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Associations of the serotonin 
transporter gene polymorphism, 
5‑HTTLPR, and adverse life 
events with late life depression 
in the elderly Lithuanian 
population
Sandrita Simonyte 1*, Ingrida Grabauskyte 2, Jurate Macijauskiene 3, Vita Lesauskaite 3, 
Vaiva Lesauskaite 1, Kari Sofie Kvaal 4 & Robert Stewart 5,6

Late-life depression (LLD) is a multifactorial disorder, with susceptibility and vulnerability potentially 
influenced by gene-environment interaction. The aim of this study was to investigate whether the 
5-HTTLPR polymorphism is associated with LLD. The sample of 353 participants aged 65 years and 
over was randomly selected from the list of Kaunas city inhabitants by Residents’ Register Service of 
Lithuania. Depressive symptoms were ascertained using the EURO-D scale. The List of Threatening 
Events Questionnaire was used to identify stressful life events that happened over the last 6 months 
and during lifetime. A 5-HTTLPR and lifetime stressful events interaction was indicated by higher 
odds of depression in those with s/s genotype who experienced high stress compared to l/l carriers 
with low or medium stress, while 5-HTTLPR and current stressful events interaction analysis revealed 
that carriers of either one or two copies of the s allele had increased odds of depressive symptoms 
associated with stress compared to participants with the l/l genotype not exposed to stressful 
situations. Although no significant direct association was found between the 5-HTTLPR short allele 
and depression, our findings demonstrated that lifetime or current stressful life events and their 
modification by 5-HTTLPR genotype are risk factors for late-life depression.

Late-life depression (LLD) has been identified as one of the most common mental health disorders affecting up 
to one third of individuals aged 60 years and older in developed countries1. Previous studies indicate that the 
prevalence of LLD varies among countries and is much higher in Southern and Central Europe than in Western 
Europe, Scandinavia, or United States2–5. Among late-life psychiatric disorders, depression is probably the most 
frequent cause of emotional suffering and has a significant negative impact on quality of life6. LLD is associated 
with significant cognitive and functional impairment, suicidality, morbidity, and mortality7,8. However, risk fac-
tors for LLD may differ from the depression found in the younger population9,10; for example, older adults are 
less likely to endorse cognitive-affective symptoms of depression, including dysphoria and worthlessness/guilt, 
than are younger adults11. Alongside physical conditions that accompany depression, multiple social factors 
may worsen elders’ psychological condition, including loss of family members, friends, work, and social status12. 
Potential protective factors, such as higher education, socioeconomic status, good health, supportive social 
networks, good cognitive function, engagement in valued activities, and religious involvement may decrease 
sensitivity to depression in older individuals13.
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Susceptibility and vulnerability to depression is likely to be influenced by gene-environment interaction 
(G × E)14,15. Specifically, stress-related early life events such as childhood maltreatment or recent negative 
life events are recognised risk factors for depression onset16; however, the response to such life events may 
be significantly affected by the individual’s genetic profile17, although such genetic risk may be more promi-
nent earlier in the lifespan11. One of the most investigated genetic polymorphisms related to depression is 
5-HTTLPR, a functional polymorphism in the promoter region of the serotonin transporter (5-HTT) encoding 
gene (SLC6A4). In the brain, the serotonin transporter terminates the action of neurotransmitter serotonin by 
facilitating its reuptake from the synapse to the presynaptic neuron, thus regulating synaptic serotonin signal-
ling and concentrations18. 5-HTT is a main regulator of serotonergic neurotransmission and is a target of the 
widely used pharmacological treatment such as selective serotonin reuptake inhibitors (SSRIs). The stress-related 
psychopathology of psychiatric disorders is mainly related to the disturbances in the serotonin system; therefore, 
interest in SLC6A4 has persisted19,20.

A 44 bp insertion/deletion variable number tandem repeat (VNTR) in the 5-HTTLPR results in either short 
(s) or long (l) alleles21. There is evidence that the s allele is associated with the lower level of serotonin uptake, 
lower transcriptional efficiency of the serotonin transporter and poorer response to pharmacological treatment 
in late-life depression comparing with individuals homozygous for the l allele22–24. Around 70% of Caucasians 
have at least one copy of the s allele; thus a proposed genetic modifier of the response to environmental factors 
may have a significant population-level impact17. In a well-cited G × E interaction study, Caspi et al.25 failed to 
find any direct association between 5-HTTLPR and depression but found that childhood maltreatment or other 
adverse life events in interaction with one or two copies of the s allele increased vulnerability to negative psychi-
atric and behavioural outcomes. Furthermore, this study also demonstrated a dose–response relationship for this 
interaction, which was stronger in individuals with two s copies than in those with only one. Although further 
studies26–29 and some meta-analyses30,31 supported these findings of modification by 5-HTTLPR genotype and 
psychiatric disorders, a French community study of elders32 and other meta-analyses did not find a significant 
evidence that the serotonin transporter s/s genotype alone or in interaction with stressful life events was associ-
ated with an elevated risk of depression33–35. Furthermore, it has been proposed that in younger populations the s 
allele is a sensitive genetic variant for depression, while the l allele is a risk factor for mental and physical distress 
in older groups36. Previous studies show that the influence of 5-HTTLPR can be heterogeneous and highlight 
possible involvement of other factors and regulatory mechanisms promoting the risk of psychiatric disorders18,20. 
Although some of the previously mentioned studies and meta-analyses have been criticized for including results 
from studies with incompatible statistical and genetic models, or applying too restrictive inclusion system of stud-
ies, the key point is the heterogeneity of the studies37. Minimizing heterogeneity factors is necessary to increase 
the likelihood of detecting a true association between exposure and outcome of interest35,38,39.

It should be noted that some of inconsistencies between study findings might be explained by ethnic dif-
ferences in allele frequency40, therefore the evaluation of more homogeneous populations by genetic ancestry 
and depression-related phenotypes is advantageous for identifying genetic risk factors for this disease14. With 
increasing age there is an accumulation of social risks as stressful life events11 that are considered to be among 
the most important risk factors of LLD; however, how this phenotype is affected by 5-HTTLPR and/or modified 
in response to stress in older populations have been rarely studied in previous studies or have reported an inverse 
association31. So far, no similar studies have been conducted in the Lithuanian population. Thus, to address these 
knowledge gaps, we investigated the 5-HTTLPR polymorphism for late-life depressive symptoms in response to 
recent and lifetime stressful life events in an elderly Lithuanian population.

Results
Descriptive data of Kaunas Healthy Ageing Study are presented in Table 1. There were twice as many females 
(67.1%) as males. Nearly half of the responders were married or had stable partners (43.4%) and the majority of 
the remainder were widowed (41.1%). Over half of the participants visited church sometimes (58.9%) and most of 
them reported having children or friends (73.1% and 86.4%, respectively). According to the EURO-D scale, 160 
(45.8%) had case-level depressive symptoms (EURO-D score ≥ 4). Those with depression had significantly lower 
education levels and were less likely to attend church. They also presented a higher number of stressful life events 
than those without depressive symptoms. The genotype frequencies did not deviate from the HWE (P > 0.05) and 
reflected frequencies previously observed in white European populations14,29,44. The frequency of the 5-HTTLPR 
genotypes and alleles in elderly population did not differ significantly according to EURO-D scale score.

After adjustment for age, univariate logistic regression analysis revealed that LSE (P = 0.013), CSE (P < 0.001), 
and primary school (vs. higher) education (P < 0.001) were significantly associated with higher odds of depres-
sion, while regular church attendance (P = 0.017) and social activity (borderline significant) were associated with 
decreased odds (Table 2). Including the significant variables in the multivariate logistics regression model, we 
found that CSE (aOR 2.292, 95% CI 1.569–3.349, P < 0.001) and primary school education (aOR 3.392, 95% CI 
1.824–6.306, P < 0.001) retained independent significance.

In univariate age-adjusted logistic regression analyses (Table 3), a 5-HTTLPR × LSE interaction effect on 
depression was observed in that highest odds of depression were found in participants with both high stress and 
s/s genotype for LSE; for CSE, this highest-risk group was observed both for the s/s genotype and when analysed 
for presence of the s allele (i.e., s/s and s/l combined) with a dose–response pattern from the low stress × l/l 
combination to the high stress × s/s combination.



3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:12920  | https://doi.org/10.1038/s41598-023-40215-4

www.nature.com/scientificreports/

Characteristic Whole sample (n = 353)

EURO-D scale (score)

P value < 4 (n = 189)  ≥ 4 (n = 160)

Age 73.06 73.00 74.49 0.220

 Median (min, max) (65.00, 99.93) (65.01, 99.93) (65.00, 96.99)

Sex (female), n (%)
243 (67.1) 124 (65.6) 117 (73.1) 0.130

110 (30.4) 65 (34.4) 43 (26.9)

Marital status, n (%)

 Single 25 (7.1) 13 (6.9) 12 (7.5) 0.200

 Married or stable partners 152 (43.4) 86 (45.5) 65 (40.9)

 Divorced 29 (8.3) 20 (10.6) 9 (5.7)

 Widowed 144 (41.1) 70 (37.0) 73 (45.9)

 No information 3 – 1

Education, n (%)

 Primary school 122 (34.8) 48 (25.4) 73 (45.6) < 0.001

 Secondary school 101 (28.8) 61 (32.3) 39 (24.4)

 Higher and university education 128 (36.5) 80 (42.3) 48 (30.0)

 No information 2 – –

Church attendance, n (%)

 No 48 (13.7) 18 (9.5) 29 (18.2) 0.042

 Sometimes 206 (58.9) 113 (59.8) 92 (57.9)

 Regular 96 (27.4) 58 (30.7) 38 (23.9)

 No information 3 – 1

Social activity, n (%)

 No 280 (79.3) 142 (75.1) 136 (85.0) 0.194

 Sometimes 40 (11.3) 25 (13.2) 15 (9.4)

 Regular 27 (7.6) 19 (10.1) 8 (5.0)

 No information 6 3 1

Having friends, n (%)

 No 93 (26.9) 49 (26.5) 43 (27.0) 0.907

 Yes 253 (73.1) 136 (73.5) 116 (73.0)

 No information 7 4 1

Meetings with friends, n (%)

 Never 33 (10.9) 15 (9.1) 18 (13.0) 0.694

 At least once per month 60 (19.7) 34 (20.7) 26 (18.8)

 At least once a week/2–3 times a week 115 (37.8) 65 (39.6) 50 (36.2)

 Every day 96 (31.6) 50 (30.5) 44 (31.9)

 No information 49 25 22

Having children, n (%)

 No 37 (10.5) 17 (9.3) 20 (12.7) 0.327

 Yes 305 (86.4) 165 (90.7) 138 (87.3)

 No information 11 7 2

Meetings with children, n (%)

 Never 3 (0.9) 1 (0.5) 2 (1.3) 0.367

 At least once per month 75 (21.6) 25 (18.5) 39 (24.8)

 At least once a week/2–3 times a week 128 (36.8) 75 (39.7) 52 (33.1)

 Every day 142 (40.8) 78 (41.3) 60 (40.8)

 No information 5 – 3

Lifetime stressful events (LSE) scale score

 Median (min, max) 3 (0, 11) 3 (0, 9) 3 (0, 11) 0.006

 No information 51 29 20

Current stressful events (CSE) scale score

 Median (min, max) 0 (0, 6) 0 (0, 4) 0 (0, 6) < 0.001

No information 50 26 22

Genotypes of 5-HTTLPR, n (%)

 l/l 120 (40.3) 66 (41.0) 53 (39.3) 0.436

 l/s 150 (50.3) 83 (51.6) 66 (48.9)

 s/s 28 (9.4) 12 (7.5) 16 (11.9)

Continued
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Discussion
This study investigated the association between 5-HTTLPR polymorphism, its interaction with stressful life 
events, and risk of late-life depressive symptoms in a sample of older people from a Lithuanian catchment. Con-
sistent with previous studies33–35, we found no significant direct association between the 5-HTTLPR s allele and 
late-life depressive symptoms. On the other hand, our data replicated the results of two meta-analyses34,35, in 
the strong associations found between stressful life events and depressive symptoms, strongest for more recent 
stressful events.

One of the most recent meta-analyses of this polymorphism45 concluded that 5-HTTLPR and stress interac-
tion is a dynamic process, producing different effects at different time points. Data show that the effect of the 
5-HTTLPR x stress interaction emerged only in the case of chronic stress, i.e. the risk of depression by 5-HTTLPR 
genotypes emerges with time and the difference is seen only following chronic stress. It is widely acknowledged 
that chronic stress, more than acute stress, is a key factor for the onset of depression46. However, our 5-HTTLPR 
and stressful events interaction analyses show that both lifetime or current stressful life events remain impor-
tant factors for the onset of depression, and that 5-HTTLPR genotype potentially modulates the development 
of depression. Specifically, analyses show a dose-dependent effect of number of stressful events experienced by 
elders and the role of HTTLPR genotype. These results support previous conclusions14,47 that 5-HTTLPR genotype 
modifies the strength of association between stressful events and depressive symptoms. In our sample, the odds 
of depression were increased in s homozygous participants who experienced high lifetime stress compared to the 
l homozygotes with low or medium stress. Our results also confirm prior findings14 that increasing numbers of 
5-HTTLPR s alleles confer higher vulnerability to depressive symptoms associated with recent life events. These 
findings support the 5-HTTLPR × stress interaction hypothesis and suggest that the effect of the interaction on 
depression risk is dose-dependent on the number of stressful events.

The prevalence of depressive symptoms varies according to geographical region, with rates being lower in 
northern Europe and higher in southern and eastern Europe countries2. The prevalence of late-life depression 
displays considerably higher rates in the oldest compared with the youngest age group. Studies that have used the 
EURO-D scale to assess depressive symptoms in European countries have reported prevalence rates, between 17.8 
and 38.3% in older population aged 50 and over2 and 15.8–41.4% in people aged 65 and over48,49. The prevalence 
of depressive symptoms (EURO-D ≥ 4) in our sample (45.8%) also support previous findings.

Considering other findings, depressive symptoms were more frequent in older people with lower educational 
attainment. This is consistent with conclusions from other studies that higher education is associated with 
decreased risk of late-life depression2,50,51. Practice of religion may also serve as a protective factor against depres-
sion in older people2,52 and our study replicated prior findings showing a strong association between church 
attendance and reduced likelihood of depression53,54. Previous studies have found that intergenerational contact 
frequency is independently and inversely associated with depressive symptoms in the elderly55,56. Our findings 
show that the odds of depressive symptoms decreased with increasing frequency of meetings with children or 
friends; however, the associations failed to reach statistical significance.

This study has several limitations. First, depressive symptoms were ascertained as an outcome according to 
a cut-off score on a screening instrument, albeit one that has been widely used and validated in previous stud-
ies, and findings cannot necessarily be applied to diagnostic categories. Second, we did not seek to ascertain or 
analyse stress-related factors experienced in childhood and adulthood separately. Third, potentially important 
factor such as use of medication was not included in the analysis. Despite these limitations, the strengths of 
our study are that we used EURO-D scale which was originally developed to compare symptoms of LLD across 
European countries41 and has been validated and used in many epidemiological studies. To our knowledge, this is 
the first study investigating the impact of current and lifetime stressful life events on the occurrence of depressive 
symptoms in an elderly Lithuanian population. This population-based study is homogeneous by genetic ancestry 
and adds further informative evidence not only about the impact of stress-related life events as risk factors for 
depression onset, but also presents effect of sociodemographic factors on the development of depression in the 
elderly. In addition, the evaluation of the 5-HTTLPR and traumatic stressful events interaction demonstrated 
the significance of genetic variation in phenotype as LLD.

In conclusion, although no significant association was found for elderly carrying the short allele of the 
5-HTTLPR and being particularly susceptible to depression, our findings demonstrated that lifetime or current 

Table 1.   The basic characteristics of study population. Significant values are in bold. 5-HTTLPR 
polymorphism in the promoter region of the serotonin transporter (5-HTT) encoding gene (SLC6A4), 
EURO-D depression symptom scale.

Characteristic Whole sample (n = 353)

EURO-D scale (score)

P value < 4 (n = 189)  ≥ 4 (n = 160)

 s allele frequency 206 (34.6) 107 (33.2) 98 (36.3) 0.435

 l allele frequency 390 (65.4) 215 (66.8) 172 (63.7)

 No information 55 28 25

Genotypes of 5-HTTLPR, n (%)

 l/l 120 (40.3) 66 (41.0) 53 (39.3) 0.762

 l/s or s/s 178 (59.7) 95 (59.0) 82 (60.7)

 No information 55 28 25
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stressful life events and their interaction with the 5-HTTLPR genotype significantly increased odds of late-life 
depression in elderly population.

Table 2.   Univariate and multivariate logistic regression analysis to predict depression*. Significant values are 
in bold. * Having high levels of depression symptomatology according to EURO-D (score ≥ 4); LSE lifetime 
stressful events (at least one recent stressful event during lifetime), CSE current stressful events (at least one 
stressful event that happened in the last 6 months), 5-HTTLPR polymorphism in the promoter region of the 
serotonin transporter (5-HTT) encoding gene (SLC6A4), aOR odds ratio adjusted for age, CI confidence 
interval.

Variable

Univariate logistic regression model
Multivariate logistic 
regression model

aOR (95% CI) P value aOR (95% CI) P value

Sex

 Female vs male 1.427 (0.899–2.265) 0.131 –

LSE 1.170 (1.034–1.324) 0.013 1.142 (0.999–1.305) 0.052

CSE 2.229 (1.574–3.156) < 0.001 2.292 (1.569- 3.349) < 0.001

Marital status

 Married or stable partners 1

 Single 1.196 (0.511–2.799) 0.680 –

 Divorced 0.602 (0.257–1.410) 0.242 –

 Widowed 1.312 (0.818–2.104) 0.260 –

Education

 Higher and university education 1 1

 Primary school 2.476 (1.476–4.156) < 0.001 3.392 (1.824–6.306) < 0.001

 Secondary school 1.072 (0.626–1.838) 0.799 1.576 (0.806–3.081) 0.184

Church attendance

 No 1

 Sometimes 0.533 (0.276–1.028) 0.060 –

 Regular 0.416 (0.203–0.854) 0.017 –

Social activity

 No 1

 Sometimes 0.456 (0.192–1.080) 0.221 –

 Regular 0.651 (0.328–1.294) 0.074 –

Having friends

 Yes vs no 1.027 (0.632–1.671) 0.913 –

Meetings with friends

 Never 1

 At least once a month 0.663 (0.281–1.565) 0.348 –

 At least once a week/2–3 times a week 0.679 (0.309–1.492) 0.335 –

 Every day  0.764 (0.343–1.704) 0.511 –

Having children

 Yes vs no 0.748 (0.375–1.494) 0.411 –

Meetings with children

 Never 1

 At least once a month 0.574 (0.050–6.657) 0.657 –

 At least once a week/2–3 times a week 0.352 (0.031–4.006) 0.400 –

 Every day 0.408 (0.036–4.635) 0.470 –

Genotypes of 5-HTTLPR

 l/l 1

 l/s 0.989 (0.608–1.609) 0.965 –

 s/s 1.748 (0.757–4.037) 0.191 –

Genotypes of 5-HTTLPR

 l/l 1

 l/s or s/s 1.082 (0.677–1.728) 0.742 –
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Methods
Sample collection.  For the Kaunas Healthy Ageing Study, a sample of 400 participants of both sexes over 
65 years old was randomly selected from the list of Kaunas city inhabitants between 2006 and 2009 by the Resi-
dents’ Register Service of Lithuania. From this list, 197 persons agreed to participate in the Study. Because of 
inclusion difficulties (not possible to find at home after repeated visits, not having a telephone, refusing to par-
ticipate), other participants were included using a snowball sampling method and recommendation from study 
subjects. In total, 353 persons participated in the study. Of these, 298 agreed to provide blood samples for genetic 
study. All the participants were Caucasian and Lithuanian.

The study was approved by Kaunas Regional Biomedical Research Ethics Committee (Lithuania) (permission 
number BE-2-49/2008). In accordance with the Declaration of Helsinki, written informed consent was obtained 
from each participant and aims of the study had been fully explained. All clinical and laboratory data was coded 
and entered into a secure computer database only accessible to the research study team.

Mental health and psychological status assessment.  A questionnaire, which covered health, psy-
chological, social support, and economic variables, was administered by trained interviewers in the respondents’ 
homes. Depressive symptoms were assessed using the EURO-D scale41, which consists of 12 items: depression 
affect, pessimism, wishing to die, guilt, sleep, interest, irritability, appetite, fatigue, concentration, enjoyment, 
and tearfulness during the last month. Each item receives a binary present/absent score, creating an ordinal scale 
with a maximum score of 12. Scores of 4 or more were classified as case-level depressive symptoms, as previously 
reported to indicate the presence of major depression41. The List of Threatening Events Questionnaire (LTE-Q)42 
composed of 12 items was used to identify traumatic stressful life events that happened in the last 6 months 
(current stressful events, CSE) and during lifetime (lifetime stressful events, LSE) related to relationship break-
down, financial difficulties, illnesses/injuries and death of family or friends. In addition, all respondents were 
asked questions related to physical and sexual abuse, violence at home and at work, expulsion from school and 
homelessness. For each event, binary present/absent codes were allocated and the sum of scores was calculated 
as the number of stressful events and used for statistical analysis. For the 5-HTTLPR × traumatic stressful events 
(LSE or CSE) interaction analysis to predict depression, the LSE scores were grouped into two categories (low/

Table 3.   Univariate logistic regression analysis of the 5-HTTLPR and traumatic stressful events interaction 
to predict depression*. Significant values are in bold. * Having high levels of depression symptomatology 
according to EURO-D (score ≥ 4); 5-HTTLPR polymorphism in the promoter region of the serotonin 
transporter (5-HTT) encoding gene (SLC6A4), aOR odds ratio adjusted for age, CI confidence interval. a The 
two categories of lifetime stressful events (LSE) were included in analysis: low/medium stress—0–2, high 
stress—≥ 3 number of negative life events. b The two categories of current stressful events (CSE) were included 
in analysis: not exposed to stress—0, exposed to stress—≥ 1 number of negative life events.

Variable Univariate logistic regression

Genotypes of 5-HTTLPR × LSEa aOR (95% CI) P value

l/l (n = 37) 1

l/s (n = 42) Low/medium stress 1.052 (0.416–2.661) 0.915

s/s (n = 10) 1.354 (0.320–5.734) 0.681

l/l (n = 56) 1.902 (0.805–4.492) 0.143

l/s (n = 92) High stress 1.728 (0.782–3.822) 0.177

s/s (n = 15) 5.306 (1.396–20.177) 0.014

Genotypes of 5-HTTLPR × LSEa

l/l (n = 37) Low/medium stress 1 0.821

l/s or s/s (n = 52) 1.107 (0.458–2.673)

l/l (n = 56) High stress 1.906 (0.807–5.500) 0.141

l/s or s/s (n = 107) 1.997 (0.917–4.349) 0.081

Genotypes of 5-HTTLPR × CSEb

l/l (n = 71) 1

l/s (n = 94) Not exposed to stress 0.883 (0.458–1.704) 0.711

s/s (n = 19) 2.309 (0.815–6.538) 0.115

l/l (n = 24) 4.034 (1.498–10.864) 0.006

l/s (n = 39) Exposed to stress 6.574 (2.669–16.191) < 0.001

s/s (n = 6) 10.675 (1.169–97.488) 0.036

Genotypes of 5-HTTLPR × CSEb

l/l (n = 71) Not exposed to stress 1

l/s or s/s (n = 113) 1.045 (0.559–1.954) 0.891

l/l (n = 24) Exposed to stress 3.985 (1.482–10.715) 0.006

l/s or s/s (n = 45) 6.899 (2.903–16.393) < 0.001
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medium stress—0–2, high stress—≥ 3), and the CSE scores were divided into two categories (not exposed to 
stress—0, exposed to stress—≥ 1) consistent with previous studies14,35.

5‑HTTPLR genotyping.  Genomic DNA was extracted from venous blood (3  ml) using Sorpoclean 
Genomic DNA Extraction Module kit (Sorpo Diagnostics, Vilnius, Lithuania) according to the manufacturer’s 
instructions. The 5-HTT regulatory gene region was amplified using a polymerase chain reaction (PCR) with oli-
gonucleotide primers (Matabion, Germany): forward: 5′-GGC​GTT​GCC​GCT​CTG​AAT​GC-3′; reverse: 5′-GAG​
GGA​CTG​AGC​TGG​ACA​ACCAC-3′. PCR was performed in a 25 ml volume containing approximately 50 ng 
of genomic template, 0.4 µmol/l of each primer, 200 µmol/l of each deoxynucleotide triphosphate (dNTP), 2.5 
units of Taq polymerase, 1.5 mmol/l MgCl2, 5% dimethyl sulfoxide (DMSO), 1× PCR Buffer (“Thermo Fisher 
Scientific”, Lithuania). Cycling conditions were preceded by a denaturing step at 95 °C for 10 min, followed by 35 
cycles of denaturation at 95 °C for 30 s, annealing at 63 °C for 30 s, and synthesis at 72 °C for 80 s. The reaction 
was ended by incubation at 72 °C for 7 min. PCR products were separated by electrophoresis (100 V for 2.5 h; 
2.5% agarose gel) and visualized by ethidium bromide-stained agarose gel under ultraviolet light using a video 
documentation system, the BioDocAnalyse 2.0 (Biometra, Göttingen, Germany). Sequined DNA standards were 
used to identify the 484/528 bp corresponding short (s) and long (l) fragments of 5-HTTLPR.

PCR data were validated using a TaqMan 5’nuclease assay modified from that originally described by Ref.43. 
The 25-μl PCR reactions contained 100 nM of each forward and reverse primers (GCA​ACC​TCC​CAG​CAA​CTC​
CCT​GTA​ and GAG​GTG​CAG​GGG​GAT​GCT​GGAA), 120 nM of an l allele specific FAM-labeled probe, and 
60 nM of a VIC-labeled internal control probe whose target is present in the PCR amplicon for both l alleles and 
s alleles (6FAM-TGC​AGC​CCC​CCC​AGC​ATC​TCCCMGB and VIC-TCC​CCC​CCT​TCA​CCC​CTC​GCG​GCA​
TCC-MGB), (Applied Biosystems, USA); 4% DMSO (“Thermo Fisher Scientific”, Lithuania); 1× TaqMan Uni-
versal master mix (Applied Biosystems, USA); and 20 ng genomic DNA. Samples were heated to 95 °C for 10 min 
to activate Taq DNA polymerase, followed by 40 thermal cycles of 95 °C for 15 s, followed by 62.5 °C for 90 s. 
The number of alleles for each subject was identified by examination of scatter plots of end point FAM versus 
VIC fluorescence levels captured using an ABI 7900HT Sequence Detection System with SDS v 2.1 (Applied 
Biosystems, Foster City, CA, USA). There was no discrepancy in 5-HTTLPR genotype between the 5′nuclease 
TaqMan and conventional agarose gel-based PCR fragment length assays.

Statistical analysis.  Quantitative variables were described as median (minimum, maximum), because 
variable distributions did not satisfy the normality assumption (Kolmogorov–Smirnov or Shapiro–Wilk tests). 
Nonparametric Mann–Whitney U tests were used to determine differences in the distributions of continuous 
variables between two independent samples, and Kruskal–Wallis for three independent samples. Categorical var-
iables were described using frequencies and percentages. The χ2 test was used to determine differences between 
the categorical variables and for the assessment of the Hardy–Weinberg equilibrium (HWE) for the distribution 
of genotypes. Univariate and multivariate binary logistic regression analyses were applied to evaluate the associa-
tions between adverse life events, 5-HTTLPR genotype and the odds ratio of depression according to EURO-D 
scale (score). Univariate binary logistic regression analysis was applied to evaluate the 5-HTTLPR × Traumatic 
stressful events (LSF or CSF) interaction to predict depression. Adjusted odds ratio (aOR) with 95% confidence 
interval was calculated. Statistical analysis was performed using the statistical software package IBM SPSS Statis-
tics version 27 for Windows. P value < 0.05 was considered statistically significant.

Ethics statement.  The study was approved by Kaunas Regional Biomedical Research Ethics Commit-
tee (Lithuania) (permission number BE-2-49/2008). In accordance with the Declaration of Helsinki, written 
informed consent was obtained from each participant and aims of the study had been fully explained. All clini-
cal and laboratory data was coded and entered into a secure computer database only accessible to the research 
study team.

Data availability
The data generated and analysed during the study are available from the corresponding author upon reasonable 
request. Data will be stripped from all information allowing identification of study participants.
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