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Highlights





Five distinct patterns of binge drinking identified in 16-21 year old women
Binge drinking patterns ranged from very infrequent to extremely frequent
Extremely frequent binging increased the risk of subsequent depressive symptoms
Increased depressive symptoms still evident 1-6 years later and 10-15 years later
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ABSTRACT
Background: The long-term impact of binge drinking on subsequent depressive symptoms is
unclear. The aims were to identify longitudinal patterns of binge drinking and whether binge
drinking preceded depressive symptoms in the short-term (1-6 years) and long-term (10-15
years).
Methods: Longitudinal data from 1996, 2000 and 2009 mailed surveys of 8,197 women in the
1973-78 cohort of the Australian Longitudinal Study on Women’s Health. Latent class
analysis was used to identify binge drinking patterns and logistic regression to estimate
associations with subsequent depressive symptoms.
Results: Five binge drinking trajectories were identified with predicted proportions of women
who were very infrequent (24%), fluctuating infrequent (17%), frequent (17%), very frequent
(26%) or extremely frequent binge drinkers (16%) between 16 and 21 years. At 22-27 years,
depressive symptoms were significantly higher for extremely frequent binge drinkers (31%
versus 21% in the short-term; 22% versus 16%-18% in the long-term) than for less frequent
bingers. Unadjusted odds of depressive symptoms were 1.70 (95%CI:1.38;2.08) times for
extremely frequent binge drinkers than very infrequent bingers and were 1.30
(95%CI:1.04;1.63) after adjusting for demographics, relationships and experience of
violence. At 31-36 years, the odds of depressive symptoms were 1.34 (95%CI:1.09-1.64)
times for extremely frequent than very infrequent binge drinkers, but were not significant
after adjusting for relationships and violence.
Conclusions: Extremely frequent binge drinking (more than weekly) in late adolescence
appears to elevate the risk of subsequent depressive symptoms in young women in their early
twenties and thirties, emphasising the need for preventive strategies to curb binge drinking.

KEYWORDS: Alcohol; ALSWH; depression; drinking pattern; longitudinal; mental health
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1. INTRODUCTION
Problematic alcohol use (Bendtsen et al., 2011) and mental health problems (Patel et
al., 2007) are major public health issues. In any given year 20% to 25% of adults experience a
mental health problem in the United States, England and Australia (Australian Bureau of
Statistics, 2008; Kessler and Wang, 2008; National Centre for Social Research, 2009).
Problematic alcohol use is a major risk factor for early deaths and disabilities in the world
(World Health Organization, 2009) and is estimated as responsible for 4.5% of the global
burden of disease (World Health Organization, 2010). Both mental health problems and
problematic alcohol consumption are highly prevalent among young people. Specifically,
26% of young adults experience high rates of mental health problems (Australian Bureau of
Statistics, 2008) and between 28% and 54% of adolescents and young adults binge drink (five
or more drinks on one occasion; Archie et al., 2012; Center for Disease Control And
Prevention, 2012; Degenhardt et al., 2013). These issues have wide reaching effects on the
families of adolescents and society in general (Archie et al., 2012).
Findings suggest that problematic alcohol use and depressive symptoms frequently
co-occur (Bellos et al., 2013; Archie et al., 2012; Theunissen et al., 2011; Timko et al., 2008),
although the temporal nature of this relationship is bi-directional, problematic alcohol use can
lead to depressive symptoms and depression may lead to problematic alcohol use. The limited
longitudinal research that has explored this relationship suggests that binge drinking might
increase the risk of subsequent depression (Haynes et al., 2005; Paljarvi et al., 2009; Wang
and Patten, 2002). However, the findings have not been consistent, and suggest the effects of
alcohol may differ not only by level of binge drinking but also for men and women. While
two long-term population studies found no association between depression and at least one
binge drinking occasion (Bell and Britton, 2015; Bulloch et al., 2012), a study involving
Finnish men and women aged 20-54 found a pattern of binge drinking involving
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intoxications, hangovers or pass-outs preceded depressive symptoms five years later (Paljarvi
et al., 2009). In two waves of the Canadian National Population Health Survey, women who
reported binge drinking once a month or more had a higher risk of major depression two
years later, but this was not the case for men (Wang and Patten, 2002). Conversely, Haynes
and colleagues (2005) found that while men who had six or more drinks per occasion at least
once a month had three times the risk of depression 18 months later, there was no excess risk
for female binge drinkers. (Bell and Britton, 2015; Bulloch et al., 2012)
Alcohol use, commonly in the form of binge drinking, often starts during adolescence
(Chassin et al., 2002) and increases into the early twenties, but this is not the case for all
individuals (Brown et al., 2008). Several studies have identified four or five distinct patterns
of binge drinking in early adolescence through to early adulthood (Chassin et al., 2002; Hill
et al., 2000; Tucker et al., 2005). Whilst the relationship between problematic alcohol use and
poor mental health appears greater in some population subgroups, to date there has been little
work examining the effects of different patterns of binge drinking on the mental health of
young women. This is an important gap, as not only do young women experience higher rates
of mental health problems (Australian Bureau of Statistics, 2008), and binge drink at higher
rates than older women (Powers et al., 2015), but the impact of binge drinking may be more
problematic at a younger age, given the brain is continuing to develop at this time and alcohol
use may impede aspects of this development (Zeigler et al., 2005). Given the dangers and
increasing prevalence of binge drinking among young women (McPherson et al., 2004), there
is need for greater awareness of the potential short and long-term consequences of binge
drinking.
This large prospective study of young women examines: 1) any distinct longitudinal
trajectories of binge drinking among young women between the ages of 16 and 21; 2)
explores the characteristics of women with these binge drinking trajectories; and 3)
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investigates whether earlier patterns of binge drinking precede depressive symptoms in the
short-term and the longer term.
2. METHODS
2.1. Participants
Recruitment for, and construction of the cohort, has been described in detail
elsewhere (Lee et al., 2005). Briefly, women born between 1973 and 1978 completed the first
mailed survey of the Australian Longitudinal Study on Women’s Health (ALSWH 1973-78
cohort) in 1996, with a response proportion of 41% (n=14247). The women were randomly
selected from the Medicare (national health insurance) database, which covers all permanent
residents of Australia. Women living in rural and remote areas of Australia were intentionally
oversampled. Respondents were broadly representative of women of the same age in the 1996
Census with some over-representation of more educated women (Brown et al., 1999). The
median number of doctor visits did not differ for respondents and non-respondents (Young et
al., 1998). Participants have been resurveyed at approximately three-yearly intervals. The
study is approved by the Human Research Ethics Committees of the Universities of
Newcastle and Queensland. Informed consent was obtained from participants.
As the aims of the current paper were to examine longitudinal trajectories of binge
drinking in women between the ages of 16 and 21 and their effects on depressive symptoms
in the short-term (1-6 years later) and the long-term (10-15 years later), analyses were
restricted to health data collected prospectively at the 1996, 2000 and 2009 surveys and binge
drinking data collected retrospectively at the 2009 survey (Figure 1). Longitudinal trajectories
of binge drinking between the ages of 16 and 21 years were identified for the entire sample of
8197 women who provided binge drinking data. The effects of binge drinking on subsequent
depressive symptoms were investigated in subsets of these women when they were aged 2227 years at the 2000 survey or aged 31-36 years at the 2009 survey (see figure 1). Women
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demonstrating depressive symptoms at baseline were excluded (see Section 2.2.1), leaving
6579 women in the analyses.
2.2. Measures
2.2.1. Depressive symptoms. Two well-validated scales were used to measure mental health:
the five item Mental Health Index (MHI) of the Medical Outcomes Study Short Form 36-item
in the 1996 survey and the 10-item Center for Epidemiologic Studies Depression Scale
(CESD10) in the 2000 and 2009 surveys. Both scales have good reliability with Cronbach’s
alpha greater than 0.75 (Andresen et al., 1994; Boey, 1999; Lee and Chokkanathan, 2008;
McHorney and Ware Jr, 1995). Previous research has found good correlation between MHI
and a short form of the CESD (McHorney and Ware Jr, 1995). The MHI measures five
symptoms of psychological distress experienced in the last four weeks: nervousness, low
mood, feeling calm and peaceful, feeling down, and feeling happy (Ware et al., 1994). Each
item is scored on a six point scale from one for ‘all of the time’ to six for ‘none of the time’.
The scores are summed and then transformed to a scale between zero and 100, with higher
scores indicating better mental health. The MHI has been shown to distinguish between
groups differing in the presence and severity of psychiatric disorders (McHorney et al.,
1993). A score of less than 53 for MHI has been assessed to be a valid indictor of depression
(Silveira et al., 2005; Ware et al., 1994). As the CESD10 was not collected at baseline, this
cut-off score was used to exclude women who already had depressive symptoms in 1996
(n=1618). At subsequent surveys in 2000 and 2009, the CESD10 was used as it was
considered a better indicator of depression (Andresen et al., 1994). The CESD10 is not a
diagnostic tool for depression but is a well-validated clinical screen for depression for use in
the general population (Andresen et al., 1994). The CESD10 measures 10 depressive
symptoms experienced in the last week including being bothered by things, having trouble
concentrating, feeling depressed, feeling everything was an effort, having restless sleep and
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feeling lonely (Andresen et al., 1994). Each item is scored on a four point scale from zero for
‘rarely or none of the time’ to three for ‘most or all of the time’. Sum scores range between 0
and 30, with higher scores indicating poorer mental health. A cut point of 10 or more on the
CESD10 has been shown to be indicative of depression in a wide range of populations
(Andresen et al., 1994), and was used to indicate depressive symptoms when the women were
aged 22-27 years, and again between 31 and 36 years of age.
2.2.2. Binge drinking. The definition of binge drinking varies but commonly used definitions
are five or more drinks on a single occasion for both men and women, or a reduction to four
drinks for women (Courtney and Polich, 2009; Glassman, 2010). Some studies also include
frequency to define binge drinking (Courtney and Polich, 2009). Based on risk of alcoholrelated harm from injury, Australian alcohol guidelines advise that both men and women
should drink no more than four standard drinks (10 grams alcohol per drink) on a single
occasion (National Health and Medical Research Council, 2009), so five or more drinks on
one occasion was used to define binge drinking in this study. At the 2009 survey, women
were asked to retrospectively recall their binge drinking at each age between 16 and 21.
Response options to the question, ‘How often did you have five or more drinks on one
occasion’ were ‘never’, ‘less than once a month’, ‘about once a month’, ‘about once a week’
and ‘more than once a week’. These data were used to identify groups of women with
different binge drinking trajectories between the ages of 16 and 21.
2.2.3. Covariates. The following factors known to be associated with risky drinking and
depressive symptoms were adjusted for: demographics, relationships including experience of
a violent relationship (France et al., 2004; Paljarvi et al., 2009; Powers et al., 2015; Rich et
al., 2013). Demographic factors included age group (18-20 versus 21-23 years in 1996), area
of residence (urban or not), education including study (12 years school or less; trade,
certificate or diploma; non-tertiary and still studying; university), employed or not, and
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monetary stress (very or extremely stressed about money or not). Factors describing
relationships included relationship status (not partnered, living in a de facto relationship,
married) and whether women had children living with them. Intimate partner violence has
been found to be associated with depression (Rich et al., 2013) and risky drinking (Powers et
al., 2015). Women reported whether they had ever been in a violent relationship with a
partner or not.
2.3. Statistical analyses
As the aim was to identify longitudinal trajectories of binge drinking at the population level,
binge drinking data provided by all women were used. Groups of women with similar
patterns of binge drinking between the ages of 16 and 21 (classes) were identified using
longitudinal latent class analysis (LLCA). LLCA models were estimated using mixture
models with maximum likelihood estimation and robust standard errors in Mplus version 7.3
(Muthen and Muthen, 1998-2010). To be sure that a true maximum likelihood and not a local
maximum was reached, 1,000 random starts were used for each model estimation. Full
information maximum likelihood was used to account for missing data under the assumption
of missing at random (MAR). Models were run for up to 6 classes. For all models, the
optimum number of classes was determined using the following criteria. The Bayesian
information criteria (BIC) takes into account the log likelihood and the number of parameters
estimated relative to the sample size. The adjusted Lo-Mendell-Rubin test (LMR) likelihood
ratio test was used to test the difference between model fit for K versus K-1 classes. Entropy
ranges from 0 to 1 and high values indicate clear class separation. Smallest class size was
investigated to determine whether the parameter estimates were likely to be stable. The model
with the chosen number of classes was investigated to ensure that each of the classes was
interpretable. Women were assigned to their most likely class on the basis of estimated
posterior probabilities.
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Further analyses were conducted in SAS version 9.4 (SAS Institute Inc., 1999) and
were weighted for the probability of being in their most likely class so that the uncertainty of
class assignment was retained. The characteristics of the women at the 1996 survey in each of
the classes were described and compared using chi square. As the remaining analyses aimed
to investigate whether earlier patterns of binge drinking precede depressive symptoms,
women who reported depressive symptoms at baseline were excluded. The proportions of
women with depressive symptoms in each binge drinking class were compared using the
MULTTEST procedure to account for multiple comparisons. Logistic regression models
were used to investigate whether any of the identified binge drinking patterns at 16-21 years
was likely to precede depressive symptoms at 22-27 years, and at 31-36 years. Models were
adjusted for covariates collected at the same time as the measure of depressive symptoms.
Demographics (area of residence, age group, education, employment and monetary stress)
were added first, then relationship factors (relationship status, and living with children), and
finally, experience of violence.
Sensitivity analyses were conducted using 10 multiply imputed datasets, providing
relative efficiency of more than 95%. Missing data for individual variables were 0-2.0% at
22-27 years and 0-1.4% at 31-36 years, and 16.1% for non-respondents at 22-27 years. The
MI procedure was used to impute missing data under the assumption that data were missing
at random (Lee and Carlin, 2010). The imputation model included all variables used in the
logistic regression models above: five identified binge drinking classes, probability of being
in assigned class, demographics, relationship factors, depressive symptoms, and MHI at the
1996 survey. Results from the logistic regression models were combined using MIanalyze
procedure.
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3. RESULTS
Women were included in the analyses if they provided binge drinking data at the 2009
survey (n=8197). Participants at the 2009 survey were older (47% versus 43%) and more
likely to have post-school education (32% versus 26%), and were equally likely to be
employed and never married in 1996 than non-respondents. This means that participants still
over-represented more educated women but otherwise were broadly representative of the
women of the same age in the Census. Participants were less likely to have poor mental
health (20% versus 25%) and were less likely to be non-drinkers (8% versus 12%) than nonrespondents.
3.1. Patterns of binge drinking
Most of the 8,197 women provided data on binge drinking at each of the six ages
between 16 and 21 years of age (8133 women (99.2%) provided data for all six ages, 32
women for five ages and the remaining 32 women for between one and four ages) . Groups of
women with similar patterns of binge drinking were identified using LLCA. The best log
likelihood was replicated in LLCA models with up to six binge drinking classes. While the
log likelihood and BIC suggested six classes fit the data, based on LMR the optimum number
of binge drinking classes was five (Table 1). The higher entropy for the five class model
suggested cleaner class separation for the five class model than the other models. Figure 2
shows the predicted proportions of women binge drinking at each frequency in each of the
five classes with approximately 20% in each class. Almost all of the 24% of women in class 1
were labelled as ‘very infrequent bingers’ and includes those women who never binged and
where, over time, a small proportion went on to binge drink. Class 2 (17%) was labelled as
‘fluctuating infrequent bingers’ and comprised women who mainly binged rarely throughout
the study period, and where the proportion who did binge more frequently than this fluctuated
over time. Class 3 (17%) was labelled ‘frequent bingers’, where the proportion of women
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who binged increased over time until the majority were drinking on a monthly basis. Class 4
(26%) was labelled ‘very frequent bingers’, where the proportion of women who binged
weekly increased from 7% at 16, until the majority were bingeing on a weekly basis. Class 5
(16%) was labelled ‘extremely frequent bingers’, where 21% were bingeing at least weekly
at 16, with this proportion increasing until the majority were bingeing more than once a
week. Accuracy of classification was high with entropy of 0.966; average latent class
probabilities for the most likely binge class were 0.982 for very infrequent bingers, 0.977 for
fluctuating infrequent bingers, 0.982 for frequent bingers, 0.981 for very frequent bingers and
0.988 for extremely frequent bingers.
In terms of demographics, very and extremely frequent bingers tended to be younger
(55-56% versus 49-51%), employed (54-57% versus 51%) and more stressed about money
(27-34% versus 18-22%) than infrequent bingers (Table 2). They were less likely to be
married (4-5% versus 11-14%) and to have children living with them (3-4% versus 7-10%).
Extremely frequent bingers were more likely to have experienced violence (16% versus 6%)
than very infrequent bingers.
3.2. Binge drinking between 16 and 21 years and subsequent depressive symptoms
In the short-term (1-6 years later) when the women were aged 22-27 years, the
prevalence of subsequent depressive symptoms was significantly higher among extremely
frequent bingers (30.6%) than among less frequent bingers (20.7%, 21.3%,20.6%, 20.5%
p<0.01;Table 3). The unadjusted odds of depressive symptoms were 1.7 times higher among
extremely frequent bingers compared with very infrequent bingers. The odds of depressive
symptoms remained significantly higher in extremely frequent bingers after adjusting for
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demographics, relationship factors and experience of violence (Table 3, supplemental Table
11).
In the long-term (10-15 years later) when women were aged 31 to 36 years, the
prevalence of depressive symptoms was still significantly higher among extremely frequent
bingers (22%) than among less frequent bingers (17.5%, 17.1%, 16.2%, 17.6%; Table 4).
Extremely frequent bingers had 1.34 times the odds of depressive symptoms than very
infrequent bingers. The odds remained significant after the model was adjusted for
demographics, but not after adjusting for relationship factors and experience of violence
(Table 4, supplemental Table 12). Sensitivity analyses of 10 multiply-imputed datasets
provided equivalent results in the short- and long-term (see supplemental Table 23).
4. DISCUSSION
4.1. Summary
This study adds significantly to the evidence base on the impact of binge drinking on
the mental health of young women by identifying longitudinal trajectories of binge drinking
and the subsequent effects on depressive symptoms in both the short-term and the long-term.
Two key findings emerged from this work. Firstly with respect to drinking trajectories, five
distinct groups of women were identified: very infrequent bingers, infrequent bingers (binged
rarely with some fluctuation to heavier bingeing), frequent bingers (increasing proportion
bingeing monthly), very frequent bingers (increasing to weekly bingeing), and extremely
frequent bingers (increasing to more than weekly bingeing). Secondly, extremely frequent
binge drinking elevated the risk of subsequent depressive symptoms in both the short-term
(1-6 years later) and in the long-term (10-15 years later). These associations remained
1
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significant after controlling for demographics, relationship factors and experience of violence
in the short-term and after controlling for demographics in the long-term.
4.2. Interpretation
To date, work in this area has largely relied on the findings of cross-sectional studies.
These have found associations between binge or heavy drinking and depression (BazarganHejazi et al., 2008; Manninen et al., 2006; O'Donnell et al., 2006; Timko et al., 2008) but the
direction of the association is unclear, given the nature of the study design. Prior to the
present work there have been few longitudinal studies in the area and the results were mixed,
with differing results shown in subgroups (Haynes et al., 2005; Wang and Patten, 2002).
This study specifically examined the impact of different patterns of binge drinking
(very infrequent, fluctuating infrequent, frequent, very frequent and extremely frequent binge
drinking on depressive symptoms amongst young women in the short or long-term. Only
extremely frequent binge drinking (more than weekly) resulted in an increase in depressive
symptoms. The underlying level of depressive symptoms was approximately 21% among
infrequent, frequent and very frequent binge drinkers, however among extremely frequent
binge drinkers an extra 10% of young women reported depressive symptoms up to six years
later. Although the elevated risk of depressive symptoms among extremely frequent binge
drinkers had dropped to an extra 5% on average, it was still present up to 15 years later,
suggesting an enduring impact of problematic alcohol use on mental health. These findings
are consistent with those of previous studies, that found symptoms of binge drinking
(intoxication, hangover and pass-out; Paljarvi et al., 2009), alcohol dependence (Bulloch et
al., 2012), or alcohol abuse or dependence (Fergusson et al., 2009) preceded depression.
Taken together, the results suggest that there is a threshold for heavy and/or binge
drinking at which the risk of depression not only increases but is sustained over time. This
could be explained in part by the relationship between binge drinking and high risk
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behaviours and injury (Brown et al., 2008; Powers et al., 2015). In addition, women who are
extremely frequent bingers were most likely to have monetary stress and to have experienced
partner violence, two factors that are known to contribute to depression (Loxton et al., 2006).
Together these findings point to the need for integrated approach to interventions that
includes consideration of mental health, problematic alcohol use and recovery from abuse.
Despite the exclusion of women with depressive symptoms at baseline, the reverse
association is still possible (that poor mental health leads to binge drinking) and has been
supported by several studies (Bell and Britton, 2014; Bell et al., 2015; Pape and Norström,
2015). Others have supported a bidirectional relationship between alcohol dependence and
depression (Brière et al., 2014; Bulloch et al., 2012), or that heavy and/or binge drinking
precedes depression (Fergusson et al., 2009; Paljarvi et al., 2009; Wang and Patten, 2002).
Although this study only examined the unidirectional effect of binge drinking on depressive
symptoms, other factors that may mask the relationship are unmeasured mental health and
alcohol treatment, as well as women with milder depressive symptoms self-medicating by
engaging in heavy drinking. Clearly the nature of the association is complex and further
research is required.
The current research supports the hypothesis that extremely frequent binge drinking
plays a role in the later onset of depressive symptoms in young women and this may occur
through several mechanisms. Twin and family studies have found that alcohol misuse and
depressive symptoms share genetic and environmental risk factors (Boschloo et al., 2011;
Edwards et al., 2011). Social factors may include taking increased risks such as risky sexual
behaviour, the increased risk of abuse or lower social support aggravated by excess alcohol.
Extremely frequent bingeing may lead to poor work or study performance leading to
monetary stress. While this study has controlled for some of these factors, it was not possible
to adjust for potential neurobiological pathways between heavy drinking and depressive
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symptoms. Whatever the mechanisms, young women should be made aware that what they
do in their late adolescence may have long-reaching effects.
4.3. Strengths and limitations
As with any study, there are strengths and limitations. A major strength is that this
study has 13 years of follow-up on a cohort, which is broadly representative of women of the
same age in the Australian population. Although the initial response rate was low, the large
sample size, diversity of the sample and the breadth of the data mean that the association
between depressive symptoms and frequency of binge drinking are likely to apply to the
population of young Australian women. Various studies have demonstrated that associations
remain valid with response rates as low as 18%, (Mealing et al., 2010; Morton et al., 2012;
Visser et al., 1996) and with differential loss to follow-up (Carter et al., 2012; Deeg, 2002;
Powers and Loxton, 2010). Nevertheless, the possibility of differential response by depressed
women across binge drinking categories exists. For example, non-response would be more
likely among extremely frequent binge drinkers than among infrequent bingers, resulting in
an underestimation of the odds of depressive symptoms among extremely frequent binge
drinkers. Furthermore, the under-representation of less educated women at baseline and
follow-up, as well as the higher attrition among those with poorer mental health, may also
result in underestimates. As non-drinkers have been shown to have poorer psychological
health than drinkers (Peele and Brodsky, 2000), the higher attrition of non-drinkers, and their
inclusion in the infrequent binge class, may have underestimated the risk of depressive
symptoms.
It is important to consider the limitations of the main measures. Depressive symptoms
were measured by two different but well validated scales, MHI and CESD10. (Andresen et
al., 1994; Boey, 1999; Lee and Chokkanathan, 2008; McHorney and Ware, Jr., 1995)
Although this may result in some bias, both scales have good reliability and are highly
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correlated (McHorney and Ware, Jr., 1995; Andresen et al., 1994; Boey, 1999; Lee and
Chokkanathan, 2008) so there is little reason for them to behave differently across different
patterns of binge drinking. Retrospective data on frequency of binge drinking between 16 and
21 years of age were collected when women were 31-36 years old. Several studies have
examined retrospective collection of alcohol data (Alvik et al., 2006; Chu et al., 2010; Liu et
al., 1996; Longnecker et al., 1992) and have found good agreement between concurrently
reported alcohol intake and alcohol intake recalled up to 23 years later (Chu et al., 2010). A
study of gynaecologic outpatients concluded that retrospective reports may be more accurate
for heavy drinking (Czarnecki et al., 1990). While recall bias is a possibility, it is unlikely to
differ by level of depressive symptoms (Kizilbash et al., 2002). Further, the data were
collected via confidential mailed surveys, a method that has been shown to produce reliable
reports of risky behaviour (Alvik et al., 2005). Although a single measure of binge drinking at
the age of 18 or 19 may have reached a similar conclusion, longitudinal latent class analysis
provided greater confidence that a true measure was obtained for binge drinking over the six
years between 16 and 21.
4.4. Conclusion
A pattern of increasing extremely frequent binge drinking during late adolescence
appears to increase the risk of subsequent depressive symptoms in both the short-term (1-6
years later) and long-term (10-15 years later). These findings clearly add to the evidence base
noting the importance of public health initiatives to reduce problematic alcohol use amongst
young women.
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Figure Captions

Figure 1. Flow chart for analyses of binge drinking patterns and their association with
subsequent depressive symptoms in the 1973-78 cohort of the Australian Longitudinal Study
on Women’s health

Figure 2. Predicted proportions for 5 class longitudinal latent class model of binge drinking
among 8197 women between 16 and 21 years of age
Class 1 were labelled as ‘very infrequent bingers’ and includes those women who never
binged and where, over time, a small proportion went on to binge drink. Class 2 was labelled
as ‘fluctuating infrequent bingers’ and comprised women who mainly binged rarely
throughout the study period, and where the proportion who did binge more frequently than
this fluctuated over time. Class 3 was labelled ‘frequent bingers’, where the proportion of
women who binged increased over time until the majority were drinking on a monthly basis.
Class 4 was labelled ‘very frequent bingers’, where the proportion of women who binged
weekly increased from 7% at 16, until the majority were bingeing on a weekly basis. Class 5
was labelled ‘extremely frequent bingers’, where 21% were bingeing at least weekly at 16,
with this proportion increasing until the majority were bingeing more than once a week.
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Figure 1.
Baseline survey of
1973-78 cohort aged
18-23 years in 1996
n=14247

2009 survey of 1973-78 cohort
aged 31-36 years n=8200
Retrospective binge drinking
between 16 and 21 years n=8197

Did not complete the
2009 survey:
Deceased n=58
Withdrawn n=966
Not contacted* n=3029
No response n=1994

A1 Longitudinal latent class analysis
used to identify five patterns of binge
drinking between 16 and 21 years
n=8197

Exclusions:
Depressive Symptoms
at 1996 survey aged
18-23 years n=1618

Analytical
Sample

No depressive symptoms
at 18-23 years
n=6579
Analysis
Eligibility

Exclusions:
No response n=1056
Missing depressive
symptoms n=175
at 2000 survey
22-27 years

A2 Short-term effects of
earlier binge drinking
pattern (A1) on depressive
symptoms at 22-27 years
n=5348

Analysis
Eligibility

Exclusions:
Missing depressive
symptoms at 2009
survey
31-36 years n=111

A3 Long-term effects of
earlier binge drinking
pattern (A1) on depressive
symptoms at 31-36 years
n=6466

* women could not be contacted despite every effort to locate them (Adamson and Chojenta,

2007)
A1 analysis 1
A2 analysis 2
A3 analysis 3
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Figure 2.
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16 17 18 19 20 21 16 17 18 19 20 21
Class 5 (15.5%)
Class 4 (26.0%)
more than once a week

Tables
Table 1 Longitudinal latent class analysis fit statistics for different number of binge drinking
trajectories (classes) using retrospective data from the 2009 survey of the 1973-78 cohort
1
class
69635
24
1.000

2
classes
57940
49
0.942

n = 8197
3
4
classes classes
53103
49993
74
99
0.934
0.947

139409

116166

106637

23286
<0.01

9632
<0.01

5
classes
48104
124
0.966

6
classes
47227
149
0.950

100563

96931

95323

6192
<0.01

3760
<0.01

1747
0.74

Smallest class percentage*
100.0
40.9
24.9
15.7
15.7
a
lowest value indicates best fit
b
p<0.05 indicates significant improvement in fit with K classes versus K-1 classes
* based on estimated posterior class membership probabilities.

10.0

- Loglikelihood
Number of parameters
Entropy
Bayesian information criterion
sample size adjusteda
Lo-Mendell-Rubin adjusted
likelihood ratio test (LMR)
p-valueb
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Table 2. Characteristics of 8197 women in 1996 by different patterns of binge drinking
between 16 and 21 years

Characteristics in 1996
N
Age group
18-20 years
21-23 years
Urban
Yes
No
Education
Up to 12 years school
Trade, certificate or diploma
Non-tertiary, studying
University
Employed
Yes
No
Monetary stress
Yes
No
Relationship
Married
De facto
Not partnered
Children living with them
Yes
No
Experienced violence
Yes
No
Depressive symptomsa
Yes
No

Binge drinking patterns between 16 and 21 years*
Never
Rarely Monthly Weekly More than
weekly
N=1998 N=1376 N=1417 N=2134
N=1272
%
%
%
%
%

4334
3863

49.1
50.9

51.4
48.6

53.1
46.9

55.8
44.2

55.1
44.9

4253
3944

56.1
43.9

53.0
47.0

50.3
49.7

49.9
50.1

49.3
50.7

2322
1030
3659
1142

28.4
12.6
43.7
15.2

29.4
12.3
44.5
13.9

25.6
12.5
46.9
15.1

27.2
12.6
45.7
14.6

32.4
13.4
43.8
10.4

4344
3747

51.3
48.7

51.4
48.6

54.1
45.9

57.2
42.8

54.0
46.0

1970
6193

18.1
81.9

21.9
78.1

22.1
77.9

26.6
73.4

33.5
66.5

694
988
6488

13.8
8.1
78.1

11.0
16.4
72.6

7.6
11.6
80.7

4.3
12.9
82.7

5.2
12.3
82.5

454
7715

7.3
92.7

9.8
90.2

4.0
96.0

2.6
97.4

4.3
95.7

773
7383

5.9
94.1

8.7
91.3

8.5
91.5

9.7
90.3

16.1
83.9

1611
6577

19.9
80.1

18.6
81.4

17.3
82.7

18.2
81.8

25.3
74.7

* Binge drinking patterns identified using longitudinal latent class analysis. Data weighted
for estimated probability of being in assigned class
a
Mental Health Index score less than 53
Chi square tests were significant for each characteristic across binge drinking patterns (p<.01)
Missing data between 0% and 1.3%
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Table 3. Odds of depression among 5348 women aged 22-27 years by earlier binge drinking
Binge drinking pattern between 16 and 21 years
Never
Rarely
Monthly
Weekly
More than
weekly
N=1334
N=944
N=965
N=1368
N=737
% depresseda
Unadjusted OR
Adjusted ORs
OR adjusted for
demographics
OR adjusted for
demographics,
relationships
OR adjusted for
demographics,
relationships,
violence

20.7

21.3

20.6

20.5

30.6

reference

1.04
(0.84;1.28)

0.99
(0.81;1.22)

0.99
(0.82;1.20)

1.70
(1.38;2.08)

1.02
(0.82;1.26)
1.04
(0.84;1.30)

0.97
(0.78;1.21)
0.96
(0.78;1.20)

0.98
(0.81;1.20)
0.96
(0.78;1.17)

1.45
(1.17;1.81)
1.39
(1.12;1.74)

1.02
(0.82;1.27)

0.94
(0.75;1.17)

0.93
(0.76;1.14)

1.30
(1.04;1.63)

Women with depressive symptoms at baseline (aged 18-23 years) were excluded
a
10 item Centre for Epidemiologic Studies Depression Scale score of 10 or more; p<0.01
Demographics include urban, age group, education, employed and monetary stress
Relationships includes relationship status and living with children
Data weighted for estimated probability of being in assigned class
OR Odds ratio
Missing data for final model 2.8%
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Table 4. Odds of depression among 6466 women aged 31-36 years by earlier binge drinking
Binge drinking pattern between 16 and 21 years
Never
Rarely
Monthly
Weekly
More than
weekly
N=1569
N=1098
N=1147
N=1716
N=936
% depresseda
Unadjusted OR
Adjusted ORs
OR adjusted for
demographics
OR adjusted for
demographics, relationships
OR adjusted for
demographics, relationships,
violence

17.5
reference

17.1

16.2

17.6

22.1

0.97
0.91
1.01
1.34
(0.79;1.19) (0.74;1.12) (0.84;1.21) (1.09;1.64)
0.97
0.90
1.01
1.25
(0.78;1.20) (0.73;1.12) (0.83;1.22) (1.01;1.54)
1.01
0.94
1.03
1.23
(0.82;1.26) (0.75;1.16) (0.85;1.24) (0.99;1.53)
0.99
0.92
1.01
1.19
(0.80;1.23) (0.74;1.15) (0.83;1.23) (0.96;1.48)

Women with depressive symptoms at baseline (aged 18-23 years) were excluded
a
10 item Centre for Epidemiologic Studies Depression Scale score of 10 or more
Demographics includes urban, age group, education, employed and monetary stress
Relationships include relationship status and living with children.
Data weighted for estimated probability of being in assigned class
OR Odds ratio
Missing data for final model 1.0%
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