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ABSTRACT

Selective serotonin reuptake inhibitors (SSRIs) are a class of effective antidepressant drugs that target the serotonin transporter protein 
and are encoded by the solute carrier family 6 member 4 (SLC6A4) gene. Genetic variations in the SLC6A4 gene, particularly the 5-HTTLPR 
polymorphism, directly influence the synaptic reuptake of serotonin, thereby significantly shaping individuals' responses to SSRI treatment. 
Various studies have demonstrated that individuals carrying the long allele exhibit more favorable clinical outcomes compared to those 
carrying the short allele. Autism spectrum disorder (ASD) is a complex disorder where genetic predispositions play a strong role and affect 
neurodevelopmental processes. Mutations in the SLC6A4 gene have been reported to be associated with anxiety, which is frequently 
observed in individuals with ASD. Anxiety accompanying ASD severely impairs individuals' daily living skills and functionality, making this 
condition a significant mental health problem that needs to be managed. Selective serotonin reuptake inhibitors are pharmacologic agents 
commonly used and scientifically proven to be effective in managing symptoms such as anxiety and depression in individuals with autism. 
This review comprehensively addresses the key role of the SLC6A4 gene in serotonin regulation, the effects of genetic variations associated 
with this gene, and the potential benefits of SSRIs in treating anxiety in individuals with ASD. The findings further highlight the necessity of 
personalized medicine approaches based on individual genetic profiles in the treatment of comorbid psychiatric conditions in autism.
Keywords: Anxiety, autism, genetic variations, neuroplasticity, SSRIs, 5-HTTLPR polymorphism.

Autism spectrum disorder (ASD) is a 
neurodevelopmental condition that arises 
from the interaction of both genetic and 
environmental factors. Autism is characterized by 
difficulties in social interaction, communication 
problems, and repetitive, restrictive behaviors.[1] 
Numerous studies have reported a significant 
increase in autism prevalence, leading to claims 
of an autism epidemic.[2,3] Adult individuals with 
ASD, particularly those without intellectual 
disability, experience a higher prevalence of 
mental health problems compared to the general 
population.[4,5] Furthermore, suicide rates are 

significantly elevated in these individuals.[6] 
However, there is a deficiency in interventions 
and sufficient studies on this subject.[7] Anxiety 
is prevalent in autistic adults, and anxiety-related 
stress and avoidance behaviors can severely 
impede daily functioning. The prevalence of 
anxiety disorders and related conditions in 
adults diagnosed with autism typically ranges 
from 28 to 77%. This wide range arises 
due to varying study populations. A recent 
meta-analysis reported this rate as 42%.[4] 
Social phobia, generalized anxiety disorder, 
and obsessive-compulsive disorder are common 
diagnoses, but anxiety in autistic individuals 
often does not fully align with the strict 
diagnostic criteria of these disorders.[8] It is 
believed that the increased prevalence of anxiety 
in individuals with ASD is due to a combination 
of biological, psychosocial, and environmental 
factors.[9] Anxiety in autistic individuals can 
be managed by ensuring consistency in the 
environment, avoiding sensory overload, and 
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minimizing sudden changes. Additionally, there 
is some evidence that cognitive behavioral 
therapies may be effective in this regard.[10] 

However, it is also quite common for individuals 
with ASD to seek medication options for 
anxiety management.

Studies indicate a strong link between 
autism and genetic factors. In approximately 
20% of individuals with ASD, genetic causes 
can be clearly identified. Animal studies have 
investigated how alterations in autism-related 
genes affect brain function. Neurexin genes 
play a crucial role in the synapses (connection 
points) of nerve cells, and certain mutations in 
these genes can lead to autism. Specifically, 
mutations in the NRXN1 gene can disrupt 
synapses between nerve cells. Additionally, the 
CNTNAP2 gene ensures the proper movement 
and placement of nerve cells; disruption of this 
gene can result in nerve cells being misplaced 
in the brain, potentially leading to autism.[11] 

Neuroligin genes play a role in strengthening 
connections between nerve cells. Alterations 
in these genes can affect information flow 
between nerve cells. For example, mice 
carrying mutations in the NLGN3 gene have 
been observed to have reduced brain volume 
and disruptions in connections between nerve 
cells.[12]

ANXIETY
Although a large majority of people 

experience some temporary distress, some 
individuals experience these distresses as 
persistent and debilitating anxieties. Illness 
anxiety disorder, according to the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV), 
has replaced the diagnosis of hypochondriasis 
from DSM-IV.[1] Anxiety is characterized by the 
fear of having or contracting a serious illness, 
such as cancer or heart disease. Individuals with 
this disorder experience obsessive thoughts 
or images related to the illness and engage in 
excessive seeking of medical reassurance, as 
well as constantly checking their bodies for 
signs of illness.[13] The prevalence of anxiety 
in the adult population varies widely in the 
literature, ranging from 2.1 to 13.1%.[14,15]

Basic neuroscience provides guidance in the 
treatment of individuals with anxiety disorders 

and the accurate analysis of their responses 
to treatment. In comparison to other mental 
illnesses, neuroscience research on anxiety is 
considered more clinically significant. This is 
due to the fact that the responses of mammals 
to threats and the brain circuits that govern 
these responses show considerable similarity 
across different species. Studies suggest that 
the impaired responses to threat perception 
in anxiety disorders arise from dysfunctions 
in brain circuits that manage psychological 
processes such as attention, emotion regulation, 
learning, and memory. These findings offer 
valuable insights into understanding how 
anxiety disorders are related to core brain 
circuits.[16] The effectiveness of current anxiety 
treatments varies depending on the severity of 
the disorder, and appropriately sequencing and 
combining treatments presents a significant 
challenge. While further research is needed 
for treatment-resistant anxiety, the lack of new 
compounds in the drug development process 
is notable. However, new target molecules 
beyond serotonin (5-hydroxytryptamine; 5-HT; 
C10H12N2O) and gamma-aminobutyric acid 
have emerged. Small-scale studies, particularly 
those involving glutamatergic compounds and 
ketamine, have shown promising results. In 
the future, the development of new treatments 
targeting pathological defense mechanisms is 
expected.[17-19]

SELECTIVE SEROTONIN REUPTAKE 
INHIBITOR

Selective serotonin reuptake inhibitors 
(SSRIs) work by inhibiting the reuptake of 
the serotonin neurotransmitter, as the name 
suggests, thereby showing therapeutic effects 
on mood. Today, SSRIs are one of the most 
commonly used drug classes in the treatment 
of depression and are typically preferred 
as first-line treatment. Patients who cannot 
tolerate the side effects of an SSRI may achieve 
positive results by switching to a different 
SSRI. Selective serotonin reuptake inhibitors 
are considered safer compared to monoamine 
oxidase inhibitors and tricyclic antidepressants, 
and they are thought to carry a lower risk of 
death in cases of overdose. Additionally, they 
are commonly used in the management of 
post-traumatic stress disorder, anxiety disorders, 
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and obsessive-compulsive disorder. Medications 
in this class selectively target neurotransmitters 
associated with depression, such as serotonin, 
norepinephrine, and dopamine. Examples of 
SSRIs include citalopram (Celexa), escitalopram 
(Lexapro), fluoxetine (Prozac, Sarafem), 
fluvoxamine (Luvox), paroxetine (Paxil and 
others), and sertraline (Zoloft). Common side 
effects of SSRIs include irritability, agitation, 
drowsiness, fatigue, headaches, insomnia, 
gastrointestinal disturbances (nausea and 
diarrhea), weight changes, and, rarely, serotonin 
syndrome. Key considerations in the use of 
these medications include ensuring they are 
not confused with other antidepressants, not 
abruptly discontinuing treatment, and gradually 
reducing the dose. Additionally, if antibiotics, 
lithium, or other medications are being used, 
patients should be carefully evaluated for 
potential drug interactions.[20]

Serotonin is a monoamine and 
neurotransmitter that plays a role in conditions 
such as depression and anxiety. It is crucial for 
regulating sleep, consciousness, aggression, 
and mood.[21] Serotonin is a highly conserved 
molecule throughout the evolution of life and 
is synthesized from an amino acid called 
L-tryptophan by the enzyme tryptophan 
hydroxylase (TPH). Serotonin plays an 
important role in this process and is present 
in almost all living organisms. In serotonin 
synthesis, L-tryptophan is processed by the 
enzyme TPH. This molecule can be converted 
into a hormone called melatonin by the 
enzyme serotonin N-acetyltransferase in the 
pineal gland. Melatonin is associated with 
the regulation of sleep. There are two main 
tryptophan hydroxylase enzymes involved in 
serotonin synthesis: TPH1 and TPH2. While 
TPH2 is found exclusively in the brain, TPH1 
is primarily located in peripheral tissues. The 
TPH1 enables the synthesis of serotonin in 
peripheral organs, in contrast to the brain. 
Serotonin functions as a neurotransmitter in 
the brain and as a neurohormone in other 
tissues. Pharmacologically, there are seven 
main families of serotonin receptors, classified 
from 5-HT1 to 5-HT7. Within these families, 
there are more than 15 receptor subgroups. 
These G protein-coupled receptors activate 
adenylate cyclase, increasing cyclic adenosine 

monophosphate production, which in turn 
activates several important intracellular 
signaling molecules, such as Rap-1, CREB, and 
Src.[22]

Selective serotonin reuptake inhibitors, 
commonly used as antidepressants, are also 
preferred as first-line medications in the treatment 
of all anxiety disorders.[23] The antidepressant 
effect of SSRIs typically begins within one 
week, with a difference from placebo becoming 
apparent within 2-4 weeks; however, the effects 
on anxiety may take longer to manifest.[24] A 
recent randomized controlled trial conducted 
in the United Kingdom observed a significant 
reduction in anxiety symptoms after six weeks 
of using the SSRI sertraline.[25] However, it has 
been noted that individuals with anxiety may 
be more susceptible to side effects, particularly 
increased restlessness and worsening of initial 
symptoms.[24] Therefore, prescribing guidelines 
typically recommend starting at half of the 
normal initial dose and gradually increasing 
to the maximum dose as tolerance develops. 
The response is usually observed within six 
weeks and continues to improve over time.[26] 
The optimal duration of SSRI treatment has 
not been definitively established, but it is 
recommended that treatment continue for at 
least six to 12 months after a successful 
therapeutic response.[27] Patients using SSRIs 
should be closely monitored, particularly for 
increased restlessness, anxiety, and suicidal 
thoughts.[28]

SLC6A4 GENE ACTIVITY
The solute carrier family 6 member 4 

(SLC6A4) gene produces a protein responsible 
for the reuptake of serotonin, a neurotransmitter 
involved in crucial functions such as mood 
regulation and sleep. This gene is located 
on chromosome 17 and spans approximately 
40,000 base pairs in length.[29] The structure of 
the gene contains 14 exons, each contributing 
to the formation of the protein. The serotonin 
transporter protein produced by the SLC6A4 
gene forms a structure that crosses the cell 
membrane 12 times, facilitating the reuptake 
of neurotransmitters like serotonin into the cell. 
This acts as a “gate” in the cell membrane, 
playing a critical role in regulating serotonin 



D J Med Sci38

levels.[30,31] Additionally, the use of different 
parts of the gene can lead to the production 
of various alternative gene products. This 
process allows the gene to function differently 
in various tissues or at different times, enabling 
a single gene to perform multiple functions. 
These variations have been observed not 
only in humans but also in other animal 
species, and they can alter how the gene 
operates and its effects on the body. Some 
rare coding single nucleotide polymorphism 
(SNP) variants of the SLC6A4 gene have been 
associated with behavioral disorders, such 
as obsessive-compulsive disorder and autism. 
These variants may cause changes in the 
functioning of the gene and increase the risk 
of developing related behavioral phenotypes in 
individuals. Various studies have explored the 
effects of these genetic alterations, particularly 
on neuropsychiatric conditions.[32]

Pharmacogenomic studies of SLC6A4 
variants examine the effects of antidepressants 
and anti-anxiety medications (SSRIs, such as 
fluoxetine and citalopram) on the serotonin 
transporter (SERT) protein. These medications 
bind to SERT, inhibiting serotonin reuptake, 
thereby regulating serotonin levels in nerve 
cells. The efficacy of SSRIs is related to how 
effectively they bind to SERT.[33]

If variants in the SLC6A4 gene lead to 
increased production of the SERT protein 
in an individual, that person is expected to 
respond better to SSRIs. This means that when 
administered at an adequate dose, genetic 
variants that enhance SERT production may 
increase the effectiveness of SSRIs. This 
hypothesis has been tested in numerous large 
studies examining the efficacy of SSRIs in 
the treatment of depression.[34] Additionally, 
meta-analyses and systematic reviews have been 
conducted on this topic. Studies conducted on 
smaller patient groups, particularly in the context 
of obsessive-compulsive disorder and other 
anxiety disorders, have assessed the efficacy 
of SSRIs. As a result, SLC6A4 gene variants 
can influence how an individual responds to 
antidepressants or anti-anxiety medications.[35]

The 5-HTTLPR is a polymorphism in the 
SLC6A4 gene, and this change affects the 
gene's serotonin transport capacity. In humans, 

there are two main allele types: long (L) and 
short (S). Individuals with the L allele typically 
produce more serotonin transporters, which 
may help them respond better to antidepressant 
treatment and experience fewer side effects. 
Specifically, SSRIs may show more effective 
results in individuals carrying the L allele. On 
the other hand, individuals with the S allele may 
benefit less from these medications and may be 
more sensitive to side effects. Individuals with 
the L allele tend to achieve better results when 
using SSRIs such as citalopram, escitalopram, 
and sertraline, or tricyclic antidepressants like 
fluoxetine and clomipramine. On the other hand, 
individuals with the S allele may respond less to 
these medications and may experience more 
side effects. The 5-HTTLPR polymorphism in 
the SLC6A4 gene plays a significant role in 
antidepressant treatments and can influence 
treatment outcomes based on an individual's 
genetic makeup.[36]

In contrast to other studies, one article 
collected blood samples from a large group 
of 352 families, and deoxyribonucleic acid 
(DNA) was isolated. The isolated DNA was 
subjected to detailed genetic analyses to 
investigate the potential relationship between 
SLC6A4 and autism.[37] In the study, the genetic 
polymorphism 5-HTTLPR and nine other 
SNPs of the SLC6A4 gene were examined. 
Genotyping procedures were carried out using 
the Illumina BeadArray technology, which 
offers high accuracy. Additionally, replication 
tests were conducted in some samples to ensure 
the reliability of the results, and Mendelian 
inconsistencies were corrected to minimize 
errors in genetic analyses.[38]

The genetic data used in the study were 
analyzed with software such as TRANSMIT, 
PDTPhase, and TDTPhase. During the 
analyses, both parametric and non-parametric 
methods were applied to test the association 
of genetic variations with ASD. Specifically, 
for the 5-HTTLPR polymorphism, no evidence 
was found indicating that the S and L alleles 
were transmitted at different rates in individuals 
with ASD. Additionally, when evaluating the 
association of the nine SNPs with autism, 
no significant connection was observed. 
Analyses focusing on subgroups of autism, 
such as obsessive-compulsive behaviors or 
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rigid-compulsive traits, also yielded negative 
results. The findings of this extensive and 
methodologically rigorous study do not support 
the conflicting results of previous studies 
regarding the effect of the serotonin transporter 
gene on autism. The researchers suggested 
that genetic heterogeneity and the limited 
sample sizes of previous studies may have 
led to misleading results.[39] The findings of 
the study emphasize the need for larger-scale 
research that focuses on subgroups in order 
to better understand the genetic structure of 
autism. However, it also reminds us that in 
complex disorders like ASD, environmental 
factors should be considered alongside genetic 
influences.[40]

The SLC6A4 gene plays a critical role 
in brain development, influencing essential 
processes. By coding for the serotonin 
transporter, it regulates serotonin levels in the 
synaptic cleft, thus affecting processes such as 
synaptogenesis, neuron migration, and synaptic 
plasticity. During synaptogenesis, connections 
form between neurons, and serotonin acts as a 
key neuromodulator in regulating this process. 
Genetic alterations in SLC6A4 are thought to 
disrupt serotonin balance, potentially leading to 
improper formation or weakening of synaptic 
connections.[41]

Neuron migration is also a critical step in 
development, ensuring that neurons reach their 
proper locations. Serotonin plays a crucial role 
in regulating this process, and it is modulated 
through the SLC6A4 gene. Disruptions in 
the gene's function can lead to improper 
neuronal migration, which has been associated 
with certain neurodevelopmental features of 
autism. Additionally, during synaptic plasticity, 
serotonin levels influence the strengthening or 
weakening of synapses, laying the foundation 
for cognitive functions such as learning and 
memory.[42]

In autism research, the role of the SLC6A4 
gene is complex. While it has been suggested 
that this gene is associated with ASD, its 
effects vary from individual to individual. 
It has been found that polymorphisms in 
the SLC6A4 gene have a significant effect 
on some individuals with ASD, while they 
remain ineffective in others. Additionally, the 

high serotonin levels frequently observed in 
individuals with ASD provide clues suggesting 
that SLC6A4 may contribute to this disorder. 
However, the underlying mechanisms of this 
phenomenon are not yet fully understood. In 
this context, further genetic and neurobiological 
studies are needed to clarify the precise role of 
SLC6A4 in ASD. Pharmacological approaches 
or genetic interventions targeting the serotonin 
transporter may have the potential to alleviate 
autism symptoms. A better understanding of the 
effects of SLC6A4 on brain development will 
contribute to the development of new strategies 
for treating neurodevelopmental disorders such 
as autism.[40]

The SLC6A4 gene plays a critical role in 
serotonin transport. However, it has been noted 
that there is no direct association between 
the 5-HTTLPR polymorphism and autism. 
Nevertheless, analyses conducted on specific 
subgroups have shown that this relationship 
may be statistically significant.[43]

A study conducted in 2024 highlighted 
that the SLC6A4 gene plays a critical role in 
regulating mood-related behaviors, such as 
anxiety and depression. The study suggests that 
an individual's genetic makeup may increase their 
susceptibility to mood disorders. These findings 
emphasize the importance of considering 
genetic factors in treatment approaches.[44]

Neuroplasticity, defined as the brain's ability 
to reorganize and adapt, relies on processes 
such as synaptic plasticity and neurogenesis as 
fundamental mechanisms of adaptation. Studies 
have shown that antidepressant treatments 
affect neuroplasticity through the mammalian 
target of rapamycin and Wnt signaling 
pathways. These pathways play a critical role 
in the formation and strengthening of synaptic 
connections. Additionally, genetic variations 
in the SLC6A4 have been noted to influence 
neuroplasticity indirectly. This could contribute 
to understanding the underlying biological 
mechanisms behind the varying antidepressant 
responses in individuals.[45]

Bipolar disorder, as a neuropsychiatric 
condition, is associated with several biological 
processes, including mitochondrial dysfunction. 
It is believed that mitochondrial dysfunction 
contributes to the progression of the disease 
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by damaging neuronal functions through 
oxidative phosphorylation and inflammation. 
These processes are thought to negatively 
impact synaptic plasticity and lead to limitations 
in neuroplasticity. Targeting such biological 
mechanisms in bipolar disorder could pave 
the way for the development of new treatment 
strategies in disease management in the 
future.[46]

Today, the effects of genetic variations 
on individual treatment responses are 
increasingly understood. In particular, 
variations in the SLC6A4 gene can influence 
the function of the serotonin transporter, 
shaping individuals' responses to treatment. 
Pharmacogenomic studies show that, 
in addition to these genetic variations, 
pharmacokinetic (e.g., CYP2D6 metabolism) 
and pharmacodynamic (e.g., serotonin and 
norepinephrine transporters) factors also play a 
critical role in treatment outcomes. In light of this 
information, the development of personalized 
treatment approaches based on individuals' 
genetic profiles is considered an important step 
in the management of psychiatric disorders.[47]

Neuroplasticity, mitochondrial dysfunction, 
and genetic factors clearly play a significant 
role in the pathophysiology of neuropsychiatric 
disorders. A better understanding of these 
processes may enable the development of 
personalized treatment approaches in the 
future. Given that genetic variations, such as 
those in the SLC6A4 gene, influence individual 
treatment responses, the increasing integration 
of pharmacogenomic models into clinical 
practice has the potential to improve patient 
outcomes. Therefore, next-generation modeling 
approaches that combine genetic and biological 
risk factors offer a great opportunity to support 
individualized treatment decisions and identify 
new therapeutic targets.[45]

In conclusion, the management of complex 
neuropsychiatric disorders such as ASD and 
anxiety requires the consideration of genetic, 
neurobiological, and environmental factors 
together. The role of the SLC6A4 gene in 
neuroplasticity and serotonin regulation is 
critical in shaping treatment strategies for 
individuals with both ASD and other psychiatric 
disorders. Future large-scale studies will 
contribute to a better understanding of these 

genetic variations and the development of 
more effective personalized treatment methods 
based on individual genetic profiles. These 
approaches hold great potential for improving 
individuals' quality of life and optimizing mental 
health management.

Data Sharing Statement: The data that support 
the findings of this study are available from the 
corresponding author upon reasonable request.

Author Contributions: Contributed to the study 
design, experimental applications, data collection, 
statistical analysis, interpretation of the findings, and 
writing of the manuscript: U.A.; Provided scientific 
supervision, guidance in data evaluation, and critical 
revision of the manuscript: O.E. All authors read and 
approved the final version of the manuscript.

Conflict of Interest: The authors declared no 
conflicts of interest with respect to the authorship 
and/or publication of this article.

Funding: The authors received no financial 
support for the research and/or authorship of this 
article.

REFERENCES
1. American Psychiatric Association. Diagnostic and 

Statistical Manual of Mental Disorders (DSM-5®). 
Arlington, VA, USA: American Psychiatric Pub; 2013

2. Chiarotti F, Venerosi A. Epidemiology of autism 
spectrum disorders: A review of worldwide prevalence 
estimates since 2014. Brain Sci 2020;10:274. doi: 
10.3390/brainsci10050274. 

3. Fombonne E. Is there an epidemic of autism? Pediatrics 
2001;107:411-2. doi: 10.1542/peds.107.2.411. 

4. Hollocks MJ, Lerh JW, Magiati I, Meiser-Stedman 
R, Brugha TS. Anxiety and depression in adults 
with autism spectrum disorder: A systematic review 
and meta-analysis. Psychol Med 2019;49:559-72. 
doi:10.1017/S0033291718002283. 

5. Underwood JFG, DelPozo-Banos M, Frizzati A, Rai D, 
John A, Hall J. Neurological and psychiatric disorders 
among autistic adults: A population healthcare record 
study. Psychol Med 2023;53:5663-73. doi: 10.1017/
S0033291722002884. 

6. Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson 
H, Lichtenstein P, Bölte S. Premature mortality 
in autism spectrum disorder. Br J Psychiatry 
2016;208:232-8. doi: 10.1192/bjp.bp.114.160192. 

7. Linden A, Best L, Elise F, Roberts D, Branagan A, 
Tay YBE, et al. Benefits and harms of interventions 
to improve anxiety, depression, and other mental 
health outcomes for autistic people: A systematic 
review and network meta-analysis of randomised 
controlled trials. Autism 2023;27:7-30. doi: 
10.1177/13623613221117931. 



41SLC6A4 in autism and mental health: SSRIs and genetic balances

8. Kerns CM, Kendall PC, Berry L, Souders MC, 
Franklin ME, Schultz RT, et al. Traditional and atypical 
presentations of anxiety in youth with autism spectrum 
disorder. J Autism Dev Disord 2014;44:2851-61. doi: 
10.1007/s10803-014-2141-7. 

9. Postorino V, Kerns CM, Vivanti G, Bradshaw J, 
Siracusano M, Mazzone L, et al. Anxiety disorders 
and obsessive-compulsive disorder in individuals 
with autism spectrum disorder. Curr Psychiatry Rep 
2017;19:92. doi: 10.1007/s11920-017-0846-y. 

10. Lai MC, Kassee C, Besney R, Bonato S, Hull 
L, Mandy W, et al. Prevalence of co-occurring 
mental health diagnoses in the autism population: 
A systematic review and meta-analysis. Lancet 
Psychiatry 2019;6:819-29. doi: 10.1016/S2215-
0366(19)30289-5. 

11. Li Z, Zhu YX, Gu LJ, Cheng Y. Understanding autism 
spectrum disorders with animal models: Applications, 
insights, and perspectives. Zool Res 2021;42:800-24. 
doi: 10.24272/j.issn.2095-8137.2021.251. 

12. Burrows EL, Laskaris L, Koyama L, Churilov L, 
Bornstein JC, Hill-Yardin EL, et al. Neuroligin-3 mutation 
implicated in autism causes abnormal aggression and 
increases repetitive behavior in mice. Mol Autism 
2015;6:62. doi: 10.1186/s13229-015-0055-7. 

13. Kikas K, Werner-Seidler A, Upton E, Newby J. Illness 
anxiety disorder: A review of the current research and 
future directions. Curr Psychiatry Rep 2024;26:331-9. 
doi: 10.1007/s11920-024-01507-2. 

14. Sunderland M, Newby JM, Andrews G. Health anxiety 
in Australia: Prevalence, comorbidity, disability and 
service use. Br J Psychiatry 2013;202:56-61. doi: 
10.1192/bjp.bp.111.103960. 

15. Weck F, Richtberg S, MB Neng J. Epidemiology of 
hypochon-driasis and health anxiety: comparison 
of different diagnostic criteria. Curr Psychiatry Rev 
2014;10:14-23.

16. LeDoux J, Daw ND. Surviving threats: Neural circuit 
and computational implications of a new taxonomy of 
defensive behaviour. Nat Rev Neurosci 2018;19:269-
82. doi: 10.1038/nrn.2018.22. 

17. Bagcioglu E, Solmaz V, Erbas O, Özkul B, Çakar 
B, Uyanikgil Y, et al. Modafinil improves autism-like 
behavior in rats by reducing neuroinflammation. 
J Neuroimmune Pharmacol 2023;18:9-23. doi: 
10.1007/s11481-023-10061-2. 

18. Taylor JH, Landeros-Weisenberger A, Coughlin C, 
Mulqueen J, Johnson JA, Gabriel D, et al. Ketamine 
for social anxiety disorder: A randomized, placebo-
controlled crossover trial. Neuropsychopharmacology 
2018;43:325-33. doi:10.1038/npp.2017.194. 

19. Glue P, Neehoff S, Sabadel A, Broughton L, 
LeNedelec M, Shadli S, et al. Effects of ketamine 
in patients withtreatment-refractory generalized 
anxiety and social anxiety disorders: Exploratory 
double-blind psychoactive-controlledreplication 
study. J Psychopharmacol 2020;34:267-72. 
doi:10.1177/0269881119874457. 

20. Ferguson JM. SSRI antidepressant medications: 
Adverse effects and tolerability. Prim Care Companion 
J Clin Psychiatry 2001;3:22-7. doi: 10.4088/pcc.
v03n0105. 

21. Deakin J. The role of serotonin in depression and 
anxiety. Eur Psychiatry 1998;13 Suppl 2:57s-63. doi: 
10.1016/S0924-9338(98)80015-1. 

22. Berger M, Gray JA, Roth BL. The expanded biology 
of serotonin. Annu Rev Med 2009;60:355-66. doi: 
10.1146/annurev.med.60.042307.110802. 

23. Baldwin DS, Anderson IM, Nutt DJ, Allgulander C, 
Bandelow B, den Boer JA, et al. Evidence-based 
pharmacological treatment of anxiety disorders, post-
traumatic stress disorder and obsessive-compulsive 
disorder: A revision of the 2005 guidelines from 
the British Association for Psychopharmacology. 
J Psychopharmacol 2014;28:403-39. doi: 
10.1177/0269881114525674. 

24.  Taylor D, Paton C, Kapur S. South London and 
Maudsley NHS Trust: The Maudsley prescribing 
guidelines in psychiatry. 12th ed. Chichester (West 
Sussex), Hoboken (NJ): John Wiley & Sons Inc; 2015.

25. Lewis G, Duffy L, Ades A, Amos R, Araya R, 
Brabyn S, et al. G. The clinical effectiveness of 
sertraline in primary care and the role of depression 
severity and duration (PANDA): A pragmatic, double-
blind, placebo-controlled randomised trial. Lancet 
Psychiatry 2019;6:903-14. doi: 10.1016/S2215-
0366(19)30366-9. 

26. Scott A, Davidson A, Palmer K. Antidepressant drugs 
in the treatment of anxiety disorders. Adv Psychiatr 
Treat 2001;7:275-82.

27. Bandelow B, Michaelis S, Wedekind D. Treatment of 
anxiety disorders. Dialogues Clin Neurosci 2017;19:93-
107. doi: 10.31887/DCNS.2017.19.2/bbandelow. 

28. Rai D, Webb D, Lewis A, Cotton L, Norris JE, 
Alexander R, et al. Sertraline for anxiety in adults 
with a diagnosis of autism (STRATA): Study protocol 
for a pragmatic, multicentre, double-blind, placebo-
controlled randomised controlled trial. Trials 
2024;25:37. doi: 10.1186/s13063-023-07847-3. 

29. Lagerberg T, Fazel S, Sjölander A, Hellner C, 
Lichtenstein P, Chang Z. Selective serotonin reuptake 
inhibitors and suicidal behaviour: A population-
based cohort study. Neuropsychopharmacology 
2022;47:817-23. doi: 10.1038/s41386-021-01179-z. 

30. Murphy DL, Moya PR. Human serotonin transporter 
gene (SLC6A4) variants: Their contributions to 
understanding pharmacogenomic and other functional 
G×G and G×E differences in health and disease. 
Curr Opin Pharmacol 2011;11:3-10. doi: 10.1016/j.
coph.2011.02.008. 

31. Prasad HC, Zhu CB, McCauley JL, Samuvel DJ, 
Ramamoorthy S, Shelton RC, et al. Human serotonin 
transporter variants display altered sensitivity to 
protein kinase G and p38 mitogen-activated protein 
kinase. Proc Natl Acad Sci U S A 2005;102:11545-
50. doi: 10.1073/pnas.0501432102. 



D J Med Sci42

32. Ozaki N, Goldman D, Kaye WH, Plotnicov K, 
Greenberg BD, Lappalainen J, et al. Serotonin 
transporter missense mutation associated with a 
complex neuropsychiatric phenotype. Mol Psychiatry 
2003;8:933-6. doi: 10.1038/sj.mp.4001365. 

33. Wendland JR, Moya PR, Kruse MR, Ren-Patterson 
RF, Jensen CL, Timpano KR, et al. A novel, 
putative gain-of-function haplotype at SLC6A4 
associates with obsessive-compulsive disorder. Hum 
Mol Genet 2008;17:717-23. doi: 10.1093/hmg/
ddm343. 

34. Taylor MJ, Sen S, Bhagwagar Z. Antidepressant 
response and the serotonin transporter gene-linked 
polymorphic region. Biol Psychiatry 2010;68:536-43. 
doi: 10.1016/j.biopsych.2010.04.034. 

35. Lesch KP, Bengel D, Heils A, Sabol SZ, Greenberg 
BD, Petri S, et al. Association of anxiety-related traits 
with a polymorphism in the serotonin transporter 
gene regulatory region. Science 1996;274:1527-31. 
doi: 10.1126/science.274.5292.1527. 

36. Crawford AA, Lewis G, Lewis SJ, Munafò MR. Systematic 
review and meta-analysis of serotonin transporter 
genotype and discontinuation from antidepressant 
treatment. Eur Neuropsychopharmacol 2013;23:1143-
50. doi: 10.1016/j.euroneuro.2012.12.001. 

37. Gulfishan S, Halder S, Kar R, Srivastava S, Gupta 
R. Association of serotonin transporter gene 
polymorphism with efficacy of the antidepressant 
drugs sertraline and mirtazapine in newly diagnosed 
patients with major depressive disorders. Hum 
Psychopharmacol 2022;37:e2833. doi: 10.1002/
hup.2833. 

38. Ramoz N, Reichert JG, Corwin TE, Smith CJ, 
Silverman JM, Hollander E, et al. Lack of evidence for 
association of the serotonin transporter gene SLC6A4 
with autism. Biol Psychiatry 2006;60:186-91. doi: 
10.1016/j.biopsych.2006.01.009. 

39. Oliphant A, Barker DL, Stuelpnagel JR, Chee MS. 
BeadArray technology: Enabling an accurate, cost-
effective approach to high-throughput genotyping. 
Biotechniques 2002;Suppl:56-8, 60-1.

40. Caspi A, Sugden K, Moffitt TE, Taylor A, Craig 
IW, Harrington H, et al. Influence of life stress on 
depression: Moderation by a polymorphism in the 
5-HTT gene. Science 2003;301:386-9. doi: 10.1126/
science.1083968. 

41. Gaspar P, Cases O, Maroteaux L. The developmental 
role of serotonin: News from mouse molecular 
genetics. Nat Rev Neurosci 2003;4:1002-12. doi: 
10.1038/nrn1256. 

42. Lesch KP, Waider J. Serotonin in the modulation 
of neural plasticity and networks: Implications for 
neurodevelopmental disorders. Neuron 2012;76:175-
91. doi: 10.1016/j.neuron.2012.09.013. 

43. Hahn MK, Blakely RD. The functional impact of 
SLC6 transporter genetic variation. Annu Rev 
Pharmacol Toxicol 2007;47:401-41. doi: 10.1146/
annurev.pharmtox.

44. Wei H, Zhu Y, Wang T, Zhang X, Zhang K, Zhang 
Z. Genetic risk factors for autism-spectrum disorders: 
A systematic review based on systematic reviews and 
meta-analysis. J Neural Transm (Vienna) 2021;128:717-
34. doi: 10.1007/s00702-021-02360-w. 

45. Sun M, Brivio P, Shan L, Docq S, Heltzel LCMW, 
Smits CAJ, et al. Offspring's own serotonin transporter 
genotype, independently from the maternal one, 
increases anxiety- and depression-like behavior and 
alters neuroplasticity markers in rats. J Affect Disord 
2024;350:89-101. doi: 10.1016/j.jad.2024.01.114. 

46. Nuñez NA, Coombes BJ, Melhuish Beaupre L, 
Romo-Nava F, Gardea-Resendez M, Ozerdem A, 
et al. Antidepressant-associated treatment emergent 
mania: A meta-analysis to guide risk modeling 
pharmacogenomic targets of potential clinical value. 
J Clin Psychopharmacol 2023;43:428-33. doi: 
10.1097/JCP.0000000000001747. 

47. Pacchiarotti I, Bond DJ, Baldessarini RJ, Nolen 
WA, Grunze H, Licht RW, et al. The International 
Society for Bipolar Disorders (ISBD) task force report 
on antidepressant use in bipolar disorders. Am J 
Psychiatry 2013;170:1249-62. doi: 10.1176/appi.
ajp.2013.13020185.


