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Abstract

Background The activity of SLC6A4 is influenced by its polymorphisms, including the length variation in serotonin
transporter linked promoter region (5-HTTLPR), a single nucleotide polymorphism (rs25531), and variable number
of tandem repeats in serotonin transporter intronic enhancer (STin2). These polymorphisms have been implicated
in the development of vascular diseases. Our research aimed to determine whether the bi-allelic 5-HTTLPR, tri-allelic
5-HTTLPR (rs25531), and STin2 polymorphisms of SLC6A4 were associated with an increased risk of coronary artery
disease (CAD) in the North Indian population of Jammu region in Jammu and Kashmir state of India.

Methods In this study, we performed a large cohort case-control study. Here, we recruited 400 patients clinically
diagnosed with CAD, and 400 unrelated healthy individuals with similar sex and age range. We performed Polymerase
Chain Reaction (PCR) for genotyping the 5-HTTLPR and STin2 polymorphisms. In addition, PCR- Restriction Fragment
Length polymorphism (RFLP) was used to perform restriction fragment length polymorphism for the rs25531. Finally,
we performed statistical analysis with the yield data.

Results The L-allele of 5-HTTLPR was significantly associated with CAD susceptibility, with an odd ratio (OR) of 1.39
and a p-value of 0.01. However, no significant association was identified for the tri-allelic 5-HTTLPR (rs25531) and STin2
polymorphism with the susceptibility of CAD. The haplotype combinations associated with CAD outcomes include
[-12 and LA-10.

Conclusions Although, majority of the previous studies have evaluated the association of 5-HTTLPR biallelic
polymorphism with CAD, our findings suggested that the tri-allelic 5-HTTLPR (rs25531) is a more reliable candidate
than the bi-allelic 5-HTTLPR, as studying the bi-allelic version alone may generate association bias. Based on the
results of this study, the rs25531 and STin2 polymorphisms indicated that the SLC6A4 gene does not contribute to the
development of CAD in the population of the of Jammu region in Jammu and Kashmir state of India.
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Background

Coronary artery disease (CAD) is the leading global
cause of mortality [1]. Common variant association stud-
ies have identified approximately 60 genetic loci with
increased risk of CAD [2]. CAD is a chronic form of car-
diovascular disease (CVD) which affects blood vessels for
supplying blood to cardiac muscles [3]. Recently, the inci-
dence of CAD is exponentially increasing in the popula-
tion of Indian subcontinent, and it has become a great
challenge for healthcare systems to curb its prevalence
[4]. CAD has a multi-factorial etiology, with many inter-
linked risk factors such as ageing, varying lifestyles, food
habits, psychological facts and genetic background [4].

Serotonin (5-hydroxytryptamine, 5-HT) is a potent
neurotransmitter primarily synthesized in the brain [5].
However, the production of serotonin is also occurring
locally in the heart, kidney and adrenal gland, whereas
platelets are well known to store but not synthesize sero-
tonin. The functional activity of serotonin is governed
by the specialized transporters (SERT or 5-HTT), which
are synthesized by the SLC6A4 (also named as 5-HTT)
gene [6]. These transporters are engaged in the reuptake
of serotonin from the extracellular spaces and, maintain
the duration and strength of the interactions between
serotonin and its receptors [7]. The SERT transport-
ers are also active in cardiovascular physiology and are
significantly involved in processes like modulation of
cardiac and smooth muscle contractility, platelet aggre-
gation and cellular mitogenesis [8]. The human serotonin
transporter gene is confined to the genomic location at
17q11.2, spans 31 kb, contains 14 exons and has several
polymorphisms associated with differential expression of
serotonin transporter [9] (Fig. 1).

A variable number tandem repeat (VNTR) polymor-
phism (GC-rich repetitive sequence) is located in the
promoter region of the SLC6A4, nearly 1 kb upstream of
the transcription initiation site with an insertion/deletion
(Indel) variation of 44 bp, creating a Long (L) and a Short
(S) allele, respectively [10, 11]. The L allele has 16 repeats
(each 20-23 bp long), while the S allele has 14 repeats
[12]. This bi-allelic polymorphism is named 5-HTTLPR
(5-Hydroxytryptamine Transporter-Linked Polymor-
phic Region) polymorphism. The S-allele of HTTLPR is
responsible for decreased transcriptional activity (less
5-HTT mRNA transcript) and decreased 5-HT uptake,
resulting in a longer duration of serotonergic activity
[13, 14]. In contrast, L-allele is associated with approxi-
mately three times higher basal activity [15]. Addition-
ally, the activity of the 5-HTTLPR alleles is modified by
an SNP, ie. A to G transition (rs25531) within the region
(5-HTTLPR), which modifies the activity of both L and S
alleles [16, 17]. It has been demonstrated by Hu et al. that
LA haplotype is associated with approximately twice the
amount of mRNA expression compared to SA, SG and
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LG [18]. Based on transcriptional activity, all 3 variants
viz. SA, SG and LG are designated as S; thus resulting in
the tri-allelic classification of 5-HTTLPR where LALA
is highly expressing, LAS’ is with intermediate expres-
sion, and S’S’ is of low expressing genotype [19]. The third
variation in the SLC6A4 gene is Serotonin Transporter
Intronic VNTR Enhancer (STin2) polymorphism, which
is a functional 17 bp VNTR polymorphism in the second
intron (rs57098334) and has three alleles: 9, 10 and 12
repeats [20]. A high expression of SERT has been corre-
lated with an increasing number of STin2 repeats.

It is postulated that the presence of L-allele can con-
tribute to undesirable cardiovascular phenotypes such
as myocardial infarction, pulmonary hypertension and
can be the front runner in evaluating the genetic pre-
disposition for the development of CAD. However, the
association of the development of CAD with 5-HTTLPR
(rs25531) and STin2 has not been exploited much.
Although, there are reports on the potential engage-
ment of these SLC6A4 gene variants with psychiatric
conditions worldwide [15, 18, 21], the variants have not
been explored to a great extent, especially about their
involvement in risk of developing CAD phenotype. We
performed the case-control study to evaluate the associa-
tion of SLC6A4 gene variants with genetic predisposition
to CAD in the North Indian population of Jammu and
Kashmir.

Methods

Study subjects

The present study includes 400 clinically confirmed cases
of CAD and 400 unrelated healthy controls were belong-
ing to different areas of the Jammu region of the Union
Territory of Jammu and Kashmir (India). The cases were
enrolled from the Out Patient Department of Cardiol-
ogy, ASCOMS, Sidhara, Jammu and private clinics. The
healthy (blood donors, hospital staff and volunteers) con-
trols were enrolled in the present study without a prior
history of CVD or other chronic disease.

Inclusion and exclusion criteria

All the patients had significant coronary artery disease.
Clinical diagnosis has confirmed by coronary angiogra-
phy with more than 50% stenosis in at least one epicar-
dial coronary artery. Patients with isolated hypertension,
heart valve problems, arrhythmia, stroke and congestive
heart failure were excluded. Enrolled controls did not
have any form of cardiovascular diseases (CVD). Indi-
viduals having abnormal glucose tolerance, dyslipidemia,
and consuming anti-hypertensive medications were not
considered as controls.
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Fig. 1 Linkage Disequilibrium (LD) plot for SLC6A4 gene polymorphisms (A & C) CAD cases (B & D) Controls (The numbers inside every box represent D’

values (%) of the LD)

Ethical authorization

The concerned Ethical Committee, University of Jammu,
gave ethical approval for conducting the present study.
Each study participant was made aware of the nature and
scope of the study. An informed written consent was duly
obtained from all the study participants.

DNA isolation and genotyping

Whole blood was collected in 2 ml of EDTA-coated vials
and stored at -20°C prior to DNA extraction. Genomic
DNA was extracted from collected blood by the phenol-
chloroform method [22]. Genotyping for the 5-HTTLPR
VNTR was performed by polymerase chain reaction
(PCR) using forward primer: 5-TCCTCCGCTTTGG

CGCCTCTTCC-3 and reverse primer: 5-TGGGGGT
TGCAGGGGAGATCCTG- 3. Amplification was per-
formed in a final volume of 25 pl containing 2 ul genomic
DNA, 5 pl flexi buffer (5X), 2.5 pl MgCI2 (25mM), 0.5 pl
dNTPs (10 Mm), 0.2 pl Taq (5U/ul), 0.5 pl each primer
(100pmol/pl) and 13.8 pl PCR water to make up the final
volume. Thermocycler (Veriti, Applied Biosystems) con-
ditions were as follows: Pre-denaturation at 95 °C for
15 min, followed by 35 cycles of denaturation at 94 °C
for 30 s, annealing at 65.5 °C for 90 s and initial exten-
sion at 72 °C for 1 min with a final extension at 72 °C
for 10 min. For genotyping of rs25531 SNP, the ampli-
cons were given overnight digestion with Hpall (New
England Biolabs) restriction enzyme at a temperature of



Raina et al. Orphanet Journal of Rare Diseases (2025) 20:229

Table 1 Band size of PCR and RFLP products of SLC6A4 gene

variants

S.No. Gene Variant Band Size (bp)

1. VNTR 5-HTTLPR 512 bp (PCR)
L-allele 469 bp (PCR)
S-allele

2. SNP rs25531(FN) 469 bp (RFLP)
Sa 402,67 bp (RFLP)
Se 512 bp (RFLP)
La 402,110 bp (RFLP)
Lo

3. VNTR STin2 300 bp (PCR)
12- repeats 267 bp (PCR)
10-repeats 250 bp (PCR)
9-repeats

*Sp Sgand Lgwere takenas S,

37 °C. The products were analysed on 4.5% agarose gel.
The primer sequence for the STin2 locus was forward
primer: 5-GGGCAATGTCTGGCGCTTCCCCTACAT
A-3’ and reverse primer: 5-TTCTGGCCTCTCAAGAG
GACCTACAGC-3’ The PCR conditions were the same
as described above. The band sizes for PCR and RFLP
products are mentioned in Table 1.

Statistical analysis

Genotypic and allelic frequencies were calculated by the
direct counting method. Hardy-Weinberg Equilibrium
(HWE) and the differences in genotypic frequencies
were examined by using the Chi-square test. To assess
the association of increased risk of CAD with SLC6A4
gene variants, odds ratio (OR) with 95% confidence inter-
val (CI) were calculated under different genetic models
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adjusted for age, sex, body mass index (BMI) and Waist
hip ratio (WHR) by Statistical Package for Social Sci-
ences (SPSS) version 20 software. A value of P<0.05 was
considered as statistically significant. SHEsis software
was used to calculate the haplotype frequencies and pair-
wise linkage disequilibrium (LD) and its respective mea-
sures (D’ & r2) separately for both 5-HTTLPR-STin2 and
rs25531-STin2 variants among cases and controls [23].

Results

Association of SLC6A4 gene polymorphisms with increased
risk of CAD

Genotypic and allelic distribution of three SLC6A4
gene polymorphisms (bi-allelic 5-HTTLPR, tri-allelic
5-HTTLPR (rs25531) and STin2) among CAD patients
and controls are summarized in Table 2. There was no
deviation from the Hardy-Weinberg Equation in allele
frequencies.

The frequencies of the L allele and LL genotype
of bi-allelic 5-HTTLPR polymorphism were signifi-
cantly higher in CAD patients than in controls [L vs.
S: OR=1.39 (1.11-1.74), p=0.001 and LL vs. SS: 1.87
(1.10-3.18), p=0.03]. However, when participants were
stratified by tri-allelic 5-HTTLPR genotypes, we did not
observe a statistically significant difference in the high
expressing LA allele and LALA genotype distribution
among CAD patients and controls [LA vs. S® OR=1.13
(0.87-1.47), p=0.9 and LALA vs. §S: OR=1.18 (0.58—
2.41), p=0.64]. Furthermore, it was noticed that 10/10 vs.
12/12 repeats for STin2 genotypes do not have any sig-
nificant difference between CAD patients and controls.

Table 2 Genotype distribution and allele frequencies of SLC6A4 gene polymorphisms among study groups

POLYMORPHISM/ CAD PATIENTS CONTROLS OR (95% Cl) Adjusted p-value
GENOTYPE/ ALLELE (n=400) (%) (n=400) (%)

5-HTTLPR 210 (52.5%) 245 (61.25%) 1 (Ref) 005
ss 150 (37.5%) 130 (32.5%) 135 (10-1.81) 0.03*
st 40 (10%) 25 (6.25%) 1.87 (1.10-3.18) 001*
LL 0.7 077 1 (Ref)

S 03 023 139 (1.11-1.74)

L 286 (p=0.1) 1.85 (p=02)

XZ

rs25531 276 (69%) 288 (72%) 1 (Ref) 06
'S 107 (26.75%) 97 (24.25%) 1.15 (0.83-1.59) 0.64
S, 17 (4.25%) 15 (3.75%) 1.18 (0.58-241) 09
LiLy 0.82 084 1(Ref)

s 018 0.16 1.13 (0.87-147)

Ly 248 (p=0.11) 3.39(p=0.06)

XZ

VNTR STin2 190 (47.5%) 180 (45%) 1 (Ref) 08
12/12 rpts 171 (42.75%) 167 (41.75%) 097 (0.72-1.03) 03
12/10 rpts 39 (9.75%) 53 (13.25%) 0.70 (0.44-1.11) 03
10/10 rpts 069 066 1 (Ref)

12 rpt 031 034 087 (0.71-1.07)

10 rpt 0.50 (p=047) 204 (p=0.15)

X2

*Significant p-values
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Table 3 Association between SLC6A4 gene polymorphisms with CAD

MODEL CAD PATIENTS (N=400) CONTROLS (N=400) OR (95% CI) Adjusted p- value
5-HTTLPR 190/210 155/245 1.43(1.08-1.89) 0.02*
Dominant 40/360 25/375 1.67 (0.99-2.80) 0.05
SL+LL vs. SS

Recessive

LLvs. SL+SS

rs25531 124/276 112/288 1.16 (0.85-1.57) 0.6
Dominant 17/383 15/385 1.14 (0.56-2.31) 0.7
SLatLalavs. S'S

Recessive

Lavs. SLa+S'S

VINTR STin2 210/190 220/180 0.90 (0.68-1.19) 0.5
Dominant 39/361 53/347 0.71 (0.46-1.10) 0.2
12/104+10/10 vs. 12/12

Recessive

10/10vs. 12/10+12/12

*Significant p-values

Table 4 Haplotype analysis for 5-HTTLPR and STin2 polymorphisms of SLC6A4 gene with CAD

Haplotypes Frequency OR[95% C.1.] p-value
CAD cases (n=400) Controls (n=400)

S-12 047 048 0.96 (0.79-1.16) 0.7

L-12 0.24 0.18 45 (1.14-1.85) 0.002*

S-10 0.24 0.29 0.77 (0.62-0. 96) 0.02*

L-10 0.05 0.047 1.03 (0.62-1.62) 09

*Significant p-values

Table 5 Haplotype analysis for rs25531 and STin2 polymorphisms of SLC6A4 gene with CAD

Haplotypes Frequency OR[95% C.I.] p-value
CAD cases (n=400) Controls (n=400)

S-12 0.63 0.59 8(0.97-1.45) 0.1

La-12 0.08 0.07 5(0.80-1.67) 04

S-10 0.196 0.25 0.72 (0.57-0.91) 0.01*

L,-10 0.095 0.07 1.09 (0.78-1.54) 0.6

*Significant p-values

The SLC6A4 gene polymorphisms were assessed for
possible CAD association, and ORs at 95% CI were cal-
culated for dominant and recessive models adjusted for
age, sex and BMI (Table 3). The dominant model analy-
sis found that SL + LL genotypes of bi-allelic 5-HTTLPR
conferred 1.4-fold risk (p=0.02). In contrast, none of the
applied genetic models depicted a significant associa-
tion between tri-allelic 5-HTTLPR (rs25531) polymor-
phism and susceptibility to CAD. Similarly, we have not
observed a significant association of STin2 polymor-
phism with the increased risk of CAD.

Separate comparison of haplotype frequencies of
bi-allelic 5-HTTLPR -STin2 and triallelic 5-HTTLPR
(rs25531)-STin2 variants among CAD patients and
controls are given in Tables 4 and Table 5 respectively.
The haplotype L-12 provided 1.45-fold risk of develop-
ment of CAD whereas haplotypes S-10 and S’-10 were
attributing about 1.3 (1/0.29) and 1.4 (1/0.25) fold sig-
nificant protection against CAD respectively. Moreover,

estimating the degree of LD, LD coefficients and haplo-
type block structure were obtained based on measures
of LD values for both bi-allelic 5-HTTLPR-STin2 and
tri-allelic 5-HTTLPR (rs25531)-STin2 polymorphisms
(Fig. 1). According to the measures of linkage disequilib-
rium (LD), it was inferred that the bi-allelic 5-HTTLPR-
STin2 and tri-allelic 5-HTTLPR (rs25531)-STin2 variants
were in slight LD among both CAD patients and con-
trols. However, for bi-allelic 5-HTTLPR -STin2, the val-
ues observed for D’ and r2 in CAD patients were 0.28
and 0.07 respectively and in controls were D’ =0.38 and
r2=0.02. After analysing measure of LD for tri-allelic
5-HTTLPR (rs25531)-STin2, values were D’ =0.34,
r2=0.06 in CAD patients and D’ =0.31, r2=0.03 in
controls.

Non-genetic risk factors
Various modifiable and non-modifiable non-genetic
parameters were explored in the present study. Regarding
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Table 6 Various non-genetic parameters and their association with CAD

S. No. Parameters CAD Patients (N=400) Controls (N=400) OR (95% C.1.) p-value

1. Smoking 159 (39.75%) 50 (12.5%) 4.62(3.23-6.60) <0.0001*
Current 98 (24.5%) 41 (10.25%) Ref. (1) -
Ex-smokers 61 (15.25%) 9 (2.25%)
Non-smokers 241 (60.25%) 350 (87.5%)

2. Eating habit 270 (67.5%) 233 (58.25%) 1.49(1.12-1.99) 0.007*
Non-vegetarian 130 (32.5%) 167 (41.75%) Ref. (1) -
Vegetarian

3. Fats intake 148 (37%) 121 (30.25%) 1.80(1.30-2.49) 0.0004*
Saturated 136 (34%) 200 (50%) Ref. (1) -
Unsaturated 116 (29%) 79 (19.75%) 2.16(1.51-3.09) <0.0001*
Both

4. History of HTN 205 (51.25%)
Yes 194 (48.5%)
No

5. History of DM 143 (35.75%)
Yes 257 (64.25%)
No

age, the CAD patients were slightly older than the con-
trols, with an average age of 56.42 years compared to
52.05 years in the control group (p<0.0002). Both BMI
and WHR were significantly higher in patients than in
controls (p<0.0001 and p=0.008, respectively). Smok-
ing behaviour emerged as a prominent risk factor associ-
ated with CAD in this study. The prevalence of smoking
was higher among patients (39.75%) than among con-
trols (12.5%). The proportions of current smokers, ex-
smokers, and non-smokers in cases were 24.5%, 15.25%,
and 60.25%, respectively, compared to 10.25%, 2.25%,
and 87.5% in controls. Odds ratio analysis indicated that
smoking contributed an approximately 4.6-fold increase
in the risk of developing CVD within our population.
The prevalence of family history for CVD/MI was 21.5%
in patients versus 10% in controls, while for HTN, it was
30% and 14.5%, respectively, and for DM, 22.5% and
8.75%. (Table 6).

Discussion

Physiological implication of the SLC6A4 gene in the car-
diovascular system includes the proliferation of vascular
smooth muscle cell, which is a part of the atherosclero-
sis process [24—26], vasoconstriction of the arterial wall,
endothelial damage and pulmonary arterial hyperten-
sion [27, 28]. The majority of the available research has
been done on bi-allelic 5-HTTLPR polymorphism. In
contrast, data are scarce on the tri-allelic version, which
is more informative in depicting genotype-phenotype
correlation. To the best of our knowledge, the present
study is the first in the Jammu region of the Jammu and
Kashmir state of Indian population to evaluate the asso-
ciation of SLC6A4 polymorphism with the manifestation
of CAD. In view of 5-HTTLPR polymorphism, Asians
tend to have the highest S-allele frequency [29], which is
reported in the present investigation. The frequency of

the S-allele reported in our study is similar to previously
reported in other North Indian populations [30] but
slightly higher than in the South Indian population [31].
In contrast, a higher frequency of L-allele was reported
in individuals with European ancestry compared to the
present study [32]. We found that the 5-HTTLPR L-car-
riers have an increased risk of developing CAD, and the
LL-genotype showed a significant association with CAD.
There are similar reports on association of LL-genotype
with distinct acquired CVD phenotypes such as MI [33,
34], increased heart rate response to mental stress [35,
36], increased levels of LDL-C [37], CAD [7, 37], VSD
related pulmonary arterial hypertension [38] and primary
pulmonary hypertension [26]. The observed frequency of
the S allele and LA allele in the present study is higher
than the South Indian population [31]. In contrast, a sim-
ilar frequency is observed in the Gujarati Indian in Hous-
ton, Texas population (1000 Genomes Phase 3). Williams
and researchers have reported that the frequency of the
S’ allele (rs25531) is relatively higher than the S allele
(5-HTTLPR) in the Asian population [19], which is in
line with the present study. These variations observed
in allele frequencies suggested that population diversity
plays a critical role in defining CAD susceptibility and
probably accounts for the differences observed in the
results of association studies.

Our study found that the bi-allelic 5-HTTLPR poly-
morphism is associated with CAD while combining SNP
A to G (rs25531) in the 5-HTTLPR allele does not show
any significant association with CAD risk. However, con-
tradictory results were observed about higher systolic
blood pressure and hypertension [19, 39]. Relying solely
on bi-allelic 5-HTTLPR can overestimate the propor-
tion of the high-activity of L-allele in a study popula-
tion, leading to a potentially biased genotype-phenotype
correlation. To address this issue, we also examined the
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tri-allelic 5-HTTLPR (rs25531) polymorphism and found
no significant association with CAD risk in the North
Indian population of Jammu. This finding confirmed
that it is better to consider VNTR (5-HTTLPR) and
SNP (rs25531) together when studying the association of
SLC6A4 to generate a true association rather than relying
on biallelic 5-HTTLPR alone, which may produce false
positive associations. Furthermore, we observed that the
frequencies of STin2.12 and STin2.10 alleles are the same
as reported earlier in the north Indian population [20]
and South Indian population [21]. Unlike 5-HTTLPR, the
VNTR STin2 has not been explicitly explored about its
involvement in the manifestation of CAD and its pheno-
type. Our study was the first to evaluate the association
of STin2 polymorphism with the susceptibility of CAD,
and we observed a lack of association in the North Indian
population of Jammu.

Our present study analyzed the haplotype combina-
tions and LD patterns of SLC6A4 variants to understand
their association on susceptibility and disease progres-
sion of CAD. We found that L-12 and LA-10 haplotypes
were associated with CAD. Additionally, all examined
SLC6A4 polymorphisms showed slight LD in both CAD
patients and controls. This is the first report on haplotype
analysis of SLC6A4 polymorphisms and their potential
association with the increased risk of CAD.

Concerning the non-genetic risk factors being exam-
ined, smoking has been identified as the principal risk
factor for the development of CAD, as established by
numerous studies both regionally and globally [40-42].
Moreover, the consumption of high-calorie foods and sat-
urated fats, coupled with a lack of physical activity, has a
direct impact on human health. Saturated fatty acids ele-
vate total and low-density lipoprotein (LDL) cholesterol,
thereby increasing the risk of cardiovascular diseases
through a process known as atherosclerosis [43]. Limit-
ing the intake of saturated fats and switching to unsatu-
rated fatty acids (polyunsaturated fatty acids - PUFA) is a
crucial step in managing dyslipidaemia and reducing car-
diovascular complications in cardiac patients.

Thus, the present findings have highlighted the poten-
tial role of SLC6A4 haplotypes in CAD susceptibility and
underscored the importance of lifestyle factors in dis-
ease progression. Given the complex interplay between
genetic and environmental risk factors, further large-
scale studies are needed to validate our findings.

Conclusion

Our current case-control study, employing triallelic
5-HTTLPR genotypes and STin2, indicates that the
SLC6A4 gene polymorphism is not associated with CAD
susceptibility; however, smoking, as a non-genetic risk
factor, is linked to increased risk CAD.
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Limitations of the study

One of the key limitations of the present study is its rela-
tively small sample size, which may reduce the statistical
power to detect weaker associations. Secondly, the study
is geographically confined to the Jammu region of J&K
state, which may limit the generalizability of the findings
to other population groups with differing genetic back-
grounds and environmental exposures. Additionally, the
study concentrated only on a few polymorphisms within
the SLC6A4 gene, and other genetic variants and gene-
gene interactions were not explored. The study also relied
on the self-reported health histories for the control selec-
tion, which may contribute toward selection bias.

Abbreviations

SLC6A4 Sodium dependent serotonin transporter
5-HTTLPR  Serotonin-transporter-linked promoter region
STin2 Serotonin transporter intronic enhancer
5-HTT Serotonin transporter

CAD Coronary artery disease

PCR Polymerase chain reaction

CcvD Cardiovascular diseases
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