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Summary
Background The role of alcohol use in the development of depression is unclear. We aimed to investigate whether 
alcohol dependence, but not high frequency or quantity of consumption, during adolescence increased the risk of 
depression in young adulthood.

Methods In this prospective cohort study, we included adolescents who were born to women recruited to the Avon 
Longitudinal Study of Parents and Children in Avon, UK, with delivery dates between April 1, 1991, and Dec 31, 1992. 
Alcohol dependence and consumption were measured at about age 16 years, 18 years, 19 years, 21 years, and 23 years 
using the self-reported Alcohol Use Disorders Identification Test, and at about age 18 years, 21 years, and 23 years 
using items corresponding to DSM-IV symptoms. The primary outcome was depression at age 24 years, assessed 
using the Clinical Interview Schedule Revised. Analyses were probit regressions between growth factors for alcohol 
dependence and consumption and depression, before and after adjustments for confounders: sex, housing tenure, 
maternal education, maternal depressive symptoms, parents’ alcohol use, conduct problems at age 4 years, being 
bullied from age 12–16 years, and frequency of smoking cigarettes or cannabis. Adolescents were included in analyses 
if they had data from at least one timepoint for alcohol use and confounders.

Findings We included 3902 adolescents (2264 [58·0%] female; 1638 [42·0%] male) in our analysis, and 3727 (96·7%) 
of 3853 participants with data on ethnicity were White. After adjustments, we found a positive association between 
alcohol dependence at 18 years of age (latent intercept) and depression at 24 years of age (probit coefficient 0·13 
[95% CI 0·02 to 0·25]; p=0·019), but no association between rate of change (linear slope) and depression (0·10 
[–0·82 to 1·01]; p=0·84). There was no evidence of an association between alcohol consumption and depression 
(latent intercept probit coefficient –0·01 [–0·06 to 0·03]; p=0·60; linear slope 0·01 [–0·40 to 0·42]; p=0·96) after 
adjustments.

Interpretation Psychosocial or behavioural interventions that reduce the risk of alcohol dependence during 
adolescence could contribute to preventing depression in young adulthood.

Funding UK Medical Research Council and Alcohol Research UK (grant number MR/L022206/1).

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Depression is among the top five contributors to the 
global burden of disease.1 Incidence increases sharply 
around age 13 years in girls and 16 years in boys and 
continues to rise into young adulthood, with steeper 
increases among girls.2 There is evidence that rates of 
adolescent depression are rising in several high-income 
countries.3 Improving the understanding of modifiable 
risk factors is a priority to inform primary prevention.

Alcohol consumption has fallen among adolescents in 
most high-income countries in the past 20 years, but this 
has not led to a reduction in alcohol-related harms among 
young adults.4 Variation is seen across countries,5 but in 
the UK, alcohol use increases sharply between age 15 and 
18 years (with limited evidence of gender differences),6 
stabilises, and then decreases slightly by age 22 years.7 
Alcohol use and depression are frequently comorbid, but 

less is known about the direction of association. According 
to self-medication theory,8 people with depression often 
use alcohol to cope with negative emotions. Some 
evidence suggests that during adolescence, depressive 
symptoms are associated with subsequent increases in 
alcohol use.9 However, adolescent alcohol use might also 
precede depressive symptoms. Alcohol use might lead to 
adverse social, psychological, and physical outcomes that 
increase the risk of subsequent depression, but the 
potential influence of different patterns of alcohol use on 
the risk of depression remains unclear.

Theory and evidence support a distinction between 
alcohol consumption (frequency and quantity of use) and 
problem use or alcohol use disorders. Various definitions 
and categorisations of problem use exist, but alcohol 
dependence is the most severe, rates of which start to 
increase around age 16 years.10 Compared with other 
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excessive drinking behaviours, alcohol dependence could 
be particularly important as a risk factor for depression. 
In addition to physical, psychological, and social 
consequences, alcohol dependence could affect 
monoamine reward pathways that potentially contribute 
to addiction and depression.11 Conversely, high frequency 
and quantity consumption of alcohol might not increase 
the risk of depression because they are often associated 
with social contact and reflect social norms. Alcohol 
dependence, but not high frequency or quantity of 
consumption, might therefore increase the risk of 
subsequent depression, which would have implications 
for public health interventions.

Most studies of alcohol use and depression have 
been done in adults.12 In one systematic review of 
longitudinal studies, only six of 42 studies were of 
adolescents.12 This review found evidence that alcohol 
use disorders, including dependence, increased risk of 
subsequent depression.12 However, any association with 
frequency and quantity of consumption appeared to be 
due to confounding. Only 50% of studies were rated as 
high quality, and the findings are unlikely to generalise 
to adolescents.

Among adolescents, studies of whether alcohol 
dependence increases risk of subsequent depression have 
several limitations, and evidence on frequency and 

quantity of consumption is inconsistent. Several studies 
have found evidence of positive associations between 
adolescent alcohol misuse or dependence and subsequent 
depression.13,14 However, all of these studies were 
conducted in New Zealand or the USA. Some studies 
used lifetime measures of alcohol misuse or dependence, 
increasing risk of recall bias.13 One systematic review of 16 
longitudinal studies during adolescence found that 
higher frequency and quantity of alcohol consumption 
were associated with increased risk of depression.13 
However, the quality of studies was low, with few adjusting 
for pre-existing depression and potential confounders.13

Another limitation of research on alcohol use and 
depression among adolescents is that most participants 
were born during the 1970s or early 1980s. Patterns of 
alcohol use have changed among young people,4 and 
evidence from more contemporary samples would 
inform future public health policy. Additionally, findings 
from more recent studies are inconsistent with earlier 
findings. Two studies of adolescents born in the 1990s15,16 
found no longitudinal evidence of associations between 
alcohol consumption, misuse, or dependence and 
subsequent depression.

Few studies have tested the hypothesis that alcohol 
dependence, but not consumption, during adolescence 
increases the risk of depression during young 

Research in context

Evidence before this study
We searched PubMed, the American Psychological 
Association, PsycInfo, PsycArticles, and CINAHL databases for 
studies published in English from database inception to 
Nov 30, 2022, that investigated alcohol use and depression in 
adolescents and young adults, using the approved medical 
subject headings terms “alcohol” and “depressive disorders, 
major”. We also manually searched reference lists of identified 
studies. Previous studies on whether alcohol dependence 
during adolescence increased the risk of subsequent 
depression had several limitations, and evidence on the 
frequency and quantity of alcohol consumption was 
inconsistent. Most studies were done in New Zealand or the 
USA, some used lifetime measures of alcohol use, which 
increases the possibility of recall bias, and few adjusted for 
pre-existing depression and other potential confounders. 
Most studies were of people born in the 1970s or early 1980s, 
but patterns of alcohol use have changed among young 
people. Findings from more recent studies of young people in 
the 1990s are inconsistent with earlier findings. Few studies 
tested the hypothesis that alcohol dependence, but not 
consumption, during adolescence increases the risk of 
depression during young adulthood. The effects of alcohol 
dependence and consumption at different timepoints during 
adolescence, and the rate by which they increase, is poorly 
understood but could inform the timing of public health 
interventions.

Added value of this study
In a large population-based sample of young people born in 
England in 1991–92, we examined change in alcohol 
dependence and consumption from age 16 years to 23 years— 
a developmental period when average alcohol use increases 
rapidly. We found evidence of a positive association between 
alcohol dependence at 18 years of age and depression at 24 years 
of age. We found no evidence that frequency or quantity of 
consumption was associated with depression, although we did 
not directly compare dependence and consumption.  

Implications of all the available evidence
Alcohol dependence increases the risk of depression in 
adolescents, but high frequency and quantity of alcohol 
consumption in the absence of dependence might not. 
Preventing alcohol dependence during adolescence, or 
potentially treating it early, could therefore reduce the risk of 
future depression in young adults, which could have important 
public health implications. However, heavy alcohol 
consumption is likely to precede dependence. High frequency 
and quantity of alcohol consumption therefore remains 
important to prevent or reduce during adolescence, especially 
given its associations with other harms, such as injury and 
antisocial behaviour. Public health interventions to prevent 
depression among young people could target subthreshold 
levels of alcohol dependence, which are likely to involve high 
frequency and quantity of consumption.
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adulthood. One review explored whether severity of 
alcohol use influenced associations with depression 
during adolescence or young adulthood.14 There was 
some evidence of stronger associations with alcohol use 
disorders than with consumption. However, that review 
was narrative and did not report a quality assessment, 
although most studies were cross-sectional. There is 
some evidence that alcohol misuse and dependence are 
positively associated with depression, whereas high 
levels of consumption decrease risk.17–20 However, these 
studies were cross-sectional,17 small,20 or had minimal 
adjustment for confounders.18 These studies did not 
investigate dependency, which, as the most severe end 
of the spectrum, might confound associations with 
consumption. Effects of alcohol dependence and 
consumption at different timepoints during adolescence, 
and the rate by which they increase, are also poorly 
understood and could have implications for public health 
interventions.

We aimed to examine change in alcohol dependence 
from ages 16 to 23 years—a developmental period when 
average alcohol use increases rapidly. We investigated 
whether higher levels of alcohol dependence (at age 
18 years) or a more rapid increase across a short period 
(rate of change) were associated with depression at age 
24 years, and we investigated alcohol consumption to test 
the hypothesis that dependence, but not consumption, 
increases the risk of subsequent depression.

Methods 
Study design and participants 
In this prospective cohort study, we included participants 
of the Avon Longitudinal Study of Parents and Children 
(ALSPAC), which examined genetic and environmental 
determinants of health and development. ALSPAC 
recruited pregnant women resident in Avon, UK, with 
delivery dates between April 1, 1991, and Dec 31, 1992. 
Of 14 541 pregnancies, there were 14 676 foetuses, 
14 062 livebirths, and 13 988 children alive at age 1 year. 
Parents and children were followed up regularly via 
questionnaire and clinic assessments. Data from 2014 
were collected using REDCap electronic data capture 
tools hosted at University of Bristol (Bristol, UK).21 
Further details on sample characteristics and 
methodology have been described previously,22–24 and 
detailed information can be found on the study website. 
Information on all available data can be found in the fully 
searchable data dictionary. Written informed consent 
was obtained from all mothers, and ethical approval was 
obtained from ALSPAC Ethics and Law committee 
(IRB00003312) and Local Research Ethics Committees. 
The ethics committee approved questionnaires and clinic 
testing protocols, including methods of gaining consent.

Measures 
The self-report Alcohol Use Disorders Identification Test 
(AUDIT) was completed by adolescents at about age 

16 years, 18 years, 19 years, 21 years, and 23 years. Data 
were collected during computer-based assessments 
within clinics at about age 18 years and via questionnaires 
at about age 16 years, 19 years, 21 years, and 23 years. The 
AUDIT has high validity and reliability.25 We used the 
continuous consumption subscale (AUDIT-C), summing 
responses to the first three items, with a range of 0–12 
(where 0 indicates no use and 12 is the highest result for 
frequency and quantity of consumption). Alcohol 
dependence was assessed using four AUDIT items (at 
about age 16 years, 18 years, 19 years, 21 years, and 
23 years) supplemented by seven items corresponding to 
DSM-IV symptoms (at about age 18 years, 21 years, and 
23 years only), all with response options of never, less 
than monthly, monthly, weekly, daily, or almost daily, 
with a range of 0–28 (where 0 indicates no symptoms of 
dependence and 28 represents the most severe 
dependence).

We selected confounders based on existing evidence 
and theoretical assumptions. To avoid variables that could 
be on the causal pathway, we selected con founders from 
the same timepoint as our first alcohol exposure variable 
or earlier. Confounders included sex, housing tenure, 
maternal education, maternal depressive symptoms 
(assessed with the ten-item Edinburgh Postnatal 
Depression Scale), parents’ alcohol use (assessed with a 
questionnaire sent to mothers and their partners), 
conduct problems at age 4 years (assessed with the five-
item conduct problems scale of the Strengths and 
Difficulties Questionnaire completed by mothers when 
children were age 4 years), being bullied (at age 16 years, 
adolescents answered questions on experiences of being 
bullied since age 12 years as yes or no), and frequency of 
smoking cigarettes or cannabis (at age 16 years, 
adolescents answered questions about the use per week). 
Parent alcohol use represents any parental problematic 
alcohol use between birth and child age 11 years. Parental 
problematic alcohol use was measured on multiple 
occasions from the child’s birth to age 11 years with 
questionnaires sent to mothers and their partners asking 
whether problematic alcohol use had occurred since the 
last assessment. Any positive endorsement from either 
parent of alcoholism or alcohol problems across the first 
11 years of the child’s life was coded as positive for parental 
problematic alcohol use. Further detail on confounders 
and their measurement is in the appendix (p 1). We 
adjusted for depressive symptoms at age 16 years (the 
closest timepoint to the start of alcohol growth curves), 
using the 13-item Short Mood and Feelings Questionnaire 
(range 0–26, with  higher scores representing more severe 
symptoms).26 We did not adjust for depressive symptoms 
between age 17 years and 24 years because we assumed 
that these were part of the causal pathway.

Outcomes 
The primary outcome was depression at age 24 years. 
We used the Clinical Interview Schedule Revised 

See Online for appendix 

For the study website see http://
www.bristol.ac.uk/alspac

For the data dictionary see 
http://www.bris.ac.uk/alspac/
researchers/data-access/data-
dictionary
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(CIS-R) at age 24 years. CIS-R is a self-administered 
computerised clinical assessment that assesses the 
presence and severity of common mental disorder 
symptoms during the past week.27 The CIS-R generates 
ICD-10 diagnoses, symptom scores for each common 
mental disorder, and a total score.27 Depressive symptom 
scores range from 0 to 21, with scores of 11 or more 
approximating clinically significant depression. We 
used the binary variable for depression at the age of 
24 years because depressive symptoms were highly 
positively skewed. The CIS-R has high reliability and 
validity, is freely available, and is widely used in 
population-based surveys, taking approximately 15 min 
to complete.27 The CIS-R has been translated and 
validated in other settings.

Statistical analysis 
We estimated quadratic latent growth curves to capture 
non-linear change in consumption and dependence from 
the age of 16 years to 23 years. Time was measured in 
years and centred at age 18 years (chosen because it 
corresponds to the legal age of drinking in the UK and 
because we had the full set of dependence items at age 
18 years). There was minimal variability in quadratic 
factors for dependence and consumption; therefore, 
variance in both models (and covariance with intercept 
and slope) was constrained to zero.7 Fit was evaluated by 
examining residuals for mean and covariance structure, 
and the final model was evaluated using summary 
measures including root mean square error of 
approximation (RMSEA; with values of ≤0·05 indicating a 
good fit), comparative fit index (CFI; with values of ≥0·90 
indicating a good fit), and standardised root mean residual 
(SRMR; with values of ≤0·08 indicating a good fit).

For alcohol consumption, we estimated a first-order 
quadratic latent growth curve using repeated measures 
of an established scale, AUDIT-C (appendix p 2). For 
alcohol dependence, given that the seven DSM-IV items 
were not assessed at every timepoint, dependence was 
modelled as a latent variable. Ordinal alcohol dependence 
items at each timepoint were used as indicators for an 
underlying latent variable, and change was modelled 
using a second-order quadratic latent growth curve to 
allow us to include additional items at age 18 years, 
21 years, and 23 years.28 The mean of the latent intercept 
was fixed to zero to identify the model. A fully invariant 
confirmatory factor analysis (loadings and thresholds for 
dependence items fixed to equality over time) was 
performed using steps outlined in Mplus (version 7.1), 
Language Addendum.29 Summary fit indices indicated 
that a fully invariant model was acceptable (RMSEA=0·02, 
CFI=0·97, and SRMR=0·07); therefore, longitudinal 
measurement non-invariance was not examined further 
(figure 1; appendix p 3).

Associations between alcohol growth factors and 
depression were examined in separate models for 
consumption and dependence. First, we examined 
unadjusted associations between alcohol consumption 
or dependence at age 18 years (latent intercept) and 
depression at age 24 years, and the association between 
rate of change in alcohol consumption or dependence 
per year (linear slope) with depression, adjusting for the 
latent intercept (at age 18 years). Next, we adjusted for 
potential confounders by regressing the outcome 
(depression) on the confounders alongside the exposure 
(alcohol latent intercept). Effect estimates for associations 
between alcohol growth factors (latent intercept and 
linear slope) with depression diagnosis at age 24 years 
are unstandardised probit coefficients with 95% CIs. 
Further detail on interpreting probit coefficients is 
provided in the appendix (p 4).

For the latent growth curve for alcohol consumption, 
missing data were handled using full information 

Figure 1: Factor loadings and thresholds (with corresponding SEs) for each 
dependence item in the fully invariant confirmatory factor analysis 
AUDIT=Alcohol Use Disorders Identification Test.

AUDIT: dependence

DSM-IV symptoms

4. How often in the past year have you
found that you were not able to 
stop drinking once you started?

Questionnaire item Factor loading 
(SE)

Threshold 
(SE)

1·00 (-)
1·24 (0·05); 
2·38 (0·08); 
3·15 (0·11)

5. How often in the past year have you
failed to do what was normally 
expected of you because of drinking?

1·04 (0·07) 1·09 (0·06); 
2·72 (0·13)

6. How often in the past year have you 
needed a first drink in the morning 
to get yourself going after a heavy 
drinking session?

0·66 (1·06) 2·22 (0·13)

8. How often in the past year have you 
been unable to remember what 
happened the night before because 
you had been drinking?

1·00 (0·04)
–0·10 (0·04); 

1·90 (0·07); 
3·20 (0·12)

1. How often during the past year have 
you needed to drink more alcohol 
than you used to in order to feel any 
effect?

0·85 (0·05)
0·68 (0·04); 
2·09 (0·07); 
3·17 (0·11)

2. How often during the past year did 
you have the shakes when you cut 
down or stopped drinking?

1·11 (0·14) 3·42 (0·31)

3. How often during the past year 
after drinking for a few hours or 
more, did you drink to keep from 
getting the shakes or getting sick?

0·67 (0·07) 2·59 (0·16)

4. How often during the past year have 
you set a limit on how much you’d 
drink but drank more?

0·90 (0·050)
0·63 (0·04); 
2·05 (0·08); 
3·08 (0·11)

5. How often during the past year have
  you felt you needed to stop drinking
  or cut back on your drinking?

1·13 (0·07)
1·37 (0·07); 
2·77 (0·12); 
3·66 (0·16)

6. How often during the past year have 
you spent a great deal of your day 
drinking alcohol?

0·85 (0·05)
0·54 (0·04); 
2·34 (0·09); 
3·19 (0·12)

7. How often during the past year have 
you continued to drink even though 
it was causing you problems?

1·09 (0·07)
2·17 (0·11); 
3·18 (0·15); 
3·81 (0·18)
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maximum likelihood estimation with robust SEs 
computed using the observed information matrix.30 For 
the second-order growth model for alcohol dependence, 
maximum likelihood estimation would have incur-
red multiple dimensions of integration and been 
computationally untenable. Weighted least-squares 
means and variance adjusted (WLSMV) estimation was 
used to accommodate multiple ordinal latent variable 
indicators. WLSMV makes the more restrictive 
assumption of covariate dependent missingness (data 
are missing completely at random conditional on 
exogenous variables in the analysis). This assumption 
was made more plausible by including auxiliary 
variables in adjusted models.

The analysis sample included participants with data 
from at least one timepoint for alcohol use and 
confounders. Further detail on missing data, including 
the correlates of being missing from the analysis sample, 
is provided in the appendix (pp 15–16). All analyses were 
performed using inverse probability weighting31 to 
address potential bias from missing data (appendix p 20). 
Sensitivity analyses are described in the appendix (p 36) 
and included regressing depression on the latent 
intercept fixed at each age of the growth curve; 
additionally adjusting for household income, crowding, 
social class, and ethnicity; and rerunning analyses using 
those with complete data.

All analyses were performed in Mplus (version 8.7). An 
annotated Mplus script for the adjusted association 
between alcohol dependence at age 18 years (latent 
intercept) and depression is provided in the appendix 
(pp 7–13). Because of using Mplus, p values are provided 
to 2 significant figures, capped at 3 decimal places, unless 
p values are less than 0·001.

Role of the funding source 
The funder of the study had no role in study design; in 
the collection, analysis, and interpretation of data; in the 
writing of the report; or in the decision to submit the 
paper for publication.

Results 
We included 3902 adolescents born between 
April 1, 1991, and Dec 31, 1992, in all analyses: all 
3902 participants had complete data on potential 
confounders and 2222 had data on the primary outcome 
(appendix p 15). Of 3853 participants with ethnicity 
data, 3727 (96·7%) were White, and 2264 (58·0%) of 
3902 participants were female (table 1). Correlations 
between alcohol consumption (three AUDIT items) and 
alcohol dependence (four AUDIT items and seven 
DSM-IV items) at age 18 years are shown in the 
appendix (p 22).

The first-order quadratic latent growth model for 
alcohol consumption provided an acceptable fit 
(RMSEA=0·06, CFI=0·94, and SRMR=0·07). Using the 
estimated and observed means for alcohol consumption 

from age 16 to 23 years, at the start of the growth curve 
(about age 16·5 years), young people had an average 
score of 4·3 on AUDIT-C (figure 2A). On average, the 

Unweighted 
sample (n=3902)

Weighted 
sample*

Ethnicity

Non-White 126/3853 (3·3%) 3%

White 3727/3853 (96·7%) 97%

Sex

Female 2264 (58·0%) 50%

Male 1638 (42·0%) 50%

Housing tenure

Owned or mortgaged 3378 (86·6%) 78%

Rented 524 (13·4%) 22%

Maternal education

Beyond high school (age 
>16 years)

1949 (49·9%) 35%

High school level or below (age 
≤16 years)

1953 (50·1%) 65%

Maternal depressive symptoms† 5·49 (4·42) 6·14 (4·65)

Parental problematic alcohol use‡

No 3622 (92·8%) 92%

Yes 280 (7·2%) 8%

Conduct problems at age 4 years§ 1·81 (1·34) 1·91 (1·39)

Being bullied at age 16 years¶

No 3244 (83·1%) 82%

Yes 658 (16·9%) 18%

Frequency of smoking cigarettes at 
age 16 years||

0·48 (1·16) 0·53 (1·22)

Frequency of smoking cannabis at 
age 16 years|| 

0·15 (0·55) 0·17 (0·61)

Depressive symptoms at age 
16 years**

5·79 (5·52) 5·75 (5·59)

Alcohol consumption (AUDIT-C) at 
age 18 years†† 

4·59 (2·50) 4·67 (2·53)

Depression at age 24 years‡‡

No 1987/2222 (89·4%) 89%

Yes 235/2222 (10·6%) 11%
 
Data are n (%) or mean (SD) unless otherwise specified. AUDIT-C= Alcohol Use 
Disorders Identification Test continuous consumption subscale. *Absolute numbers 
are not provided when reporting weighted percentages given that these might not 
correspond to a whole number. †Assessed with the ten-item Edinburgh Postnatal 
Depression Scale; scores range from 0 to 30, with higher scores indicating more 
severe symptoms (appendix p 1). ‡Assessed with questionnaires sent to mothers 
and their partners (appendix p 1). §Assessed with the five-item conduct problems 
scale of the Strengths and Difficulties Questionnaire (appendix p 1) completed by 
mothers when children were age 4 years (scores ranged from 0 to 10, with higher 
scores indicating more severe symptoms). ¶Adolescents answered questions on 
experiences of being bullied since the age of 12 years (yes or no). ||Cigarette and 
cannabis use (response options: never or not currently; less than once a week; 
between one and six times a week; more than six times a week; and every day; 
higher scores indicate greater frequency of use). **Assessed with the 13-item Short 
Mood and Feelings Questionnaire (range 0–26, with higher scores indicating more 
severe symptoms).26 ††Assessed with the three-item AUDIT-C subscale, with higher 
scores indicating more severe symptoms. ‡‡Assessed with the Clinical Interview 
Schedule Revised, with scores ranging from 0 to 21, with scores of 11 or more 
approximating clinically significant depression.27 

Table 1: Characteristics of the unweighted and weighted sample using 
the inverse probability weight
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highest score of alcohol consumption was 6·0 (at about 
age 20 years). Means, variances, and correlations 
between growth factors, and associations between 
confounders and growth factors are shown in the 
appendix (p 23).

There was no evidence for an association between 
alcohol consumption at age 18 years (latent intercept) 

and depression at age 24 years (probit coefficient 0·01 
[95% CI –0·04 to 0·05]; p=0·80; table 2). For the 
association between rate of change in alcohol 
consumption per year (linear slope) and depression, the 
probit coefficient was –0·39 (95% CI –0·79 to 0·02; 
p=0·061; table 2). After adjustments, there was no 
evidence for an association between alcohol consumption 
at age 18 years (latent intercept) and depression at age 
24 years (probit coefficient –0·01 [95% CI –0·06 to 0·03]; 
p=0·60) and no longer evidence for a negative association 
between rate of change per year (linear slope) and 
depression (0·01 [–0·40 to 0·42]; p=0·96; table 2; 
appendix pp 26–27).

The second-order quadratic latent growth model 
for alcohol dependence provided an acceptable fit 
(RMSEA=0·02, CFI=0·98, and SRMR=0·07). Through 
the estimated means for alcohol dependence from age 
16 to 23 years, at the start of the growth curve, young 
people had an average score of –0·4 on the latent variable 
for alcohol dependence (figure 2B). This corresponds to a 
4% probability of not being able to stop drinking once 
started, a 6% probability of failing to do what was 
normally expected because of drinking, a 1% probability 
of needing a drink in the morning, and a 36% probability 
of being unable to remember what happened the night 
before (appendix pp 5–6). On average, the highest level 
on the alcohol dependence latent variable was 0·2 (at 
about age 20 years), which represents an increase in 
these probabilities to 13%, 17%, 2%, and 61%, respectively. 
Means, variances, and correlations between growth 
factors, and associations between confounders and 
growth factors are shown in the appendix (pp 29, 32).

There was evidence for a positive association between 
alcohol dependence at age 18 years (latent intercept) and 
depression at age 24 years (probit coefficient 0·21 [95% CI 
0·11 to 0·32]; p<0·001; table 2). Concerning the change 
in probability of depression as a function of dependence, 
people with a score of zero on the dependence latent 
intercept (average score at age 18 years) have an 
11% probability of depression (figure 3). This probability 
increases to 15% for those with a score of 1 on the 
dependence latent intercept. An increase from zero to 1 
on the dependence latent intercept represents a 
28% increase in the probability of not being able to 
stop drinking once started (eg, from 9% to 37%), a 
33% increase in the probability of failing to do what was 
normally expected, a 4% increase in the probability of 
needing a drink in the morning, and a 34% increase in 
the probability of being unable to remember what 
happened the night before (appendix pp 5–6). There was 
no evidence for an association between rate of change in 
dependence per year (linear slope) and depression (probit 
coefficient –0·43 [–1·29 to 0·43]; p=0·33).

After adjustments, there was still evidence for a positive 
association between alcohol dependence at age 18 years 
(latent intercept) and depression at age 24 years (probit 
coefficient 0·13 [95% CI 0·02 to 0·25]; p=0·019; table 2). 

Unadjusted analyses Adjusted analyses*

Unstandardised probit 
coefficient (95% CI)

p value Unstandardised probit 
coefficient (95% CI)

p value

Alcohol consumption

Latent intercept (age 18 years) 0·01 (–0·04 to 0·05) 0·80 –0·01 (–0·06 to 0·03) 0·60

Linear slope† –0·39 (–0·79 to 0·02) 0·061 0·01 (–0·40 to 0·42) 0·96

Alcohol dependence

Latent intercept (age 18 years) 0·21 (0·11 to 0·32) <0·001 0·13 (0·02 to 0·25) 0·019

Linear slope† –0·43 (–1·29 to 0·43) 0·33 0·10 (–0·82 to 1·01) 0·84
 
*Confounders included sex, housing tenure, maternal education, maternal depressive symptoms, parents’ alcohol use, 
conduct problems at age 4 years, being bullied from age of 12 to 16 years, cannabis and cigarette use at age 16 years, and 
depressive symptoms at age 16 years. †All analyses for the linear slope adjust for the latent intercept (at age 18 years). 

Table 2: Unadjusted and adjusted associations between growth factors for alcohol consumption and 
dependence with depression at age 24 years using weighted data

Figure 2: Growth curves showing observed and estimated means for alcohol 
consumption (A) and estimated means for alcohol dependence (B) for age 
16–23 years
Shading indicates 95% CIs. Observed and estimated means for alcohol 
consumption were assessed using the AUDIT-C (range 0–12); squares represent 
observed means from questionnaire assessments and the triangle represents the 
observed mean from the computer-based assessment within a clinic. Estimated 
means for alcohol dependence were assessed using four AUDIT items and seven 
items corresponding to DSM-IV symptoms and are modelled here as a latent 
variable with the mean fixed to zero.  AUDIT=Alcohol Use Disorders 
Identification Test. AUDIT-C=Alcohol Use Disorders Identification Test 
continuous consumption subscale.
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There was still no evidence for an association between 
rate of change in dependence per year (linear slope) and 
depression (probit coefficient 0·10 [–0·82 to 1·01]; 
p=0.84; table 2; appendix pp 34–35).

We analysed standardised probit coefficients for 
consumption and dependence at age 18 years (latent 
intercepts) to compare the magnitude of effect estimates 
across models. In unadjusted models, 95% CIs for 
consumption (probit coefficients 0·01 [95% CI –0·08, 
0·10]) and dependence (0·21 [0·11 to 0·31]) did not 
overlap, providing statistical evidence of a difference 
between effect estimates. In adjusted models, there was a 
small overlap for consumption (probit coefficients –0·02 
[95% CI –0·11 to 0·06]) and dependence (0·11 [0·02 to 
0·21]). However, the effect estimate for consumption was 
close to zero and not within the 95% CI for dependence, 
and the effect estimate for dependence was not within 
the 95% CI for consumption. Despite the effect size for 
consumption being close to zero, we cannot rule out the 
possibility that effect estimates might not be statistically 
different, due to the small overlap in 95% CIs, although 
this seems unlikely. Conclusions from sensitivity 
analyses were unchanged (appendix pp 36–39). 
Additionally, when we regressed depression on levels of 
alcohol consumption or dependence at each age of the 
growth curve (17–22 years), we found that there was no 
evidence for an association between alcohol consumption 
at any age with depression at age 24 years. We also found 
the association between alcohol dependence and 
depression was consistent across this developmental 
period (appendix pp 36–37).

Discussion 
We found evidence that alcohol dependence at age 
18 years was associated with depression at age 24 years, 
which also held when we examined the association 
between levels of alcohol dependence at each age of the 
growth curve (17–22 years) and depression at 24 years. 
We found no evidence that frequency or quantity 
of consumption was associated with depression, 
although we did not directly compare dependence and 
consumption. Our findings therefore suggest that high 
frequency and quantity of alcohol consumption might 
not increase the risk of depression during young 
adulthood, unless there are also features of dependency 
involved. We found no evidence that a faster increase in 
levels of dependence across adolescence was associated 
with depression at age 24 years, and only small variability 
in rate of change over time. This finding suggests that 
the magnitude of the association between dependence 
and depression is fairly constant over adolescence and 
that the timepoint for considering levels of alcohol 
dependence (between ages 16 and 23 years) might not be 
particularly important. Few studies have tested the 
hypothesis that alcohol dependence, but not 
consumption, during adolescence increases the risk of 
depression during young adulthood. We extended 

previous research using a large contemporary sample, 
adjusting for a wide range of confounders, and 
investigating initial levels as well as change in alcohol 
use over time.

The study also has various limitations. There was 
substantial attrition in the ALSPAC cohort from birth to 
age 24 years. Multiple imputation is regarded as optimal 
for selective attrition but was infeasible given the large 
number of dependence items that do not occur frequently 
in young people. We used inverse probability weighting 
to address bias, and weighted results were similar to the 
unweighted results. Even when attrition is systematic, 
biases in ALSPAC are found to be minimal.32 Our sample 
was recruited from one UK region and most participants 
were White. We were unable to include consumption 
and dependence in the same model due to high 
correlations between linear slopes, and 95% CIs 
overlapped slightly. The possibility that effect estimates 
might not be statistically different can therefore not be 
ruled out.

A further limitation is that measures of alcohol 
consumption and dependence excluded some features of 
abuse. We did not investigate alcohol abuse without 
features of dependence, although in DSM-5 alcohol 
abuse and dependence are brought together into varying 
degrees of severity of alcohol use disorder.33,34 We did not 
disaggregate frequency from quantity of consumption. 
Additionally, dependence was measured using up to 
11 items and modelled as latent, whereas consumption 
was measured using three items and modelled as 
manifest. Using latent variables reduces measurement 
error; however, it was not possible to model consumption 
as latent given high correlations between consumption 
items at age 16 years. This could have resulted in stronger 
associations for dependence than consumption, but 
because the association with consumption was negligible, 
it is unlikely that measurement error completely 
explained this difference. Our aim was to investigate 
modifiable risk factors for adolescent depression to 
inform public health interventions. However, the 
association between alcohol use and depressive 
symptoms is likely to be bidirectional. We adjusted for 
depressive symptoms at age 16 years because these could 
have contributed to subsequent alcohol problems. We 

Figure 3: Predicted probability for depression (from the unadjusted model) 
across the range of alcohol dependence at age 18 years (latent intercept)
Shading indicates 95% CIs. Zero indicates mean amount of alcohol dependence.
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did not include depressive symptoms after age 16 years 
as a time-varying confounder because the study design 
(time lags of a year or more between assessments) was 
inadequate for modelling this interplay. We also did not 
test modification of associations between alcohol use and 
depression by sex. We did not have a priori hypotheses 
about effect modification by sex and statistical tests for 
interaction are model dependent and often under-
powered. We did not formally correct for multiple 
comparisons because such tests are overly conservative 
in large samples. 

We assessed depression using a binary variable because 
CIS-R scores are highly positively skewed. Continuous 
scores capture variation in severity and increase statistical 
power. We found evidence of an association between 
alcohol dependence and depression with precise 
95% CIs, and it seems unlikely that increased power 
would alter this finding. The CIS-R assesses depressive 
symptoms over the past week. Studies with assessments 
over a longer period, and with longer follow-up times, 
would be useful. We also did not assess variability over 
time in the CIS-R. As a final limitation, the possibility of 
residual confounding can rarely be excluded in 
observational studies.

Several potential mechanisms could explain our 
findings. Alcohol dependence is associated with physical, 
psychological, interpersonal, social, educational, and 
economic consequences that could lead to depression. 
Antisocial behaviour and cannabis use could result from 
alcohol dependence,7 and have been found to increase 
the risk of subsequent depression.35

Our findings suggest that preventing alcohol 
dependence during adolescence, or treating it early, 
could reduce the risk of depression.36 Heavy alcohol 
consumption is likely to precede dependence. High 
frequency and quantity of alcohol consumption therefore 
remain important as targets to prevent or reduce during 
adolescence, especially given its associations with injury 
and antisocial behaviour.37 Public health interventions 
to prevent depression could target subthreshold 
dependence, which is also likely to involve high fre-
quency and quantity of consumption. There is some 
evidence that psychosocial interventions targeting 
excessive alcohol use among adolescents in higher 
education reduced depressive symptoms.38 Behavioural 
interventions such as the Drink Less smartphone app are 
also being evaluated.39 Interventions targeting young 
people who are dependent or at risk of alcohol 
dependence could be evaluated and implemented in 
other settings. Public health messages to prevent 
depression that are aimed at young people could 
emphasise dependent aspects of drinking that are 
harmful. Reducing the frequency and quantity of alcohol 
consumption during adolescence is also important and 
could reduce the risk of future dependence and physical 
health problems. For example, there is evidence that 
price increases for alcoholic drinks reduce rates of 

For ALSPAC data see http://
www.bristol.ac.uk/alspac/

researchers/access/

For the list of grant funding see 
http: //www.bristol.ac.uk/alspac/

external/documents/grant-
acknowledgements.pdf

consumption, in the general population and in high-risk 
groups, such as heavier drinkers and young people.40
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