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Abstract
Background

in 1962, during the Algerian war, approximately one and a half million French people living in Algeria were repatriated to Francein
very poor and often life-threatening conditions. These subjects constitute a cohort for the study of the long term impact of
gene-environment interaction on depression.

Aims

To examine the interaction between a highly stressful life event and subsequent depression, and its modulation by the serotonin
transporter gene (5-HTTLPR).

Method

A community sample of elderly persons aged 65 years and over residing in the Montpellier region of the South of France was
randomly recruited from electoral rolls. Genotyping was performed on 248 repatriated persons and 632 controls. Current and
lifetime major and minor depressions wer e assessed according to DSM-1V criteria.

Results

A significant relationship was observed between exposure to repatriation and subsequent depression (p<0.002), but there was no
significant effect of gene alone (p=0.62). After controlling for age, gender, education, disability, recent life events and cognitive
function, the gene-environment interaction (Repatriation X 5-HTTLPR) was globally significant (p<0.002; OR= 3.21 [2.48-5.12)).
Subjects carrying the two short ( S) alleles of 5-HTTLPR were observed to be at higher risk (p<0.005; OR=2.34 [1.24-4.32]) and
particularly when the repatriation occurred before the age of 35 (p<0.002; OR=2.91 [1.44-5.88]) but did not reach significance in
subjectswho were older at the time of the event (p=0.067).

Conclusion

The association between depression and war repatriation is significantly modulated by 5-HTTL PR genotype but this appearsto occur
only in personswho wer e younger at the time of exposure.
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I ntroduction

Stressful life events and adverse life conditions have been shown to play an important role in the aetiology of depression[l,2].
However, only a minority of persons subjected to severe life stressors develop psychopathology, suggesting the existence of moderating
factors [3]. Previous research has suggested that genetic susceptibility may influence the association through gene-environment interaction
(G x E); notably the locus 5-HTTLPR of the serotonin transporter gene (5-HTT). In children [4], adolescents [5,6] and young adults [7-12]
it has been observed that subjects with one or two short ( S) aleles of the 5-HTTLPR polymorphism, are more likely to develop
depression and suicidal ideation after exposure to stress than individuals with one or two long (L) aleles [13]. Not al studies have,
however, found this interactive effect, and a recent meta-analysis conducted by Risch et al [14] of 14 studies did not find a significant
interaction between the serotonin transporter gene, life events and depression. Critics of the meta-analysis have pointed to possible
problems of mismeasurement and non-standardization of the environmental stressor [15] and the heterogeneity of the cohorts. In previous
reports we did not find an association with the S allele in an elderly population in relation to either recent life events [16] or childhood
trauma[17], although it has been found in an elderly Asian population [18]. A number of factors might contribute to the conflicting results
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in elderly populations, notably reliance on recall of distant stressful events which may be subject to recall bias, particularly in subjects with
high neuroticism scores [19,20] who tend to over-report stressors. Jacobs et al (2006)[10] have suggested that the trait of neuroticism may
itself interact with 5-HTTLPR genotype and thus constitute a confounding factor being in itself largely genetically determined.

Before concluding the absence of a 5-HTTLPR interaction effect it is perhaps worthwhile considering whether this may only be
evidenced by more precise and objective measures of environmental impact including war and major catastrophe[21], or may be specific to
arestricted exposure window such as age at time of event. A further limiting factor in previous research has been the length of follow-up
following the stressful event; this commonly being limited to less than 5 years athough the pathogenic effects of traumatic life events have
been shown to influence depression incidence throughout life [2].

In the present study we examined the impact of a common stressor on the incidence of depression between early adulthood and old age
(37 to 40 years after the traumatic event), and the modulating effect of the 5-HTTLPR genotype. Our assumption is that while individuals
are exposed to a common traumatic event, there will be individual differences in stress reactivity. The stressful event is repatriation of
French citizens living in Algeriain 1962 as a result of the Algerian war (decolonization conflict). As France was loosening its colonial
hold in Africa during the 1960s, entire populations were affected. Over one and a half million persons have experienced profound
dislocations. They were uprooted from their homes in Algeria, lost aimost all their possessions and confronted poor living conditions on
arrival. Many of these repatriated persons came to Montpellier in the south of France, where the present study was conducted. This cohort
of repatriated individuals have thus been exposed to a common event known to be associated with exceptionally high rates of subsequent
depression [22] and occurring at a specific point in time. The environmental component of the gene-environment interaction is thus more
rigorously defined than in previous studies and the study design allows us to examine the effect of age at the time of the event and long
term mental health.

Method
Study design and sample

The present study is part of the ESPRIT Project (Enquéte de Santé Psychologique-Risques, Incidence et Traitement), a prospective
general population study of life-time psychiatric disorder in persons over 65 in the Montpellier region of the South of France. The
methodology of the study is described in detail el sewhere [23]. Briefly, arandom sample of 1863 community-dwelling persons over 65 was
drawn from the 15 electoral rolls of the Montpellier district between March 1999 and February 2001. In 1962, 80 000 French repatriates
arrived in Montpellier from Algeria constituting at the time 20.7% of the population. In our cohort 13% of recruited subjects were
repatriated from the Algerian war. Subjects were examined in a clinical research centre at the Gui de Chauliac Neurology Hospital in
Montpellier. Subjects unable to come to the centre were examined in their homes. Participants were administered a number of standardized
questionnaires by trained staff and underwent clinical examinations. Ethics approval for the ESPRIT study was granted by the Ethics
Committee of the University Hospital of Kremlin-Bicétre (France) and all procedures were carried out with the written consent of the
participants.

M easurement of exposure

The present study was conducted on the 880 subjects from the ESPRIT study (1863 subjects) for whom 5-HTTLPR genotyping was
available, al psychiatric and repatriation questionnaires were completed and with no missing data on adjustment variables. Two hundred
and forty eight Caucasian repatriates from the Algerian war were identified by a structured questionnaire relating to their experience of
repatriation. Amongst the repatriated group we distinguished two level of stress. Those who experienced only a repatriation back to France
(Repat) implicating loss of possessions, unemployment and social disorganization, and a second level in which subjects experienced not
only repatriation but also at least one war-related traumatic event such as experiencing or witnessing torture, severe injury or death
(RepatT). We used the initial screening item for Post Traumatic Stress Disorder from DSM-1V and also required subjects to recount the
traumatic event in order to identify this sub-group. This question identified 62 repatriated subjects who had also suffered war-related
trauma. These groups have been differentiated in the analysis as being exposed to repatriation alone (Repat) and repatriation plus war
trauma (RepatT). A control group was also constituted of 632 subjects from the ESPRIT study who were not repatriated and had not
experienced any other form of trauma.

M easurement of depression

Life-time and current depression were assessed by the Mini International Neuropsychiatric Interview (MINI) (French version 5.00)
validated in the general population setting [24] which provides DSM |V diagnoses. For this study depression included both minor and
major depressive episodes occurring after 1962, the former having a much higher prevalence in older populations. All cases were validated
by a panel of psychiatrists blind to repatriation status. Cases of depression occurring before 1962 were eliminated from the analyses.

Blood samples for DNA collection for 5-HTTLPR genotyping were taken after the baseline clinical interview on subjects. 5-HTTLPR
insertion/deletion polymorphisms were assayed in two stages. Genomic DNA was extracted from white blood cells harvested from 15 ml
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EDTA blood samples using DNA extraction kits from Amersham-Pharmacia Biotech. Subsequently, amplification of 5-HTTLPR was
carried out using the primers HTTLPRF (GGCGTTGCCGCTCTGAATTGC) and HTTLPRR (GAGGGACTGAGCTGGACAACCCAC)
in reaction mixtures with a total volume of 25 ul, with 200 ng of genomic DNA, 10 pM of the primers, 120 nM dNTP, containing
7-deaza-dGTP instead of dGTP (Roche), 5% DMSO (Sigma), 1.5 mM MgCl, , and 1.25 U Tag polymerase (Eurobio, Brunschwig).
Temperatures were 60°C for 30 s for annealing and 72°C for 1 mn for extension. PCR products (8 pl) were subjected to 45 mn
electrophoresis at 120 V in a PCR ChecklT gel (Elchrom Scientific AG, Switzerland) before being viewed under UV to assess the

5-HTTLPR genotypes. An adenosine/guanine (A/G) single nucleotide polymorphism (SNP; rs25531), located in the close vicinity of

5-HTTLPR, has recently been reported to modify transcriptional activity. On the basis of these in vitro functional datait has been proposed
to recode the 5-HTTLPR/rs25531 allele as S or “low expressing allele (S, , Sgand L) and L or “high expressing allele” (L, ) [25]. Asthis
new allelic dichotomy still awaits replication in in vivo studies, we initially examined both allelic systems (S/L and S/L) within the present
study. Recoding did not significantly alter results so we report here only analyses relatingto Sand L.

Other measures

Due to the age of the subjects (over 65), cognitive impairment and disability were included as adjustment factors in statistical analyses.
Cognitive functions were evaluated using the Benton Visual Retention test (BVRT)[26], the Trail Making Test (TMTB)[27], the |saacs Set
Test [28] and aword recall test with both delayed free recall and recall with semantic prompts[29]. These tests covered declarative verbal
and spatial memory, central executive and semantic retrieval abilities. Cognitive impairment was defined as having a score in the lowest
quartile range in relation to the relevant age and education matched comparison group [30]. Impairment in the performance of everyday
activities was assessed with the Lawton instrumental Activities Daily Living Scale [31] and Katz Activities Daily Living Scale [32],
disability being defined as increased difficulty in at least one IADL or ADL. Asrecent negative life events may confound the relationship
with past events, the occurrence of negative events occurring in the past year (notably bereavement, rupture in significant relationships,
financial and legal problems, dismissal, severe illness, loss of a highly valued object) was ascertained using the 12-item Gospel Oak
Questionnaire[33].

Statistical analyses

Associations between SLE, 5-HTTTLPR genotype and depression were initially measured by univariate analyses (Chi-square tests).
Multivariate logistic regression was used to investigate the presence of G x E for depression occurring since repatriation. Models were
fitted for the main effect of SLC6A4 (5-HTTLPR) genotype (included as L/L; L/S and S/S,) assuming a multiplicative effect for the S
alele (LL =0, SL/LS =1, SS= 2) and environmental effect was classified as 0 (Control group), 1 (Repat), 2 (RepatT). The main effects of
stress, genotype and interaction between genotype and stressor were investigated entering these variables as ordinal variables with Wald
statistics analysed against 1 degree of freedom. All models were adjusted by age, gender, education, disability, cognitive function and
recent life-events. Statistical analyses were carried out with SPSS 15.0 software (Chicago, I1linois).

Results

The mean (SD) age of the 880 participant was 72.5 years (SD=5.1) at baseline in the study with 62 % women. There was no significant
age differences between the repatriated group (73.2 years; SD=5.6) and the control group (72.9 years; SD=5.5). Education levels were
similar to those for the general elderly population (23.4 % low; 31.5 % medium-low; 23.1 % medium-high; 21.7 % high). Life-time
prevalence of major or minor depression was 54 % in the whole sample (51.3% in the control group; 54.8% in the Repat group and 74.2 %
in the RepatT group). Life-time prevalence of major depression alone was 23 % in the whole sample (21.4 % in the control group; 23.3in
the Repat group and 37.3 in the RepatT group). At baseline, repatriates show a significantly higher rate of current depression and/or
antidepressant use (p<0.01) (23.1 % in the control group; 28.7 % in the Repat group; 42.2 % in the RepatT group).

The frequencies of the 3 5-HTTLPR genotypes were: LL= 27.2 % (239), SL=50.4 % (444) and SS= 22.4 % (197) which is consistent
with those found in other European popul ations with no deviation from Hardy-Weinberg equilibrium (x2=1.00, df=1, p<0.41). As has been
commonly observed previously, depression was associated with repatriation (p<0.001), but was not associated with genotype (p=0.62)
(table 1). Kendall s non-parametric test showed no correlation between 5-HTTL PR genotype and exposure to repatriation (p=0.955)

Logistic regression was used to examine the effect of the main covariates and interaction, with depression as the dependant variable.
All factors were entered as ordinal variables with Wald statistics and models adjusted for age, gender, education, disability, cognitive
function and recent life-events. War exposure (Wald: 12.71; p<0.001) and War exposure X 5-HTTLPR (Wald: 13.22; p<0.002) were
statisticaly significant, but there were no significant effect of gene alone (Wald: 1.43; p=0.232). Stratified analyses showed that the
association between war exposure score and depression was significant for s/s homozygotes (p<0.005, OR=2.34 [1.24-4.32]) and for
heterozygotes SL (p<0.004, OR=1.64 [1.16-2.31]) but not for L/L homozygotes (p=0.514)( table 2, figure 1). Sensitivity analysis
conducted by grouping the Repat and RepatT groups also showed a significant War exposure X 5-HTTLPR (Wald: 5.5 p=0.01).
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We observed a significant third order interaction term: War exposure X 5-HTTLPR X Age (p<0.002). Gene-by-environment
interaction was tested taking into account age by using stratified analyses with a 35 year cut-off (the mean age of the repatriated group in
1962). In this model, adjusted for covariates, war exposure X 5-HTTLPR was statistically significant for repatriation occurring before the
age of 35 (p<0.001, OR=1.29 [1.11-1.5]) but not after 35 (p=0.067). The association between exposure and depression was significant for
S'S homozygotes (p<0.002, OR=2.91 [1.44-5.88]) and heterozygotes (p<0.047, OR=1.57 [1.04-2.45]) but not for L/L homozygotes (p=
0.267) (table 3).

Discussion

To our knowledge this is the first study of gene-environment interaction which has used a stressful historical event as a common
exposure as well as life-time follow-up of incident depression. We observed a significant relationship between exposure to this highly
stressful event and depression onset [4-11,13,18]. As with previous research we found no significant relationship between depression and
genotype, however, genotype was found to modulate the relationship between the stressful event and depression, with the presence of an S
alele conferring higher risk. This relationship is further observed to be dose-related, with S homozygotes being at higher risk than
heterozygotes, and being non-significant in LL subjects. LL homozygotes thus appear in our study to be resilient to stress-related
depression. Most previous studies have combined heterozygotes and homozygotes in order to maximize statistical power; the few studies
which have differentiated these have reported a similar intermediary position [10,13,34] or aternatively a dominant S effect [18,35,36]
athough two studies also report arecessive S[11,37].

We also examined the possibility that age at time of exposure may have had an effect on vulnerability to depression. Given that our
source population was adult at the time of exposure, we were not able to examine an extensive age-range, but only a dichotomous
classification of under and over 35 years at the time of repatriation. We observed exposure X gene effects to be stronger when the
exposure occurred at the younger age, and to lose significance above 35 years. Our findings raise the possibility that younger adults may
be more vulnerable to depression following exposure to repatriation, and that furthermore there may be a gene environment effect which
diminishes with age. These observations should be considered as preliminary. Unfortunately from our data it was not possible to determine
the exact age range at which subjects are most vulnerable or at what age the interaction effect begins to diminish, if indeed it does. Kim et
al (2007)[18] found the presence of an S allele to increase risk of major and minor depression in elderly persons after stressful life events,
whereas the British EPIC study [38] with a broader age range (41-80 years) found no increased risk linked to genotype. Within our own
cohort, previous analyses suggest that the S alele has no interactive effect in relation to recent life events in relation to late-onset
depression with a tendency rather for the L allele to increase vulnerability[16]. In a further study we observed that the association between
late-onset depression and adverse childhood environment was also increased in the presence of an L allele[17], however, data was not
available to determine whether this was still the case for depression occurring at younger ages closer to the event.

Our study does not resolve the on-going debate as to whether 5-HTTLPR genotype has a modulating effect on the relationship
between life events and depression, however, it does suggest that, should this be the case, the relationship may be more complex than
previous study designs have anticipated, depending on the age of exposure, the type of exposure (severity of the life event and also its
chronicity) and depression sub-type (late or early onset). The role of the L allele in relation to late-onset depression also remains unclear.
This study does not enable us to conclude with regard to these factors, but does indicate the importance of further exploring the effects of
age and exposure type in relation to genetic vulnerability in future studies.

This study has a number of strengths: (i) subjects were exposed to a common event of civil war repatriation at a given time point thus
reducing recall bias (ii) the temporal relationship between exposure to the stressful event and major depression onset is known and limited
to hypotheses of one-way causality (iii) the diagnosis of depression is made with a standardized structured interview and not a
self-administered questionnaire as has been the case with many previous studies (iv) life-time depression onset is known thus permitting us
to assess impact of the stressor over a period of 40 years; studies with short-term follow-up risk type Il errors due to delayed depression
onset (v) life-time prevalence of depression is dlightly higher (54 %) in our sample than in other European countries [23] giving sufficient
statistical power to examine interaction effects which require a sample size four times greater than that necessary to detect the principal
effect (environment) [39].

It is important to note, however, that our study has an important limitation in that past episodes of depression have been evaluated
retrospectively, so that time of onset can only be estimated by reference to concurrent events. While we required validation of cases from a
panel of psychiatrists, this was of course increasingly difficult with early onset cases. Retrospective diagnosis, even when based on DSM
criteria, has been shown elsewhere to lead to an underestimation of prevalence [40] which in the case of our study would reduce the true
significance of the association between exposure and depression and the genetic interaction. While reporting of depressive symptoms is
open to recall bias, everyday clinical practice depends largely on this method.

Closing remarks
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Our findings support the very large body of existing literature that shows repatriation, immigration and refugee status to be very
significant risk factors for depression. In accordance with previous studies we found no direct relationship between depression and
5-HTTLPR genotype, however, personsin the study who were younger at the time of the exposure (under 35 years) were observed to more
frequently report depression in their lifetime, and this risk further increased in the presence of an S allele. This relationship appears
moreover to be dose-dependent, increasing with the number of S aleles. In cases where populations are exposed to this type of socia
trauma, our findings also suggest that younger adults with an S allele may be particularly vulnerable, and therefore possibly a priority
group for intervention.
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Figurel

Interaction between the genotypes (S/S, SIL, L/L) and the number of war events with regard to depression. Control group: not repatriated and
no trauma Repat group: exposed to repatriation alone RepatT group: exposed to repatriation plus war trauma
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Tablel

Baseline DSM-IV life time depression and genotypes for the two repatriated groups (Repat and RepatT) and controls.

Total sample No Depression Depression
Source n=880 Nn=408 (46%) n=472 (54%) X2(linear) p
Stressor : War events
-Controls 632 (71.8) 308 (75.5) 324 (68.6) 12.07 <0.002
-Repat 186 (21.1) 84 (20.6) 102 (21.6)
-RepatT 62 (7.1) 16 (3.9) 46 (9.8)
5-HTTLPR (%)
-S/S 239 (27.2) 105 (26) 135 (28.6) 0.96 0.62
-SiL 444 (50.4) 209 (51) 234 (49.6)
-L/L 197 (22.4) 94 (23) 103 (21.8)
Control group: not repatriated and no trauma
Repat group: exposed to repatriation alone
RepatT group: exposed to repatriation plus war trauma
Table2
Logistic regression analysis of the interaction between War events and 5-HTTLPR genotype, in predicting life time depression.
Models Wald p OR (95 %Cl)
War events 12.71 0.001 2.58 (1.49-4.38)
5-HTTLPR 143 0.232 1.23(0.92-2.14)
War eventsx5-HTTLPR 13.22 0.002 3.21(2.48-5.12)
Association between war events and depression
Stratified by genotype :
SS 7.31 0.005 2.34(1.24-4.32)
SL 7.91 0.004 1.64 (1.16-2.31)
LL 0.42 0.514 1.18 (0.72-1.96)

All models were adjusted by age, gender, education, disability, cognitive functions and recent life-events.
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Table3

Logistic regression analysis of the interaction between War events and 5-HTTLPR genotype, stratified by age group, in predicting life time depression.

Models Wald p OR (95% IC)
War Events<5-HTTLPRxAge 10.01 0.002 1.2 (1.1-1.4)
War Events
<35years 10.66 0.001 1.73 (1.25-2.4)
> 35 years 23 0.129 1.33(0.92-1.91)
5-HTTLPR
<35 years 1.81 0.178 0.86 (0.69-1.07)
> 35 years 0.69 0.405 0.91(0.73-1.13)
War Events x5-HTTLPR
<35years 10.44 0.001 1.29 (1.11-1.5)
> 35years 3.34 0.067 1.17 (0.98-1.39)
Association between war events and depression
Stratified by genotype :
Ss
<35 years’ 8.87 0.002 2.91 (1.44-5.88)
> 35yearsi | 2.88 0.089 2.02 (0.9-4.44)
SL
<35 yearst 3.92 0.047 1,57 (1.04-2.45)
> 35 yearst+ 0.62 0.430 1.22 (0.74-2.03)
LL
<35 yearsS 123 0.267 1.55 (0.72-3.36)
> 35 yearsSS 0.07 0.785 0.89 (0.4-2.01)
All models were adjusted by age, gender, education, disability, cognitive functions and recent life-events.
n=442,
n=438;
T =120,
1 h=119;
 n=224,
H n=220;
§ n=09,
§§ n=0g
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