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ABSTRACT 

Resilience is a mechanism used by humans to adapt to adverse situations. It is a protective factor against mental 
health problems. This process can be influenced by environmental and genetic factors. Several genes have been 
associated with interindividual differences in resilience levels, but the results are inconclusive. Therefore, the aim 
of this meta-analysis was to evaluate the effect of a functional polymorphism (5-HTTLPR) in the SLC6A4 gene 
on resilience levels. A search in PubMed, HugeNavigator and Google Scholar databases was carried out and 16 
studies about the association of 5-HTTLPR polymorphism and resilience in humans were identified. The Open-
Meta[Analyst] program was employed to perform statistical analysis using a random-effects model. The final 
analysis included 9 studies, for a total of 4,080 subjects. Significant results were found when the standardized 
mean differences (SMD) of LL and SL carriers were compared, (SMD: -0.087 (confidence interval: -0.166 to  
-0.008; I2: 0 %); P value: 0.031). A significant result was also found in an analysis comparing SS/SL versus LL 
genotypes (SMD: -0.231; confidence interval: -0.400 to -0.061, P value: 0.008; I2: 0 %). This is the first meta-
analysis performed to identify the pooled association of a functional polymorphism in the serotonin transporter 
gene and resilience. The current results suggest that the L/L genotype is associated with resilience. Further studies 
are necessary to elucidate the role of genetics on the resilience mechanisms. 
 
Keywords: Resilience, genetics, SLC6A4 gene, 5HTTLPR polymorphism, meta-analysis 
 
 

INTRODUCTION 

Resilience is a mechanism used by hu-
mans to adapt to and respond positively to 
stressful events that can occur during any time 
in life (Wu et al., 2013). This process works 
as a protective factor against mental health 
problems. Moreover, it is a factor that has im-
portant implications for several aspects, such 
as the development of clinical complications 

and response to the treatment, for a large 
number of several chronic diseases (Kim et 
al., 2019), in addition to psychiatric disorders. 
Different studies have demonstrated that 
lower levels of resilience are associated with 
depression (Kermott et al., 2019), post-trau-
matic stress disorder (Wrenn et al., 2011), and 
represents a risk for coronary heart disease 
(Bergh et al., 2015). In contrast, high levels of 
resilience have been associated with a better 
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response to treatments or recovery for chronic 
diseases (Kim et al., 2019; Wrenn et al., 
2011), as cancer (Seiler and Jenewein, 2019). 
Moreover, this mechanism influences the 
fluctuations in pain in patients with rheuma-
toid arthritis (Strand et al., 2006). These vari-
ations in the resilience levels in humans are 
influenced by biological factors (Feder et al., 
2019) and by environmental and psychosocial 
factors (Liu et al., 2018).  

Genetic mechanisms are one of the bio-
logical factors affecting the resilience 
(Navrady et al., 2018). Some investigations 
have determined that this process has a herit-
ability of approximately 31 %, with sex dif-
ferences (Amstadter et al., 2014). These re-
sults suggest that specific genes could be 
playing an important role in this psychologi-
cal process. A genome-wide association study 
(GWAS) has identified that in European sol-
diers four Single Nucleotide Polymorphisms 
(SNPs) in DCLK2 gene are related to self-as-
sessed resilience, in addition to variants in the 
KLHL36 gene (Stein et al., 2019). On the 
other hand, studies focused in evaluating can-
didate genes have found that some polymor-
phisms in genes involved in synaptic plastic-
ity, such as SLC6A4, BDNF, DRD4 and 
COMT, have been associated with resilience 
levels in people with or without diseases 
(Carli et al., 2011; Kang et al., 2013; La Greca 
et al., 2013; Niitsu et al., 2019). In addition to 
SNPs, changes in expression of dopaminergic 
genes have also been correlated with differ-
ences in resilient responses (Azadmarzabadi 
et al., 2018).  

Until now, the 5-HTTLPR (rs4795541) is 
one of the most studied polymorphisms in 
works about genetics of resilience mecha-
nisms (Niitsu et al., 2019). This polymor-
phism is located in the SLC6A4 gene, which 
encodes the serotonin transporter. 5-HTTLPR 
has two alleles generated by a deletion/inser-
tion of 44 base pairs; these alleles, short (S) 
and large (L), are constituted by 14 and 16 re-
peats, respectively (Heils et al., 1996). L allele 
induces higher expression levels, whereas the 
S allele is associated with a lower expression 
and activity of the serotonin transporter 

(Lesch et al., 1996). This functional polymor-
phism has been associated with major depres-
sive disorder, stress, alcoholism, cognition, 
and other traits and diseases (Gatt et al., 
2015). However, several inconclusive and 
contradictory results have been reported re-
garding some traits and diseases (Culver-
house et al., 2018; Smoller, 2016).  

It is known that serotonin could modulate 
response to stress, and therefore, the availa-
bility of its transporter could be influencing 
mechanisms as resilience (Feder et al., 2009). 
Mixed results have been observed between 5-
HTTLPR and resilience, since both alleles, S 
and L, have been associated with differences 
in its levels. For example, in a previous study 
(Stein et al., 2019), S carriers had a lower 
level of resilience. In contrast, in individuals 
with a high exposition to childhood traumas, 
the resilience levels were lower in L carriers 
(Carli et al., 2011), and other studies have not 
found significant associations (O'Hara et al., 
2012). In this work, we aimed to perform a 
meta-analysis in order to clarify the effect of 
5-HTTLPR on resilience levels in humans.  

 

METHODS 

Search strategy and inclusion criteria 
We performed this meta-analysis follow-

ing the PRISMA statement (Moher et al., 
2009) and previous recommendations (Forero 
et al., 2019). The numbers of articles included 
and excluded are shown in Figure 1. We did a 
search in different databases, such as Pub-
Med, HugeNavigator and Google Scholar, to 
find original papers about resilience and the 
5-HTTLPR polymorphism in humans, up to 
December 2019. Moreover, we searched in 
the reference lists of original and review arti-
cles to identify additional studies. We used 
the following terms for the search: “resili-
ence”, “SLC6A4”, “5-HTTLPR”. The inclu-
sion criteria were I) articles published in Eng-
lish language; II) articles that analyzed the as-
sociation between 5-HTTLPR and resilience 
in humans; III) articles that reported the 
scores for resilience levels according to the 
three genotypes or alleles. Exclusion criteria 
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were: I) studies that evaluated other polymor-
phisms in SLC6A4 gene; II) studies that ana-
lyzed other measurements or scales; III) stud-
ies in animal models and review articles.  
 

 
Figure 1: PRISMA flow diagram 

 
Data extraction and statistical analysis  

Once the studies were selected, the next 
step was to extract the following data from 
each article: Author and year, country, dis-
eases/conditions, ethnicity, sample size,  % 
males, mean age, genotyping methods, Hardy 
Weinberg Equilibrium, resilience scales and 
scores (mean and Standard Deviation -SD-) 
and genotypic and allelic frequencies (Tables 
1, 2). In case that these data were not available 
in the publications, the authors were con-
tacted to ask for the missing information. Two 
authors independently performed this pro-
cess. Finally, the analyses were conducted us-
ing the open-source and cross-platform soft-
ware called OpenMeta[Analyst] (Wallace et 
al., 2009), in which a Random-Effects Model 
was implemented, in order to calculate the ef-
fect size using the Standardized Mean Differ-
ence (SMD) metric. Herein, the means and 
standard deviations of resilience scores for 

each 5-HTTLPR genotype were used. More-
over, with this program, the I2 statistic for het-
erogeneity analysis was calculated and forest 
plots were generated. 

 
RESULTS 

Following a systematic search in different 
databases, we identified 64 possible studies, 
of which 37 articles were excluded because 
they were reviews, animal studies or included 
other outcomes or scales. Sixteen articles 
were included for data extraction, however, 
information for 7 works was not found and the 
authors did not provide the data. Thus, the 
pooled statistical analysis reported in the pre-
sent work was based on only nine studies 
(Figure 1), which included 4,080 subjects. 
The characteristics of these studies are pre-
sented in Tables 1 and 2. The mean ages were 
different between the publications and some 
works were carried out in patients with dis-
eases such as cancer (Sharpley et al., 2017), 
traumatic brain injury (Graham et al., 2013) 
and bariatric surgery (Defrancesco et al., 
2013). Other studies were conducted in par-
ticular groups, such as normal children 
(Taylor et al., 2014), older adults (O'Hara et 
al., 2012), maltreated and no maltreated chil-
dren (Cicchetti and Rogosch, 2012), prisoners 
(Carli et al., 2011) and healthy adult people 
(Reinelt et al., 2015; Stein et al., 2009). Gen-
otypic frequencies and resilience scores are 
presented in Table 2.  

In the included primary articles, the resil-
ience levels were examined using different 
validated instruments, mainly the Connor-Da-
vidson Resilience Scale (CDRISC) and the 
Resilience Scale (RS) (Table 1). In these in-
struments, higher scores represent higher re-
silience levels. Although the total scores in 
each particular scale are in different numeri-
cal ranges, the use of meta-analytical proce-
dures based on Standardized Mean Differ-
ences (SMD) allowed their pooled compari-
son in this study.
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Table 1: Characteristics of studies included in this meta-analysis 

Author/year  Country  Diseases/ 
conditions 

Ethnicity Sam-
ple 
Size 

% 
males 

Mean 
ages 

Scale/ 
measure  

Sharpley et al., 
2017 

Australia Oncology  NR 105 NR 68.53 CDRISC 

Reinelt et al., 
2015 

Germany Healthy people  Caucasians 1811 46.27 52.56 RS 

Taylor et al., 
2014 

USA Children  86.3 % White 153 55.6 7 q-sort-11 

Graham et al., 
2013 

NR Traumatic brain 
injury (TBI) 

Non-Hispanic, 
Hispanic 

67 83.5 32.5 CDRISC 

Defrancesco et 
al., 2013 

Austria Bariatric surgery NR 64 0 42.8 RS-25 

OʼHara et al., 
2012 

USA Older adults Caucasian 99 47.5 71.5 CDRISC-
10 

Cicchetti and 
Rogosch, 2012 

USA Maltreated and 
non-maltreated 
children 

African Ameri-
can (62 %) 

595 53.4 9.81 Composite 
of Resilient 
Function-
ing 

Carli et al., 2011 Italy Prisoners Caucasian  
94,1 % 

763 100 39.7 CDRISC 

Stein et al., 
2009 

USA Students European  
American 
(61.5 %) 

423 25 18.83 CDRISC 

Abbreviations: CDRISC (Connor-Davidson Resilience Scale), RS (Resilience Scale). NR (Not reported) 

 
 
 

Table 2: Distribution of genotypes and scores for resilience measurements 

Genotypes (n) Scale score 
Author/year  Genotyping 

methods 
HWE MAF* SS SL LL SS

Mean 
(SD) 

SL 
Mean 
(SD) 

LL
Mean 
(SD) 

Sharpley et al., 
2017 

PCR-AGE NR 0.31 56 31 18 84.2 
(10.911) 

NR 76.96  
(11.3) 

Reinelt et al., 
2015 

PCR-RFLP yes  0.47 389 915 507 147.92 
(18.42) 

145.08 
(17.12) 

142.53 
(20.68) 

Taylor et al., 
2014 

PCR-AGE yes  NR 86 44 6.84  
(1.06) 

7.08  
(1.01) 

Graham et al., 
2013 

PCR-RFLP yes  0.44 14 31 22 83.5 
(10.7) 

65.1  
(24.3) 

59.8  
(24.9) 

Defrancesco et 
al., 2013 

qPCR-TaqMan NR 0.37 14 27 33 129.1 
(19.3) 

146.4  
(17.2) 

145.2  
(17.7) 

OʼHara et al., 
2012 

PCR-AGE NR NR 68 31 67.35  
(11.21) 

70.08  
(10.1) 

Cicchetti and 
Rogosch, 2012 

PCR-RFLP yes  0.3 60 233 300 2.17 
(1.52) 

2.07  
(1.60) 

2.05  
(1.59) 

Carli et al., 
2011 

qPCR-TaqMan yes  0.47 160 404 199 64.9 
(12.6) 

65.4  
(14.0) 

65.1  
(14.2) 

Stein et al., 
2009 

PCR yes  NR 307 116 25.81  
(5.9) 

27.14  
(5.75) 

Abbreviations: HWE (Hardy Weinberg Equilibrium); MAF (Minor Allele Frequency); SD (Standard Deviation). PCR (Polymerase 
chain reaction); AGE (agarose gel electrophoresis); RFLP (Restriction fragment length polymorphism); qPCR (real time PCR). 
*MAF was calculated taking into account the genotypic frequencies due to the studies that did not report it.  

 



EXCLI Journal 2020;19:1174-1183 – ISSN 1611-2156 
Received: July 14, 2020, accepted: August 15, 2020, published: August 19, 2020 

 

 

1178 

According to the available data for each 
genotype, we performed the statistical analy-
sis. First, we compared the carriers of S/S ver-
sus L/L genotypes (Figure 2), which included 
six studies, with 1,772 subjects. We did not 
find a significant association in this analysis: 
The standardized mean difference was 0.177 
(confidence interval: -0.111 to 0.465; P value: 
0.228). Heterogeneity between studies was 
observed: I^2: 80.3 % (P value: < 0.001). We 
also compared the S/S homozygotes with the 
S/L carriers (2,247 subjects), where we did 

not observe significant results (P value: 
0.715), and the heterogeneity was of I^2: 
77.16 % (P value: 0.002; Figure 3). When we 
compared the subjects carrying the L/L geno-
type with S/L carriers, a significant difference 
was observed, with a standardized mean dif-
ference of -0.087 (confidence interval: -0.16 
to -0.008; P value: 0.031; Figure 4), and het-
erogeneity was not found (I^2: 0, P value: 
0.66). In this case, five studies (1,671 sub-
jects) were included. 

Figure 2: Forest plot for the meta-analysis of resilience scores in S/S and L/L carriers. P value: 0.228, 
a random-effects model 

 

Figure 3: Forest plot for the meta-analysis of resilience scores in S/S and S/L carriers. P value:  0.715, 
a random-effects model 

 

Figure 4: Forest plot for the meta-analysis of resilience scores in L/L versus S/L carriers. P value: 0.031, 
a random-effects model 
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For three studies (O'Hara et al., 2012; 
Stein et al., 2009; Taylor et al., 2014), the 
means and SD for the three genotypes were 
not available, therefore, these works were in-
cluded only in a genotypic analysis compar-
ing SS/SL versus L/L carriers (Figure 5), 
which included 652 subjects. The standard-
ized mean difference was -0.231 (confidence 
interval: -0.400 to -0.061; P value: 0.008). 
Heterogeneity between studies was not de-
tected (P =0.99).  

Finally, we performed a leave-one-out 
meta-analysis in order to know whether the 
results were affected by a single study 
(Wallace et al., 2009). The result for the L/L 
and S/L comparison resulted to be affected by 
excluding one study (Reinelt et al., 2015), ob-
serving no significant results (Supplementary 
Figure 1). For the comparison between S/S-
S/L versus L/L, the exclusion of one study 
(Stein et al., 2009) affected the results (Sup-
plementary Figure 2). In the analysis of S/S 
and L/L, we found that by excluding one study 
(Defrancesco et al., 2013), the results became 
significant (Supplementary Figure 3): SMD 
0.274 (confidence interval 0.027 to 0.521; P 
value: 0.030).  

 

DISCUSSION 

Until now, some review articles have in-
tended to describe previous works that studied 
candidate genes associated with resilience, 
suggesting that serotonergic, noradrenergic 

and dopaminergic systems play a pivotal role 
in this process (Niitsu et al., 2019; Russo et 
al., 2012). However, no study has performed 
a pooled statistical analysis to summarize the 
possible association between some polymor-
phisms in genes of these systems and resili-
ence. Thus, we completed the first meta-anal-
ysis for the 5-HTTLPR polymorphism in the 
SLC6A4 gene and the resilient responses. We 
observed statistically significant pooled dif-
ferences between L/L and S/L carriers and be-
tween S/S-S/L versus L/L genotype groups on 
resilience levels. A sensitivity analysis found 
that these significant pooled results were af-
fected by a single study. 

Previous meta-analyses have suggested 
that L allele is a risk factor for some diseases, 
whereas S allele for others. These findings are 
related to the alteration of serotonin availabil-
ity regulated by the transporter expression, 
which is modulated by the short and large al-
leles of 5-HTTLPR (Gatt et al., 2015). This 
polymorphism has been widely studied in re-
lation to depression, posttraumatic stress and 
bipolar disorder, suggesting an influence of 
the S allele (Smoller, 2016). Additionally, 
these alleles also play a pivotal role in antide-
pressant treatment (Sahraian et al., 2013). 
Due to mixed results observed in several stud-
ies, other authors suggest interpreting cau-
tiously the findings, because the effect of this 
polymorphism is affected by other genetic 
variations and by the environment (Caspi et 
al., 2010; Niitsu et al., 2019).

 
 
 

Figure 5: Forest plot for the meta-analysis of resilience scores in S/S-S/L versus L/L model, P value: 
0.008. a random-effects model 
  

https://www.excli.de/vol19/excli2020-2660_supplementary_material.pdf
https://www.excli.de/vol19/excli2020-2660_supplementary_material.pdf
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A review article has suggested that the ef-
fects of 5-HTTLPR on resilience could be in-
fluenced by age, due to that in the adult pop-
ulation the S/S genotype could contribute to 
resilience, whereas in children the L/L geno-
type seems to be affecting the resilient re-
sponses (Niitsu et al., 2019). However, in the 
current meta-analysis, we observed that by 
excluding a study that did not involve males 
in its analysis (Defrancesco et al., 2013), the 
results became significant (Supplementary 
Figure 3). This allows us to suggest that the 
effect of 5-HTTLPR on resilient response 
could be influenced additionally by the gen-
der. Previously, it has been reported that gen-
der moderates the effect of these variations on 
several outcomes, for instance, affective dis-
orders (Gressier et al., 2016), and neuroticism 
(Chang et al., 2017). It should be noted more-
over that, resilience can be also affected by 
other psychological factors as the coping style 
(Hooberman et al., 2010), which in turn is in-
fluenced by common genetic variants that 
also affect resilience, but in an opposite direc-
tion (Navrady et al., 2018).  

Although a large fraction of publications 
have found that the S/S genotype and S allele 
affects negatively several outcomes, we ob-
served that by comparing genotypes of 5-
HTTLPR the results showed that L/L affects 
resilient responses, and only in a genotypic 
model comparison, the S allele was associated 
with resilience. These results should be inter-
preted with caution because of the fact that it 
was not possible to carry out several compar-
isons, due to the lack of availability of rele-
vant data in the included articles. In addition, 
it was not possible to include several other 
studies in our analysis, taking into account 
that key data were missing on them (Agnafors 
et al., 2017; Amstadter et al., 2012; Beaver et 
al., 2011; Delis et al., 2017; Gibbons et al., 
2012; Hemmings et al., 2013; Resnick et al., 
2019). Therefore, we suggest that all studies 
analyzing possible effects of genetic varia-
tions associated with resilience should report 
all scores and measures stratified by geno-
types and alleles; this will improve further 
analyses.  

As we mentioned in the introduction, re-
silience is important for preventing mental ill-
nesses, such as depression, anxiety, post-trau-
matic stress disorder, bipolar disorder, and it 
is an important factor during the treatments of 
chronic diseases.  The World Health Organi-
zation has determined that approximately one 
in five people in post-conflict settings has a 
mental health problem (above mentioned) 
(Charlson et al., 2019). Therefore, studying 
the genetic influences on this mechanism is 
quite important to elucidate the mechanisms 
underlying psychiatric disorders, especially in 
developing countries, where the burden of 
mental disorders is high. 
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