
anales de psicología, 2014, vol. 30, nº 2 (mayo), 691-702 

http://dx.doi.org/10.6018/analesps.30.2.152921 
 

© Copyright 2014: Servicio de Publicaciones de la Universidad de Murcia. Murcia (España) 
ISSN edición impresa: 0212-9728. ISSN edición web (http://revistas.um.es/analesps): 1695-2294 

 

- 691 - 

Short polymorphism of the serotonin transporter (5-HTTLPR) gene 
and its association with the cortisol stress response: a meta-analysis 

 
Emiliano Agüero-Tejado* 

 
University Hospital of Torrejón de Ardoz (Spain) 

 

Título: Polimorfismo corto del gen del transportador de la serotonina (5-
HTTLPR) y su asociación con la respuesta al estrés mediada por cortisol: 
un meta-análisis. 
Resumen: Varios estudios han sido llevados a cabo para analizar el papel 
del polimorfismo corto del transportador de la serotonina  (5-HTTLPR)  
en la respuesta al estrés psicosocial mediado por cortisol, habiéndose en-
contrado resultados contradictorios.  
Con el fin de sintetizar y analizar la información disponible acerca del papel 
del polimorfismo corto del gen 5-HTTLPR en la respuesta al estrés se ha 
realizado este meta-análisis. Se realizó un meta-análisis de estudios publica-
dos hasta noviembre de 2011 sin restricción de idioma, donde se analizaba 
el efecto del polimorfismo corto del 5-HTTLPR en la respuesta de cortisol 
durante un protocolo inductor de estrés. Se recogieron los valores F o p ge-
notipo publicados como estimadores de la diferencia entre grupos, así co-
mo el signo de esta diferencia para su análisis. 
 El meta-análisis global no mostró asociación significativa entre la presencia 
del alelo corto y una diferente respuesta al estrés psicosocial. Tras comparar 
los subgrupos de estudios donde sometía a los participantes a una interven-
ción emocionalmente neutral frente a una intervención emocionalmente 
negativa, se encontraron diferencias significativas. En el subgrupo de estu-
dios donde los pacientes fueron sometidos durante la intervención a un 
ambiente emocionalmente negativo, se observó una significativamente ma-
yor liberación de cortisol por parte de aquellos sujetos portadores del alelo 
corto. Esta asociación no se observó en el subgrupo neutral. 
Palabras clave: Transportador de serotonina; gen; 5-HTTLPR; cortisol; 
hidrocortisona; estrés; meta-análisis. 

  Abstract: Several studies have been conducted to analyze the role of short 
polymorphism of serotonin transporter (5-HTTLPR) in response to psy-
chosocial stress mediated by cortisol, having found inconsistent results. 
In order to synthesize and analyze available information about the role of 
short polymorphisms of 5-HTTLPR gen in the stress response, this meta-
analysis has been carried out. A meta-analysis of studies published until 
November 2011 without language restrictions, which analyzed the effect of 
the short polymorphisms of 5-HTTLPR in the cortisol response during a 
stress-inducing protocol was conducted. Published F or p genotype values 
were collected as estimators of the difference between groups as well as the 
sign of this difference for analysis. 
The global meta-analysis showed no significant association between the 
presence of the short allele and a different response to psychosocial stress. 
After comparing the subgroups of studies where participants underwent an 
emotionally neutral intervention versus an emotionally negative interven-
tion, significant differences were found. The subgroup of studies where pa-
tients underwent an emotionally negative intervention showed a significant-
ly greater cortisol release by those individuals carrying the short allele. This 
association was not seen in the neutral subgroup. 
Key words: Serotonin transporter; gene; 5-HTTLPR; cortisol; hydrocorti-
sone; stress; meta-analysis. 

 

Introduction 
 
Stress is related to a variety of problems ranging from altera-
tions in the immune system (Ho, Neo, Chua, Cheak & Mak, 
2010; Jeckel et al., 2010), which has been observed as a 
greater incidence of influenza processes, herpesvirus-type 
recurrences (Ashcraft, Hunzeker & Bonneau, 2008; Cohen, 
Tyrrell & Smith, 1991) or a greater susceptibility to infec-
tions, to the appearance of heart diseases (Figueredo, 2009) 
and the development of mental diseases.  
Since Post presented the kindling theory (1992), there has 
been a discussion but currently there is general acceptance 
about the role of stress in relation with the development of 
mental diseases (Monroe & Harkness, 2005). Nevertheless, 
not all individuals who face high stress levels suffer from 
these related diseases. On the contrary, individuals with 
milder stress levels suffer from these diseases and we can in-
fer from this that there may be a factor or factors that make 
individuals more or less resistant to stress. 

Stress plays a necessary role in our body as it prepares it 
to respond to threatening situations. In this preparation, an 
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area of the brain called Hypothalamic-Pituitary-Adrenal axis 
is involved (Johnson, Kamilaris, Chrousos & Gold, 1992). 
This area is activated by neurotransmitters. Among these 
neurotransmitters in charge of activating the Hypothalamic-
Pituitary-Adrenal axis, there is the serotonin transporter 
which has certainly been the most studied neurotransmitter. 
Its gen (SLC6A4) has two alleles; the short allele is related to 
a lower transcriptional activity and a reduction of the effi-
ciency in the reuptake of serotonin, whereas the long allele 
carriers (L) have a better or quicker response to the reuptake 
of serotonin (Silva et al., 2010). Recently, it has been ob-
served that the gen of serotonin transporter is a locus with 
three alleles named La, Lg and S, where Lg and S alleles 
could be compared regarding their low expressions levels as 
compared with La (Hu et al., 2006; Kraft, Slager, McGrath 
& Hamilton, 2005). 

Studies carried out on twins have confirmed the im-
portance of gene action in the response to stress (Steptoe, 
Van Jaarsveld, Semmler, Plomin & Wardle, 2009). Besides 
the serotonin transporter gene, there is evidence which indi-
cates that stress perception by the individual may involve a 
complex genetic interaction, as there is information about 
the relation between the BDNF gene Val/Met polymor-
phism and sensitivity to stress (Alexander et al., 2010; Shalev 
et al., 2009). There is also a different response to stress pat-
tern depending on polymorphism of the dopamine receptor 
D4 (Armbruster & Mueller, Moser, Lesch, Brocke & 
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Kirschbaum, 2009) and it may even change due to epigenetic 
variations (Edelman et al., 2011). However, it was in studies 
on 5-HTTLPR gene where, a meta-analysis showed the as-
sociation between a gene and the reactivity of a related brain 
zone, such as the amygdala, in a stressful situation (Munafò, 
Brown & Hariri, 2008). Or the gene-environment interaction 
between 5-HTTLPR gene and vital stressful events as pre-
dictors of depression, pathology related to stress (Karg, 
Burmeister, Schedden & Sen, 2011). A possible explanation 
might be the different stress sensitivity given by certain 
genes and the result in higher or lower cortisol release, 
caused by a different activation degree of the hypothalamic-
pituitary-adrenal axis. 

It is widely known that corticotropin-releasing hormone 
(CRH) secretion by the hypothalamus after a stressful situa-
tion triggers secretion from the hypophysis of the adreno-
corticotropic hormone (ACTH). This hormone is transport-
ed through the blood to the adrenal cortex, where it triggers 
glucocorticoids secretion. It shows a basal release pattern 
that varies following a circadian cycle, with maximum values 
at sunrise and then descends until the minimum values at 
nightfall (Miller & Gronfier, 2006). In acute stress situations, 
this increase is produced quite more sharply, where the max-
imum increase takes place 20 to 40 minutes following the 
stressful situation (Dickerson & Kemeny, 2004). 

With the purpose of conducting stress induction in a la-
boratory setting, several protocols have been designed, rang-
ing from public speaking to arithmetical tests or stroop tasks 
(Moya-Albiol y Salvador, 2001). Along the same line, several 
studies have been carried out in order to demonstrate the 
implication of the serotonin transporter polymorphism in 
the cortisol response to stress, though contradictory results 
have been obtained (Bouma & Riese, 2010; Way & Taylor, 
2010).  

These differences could be explained by the influence of 
other factors that may affect cortisol release or sensitivity to 
stress, such as the nature of the stress inducing test that was 
used, the sample age or gender. It has been noticed that 
males evoke a more exaggerated response in stressful events 
(Uhart, Chong, Oswald, Lin & Wand, 2006). The results 
could also be affected by genotyping method used in the 
study, biallelic or triallelic, as no every study carries out gen-
otyping of the sample by using the same method. 

The large sample size that is needed, together with the 
high costs that this kind of studies involve, makes it difficult 
to conduct massive studies, therefore making meta-analysis 
become an interesting analysis tool, which can also prove 
possible causes of heterogeneity among studies (Munafò & 
Flint, 2004). With the purpose of providing information 
about the relation between the serotonin transporter poly-
morphism and sensitivity to stress mediated by cortisol, ana-
lysing at the same time how other influential factors affect 
this response, we have performed this meta-analysis. 
 

Method 
 

Search strategy and selection criteria 
 
A systematic review of the literature published between 

1980 and December 2011 was carried out through a search 
in the following databases: MEDLINE/PubMed, Embase, 
WOK and Psyinfo. The references cited by all relevant lo-
cated studies were also examined. As search criteria, relevant 
terms were used, such as: "serotonin transporter polymor-
phism", "5-HTTLPR", "cortisol", "hydrocortisone", 
“stress”. In the cases where relevant information was not 
available, authors were directly contacted via email. There 
were no restrictions in terms of language or publication sta-
tus.  

The selection criteria were defined as follows: studies 
where a stress-inducing intervention was undertaken and the 
study groups come defined by the genotype of the serotonin 
transporter. Studies undertaking different types of stress-
inducing interventions were included.  

The outcome must be the salivary cortisol concentration 
measured in different times during intervention. Studies 
which did not deviate from the Hardy-Weinberg equilibri-
um. Studies including patients with some kind of mental pa-
thology or alteration of the hypothalamic-pituitary-adrenal 
axis at the time of the inclusion were excluded. 

After the abstracts of all located references had been re-
viewed, the studies that did not meet the selection criteria 
were excluded and the texts of all potentially eligible articles 
were read entirety. Then, the articles were assessed separate-
ly, and relevant data were extracted and recorded in a data 
base created for this purpose. The dubious studies were re-
solved by the incorporation of an external expert. 

 
Data extraction 
 
According to the recommendations reported in meta-

analytic methodology literature (Sánchez-Meca, Marin-
Martinez and Lopez-Lopez, 2011) and in order to examine 
the influence of included studies on the effect size, the mod-
erating variables of the included studies were coded consid-
ering the following aspects: patient characteristics, a) 5-
HTTLPR genotype (s/s, s/l, l/l) b) Mean age (years), two 
studies reported the range of ages instead of the mean age, 
in these cases the mean of the range was calculated (Gotlib 
et al., 2010; Way & Taylor, 2010), c) % of males in the sam-
ple, d) race (Caucasian, African, Latin, mixed). Intervention 
characteristics: a) stress-inducing protocol (protocol name 
and emotional nature of protocol; negative, neutral, posi-
tive). Methodological characteristics: a) time of the experi-
ment (morning, afternoon, both), b) sample size (number of 
subjects); c) SNP used (biallelic, triallelic).  

As outcome variable of the selected studies, F and p 
genotype values and the sign of comparison (negative, posi-
tive) were gathered. In that cases where crude data were 
available, the mean area under the curve and the standard 
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deviation were calculated. 
 Coding of moderator variables and outcome was con-
ducted independently by two researchers. Additionally, an 
evaluation of the reliability of the coding process of moder-
ating and outcome variables was carried out by calculating 
Cohen's kappa coefficient for qualitative variables, while for 
quantitative moderating variables was applied the intra-class 
correlation coefficient (ICC). Both coefficients reached a 
value of 1 for all variables. 

 
Variables 
 
The grouping variable was the 5-HTTLPR genotype. In 

order to carry out this meta-analysis, all data were grouped 
according to S’ (s/s y s/l) and L’ classification (l/l) in those 
studies that performed the analysis through a 5-HTTLPR s/l 
biallelic genotyping. In the studies in which triallelic geno-
typing was carried out through 5-HTTLPR A/G polymor-
phism, they were subsequently grouped as follows: S’ 
(La/Lg, La/S, Lg/Lg, Lg/S, S/S) and L’ (La/La). 

In the cases in which there were crude data, the mean 
and standard deviation of the areas under the curve obtained 
by trapezoidal formula (Pruessner, Kirschbaum, 
Meinlschmid & Hellhammer, 2003) were estimated for each 
study group. Before this, the possible outliers at each meas-
urement moment were eliminated, which were defined as 
those values with a Z score ± 3. For those studies for which 
no crude data were obtained, the reported sign of the differ-
ence between groups and the F and p genotype values as 
magnitude measurement of the difference were taken. A 
negative sign was assigned in case of group L’ was the one 
with the greatest area under the curve (higher response to 
stress) and a positive sign was assigned in case of group S’ 
was the one with the greatest area under the curve.   

In the studies where a possible interaction of the 5-
HTTLPR polymorphisms with other factors in the response 
to stress was analyzed, the reported F or p values of such in-
teraction were collected.  Due to the lack of uniformity 
when carrying out the genotyping, the type of SNP used to 
genotyping was collected in order to analyze whether this 
had an impact on results. Moreover, the emotional nature of 
stress-inducing protocols, the mean age of the sample and 
the percentage of males in the included studies were collect-
ed. 

 
Quality Assessment 
 
To assess the quality of included studies, the Newcastle-

Ottawa Scale for cohort studies was used (Wells et al., 2011). 
This scale assess the studies by the score obtained on eight 
questions that are distributed in three different sections cor-

responding to "selection", "comparability" and "outcome" 
with a score range of 1- 9 (higher score - higher quality). An 
assessment of inter-observer reliability of the process of 
quality assessment was carried out by estimating the intra-
class correlation coefficient (ICC) after comparing the scores 
obtained independently by two researchers. Mean ICC was  
.909 (range: .81-1).   

 
Statistical analysis 
 
For the statistical analysis, the software Comprehensive Meta-

analysis Version 2.2.048 was used. In which the data referred 
to the F or p genotype values, the sign of difference and the 
sample size were included. Crude data were obtained from 
one study; the means and standard deviations were estimat-
ed and included in the analysis. All analyzes were carried out 
assuming a random effects model. 

The effect of the type of polymorphism present was 
quantified by the standardised mean difference, (Hedges’g), as 
final estimator of the global effect size of all studies includ-
ed. 

Heterogeneity was analyzed through the χ2 test and 
quantified by the I2 index (Higgins, Thompson, Deeks & 
Altman, 2003), with p values < .05 for the first and I2 > 50% 
for the last, as indicators of heterogeneity. In order to ex-
plain the heterogeneity by reference to continuous variables, 
a meta-regression was carried out based on the prior as-
sumptions. This was the case for the variables “male per-
centage” and “average age” of the sample, which were in-
corporated to the analysis as explanatory variables and the 
effect size of each study estimated by the standardised mean 
difference, as a dependent variable (Egger, Smith & Altman, 
2001). Whereas for the analysis of heterogeneity with refer-
ence to the qualitative variable “emotional nature of proto-
col”, a subgroup analysis was carried out. Moreover, in order 
to determine whether the mean effects of the two subgroups 
of the variable “emotional nature of protocol” were statisti-
cally different from each other, an analysis through the sta-
tistical QB was carried out.   

The publication bias was studied by the application of 
Egger test and the construction of a Funnel Plot.   
 

Results 
 
As it can be observed in Figure 1, the search found a total of 
758 references, of which 723 were directly excluded after 
analysing their respective abstracts or identify those dupli-
cated, so there were 35 studies left for the reading of the 
complete text. The main reasons for the exclusion of the 723 
studies revised were the following:  
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Figure 1. Flowchart of study selection process. 

 
Initially, the studies were excluded after identifying, with 

the help of a reference manager, that they were duplicates 
and that they appeared in different databases consulted; oth-
ers did not meet the requirement regarding the study design 
(revisions, letter to the editor, clinical cases, basic research); 
or were included in the study individuals who suffer from 
disorders in the Hypothalamic-Pituitary-Adrenal axis (alco-
holism, depression, schizophrenia, several disorders); or 
were carried out in animals (monkeys, rats, fishes); in others, 
there was an intervention different from the one required 
(administration of drugs, Fmi studies) and in others, the out-
come was not cortisol concentration or did not carry out the 
genotyping of the serotonin transporter polymorphism.  

The texts of the remaining 35 studies were completely 
read. 24 out of these were excluded. The reasons for exclu-
sion of these 24 studies were: 9 studies measured circadian 
cortisol; 1 study in which the cortisol response was meas-

ured during the performance of the heel prick in neonatal 
grouped according to their 5-HTTLPR polymorphism did 
not meet the Hardy-Weinberg Equilibrium (Mueller, Brocke, 
Fries, Lesch & Kirschbaum, 2010); 3 were duplicates, 1 was 
a review, in 6 studies, intervention was not a psycho-social 
stress test. In 3 studies, patients with disorders in the Hypo-
thalamic-Pituitary-Adrenal axis (alcoholism, and posttrau-
matic stress) were included, in 1 study; cortisol was not 
measured as an outcome.  

Therefore, 11 studies met the pre-established selection 
criteria and were initially included in the systematic review 
(Alexander et al., 2009; Armbruster & Mueller, Moser, 
Lesch, Brocke & Kirschbaum, 2009; Bouma & Riese, 2010; 
Dougherty, Klein, Congdon, Canli & Hayden, 2010; Edel-
man et al., 2011; Frigerio et al., 2009; Gotlib, Joormann, Mi-
nor & Hallmayer, 2010;  Mueller et al., 2011; Verschoor & 
Markus, 2011; Way & Taylor, 2010; Wüst et al 2009) with 9 
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studies that were finally meta-analyzed (Alexander et al., 
2009; Armbruster & Mueller, Moser, Lesch, Brocke & 
Kirschbaum, 2009; Bouma & Riese, 2010; Dougherty, Klein, 
Congdon, Canli & Hayden, 2010; Gotlib, Joormann, Minor 
& Hallmayer, 2010;  Mueller et al., 2011; Verschoor & 
Markus, 2011; Way & Taylor, 2010; Wüst et al 2009). Two 
studies were not finally meta-analyzed because, in one of 
them, the author did not provide us with the necessary data 
in order to include it in the meta-analysis and the other cor-

responding study did not report a F or p genotype value to 
be included in our meta-analysis.   

The characteristics of the studies included in the analysis 
can be observed in Table 1. 

In a study in which measurements were carried out both, 
in the morning and the afternoon, as there were crude data 
from this study, it was decided to analyze these data sepa-
rately and obtaining a cohort for the morning and another 
cohort for the afternoon. 

 
Table 1. Characteristics of studies included in the meta-analysis (a = Laboratory Temperament Assessment Battery). 

Author (Year) Stress-inducing protocol 
Genotyping method Groups Race 

Measuring 
time 

Wüst (2009) Trier Social Stress Test Bialelic s/s, s/l, l/l Caucasian Afternoon 

Armbruster & Mueller 
(2009)  

Trier Social Stress Test Trialelic S´, L´ Not reported Afternoon 

Alexander,  (2009)  Public speaking. Both s/s, s/l, l/l Caucasian Afternoon 

Gotlib (2010)  
Arithmetic challenge + Ewart 
Social Competence interview 

Both s/s, s/l, l/l 
Mixed (most 
caucasian) 

Afternoon 

Dougherty  (2010) 
12 standardized tasks selected from 
the LTABa 

Bialelic S´, L´ 
Mixed (most 
caucasian) 

Both 

Bouma & Riese (2010)  Groningen Social Stess Test Both S´, L´ Caucasian Both 

Way & Taylor (2010) Modified Trier Social Stress Test Bialelic s/s, s/l, l/l Mixed Afternoon 

Verschoor & Markus (2011)  Modified Trier Social Stress Test Trialelic s/s, l/l Caucasian Afternoon 

Mueller (2011)  
Trier Social Stress Test 
 

Both S´, L´ Caucasian Afternoon 

 
Study population 
 
A total of 1715 individuals were analyzed in this meta-

analysis. 1242 had S’ genotype, while 473 had L' genotype. 
In Table 2 detailed information about the sample ana-

lyzed in each study included in this meta-analysis is exposed. 
In the study of Mueller et al. (2011), there were three 

sub-samples, as this study was made up of three cohorts of 

different age. In the study of Dougherty et al. (2010), there 
were two cohorts after separating crude data corresponding 
to measurements taken in the morning and afternoon. 

In one of these studies (Gotlib et al. 2010), individuals 
whose mothers suffered or had suffered from any depres-
sion event were included. 

The quality of studies included, estimated in a 1 to 9 
scale had an average of 7.91 points (range: 7 to 9). 

 
Table 2. Parameters entered in the meta-analysis. (a = mean  of range, b = standardized mean difference). 

Author (Year) 
N Emotional 

environment 
Mean Age 
(Years) 

% Males Difference Sign Difference estimator 
S´ L´ 

Wüst, (2009)   143 73 Neutral 25.1 41.66 Positive F = .390 

Armbruster & Mueller, 
(2009)  

63 21 Neutral 
23.9  51.19 

Negative p = .889 

Alexander. (2009) 72 26 Neutral 23.79  100 Negative F = .700 

Gotlib. (2010)  53 14 Negative 11.5a (9-14) 0 Positive F = 4.260 

Dougherty. (2010)  
67 28 

Negative 3.6  
50.52 

Positive 
SMDb = .211 

27 17 40.90 SMDb = .081 

Bouma & Riese (2010)   391 127 Neutral 16.12  52.8 Positive F = .570 

Way & Taylor. (2010)   
93 25 Negative 

26.5a (18-35) 39% 
Positive F = 3.370 

53 11 Neutral Negative F = .680 

Verschoor & Markus. 
(2011)  

48 48 Negative 20.32 19.79 Positive F = 1.991 

Mueller. (2011)   

87 28 

Neutral 

9.3 (1.03) 43.47 

Negative 

F = .740 

78 28 23.8 (2.55) 52.83 F = 7.940 

72 27 61.1 (2.70) 39.39 F = 4.040 
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Quantitative analysis 
 
Analysis by A/G SNP vs. analysis by S/L SNP 
 
The reported results of those studies where the genotyp-

ing was carried out considering the biallelic method and the 

triallelic method were analyzed. No differences were ob-
tained between both genotyping methods; SNP A/G (g = 
.112 (LI = - .229, LS = .454), p = .519) versus those studies 
where SNP S/L (g = .113 (LI = - .229, LS = .454), p = .518), 
analysing by random effects model. (Figure 2). 

 
Author (Year) Hedges'g Standad Error Lower Limit Upper Limit 

 

     

Alexander, (2009) -.190 .227 -.636 .256 

Gotlib, (2010) .613 .302 .022 1.204 

Bouma & Riese, (2010) .077 .102 -.123 .277 

GLOBAL BIALÉLIC  .113 .174 -.229 .454 

Alexander, (2009) -.232 .245 -.712 .248 

Gotlib, (2010) .571 .301 -.020 1.161 

Bouma & Riese, (2010) .105 .102 -.095 .305 

GLOBAL  TRIALÉLIC .112 .174 -.229 .454 

Figure 2. Subgroup analysis of studies which reported results based on biallelic genotyping method and also reported the results based on triallelic genotyp-
ing method. 

 
Main effect of the 5-HTTPLPR genotype 
 
The Forest Plot showed, when analysing all cohorts in-

cluded in the meta-analysis, that although there is a slight re-
lation between the short polymorphism and higher cortisol 

concentrations, this is not statistically significant (g = .003 
(LI = -.163, LS = .169), p = .975, assuming a random effects 
model). The analysis of heterogeneity showed that there was 
moderate heterogeneity (p = .015, I2 = 51.88%) among the 
studies analyzed. (Figure 3) 

 
Author (Year) Hedges'g Standad Error Lower Limit Upper Limit 

 

 
Alexander, (2009) -.190 .227 -.636 .256 
Wüst, (2009) .090 .143 -.192 .371 
Ambruster  & Mueller,  (2010) -.035 .250 -.524 .454 
Gotlib, (2010) .613 .302 .022 1.204 
Way & Taylor - No Aud., (2010) -.270 .328 -.913 .373 
Way & Taylor – Neg. Aud.(2010) .411 .225 -.031 .853 
Bouma & Riese, (2010) .077 .102 -.123 .277 
Dougherty - Morning, (2010) .209 .224 -.229 .648 
Dougherty - Afternoon, (2010) .080 .304 -.516 .676 
Mueller - Children, (2011) -.186 .216 -.609 .238 
Mueller – Young Adults, (2011) -.616 .223 -1.053 -.180 
Mueller – Old Adults, ( 2011) -.450 .226 -.893 -.007 
Verschoor & Markus, (2011) .286 .204 -.113 .685 
GLOBAL .003 .085 -.163 .169 
 
Heterogeneity:  Q value = 24.941; p = .015; I2 = 51.887 

Figure 3. Meta-analysis of all included studies ordered by publication date. The global effect size corresponds to the analysis carried out by random effects 
model. 
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Subgroups analysis according to the emotional nature of the stress-
inducing protocol 
 
After detecting the heterogeneity previously mentioned, 

the cause was searched and in order to do this, the stress 
tests used in each study were carefully analyzed. A series of 
studies in which, cohorts were analyzed and exposed to a 
stress test within the context of psycho-social threat were lo-
cated, whether through: a negative audience showing faces 
of boredom or dissatisfaction (Verschoor & Markus, 2011; 
Way & Taylor, 2010), or a procedure such as Lab-Tab 
(Dougherty et al., 2010) in which different emotions such as 
fear are induced, or the Edwart Social Competence (Gotlib 
et al. 2010), where individuals are asked to recall and de-
scribe an experience they consider to have been very stress-
ful and, thus, very likely to have a high negatively emotional 
charge. This subgroup obtained significant results (g = .313 
(LI = .101, LS = .525, p = .004) assuming a random effects 
model, with S’ group showing higher cortisol response than 
L´ group. As regards heterogeneity found within this group, 
the values obtained (I2 = 0, p = .736) show lack of it. 

On the other hand, we have analyzed those studies 
whose stress induction tests included the Trier Social Stress 
Task (Armbruster & Mueller et al., 2009; Mueller et al., 2011; 
Way & Taylor, 2010; Wüst et al., 2009), a speech to a neutral 
audience (Alexander et al., 2009) and the Groningen stress 

task (Bouma & Riese, 2010). This last study was finally in-
cluded in this subgroup as, taking into consideration that the 
release of cortisol has a 20-minute delay after the stimulus; 
the sample corresponding to the second measurement taken 
in the study corresponds to the time of the speech, which is 
described as neutral. In sum, all these interventions were 
neutrally conducted without the induction of any negative 
emotion in the study participants. Within this subgroup, the 
results were not significant (g = -.149 (LI = -.335, LS = 
.037) p = .117). As regards the heterogeneity found within 
this group, values obtained (I2 = 46.083, p = .073) show a 
moderate heterogeneity. (Figure 4) 

The analysis through the QB statistics in order to assess 
the existence of significant differences among subgroups of 
the moderator variable “stress protocol emotional nature” 
(negative and neutral), showed a statistically significant result 
[QB (1) = 10.294, p < .001; R2 = .295] and with an explained 
variance percentage of 29.5%. These results support those 
obtained above. Therefore, we can conclude more strongly 
the finding of a different cortisol response to stress in indi-
viduals belonging to S’ group in comparison with those of L’ 
group depending on the emotional context in which it ap-
pears. This different response to stress between both groups 
is significantly higher in a negative emotional context than in 
a neutral emotional context.   

 
Author (Year) Hedges'g Standad Error Lower Limit Upper Limit 

 

A) Neutral Intervention 

Alexander, (2009) -.190 .227 -.636 .256 

Wüst, (2009) .090 .143 -.192 .371 

Armbruster & Mueller, (2009) -.035 .250 -.524 .454 

Bouma & Riese, (2010) .077 .102 -.123 .277 

Way & Taylor- No Aud., (2010)  -.270 .328 -.913 .373 

Mueller - Children, (2011)  -.186 .216 -.609 .238 

Mueller – Old Adults, (2011)  -.450 .226 -.893 -.007 

Mueller – Young Adults, (2011)  -.616 .223 -1.053 -.180 

GLOBAL -.149 .095 -.335 .037 

 
Heterogeneity; Q value = 13.078;  p =.070; I2 = 46.474 

B) Negative Intervention 

 

Dougherty - Afternoon, (2010)        .080 .304 -.516 .676 

Dougherty - Morning, (2010)      .209 .224 -.229 .648 

Gotlib, (2010) .613 .302 .022 1.204 

Way & Taylor -Neg.Aud, 
(2010) 

.411 .225 -.031 .853 

Verschoor & Markus, (2011) .286 .204 -.113 .685 

GLOBAL .313 .108 .101 .525 

 
Heterogeneity; Q value = 1.997;  p = .736; I2 = 0 

Figure 4. Subgroups analysis of the studies included: A) Group composed of those studies where participants were exposed to an emotionally neutral stress 
test. B) Group consists of those studies where participants were exposed to an emotionally negative stress test. The global effect sizes correspond to analysis 

by random effects model. 
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Interaction with other genes 
 
After identifying studies that analyzed a possible interac-

tion of the 5-HTTLPR polymorphism with other genes in 
the response to stress, two studies have been located. In one 
of them, there was an interaction with the gene of the D4 
receptor (Armbruster & Mueller et al., 2009), this study pub-
lished a significant interaction (F (1.84) =10.49, p = .002, η2 

= .12). In the other study, there was a significant interaction 
with the gene BDNF (Slope: β = .238, SE = .092, t (25) = 
2.586, p = .016) and curve: β = −.053, SE = .019, t (103) = 
−2.696, p = .009) being the homozygous for the short poly-
morphism and carriers of Met BDNF allele, the ones that 
showed the highest cortisol concentrations (Dougherty et al., 
2010).   

 
Interaction with previous stressful events 
 
We have identified two studies that analyzed the effect 

of previous stressful events in interaction with the 5-
HTTLPR polymorphism; both of them showed a significant 
interaction. In the study of Alexander et al. (2009), subjects 
homozygous for the short allele with a significant history of 
stressful life events exhibited markedly elevated cortisol se-
cretions in response to the stressor compared to all other 
groups (F (1.93) = 8.3, p =  .01,  η2 = .08) . In the study of 
Mueller et al. (2011), we have not observed this interaction 
in young adults (p ≥ .69) and old people (p ≥ .41), although 
it was observed in young adults (F (2.99) = 3.71; p = .028, η2 

= .07) for those stressful events suffered before they were 
five years old. 

 
Interaction with age and gender 
 
In this study, we have not found a significant interaction 

between the mean age of the sample and the 5-HTTLPR 
polymorphism in the cortisol response.  

However, we have observed a negative trend with a 25% 
of variance explained by the model [bj = -.010; QR(1) = 3.17, 
p = .075; R2 = .250] (Figure 5). Given this explained per-
centage of variance, the lack of statistical significance could 
be due to a problem of low statistical power because of the 
low number of studies. 
 

 
Figure 5. Meta-regression model investigating association of mean age with 

Hedges´g. 

On the other hand, when studying the effect of the per-
centage of males in the sample, we have observed a slight 
negative trend although this was not significant in statistics 
terms with 22.7% of variance explained by the model (bj = -
.006; QR (1) = 2.15, p = .142; R2 = .227). (Figure 6). 
 

 
Figure 6. Meta-regression model investigating association of percentage of 

males with Hedges´g. 

 
Publication bias 
 
The visual inspection of Funnel Plot when analysing 

standard errors against obtained g index, does not show evi-
dence of publication bias. Egger test gives a p value > .05 so 
it does not show the presence of this bias either. (Figure 7).   
 

 
Figure 7. Funnel plot of the standard error by standardised  mean differ-

ence (Hedges´g) of the studies included in the meta-analysis. 

 

Conclusions 
 
Contrary to what was expected, the results of the global 
analysis did not support the hypothesis that the 5-HTTLPR 
short polymorphism is a sensitiveness factor for the cortisol 
response to stress. As this analysis had a significant hetero-
geneity, studies were examined in order to find a possible 
cause.  

A possible cause of this heterogeneity was that the stress 
protocols used differed among the included studies; it was 
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therefore necessary, to classify the included studies taking in-
to consideration the nature of the stress protocols used. 
Simultaneously to a stress induction, some emotions such as 
fear or anxiety occurs and these emotions are caused by the 
situation assessment, which Lazarus (1993) identified as ap-
praisal. For the assessment of the situation, individuals will 
use all the available clues, such as facial expressions of the 
audience participating in stress protocols, which has been 
observed to have an important impact on the participant’s 
emotions (Sabatinelli et al. 2011). Lazarus identifies two 
types of appraisals; the primary appraisal is related to the as-
sessment of the importance of an event and the secondary 
appraisal is more related to the interpretation of the result of 
such event in our welfare. 

The importance given by participants of the studies pro-
tocols included is determined by ego-type stimuli as indicat-
ed by authors of the Trier Social Stress Task (Kirschbaum, 
Pirke & Hellhammer, 1993) and it occurs similarly in the dif-
ferent studies. In the context of the secondary appraisal, that 
is, to give a more or less positive assessment of the event 
and its expectations, a negative perception of the situation 
has been induced in some studies, while in other studies a 
neutral intervention has been made which would result in 
different emotions. 

These results show that individuals who carry the short 
allele 5-HTTLPR produce a significantly higher cortisol re-
sponse to psycho-social stress when this stress has a negative 
emotional element. Likewise, in other study, we have ob-
served how a higher score was obtained in the emotional as-
sessment for negative experiences in those individuals carry-
ing the short allele, after a description of a recent sad, scary 
and happy experience (Szily, Bowen, Unoka, Simon & Kéri, 
2008). In a meta-analysis of studies in which there was an 
induction of negative emotions, such as fear or a negative 
environment through negative facial expressions, it was ob-
served a relation between the presence of the short allele 
and particularly, in individuals with homozygosis of this al-
lele, with a higher reaction to emotions (Munafò et al., 
2008). We have also observed a higher activation of the 
amygdala in homozygosis individuals for the short allele af-
ter showing a series of neutral and negative words to the 
sample (Canli T, Omura, Haas & Fallgatter, 2005). 

In the subgroup defined by the studies where interven-
tion was carried out in an emotionally neutral environment, 
individuals with short allele were those who showed the 
slightly smallest cortisol increase during the stressful task. 
These results show a significant difference in the implication 
of the 5-HTTLPR short allele depending on the environ-
ment where the stressful situation is taking place. This sug-
gests a direct relation with the stress susceptibility hypothe-
sis. There are two main hypotheses that explain this phe-
nomenon. The diathesis-stress hypothesis (Monroe & Si-
mons, 1991), according to which the individuals who have a 
certain vulnerability factor would be more susceptible to 
stress and to its effects than those individuals who do not 
have this factor when stress is experienced in a negative en-

vironment, while there would not be any difference between 
the individuals having and not having this factor in a more 
neutral or positive environment. The differential susceptibil-
ity hypothesis (Belsky, 2005), according to which there are 
some individuals who would present a negative or positive 
plasticity factor of susceptibility to stress depending on the 
environment being negative or positive. 

In this context, studies about the interaction between 
short polymorphism of 5-HTTLPR gene and the environ-
ment as a possible susceptibility factor have been carried 
out. This conceptualisation of a negative or positive envi-
ronment has been defined dissimilarly in different studies. 
While in some studies the negative environment was deter-
mined by vital stressful events (Caspi et al., 2003), in others 
it was defined by the socioeconomic status (Manuck, Flory, 
Ferrell, & Muldoon, 2004). It was also observed how the 
level of stress suffered along the day affected anxiety levels 
at the end of the day depending on the presence or not of 
the short allele or the Lg allele of gene 5-HTTLPR (Gun-
thert et al., 2007). The results of the subgroup of studies 
with no-negative interventions, did not show a significantly 
lower response by short allele carriers. In that case, it would 
have been in accordance with the theory that states the short 
allele as a plasticity genetic factor (Belsky & Pluess, 2009). 
This might be because those interventions were neutral; they 
did not take place in a positive environment. On the other 
hand, these results could be better explained by the diathe-
sis-stress hypothesis whereby in a neutral environment, a 
similar response is expected for both, carriers and non-
carriers of the vulnerability factor. However, providing an-
swers to this question is not the purpose of this study. The 
results of this study support the hypothesis of a greater sen-
sitivity to stress by the carriers of the short allele of 5-
HTTLPR gene in negative stressful events; however, as we 
do not have data about situations in positive environments, 
we cannot completely relate our information with any hy-
pothesis. In conclusion, this shows that short polymorphism 
is a factor involved in individual’s susceptibility to stress, but 
instead of depending on the level of stress, it rather depends 
on the nature of stress.  

Analysis of other possible moderating factors such as 
mean age or the percentage of male individuals in the sample 
did not bring significant statistical results. However, a strong 
trend was noticed when analysing the effect of the sample 
mean age. In samples with a lower mean age, S’ group sub-
jects showed a higher response to stress. And as the sample 
mean age went up, the L’ group subjects were the ones who 
showed higher cortisol response to stress. Similarly, in the 
study of Mueller et al. 2011, differences were found regard-
ing the effect of gene 5-HTTLPR polymorphism on cortisol 
response between the sample of children from 8 to 11 years 
old and the sample of adults from 19 to 31 years old. Higher 
responses were found also in L’ group as the age went up. 
Nevertheless, due to the lack of statistical significance in 
these results, probably because of the small number of stud-
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ies included in the analysis, this gene-age interaction cannot 
be affirmed resolutely.  

In relation with this phenomenon, it has been noticed 
how, as age increases, the availability of the serotonin trans-
porter protein in the brain decreases (Van Dyck et al. 2000, 
Pirker et al. 2000). This indicates the existence of some age-
dependent factor that would be directly related with the ex-
pression level of 5-HTTLPR gene or with its result, with its 
subsequent effect in sensitivity to stress.  

On the other hand, a slight trend was found towards a 
higher response to stress by individuals of the S’ group in 
samples with a lower percentage of males. Meanwhile, in 
samples with a higher percentage of males, L’ group subjects 
were the ones that showed a higher response to stress. The-
se results are close to those found in previous studies (Wüst 
et al., 2009, Jabbi et al., 2007). In addition, an interaction 
with previous stressful events has been noticed, probably via 
epigenetics. These environmental factors, if constant or ex-
cessive, could be the reason of a change process regarding 
the transcription capacity of some genes that could include 
genes of the serotoninergic system. 

Given the complexity of the neuronal networks, it is log-
ical to think about the participation of more than one type 
of neurotransmitters and brain zones in the elaboration of 
emotions and therefore in the activation of the HPA axis 
and subsequent cortisol release. In this review two studies 
have been found, which helped to confirm this hypothesis. 
It has been observed that the D4 dopamine receptor inter-
acts in a significant manner with 5-HTTLPR and in the 
same way it has been observed that BDNF polymorphism 
interacts with 5-HTTLPR polymorphisms, reason for which 

it would be interesting to be able to repeat these studies and 
include these analysis in future studies.  

This meta-analysis presents a series of limitations that 
must be taken into account. As it may be observed in the ta-
ble about the characteristics of the studies analyzed, F geno-
type value in some studies was calculated by grouping the 
sample in s/s, s/l or l/l and in other studies S` or L`. In this 
respect, it has to be taken into account that the difference in 
the expected result must be low, as the group S’ includes al-
so s/s and s/l groups. To this, it should be added that every 
included study were in Hardy-Weinberg Equilibrium, as the 
frequency of the subjects of the three groups will be very 
similar in the different studies. Moreover, this meta-analysis 
includes studies on adults and none of them reported about 
the possible difference regarding the previous experience in 
talking in public of participants, which could distort the re-
sults. Therefore, these results must be interpreted cautiously. 

In conclusion, the main result of this study confirms the 
role of the short polymorphism of 5-HTTLPR gen in the re-
sponse to psychosocial stress, in the context of an emotion-
ally negative environment. This polymorphism has been 
identified as an associated factor with a higher activity of the 
HPA axis resulting in a higher cortisol response. The results 
of this meta-analysis provide useful information about the 
etiology of the stress related pathologies, and suggest that 
this gene or its products could be included as possible thera-
peutic target for prevention or treatment. Future research 
comparing results in different contexts of social stress (nega-
tive, neutral and positive), considering possible confounding 
factors such as gender or age are recommended. 
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