
124

REVISTA DE INVESTIGACIÓN CLÍNICA

PERMANYER
www.permanyer.com

Contents available at PubMed
www.clinicalandtranslationalinvestigation.com 

ORIGINAL ARTICLE

Polymorphisms in β-Adrenergic Receptors 
Are Associated with Increased Risk to 
Have a Positive Head-Up Tilt Table Test  

in Patients with Vasovagal Syncope

Manlio F. Márquez1*, José Manuel Fragoso2*, Daniel Pérez-Pérez1,3, Iris Cázares-Campos1, 
Armando Totomoch-Serra4, Jorge Rafael Gómez-Flores1 and Gilberto Vargas-Alarcón2

Departments of 1Electrophysiology and 2Molecular Biology, Instituto Nacional de Cardiología Ignacio Chávez,  
Mexico City; 3Program of Combined Studies in Medicine MD/PhD (PECEM), Faculty of Medicine, Universidad Nacional 
Autónoma de México, Mexico City; 4Department of Genetics and Molecular Biology, Centro de Investigación  
y Estudios Avanzados del Instituto Politécnico Nacional, Mexico City, Mexico.

Received for publication: 16-08-2018
Approved for publication: 5-10-2018
DOI: 10.24875/RIC.18002734

ABSTRACT

Background: Vasovagal syncope (VVS) is a frequent clinical condition in which a genetic background seems to be implicated. 
Considering that the adrenergic receptors (ARs) may play a role in VVS, the present study has as principal aim to determine 
if the α- and β-AR (ADRA and ADRB) gene polymorphisms are associated with an increased risk to have a positive head-up 
tilt table (HUTT) test in patients with VVS. Methods: Nine polymorphisms in the ADRA1A (rs1048101, rs1383914, rs574584, 
and rs573542), ADRB1 (rs1801252 and rs1801253), ADRB2 (rs1042713 and rs1042714), and ADRB3 (rs4994) genes 
were analyzed using the 5’ exonuclease TaqMan genotyping assay in a group of 134 patients with VVS. Results: Under dif-
ferent models, the rs1801252 (OR = 8.63, 95% CI: 0.95-78.72, Precessive = 0.02), rs1042713 (OR = 1.94, 95% CI: 1.02-3.66, 
Padditive = 0.04), and rs4994 (OR = 2.46, 95% CI: 1.01-6.01, Pdominant = 0.042 and OR = 2.62, 95% CI: 1.04-6.63, Pover-dominant = 0.03) 
polymorphisms were associated with increased risk for a positive HUTT. All models were adjusted for statistically significant 
covariates. Conclusion: These results suggest that some polymorphisms of the β-AR genes could contribute to a positive tilt 
test in patients with VVS. (REV INVEST CLIN. 2019;71:124-32)
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INTRODUCTION

Syncope is a frequent clinical condition, and the most 
common is vasovagal syncope (VVS) with an esti-
mated rate of 1.31/1000 person-year1. It has been 
proposed that the autonomic nervous system (ANS) 
plays an essential role in the pathophysiology of this 
disease through an abnormal regulation of the baro-
reflex system. A sudden increase in sympathetic tone, 
preceding a robust vasovagal response, is considered 
a central mechanism responsible for systemic vasodi-
lation (hypotension) and brain hypoperfusion2. The 
etiology of VVS is still unknown, but clinical observa-
tions suggest a multifactorial etiology, including a 
possible genetic background3,4.

A dysfunction of the adrenergic receptors (ARs) has 
long been suspected in the pathophysiology of VVS. 
α-ARs are associated with the control of the periph-
eral resistance. The α(1A)-AR is highly expressed in 
human vasculature, and its stimulation is primarily 
responsible for adrenergic-mediated smooth muscle 
contraction5. β-ARs are also associated with smooth 
muscle relaxation; polymorphisms of the β2-AR are 
considered important determinants of the vascular 
response to stress6.

Various studies around the world have attempted to 
document the association between single nucleotide 
polymorphisms (SNPs) in ARs and VVS with mixed 
results7-11. For example, the groups of Sorrentino et 
al.11 and Żelazowska et al.10 found no association in 
Arg389Gly β-1 AR polymorphism, but in Mexico, the 
groups of Márquez et al.8 and Hernández-Pacheco 
et al.9 did find an association with the same poly-
morphism.

Other studies have focused on different polymor-
phisms in the α-AR, obtaining mixed results. Sorren-
tino et al.11 found no association with the Cys347Arg 
polymorphism for the alpha-1 AR (ADRA1A), but in 
Mexico, Hernández-Pacheco et al. found a positive 
association7.

In an attempt to solve this controversy, we designed a 
new study to analyze whether these SNPs indeed pre-
dict responses to the head-up tilt table (HUTT) test. In 
this study, seven additional polymorphisms were in-
cluded, four of which have participation in cardiovascu-
lar physiology12 and three more SNPs that correlated 

with fibromyalgia in the Mexican Mestizo popula-
tion. The reasons behind this choice were1 the cor-
relation of VVS and ANS dysfunction and the report 
of the participation of this same dysfunction as a 
critical element in fibromyalgia13, and2 the descrip-
tion of a positive association of α-AR SNPs with 
fibromyalgia14.

This study had three main objectives. The first is an 
attempt to fill the gap concerning the discussion of 
the HUTT test and the genetics of VVS in the litera-
ture for the Mexican population. Second, to study the 
participation of nine polymorphisms located in four 
ARs and their association with increased risk to have 
a positive HUTT test in patients with VVS. And third, 
this study is a call for a consortium conformation for 
the genetic study of VVS.

SUBJECTS AND METHODS

Subjects

We enrolled 134 unrelated consecutive Mexican 
Mestizo patients, who were referred for an HUTT 
test to the Electrophysiology Department of the 
National Institute of Cardiology in a 5-year period, 
with more than one unexplained syncope or presyn-
cope episode and clinical suspicion of VVS. The in-
clusion criteria for participants were: adult patients, 
with a history of recurrent episodes of syncope or 
pre-syncope - defined as more than two episodes 
in the previous 6 months - and who agreed to sign 
the informed consent. Exclusion criteria were signs 
or symptoms of other ANS-related diseases, preg-
nancy, lactation, or patients who were taking med-
ication interfering with the ANS. Subjects with a 
negative HUTT test (n = 46) were compared with 
those with a positive test (n = 88). Mexican ances-
try origin was defined as individuals who were born 
in Mexico and traced back to the third generation. 
This project was designed according to the declara-
tion of Helsinki and the Institutional Ethical and 
Research Committees approved the protocol. All 
participants were informed about the objectives 
and benefits of the results of this study for the 
Mexican population with VVS. In this case–control 
study, all patients signed the informed consent be-
fore enrollment.
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HUTT test protocol

The HUTT test was performed between 9:00 and 
12:00 h, and all the subjects had fasted the previous 
night. A surface three-lead electrocardiogram was 
continuously displayed, and blood pressure measured 
with a sphygmomanometer by the same researcher at 
intervals of 5 min and every minute when symptoms 
of impending syncope developed. Then, after the sub-
jects had rested in a supine position for a minimum of 
10 min to obtain stable values, a 5 min baseline re-
cording was captured. Phase I: The participants were 
tilted to 70° using a motorized table with footboard 
support located in a silent room with a constant tem-
perature of 21°C, for 20 min or until syncope was 
imminent, associated with a clear precipitous fall in 
blood pressure or heart rate (positive HUTT). The im-
minence of syncope was recognized by a subjective 
sensation of impending fainting, dizziness, nausea, 
sweating, pallor, altered mental state, and visual 
changes plus hypotension (systolic blood pressure < 
80 mmHg). If a favorable response was not detected 
during Phase I of the test, the subjects were returned 
to the supine position, received 5 mg of sublingual 
isosorbide dinitrate and were tilted at the same angle 
for a further 12 min or less (Phase II).

DNA extraction

A 5-ml blood sample was obtained from partici-
pants, and the DNA was extracted by the method 
proposed by Miller et al.15. Once obtained, the DNA 

was measured in a Thermo Scientific™ NanoDrop™ 
spectrophotometer (Waltham, Massachusetts, 
USA) with 1–2 µL of sample, verifying the integrity 
of the product through an agarose gel (1%) dyed 
with ethidium bromide. After verification of quality, 
the DNA was aliquoted and stored.

Genetic analysis

The ADRA1A (rs1048101 [Company identifier: 
C___2696454_30], rs1383914 [C___2696575_1_], 
rs574584 [C___2315104_10], and rs573542 
[C____903247_10]), ADRB1 (rs1801252 [C___ 
8898508_10] and rs1801253 [C___8898494_10]), 
ADRB2 (rs1042713 [C___2084764_20] and 
rs1042714 [C___2084765_20]), and ADRB3 
([rs4994 [C___2215549_20]) SNPs were geno-
typed using the 5’ exonuclease TaqMan genotyping 
assays on a 7900HT Fast real-time polymerase chain 
reaction system following the manufacturer’s in-
structions (Applied Biosystems, Foster City, USA) 
(Table 1). The thermocycling protocol was: denatur-
ation at 95°C for 10 min followed by 40 cycles of 15 
sec at 95°C (denaturation) and 1 min at 60°C (an-
nealing/extension). Samples previously sequenced of 
the different genotypes of the polymorphisms stud-
ied were included as positive controls.

Statistical analysis

For statistical analysis purposes, SPSS version 18.0 
(SPSS, Chicago, IL) statistical package was used. 

Table 1. Characteristics of the SNP examined.

Adrenergic 
receptor

Gene, Ref. SNP # Location Chromosome Position Variation Amino acid

α-Adrenergic 
receptors

ADRA1A, rs1048101 Coding 8p21-p11.2 29770511 T > C p. Cys347Arg

ADRA1A, rs1383914 Promoter 8p21.2 26865532 A > G −108 A > G

ADRA1A, rs574584 Promoter 8p21.2 26866167 G > A −743 G > A

ADRA1A, rs573542 Promoter 8p21.2 26866301 G > A −877 G > A

β-Adrenergic 
receptors

ADRB1, rs1801252 Coding 10q24-26 114044277 A > G p. Ser49Gly 

ADRB1, rs1801253 Coding 10q24-26 114045297 G > C p. Gly389Arg

ADRB2, rs1042713 Coding 5q31-q32 148826877 A > G p. Arg16Gly

ADRB2, rs1042714 Coding 5q31-q32 148826910 C > G p. Gln27Glu

ADRB3, rs4994 Coding 8p12-p11.2 37966280 T > C p. Trp64Arg

SNP: Single nucleotide polymorphism, Ref. SNP #, SNP reference number.
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Means or medians with standard deviation or inter-
quartile range were calculated for baseline clinical 
characteristics. For comparisons between groups, 
we used the Chi-squared test and Student´s t-test 
or Mann–Whitney U-test as necessary. The Hardy-
Weinberg equilibrium was evaluated by the Chi-
square test. For the comparison between our Minor 
Allele Frequency (MAF) and those of open interna-
tional databases, the Chi-squared test was used 
when the allele counts for each SNP was available. 
Logistic regression analysis was used to test for as-
sociations of polymorphisms with the HUTTT result 
using the following inheritance models: codominant, 
dominant, recessive, over-dominant, and additive. 
The effect size was calculated by odds ratio trans-
formation to the Cohen’s d effect size estimator and 
considered as follows: small (0.2), medium (0.5), 
and a substantial effect (0.8). SNPstats (http://
bioinfo.iconcologia.net/snpstats/start.htm) soft-
ware for Windows® was used to analyze the ge-
netic frequencies and to evaluate the linkage dis-
equilibrium (LD, D'). Haplotype construction was 
made with Haploview version 3.32 (Broad Institute 
of Massachusetts Institute of Technology and Har-
vard University, Cambridge, MA, USA).

RESULTS

From 134 cases with clinical criteria for VVS, 88 pa-
tients had positive HUTTT. 56 were positive in Phase 
I (63.6%), and 32 were positive in Phase II (36.4%). 

Table 2 shows the baseline clinical characteristics of 
the subjects. Some dysautonomic symptoms were 
more prevalent in the HUTT test positive group - syn-
cope, dizziness, and blurred vision - than in the control 
group.

The SNPs investigated in the present study showed 
similar frequencies compared to international infor-
mation from several databases, except for the 
rs1801252 (ADRB1), where the MAF was lower in 
both groups compared to the Latino population in the 
Exome Aggregation Consortium; rs4994 (ADRB3) 
showed an increased MAF in the HUTT-positive group 
compared to the Mexicans in the 1000 Genomes 
population (Table 3).

The studied polymorphisms were in Hardy-Weinberg 
equilibrium. ADRA1A polymorphisms showed similar 
prevalence between groups. The rs1801252 (ADRB1) 
increased the risk of a positive HUTT test under a 
recessive model (OR = 8.63, 95% CI: 0.95-78.72, p = 
0.02). In ADRB2, the rs1042713 increased the risk of 
a positive HUTT test (OR = 1.94, 95% CI: 1.02-3.66, 
p = 0.04). Finally, the rs4994 (ADRB3) was more 
prevalent in the positive HUTT test group in two mod-
els: dominant (OR 2.46, 95% CI 1.01-6.01, p = 0.04) 
and over-dominant (OR 2.62, 95% CI 1.04-6.63, p = 
0.03). None of the polymorphisms in ADRA1, ADRB1, 
and ADRB2 were in linkage disequilibrium (data not 
shown). In ADRB3, it was not possible to make this 
analysis because in the present study only one SNP 
was analyzed (Table 4).

Table 2. Baseline clinical characteristics of the studied individuals.

Clinical variable Positive HUTT (n = 88) Negative HUTT (n = 46)

Age (years) 28 (20-37.2) 22.5 (21-29)

Female 63 (72) 26 (57)

Syncope* 64 (73) 18 (39)

Pre-syncope 61 (69) 24 (53)

Dizziness* 67 (76) 26 (57)

Diaphoresis 46 (52) 17 (37)

Tremor 41 (47) 18 (39)

Dysesthesia 38 (43) 14 (30)

Blurred vision* 53 (60) 15 (33)

The data are presented in median (± IQR) for years and n (%) for the rest of the variables. 
*p < 0.05, p values were calculated using the Chi-squared test.
HUTT: head-up tilt table; IQR: Inter-quantile range.
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DISCUSSION

The present study shows that some SNPs located in 
the β-AR gene increased the risk for a positive HUTT 
test, but not those of the α-AR gene. Clinically, there 
was an increased frequency of some dysautonomic 
symptoms in patients with positive HUTT test in 
comparison with the negative HUTT group.

From this study, based on 134 consecutive Mexican 
mestizo patients, we found associations between the 
ADRB1 rs1801252, ADRB2 rs1042713, and ADRB3 
rs4994 polymorphisms and the positivity of a HUTT 
test. These results are different from those reported 
by Sorrentino et al.11 in an Italian population. They 
analyzed polymorphisms of ANS-related genes, in-
cluding three ARs (α1-A, β1, and β2), and did not find 
any relation with the result of the HUTT test.

Our research group was one of the first conducting 
an association study between HUTT test and poly-
morphisms in ADRB1 gene. We found in Mexican 

Mestizos a positive association for Arg389Gly poly-
morphism; however, the sample size was limited to 50 
patients with syncope, and the results were reported 
as a pilot study8. In the present work, the sample size 
was 134 patients, with the double participants than 
the past research, collected in a 5-year period, with 
the proposal to test nine polymorphisms in four dif-
ferent adrenergic genes. To date, the maximum sam-
ple size for a positive association study of this type 
is 214 patients and corresponded to the GNB3 gene16.

The potential role of α-ARs in VVS

Of the four polymorphisms located in the ADRA1A 
gene for this study, the rs1048101 was the only SNP 
with a nonsynonymous change; it has been associ-
ated to a greater effect of nifedipine among Chinese 
population17. This polymorphism was also related to 
the hemodynamic response in the treadmill exercise 
test, especially in men, being present in those with 
higher vasoconstriction (greater maximal systolic 
blood pressure)18. Hernández-Pacheco et al.7 studied 

Table 3. Minor allele frequency for the different SNP compared with other populational studies.

Gene Ref. SNP # 
(counted allele)

MAF 1000 Genomes TOPMED ExAC GO-ESP

HUTT (+) HUTT (-) Global MEX Global Latino

ADRA1A 
rs1048101 (T)

0.49 0.49 0.35 0.48 0.42 0.48 0.51 0.45

ADRB1  
rs1801252 (G)

0.35 0.25 0.18 0.26 0.17 0.30 0.49*, + 0.14

ADRB1  
rs1801253 (G)

0.17 0.13 0.30 0.17 0.31 0.26 0.14 0.30

ADRB2  
rs1042713 (A)

0.47 0.36 0.48 0.48 0.43 0.42 0.42 0.41

ADRB2  
rs1042714 (G)

0.22 0.18 0.20 0.14 0.31 0.32 0.17 0.34

ADRB3  
rs4994 (C)

0.26 0.16 0.12 0.13* 0.09 0.11 0.22 0.09

ADRA1A 
rs1383914 (G)

0.48 0.43 0.49 0.47 0.47 ND ND ND

ADRA1A 
rs574584 (G)

0.14 0.12 0.15 0.11 0.07 ND ND ND

ADRA1A 
rs573542 (T)

0.09 0.13 0.12 0.12 0.10 ND ND ND

*p < 0.05 HUTT (+) VS marked database
+, p < 0.05 HUTT (-) VS marked database, p values were calculated using the Chi-squared test.
SNP: single nucleotide polymorphism; Ref. SNP #, SNP reference number; MAF: minor allele frequency; HUTT: head-up tilt table; MEX: Mexican 
ancestry in Los Angeles, California; ExAC: Exome aggregation consortium; GO-ESP: Grant opportunities Exome sequencing project; TOPMED: 
Trans-OMICS for precision medicine; ND: no data available.
Information obtained from the dbSNP database of the National Institutes of Health and from the respective database website when available.
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Table 4. Association of the ADRA-1A and ADRB1, ADRB2, and ADRB3 polymorphisms with HUTT result.

Gene Polymorphism  
Ref. SNP # Group (n)

n (%) Model d OR (95% CI) p

ADRA1A p. Cys347Arg

rs1048101

CC CT TT Codominant 0.021 1.04 (0.34-3.21) 1.00

HUTT (+) (88) 22 (25) 45 (51) 21 (24) Dominant 0.010 1.02 (0.41-2.58) 0.96

Recessive 0.016 1.03 (0.41-2.58) 0.95

HUTT (-) (46) 11 (24) 25 (54) 10 (22) Over-dominant −0.005 0.99 (0.45-2.21 0.99

Additive 0.01 1.02 (0.58-1.79) 0.94

−108 A > G

rs1383914

AA AG GG Codominant 0.276 1.65 (0.52-5.22) 0.61

HUTT (+) (88) 26 (30) 40 (45) 22 (25) Dominant 0.086 1.17 (0.49-2.78) 0.73

Recessive 0.272 1.64 (0.61-4.42) 0.32

HUTT (-) (46) 14 (30) 24 (52) 8 (17) Over-dominant −0.109 0.82 (0.37-1.80) 0.62

Additive 0.127 1.26 (0.72-2.20) 0.42

−743 G > A

rs574584

AA AG GG Codominant 0.594 2.94 (0.20-43.71) 0.70

HUTT (+) (88) 66 (75) 19 (22) 2 (3) Dominant 0.127 1.26 (0.48-3.31) 0.64

Recessive 0.577 2.85 (0.19-42.2) 0.42

HUTT (-) (46) 36 (78) 9 (20) 1 (2) Over-dominant 0.042 1.08 (0.40-2.95) 0.87

Additive 0.153 1.32 (0.58-3.01) 0.51

−877 G > A

rs573542

CC CT TT Codominant −0.578 0.35 (0.03-3.55) 0.15

HUTT (+) (88) 75 (85) 11 (13) 2 (2) Dominant −0.594 0.34 (0.11-1.01) 0.05*

Recessive −0.465 0.43 (0.04-4.16) 0.47

HUTT (-) (46) 36 (78) 8 (17) 2 (4) Over-dominant −0.254 0.36 (0.11-1.13) 0.08

Additive −0.440 0.45 (0.19-1.07) 0.06

ADRB1 Ser49Gly

rs1801252

AA AG GG Codominant 1.169 8.34 (0.88-79.5) 0.06

HUTT (+) (88) 38 (43) 39 (44) 11 (13) Dominant 0.100 1.20 (0.53-2.75) 0.66

Recessive* 1.188 8.63 (0.95-78.72) 0.02*

HUTT (-) (46) 24 (52) 21 (46) 1 (2) Over-dominant −0.188 0.71 (0.31-1.62) 0.42

Additive 0.245 1.56 (0.81-3.01 0.18

Arg389Gly

rs1801253

CC CG GG Codominant −0.151 0.76 (0.06-10.20) 0.81

HUTT (+) (88) 60 (68) 26 (30) 2 (2) Dominant 0.131 1.27 (0.51-3.16) 0.61

Recessive −0.204 0.69 (0.05-9.03) 0.78

HUTT (-) (46) 35 (76) 10 (22) 1 (2) Over-dominant 0.161 1.34 (0.53-3.40) 0.54

Additive 0.086 1.17 (0.51-2.66) 0.71

(Continua)
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89 patients with VVS and compared them with  
40 healthy Mexican controls. They analyzed the as-
sociation of the Arg/Arg genotypes of the rs1048101 
polymorphism with the occurrence of syncope (co-
dominant model OR = 13.21, 95% CI 3.69-54.99,  
p < 0.001 and additive model OR = 12.68, 95%  
CI 3.5-53.07 p < 0.001). As reported by Sorrentino 
et al.11, in the present work, no association was found 
between the same polymorphism and a positive 
HUTT. The main difference between these reports is 
that Hernández-Pacheco’s et al. group included 
healthy, sex- and age-matched controls, while in our 
study and Sorrentino’s et al., there were no healthy 
controls, and the reference group was the negative 
HUTT group. Nevertheless, when compared to the 
healthy population from open databases (1000 Ge-
nomes project and Exome Aggregation Consortium) 
there were no differences between ADRA1A receptor 
polymorphisms and the positivity in the HUTT test.

The other α-AR SNPs (rs1383914, rs574584, and 
rs573542) are in no coding regions of the gene and 
were included in the present study because a previous 
study reported the association of these SNPs with 
fibromyalgia in Mexican and Spanish populations. 
However, we did not detect any association in this 
study14.

The potential role of β-ARs in VVS

The rs1801252 and rs1801253 polymorphisms in 
ADRB1 genes were previously studied in essential hy-
pertension in a Chinese population19. The rs1801253 
polymorphism (Arg389Gly) was found to be associ-
ated with the disease. In vitro studies demonstrated 
that the Arg389 variant of the ADRB1 gene elicits an 
increased response to agonist stimulation compared 
with the Gly389 variant20. In our study, this polymor-
phism was associated with a positive HUTT test.

Table 4. Association of the ADRA-1A and ADRB1, ADRB2, and ADRB3 polymorphisms with HUTT result. (Continuación)

Gene Polymorphism  
Ref. SNP # Group (n)

n (%) Model d OR (95% CI) p

ADRB2 Arg16Gly

rs1042713

GG GA AA Codominant 0.765 4.01 (1.00-16.04) 0.11

HUTT (+) (88) 23 (26) 48 (55) 17 (19) Dominant 0.406 2.09 (0.88-4.95) 0.09

Recessive 0.567 2.80 (0.79-9.92) 0.09

HUTT (-) (46) 18 (39) 23 (50) 5 (11) Over-dominant 0.091 1.18 (0.53-2.63) 0.69

Additive* 0.365 1.94 (1.02-3.66) 0.04*

Gln27Glu

rs1042714

CC CG GG Codominant 0.223 1.50 (0.12-19.02) 0.93

HUTT (+) (88) 52 (59) 33 (38) 3 (3) Dominant 0.062 1.12 (0.49-2.58) 0.78

Recessive 0.204 1.45 (0.12-17.87) 0.77

HUTT (-) (46) 30 (65) 15 (33) 1 (2) Over-dominant 0.042 1.08 (0.47-2.50) 0.86

Additive 0.072 1.14 (0.54-2.39) 0.74

ADRB3 Trp64Arg
rs4994

TT TC CC Codominant 0.193 1.42 (0.22-9.10) 1.00
HUTT (+) (88) 48 (54) 35 (40) 5 (6) Dominant* 0.496 2.46 (1.01-6.01) 0.04*

Recessive −0.005 0.99 (0.16-6.09) 0.99
HUTT (-) (46) 33 (72) 11 (24) 2 (4) Over-dominant* 0.531 2.62 (1.04-6.63) 0.03*

Additive 0.348 1.88 (0.88-4.01) 0.09

*p < 0.05, p values were calculated from logistic regression analysis and the inheritance models were adjusted for dizziness, syncope, and 
blurred vision.
SNP: single nucleotide polymorphism; Ref. SNP #, SNP reference number; d, Cohen´s d effect size calculated; OR: odds ratio; CI: confidence 
interval; HUTT: head-up tilt table.
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Our study included two ADRB2 polymorphisms 
(rs1042713 and rs1042714) that have been previ-
ously analyzed by Diatchenko et al.21. This group 
examined 3 ADRB2 polymorphisms and reported an 
association of one haplotype (rs1042713, 
rs1042714, and rs1042717) with the presence of 
low blood pressure, somatization, and temporoman-
dibular joint syndrome. In the same way, Vargas-
Alarcón et al.14 found an association between β2-AR 
AC haplotype (rs1042713 and rs1042714) and fi-
bromyalgia in Mexican and Spanish individuals. In our 
cohort, only the rs1042713 was associated with a 
positive HUTT test.

In the ADRB3 gene, we studied the rs4994 polymor-
phism, which has been associated with increased car-
diovascular risk in women without evidence of ob-
structive coronary artery disease12. In our study, 
under two different models, this polymorphism was 
associated with an increased risk to have a positive 
HUTT.

The rs4994 in the ADRB3 was overexpressed in the 
positive HUTT test group compared with the Mexi-
cans in the 1000 Genomes project; this may enhance 
the findings of a pathologic relationship between this 
polymorphism and the positivity of the test.

Resolving discrepancies in the literature 
among genetic studies of VVS

The findings herein reported contradicted some previ-
ous studies, even when they were performed in a 
Mexican Mestizo population7-9, but also supported 
the results of others. For example, Zelazowska et al.10 
and Sorrentino et al.11, with limited sample sizes and 
in populations with the different genetic background 
(Italian and Polish), found a negative association for 
rs1801253.

At this point, in the study of a genetic basis for VVS, 
there is still much confusion about the validity of 
the results so far reported. This confusion stems 
from three principal hurdles: all these studies, in-
cluding the one presented here, have a limited sam-
ple size; therefore, studies in many individuals are 
necessary to establish the real effect of these poly-
morphisms. The second probable source of error is a 
subtle population stratification in self-reported eth-
nicity observed within the ethnically homogeneous 

population, which can also occur in ethnically mixed 
populations and can lead to detecting significant 
associations at loci that have nothing to do with the 
disease. The gold standard to avoid this problem is 
the use of matched case–control patients with an-
cestry markers. The third point to consider is that 
the frequency of syncope can vary from country to 
country and even in their borders. Furthermore, the 
genetic and relevant environmental factors within 
populations may not be balanced between initial and 
subsequent studies; the variations in effect size 
from gene-gene and gene-environment interactions 
could in part explain the inability to replicate the 
association22.

In this study, we included five models of inheritance 
to be considered in future replication studies. There 
is no current consensus about the best model of in-
heritance to be chosen in association studies. How-
ever, in the last years, the additive model has been 
proposed as the preferred model to detect genetic 
association even when the real model of inheritance 
is different23.

Other limitations are the increased cost and pitfalls 
for recruitment, which is reflected in a lack of a bigger 
sample size to detect a lower effect, as is usual in 
multifactorial disorders. However, in the results ob-
tained here, an important effect could be detected in 
a few polymorphisms in this small sample because the 
calculated OR was high (OR=8.63, 95% CI 0.95-
78.72). This can be seen in the polymorphism Ser-
49Gly located in ADRB1 under the recessive model 
with a d = 1.188, and also in the Trp64Arg located in 
ADRB3, under the dominant and over-dominant mod-
els with a medium effect size (d = 0.496 and 0.531) 
with ORs higher than 2. In the same context, the 
power of the study was low for the great part of 
polymorphisms studied but high in those polymor-
phisms where a high effect size was detected, and an 
allelic frequency was more prominent than 0.25. An-
other limitation of the study is the case–control ap-
proach because, due to the reduced sample size, a 
family approach is a better alternative to obtain best 
power for similar sample size and avoid the problem 
of subpopulation stratification24.

One strategy to overcome these obstacles is to 
form a multiethnic consortium in the study of the 
genetics of VVS, to determine the participation of 
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polymorphisms in these four genes of ADRA and 
ADRB in patients with VVS.
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