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Executive Summary

This systematic review was performed to address the research question of how alcg
consumption influences mood and anxiety disorders. A tot&8Raftudies were included, the
majority of which focused on how alcohol consumption influences subsequenisiefe
depression/depressive symptoms.

The included studies used many different ways to define theyimg levelsof alcohol
consumptionin a single episode or drinking occasand/or patterns of alcohol consumption
over time. Different methods of analygj the available data were also used. These tw
elements prevented the evidence from being summarised using 1aetdyses. The results
are therefore synthesised narrativelgtudies which used alcohol dependence or alcohol us
disorder as the exposure werexcluded, as were studies which used questionnaire
including these components (such as the AUDIT). This may have resulted in excluding st
which focused on people who drank consistently high amounts of alcohol.

People drink for many reasons, and th&lationship between alcohol and mental health
outcomes is not consistent across people. This review sought to determine what influe
alcohol has on mental health, rather than on how mental health influences alcof
consumption (i.e. drowning their somwes, or drinking to avoid a negative affect, or to
improve affect). Studies which adjusted their results for baseline levels of depression

anxiety were therefore considered to have less risk of st studies were considered to

have a moderate rislof bias. For all outcomes except suicide (suicidal ideation/suicid
attempt), only studies with a timelement were included. However, there were prospective
cohort studies which also provided cressctional correlations between depression and
alcohol, aml these results were included, in order to aid interpretation of the correlation
between baseline alcohol and later depressive symptoms.

Depression

In adolescents, there was consistent damce of crossectional associationdetween
measures of alcohol s¢ (volume consumed, frequency of consumption, frequency
quantity, any alcohol consumed, heavy episodic drinking (HED), heavy or harmful drink
and depressive symptoms. The evidence regarding alcohol consumption at one time p
and depressive symgpinsat a later time point, watess consistent.

A total of 20studies examined the association betwekeavy episodidrinking (HED)and
depressionin the general populationln adolescents, the majority of studies reported that
HED predicted increasedvigls of depressive symptoms (although one study reported that
was associated with a faster decrease of depressive symptoms). This association was 1
to be stronger in females than males.

In young adults, approximately half of studies which assegsbedimpact of HED on
depressive symptoms or depression, reported a positive association (i.e. the more frequ
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the HED, the more likely the young adult would develop depression or have higher symp
levels). Studies which assessed the motives for drigkifound them to be vital for
interpreting the impact of alcohol (i.e. the impact of drinking socially for pleasure w
different to drinking to cope or fit in).

Eight studies were included assessing the effect of alcohol in young adults, five of w
assassed alcohol as a predictor variable, other thidED Neither frequency of alcohol
consumption, quantity of alcohol consumed per occasion or quantity x frequency we
significantly associated with depressive symptoms or depression.

In adults and older adults, there was some limited evidence that a low amount of alco
(less tham30 gper day) may be associated with a lower risk of depression than abstinen
Some studies reported nesignificant results, but no studies reported harmwf alcohol using
these categoriesGiven that there are likely to be systematic differences between those wi
are completely abstinent and those who drink a low amount (i.e. those who are absting
may be unable to drink due to health concern, lack afiglocontact, economic reasoesc.),

no conclusiongan be made about thbenefits of low levels of alcohol.

The evidence on drinking at hazardous or harmful levels (asigfired by drinks/day
converted to grams/dayin adults was mixed. Approximately half of studies reported ng
significant association, while the other héiff a similar risk of biasgported that hazardous
or harmful drinking resulted in higher levels of depressive symptoms or depression.

Few prospedve cohort studies were identified assessing the impact of alcohol on sulici
ideation or attempts, so caseontrol studies and large (>1000 participants) crssstional
studies were also includedn a large crossectional study from the United Statean
interaction was found between having a major depressive episode (MDE) and HED. In
males and females without a MDE, those who participated in HED were 50% more like
have suicidal ideation or attempt suicide than their Ad&ED counterparts. Hoaver, there
was no difference in those with MDE.

In adolescents, two large cressctional studies reported that both HED and drunkennes
were associated with suicidal ideation and/or suicide attempt. One of these studies repor
GKFG WRNAYYRYAASRDI EKR2¥F20A0S TFT2N RNAY ]
attempt than the drinking of alcohol itself.

Two crosssectional studies reported consistent evidence that boys and girls who st
drinking before age 12 or 13 have a higher risk ofirgsuicidal ideation and suicide
attempt than those who had not started drinking alcohol. Those who were drinking as
teenager also had higher suicidal ideation than those who were abstainers. Howe
initiating of alcohol as a teenager was a signifiagsk factor for suicide attempt in girls, but
not in boys.

One small studyin young adultsreported that hazardous drinking signifitdy increased
suicidal ideation A second study reported no direct association between alcohol use (to
drinks per veek or frequency oHED and suicide attemptsalthough there was an indirect
effect via depressive symptoms

One study found no link between alcohat the bloodstreamand completed suicides (as
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compared to motor vehicle accidents in a casatrol study. A second study in the adult
population reported that amount of alcohol consumed per day was associated with suici
ideation and/or attempts in unadjuste@dnalyses;however, after adjusting for drinking
motives, the association was no longer signiftcan

Three studies assessed the impact of alcohol on anxietywitle agerange and reportedno
significant relationship was found between high levels of alcohol and the development
anxiety, when baseline levels of anxiety were controlled Ydomen who drank outside of
guideline recommendations were twice as likely to develop anxiety over the folldving
15 yearsA single study in adult®ported that weekly alcohol was associated with reduce
anxiety, compared to drinking less than weekly.

In adolescents, weekly alcohol was deemed to increase the likelihood of developing anx
until adjustments for confounding factors such as housing tenures and conduct disor,
were made.

Two studies in adolescents found no relationship between tajahntity of alcohol
consumed (amount per occasion, multiplied by the number of drinking occasions), i
subsequent anxiety. A study in adolescent males reported that although drinking freque
made no difference, an increase in the average quantity peasion was significantly
related to a small increase in anxiety.

No relationship was found between the frequencyHEDA Y 2f RSNJ | Rdzf ( &
and subsequent anxiety.

Evidence was sought on the relationship between alcohol and mental headthrdnge of
subgroups a well athe general population. Although family history of alcohol dependencg
was occasionally used as a predictor variable, no studies were identifieth whésented
information on how alcohol consumption in individuals with a family history of alcoh
dependence influenced their mental health. Likewise, although studies were identified wh
considered how alcohol dependence was associated with mentakhhethlere were no
studies focusing on people with alcohol dependenbat used varying levels of alcohol
consumption or patterns of alcohol consumption as the predictor variable (i.e. ti
GSELR&dNBE 6l a | fO02K2f RSLISY RSy Gdgroups Fob
which evidence was identified included people with existing mental and physical illneg
(unipolar depression, bipolar depression and HIV), and peeaeivingmedicinesor other
drugs (cigarettes, marijuana or other drugs).

Studies whib looked at how alcohol use influences response to treatment in people wi
depression were excluded from the systematic review. Howewre naturalistic study in
people with unipolar depression ag included (i.e. not assessing treatment effect).
Adolescats with depression were less likely to experience remission if they were wee
drinkers, than if they only drank occasionally or abstained. However, occasional alcohol
did not have an influence amcovery femissionfor an extended period)

Two out of three studies in people with bipolar disorder reported that alcohol use wa
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associated with transition to a depressive episode. However, the remaining study repor
no association. Conflicting evidence was also found in two studies on the associa
between alcohol and the transition to mania or hypomania.

Two studies which focused on eithem BIV population, or people with or without HIV, had
conflicting evidence regarding whether hazardous KHED influenced depression or
depressive symptoms.

Stuh Sa gKAOK FaasSaaSR GKS AYLI OG 2F & &dza
included if they presented separate information for alcohol as a substance. Three stu(
were included which discussed the use of alcohol in combination with eitheretigarand
YIENR2dzE yIE X 2N &2 i KS Nlo-Resyzaigatette, alcdhdlBnd indriliany|
use was associated with over 2.5 times the likelihobdeveloping depression and anxiety
than occasional alcohol use alone. One eamatrol study assessewhether there were
differences in the proportion of adults who had died in a motor vehicle accident, vers
suicide, based on whether they alcohol and drugs in their system. The odds of death
suicide was much larger for those who had both alcohol angyglin their blood stream
(OR=4.33) than either alcohol (OR=1.22) or drugs alone (OR&dBjer et al. 2017)

One study focused on people who were dependent on either alcohol or drugs, and repof
that hazardous drinking occasions (o0& g day for womenor 70 gday for men) increased
the likelihood of depressive and anxiety symptdiBahorik et al. 2016)

Sevenstudies focused on the impact of alcohol on the mental health of people who we
exposed to traumasA single study reported thatgople who decreased their level 6fED
after a spinal cord injury were more likely to be depressed than thad® never
participated in HEDIt is possiblethat those who reduce theiHEDdo so due to reducing
their social activities after the injury, or switching to alternative drugs, so n
recommendations could be made on the basis of this.

No associations were found between alcohohsumption prior to, or after the traumand
subsequent PTSD symptonmscollege students exposed to traumar, women exposed to
sexual assault

Theevidence was to inconclusive, to make any definitive statements regarding the risk
Ff O2K?2f 2y YSyal f KSIfGKd S5NAY|1AYy3 GKA
negatively impact on mental health, particularly in younger -ggmups (although hese
findings were not consistentsome studies showeithat those whoadults and older adults
who abstain had worse mental health than those who consuraesall amount of alcohpl
but the studiesvere unable to determine the reasaior this.
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Abbreviations

Abbreviation Full name

95%CI 95% confidence interval

AHTA Adelaide Health Technology Assessment
AUDIT Alcohol Use Disorders Identification Test
AWC Alcohol Working Committee

CAPS ClinicianAdministered PTSD scale

GAD generalised anxiety disorder

GRADE Grading of Recommendations, Assessment, Development and Evaluation
HED heavy episodic drinking

HR hazard ratio

MDD major depressive disorder

MDE major depressive episode

N number of participants in the study

NHMRC National Health and Medical Research Council
OR odds ratio

PECO Population, Exposure, Comparator, Outcome
PTSD posttraumatic stress disorder

r Pearson correlation

REF reference category (for odds ratio bazard ratio)
rho Spearman correlation

RR relative risk
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1 Introduction and bckground

In 2007, the National Survey of Mental Health and Wellbeing (SMHWB) found that one in five
Australian aged 185 had a 1Zmonth mental disordefABS 2008)and almost half (45%) had a
lifetime mental disorder (i.e. a mental disorder at some point their lifetime). Mental disorders are
categories into three maircategories:anxiety disorderqe.g. generalised anxiety disorder, social
phobia, posttraumatic stress disordeyffective disorder¢e.g. depressive episode, dysthymia and
bipolar disorder)and substance use disordefs.g. alctiol harmful use, alcohol dependence and
drug use disorder)

Mental health and mental illnesses arafluenced by a range of different interacting social,
psychological and biological factors, such as social support, household income, level of education,
country of birth, and marital status. Health risk factors which have been found to either positively or
negatively influence mental health are physical activity, overweight or obesity, tobacco use
(smoking), misuse of drugsd alcohol consumptio(ABS 2008)

Alcohol consumption may interact with mental health in a variety of ways, including:

1 People vith mental health disorders are one likely to experience problems related to
alcohol; and

1 People with Alcohol Dependence are more likely to also have other mental health problems
(Boden & Fergusson 2011)

Although existing systematic reviews exist which discuss the relationship between alcohol use
disorder and mental health, there is cuntty very little synthesised evidence on how different levels

of alcohol consumption influence mental health. Thigestion is of interest to the National Health

and Medical Research CourMHMRGC)who are revising their 2009 Alcohol Guidelines.

Under ®ction 7 of theNational Health and Medical Research Council Act 199RMRC has
responsibility forproviding high quality evidence baseblealth advice togovernment andthe
Australian community.

Revision of the 2009 Alcohol Guidelines

In March 2009,NHMRCreleased the2009 Alcohol Guidelingsgproviding policy makers, health
professionals and the Australian coranity with updated adviceon the health risks of drinking
alcohol. The 2009 Alcohol Guidelineprovide universal guidance on reducing these risks to healthy
adults aged 18 years and over (Guideline 1 ancpRis guidance specific to children and young
people (Guideline 3) and to pregnant and breastfeeding women (Guideline 4).

NHMRC regularly reviews its guidelines to ensure that the advice is up to date and reflective of the
fraSaid SOARSYOSd® Ly al NDK wHampZ (GKS /2dzyOAft 27
Officer that the 2009 Alcohol Guidelines be updated. The 2009hglcGuidelines will remain

bl aw/ QatadvideNiNiBtlyigevision is complete.

NHMRC establishatie Alcohol Working CommitteaAVQ to overseethe revision of the Guidelines
andto guide the evaluation of the evidence on the health effects of alcobosumption. The AWC
comprises experts in drug and alcohol research, epidemiology, bstgtatand modelling, addiction,
mental health, clinical public health, fetal alcohol spectrum disorders, Aboriginal and Torres Strait
Islander health and consumeraatacy.

The revision of the 2009 Alcohol Guidelines foeasm the short and long term health risks and
benefits of variousevels and patterns of alcohol consumption on the general paipmnt and various
population subgroups.
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In October 2016, ONHMRC coilssioned an independent evaluation of the evidence on the health
effects of alcohol consumption. The evidence evaluation comprised four overviews of systematic
reviews (the overview), addressing four research questions formulated by the AWC. The overview
identified and evaluated systematic reviews published since 1 January 2007.

Following consideration of theverview report, AWC nembers advised thatfor certain research
guestions, there was insufficient evidence tsupport decision making for draftinguideline
recommendations

To supplement the overview and support decision making for drafting guideline recommendations,
the AWC prioritisedmental health disordersas a criticdl health outcome foran additional
systematic review of primamesearch.

NHaw/ Qa { (I yRI NJipperdigANénddidzih& $heé deignBfie evidence is correctly and
appropriately analysed, interpreted andrgsented, and provide reassirance that the revised
CGuidelines have been developed in a rigorous and transparent manner.

¢2 YSSO blaw/ Qa aidl yRIFINRAZ ( KSvelpabrRes@BtBmatRd I £ dzl
review. This means that the review should include

A Comprehensive andearly defined search strategiesd prespecified studynclusion
and exclusion criteria.

A Qritical appraisal of the quality dhe included studies, includingn assessment of the
risk of bias.

A The application of standard methods to assess the body deece, such as GRADE

Adelaide Health Technology Assessment (AHTA), University of Adelaide, have been contracted by
the Office of the National Health and Medical Research Council (ONHMRC) to cosgsietnaatic
literature review on the latest and best isaitific evidence on the mental health effects (risks and
benefits) of alcohol consumption.

1.1 Objectives of thesystematiditerature review

The systematic review comprehensively seartfor, collated, analyse and synthesiseé the results

of primary studes which repord on the association between various levels and/or patterns of
alcohol consumption and thenental health outcomes of interest, focusing on studies published
since January 2087

The systematiceview addressd the following research question:

1. What isthe associationbetweenvarious levels and/or patternsf alcohol consumptiorand
chronicmental health disorder{mood disorder$and anxiety disordefsare the main
outcomes of interegtin the general populatioand various subgroups
A By age group
A By sex and/or gender
A People with existing physical and/or mental health conditions
A People with a family history of alcohol dependence

1 This outcomes vas rated as critical for decision making by the AWC during the classification of the importance of
outcomes for the overview, using GRADE.

2 GRADE = Grading of Recommendations. Assessment, Development anddhsluat

3 Consistent with the date that last literature searches were undertaken for the 2009 Alcohol Guidelines

‘a¢K2aS RAA2NRSNE GKIFd KF@S I+ RA &G dzNOMeBHD Besclipfor D 208, I & (G KS
https://meshb.nim.nih.gov/record/ui?ui=D019964

56t SNBAAGSY (G |y &MVeBH BebcoptoADAA 2008/ EA S & ¢

https://meshb.nimnih.gov/record/ui?ui=D001008
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A People using licit and/or illicit drugs

2 Reviewmethodology

A systematic review waperformed in order to summarise the best available evidence on the
association between alcohol consumption and mental health outcomes. The methods for the
systematic review are described in detail in the Technical report.

Bibliographic databases were sehed (PubMed, Embase.com, Cochrane Library, CINAHL and
Psychinfo) for relevant articles. Studies meeting inclusion criteria determaegriori were
independently assessed for inclusion by two reviewers. For the isiti@len articles which either
reviewer included were retrieved for full text assessment. Any disagreements regarding inclusion of
full text articles were discussed, andonsensus view formed.

The PBO frameworkguidingthe systematic review questn is presented iffablel.

Tablel PECO criteria for the evaluation a$sociation between alcohol consumption and mental health
disorders

Element Criteria

Population The genergbpulation
If evidence is identified, the following specific subpopulations will be examined:
Sex
Elderlypeopl€B5 year}
Youthpeople< 18 years and betweeri 28 year$
People with existing mental and physical ilinesses
People with existadgohol dependence
People with strong family history of alcohol dependence
People on medicines or other drugs (prescribed and illicit) including intera

Exposure Varying levets alcohol consumptio@ single episode or drinking oceasimr atterns o
alcohol consumption over time

Comparator Reference level and/or pattern of alcohol consumption (including no alcoh®l consu

Outcomes CriticalChronic mentagalth disordedepression, anxietgohoctelated psychoksis
Important: depressive symptoms, symptoms of anxiétydal s ideation/suic
attempts/completed suicide

aReference groups may consist of occasional drinkers, lifetime abstainers or current abstainers, which may include ft
drinkers.

2.1.1 Definitions of alcohol exgure
¢KS SELR&d2NE GFINAIFo6tS 2F Ay(iSNBad 61 a adF NBAYyT
RNAY{Ay3 200FaA2y | yRk2N LI GGSNya 2F |t 02Kzt O2

between studies in regards to howey defined varyng levels or patterns of alcohol consumption.

Among the included studieslahol consumption was defined as:

1 Dichotomous: no alcohol vs alcohol;

f  Volume of alcohol consumed in a set time per{edy. averagg/ dzy 6 SNJ 2 ¥ Wadl yRI N
per day, week month or year)

1 Frequency of alcohol consumptige.g. daily, weekly ,monthly, occasional drinkers)

1 Acompositescore that provides a measure loéth quantity and drinking frequencysed as

a continuous variable
1 An AUDIAC score for low risk and highkiaslcohol consumptiofevels
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The volume of alcohol consumed over a set time period was either used as a continuous variable or
participants categorised into groups. The alcohol quantityaftg varied greatly between studies,

and although different studie tended to define groups using simiterms such as light, regular or
moderate, and heavy or excessive drinkers, the average amount of alcohol consumed daily varied
greatly and made comparisons between studies difficult. Studies that categorised @antgcip
according to fequency of alcohol consumptiodid not take differing levels of consumption per
WRNA Y {1 AY 3 Rntodatroudtksudtiid ihétekogeyic groups.

Studies reporting on heavy episodic drinking (HED) provide an excellent exampilee of
heterogeneity between cubff in different studies. fie definition of HEDvaried between4 and 6

drinks per session (or dayJhe studies also varied accordingthe time period over which HED
occasions were reported from ongeek,to one nonth or even oneyear. Some studies applied the
same cufoff to both men and women, whereas other studies had a loweroftifor women
compared to menFurthermore all except oneof these studies did not take thdifferent frequency

of HEDamong the study particgntsinto account.One study further divided those participating in
HED into those who participated less than once a month and those who participated at least once a
month.

VVVVVVV

¢KS YlI22NArGe 2F &adGdzRASE GKIG NBLR2NIBRRIRSK PP & vy
the unit of measurement. However, the sizea$tandard drink varies between countries. For this

reason, the results in this systematic review have been converted to goamisohol Table2 lists

GKS ljdzarydAade 2F t02K2f Ay WwW2yS &aidlFyRINR RNAYT] !
populations of the included studies were derived. These quantities were fosednvesion unless

a differing ddinition of a standard drink was reported in the study.

Table2 Grams of alcohol per standard drinkhie different countriesn which the studies included in this
review were conducted

Country Alcohol (g) in one standard drink
Australia 10g
Brazil 14 g
Canada ~13.6¢g
China 109
Denmark 12 g
Finland 129
Germany 10 g
Ghana 10g
India 10 g
Italy 109
Japan 1975¢g
Kiribati 109
Korea 8¢
Mexico l4 g
Netherlands 10g
Norway 12 g
Russia ~16 g
Samoa 10g
Solomotslands 10g
Spain 10g
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Country Alcohol (g) in one standard drink
Sweden 10g
Switzerland 10g
Taiwan NA
Unite Kingdom 8¢
United States 1l4 g
Vanuatu 10g

2.1.2 GRADE framework for synthesis and interpretation of the body of evidence

For each identifieagnental healthoutcome, the quality of the evidence contributing to that outcome
was assessed using GRADE. The GRADE approach involves considestingytiaesign, theisk of
bias, directness of evidencimconsistencyheterogeneity, precision of effect estimates and risk of
publication bias(and other biasesjor each outcome, resulting in an overall quality of evidence
depicted using thal symbol, with fourd indicating high quality, and on@ indicating very low
quality. A Summaref Findings table containing the GRADE outwas constructed(Guyatt et al.
2013) and an evidence statement developed, reflective of the GRAREBNfidence in the reported
findings for each outcome, to be considered by the AWC and the ONHMRC

The first step in the GRADE process is to identify whether the evidence was derived from a
randomised controlled trial or other study types. Observatiosialdy designs are normally rated
down by two pointsii 2  Wdué th& additional uncertainty of conclusions from observational
studies, as compared to randomised trials. Howeggven the research questioa randomisd
designwasnot likely (e.g. randonsation to large consumption of alcohol), andmospective cohort
studieswere consideredthe most appropriatedesign Thesewere therefore only rated down one
pointii 2 WY 2 gu8lityNXI S RS NJ Gualityy MY R ¢ Q@ WasEs&d\s theSs@rting point
for the quality of evidencand either upgraded or downgraded depending on the methodological
characteristics of the evidence base (see Technical Report for further informafiee)approach
wasconsistent withthat used in the2017 Alcohol Guidelines report, as agreed to by NHMRC and the
AWC(NHMRC Clinical Trials Centre 2017)
Evidence statementslerived from findings in the evidence baadopted consistent language to
reflect the GRADE components. The Evidence Statements generally fit into one of the following
categories:
I.  Consistent evidence of an associatpthis wordingwas used when the body of evidence
was deemed validand at low risk of biass(s § § or § § §t ), applicable to the
Australian context and consistently showed an association between alcohol consumption
and mental health outcomedi.e. there was more than one studyj the evidence was rated
ass §5t YR OUOKSNB gl a 2yfe aidzRe Theie W evidancel SY Sy i
2F Iy aa20AF0A2y¢d

II.  The evidence shows no associatiaihis wordingwasused when thebody of evidencevas
deemed validand at low risk of biass(s S S ors s St ), applicable to the Australian
context, and demonstrated that there was no association between alcohol consumption and
mental health outcomes.

lll.  Limited evidence of an associatigthis wordingwasused when itwvas deemed that there is
limited confidence that the body of the evidence shwan association between alcohol
consumption and mental health outcomes applicable to the Australian coniée.lack of
confidence could be duto either the risk of bias in the studies, or heterogeneous results
between studies.
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IV. No reliable evidence of an associatipthis wordingwasused when the body of evidence
could not confidently be deemed sufficiently valid or relevant to the Austratiatext, such
that the level of association between alcohol consumption and mental health outcomes
cannot be determined. Confidence in the body of evidence can be affected by siegersd
including the small number of studies, the study designs, thedoality of the studies and
the lack of control for possible confounding factors. Confounding factors can include lack of
consideration of:baseline physical and mentahealth status age, sex, marital status,
socioeconomicstatus, life events,occupation, type of area (urban/rural)presence of
support group, smoking behaviour, illicit drug use, use of psychotropic drugs or therapy, and
treatment for pre-existingmental health problems.
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3 Resultsq General Population

Results for the general population (i.e. studies which do not fit subgroups, other than age or gender
based subgroups) are presented in Section 3, divided by outcome (i.e. depression, suicidality,
FYEASGEeT LaeOK2aAaod ¢ KSstudiestwhich ffitindmore t0dn 6r® 2ge NE A Y
subgroup(i.e. including both adolescents and adults, or including both youngeohiat adults or

all three).

3.1 The effect of alcohol consumption developingdepression and depressive symptoms
(general populatin)

3.1.1 All ages

Summary:

Both genders combined:

Three studies were consistent that no association was found between low levels of drinkin
guidelines or nercessively) and likelihood of depreSsi@mafs later. However, this evideaa Vi
risk of bias, was not deemed highly applicable to Australia, and was rated down for imprec

Ony out of three studies regutah association between excessive drinking (exceeding guide
likelihood of depression, meaning the ewideimoeonclusive.

Evidencé&om three studiess identified regarding whedzaty episodicinkingHED erss either
nonrHEDor abstinence was associated with a higher likelihood of depressitn amenstudy
reporting a statistically signifieffect, atbo studiesupporting the null hypothesis.

Drinking on a weekly, monthly or occasional basis (at levels not considered to be hazardo
be associated with less risk of depression in three studies, and harmful inusitmsNabacol
occasional ldevel drinking can therefore be made.

In females:

A single stugghowed no association between drinking frequency or drinking mord @y pess
dayon the rate of women developing depression at a later timesjointrePoeed that those w
drank monthly had less chance of deptieasi@bstainera/hile thosehodrank occasionally hg
more chance of depression. A single study reported a positive association between hazarc
depressive symptaafiter 4 years.

In males:

Three studies provided consistent evidence that males drinking above particular threshol
per week, or AUEBTscore 4) dibthave a significantly increased likelihood of having de
compared to those dnighielow the thresholdso studies were consistent that men who drar
than once per month were less likely to have depressiampatHatiavose who abstained or d
less regularly. One of these studies also reported that those wisiadralhk fveed significantly m
chance of depression at folfotlian those who abstained.

Twelve longitudinal cohort studies reported on the likelihood of developing either depressive
symptoms or having a depressive episode as a consequence of alcohol intake in individuals aged 12
years and older. Four studies includalil ages fromadolescentgo older adultsand eight studies
included adultof all agesTwo of the studies did not report the age rang# included participants,

but as theg were likely to include adwdtof all ages and had mean age was 51 and 56 years, these
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studies were included ithis section Sixstudies provided data for males and females separately. The
risk of bias for the studies reporting outcomes for the total population, and for males and females
separately, are presented for individual studies in Apperidiin the Technial Report and are
summarised irFigurel. The majority of the studies had a low or moderate risk of bias for both the
internal validity (i.e. the study design, datanadysis methodology and adjusting for potential
confounders) of the study and its generalisability to the broader population from which the study
participants were selecteddowever, half of the studies reporting outcomes for males had a high
risk of biador internal validity.

Total population

Generalisability

Internal validity

Females

Generalisability

Internal validity

Males

Generalisability

Internal validity

0% 20% 40% 60% 80% 100%

Low  Moderate High

Figurel Risk of biassummanyfor studieseporting depression outcomes for individuals who drank alcohol

Eight studies included results for the total population, four studies included resuttd $otsteiiatesnaluded
results for males.

3.1.1.1 Combined gender

Fve studies reported on the likelihood of developing depression according to the quantity of alcohol
consumed Figure 2). Two of these studies used the abstinent grotwo used abstinent and
guideline drinkers and theifth study usedonly guideline (or northazardous)drinkers as the
reference groupsin orde to allow some comparison between the studies, the categories from
these studies were converted to g alcohol/day.

Cabello et al(2017) categorised participanfeom Ghana, India, Mexico and RussigedO18 years,

into never drinkers, nofeavy drinkerand heavy drinkers defined &sving at least 5 (for men) or

4 (for women)standarddrinkson at least one day in previous weekhe definition of a standard
drink wascountry-specific, with a net alcohol content ramgf 10616 g. Thus, heavy drinkers were
assumed to have consumed at least 5@og men) or 40 g (for womergf alcoholon at leastone day

in previous weekThe number of participants in each drinking category was not reporide
authorsreported no significant differences in the likelihood of developing depression between the
drinking groupsVan Gool et al(2007) enrolledDutch adults aged 2¥81 years andlivided the
participants into three groups: nedrinkers, regular drinkers cons8R XXH RNAY {1 ak RF &3 I )
RNRA Y1 SNE RNJ yOhe stemdardRdxidk yh ith@ KdherBarbls contains 10 g of alcdtady
found that those who drank@ drinks(30 g alcoholflay were 2.5times more likely to develop
depresgd moodb6 years later.

Bulloch et al (2012) definedCanadianparticipants, ageddl2 years, as excessive drinkers who
exceeded moderate drinking guidelines (14 drifl&0 g alcoholln a week for men and [B5 g]for
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women) in the past -days.In Canada, a&tandard drink cordins about 13.6 g of alcohdHeavy
episodicdrinking(HEDY | & RS ¥ A Yy S R68Ig alcolpfpn dRéNdcoAdioa during the past 7
days. The group who were either abstinent or drank within the guidelines were used as the
reference group but the numberof participants in each group were not reportedo significant
differences in the likelihood ofiaving a major depressive episo@DE between the drinking
groupswere identified This differed from Sullivan et al. (2011) who used similaiotfst Sullvan et

al. (2011) enrolledAmericanveterans aged 287 years, and definellEDas consuming 6 or more
drinks(a total of84 g alcoholpn one occasior8 or more times during past year and rbazardous
drinking as consuming alcohol time previous year but noHEDor hazardous drinkg. The authors
used the norhazardous drinkersas the reference group and found that the likelihood of
participants of HE@evelopingMDD was 2.1-times higher than for no#azardous drinkersThere
was a nossignificant difference in likelihood of developing MDD between -hamardous drinkers
and former drinkers.

Magnusson Hanson et .al(2016) reported on the association between excessive alcohol
consumption and depressive symptoms 6 years later in individugdsl 46 64 years. Excessive
alcohol use was defined asH (for men) andil4 (for women) standard drinks weekly or drinkixg)

drinks per occasion at least weekly. The standard drink in Sweden is equivalent to 12 g of alcohol.
Thus excessive drinking waseaered to be the consumption &6 g of alcohol/day for men and

24 g/day for women. The authors found thelationshipbetween excessive alcohol consumption in
2008 and depressive symptoms two years lat@hich was reported as &a coefficient, was not
significant

The alcohol categoriefom these five studiesvere graphed to show the overlappirgicohol
consumptiongroups Figure2) and theHEDgroups Figure3) so that the results could be compared.
The only statistically signifiat outcome was reported by Sullivan et al. (2011) &fach Gool et al
(2007)

Four of the five studies were conducted in countries which would provide evidence applicable to the
Australian setting The fifth study byCabello et al. (2017hcluded partigpants from Ghana, Mexico,
India and Russia; the drinking cultures in these countries may not be directly applicable to the
Australian settingTheinternal validity of thestudy by Van Gool et al. (200Wasmoderate,and the
authors found that excessivedrinking was associated with asignificantly higher likelitbod of
depression.Two additionalstudies, with moderate(Bulloch et al. 2012pr poor (high risk of bias;
Magnusson Hanson et al. 20li6jernal validity found no differencebetween drinkers that did or

did not exceed drinking guideline¥here was no difference between regular drinkers, ‘heavy
drinkers or former drinkers and the reference group in the likelihood of developing depression.
Althoughthe studies were consistd that there was no association between low levels of drinking
and depression, a strong conclusion of no effect has not been made, given the risk of bias and
possible lack ofgeneralisabilityof the evidenceto the Australian population. It is therefore
concluded that here wasno reliable evidence of an associatibatween excessive drinkingnd
depressiop by @& S (GRADE tl t(itS)NDhere was alsao reliable evidence of an association
betweenregular drinkers or former drinkers and depression.

Van Goobet al (2007) also reported the RR (95% CI) of having a depressed mood attdipllas a
consequence of transitioning in drinking behaviour between baseline and folipw he authors

used those who remained abstinent as the reference group. They repdhiat participants who

initiated alcohol use during the followp period were &imes less likely to have a depressed mood

than those who remained abstinent (RR=0.18, 95% CI 0.04, 0.76, p<0.05). Participants who still drank
alcohol and those who quit driing alcohol were equally likely to have a depressed mood as
participants who were abstinent (RR=0.80, 95% CI 0.45, 1.41 and RR=1.29, 95% CI 0.57, 2.91,
respectively).
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Thus, there idimited evidence of an associatibbetween HEDand depression at a latdime point
(GRADE st t ).

Alcohol quantity (g/day)

20 40
| | | |

Cabello et al (2017) REF Non-heavy drinkers
N=7,908 (never drinkers) OR=0.93 (0.57, 3.67)
Follow-up=5-8 years | |

Abstinent 0 60

Van Gool et al (2007) REF Regular drinker Excessive drinkers (n=80)
N=1,169 (n=161) RR=1.15 (0.68, 1.96) RR=2.48 (1.05, 5.69), p<0.05
Follow-up=6 years | | | | |
Bulloch et al (2012) REF : Exceeding guidelines

N=17,276 (abstinent or within guidelines) .
Follow-up=6 years | |

HR=0.9 (0.7, 1.3)

Sullivan et al (2011)
N=2,446

OR=1.3(0.86, 1.96

Former drinkers (n5464)

REF
(non-hazardous)

Follow-up=6 years | |

Magnusson-Hansen REF Excessilve drinkers (exceeding guidelines)
et al (2017) N=3,706 (not exceeding guidelines) B=0.92 (n=193)
Follow-up=2 years | | | | | | | |

Figure2 Graph depicting the OR, HER, and the 95% @l t h e 9, forcthe dikklihdod af leavirdither
depressioror a depressed moamong adults according to their drinking quagtitgears earlier
compared with the reference group
Thegreerbars represent the number of drinks/day included in each drinking category. The pink bars represent the nun
of drinks/day included for fenifateis differed from the malbée 95% Cls are whoin brackets and statistically
significant results are shown in boltifecaumber of participants in each group has been included for those that were
reportedBulloch et.gR012): HRadjusted for gender, age, marital status, employmétvsigtaschronic condition,
being in pain and having a low inCainell@t al (2017)ORs adjusted for demographics, presence of physical chronic
condition, BMI, general health status and Salliviayet al (2011)ORs adjusted for correlate¢@ue data, gender,
race, and ag¥an Gool et.42007)RRs adjusted for baseline depressive symptomatology, age, gender, marital status,
educational level, instrumental activities of daily living status, and number of chronic diseases.

The heavy drinkig category from the study bgabello et al. (2017Jescribedmaximumdrinking
guantities on a given day rather than per day, thus it is more comparabfEfooutcomes and was
included in theHEDanalysis Figure3). The point estimates for all three studies reporting ldBD
outcomes showed an increased likelihood of having depresdi@ygars later compared to the
reference group. However, only one study showed a statistically significant increasethriskt is
concluded that there igo reliable evidence of an associatlmetween HED and depression at a later
time point (GRADE t t t ).

Alcohol quantity (g/occasion)

Abstinent 0 40 8|0 120

I |
Cabello et al (2017) REF Heavy drinkers
N=7,908 (never drinkers) OR=1.59 (0.67, 3.75)
Follow-up=5-8 years | | ‘ ‘

Bulloch et al (2012) REF HED
N=17,276 (abstinent or within guideljnes) HR=1.1(0.9, 1.3)
Follow-up=6 years | ‘ ‘

2160

Sullivan et al (2011) REF HED
N=2,446 (non-hazardous) OR=2.14(1.49, 3.07), p<0.001
Follow-up=6 years | | |
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Figure3 Graph depicting the OR aHR, and the 95% Cls, for the likelihood of haithgrdepression or a
depressed mooih participants oHED5 | 8 year s earl i er compared with t

Thegreerbars represent the number of drinks/day included in each drinking category. The pink bars represent the nurr
of drinks/day included for females if this differed from the males. The 95% Cls are shown in brackets and statisti
significant results ateown in boldfacEhe number of participants in eachwgasupoteportedn these studies

Cabellet al.(2017)ORs adjusted for demographics, presence of physical chronic condition, BMI, general health status
and countrullivaret al(2011)ORs adjusted for correlated outcome data, gender, raceYandzage et. §2007)

RRs adjusted for baseline depressive symptomatology, age, gender, marital status, educational level, instrumental acti
of daily living status, and number of diseases.

Three studiesvith moderate internal validity that were conducted in the United States or Canada
reported on the likelihood of developing depression withitl@ years as a consequence current
drinking frequency and all outcomes were statisticagignificant Table 3). Cougleet al 2015
included adults age@18 years and found that the likelihood that weekly drinkers would develop
depression within 3 yearaas 12% lesghan for people who drank less than weekly. Meng (2017)
included participants age@12 years and reported that people who drank at least once a month
were 12% less likely tbave anMDEover the next 16 years than less than monthly drinkend a
never drinkers. Meng et a12017) included participants aged185 years and reported that former
drinkers and at least monthly drinkers had a reduced risk of developib® within 4 years
compared with never drinkers. Occasional drinkers had up to §6%ter chance of developing
depression than never drinker§he evidence is considered too uncertain to make any conclusions
regarding the optimal frequency of alcohol consumption (GRADE t ).

Table3 The OR, HR or RR and the 96% for the likelihood of developitgpression withir2l 16 yearsin
people according to their drinking frequency

Time Never Former Cccasioral | Monthly Weekly
period drinker drinkers drinker drinker drinker
Couglest al (2019 3 years REF OR=0.88 (0.8
N=34,653 0.94), p<0.001
Meng2017% 16 years REF HR=0.88, (0.778, 0.995), p=0
N=12,227
Menget al (2017 2 years REF | RR=0.15 (0.1 RR=1.28 (1.1 RR=0.51 (0.44, 0.58), p<0.00
N=1,212 0.19), p<0.00] 1.45), p<0.00
N=877 Ayears| REF | RR=0.280.23, RR=1.56 (1.4( RR=0.68 (0.61, 0.76), p<0.00
0.33), p<0.00] 1.75), p<0.00

Cougle et .gR015: OR djusted for age, income, marital status, gender, ethnicity, education, and psychiatric comorbidity
Meng (201 @9ndMeng et a(2017)did not adjust for any possible confourtteensumber of participants in each
drinking category were not reported for theselseidiesn shading represents statistically sigsiicant

3.1.1.2 Female and male subgroup analysis

Three studiesconducted in the United Stateleoked at the likelihood of developing depression
according to alcohol consumption quantity men and women separatelywo with agoodinternal
validity (low risk of biasRuggles et al. 2017Sui et al.2009)and one withpoor internal validity
(Onwuameze et al. 2018Bui et al (2009) enrolled healthy np mental/mood disorders
cardiovascular disease oancerat baselinelmen and women aged 281 years and reported on the
effects of drinkingk p R (€I0y§ faléoholveek compared with<5 drinks/weekon the likelihood

of developing depression within 12 years in males and fem&&gie4). The authors found no
difference in the likthood of developing depression between those who drank more than 5
drinks/week and those who drank less for either males or fem@&sADE S S t ).

Onwuameze et al. (201®nrolled farmers from lowa (98% mal&)ith a mean age 56 year&age
range not reported), and compared the likelihood of developing depression over 3 years between
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those who drank more than 9 alcoholic drink26 g alcoholjveek and those who drank less.

Ruggles et a[2017) included older veterans with a mean adeéd years (age range not reported)

and used an AUDIT cutoff of ¥4 for unhealthy alcohol us€rhe three AUDFC questions that
YSIFadaNB GKS FY2dzyd | yR FN& S scde repedents hazaddsh 2 vy Q &
drinking levelspr drinking thatexceeds guideline recommendatiorfhe US guidelines recommend

1 standarddrink (14 g alcoholper day for women an@ drinks per day for me28 g alcohol)The

likelihood of developing MDD in unhealthy drinkers was compared to healthy drinkers

Daily atohol consumption was graphed to compare outcomes for males and ferfiatpsed). As

all three studies were conducted in the United States among, farmers, veterahsha general
population, these studies are likely to be applicable to similar populations in Aushialie of these

three studies showed a statistically significant association between alcohol consumption and the
development of depressioriThere iso reliable evidence of an associatibatween drinking more

than 10 30 g alcohol/day and depression at a later time paoiiten compared with drinking less
(GRADE st t).

Alcohol quantity (g/day)

Abstinent 0 10 20 30 40 =50
I | I | I
Sui et al (2009) REF >5 drinks/week (n=774)
Females N=3,085 OR=1.00(0.75, 1.33)
Males N=11,258 | | | |
Follow-up=12 years REF >5 drinks/week (n=4,695)

OR=1.01(0.87,1.18)

Ruggles et al (2017) | | | |

Males N=5 479 REF Unhealthy alcohol use (n=2,044)
Follow-up=6 years | | | OR=1'|09
Onwuameze et al REF >9 drinks/week (n=126)
(2013) Males N=257 RR=0.94(0.79, 1.13)

Follow-up=3 years | | | | |

Figure4d Graph depicting the RR or HR and the 95% Cls for the likelihood of having depression among
participants who drar®5 d r i dXysarswearlierkcompared with those who drarkinks/week

The pink and blue bars represent the number of drinksdaforincesth drinking catederyales and males,
respectively. The 95% Cls are shown in bFaekatsnber of participants included in the drinking group@ué shown.

et al (2009): ORdasted for age, baseline examination year and surveyyezsponsaiameze et al. (2013):

univariate analysis. Ruggles @0dl7): OR adjusted for number of years from enrolment, depression status at baseline,
current alcohol use, smoking, and for stimulant use.

Two Canadiarstudieswith moderate internalvalidity, enrolling adolescents and adults of all ages
reported on the effect of drinking frequency on developing depressidn years later for females

or males Table4). Meng (2017) found that males who drank more than once per month were 21%
less likely to develop depression over the next 16 years than males who drank less often. There was
no difference between the two groups for females. Meng e(2017) foundhat males and females

who were former drinkers or more than once monthly drinkers were fio510-times less likely to
develop depression within 4 years than never drinkers. They also found that both male and female
occasional drinkers were L.20 2.6times more likely to develop depression within 4 years than
never drinkers

The evidence is considered too uncertain to make any conclusions regarding the optimal frequency
of alcohol consumptioflGRADE t t t ).
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Table4 TheHR or RR and the 95% Cls for the likelihood of develepirassion withil 16 yearsin males
and females according to their drinking frequency

Follow Never Former drinkers | Occasioraldrinker | Monthly drinker
up drinker

Meng2017%
Women 16years REF HR=0.2(080Q 1.05)
N~6,334
Men 16 years REF HR=0.79 (0.64, 0.98),
N~5,893 p=0.035
Menget al (2017
Women 2 years REF | RR=0.11 (0.07, 0.1 RR=1.49 (1.25, 1.7] RR=0.75 (0.63, 0.89),
N=646 p<0.001 p<0.001 p=0.001
Women 4 years REF | RR=0.2{0.17, 0.27)| RR=1.19 (1.05, 1.3  RR=0.75 (0.66, 0.85),
N=550 p<0.001 p=0.008 p<0.001
Men 4 years REF | RR=0.26 (0.18, 0.3] RR=2.62 (1.93, 3,5 RR=0.45 (0.33, 0.62),
N=327 p<0.001 p<0.001 p<0.001

Blue and pink cells represent statistically significant results for males and females, respectively. Meng (2017) and Me
al (2017) did not adjust for any possible confdinedeusnber pérticipania each group was not reported.

One small studpy Johnson et a2013)with poor internal validity, enrolled382women aged 1833

years and found a significant positive association betwel&bDand depressive symptoms 4 years

later (Table5).HEDg & RSTAYSR o6& | O2 Y0 A8 g dichrdlyccadidn arRINA Yy 1 A Y
subjective intoxication over the previous 12 mon{&RADE t t t ). The study was considered

too small on which to base firm conclusions. It isréfore concluded that there iémited evidence

of an association.

Table5 Thecorrelation betweemean number of drinks consumed and depression symyitints4 years

Population Exposure Followup Results
N=384Adult femalgd8 | O6 dr i nrk e £ we d k u| 4 years b=0.18, p<0.05
83 years) occasion past yéar98)

SourceJohnsoet al2013

The regression analysis wiassted for baseline depressive symptoms

3.1.2 Adolescents

Summary:

Both genders combined:

Crosssectional associations between measures of alcohol (volume consumed, frequency

frequency x quantity, any alcohol consumed, HED, heavy or harmful drinking) and depre
were all consistently statistically significanésoeattol However, cremsstional data do not all
conclusions regarding the direction of effect to be made. Studies regarding prospecti
between alcohol measures at one time point, and depressive symptoms at a later timdgpoi
baseline depression, were much less consistent.

Two studies reported on an association between volume of alcohol consumed and leve
symptoms a year or two later. The larger study reported all correlations were signifrealey
study showed an effect in the same direction but was not statistically significant.

Three out of four studies reporting on the association between frequency of alcohol c¢
depressive symptoms found significant positive cobretaftensadjusting for gender, generat
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status, and delinquency, one of the studies found the association was no lorges fgifi
study reported rsignificant results in the opposite direction.

Two out of three studies reported an amsdmaveen alcohol quantity x frequency and dej
symptoms. The remaining study had results in the same direction but was too small for 1
statistically significant.

Two studies reported on an association between the consungit@mobbadydepressive sympt
up to 3 years latBoth studies reported positive associations between adolescents4ygeds)
drinking any alcohol (more than a few sips) and depression at later time points. One stu
correlationsere not significant for depression at age 13, but the study was underpowered.

One study reported adolescents who drank weekly atvage rhdre likely to have depreg
symptoms at agesi1lb8compared with those who drank less than veskliyndwere less thar
weekly drinkers at agddBincreased their consumption such that they were weekly drinker
were also more likely to have depressive symptoms at ages 18 compared with those whg
weeklpetween the ages of 131&hd

Six studies reported on an association betiaBendrinking to intoxicasiod depressive sympton
The majority of the studies showed a positive associatidiBizawedater depressive symptd
(up to 6 years). Howeorestud found negat associations, suggestindgitiBmay result in fewe
depressive symptoifise reason for the heterogeneity is unclear.

In females:

One study reported tHEDmMore frequently than once per week when -dfjedak6significant
associated with having depression between ages 2ResktiAEDor less wasohassociated wit
depression.

One study reported théyearold girls who drank moderatetgasiong) or highlfweekly) were
significantly more likely to aaepresseepisodat age 16 than those whnldmly occasionally ¢
not at all

Two studies reportedsignificant association between frequency of alcohol consumption an
sympams, although a consigtesitivérend was identified.

A single small study reported on the association of quantity x frequency and depressive
and 2 years. The correlations were significant at nearly all time points, sugigestles,ttiae
number of drinks consumed in a month ovefi dgepredict depressyeptoms a year or two lal

Four studies reported conflicting results for the associatibiEDeimeedepressive symptabre
study reported that those paiiticjgatHED had higher concurrent levels of depressive sympt
related reductions in depressive symptoms were therefore larger on average for those wh
HED at baseline (i.e. HED predicted a faster reduction in symptoms, whith regrebsiatuto th
mean)One study reportibdt HEDvas associated with higher depressive syatfchiowip while
the remaining two studies reported no association.

In males:

One studseportedhat moderafeccasional) and high (weeklyd Eattohol consumptiorid-year
-old males, significantly predicted having a depressive episode by age 16.

Two small studies fourd significant association between frequency of alcohol consun
depressive symptoms

Another small study reported on the association of quantity x frequency and depressive g
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and 2 years. Only one correlation out of six was significant, suggesting that overall, the 1
consumed in the past month does notdaedissive symptoms.

Four studies reported on the association b#®erd depressive symptoms up to 14 yeabsla
per female adolescents, one study reported that HED was associated dvitttiarfastdepeessiv
symptomspne reported it svassociated with higher depressive symptoms, while the rem
studies reported no association.

Twentytwo longitudinal cohort studies, including three studies conducted in Australia, reported on
the likelihood of developing either depressive symptoms or having a depressive episode as a
consequence of alcohol intake in adolescents aged between 11 year$7ayehrs.Nine of these
studies reported depression outcomes for girls, aght reported outcomes for boys. The risk of
bias for the studies reporting outcomes for the totpbpulation and for males and females
separately, are presented for individual stesliin AppendiXD in the Technical Report and are
summarised irFigure5. The majority of the studies had a low or moderate risk of bias for both the
internal validity (i.e. the study design, data analysis methodology and adjusting for potential
confounders) of the study and its generalisability to the broader population from which the study
participants were selected.

Total population

Generalisability

Internal validity

Females

Generalisability

Internal validity

Males

Generalisability

Internal validity

0% 20% 40% 60% 80% 100%

Low = Moderate High

Figure5 Risk of biassummanyfor studieseporting depression outcomes dololescentsvho drank alcohol
Fiteen studies included results for the total popinesimalies included results for femalesghtstudies included
results for males.

3.1.2.1 Combined gender

Alcoholconsumption as a continuous variable

Twelve studies looked at predicting the development of depressive symptoms as a consequence of
drinking alcohol, up to 12 years earli@n adolescents These studiesenrolled schochged
adolescents from Australia, Cade Finland, Norway, the United Kingdom and the United States and
are therefore likely to be applicable to the Australian settinge @mount of alcohol consumed
and/or the frequency of consumptiowere quantifiedand used these measures or a composite of
both as a continuous variable in regression analysis modelspiEsence of depressive symptoms
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wasassessed using sekported questionnaires. The scores from these questionnaires were either
used as a continuous variable, or they were dichotomisedtltier presence or absence of the
condition. Thecorrelationcoefficients and the related-palues from regression analysis were then
reported.

Two studies reported on the likelihood of developing depressive symptoms as the result of
increasing alcohol consuption at an earlier age. A large Canadian stwityr good internal validity

by Hooshmand et al(2012) enrolled over 4,000 school students aged 14 years at baseline and
assessed their alcohol intake and depressive symptoms every year for three yearsoiiieycted
continuous variables for alcohol quantity and depressive symptoms and calculateRetirson
correlation coefficients. The authors found a significant positive correlation between alcohol
guantity and depressive symptoms fall comparisongTable6). A small Americastudy by Mason

et al. (2008)that had poor internal validityincluded only 429 school studenitstially assessed atge

16 yearsand reassessed at ages 18 years andy2ars. The authors reported the beta coefficient
between having depressive symptoms at adé andl8 years and/or a major depressive episode
(MDD) by age 2%ears and the amount of alcohol consumed at agé6 and 18 yearsAll
comparisons showed a positive associatialthoughthe associatiorbetween alcohol consumption
guantity at age 16 years and having depressive symptoms by adailé8 to reachstatistical
significarce. This is probably due to the small study beimgderpowered to detect a significant
difference.

All comparisons between alcohol intake quantity and depressive symptoms at the samexaget
at age 17 yearshowed a gnificant positive associaticffGRADE St t ).

All observationdbetweendepressivesymptoms up to age 18 and MDD at age 22 and earlier alcohol
intake showed a positive associatiphut the association between alcohol intake at age 16 years and
depressive symptoms at age 18 yefmem a small study with a high risk of bitsled to reach
statistical significanc€GRADE st t ).

Table6 A grid representing the results from all studies reporting oncdhrelation between alcohol
consumption quantity at a specific age and depressivetemns evaluated tite same oalater age

Alcoholconsumptiorguantity at:
Ageld4years Age 15/ears Age 16/ears Age 17 years
14 years r=0.09p<0.05
Hooshmanet al.
(2012), N=4,412
| 15 years r=0.10, p<0.05 r=0.16, p<0.05
S Hooshmanet al. Hooshmanet al.
% (2012), N=4,412 (2012), N=4,412
g 16years r=0.07, p<0.001 r=0.12, p<0.05 r=0.11, p<0.05
[s] Hooshmanet al. Hooshmanet al. Hooshmanet al.
g (2012), N=4,412 (2012), N=4,412 (2012), N=4,412
> b=0.11,
_g Masoret al(2008)
7] N=429
£ | 17years r=0.14, p<0.05 r=0.11, p<0.05 r=0.08, p<0.001 r=0.04
8 Hooshmaret al. Hooshmaret al. Hooshmaret al. Hooshmaret al.
(2012), N=4,412 (2012), N=4,412 (2012), N=4,412 (2012), N=4,412
18years p=0.10
Masoret al(2008)
N=429
22years b=0.21,
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Alcoholconsumptiorguantity at:

Ageldyears Age 15/ears Age 16/ears Age 17 years

Masoret al(2008)
N=429

Columns characterise tiee @ which alcohol consumption was measisetharacterise the agehich depressive
symptoms were measufidtecorrelationoefficients are reported in the intersecting cell. The green shading represents
statistically significemtrelationsiooshmanet al (2012alculated the Pearson correlation between caitionous
guantitand depressive symptoarsablesMasoret al (2008used SEM regression analysis with alcohol quantity as an
ordinal variable and depressed mood as a continuous variable.

Both Hooshmand et a[(2012) andMasonet al (2008)also reported on the effect of increasing
frequency of drinking alca (irrespective of the amount of alcohol consumed per session) on the
later development of depressive symptomslooshmandet al (2012) calculated the Pearson
correlation coefficientsfor alcohol frequency and depressive symptomsThe authorsfound a
sigrificant positive correlationbetween alcohoHdrinking frequencyand depressive symptoms for all
comparisons Table 7). Again the small study biasonet al (2008)found positive associations
between drinking frequency and depressive symptoms, thé association betweerdrinking
frequency at age 16 andDDat age22 yearsfailed to reach statistical significance

Two additional studies reported on this comparisd@alfle7). An Australian study with poor internal

validty found a negative association between drinking frequency at ages 11 or 14 years and
depressive symptoms at ages 14 and 16 years, respectively, but this was not statistically significant
even though the study had enrolled 927 Victorian school studeBtaolesBaloget al. 2015).
However, the associations between drinking frequency and depressive symptoms at the same age
showed a positive correlation, with the association at age 16 being statistically signifibentther

study had a low risk of bias andnrolled 620 Mexican youths living in California and found a
significant positive association between drinking frequency at age 14 years and depressive
symptoms at age 16 yearddrrishet al 2016) However, after adjustment fogender and
generational tatus and delinquencgythe association was no longer statistically significant

All comparisons between drinking frequency and depressive symptoms at the same age showed a
positive association but the comparisons at age 11 and 16 years in the stigghthgs-Balog et al.
(2015, which had a high risk of bi&ailed to reach statistical significan(BRADE t t t ).

Theobservations betweenepressive symptoms up to age 18 and MDD at age 22 and earlier alcohol
intake showed a positive associatiam two studies but the association betweedrinking frequency

at age 4 years and depressive symptoms at ageydarsreported by thesmall study by Parrish et

al. (2016) which had a low risk of bidailed to reach statistical significancEhe third sudy with a

high risk of biasby ScholesBalog et al. (20155howed a norsignificant negative association
between depressive symptoms and driims frequency at an earlier ag6RADE t t { ).
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Table7 A grid representing the results from all studies reporting orothelationbetween alcohol drinking
frequency at a specific age and depressive symptoms evaluatedane oa later age

Drinkingfrequencyat:
Age 11 Age 14 Age 15 Age 16 Age 17
Age 11 b=05 0
Schole®alog et al
(2015), N=927
Age 14 b=10. 0 r=022 p<0.05
Schole®aloget al.| Hooshmaret al.
(2015), N=927 | (2012), N=4,412
b 6.143, p<0.00]
ScholeBalog et al
(2015), N=927
Age 15 r=0.11, p<0.05| r=0.%7, p<0.05
= Hooshmaret al. | Hooshmaret al.
2 (2012), N=4,412| (2012), N=4,412
g_ Age 16 r=0.10, p<0.05| r=0.11, p<0.05| r=0.11, p<0.05
e Hooshmanet al. Hooshmaret al. Hooshmanret al.
> (2012), N=4,412| (2012), N=4,412| (2012), N=4,412
2 b(adj) =019 p<0.01
a Parristet al(2016), Masoret al(2008),
s N=620 N=429
o)
| b=10.0 b=@9 0
ScholeBaloget al. ScholeBaloget al.
(2015), N=927 (2015), N=927
Age 17 r=0.11, p<0.05| r=0.10, p<0.05| r=0.09, p<0.05| r=012 p<0.05
Hooshmaret al. Hooshmaret al. Hooshmanret al. Hooshmanret al.
(2012), N=4,412| (2012), N=4,412| (2012), N=4,412| (2012), N=4,412
Age 18 £=0.22, p<0.00]
Masoret al(2008),
N=429
Age 22 b=0.08
Masoret al(2008),
N=429

Columns charactetiise @e at which alcohol consumption was measisetharacterise the agehich depressive
symptoms were measufigte correlation coeffisiardg reported in the intersecting cell. The green shading represents
statistically significant correlabimashmanet al (2012xalculated the Pearson correlation between caitiobolus
frequency and depressive symptomablesVasoret al (2008) used SEM regression analysis with alcohol quantity as
an ordinal variable and depressed mood aswoaosntariablBarrish et .g2016) used SEM regression analysis with
drinking frequency and depressive symptoms as continuous\djagedzlefgender and generational status and
delinquencgcholefalog et a(2015) use8EM croskgged pathnalysis with drinking frequenelpinaryariable

and depressed mood as a continuous yvariable

Threestudies reported on theorrelation of alcohol consumption as a composite of both quantity
and drinking frequency with later development of depresssyenptoms in adolescents or young
adults.Onesmall stug with poor internal validity by Mackie et al(2011) enrolling 393 youths aged

14 years, reportec significanpositivecorrelation between adolescent alcohol use at age 14 years
and 15 years, andepressionat the same time o6 months later(Figure6). However, by 12 month

the correlation between alcohol consumption and depresdi@came insignificantSEM regession
analysis of the causal relationship between alcohol use and depression found that high initial levels
in QxF alcohol use did not predict change in depression (QxF intdRcBtINB a & A2y &f 2 LIS
p=0.45). Two larger studies reported a significpositive correlation between drinking at age 16
years and the development of depressive symptoms 2 and 12 years Tatble@). The study by
Patwardhamet al. (2017) had goodinternal validity and enrolled 6,963 adolescents aged 16 yetars
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investigatethe correlationbetween drinking at age 16 years and the diagnosed depression 12 years
later. TheSpearman's rankrder correlationwas significantly positive, and ttf®EM beta coefficient
also reported a significant positive associatidiatfle8). The study byMason & SpothH2011), with

poor internal validityenrolled 1,521 16-year olds and found a positiveorrelation between their
drinking habits and the development of depressive symptoms at agedi®

All comparisons between alcohol consumption and depressive symptoms at the same age showed a
significant positive associatiomhestudy by Mackie et a(2011)with a high risk of biashowed that
this association could last for up to 6 mon{{@RADE t t t ).

The observations between depressiaand earlier alcoholconsumption showed a positive
association, which was statistically significant in b of three comparison§GRADE t t t ).

Table8 A grid representing the results from all studies reporting oncdirelation between alcohol
consumption (quantity x frequency) at a specific age and depressive symptoms evahetsirat or

a later age
Alcohol consumption quantityfrequencwt:
Age 14 Age 15 Age 16
Age 14 r=0.2), p<0.001

T Mackiet al2011 (N=393)

2| Age 15 r=0.08 =014, p<0®

*g_ Mackiet al2011 (N=393) Mackiet al2011 (N=393)

% Age 16 b=0.2, p<0.05

) Mason & Spoth 2011 (N=15]

§ Age 18 0=0.27, p<0.05

% Mason & Spoth 2011 (N=15]

81 Age 28 rh0=0.072, p<0.001

b=0.10, pqg

Patwardhast al2017 (N=6,963

Columns characterise thee @ which alcohol consumption was measig@tharacterise the aigehich depressive

symptoms were measuiidte correlation coefficients are reported in the intersecting cell. The green shading represent:
statistically significant correlations. Macki€@t Jatalculated the Pearson correlation between continuous alcohol
frequency and depressive symptoms vakisiess: Spoth(201) used SEM regression analysissitmmed
alcohotjuantifrequency indexd depressed moodcastinuous variabl®atwardham et @017 calculated the

Speamand nkordercorrelation betwegnontinuous alcolvohsumptiorariablenda binarglepressive symptoms

variable
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Depressive symptoms measured at:

T1 (0 months) T2 (6 months) T3 (12 months) T4 (18 months)
0.30
0.28*
§ 0.20*
2 .
3 0.0 0.18
£ 0.14*
° 0.13* " :
E 0.12 011 0.12
c 0.10
3 0.08
g 0.07
&
0.00 T T T 1
T1 T T2 ™ T2 T3 T T2 T3 T4

Alcohol use measured at:

Figure6 Bar graph depicting the Pearson correlation coefficient between atoohohptiorQxF measured at
age 14 (T1), then 6 (T2), 12 (T3) and 18 (T4) months later and depressive syimp@dnmSand T4

The xaxis represents the wave at which alcohol use was Aks#esles was a composite of quantity and frequency.

The blue bars represent alcohol measures taken from T1 (age 14rpemtasTitepresealkcohol measures taken

6 months lateFheorangebar representilcohol measures takérn2 monthsand the pink bar represents alcohol
measures taken at 18 mofiths timpoint from which the depressive symptom measures were taken is shown at the top
of the grapfheasteriskindicates atistical significar{tp<0.0%nd ** p<0.0p{Mackie et.&201)

One study byNeedham (2007¢nrolled 10,828 school children with a mean age of 15 years and
measured baselinelEDfrequency over the past 12 months and depressive symptoms six kaers

This study had moderate internafalidity and used dual latent growth modelto report the
unstandardized coefficients for the intercept BEDwith the slope of depressive symptomisitial

levels of HED was positively correlated with initial lsvefl depressive symptoms (i.e. those who
participated in HED were had higher levels of depressive symptoms on average than those who did
not participate in HED)The intercept ofHEDalso predicted the rate of change in depressive
symptoms The authors reprted a negative association with adolescemiso drank more heavily at

age 15 yearshaving a significantlyfaster rate of decline in symptoms of depression across the
transition to adulthood (age 21 yearspl b n ®H n 3) (ARADEDIthtM). That is, thosewith

higher levels of HED (and depressive symptoms) at baseline had a faster reduction in depressive
symptoms, (possibly due to regression to the mean), than those with lower baseline HED (and
depressive symptom levels).

Alcohol consumption as@ateqgoricalvariable

Two studieswith moderate internal validity reported on the correlation between any alcohol
consumption(compared with no alcohol consumptioir) adolescentsaged 1114 years andater
development of depressive symptomEhese studieslichotomised alcohol consumption into two
groups: those who drank more than a few sips of alcohol regardless of quantity or frequency, and
those who did not The study by Birkley et.a(2015) found a significant positive pborrelation
between those whairank alcohol at age 1dr 12years and those who had depressive symptoms at
agell and/orl2 years Table9); a phi correlation isimilar to the Pearson correlaticzoefficient in

its interpretation The second study bicCarty et al (2012 was smaller, enrolling only 512
adolescents aged 12 years. This study foumdstly significant positive associations between
drinkingand depressive symptons ages 12,13, 14 ad 15 yearsThe association between drinking

at age 13 years and depressive symptoms at age 14 or 15 years was not significant. This is likely due
to the small study being underpowered to detect all outcomes.
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These results suggest therelimited evidence of an associatidretween consuming alcohol and
having depressive symptoms at the same age (GRADE t ).

These results suggest therelimited evidence of an associatidietween consuming alcohol and
having depressive symptonas a later timepoint (GRADE t t t ).

Table9 A grid representing the results from all studies reporting owotinelationbetweenany alcohol
consumption at a specific age and depressive symptoms evalihtedaahe oa later age

Alcoholconsumption at:
Age 11 Age 12 Age 13 Age 14 Age 15
Age 11 | phi0.B, p<0.05
Birkleyet al2015
(N=800)

Age 12 | phi0.14, p<0.0§ ph&021, p<0.01
¥ Birkleyet al2015 | Birkleyet al2015
g (N=800) (N=800)
g b=0.23,
; McCartgt al2012
) (N=512)
()
2| Age 13 b=0.13,| b=0.19,
g McCartgt al2012 McCartgt al.
o3 (N=512) 2012 (N=512)
D1 age 14 b=0.16, p<0.01 b=0.08 b=0.18,

McCartgt al2012 McCartgt al. McCartgt al2012
(N=512) 2012 (N=512) (N=512)
Age 15 b=0.17, p<0.01 p=0.02 p=0.17, p<0.01] p=0.5, p<0.01
McCartgt al2012 McCartgt al. McCartgt al2012 | McCartgt al2012
(N=512) 2012 (N=512) (N=512) (N=512)

Columns characterise thee @ which alcohol consumption was measig@tharacterise the aigehich depressive

symptoms were measufidwe correlation coefficients are reported in the intersecting cell. The green shading represent:
statistically significant correlatBiridey et a(201) calculategbhi correlatiormoefficientand SEM path analysis

between a binary variable for alcohol consumption and a continuous variable for deprdgsiCarsyrapi@ms.

(2012 used SEM path analygth alcohol consumption as a binary variable and depressive syopitmsas a

variable.

A Norwegian study with poor internal validity I8kogan et al(2016)reported onthe association
betweenweeklyalcohol consumptiorat age 1318 yearscompared witheither stable (consistently

less than weekly) ano alcoholconsumptionover the 5 year followp period Figure7). The weekly
alcohol consumption trajectories were a composite of the ftewel drinking frequency variable at
ages 13, 15, 16 and 18 yeafglolescents who were weekly drinkeby age 13yearshad higher
depressive symptoms on averageages 15, 16 and/or 18 years than those who consistently drank
less Similarly, adolescents who drank less than weekly at aggedBs but had started to drink
weekly by age 18 had a positive association with depressive symptoms, but this only reached
statistical significance for depressive symptoms at age 18 years. The positive association between
drinking frequency and depressisymptoms for adolescents who stad drinking after age 13
years did not reach statistical significance for any compar(@®ADE t t t ).
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Depressive symptoms at:
Age 15 Age 16 Age 18
0.70 .
0.60

0.50 *

0.30 0.24

020 I o01s| 0.4 0.16
010 1 0.09 - 0.11

Regression coefficient

0.00 . . — .
-0.10
-0.20

Figure7 Bar graph depicting the linear regression beta coefficient (95% CI) for the association between alcohol
consumption trajectories fromageyl8 ar s and depressive symptoms 171 3

The ages shown on tkexis represent the age at which depressive symptoms wereAbsgedseonsumption

trajectories were a composite of tHevigwilrinking frequency variable at ages 13, 15, 16 and 18 years. The blue bars

represent adolescemtso were weekly drinkers at age 13. The green bars represent adolescents who were less that

weekly drinkers at age 13 years but had increased consumption to weekly by age 18 years. The orange bars repre

adolescents who weredramkers at age 13 ydarsstarted drinking weekly by age 18 years. The reference groups were

adolescents who were less than weekly drimketsinkers at age 13 yesnd did not greatly increase their level of

alcohol consumption up to age 18 Vear95% I€ are alsshown, the asterisk indicates statistical significance.

(Skogen et al. 2016)

HEDor drinking to intoxicationn adolescents

9x studies, including one conducted in Australia, reported on twerelation between HEDor
drinking to intoxicationand the later development of depressive symptoms in adolescents. Five
studies(one withgoodand four with poorinternal validity) reported significant positiveorrelations
andone study (with moderate internalalidity) reported a significant negativeorrelation The mean
scores from the selfeported depression measures were standardised with or without log or square
root transfamations to correct for skewness and used as a continuous variable in regression analysis
in all studies.

Four studies dichotomised arategorised the frequency ¢iEDand the results are summarised in
Table10. The Australian study, by Chan et @O013), enrolled 969 Victorian high school students
aged 14 years and reported if they had undertaken diE(defined ask p R NJR Y )iditkedaStd a A 2 Y
2 weeks.HEDwas dich@omised into yes or no and the mean depressed mood score were used to
calculate theSpearman's rankrder correlation. The authors found a significant positiserrelation
betweenHEDat age 13 or 14 years and depressive symptoms 1 or 2 years later LillydbgSkogan

et al. (2016 categorisedl,102adolescentdased on drinkingo intoxicationat ages 13, 15, 16 and

18, this was used witlstandardised mean depression scores in linear regression analysis. The
authors found a significant positive association between drinkongntoxication at age 13 and
depressive symptoms at ages 46d 18 yearsbut not at age 16 yeardhe small study bylason &
Spoth(2011) (N=151) also reported on theorrelationbetweenHED(defined as3 drinks in a rown

the past month) at age 16 and depressed mood at age 18. The numbeEbccasionsvere
categorized into (0) = nond€1l)=one occasiorand (2) Zwo or moreoccasionsand along with the

mean depressed mood scores were used in regression analysis. The authors found a significant
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positivecorrelationbetweenHEDand depressed mood. Another small studyNdgsonet al. (2008),

enrolled 429 adolescentsnd assessed the frequency dEDO RSTAY SR &4 o RNAY] &
past month)at age 16 years as a categorical variable and their mean depressed mood score at age

18 years as a continuous variable were used in SEM regression analysis. A sigrofitam p
association betweerEDat age 16 years and a depressed mood at age 18 years was reported.

Two large studies usedHEDfrequency as a continuous variable in regression anabysis their
results are also summarised Trable10. Gustafsoi2012 enrolled3,194high school students with a
mean age of 15 yearslEDirequency was defined as the number of daggsdrinkswere consumed
in a rowin the last 12 months andlong with the mean depressive symptoms scaaso as a
continuous variablewas usedo calculate thePearson correlation coefficienThe authors found a
significant positive correlation betweeHEDat age 15 years and depressive symptoms at Hye
years and a2l years. Although there was a positive correlation betweliDat age 15 years and a
diagnosis of depression at age 27 years, the correlation was not statisiciificant Cisleret al
(2012 enrolled 3,614 adolescents with a mean age of $éars and definedHEDfrequencyasthe
number of timesxxp | f O2 K 2véré éonsued iy & dingle day in the last 30 days. Using
multiple linear regression analysethe authors found a nosignificant positive correlation with
depressive symptoms one year later and a significant negative correlafear2 later at mean age
of 17 years

The associatiobetween alcohol consumption and depressive symptoms at the sageeware
reported infour studies with a high risk of bias. One stughowed a significant positive association
at ages 13, 14 and 15 yea®ne study reported positive association at age o studiesshoweda
positiveassociatiorat age 16 yearbut only one reached statistical significanGRADE t t t ).

The observations between depressicend earlier alcoholconsumption showed a positive
associationin all studies btione. The moderate risk study by Cisler et al. (2012) showed no
association betweetHED at age 14 and depssive symptoms at age 15 and a significant negative
association one year later at age 16 years. Of 11 comparisons from the other five studies only 2 did
not reach statistical significance. One of these came from the only study witkv aisk of bias
(Gustafso2012). (GRADE t t t ).
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Tablel0 A grid representing the results from all studies reporting aotteationbetweerHEDor drinking to
intoxicationas an adolescerdand depressive symptoms evaluatetti@isame oa later age

HEDat:
Age 13 Age 14 Age 15 Age 16
Age 13 rha=02Q p<0.001
Charet al2013 (N=969
Age 14 rha=0.15, p<0.001 rha=021, p<0.001
Charet al2013 (N=969| Charet al2013 (N=969
Age 15 rho=0.09p<0.01 rho=0.08, p<0.05 rho=0.B, p<0.8
Charet al2013 (N=969| Charet al2013 (N=969| Charet al2013 (N=969
6=0.3), p<0.05 b=0.01 r=0141, p<0.01
Skogaret al2016 Cisleet al2012 Gustafs@012 (N=3,194
(N=1,102) (N=2511)
Age 16 b=0316 b=0.1
o Skogaret al2016 Masoret al2008
o (N=1,102) (N=429)
g b=0.®, p<0.05
g— Mason & Spoth 2011
= (N=1521)
o | Age 17 b=10.06, p<0.05
@ Cisleet al2012
) (N-1,653
o
8 Age 18 b6=0.2, p<0.05 b=0.14, p<0.05
Skogart al2016 Masoret al2008
(N=1,102) (N=429)
b=0.27, p<0.05
Mason & Spoth 2011
(N=1521)
Age 21 r=0.069, p<0.10
Gustafsd@012 (N=3,194
Age 22 £=0.13, p<0.05
Masoret al2008
(N=429)
Age 27 r=0.029
Gustafsd@012 (N=3,194

Columns characterise tiee @t which alcohol consumption was measisetharacterise the agehich depressive
symptoms were measuiidte correlation coefficients are reported in the intersecting cell. The green shading represent:
statistically significant positive dorreland the grey shading represents significant negative dohatagors.
(2013 <cal cul at e-drdeBScpreslatiomvitiDdssan ardinal Wariadhel depressive symptoms scoies as
continuous variabfisler et a(2012 used mulie linear regression analysidHEiiliirequencgnd total depressive
symptom scores as continuous varab#tafsqe012 calculated Pearson correlation coefficieHEDRigguency
and depressive symptoms scores as continuous Wasdietsd. (2008) used SEM regression analysi$BRith
frequencys a ordinal variable and depressed mood as a continuousveasoalleSpoth(2Qll) used SEM
regression analysis WiEDfrequencgs an ordinal variable and depressed mood as a continuo8kogaiakeleal
(2016 used linear regression analysidnwiking tmtoxicatioas a binary variabled thenean depression score as a
continuous variable.

Heavy or harmfullrinking n adolescents

Two studiesreported on the correlation between heavy or harmfdrinking and the later
development of depressive symptoms in adolescdible11). The study bySkogaret al. 016),

with poor internal validity, categorisedl,102adolescents based on weekly drinking at ages 13, 15,
16 and 18 This was used witktandardised mean depre®n scores in linear regression analysis. The
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authors found a significant positive association betwdagh alcohol consumptioat age 13 and
depressive symptoms at ages, IBand 18 years.

Pesolaet al. 015 had moderate internaVvalidity but did not clearly define harmful drinkindt was

determined by frequency of drinking alcohol, largest number of drinks in a single day and whether

the adolescent had ever been drunk. The authors reported that harmful drinking among 4,863 14

year olds was significly negatively associated with depressive symptoms at age 16 years.

lf 0K2dAK GKS& NBLRNISR | LI aharinful @riking atdde MdvwkaysQa O2 |
and depressed mood 2 yeaiater (tho=0.33, p<0.00land a total unadjusted effect of hafai

drinking at age 14 years predicted greater depressed mood 2 yearsila®@©002, p < .001), 95% of

this correlationcould be accounted for by affiliation with deviant peers. Thus, the direct effect, after
accounting for other possible confounders stemha negative correlatiofi agf 5 1 ®nc p YandJF n ®n a1 m
may reflect drinking among those adolescents who engage in alcohol use to socialize.

Pesola et al(2015)found a significant positive associatibetweenharmful drinkingand depresed
moodat ageld years(GRADE S t t ).

All observations between depress symptomsand earlierheavy or harmful drinkingghowed a
significant positive associatio(GRADE t t t ).

Tablell A grid representing the results from all studies repastinpecorrelationbetweerheavy omharmful
drinkingas an adolescerdand depressive symptoms evaluatetth@tsame oa later age

Heavy or harmful drinkirady

Age 13 Age 14
f,u) Age 14 rho=0.13, p<0.05
E Pesola et al. 200¥%=1,883)
£ Age 15 b=0.4, p<0.05
> Skogaret al2016 (N=1,102)
% Age 16 =035, p<0.05 rho=0.33, p<0.001
a Skogaret al2016 (N=1,102) Pesola et al. 200¥%=1,883)
S Age 18 b=0.%, p<0.05
o Skogaret al2016 (N=1,102)

Columns characterise thee @ which alcohol consumption was measigs@tharacterise the aigehich depressive

symptoms were measuiidte correlation coefficients are reported in the intersecting cell. The green shading represent:
statistically significant positive correRésol et 201%c al cul at ed t-btrader cBrelatimndmsech 6 s r an
SEM regression analysisanitindinaharmful drinkingriable andantinuoudepressed mood variaBlkegan et al.

(2016 used linear regression analysidnwiking tmtoxicatioas a binary variabled thenean depression score as a
continuous variable.

3.1.2.2 Female andnalesubgroupanalysis

One Australian studwith moderate internalvalidity looked at the likelihood oHEDin adolescent

and youngadult females leaithg to depression 6 years and 15 years later (Powers.€2(l6). The
women were enrolled at 183 years of age andEDfrequency atages 16to 21 yearsvas assessed
retrospectively. The authors found that women who drank episodically more than once a week
when they were aged 1@1 years had a 30% increase in the likelihood of having depressioe at ag
22127 years compared to women who did not drink episodicdfigyre 8). Although the point
estimate shows a 20% increase in the chance of having depressionBf $ears, it did not reach
statistical significance and the wide 95% 6uggest that the study may have been underpowered
for this outcome. Less frequetED(once weekly or less often) at agec b H M did Bt ind&ase

the chance of having depression @ither age group compared to women who did ndtink
episodically (GRADES t t ).
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Frequency of HED at age 16-21 years

<1 time/month once monthly once weekly 21 time/week
175 (n=1,376) (n=1,471) (n=2,134) (n=1,272)

*

1.50

:Z: { [ , I I . I L.01
1_021 10'99 0-94‘ ‘0.92 0.93‘ l

22-21 31-36 22-271 31-36 22-27 31-36 22-271 31-36
OR of having depression at age:
Figure8 Bar graph depicting tieR (95% CI) for the likelihood of females having depregsasticipating in
HED6 |l 15 years earl|lHEBr compared with no
The 95% I€ are shown, the asterisk indicates statistical significance. The age of assessing depression are shown be

the xaxis. The ndEDgrougn=1,998)as used as the reference in logistic regressicnRoakyss et 2016). Both
depressive symptoms ldEffrequency were used as categorical variables.

1.30
1.19

QOdds Ratio

fu

0.75

One study with moderate internalvalidity (Edwards et al, 2014ported the odds ratios (OR) and
95%Cls for the increased likelihoodaalolescents agetl6 yearsdeveloping depressn according to

their drinkingfrequencym b o & S | ,N@mpadd Nith Attfe Nno alcohol consumptioRigure9).

The study did not report the cudffs for low, medium or high drinking frequency, but defined them

as none, occasional or weekly alcohol useer time between ages of 13 years to 15 years
Adolescents were categorised as having depression if they met the ICD criteria for a depressive
episode.The authors found a significant increase in the likelihood of adolescents having had a
depressive episode by age 16 years if they were a medium offrieighency drinker at age 14 years
compared to low frequency drinke(6RADE St t ).

Drinkers

Medium frequency High frequency
7.00

6.00 T

o
= 5.00 ~ *

4.00 A

3.00 -
£ 925 03 2.54
2.00 -

1.00
0.00

Odds Rat

1.63

(n=1,114) (n=928) (n=411) (n=382)
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Figure9 Bar graph depicting the OR (95% ClI) for the likelihood of hasisglepressve episodeat age 16
yearsif drinking moderately or hélgnd | 3y e aaorsparedawith driring little or no alcohol

The pink bars represent the OR point estimates fo(Nethdlbegnd the blue bars represents those for males
(N=1,878at different drinking levels from Edward$26i4). The 95%sGre also shown, the asterisk indicates
statistical significan€iee low alcohol consumption dret#y105 boys and n=2,105 wats)sed aghe reference
groupin logistic regression analeith drinking frequermyer time (agesil3)and depssive episodesere
categocial variables

Twosmall studeswith moderate internalalidity from the United S&tesreported on thecorrelation
between alcohol drinking frequenaguring adolescencand depressive symptomsp to 3 years

later for malesandfemales(Tablel2). Fleming et al(2008) reported alcohol drinking frequency as a
6-catergory variable: (0) no use in the previous year, (1) some use in the past year but none in the
past month, (2) once or twice in the past month, (3) three to five times in the past month, (4) 6 to 19
times in the past month, and (5) 20 or more times in the past moD#pressive symptoms were
reported as the score with a range from 0 to 3. Usimgtivariate latentgrowth trajectory modes,

the authors found no significant associations for any of the mansons shown ifable12 for either
males or femalesHowever, the autha concluded thatalthough caution should be exercised in
comparing correlation coefficientacross groups, most of the correlations are larger in magnitude
for girls than for boys

Wymbs et al(2014) assessed alcohol drinking frequency from 0 (never used) to 7 (used more than
once per day). Together with depressive symptoms scores these esriatelre used irstructural
equation modding and the authors reported that alcohol use failed to predict depressive symptoms

in the following 4 yearsThe larger effect for girls seen in the study by Fleming.€2808) was not
consistent in this studyThere was a significant association between alcohol use at age 14 years and
depressive symptoms at the same age in girls but not boys. However, by ages 15 and 18 years the
association was no longer significant and did not differ between girls and boggeiGely, alcohol

use at age 15 years was significantly associated with depressive symptoms at the same age in boys
but not girls, and again by age 16 the association became nonsignificant.

For both male and female adolescents, it was considered that thesie no evidence of an
associatiorbetween alcoholdrinkingfrequencyand (GRADE t t t ).

Tablel2 A grid representing the results frooth studies reporting othe association between alcohol drinking

freqgquency at ages 13, 14 o4yeatsBatey ear s and depressi

Alcohol consumptiofrequencyat:
Age 13 Age 14 Age 15 Age 16

Age 13 | °¥ 7 02
0.20
0.10 £=010
.
0.00 N=412 (1) N=473 (1)
Age 1 030 0.30 B=0.27

p=0.21
0.20 020 - B=0.16

p=0.13 .
0.00 0.00 -

N=12(1)  N=4T3 (1) N=412 (1) N=4T3 ()

Depressive symptoms at:

0.30 +
p=0.24

020 1 p<0.01

0.10 1 p=0.05

TN ) N212(2)
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Alcohol consumptiofrequencyat:
Age 13 Age 14 Age 15 Age 16
030 0.30 030 4
Age b p0.22 p=0.23
0.20 3=0.16 0.20 0.20 -
0.10 B=0.06 0.10 0.10 - p=0.08
0.00 - 0.00 0.00
N=412 (1) N=473 (1) N=412 (1) N=473 (1) N=412 (1) N=473 (1)
0.30 4 0.30 +
0.20 - 0.20 1 B=0.16
0.10 1 p0.10 p=0.10 0.10
p=0.04
H 0.00
N9 (2) N=2T2 () NSO Q) N=22(2)
Age 16 0.30 0.30 -
p=0.22
0.20 p=0.18 0.20
0.10 o 0.10 8005
0.00 I 0.00 - _ .00
Ned12(1)  N=4T3 (1) Ne412(1)  N=4T3(1) NEH2 (1) Ne£T3 (1) N=412(1)  N=473(1)
Age 18 0.30 0.30 4
0.20 0.20
=013 p=0.11
0.10 010 < B=0.07
- F002
0.00 0.00 . N
N=29(2)  N=272(2) N=249(2)  N=212(2)

The pink bars represent the results for females and the blue banesefisekantsales. The ages shown on the x

axis represent the age at which the alcohol drinking frequency was assessed followed by the age at which depre:
symptoms were assesggiFleminget.dl 2008) det er mi n e datett breth corve amalgsigh i ci ent <
alcohol drinking frequency as a categorical variable and depressive symptoms as a co(@nUdyrebhsagalslie.

(2014) reported SEM correlation coefficients using drinking frequency and depressive symptonebéescontinuous vari

One study with good internal validity reported on the correlationbetween alcohol consumption
guantity as an adolescengind depressive symptoms evaluated at a later @ggble13). The study
by Danzoet al. (2017)found all bivariatePearson correlatiosifor girls(except alcohol consumption
at age 12 years and depressive symptoms at age 15 years)statistically significant, but only boys
who drank at age 13r age 14had a significant positive correlation with the developmerit o
depressive symptoms at age. XGRADE St t ).

Tablel3 A grid with bar graphs representing the results from two studies reportingcorratagionbetween
alcohol consumption (quantity x frequency) at a specific age and depressive sywalioasd at a
later agdor males and females

Alcohol consumptioguantity x frequency at:

Age 12 Age 13 Age 14 Age 15
Age 12 | *® 7 rom
0.30 p<0.05

0.20

0.10

Depressive symptoms at:

0.00
N=201 (1) N=302 (1)
0.40 - 0.40
Age 13 -
030 - 030 , 0N
p<0.05
0.20 0.20 -
r=013 r=0.12
010 ~ p<0.05 12002 0.10 -
N=291 (1) N=302 (1) N=291 (1) N=302 (1)
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Age 14 040 0.40 0.40 | r=038

=030
030 - 030 |, 030 | P05 o

= p<0.05
020 | % 0.20 =017 020 -
p<0.05
r=0.02
0.00 0.00 -

0.00
N=291 (1) N=302 (1) N=291 (1) N=302 (1) N=201 (1) N=302 (1)

0.40 4 0.40 - 0.40 0.40
Age 15 ) r=033
r=0.30
030 0.30 - 0.30 030 | 05

. p<0.05
0.20 020 010 0.20 ot 020 -
p<0.05 r=01 -

r=0.

0.00 .0
N=291 (1) N=302 (1) N=291 (1) N=302 (1) N=201 (1) N=302 (1) N=291 (1) N=302 (1)

Columns characterise tiee @ which alcohol consumption was measisetharacterise the agehich depressive

symptoms were measufidte correlation coefficients are graphed in the intersecting cell. Pink bars represent results fo
girls, and blue bars represent results for boys. Significant results are indieatied §yDhazpet d. (20175
calculateBearson correlation coefficigith alcohol quantity over the last month and mean depressive symptoms score
as continuous variables.

Three studies reported on thecorrelation between HED during adolescenceand depressive
symptomsup to 14 years laterTable14). A study with agood internal validity by Wilkinsonet al.
(2016) enrolled adolescents aged 15 years and usedar regressioranalyss to investigate the
relationship betweerHEDfrequency and depressive symptorap to 13 yearslater. Pesolaet al.
(2015)enrolled 5,216 adolescents aged 16 years and looked at the association between harmful
drinking and depressed mood 2 years laterisTétudy, with moderatdnternal validity did not
clearly define harmful drinking, but it was determined by frequency of drinking alcohol, largest
number of drinks in a single day and whether the adolescent had ever been diomlever, the
authors foundthat the SEM coefficient showed a negative direct effect but was not statistically
significant for males or females. The difference in direct efbettveen males and femalegas also

not significant(difference:i 't n ®nnH 0 b n ¢ Meedhanretdai (20D Z) enrolledv10,828
school children with a mean age of 15 years and measured bas#tibrequency over the past 12
months and depressive symptoms six years later.sfbhdy had moderate internafalidity and used

dual latent growth models and reported the unstandardized coefficients for the interceptEbd

with the slope of depressive sympt@mThe intercept ofHEDpredicted the rate of change in
depressive symptomsThe authors reported a negative assoadatiwith both males and females
who participated in HE@t age 15 yearshaving a significantlyfaster rate of decline in symptoms of
depression across the transition &mlulthood (age 21 years) éblel4).

For both male and female adolesceniswas considered that there wam reliable evidence of an
associatiorbetweenHEDand depression (GRABES t t ).

Tablel4 A gridwith bar graphs representing the results frlomestudies reporting on the correlation between
HEDat a specific age and depressive symptoms evaluated at a later age for males and females

HEDat:
Age 14 Age 15
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HEDat:
Age 14 Age 15
Age 16 005

0.00 B

-0.05 p=-0.03 p=-0.03
N -0.10
©
g -0.15 N=2,918 (1) N=1,945(1)
o
; — 0.05
; 0.00
g -0.05 —-
% o010 | pooot  B=003
: . B=-0.03
95)- 015 7 N=5728(2)  N=5100(2)
O
O | Age 28

Columns characterise thee @ which alcohol consumption was measig@tharacterise the aigehich depressive

symptoms were measuidte correlation coefficients are reported in the intersecting cell. The pink shading represents
correlations for females and the blue shading represents correlatio8gyfoficaatagsults are indicated by the p

value (1) Pesoleet al (205) used SEM regression analysisawitidinaharmful drinkingriable and @ntinuous
depressethood variahl€2)Needhamat al (2007) used latent growth curve analysiEath a categorical variable

and depressive symptoms as a continuous @rlabliinson et §2016) linear regression analygisiEDas a

categorical variable amutessive symptoms as a continuous variable

Onestudy with good internal validity reported onthe associatiorbetween HEDduring adolescence
andthe development of depressive symptoms. Schuler e(24115) included 6,070 individuals who
participated in the Add Health study during at least one wave between the ages of 12 and 31 years.
Multivariate timevarying effect modellingfor the associabn between HED with elevated
depressive symptomaas repoted as ge-varying coefficientsvith 95% @ on a graph from age 12

to 31 years. The coefficient values and the 95% Cls were estimated from the graph and are tabulated
in Table15. HEDwas associated with elevated depressive symptoms only during adolescence for
both females (until age 18year9 and males (until age yearg (GRADE S St ).

Tablel5 Agevarying coefficients (95% CI) féEDassogated with elevated depressive symptdwedues
estimated frorchuler et aR015Fig. 4

Age at comparison Females Males

12 years b~3.7 (95% CI b~2.1 (95% CI
17 years b 8.7 (95% @3, 1.1) b~0.3 (95% ClI
18.5 years b ~40(95% CI 0.0, 0.8) b ~ 095% Ci(.3, 0.3)

31 years b~10.9 (95% C b ~ T 95%4C10(9, 0.3)

Pink cells refer to a significant association biEtideed elevated depressive symptoms for females, and the blue cells
for malesAgevarying coefficiedisrived usinguitivariate timarying effect model(gddjusting for daily smoking and
marijuana usejthHEDas a binary variable and depressive symptoms as a continuous variable.
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