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AbstrAct
Background: 5-HTTLPR and MAOA are traditionally 
considered to confer risk for negative outcome in the 
context of the gene-environment interaction. The aim 
of the current study was to further investigate this 
interaction in the context of a beneficial environment. 

Methods: Two hundred and one college students provided 
saliva samples for DNA extraction and completed 
self-reported questionnaires measuring attachment, 
perceived social support and experience of life events. 
ANOVA, Pearson correlation and linear regression 
analysis were used to examine the correlation between 
these explaining variables and an outcome measure of 
well-being. 

Results: Full data were available for one hundred and 
sixty-six subjects. We found a significant interaction 
between genotype and environment in their effect on 
happiness. Only individuals with the 5-HTTLPR short 
allele(s) or within MAOA intermediate and low activity 
genetic groups were happier when they perceived higher 
support from their friends. 

Conclusions: Even though the sample is small these 
results show that genetic polymorphisms confer not 
only resilience or vulnerability to stress, but also provide 
their carriers with sensitivity to a beneficial environment.

Address for Correspondence:  Prof. Yoav Kohn, Director, the Donald Cohen Child and Adolescent Psychiatry Department, Jerusalem Mental 
Health Center, Eitanim Psychiatric Hospital, DN Tzefon Yehuda, Israel 90972   yoavk@ekmd.huji.ac.il

IntroductIon
Caspi and Moffitt (1) demonstrated that the effect of 
exposure to an environmental pathogen on a person’s 
health is conditional on his or her genotype. This GxE 
hypothesis claims that the genetic make-up of a person 
moderates the capacity of an environmental risk to bring 
about mental disorders. Caspi and his colleagues (2) 
studied the influence of a functional polymorphism in 
the promoter region of the serotonin transporter gene 
(SCL6A4) on depression and suicidal behavior in com-
bination with stressful life events. They also examined 
how a functional polymorphism in the promoter region 
of the gene encoding the neurotransmitter-metabolizing 
enzyme monoamine oxidase A (MAOA) influences the 
effect of child maltreatment (3).

5-HttLPr
5-HTTLPR is a transcriptional control region upstream of 
the serotonin transporter protein (5-HTT) gene (SCL6A4). 
This protein is involved in the presynaptic recycling of 
serotonin and modulates its concentration in the synaptic 
cleft and extra synaptic sites. 5-HTT is the main target for 
the SSRI drug group of anti-depressants. A functional 
polymorphism in the 5-HTTLPR control region consists 
of two main variants: a short allele (s) and a long allele (L). 
Basal transcriptional activity of the long variant is more 
than twice that of the short form, which might indicate 
decreased serotonergic brain activity in that region (4, 5). 
Compared to individuals with two copies of the L allele 
(LL genotype) individuals with one or two copies of the 
5-HTTs allele (Ls or ss genotypes) exhibited more depres-
sive symptoms, diagnosable depression, and suicidality 
following stressful life events (2, 6). These studies have 
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attracted a large number of replication attempts that have 
used varied methodologies in diverse samples. A meta-
analysis conducted in 2009 yielded no evidence that the 
serotonin transporter genotype alone or in interaction with 
stressful life events is associated with an elevated risk of 
depression (7). Nevertheless, a large scale meta-analysis, 
performed in 2011, which included an expanded set of 
studies, found strong evidence that 5-HTTLPR moderates 
the relationship between stress and depression in the studies 
published to that date (8). The last and most updated meta-
analysis again found no evidence for interaction between 
5-HTTLPR and stress in increasing risk for depression (9).

MAo-A
Monoamine oxidase A is a flavoenzyme encoded by the 
gene monoamine oxidase A (MAOA) located on the X 
chromosome. MAOA degrades monoamine neurotrans-
mitters, such as dopamine, norepinephrine, and serotonin, 
via oxidative deamination. Sabol et al. (10) discovered 
a polymorphism in the promoter region upstream of the 
gene. The polymorphism consists of a 30-bp repeated 
sequence, which is present in 3, 3.5, 4, or 5 copies. Alleles 
with 3.5 or 4 copies of the repeat sequence are transcribed 
2-10 times more than those with 3 or 5 copies of the repeat. 
Caspi et al. (3) showed that the functional polymorphism 
in the promoter region of the gene encoding the MAOA 
moderates the effect of child maltreatment in the cycle of 
violence. Results showed that maltreated children, whose 
genotype conferred low levels of MAOA expression, more 
often developed conduct disorder, antisocial personality 
and adult violent crimes than children with a high-activity 
MAOA genotype. Meta-analysis of further replication stud-
ies found that the association between maltreatment and 
mental health problems is significantly stronger in the males 
with the genotype conferring low vs. high MAOA activity 
(11). These findings provide evidence that the MAOA gene 
influences vulnerability to environmental stress, and that 
this biological process is initiated early in life.

dIAtHesIs-stress ModeL vs. dIfferentIAL 
suscePtIbILIty HyPotHesIs
Based on evidence for GxE interaction, diathesis-stress 
theory poses that individual’s response to stressful life 
events depends on their genetic makeup. The specific 
idea that a preexisting vulnerability, for instance a genetic 
polymorphism, and external stressors may interact in the 
pathogenesis of mental illness is well established (1). Belsky 
and Pluess (12) expanded the diathesis-stress model and 

introduced the differential-susceptibility model. According 
to this model, individuals are differentially susceptible 
to different environmental conditions according to their 
genetic makeup. While the diathesis-stress theory describes 
individuals influenced by negative environmental factors, 
the differential-susceptibility model asserts that some 
individuals are more sensitive than others to both negative 
and positive environmental influences. In an additional 
publication, Belsky et al. (13) argued that previous studies 
were focusing on the negative influence of the environ-
ment in regards to the diathesis–stress model rather than 
emphasizing the positive (which is different from the 
absence of adversity). They also noted that these studies 
failed to assess competent functioning, except for the 
absence of dysfunction. They performed a re-evaluation 
of the data analyzed so far in psychiatric genetics research 
regarding the GxE interaction. They found that the same 
genes that seem to make individuals disproportionately 
vulnerable to adversity with regard to psychopathol-
ogy (such as depression, antisocial personality, etc.) may, 
simultaneously, confer an advantage when it comes to 
benefiting from exposure to environmental support or 
enrichment. In accordance, they further suggested that 
putative “vulnerability genes” or “risk alleles” might, at 
times, be more appropriately conceptualized as “plastic-
ity genes” because they seem to make individuals more 
susceptible to environmental influences, whether nega-
tive or positive. Several studies have demonstrated that 
individuals with one or two short alleles in 5-HTTLPR 
are not only more adversely affected by stressors, but also 
reap the most benefit from supportive environments. For 
example, maternal responsiveness was found to diminish 
the risk for behavior problems in temperamentally dif-
ficult children depending on their 5-HTTLPR genotype 
(14). Another study examined GxE interaction effects 
in predicting resilience in adaptive functioning among 
maltreated and non maltreated low-income children with 
specific gene variants. Compared to Ls and LL carriers of 
HTTLPR genotypes, those with the ss genotype were the 
most sensitive to the environment, with best outcome when 
non-maltreated and worse outcome when maltreated (15). 
Youth homozygous for the ss allele of 5-HTTLPR were more 
responsive to parenting as environmental context in a “for 
better and worse” manner. Higher levels of positive affect 
were reported by ss carriers under supportive and positive 
parenting conditions, and low levels of positive affect were 
found in this group when they experienced unsupportive, 
non-positive parenting (16). Furthermore, a meta-analysis 
which included children and adolescents up to 18 years 
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of age found that in Caucasians, youth homozygous 
for the functional short allele of 5-HTTLPR were more 
susceptible to both negative and positive developmental 
condition (17). An attempt to replicate this interaction 
in further controlled studies had mixed results. Based 
on the assumption that a certain genotype may confer 
an environmental susceptibility, it was hypothesized that 
individuals with short alleles of 5-HTTLPR will be more 
responsive to cognitive-behavioral psychotherapy (CBT). 
In a sample of children undergoing CBT for an anxiety 
disorder, children with the ss genotype were significantly 
more likely to respond to treatment than those carrying a 
long allele (18). However, in another similar study of adults 
with recurrent depressive episodes, short allele carriers 
had no advantage in terms of response to therapy (19).

Our goal in this study was to expand the scope of 
research on interaction between positive circumstances 
and specific genetic regions (5-HTTLPR and MAOA). 
We aimed to examine for the first time the influence of 
perceived social support and of attachment. We studied 
happiness as an outcome measure. We preferred it over 
lack of depression, which is less informative than measur-
ing the existence of a positive outcome. The study was 
conducted in a non-clinical sample of young individuals 
from Israel. We hypothesized that social support and/
or attachment styles will increase levels of happiness in 
a more significant manner in individuals with genetic 
variants conferring low activity of 5-HTT and MAOA. 

subjects And MetHods
PoPuLAtIon
This study examined a normative, healthy, adult popula-
tion. Two hundred and one social sciences students from 
the College of Management Academic Studies in Rishon 
LeZion, Israel, were included. A saliva sample was taken 
from all subjects and they were requested to complete a set 
of self-report questionnaires, both collected anonymously. 
The study was approved by the appropriate institutional 
and state review boards complying with the provisions 
of the Declaration of Helsinki. Exclusion criterion was 
refusal of signing the study participation consent form. 
At the end of lectures saliva samples were taken and the 
questionnaires were filled out. A total of 166 students were 
included in the analysis, for whom we had a genotype for 
at least one polymorphism in addition to questionnaires 
scoring. The sample was composed of 149 women (91.4%) 
and 14 men (8.6%). For three individuals we had no data 
on gender. Absolute majority of subjects (98%) defined 

themselves as Jewish; 37% were of Ashkenazi origin, 35% 
non-Ashkenazi, 26% of mixed Jewish origin, and 2% of 
other ethnic origin; 40% of subjects defined their familial 
economic state as average, while 11% of subjects defined 
it as lower than average, 45% as above average, and 4% 
of subjects defined their economic status as much higher 
than average (see Table 1). 

Table 1. Demographic variables

N (%) Mean (range)
Age (years) 25.1 (21-50)

Gender F=149 (91.4)
M=14 (8.6)

Marital status married=19 (11.5)
single=113 (68.5)
divorced=2 (1.2)
separated=2 (1.2)
living with spouse=29 (17.6)

Ethnicity Jewish=163 (98.2)
Arab-Moslem=1 (0.6)
Other=2 (1.2) 

Socio-economic 
status 

below average=17 (10.5)
average=65 (40.1)
above average=73 (45.1)
much above average=7 (4.3)

Depression leading to 
treatment

yes=18 (10.9)
no=147 (89.1)

Past suicide  
attempt

yes=2 (1.2)
no=164 (98.8)

Previous psychiatric 
treatment

yes=17 (10.3)
no=165 (89.7)

exPosure MeAsures
In order to evaluate the positive/negative environmen-
tal conditions, study participants filled the following 
questionnaires.

exPerIences In cLose reLAtIonsHIPs scALe (ecr)
Thirty-six self-report items were included, designed to 
assess two underlying attachment dimensions: avoid-
ance (odd items) and anxiety (even items). Likert scale 
ranging from 1 (strongly disagree) to 6 (strongly agree) 
was used to obtain a total score for both the avoidance 
and anxiety attachment dimensions separately. Lower 
levels of anxiety and avoidance reflect a more secure 
attachment. Both dimension scores are created by tak-
ing the average score of the items from each scale (20). 
Subjects who scored low on both avoidance and anxiety 
are classified as having secure attachment, indicating a 
favorable developmental environment. Higher scores on 
the ECR questionnaire indicate greater unsecure attach-
ment, and thereby might suggest adverse developmental 
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conditions. This questionnaire was translated into Hebrew 
and validated on an Israeli sample (21, 22).

MuLtIdIMensIonAL scALe of PerceIved socIAL 
suPPort (MsPss)
MSPSS is a brief self-report measure designed to assess 
the individual’s subjectively perceived adequacy of social 
support from three sources: family, friends and significant 
others (23). This scale was previously translated into 
Hebrew and validated on an Israeli population (24). 
Twelve item ratings are made on a 6-point Likert-type 
scale ranging from very strongly disagree (1) to very 
strongly agree (6). The three dimensions are created by 
taking the average score of the items from each scale. 
Higher scores indicate relatively higher levels of mean 
social and familial support reported by the subjects. 

LIfe events QuestIonnAIre, bAsed on tHe LIfe 
events Inventory (LeI)
The LEI was originally developed in 1973 by Cochrane 
and Robertson (25) as a modified version of the Schedule 
of Recent Experiences (SRE) instrument, which has been 
widely used for measuring life stresses retrospectively. 
Each event in this questionnaire is weighted to reflect the 
degree of disruption that would be caused should that 
event befall an average person. This questionnaire has 
been tested and validated in different populations such as 
mental patients and students, for whom similar scoring 
was received. In the current study, the LEI questionnaire 
was adjusted in content and in the scaling system for the 
purpose of this study. Participants were asked to mention 
whether a certain event has happened during their lifetime 
and how many years ago it occurred. They also ranked 
the degree of influence this particular event had on them 
on a scale from 1 (having a minor negative influence) to 
10 (indicating a strong negative influence). Since in this 
questionnaire only negative life events were included, 
favorable environment was defined by the lack of negative 
meaningful life events.

outcoMe MeAsure
oxford HAPPIness QuestIonnAIre (oHQ)
The OHQ (26) contains 29 items, which are scored by 
a Likert scale ranging from 1 (strongly disagree) to 6 
(strongly agree). Discriminated validity analysis has 
been employed demonstrating a negative correlation 
between the questionnaire’s scores and neuroticism while 
a positive correlation was related to extraversion (27).

dnA sAMPLes And genotyPIng
Saliva samples were collected using a designated kit 
(Oragene DNA, DNA Genotek, Ottawa, Canada). 
Genomic DNA was extracted according to the manu-
facturer’s protocol. Five samples were discarded due to 
technical problems. PCR was performed using stan-
dard protocols. Primers for the insertion/deletion type 
polymorphism in 5-HTTLPR were designed based on 
Lesch et al. (5). For MAOA we followed Sabol et al. (10). 
5-HTTLPR PCR products were separated by 2% agarose 
gel electrophoresis using ethidium bromide dye and 
were then classified as representing the LL, ss or Ls geno-
types. Ls and ss genotypes were considered as conferring 
low activity of SCL6A4. MAOA PCR products were read 
by an ABI PRISMTM 3730xl DNA Analyzer, and were 
classified as genotypes of the 2, 3, 4 and 5 repeats alleles. 
There were no individuals with 3.5 repeats. Activity level 
groups were defined based on accepted criteria (10) as low 
(homozygous for the 3 or 5 alleles), high (homozygous 
for the 4 allele), and intermediate (heterozygous for 3 
and 4 alleles).

stAtIstIcAL AnALysIs
Power analysis was performed according to an expected 
difference between genotype groups of at least 1.5 points 
in the outcome measure with a SD of 5 points (28). 
Under these conditions, we had power of more than 
80% to demonstrate statistically significant differences 
in our sample of 166 individuals at the level of α=0.05. 
Associations between genotypes and happiness scale were 
assessed by analysis of variance (ANOVA). Correlations 
between the environment characteristics scales and the 
happiness scale were assessed by Pearson correlation 
coefficient. The amount of variance in the happiness scale 
explained by the environment characteristics scales was 
studied using hierarchical linear regression. This was 
done separately for each one of the genotype groups to 
study their moderating effect. We used a four-step forced 
regression analysis in which gender was set as the control 
variant in the first step. In the second step the stressful 
life events index (LEI) was included. In the third step the 
attachment index (ECR) was included. In the final step, 
perceived support scores (MSPSS) were added. 

resuLts
genotyPes
Gender was the only variable found to be associated with 
genotype (5-HTTLPR and MAOA) distribution for both 
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variants. Therefore it was included as a co-variable in all 
statistical analyses. 

bIvArIAte AnALyses
No significant differences were found in happiness (mean 
OHQ scores) between the 5-HTTLPR genotype groups 
(high activity group OHQ=104.34±9.88; low activity 
group OHQ=104.48±8.57) or between the MAOA activity 
groups (high activity group OHQ=104.76±9.78; inter-
mediate activity group OHQ=105.31±8.55; low activity 
group OHQ=105.31±8.53). 

A significant positive correlation (r=0.25, p<0.01) 
was found between the perceived support of friends 
(MSPSS subscale) and OHQ score, so that the OHQ 
score increased as the perceived support of friends was 
higher. No significant correlations were found between 
the OHQ score and other environmental indices: sup-
port from partners or family (MSPSS other subscales), 
stressful life events (LEI), or attachments measures (ECR).

ModerAtIng effect of genotyPes
GxE interaction was evident from correlation between 
environmental indices and the OHQ scale in the different 
genotype subgroups. Correlations between perceived sup-
port of friends (MSPSS subscale) and OHQ scores were 
found only in the 5-HTTLPR low activity group 
and MAOA intermediate activity group (r=0.27, 
p<0.01; r=0.43, p=0.001, respectively). In these 
subgroups (but not in others), as the level of 
friends’ support increased, the higher were the 
happiness scale scores. No such correlations 
were found with other environmental factors.

Regression analyses for OHQ scores per-
formed separately for the two 5-HTTLPR 
genotype groups (Table 2), yielded significant 
results only for the fourth model, incorporating 
all environmental indices as well as gender, and 
only in the low activity genotype group. This 
model significantly explained 13% (p<0.05) of 
the variance in happiness (OHQ scores). In this 
model the perceived support of friends subscale 
of MSPSS, was the only significant predictor of 
happiness (β=0.37, p<0.001). No other variables 
had significant coefficients in other models or 
in the high activity genotype group.

Regression analyses for OHQ scores per-
formed separately for the three MAOA activity 
groups (Table 3), gave significant results only 
in the intermediate group, in which model 

Table 2. Regression models predicting happiness (OHQ) by 
environmental factors in different 5-HTTLPR genotype groups

Step
Predictor variance 
explained

LL Ls or ss
β B(SE) β B(SE)

1 gender
R2

0.25 (5.23) 7.50 0.04 (3.05) 1.52

0.06 0.00

2 gender
adverse life events
R2

R2

0.27 (5.39)
0.11 (0.61)

8.18
0.38

0.06 (3.08)
0.10 (0.25)

1.98
0.26

0.07 0.01

0.01 0.01

3 gender
adverse life events
attachment
R2

R2

0.30 (5.65)
0.17 (0.71)
-0.12 (0.25)

9.02
0.58
-0.14

0.06 (3.11)
0.10 (0.25)
-0.02 (0.10)

2.03
0.26 
-0.02

0.08 0.01

0.01 0.00

4 Gender
adverse life events
attachment
support - family
support - friends
support - spouse
R2

R2

0.32 (5.61)
0.22 (0.71)
-0.03 (0.25)
0.23 (0.41)
0.24 (0.55)
0.09 (0.37) 

9.72
0.74
-0.04
0.51
0.73
0.18

0.09 (2.99)
0.09 (0.24)
0.09 (0.10)
-0.07  (0.21)
0.37*** (0.27)
-0.17  (0.13) 

3.06
0.23
0.10
-0.16
0.97
-0.24

0.20 0.13*

0.11 0.12**

*p<0.05, **p<0.01, ***p<0.001

Table 3. Regression models predicting happiness (OHQ) by environmental 
factors in different MAOA genotype groups

Step

Predictor
variance 
explained

Low activity
Intermediate 

activity High activity
β B(SE) β B(SE) β B(SE)

1 Gender

R2

0.13 (4.77) 2.89 0.30* (8.50) 19.50 0.11 (3.49) 2.95

0.02 0.09* 0.01

2 Gender
adverse life events

R2

R2

0.14 (4.92)
0.08 (0.59) 

3.16
0.22

0.30* (8.60)
0.03 (0.37) 

19.63
0.08

0.12 (3.57)
0.00 (0.41)

2.97
0.01

0.02 0.09 0.01

0.00 0.00 0.00

3 Gender
adverse life events
attachment

R2

R2

0.14 (5.04)
0.07 (0.61)
0.06 (0.24)

3.12
0.20
0.06

0.29* (8.67)
0.05 (0.38)
-0.11 (0.17) 

18.94
0.15
-0.13

0.14 (3.59)
0.01 (0.40)
-0.17 (0.14) 

3.59
0.04
-0.16

0.03 0.10 0.41

0.00 0.01 0.03

4 Gender
adverse life events
attachment
support - family
support - friends
support - spouse

R2

R2

0.29 (4.87)
-0.02 (0.57)
-0.02 (0.21)
-0.20 (0.43)
0.71* (0.71)
-0.49* (0.37) 

6.47
-0.05
-0.02
-0.39
1.90
-0.90

0.29* (7.98)
0.02 (0.35)
0.01 (0.16)
0.08 (0.26)
0.42** (0.37)
-0.16 (0.17) 

18.84
0.06
0.02
0.17
1.22
-0.22

0.08 (3.95)
0.05 (0.43)
-0.05 (0.16)
0.08 (0.38)
0.18 (0.42)
0.03 (0.22) 

2.07
0.14
-0.05
0.19
0.44
0.04

0.34 0.29** 0.07

0.32* 0.19* 0.03

*p<0.05, **p<0.01

1 (gender alone) or 4 (gender and all environmental 
factors), explained 9% (p≤0.05) and 29% (p≤0.01) of 
the variance, respectively. In these models, only coef-
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ficients for gender and friends perceived support were 
significant (β=0.29-0.30, p≤0.05 and β=0.42, p≤0.01, 
respectively). The happiness score was higher as the 
level of perceived support of friends increased, and was 
also higher for women vs. men. No other variables had 
significant coefficients in other models for this inter-
mediate activity genotype group or for the high activity 
genotype group. In the low activity group, even though 
regression models were not significant, coefficients for 
friends’ support and partners’ support were significant 
in the fourth comprehensive model (β=0.71, p≤0.05 and 
β=-0.49, p≤0.05, respectively). Interestingly, the happi-
ness score was higher as the level of perceived support of 
friends increased but lower as level of partners increased. 

dIscussIon
In this study, we examined the interaction between 
positive environmental factors and the genetic variants 
5-HTTLPR and MAOA in predicting happiness in a 
non-clinical sample. We found a significant correlation 
between perceived support of friends and the happi-
ness scale. It was moderated by a specific genotype. In 
carriers of the short allele of the gene 5-HTTLPR, or of 
genotypes conferring low and intermediate activity of 
MAOA, higher perceived support of friends predicted a 
higher score on the happiness scale. These findings sup-
port our hypothesis that some individuals are genetically 
more sensitive to the positive effect of the environment. 
Previous studies demonstrated that 5-HTTLPR confers 
sensitivity to the environment (14-16). Carriers of short 
alleles of this polymorphism were shown to benefit more 
in ideal conditions. Accordingly, a randomized control 
trial found that ss carriers fared better than LL carriers 
in a short term psychological treatment for post-stroke 
depression (29). Adolescents with low activity MAOA 
alleles had a more aggressive response to poor parent-
ing, and less aggressive reactions for positive parenting 
(30). Our findings support this new conceptualization 
of 5-HTTLPR and MAOA as genes of sensitivity and not 
merely of vulnerability. Moreover, we show that exposure 
to positive environment is associated not only with the 
lack of negative outcome but with indicators of positive 
well-being, such as happiness. We show that the short 
allele of 5-HTTLPR and low and intermediate alleles of 
MAOA are associated with contextual sensitivity to the 
environment. Thus, they provide evolutionary advan-
tage (11). The evidence in this study are significant even 
though the sample size is small, which can attest for their 

robustness. Still, a larger sample could have allowed the 
finding of other significant results.

We found that partner’s support had a significant nega-
tive impact on happiness in the MAOA low activity group. 
This was opposite to our expectations and to “common 
sense.” At least 70% of the study population were not in 
a relationship with a significant other (Table 1). It could 
be that some of the questions regarding partner’s support 
were irrelevant to these individuals who gave them low 
scores in response.

We have not found correlation between life adversi-
ties and the happiness score scale in general, or through 
interaction with the 5-HTTLPR or the MAOA genotypes. 
As mentioned, since the influential study of Caspi et al. 
(2) that demonstrated the interaction between genotype, 
life events and depression, many studies have addressed 
this subject. Replications were not always successful. A 
few meta-analyses were also inconclusive (7-9, 31). 

This subject is still being examined and a few more 
studies of this interaction have been published in recent 
years. Such a study found interaction between 5-HTTLPR 
and life events in depression in the elderly (32). Another 
study demonstrated interaction between this polymor-
phism and stressful events in the etiology of PTSD and 
depression among combat soldiers in Iraq (33). On the 
other hand, a large study in 4,200 individuals found only 
partial evidence for the interaction of 5-HTTLPR with 
stressful life events and depression (34). Still, Rutter (35) 
concluded the number of studies that were able to replicate 
these findings is impressive and stands out, in spite of the 
high number of failed replication attempts. Thus, any new 
evidence for or against this interaction is important.

In our study we used a questionnaire which consists 
of 29 questions that relate to life adversities, but we used 
no categories for them (25). This could have decreased 
power to detect a significant effect. In a recent study of 
2,600 participants correlation between specific life events 
and depression, moderated by 5-HTTLPR, was studied. 
There was no correlation of depression with the number of 
negative life events. However, when divided into categories 
(social, financial, relationships and health status) there was 
a significant interaction between financial events and geno-
type in causing depression. A weaker correlation, but still 
significant, was found with having health problems. Other 
events had no correlation (36). Also, the questionnaire 
we used related to negative life events only. We assumed 
that lack of life adversities is equivalent to experiencing a 
positive environment. Taylor et al. (37) used a life events 
scale with 7 levels, from -3 points for detrimental events to 
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+3 for positive events. Thus, our choice of a questionnaire 
that asks about detrimental events only might have caused 
us to lose information on the positive influence of the 
environment. It is possible that the individual experiences 
of both kinds of events balances the subject’s environment 
and might even improve its effect.

Until recently, 5-HTTLPR and MAOA were studied 
mainly in their interaction with negative life events in 
relation to clinical samples of individuals with clinical diag-
noses (depression, PTSD, anxiety, aggression, anti-social 
behavior). This current study questioned the effect of these 
polymorphisms in a healthy population. The participants 
were college students majoring in behavioral sciences. 
Recruiting individuals from only one such college may have 
narrowed our research population into more functional 
and successful individuals. It is possible that subjects who 
experienced life adversities were not included because 
they were not able to achieve academic education. Also, 
academic achievement is only one example of successful 
functioning and thus limit the generalization of our results 
to the population at large. Finally, the population chosen 
for this study has a high level of well-being, which may 
cause a ceiling effect in terms of studying its predictors. 

The majority of recruited students (91%) were females. 
Meta-analysis found a role for gender in the effect of 
5-HTTLPR and affective disorders (38). The ss genotype 
increased risk for depression and anxiety among women. 
On the other hand, it increased risk of aggression and 
adverse behavior in men. It is important to note that these 
differences were not seen at an older age (38). Increased 
methylation of SCL6A4 was found in females already at 
birth, although unrelated to stressful life events or to the 
5-HTTLPR genotype (39). There is evidence that MAOA 
also has a different effect between men and women. In a 
meta-analysis which analyzed 27 studies the polymor-
phism was found to moderate the effect of child abuse 
on anti-social behavior in men but not in women (11). 
This gene might also have a complex inheritance mecha-
nism, as shown in the study on women with a history of 
depression, where hypomethylation of MAOA gene was 
found. Moreover, women had hypermethylation in this 
site compared to men (40).

 5-HTTLPR is usually the polymorphism that is studied 
in relation to the role of SCL4A6 in psychiatric disorders. 
Still, there are several other polymorphisms in this gene 
that may drastically affect its function. This might be 
the reason for failed replications in the past (41). Also, 
as mentioned above, association might be at the level of 
methylation and not with DNA sequence. 

Secure attachment in infancy creates a stable foundation 
for development (42). We used this measure to infer the 
individual’s early environment. We did not find a cor-
relation between attachment and the happiness score, in 
general or moderated by genotype. The protective effect 
of the LL genotype of 5-HTTLPR was found in orphan 
children and in children living with their biological par-
ents. Orphan children with either the ss or Ls genotypes 
had a less secure attachment when living in an institute 
compared to children living with their families. Children 
who were homozygous to the L allele did not show this 
difference (43). The short allele of 5-HTTLPR was found 
to interact with secure attachment in conferring acceptable 
autonomy in adolescents. Conversely, it interacted with 
insecure attachment to produce aggressive autonomy (44). 
In these previous studies, attachment was measured by 
observation and not by self-report questionnaires, which 
might be more accurate compared to the measure we used. 
Larger scale studies are required in order to substantiate 
the effect of the type of attachment as a mediator of opti-
mal environment in affecting an individual’s well-being, 
moderated by the genotype.

reseArcH LIMItAtIons
Our current study has a number of limitations including 
sample size, characteristics of the research population, the 
structure of the research and its procedure. The number of 
individuals was limited (n=166), and therefore our results 
had weak significance. There is a need of a large number 
of individuals to allow the study of sub-groups. Most of 
the subjects were women college students majoring in 
behavior sciences. We used a self-report questionnaire. 
The length and complexity of the questionnaire may have 
negatively affected participants’ responsiveness. Finally, 
the fact that this study was observational means we could 
not deduce causality.

concLusIon And future reseArcH 
We provide some evidence supporting the hypothesis that 
5-HTTLPR and MAOA confer sensitivity “for better or for 
worse,” depending on exposure to negative or positive life 
events. Further research is required in order to examine 
the moderating role of these genes under diverse environ-
mental influences. Epigenetic, epistatic, inheritance and 
gene expression should also be studied further to clarify 
gene interaction with the environment. These controlled 
studies, if carried out in the appropriate structure, would 
have a significant contribution to our knowledge and enable 
us to deduce causality along with correlation. 
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