
BackgroundBackground Arelationship betweenArelationship between

the serotonin transporter gene, adversethe serotonintransporter gene, adverse

events and onsetofmajordepressionhasevents and onsetofmajordepressionhas

beenreported.beenreported.

AimsAims Toreplicate a geneToreplicate a gene66environmentenvironment

interaction in a cohortwith longitudinalinteraction in a cohortwith longitudinal

data for life events, experience ofdata for life events, experience of

depression, parentalbondinganddepression, parental bondingand

neuroticism.neuroticism.

MethodMethod Atthe 25-year follow-up,Atthe 25-year follow-up,

genomic DNAwas obtained from127genomic DNAwas obtained from127

cohortmembers (mean age 48 years) tocohortmembers (mean age 48 years) to

determine the genotype ofthedetermine the genotype ofthe

serotonin transporterserotonintransporter gene-linkedgene-linked

promoter region (5-HTTLPR).promoter region (5-HTTLPR).

Associationswere investigated betweenAssociationswere investigated between

thethe 5-HTTLPRgenotype,positiveand5-HTTLPRgenotype,positiveand

adverseadverse life events and the genelife events and the gene66

environment interaction, and alsoenvironment interaction, and also

betweenthe 5-HTTLPRbetweenthe 5-HTTLPR genotype andgenotype and

risk factors fordepression.risk factors fordepression.

ResultsResults Norelationshipwas foundNo relationshipwas found

between 5-HTTLPR genotype and eitherbetween 5-HTTLPR genotype and either

risk factors fordepression or positive liferisk factors fordepression or positive life

events.Adverse life events had aevents.Adverse life events had a

significantlygreater impactonthe onsetofsignificantlygreater impactonthe onsetof

depression for individualswiththe s/sdepression for individualswiththe s/s

genotype.genotype.

ConclusionsConclusions The 5-HTTLPR genotypeThe 5-HTTLPR genotype

is a significant predictorof onsetofmajoris a significantpredictorof onsetofmajor

depression followingmultiple adversedepression followingmultiple adverse

events.This is one ofthemorerobustevents.This is one ofthemore robust

findings concerning specific biologicalriskfindings concerning specific biologicalrisk

factors fordepression.factors fordepression.
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Serotonergic (5-HT) neurotransmissionSerotonergic (5-HT) neurotransmission

contributes to many physiological func-contributes to many physiological func-

tions, including appetite, sleep, aspects oftions, including appetite, sleep, aspects of

cognition and the expression of depressioncognition and the expression of depression

and anxiety. The 5-HT transporterand anxiety. The 5-HT transporter

(5-HTT) is central to the regulation of(5-HTT) is central to the regulation of

brain and peripheral serotonergic neuro-brain and peripheral serotonergic neuro-

transmission. A functional polymorphismtransmission. A functional polymorphism

in the promoter region of the serotoninin the promoter region of the serotonin

transporter gene (SLC6A4), known astransporter gene (SLC6A4), known as

5-HTTLPR, has been associated with5-HTTLPR, has been associated with

depression and with risk factors fordepression and with risk factors for

depression (e.g. neuroticism), with the shortdepression (e.g. neuroticism), with the short

‘s’ allele reducing the transcriptional‘s’ allele reducing the transcriptional

efficiency of the serotonin promoter andefficiency of the serotonin promoter and

leading to decreased 5-HTT expressionleading to decreased 5-HTT expression

(Lesch(Lesch et alet al, 1996). Although a recent, 1996). Although a recent

meta-analysis did not support a directmeta-analysis did not support a direct

relationship between the 5-HTTLPR andrelationship between the 5-HTTLPR and

depression onset (Anguelovadepression onset (Anguelova et alet al, 2003),, 2003),

the ‘s’ allele was thought to increasethe ‘s’ allele was thought to increase

vulnerability to adverse life events.vulnerability to adverse life events.

A longitudinal cohort study (CaspiA longitudinal cohort study (Caspi et alet al,,

2003) which tested this gene2003) which tested this gene66environmentenvironment

interaction hypothesis reported that partici-interaction hypothesis reported that partici-

pants with the s/s genotype were morepants with the s/s genotype were more

likely than those with the s/l or l/l genotypeslikely than those with the s/l or l/l genotypes

to experience DSM major depression in theto experience DSM major depression in the

presence of increasing numbers of adversepresence of increasing numbers of adverse

life events.life events.

We sought to replicate a geneWe sought to replicate a gene66
environment interaction in a cohort withenvironment interaction in a cohort with

individualised longitudinal data for lifeindividualised longitudinal data for life

events and onset of major depression. Weevents and onset of major depression. We

also examined data for a broad range ofalso examined data for a broad range of

experience of depression and putative riskexperience of depression and putative risk

factors for depression, including parentalfactors for depression, including parental

bonding and neuroticism.bonding and neuroticism.

METHODMETHOD

Study protocolStudy protocol

The cohort of 165 young adults (initiallyThe cohort of 165 young adults (initially

consisting of 109 women and 56 men;consisting of 109 women and 56 men;

mean agemean age¼23.4 years, s.d.23.4 years, s.d.¼4.3 years) was4.3 years) was

recruited in 1978 from a group undertakingrecruited in 1978 from a group undertaking

a 1-year postgraduate teacher traininga 1-year postgraduate teacher training

course (at a Sydney Teachers College) tocourse (at a Sydney Teachers College) to

take part in a longitudinal study designedtake part in a longitudinal study designed

to investigate gender differences in rates ofto investigate gender differences in rates of

anxiety and depression. The cohort hasanxiety and depression. The cohort has

been followed up at 5-yearly intervalsbeen followed up at 5-yearly intervals

(Wilhelm & Parker, 1989). At each(Wilhelm & Parker, 1989). At each

follow-up (in 1983, 1988, 1993 and 1998)follow-up (in 1983, 1988, 1993 and 1998)

all of theall of the participants completed a seriesparticipants completed a series

of self-of self-report questionnaires in conjunc-report questionnaires in conjunc-

tion with a semi-structured interview ask-tion with a semi-structured interview ask-

ing about work and personal life eventsing about work and personal life events

for each year over the 5-year period, as wellfor each year over the 5-year period, as well

as about alcohol and substance misuse,as about alcohol and substance misuse,

medical history and methods of coping withmedical history and methods of coping with

stress, depression and adversity. The ques-stress, depression and adversity. The ques-

tionnaires measured neuroticism (Eysencktionnaires measured neuroticism (Eysenck

& Eysenck, 1964), ‘normal depression’& Eysenck, 1964), ‘normal depression’

(mood fluctuation and symptoms consis-(mood fluctuation and symptoms consis-

tent with major depression or dysthymia,tent with major depression or dysthymia,

but only lasting for minutes to days)but only lasting for minutes to days)

(Parker(Parker et alet al, 1998; Wilhelm, 1998; Wilhelm et alet al, 1998),, 1998),

‘trait depression’ (a person’s tendency to‘trait depression’ (a person’s tendency to

experience a depressive mood) (Costelloexperience a depressive mood) (Costello

& Comrey, 1967) and parental bonding.& Comrey, 1967) and parental bonding.

The latter was assessed with the ParentalThe latter was assessed with the Parental

Bonding Instrument (PBI), which consistsBonding Instrument (PBI), which consists

of sub-scales that measure care and over-of sub-scales that measure care and over-

protection for each parent up to the ageprotection for each parent up to the age

of 16 years (Parkerof 16 years (Parker et alet al, 1979). The PBI, 1979). The PBI

was completed at the first three follow-upwas completed at the first three follow-up

intervals and then again in 1998.intervals and then again in 1998.

The age at onset and the frequency ofThe age at onset and the frequency of

major depression and anxiety disordersmajor depression and anxiety disorders

were also recorded at all follow-up inter-were also recorded at all follow-up inter-

vals, using the Diagnostic Interval Schedulevals, using the Diagnostic Interval Schedule

(DIS; Robins(DIS; Robins et alet al, 1981) in 1983 and, 1981) in 1983 and

1988, and the Composite International1988, and the Composite International

Diagnostic Interview (CIDI; Robins &Diagnostic Interview (CIDI; Robins &

Helzer, 1988) in 1993, 1998 and 2003. AHelzer, 1988) in 1993, 1998 and 2003. A

diagnosis of lifetime major depression wasdiagnosis of lifetime major depression was

made by employing an ‘add-on’ strategymade by employing an ‘add-on’ strategy

in which the lifetime history was compiledin which the lifetime history was compiled

by adding on new episodes identified atby adding on new episodes identified at

each wave of follow-up, respecting theeach wave of follow-up, respecting the

decision about the presence or absence ofdecision about the presence or absence of

episodes that was made at the interviewepisodes that was made at the interview

closest to the index episode (Wilhelm &closest to the index episode (Wilhelm &

Parker, 1994). At each wave of follow-up,Parker, 1994). At each wave of follow-up,

any anxiety or depressive disorders thatany anxiety or depressive disorders that

were identified were recorded on a lifewere identified were recorded on a life

chart, which also documented thechart, which also documented the

occurrence of any of a range of significantoccurrence of any of a range of significant

life events. Both positive events (e.g. havinglife events. Both positive events (e.g. having

a child or being promoted) and adversea child or being promoted) and adverse

events (e.g. marital breakdown or death ofevents (e.g. marital breakdown or death of

a parent) were recorded. During the perioda parent) were recorded. During the period

2002–2003, participants were shown their2002–2003, participants were shown their
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LIFE EVENTS , DEPRES S ION ONSET AND SEROTONIN TRANSPORTER GENELIFE EVENTS , DEPRES S ION ONSET AND SEROTONIN TRANSPORTER GENE

individual life charts, which included all ofindividual life charts, which included all of

the material that had been collected duringthe material that had been collected during

the course of the study. The aim was tothe course of the study. The aim was to

verify the history of depression and/orverify the history of depression and/or

anxiety disorders, the treatment historyanxiety disorders, the treatment history

and the presence and type of positive andand the presence and type of positive and

adverse life events pertaining to work,adverse life events pertaining to work,

health, friends and family on the basis ofhealth, friends and family on the basis of

data collected on a year-by-yeardata collected on a year-by-year basis atbasis at

each 5-yearly interview. These chartseach 5-yearly interview. These charts werewere

viewed before any consideration of theviewed before any consideration of the

genetic study reported here.genetic study reported here.

By 2003, 149 of the original 165 parti-By 2003, 149 of the original 165 parti-

cipants remained in the study (8 had died, 2cipants remained in the study (8 had died, 2

could not be located, 2 were too ill tocould not be located, 2 were too ill to

continue and 4 did not wish to be furthercontinue and 4 did not wish to be further

involved in the study). Of these 149 indi-involved in the study). Of these 149 indi-

viduals, 62 (42%) met the criteria for life-viduals, 62 (42%) met the criteria for life-

time major depression, with a mean age attime major depression, with a mean age at

onset of 30.7 years (s.d.onset of 30.7 years (s.d.¼8.2, range8.2, range¼15–15–

50 years). In total, 128 members of the50 years). In total, 128 members of the

cohort gave their informed consent forcohort gave their informed consent for

the collection of genetic material.the collection of genetic material. OfOf

the DNA samples, 91% (the DNA samples, 91% (nn¼117) were117) were

obtained via blood and 9% were obtainedobtained via blood and 9% were obtained

via buccal swabs (for those individualsvia buccal swabs (for those individuals

who did not wish to undergo phlebotomy).who did not wish to undergo phlebotomy).

The genomic DNAThe genomic DNA was obtained andwas obtained and

genotypes for thegenotypes for the 5-HTT gene-linked5-HTT gene-linked

promoter region were determined for 127promoter region were determined for 127

members of the cohort.members of the cohort.

DNA extractionDNA extraction
and genetic analysisand genetic analysis

Genomic DNA was extracted from wholeGenomic DNA was extracted from whole

blood using a standard salting-out methodblood using a standard salting-out method

(Miller(Miller et alet al, 1988). To extract genomic, 1988). To extract genomic

DNA from cheek swabs, buccal cells wereDNA from cheek swabs, buccal cells were

pelleted by centrifugation and digestedpelleted by centrifugation and digested

overnight at 42overnight at 4288C in a 420-C in a 420-mml volumel volume

containing 1containing 1 mmg/ml proteinase K, 6 mmol/lg/ml proteinase K, 6 mmol/l

TRIS-Cl pH 7.5, 6 mmol/lTRIS-Cl pH 7.5, 6 mmol/l ethylenediamineethylenediamine

tetra-acetic acid (EDTA), 3% sodiumtetra-acetic acid (EDTA), 3% sodium

sarkosyl, 1.2 mol/l guanidine hydrochloridesarkosyl, 1.2 mol/l guanidine hydrochloride

and 0.5 mol/l ammonium acetate. DNAand 0.5 mol/l ammonium acetate. DNA

was purified from the digest by standardwas purified from the digest by standard

chloroform extraction and ethanol pre-chloroform extraction and ethanol pre-

cipitation, and was resuspended incipitation, and was resuspended in

distilled water. The 5-HTTLPR wasdistilled water. The 5-HTTLPR was

amplified with the following primers:amplified with the following primers:

forward 5forward 5’’-TGCCGCTCTGAATGCCAG-TGCCGCTCTGAATGCCAG

CAC-3CAC-3’’, and reverse 5, and reverse 5’’-GCGGGATTCTG-GCGGGATTCTG

GTGCCACCTA-GTGCCACCTA-33’’, to generate a 464-base, to generate a 464-base

pair (bp) product for the 16-repeat (l) allele,pair (bp) product for the 16-repeat (l) allele,

and a 420-bp product for the 14-repeat (s)and a 420-bp product for the 14-repeat (s)

allele. The polymerase chain reactionallele. The polymerase chain reaction

(PCR) was performed in 25-(PCR) was performed in 25-mml volumes con-l volumes con-

taining Optiprimetaining Optiprime mastermix (Stratagene)mastermix (Stratagene),,

OptibufferOptibuffer I (Stratagene), 400mmol/lI (Stratagene), 400mmol/l

betaine, 160betaine, 160 mmmol/l 7-deaza-2mol/l 7-deaza-2’’deoxyguano-deoxyguano-

sine 5sine 5’’-triphosphate, 20 ng template-triphosphate, 20 ng template

DNA, 20 pmol for each primer, and 1 UDNA, 20 pmol for each primer, and 1 U

of AmpliTaq Gold DNA polymeraseof AmpliTaq Gold DNA polymerase

(Applied Biosystems). Reactions included(Applied Biosystems). Reactions included

initial denaturation at 94initial denaturation at 9488C for 12min,C for 12min,

followed by 35 cycles at 94followed by 35 cycles at 9488C for 30 s,C for 30 s,

656588C for 45 s, 72C for 45 s, 7288C for 1min, and aC for 1min, and a

final extension of 10min at 72final extension of 10min at 7288C. AfterC. After

electrophoresis in 2% agarose gels,electrophoresis in 2% agarose gels,

products were visualised under ultravioletproducts were visualised under ultraviolet

light.light.

Statistical methodsStatistical methods
Logistic regression analysis was used toLogistic regression analysis was used to

assess the association between depressionassess the association between depression

and the 5-HTTLPR genotype, adverse lifeand the 5-HTTLPR genotype, adverse life

events and the geneevents and the gene66environment inter-environment inter-

action, with gender included as a covariate.action, with gender included as a covariate.

As the age of cohort members wasAs the age of cohort members was

controlled for in the original sample selec-controlled for in the original sample selec-

tion procedures (Wilhelm & Parker,tion procedures (Wilhelm & Parker,

1989), it was not included as a covariate1989), it was not included as a covariate

in the presentin the present analysis (depressionanalysis (depression¼
bb00++bb11(gender)+(gender)+bb22 (5-HTTLPR)+(5-HTTLPR)+bb33 (number(number

of adverse life events)+of adverse life events)+bb44 (5-HTTLPR(5-HTTLPR�
number ofnumber of adverse life events)).adverse life events)).

In the above model,In the above model, bb00 is the intercept,is the intercept,

bb11 is the gender coefficient (0is the gender coefficient (0¼female,female,

11¼male),male), bb22 is the 5-HTTLPR coefficientis the 5-HTTLPR coefficient

(0(0¼‘s/s’, 1‘s/s’, 1¼‘s/l’, 2‘s/l’, 2¼‘l/l’),‘l/l’), bb33 is the coefficientis the coefficient

for adverse life events (0for adverse life events (0¼none, 1none, 1¼1, 21, 2¼2,2,

33¼3 or more) and3 or more) and bb44 is the interaction-is the interaction-

effect coefficient, which is the product ofeffect coefficient, which is the product of

the two variables (5-HTTLPR and adversethe two variables (5-HTTLPR and adverse

life events). Life events were examined overlife events). Life events were examined over

two time periods, namely 1 year and 5two time periods, namely 1 year and 5

years before the onset of depression. Foryears before the onset of depression. For

participants who had no history of depres-participants who had no history of depres-

sion, the number of life events was calcu-sion, the number of life events was calcu-

lated for the 1- and 5-year periods beforelated for the 1- and 5-year periods before

the mean age of the first episode of majorthe mean age of the first episode of major

depression (30.6 years) in the sample ofdepression (30.6 years) in the sample of

people with depression. Adverse and thenpeople with depression. Adverse and then

positive life events were examined inpositive life events were examined in

separate regression models. Analyses ofseparate regression models. Analyses of

variance (ANOVAs) were used to analysevariance (ANOVAs) were used to analyse

associations between the 5-HTTLPRassociations between the 5-HTTLPR

genotype and the following: self-reportedgenotype and the following: self-reported

vulnerability factors (neuroticism, ‘normal’vulnerability factors (neuroticism, ‘normal’

and ‘trait’ depression, parental bonding);and ‘trait’ depression, parental bonding);

total number of lifetime adverse life events;total number of lifetime adverse life events;

and total number of positive life events.and total number of positive life events.

Genotype variations were treated as theGenotype variations were treated as the

independent variable. The dependentindependent variable. The dependent

variables were baseline scores on the self-variables were baseline scores on the self-

report measures (each scale being indepen-report measures (each scale being indepen-

dently analysed), adverse life events anddently analysed), adverse life events and

positive life events (each summed acrosspositive life events (each summed across

the participant’s lifetime).the participant’s lifetime).

RESULTSRESULTS

The 127 cohort members had a mean ageThe 127 cohort members had a mean age

(in 2003) of 47.7 years (s.d.(in 2003) of 47.7 years (s.d.¼2.8), and2.8), and

consisted of 85 women and 42 men. Theyconsisted of 85 women and 42 men. They

were divided into three groups on the basiswere divided into three groups on the basis

of their 5-HTTLPR genotype (s/s, s/l or l/l).of their 5-HTTLPR genotype (s/s, s/l or l/l).

The allele frequencies were 0.457 (s) andThe allele frequencies were 0.457 (s) and

0.543 (l), and the genotype frequencies0.543 (l), and the genotype frequencies

(s/s,(s/s, nn¼27, 0.21; s/l,27, 0.21; s/l, nn¼62, 0.49; l/l,62, 0.49; l/l,

nn¼38, 0.30) were in Hardy–Weinberg38, 0.30) were in Hardy–Weinberg

equilibrium (equilibrium (ww22¼0.03 (2),0.03 (2), PP¼0.98). There0.98). There

was no gender difference in genotypewas no gender difference in genotype

frequencies (frequencies (ww22¼3.56 (2),3.56 (2), PP¼0.17).0.17).

Of the 127 cohort members, 53 (42%)Of the 127 cohort members, 53 (42%)

met the criteria for lifetime major de-met the criteria for lifetime major de-

pression, with a mean age at onset of 30.6pression, with a mean age at onset of 30.6

years (s.d.years (s.d.¼8.4, range8.4, range¼15–50 years). Of15–50 years). Of

those who had experienced at least onethose who had experienced at least one

episode of major depression, 32% reportedepisode of major depression, 32% reported

no adverse life events, 15% reported one,no adverse life events, 15% reported one,

28% reported two and 25% reported three28% reported two and 25% reported three

or more adverse life events in the 5 yearsor more adverse life events in the 5 years

before their first episode of major de-before their first episode of major de-

pression. Of those with no history of majorpression. Of those with no history of major

depression, 32% reported no adverse lifedepression, 32% reported no adverse life

events, 34% reported one, 22% reportedevents, 34% reported one, 22% reported

two and 12% reported three or moretwo and 12% reported three or more

adverse life events in the same period.adverse life events in the same period.

The results of the logistic regressionThe results of the logistic regression

analyses are shown in Table 1. Whenanalyses are shown in Table 1. When

adverse life events were examined, a mainadverse life events were examined, a main

effect of the 5-HTTLPR was not found.effect of the 5-HTTLPR was not found.

However, an interaction between theHowever, an interaction between the 5-5-

HTTLPR and adverse life events was foundHTTLPR and adverse life events was found

to significantly predict the onset of majorto significantly predict the onset of major

depression for the 5 years before depressiondepression for the 5 years before depression

onset. Specifically, the influence of adverseonset. Specifically, the influence of adverse

life events on the onset of major depressionlife events on the onset of major depression

was significantly greater for individualswas significantly greater for individuals

with the s/s genotype (Fig. 1). This interac-with the s/s genotype (Fig. 1). This interac-

tion was not significant for the single yeartion was not significant for the single year

before depression onset (Fig. 2). Overall,before depression onset (Fig. 2). Overall,

adverse life events were found to be theadverse life events were found to be the

strongest predictor of major depression.strongest predictor of major depression.

No significant differences were foundNo significant differences were found

when positive life events were examinedwhen positive life events were examined

in the equivalent time periods precedingin the equivalent time periods preceding

the onset of major depression. Neither thethe onset of major depression. Neither the

5-HTTLPR, positive life events nor their5-HTTLPR, positive life events nor their

interaction predicted depression onset.interaction predicted depression onset.

Gender was not a significant covariateGender was not a significant covariate

in the model for any of the regressionin the model for any of the regression

analyses.analyses.

Table 2 lists the mean scores for neuro-Table 2 lists the mean scores for neuro-

ticism, normal and trait depressionticism, normal and trait depression

measures, parental bonding, and lifetimemeasures, parental bonding, and lifetime

adverse and positive life events. No signifi-adverse and positive life events. No signifi-

cant differences were found when datacant differences were found when data

were analysed according to genotype.were analysed according to genotype.
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DISCUSSIONDISCUSSION

The present study has successfully repli-The present study has successfully repli-

cated the findings of Caspicated the findings of Caspi et alet al (2003) in(2003) in

demonstrating a significant interactiondemonstrating a significant interaction

between the 5-HTTPLR genotypebetween the 5-HTTPLR genotype

and adverse events in determining theand adverse events in determining the

likelihood of an episode of majorlikelihood of an episode of major

depression in a longitudinal cohort.depression in a longitudinal cohort.

Whereas CaspiWhereas Caspi et alet al (2003) looked for(2003) looked for

determinants of depression occurringdeterminants of depression occurring

between the ages of 21 and 26 years,between the ages of 21 and 26 years,

our cohort members had individual life-our cohort members had individual life-

time charts from data that had beentime charts from data that had been

collected previously, and which recordedcollected previously, and which recorded

positive and adverse life events, age atpositive and adverse life events, age at

onset and number of episodes of clinicalonset and number of episodes of clinical

depression and anxiety disorders. Thisdepression and anxiety disorders. This

allowed us to determine the lifetimeallowed us to determine the lifetime

experience of depression in a sample forexperience of depression in a sample for

which longitudinal data on the occurrencewhich longitudinal data on the occurrence

of life events and age at onset ofof life events and age at onset of

majormajor depression were available for eachdepression were available for each

individual.individual.

Characteristics of the sampleCharacteristics of the sample

Our study utilised a relatively small groupOur study utilised a relatively small group

of individuals who were homogeneous withof individuals who were homogeneous with

regard to a number of socio-demographicregard to a number of socio-demographic

variables (age, socio-economic status, edu-variables (age, socio-economic status, edu-

cation and ethnicity) (Wilhelm & Parker,cation and ethnicity) (Wilhelm & Parker,

1989) compared with the larger sample of1989) compared with the larger sample of

847 participants in the Dunedin birth847 participants in the Dunedin birth

cohort that was investigated by Caspicohort that was investigated by Caspi et alet al

(2003). All members of the group had(2003). All members of the group had

received tertiary education, and we havereceived tertiary education, and we have

previously reported low rates of cigarettepreviously reported low rates of cigarette

and alcohol consumption and a negligibleand alcohol consumption and a negligible

forensic history in this group (Wilhelm &forensic history in this group (Wilhelm &

Parker, 1993; WilhelmParker, 1993; Wilhelm et alet al, 1997). The, 1997). The

total cohort and the smaller group whichtotal cohort and the smaller group which

provided genetic material have identicalprovided genetic material have identical

and relatively high rates of major de-and relatively high rates of major de-

pression (42%). We have previously arguedpression (42%). We have previously argued

that these high rates are related to thethat these high rates are related to the

following: the serial data collection methodfollowing: the serial data collection method

that was employed, which captures singlethat was employed, which captures single

episodes or less severe episodes that hadepisodes or less severe episodes that had

not attracted clinical services, or whichnot attracted clinical services, or which
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Fig. 1Fig. 1 Effect of number of adverse life eventsEffect of number of adverse life events

during a 5-year period onmean predictedduring a 5-year period onmean predicted

probability of major depression. �, s/s; - - - -, s/l;probability of major depression. �, s/s; - - - -, s/l;

, l/l., l/l.

Fig. 2Fig. 2 Effect of number of adverse life eventsEffect of number of adverse life events

during a1-year period onmean predictedprobabilityduring a1-year period onmean predictedprobability

of major depression. �, s/s; - - - -, s/l;of major depression. �, s/s; - - - -, s/l; , l/l., l/l.

Table 2.Table 2. Baseline self-reportmeasures and total lifetime life events according to 5-HTTLPR genotypeBaseline self-reportmeasures and total lifetime life events according to 5-HTTLPR genotype

5-HTTLPR genotype5-HTTLPR genotype FF PP

s/ss/s s/ls/l l/ll/l

Neuroticism (Neuroticism (nn¼127): mean (s.d.)127): mean (s.d.) 10.30 (4.78)10.30 (4.78) 8.82 (4.85)8.82 (4.85) 8.50 (4.54)8.50 (4.54) 1.261.26 0.290.29

Trait depression (Trait depression (nn¼126): mean (s.d.)126): mean (s.d.) 32.15 (11.40)32.15 (11.40) 29.32 (10.91)29.32 (10.91) 31.86 (12.48)31.86 (12.48) 0.840.84 0.430.43

Normal depressionNormal depression11 ((nn¼126)126): mean (s.d.): mean (s.d.) 8.48 (4.63)8.48 (4.63) 9.98 (5.06)9.98 (5.06) 9.78 (5.55)9.78 (5.55) 0.840.84 0.430.43

Parental bondingParental bonding22

Maternal care (Maternal care (nn¼127): mean (s.d.)127): mean (s.d.) 26.52 (7.99)26.52 (7.99) 26.94 (6.47)26.94 (6.47) 26.26 (7.04)26.26 (7.04) 0.1200.120 0.890.89

Paternal care (Paternal care (nn¼123): mean (s.d.)123): mean (s.d.) 23.50 (8.72)23.50 (8.72) 21.18 (9.01)21.18 (9.01) 21.11 (8.70)21.11 (8.70) 0.720.72 0.490.49

Maternal overprotection (Maternal overprotection (nn¼127):127):

mean (s.d.)mean (s.d.)

14.22 (8.05)14.22 (8.05) 14.10 (7.12)14.10 (7.12) 15.68 (7.78)15.68 (7.78) 057057 0.570.57

Paternal overprotection (Paternal overprotection (nn¼123):123):

mean (s.d.)mean (s.d.)

13.88 (7.67)13.88 (7.67) 12.82 (7.63)12.82 (7.63) 14.17 (7.81)14.17 (7.81) 0.400.40 0.670.67

Total lifetime life eventsTotal lifetime life events

Adverse events (Adverse events (nn¼127): mean (s.d.)127): mean (s.d.) 7.70 (4.69)7.70 (4.69) 7.92 (4.37)7.92 (4.37) 7.83 (4.41)7.83 (4.41) 0.030.03 0.970.97

Positive events (Positive events (nn¼127): mean (s.d.)127): mean (s.d.) 12.44 (5.09)12.44 (5.09) 12.97 (4.90)12.97 (4.90) 11.89 (5.66)11.89 (5.66) 0.510.51 0.600.60

5-HTTLPR, serotonin transporter gene-linked promoter region.5-HTTLPR, serotonin transporter gene-linked promoter region.
1. Ameasure of depressive symptoms andmood fluctuations.1. Ameasure of depressive symptoms andmood fluctuations.
2. Parental Bonding Instrument sub-scales.2. Parental Bonding Instrument sub-scales.

Table1.Table1. Binary logistic regressions of gender, genotype, life events and geneBinary logistic regressions of gender, genotype, life events and gene�environment interaction onenvironment interaction on

lifetime history of major depression for the127 cohortmemberslifetime history of major depression for the127 cohortmembers

Life eventsLife events GenderGender 5-HTTLPR genotype5-HTTLPR genotype Life eventmeasureLife eventmeasure GeneGene�environmentenvironment

interactioninteraction

bb s.e.s.e. PP bb s.e.s.e. PP bb s.e.s.e. PP bb s.e.s.e. PP

AdverseAdverse

Over 5 yearsOver 5 years

Over 1 yearOver 1 year

PositivePositive

Over 5 yearsOver 5 years

Over 1 yearOver 1 year

0.330.33

0.030.03

0.150.15

0.130.13

0.410.41

0.430.43

0.400.40

0.400.40

0.4190.419

0.9380.938

0.7060.706

0.7450.745

0.660.66

0.160.16

770.170.17

770.330.33

0.460.46

0.340.34

0.540.54

0.340.34

0.1510.151

0.6390.639

0.7560.756

0.3270.327

0.830.83

2.062.06

770.430.43

771.131.13

0.330.33

0.750.75

0.350.35

0.690.69

0.0110.011

0.0060.006

0.2180.218

0.1030.103

770.580.58

770.460.46

0.000.00

0.510.51

0.280.28

0.590.59

0.240.24

0.530.53

0.0360.036

0.4350.435

0.9870.987

0.3320.332

5-HTTLPR, serotonin transporter gene-linked promoter region.5-HTTLPR, serotonin transporter gene-linked promoter region.
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could have been overlooked or forgottencould have been overlooked or forgotten

later; and the lack of antisocial behaviour,later; and the lack of antisocial behaviour,

substance misuse and dependence thatsubstance misuse and dependence that

may serve as ‘depressive equivalents’ inmay serve as ‘depressive equivalents’ in

other samples (Wilhelm & Parker, 1989,other samples (Wilhelm & Parker, 1989,

1993, 1994; Wilhelm1993, 1994; Wilhelm et alet al, 1997). The ar-, 1997). The ar-

gument that longitudinal studies with mul-gument that longitudinal studies with mul-

tiple points of data collection yield highertiple points of data collection yield higher

rates of recall of episodes is reinforced byrates of recall of episodes is reinforced by

the findings of another longitudinal studythe findings of another longitudinal study

(Wells & Horwood, 2004), which reported(Wells & Horwood, 2004), which reported

rates of 37% for DSM major depressionrates of 37% for DSM major depression

among young people assessed at yearlyamong young people assessed at yearly

intervals from the age of 14 to 21 years.intervals from the age of 14 to 21 years.

However, at 25 years of age, the sameHowever, at 25 years of age, the same

participants commonly failed to recall epi-participants commonly failed to recall epi-

sodes and key symptoms of lifetime majorsodes and key symptoms of lifetime major

depression. Similarly, 40% of respondentsdepression. Similarly, 40% of respondents

who reported a lifetime history of de-who reported a lifetime history of de-

pressive episodes at baseline in anotherpressive episodes at baseline in another

longitudinal survey (Thompsonlongitudinal survey (Thompson et alet al,,

2004) failed to do so at a 13-year follow-up.2004) failed to do so at a 13-year follow-up.

Life events and depression onsetLife events and depression onset

The association between adverse life eventsThe association between adverse life events

and onset of major depression is well estab-and onset of major depression is well estab-

lished in the literature (Kendlerlished in the literature (Kendler et alet al,,

1999). In our study, variations in the1999). In our study, variations in the

5-HTTLPR did not independently predict5-HTTLPR did not independently predict

the onset of major depression, but its inter-the onset of major depression, but its inter-

action with adverse life events was signifi-action with adverse life events was signifi-

cant for the 5-year period. Although Caspicant for the 5-year period. Although Caspi

and colleagues did not report on theand colleagues did not report on the

relationship between the 5-HTTLPR geno-relationship between the 5-HTTLPR geno-

type and the number of life events experi-type and the number of life events experi-

enced within the 12-month period beforeenced within the 12-month period before

depression onset, we also examined thisdepression onset, we also examined this

time period as being potentially mosttime period as being potentially most

directly related to the onset of major de-directly related to the onset of major de-

pression. We found a strong main effect,pression. We found a strong main effect,

suggesting that the recent experiencesuggesting that the recent experience

(within the last 12 months) of adverse life(within the last 12 months) of adverse life

events predicts depression onset. However,events predicts depression onset. However,

we found no evidence of a significant inter-we found no evidence of a significant inter-

action between the 5-HTTLPR genotypeaction between the 5-HTTLPR genotype

and adverse life events. This may be be-and adverse life events. This may be be-

cause of the time frame, which did notcause of the time frame, which did not

allow for a sufficient range of life events.allow for a sufficient range of life events.

Therefore, we used a single dichotomousTherefore, we used a single dichotomous

distinction (i.e. no adverse life eventsdistinction (i.e. no adverse life events v.v. oneone

or more adverse life events) between cohortor more adverse life events) between cohort

members’ experiences within the 12-monthmembers’ experiences within the 12-month

period. The small sample size also limitedperiod. The small sample size also limited

the statistical power, and in this respect athe statistical power, and in this respect a

larger sample might reveal the expectedlarger sample might reveal the expected

genegene66environment interaction for theenvironment interaction for the

shorter time period leading up to the firstshorter time period leading up to the first

depressive episodedepressive episode. As positive life events. As positive life events

may increase emotional responsiveness, wemay increase emotional responsiveness, we

also examined the effect of positive lifealso examined the effect of positive life

events on onset of major depression.events on onset of major depression.

Positive life events were not found to exertPositive life events were not found to exert

a depressogenic effect, and instead we founda depressogenic effect, and instead we found

a trend in the opposite direction. In a largera trend in the opposite direction. In a larger

sample, positive life events may exert asample, positive life events may exert a

protective effect.protective effect.

Genetic and psychological riskGenetic and psychological risk
factors for major depressionfactors for major depression

About 50% of the variation in neuroticismAbout 50% of the variation in neuroticism

has been attributed to genetics (Loehlin,has been attributed to genetics (Loehlin,

1992). Neuroticism is the most consistent1992). Neuroticism is the most consistent

risk factor for the onset and relapse ofrisk factor for the onset and relapse of

major depression (Eccleston & Scott,major depression (Eccleston & Scott,

1991; Wilhelm1991; Wilhelm et alet al, 1999), and has been, 1999), and has been

shown to interact with adverse environ-shown to interact with adverse environ-

mental factorsmental factors in the aetiology of majorin the aetiology of major

depression, such that higher neuroticismdepression, such that higher neuroticism

infers greater sensitivity to the depresso-infers greater sensitivity to the depresso-

genic effects of adverse life events (Kendlergenic effects of adverse life events (Kendler

et alet al, 2004). Yet the search for candidate, 2004). Yet the search for candidate

genes has yielded conflicting resultsgenes has yielded conflicting results

(Schinka(Schinka et alet al, 2004). A polymorphic varia-, 2004). A polymorphic varia-

tion in the 5-HTTLPR was found to betion in the 5-HTTLPR was found to be

associated with anxiety-related personalityassociated with anxiety-related personality

traits (Leschtraits (Lesch et alet al, 1996). However, subse-, 1996). However, subse-

quent studies have come to conflictingquent studies have come to conflicting

conclusions (Jormconclusions (Jorm et alet al, 1998; Deary, 1998; Deary etet

alal, 1999; Greenberg, 1999; Greenberg et alet al, 2000)., 2000).

Consistent with previous reports (e.g.Consistent with previous reports (e.g.

LeschLesch et alet al, 1996), we postulated that, 1996), we postulated that

individuals with the s/s genotype are moreindividuals with the s/s genotype are more

temperamentally sensitive, and as a resulttemperamentally sensitive, and as a result

may report more life events, higher neuro-may report more life events, higher neuro-

ticism as well as increased ‘trait’ andticism as well as increased ‘trait’ and

‘normal’ depression scores, and a higher‘normal’ depression scores, and a higher

level of parental overprotection. We havelevel of parental overprotection. We have

previously reported that cohort memberspreviously reported that cohort members

who had experienced repeated episodes ofwho had experienced repeated episodes of

major depression had lower scores formajor depression had lower scores for

maternal and paternal care and highermaternal and paternal care and higher

scores for trait depression and maternalscores for trait depression and maternal

overprotection recorded at baseline inoverprotection recorded at baseline in

1978 (Wilhelm1978 (Wilhelm et alet al, 1999). We have also, 1999). We have also

reported that women have consistentlyreported that women have consistently

higher scores than men for neuroticism onhigher scores than men for neuroticism on

the Eysenck Personality Inventory (EPI)the Eysenck Personality Inventory (EPI)

(Wilhelm(Wilhelm et alet al, 1999) and ‘normal depres-, 1999) and ‘normal depres-

sion’ (Wilhelmsion’ (Wilhelm et alet al, 1998), both of which, 1998), both of which

have been associated with higher rates ofhave been associated with higher rates of

major depression (Parkermajor depression (Parker et alet al, 1998; Wil-, 1998; Wil-

helmhelm et alet al, 1999). However, none of these, 1999). However, none of these

factors appeared to be associated with thefactors appeared to be associated with the

5-HTTLPR genotype. There was also no5-HTTLPR genotype. There was also no

evidence of differential reporting of positiveevidence of differential reporting of positive

or adverse life events by individuals withor adverse life events by individuals with

the s/s, s/l or l/l genotypes.the s/s, s/l or l/l genotypes.

Although individuals with the s/sAlthough individuals with the s/s

genotype have a greater probability ofgenotype have a greater probability of

experiencing onset of depressionexperiencing onset of depression withwith

increasing numbers of adverse lifeincreasing numbers of adverse life

events, the trend for those with the l/levents, the trend for those with the l/l

genotype is, if anything, in the oppositegenotype is, if anything, in the opposite

direction (Fig. 1). The same trend is notice-direction (Fig. 1). The same trend is notice-

able in the earlier study (Caspiable in the earlier study (Caspi et alet al, 2003),, 2003),

and may be a chance finding. There is noand may be a chance finding. There is no

evidence that people with the l/l genotypeevidence that people with the l/l genotype

report fewer adverse life events, and wereport fewer adverse life events, and we

speculate that they may be less reactive tospeculate that they may be less reactive to

environmental cues but possibly employenvironmental cues but possibly employ

coping styles that modulate increasingcoping styles that modulate increasing

levels of stress. Although interest has beenlevels of stress. Although interest has been

focused on the short allele, it would befocused on the short allele, it would be

beneficial also to consider the stress-relatedbeneficial also to consider the stress-related

experience of people with the longexperience of people with the long

allele.allele.

Previous attempts to replicatePrevious attempts to replicate
earlier findingsearlier findings

Four recent studies have also aimed toFour recent studies have also aimed to

replicate the results obtained by Caspi andreplicate the results obtained by Caspi and

colleagues. First, in a negative replication,colleagues. First, in a negative replication,

GillespieGillespie et alet al (2004) cited factors such as(2004) cited factors such as

the wide age range (19–78 years) of theirthe wide age range (19–78 years) of their

sample and the measurement of life eventssample and the measurement of life events

at a single time point for a 12-month periodat a single time point for a 12-month period

as possible factors contributing to a re-as possible factors contributing to a re-

duction in power to detect interactionsduction in power to detect interactions

between life events and onset of majorbetween life events and onset of major

depression. For these reasons, too, theirdepression. For these reasons, too, their

methodology was less likely to have cap-methodology was less likely to have cap-

tured the first onset of major depressiontured the first onset of major depression

than the method that we used.than the method that we used.

In the second study, which utilised anIn the second study, which utilised an

adolescent sample, Eleyadolescent sample, Eley et alet al, (2004) used, (2004) used

a depression symptom measure as the out-a depression symptom measure as the out-

come variable, and reported an interactioncome variable, and reported an interaction

between the 5-HTTLPR and a compositebetween the 5-HTTLPR and a composite

measure of environmental risk that reachedmeasure of environmental risk that reached

the level of significance for female but notthe level of significance for female but not

for male participants. In the third study,for male participants. In the third study,

GrabeGrabe et alet al (2005) analysed the genotype(2005) analysed the genotype

by grouping individuals with s/s and s/lby grouping individuals with s/s and s/l

genotypes together, and comparing theirgenotypes together, and comparing their

findings for these individuals with thosefindings for these individuals with those

for the l/l genotype. They found an interac-for the l/l genotype. They found an interac-

tion between the 5-HTTLPR and life stres-tion between the 5-HTTLPR and life stres-

sors (unemployment and number of chronicsors (unemployment and number of chronic

diseases). However, this also only reacheddiseases). However, this also only reached

the level of significance in women.the level of significance in women.

These two partial replications (EleyThese two partial replications (Eley etet

alal, 2004; Grabe, 2004; Grabe et alet al, 2005) adopted very, 2005) adopted very

different methodologies to our study, asdifferent methodologies to our study, as

both were cross-sectional and usedboth were cross-sectional and used

symptom rating scales as outcomesymptom rating scales as outcome

measures. Both studies also used differentmeasures. Both studies also used different
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environmental stressors. Rather thanenvironmental stressors. Rather than

summing reported life events, they usedsumming reported life events, they used

either a composite of various stressors (Eleyeither a composite of various stressors (Eley

et alet al, 2004) or unemployment and number, 2004) or unemployment and number

of diseases (Grabeof diseases (Grabe et alet al, 2005). These may, 2005). These may

constitute ‘chronic stressors’ which couldconstitute ‘chronic stressors’ which could

reduce the impact of the postulated inter-reduce the impact of the postulated inter-

action and may not be directly comparableaction and may not be directly comparable

with the more acute adverse events thatwith the more acute adverse events that

were used by Caspi’s group (Caspiwere used by Caspi’s group (Caspi et alet al,,

2003)2003) and in our study. Furthermore,and in our study. Furthermore,

cross-cross-sectional designs do not allow clearsectional designs do not allow clear

identification of a causal pathway betweenidentification of a causal pathway between

life events and depression onset. Our use oflife events and depression onset. Our use of

life charts and a longitudinal designlife charts and a longitudinal design

allowed more accurate identification ofallowed more accurate identification of

the onset of first episodes and preceding lifethe onset of first episodes and preceding life

events for each individual.events for each individual.

In a positive replication, KaufmanIn a positive replication, Kaufman et alet al

(2004) studied children with a history of(2004) studied children with a history of

maltreatment and found that those withmaltreatment and found that those with

the s/s allele reported significantly more de-the s/s allele reported significantly more de-

pressive symptoms than those with the s/lpressive symptoms than those with the s/l

or l/l allele. There were no differences inor l/l allele. There were no differences in

the number of depressive symptomsthe number of depressive symptoms

between genotypes among controls (with-between genotypes among controls (with-

out a history of maltreatment). This studyout a history of maltreatment). This study

used depressive symptoms rather thanused depressive symptoms rather than

major depression, and draws attention tomajor depression, and draws attention to

the moderating role of social support inthe moderating role of social support in

‘at-risk’ individuals.‘at-risk’ individuals.

GillespieGillespie et alet al (2004) noted the(2004) noted the

problems of looking for a geneproblems of looking for a gene66
environment interaction in an olderenvironment interaction in an older

population, but there may also be problemspopulation, but there may also be problems

with an adolescent population such as thatwith an adolescent population such as that

used by Eleyused by Eley et alet al (2004). The mean age of(2004). The mean age of

depression onset for both men and womendepression onset for both men and women

is in the mid- to late twenties (Weissmanis in the mid- to late twenties (Weissman

et alet al, 1996), and gender differences in rates, 1996), and gender differences in rates

start to emerge between the ages of 15 andstart to emerge between the ages of 15 and

18 years (Hankin18 years (Hankin et alet al, 1998). Thus a sam-, 1998). Thus a sam-

ple of adolescents with an age range of 12–ple of adolescents with an age range of 12–

19 years may prematurely demarcate the19 years may prematurely demarcate the

group with depression, some of whom maygroup with depression, some of whom may

not as yet have ‘declared themselves’. Thisnot as yet have ‘declared themselves’. This

may account both for the non-significantmay account both for the non-significant

trend for the group as a whole (Eleytrend for the group as a whole (Eley et alet al,,

2004) and for the significant gene2004) and for the significant gene66
environment interaction in female parti-environment interaction in female parti-

cipants. The findings of Kaufmancipants. The findings of Kaufman et alet al

(2004) suggest that the gene(2004) suggest that the gene66environmentenvironment

interaction is apparent even in childhoodinteraction is apparent even in childhood

and adolescenceand adolescence when experience of envir-when experience of envir-

onmental adversity varies considerablyonmental adversity varies considerably

within the sample.within the sample.

Although the positive studies (CaspiAlthough the positive studies (Caspi etet

alal, 2003; Eley, 2003; Eley et alet al, 2004; Kaufman, 2004; Kaufman et alet al,,

2004; Grabe2004; Grabe et alet al, 2005) differ from the, 2005) differ from the

present one in methodology, they arepresent one in methodology, they are

consistent with it in that they all demon-consistent with it in that they all demon-

strate that the 5-HTTLPR genotype is astrate that the 5-HTTLPR genotype is a

significant factor determining the likeli-significant factor determining the likeli-

hood of experiencing depression afterhood of experiencing depression after

exposure to multiple adverse life events.exposure to multiple adverse life events.

ImplicationsImplications
Both proximal factors (e.g. adverse lifeBoth proximal factors (e.g. adverse life

events) and distal factors (e.g. dysfunctionalevents) and distal factors (e.g. dysfunctional

parenting, childhood maltreatment) canparenting, childhood maltreatment) can

be involved in any putative genebe involved in any putative gene66
environment interaction in the onset ofenvironment interaction in the onset of

depression (Farmerdepression (Farmer et alet al, 2005). The consis-, 2005). The consis-

tency of the findings of the present studytency of the findings of the present study

with regard to proximal events raises thewith regard to proximal events raises the

possibility of preventive interventions thatpossibility of preventive interventions that

would have potentially major clinicalwould have potentially major clinical

significance. The genesignificance. The gene66environment inter-environment inter-

action reported in this paper is modest,action reported in this paper is modest,

and it would be premature to apply thisand it would be premature to apply this

finding to the clinical arena, but it is nonefinding to the clinical arena, but it is none

the less vital to seriously consider thethe less vital to seriously consider the

ethical and policy ramifications of suchethical and policy ramifications of such

genetic research (Farmer & Owen, 1996;genetic research (Farmer & Owen, 1996;

Rutter & Plomin, 1997; MorleyRutter & Plomin, 1997; Morley et alet al,,

2004). Future research efforts may be2004). Future research efforts may be

directed towards determining whether thedirected towards determining whether the

identification of ‘at-risk’ genotypes canidentification of ‘at-risk’ genotypes can

inform treatment decisions concerninginform treatment decisions concerning

psychological or pharmacological therapiespsychological or pharmacological therapies

to prevent or ameliorate the eventual onsetto prevent or ameliorate the eventual onset

of depression. In addition, there is theof depression. In addition, there is the

equally important question of what can beequally important question of what can be

learned from studying ‘at-risk’ individualslearned from studying ‘at-risk’ individuals

who are resilient to the effects of adversewho are resilient to the effects of adverse

life events (Farmerlife events (Farmer et alet al, 2005)., 2005).
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Some individuals seem to be genetically predisposed to the onset ofmajorSome individuals seem to be genetically predisposed to the onset ofmajor
depressionwhen confrontedwith a series of adverse life events.depressionwhen confrontedwith a series of adverse life events.

&& Further research is required to determinewhether different coping strategies areFurther research is required to determinewhether different coping strategies are
more effective for patient groups with the different alleles.more effective for patient groups with the different alleles.

&& Theremay be a future role for preventive psychological and/or pharmacologicalTheremay be a future role for preventive psychological and/or pharmacological
interventions to help ‘at-risk’ patients to cope effectively with change and adversity.interventions to help ‘at-risk’ patients to cope effectively with change and adversity.

LIMITATIONSLIMITATIONS

&& The findings require further confirmation in a variety of clinical and non-clinicalThe findings require further confirmation in a variety of clinical and non-clinical
settings.settings.

&& It is unlikely that a single geneIt is unlikely that a single gene66environment interaction could explainenvironment interaction could explain
vulnerability to the onset of depression.vulnerability to the onset of depression.

&& Ethical issues will need to be considered if patients ask to know whether they areEthical issues will need to be considered if patients ask to know whether they are
genetically vulnerable to depression.genetically vulnerable to depression.
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