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variance for the two latter self-report items was assumed to reflect random error. A life-time

measure of binge drinking, which was not available, could have strengthened the study.

Third, unlike previous twin studies, which used either the co-twin control method (30, 32) or

a single risk indicator model (Choleskey decomposition) (18), we directly compared both a

causal and a risk indicator model, which enabled us to determine which best fit the data.

Our results should, however, be interpreted in the context of four potential methodological

limitations. First, our sample consisted of young adult Norwegian twins, and these results

may not be generalizable to other populations. Although our results are similar to those

found in an Australian population with a wider age range (18), the fact that the young adults

in our sample could still develop AUD later on might underestimate familial effects. Second,

substantial attrition was observed in this sample from the birth registry through three waves

of contact. We report detailed analyses of the predictors of non-response across waves

elsewhere (57). Briefly, cooperation was strongly predicted by female sex, monozygosity,

and higher educational status. Cooperation was not predicted by symptoms of psychiatric

disorders. Females have a lower risk for AUD. Therefore, our total sample might be

constrained in variance of risk factors for AUD. Third, although we did not find any

indications of sex differences in the genetic and environmental influences on AAI and AUD,

some, but not all, previous studies have identified such differences (27, 58). If there were

true unidentified sex differences in etiology, such as higher heritability in males, our

heritability estimates would be downward biased for males and upward biased for females.

Finally, it is important to point out that there are a number of inherent limitations in all twin

studies using symptom-based data. Our models deal with latent liability factors rather than

measurable factors. The methods that are being used can offer only a crude approximation of

the likely true underlying genetic and environmental structure.
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Figure 1.
Causal risk mediator model (a) and risk indicator model (b) for the association between age

of alcohol initiation (AAI) and alcohol use disorders (AUD). Squares denote observed

variables (i.e. AAI). Circles denote latent variables. AUD was modelled as a latent variable

(not shown). Model (a) is a mediation model, where there is a direct causal relationship

between AAI and AUD as indicated by the arrow (b). All covariance between additive

genetic, shared environmental, and individual-specific environmental risk factors for AAI

and AUD is mediated through AAI. In model (b), AAI and AUD share underlying risk

factors indicated by the arrows ac, cc and ec. There is no direct causal relationship between

the two, and AAI is therefore an indicator of risk.
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Figure 2.
The estimated path coefficients with 95% confidence intervals for the best-fitting risk

indicator model. All paths denote standardized factor loadings. Squares denote observed

variables (i.e. AAI). Circles denote latent variables. AUD was modelled as a latent variable,

but for simplicity the results for the measurement part of the model are shown in Table 2.
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Figure 3.
Percentage of variance explained in age of alcohol initiation (AAI) and alcohol use disorders

(AUD) by genetic, shared environmental, and individual-specific risk factors.
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Table 1

Descriptives on age of alcohol initiation and indicators of alcohol use disorders in 2666 young adult twins

from a population-based twin study.

Females Males Female/male risk ratio (95%CI)

Age of alcohol initiation, years 16.3 (2.12)a 16.1 (2.06)a -

Life-time DSM-IV alcohol dependence 4.1% (69)b 11.0% (106)b 2.71 (2.02 – 3.63)

Life-time DSM-IV alcohol abuse 3.3% (56) 11.3% (108) 3.41 (2.49 – 4.66)

Binge drinking (5+ units)

 0–12 times per year 83.1% (1396) 66.4% (632) 0.80 (0.76 – 0.84)

 2–4 times per month 14.8% (249) 25.0% (238) 1.69 (1.44 – 1.98)

 1–2 times per week or more often 2.1% (35) 8.6% (82) 4.10 (2.88 – 6.37)

Self-perceived life-time high alcohol consumption

 No 80.0% (1346) 71.2% (676) 0.89 (0.85 – 0.93)

 Maybe 9.3% (157) 11.8% (112) 1.26 (1.01 – 1.58)

 Yes 10.7% (180) 17.1% (162) 1.59 (1.31 – 1.94)

a
Mean and SD (all such values).

b
Percentage and frequency (all such values).
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