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ABSTRACT
Background: Treadmill exercise test responses have
been associated with cardiovascular prognosis in
individuals without overt heart disease. Neurohumoral
and nitric oxide responses may influence
cardiovascular performance during exercise testing.
Therefore, we evaluated associations between
functional genetic polymorphisms of α-adrenergic
receptors, endothelial nitric oxide synthase, bradykinin
receptor B2 and treadmill exercise test responses in
men and women without overt heart disease.
Methods: We enrolled 766 (417 women; 349 men)
individuals without established heart disease from a
check-up programme at the Heart Institute, University
of São Paulo Medical School. Exercise capacity,
chronotropic reserve, maximum heart-rate achieved,
heart-rate recovery, exercise systolic blood pressure
(SBP), exercise diastolic blood pressure (DBP) and
SBP recovery were assessed during exercise testing.
Genotypes for the α-adrenergic receptors ADRA1A
Arg347Cys (rs1048101), ADRA2A 1780 C>T
(rs553668), ADRA2B Del 301–303 (rs28365031),
endothelial nitric synthase (eNOS) 786 T>C
(rs2070744), eNOS Glu298Asp (rs1799983) and BK2R
(rs5810761) polymorphisms were assessed by PCR
and high-resolution melting analysis.
Results: Maximum SBP was associated with ADRA1A
rs1048101 (p=0.008) and BK2R rs5810761 (p=0.008)
polymorphisms in men and ADRA2A rs553668
(p=0.008) and ADRA2B rs28365031 (p=0.022) in
women. Maximum DBP pressure was associated with
ADRA2A rs553668 (p=0.002) and eNOS rs1799983
(p=0.015) polymorphisms in women. Exercise capacity
was associated with eNOS rs2070744 polymorphisms
in women (p=0.01) and with eNOS rs1799983 in men
and women (p=0.038 and p=0.024).
Conclusions: The findings suggest that genetic
variants of α-adrenergic receptors and bradykinin B2
receptor may be involved with blood pressure
responses during exercise tests. Genetic variants of
endothelial nitric oxide synthase may be involved with
exercise capacity and blood pressure responses during
exercise tests. These responses may be gender-related.

INTRODUCTION
Cardiovascular responses during and after
exercise stress testing, such as heart-rate,
blood pressure and exercise capacity, have
been reported to predict cardiovascular
health in individuals without overt heart
disease.1–4 Several pathways are involved with
the regulation of cardiovascular response
during exercise.5 The influence of physio-
logical pathways, including the autonomic

KEY QUESTIONS

What is already known about this subject?
▸ There are few data about genetic associations of

exercise test responses. The greater study that
addressed this topic, to the best of our knowledge,
was conducted by Ingelsson et al9. Ingelsson
studied genetic associations of blood pressure
and heart-rate during treadmill exercise tests in a
large population of a Framingham study. Of note,
exercise capacity was not analysed in Ingelsson’s
study. Other studies presented more modest
samples with heterogeneity in the analysed exer-
cise phenotypes.

What does this study add?
▸ This study adds new information about genetic

associations of important exercise test responses
such as exercise capacity and exercise blood
pressure.

How might this impact on clinical practice?
▸ The knowledge about genetic associations of

exercise test responses contributes to the under-
standing of new pathways involved in cardiovas-
cular function and exercise physiology. The
genetic variants in this study may represent
important markers of cardiovascular regulation
during exercise. This information may be utilised
in future researches focusing on cardiovascular
health.
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nervous system,6 renin-angiotensin-aldosterone system
and endothelium-derived vasoactive substances,7 8 on
exercise performance have been demonstrated, but the
contribution of genetic variations of these systems to
inter-individual responses during exercise is not so well
documented.
A study of 2982 Framingham Offspring participants

evaluated the genetic variants of heart rate and blood
pressure responses during and after treadmill exercise
testing with the Bruce protocol in 14 genes related to
neurohumoral pathways. From 10 associations between
the examined variants and exercise phenotypes that
reached a nominal significance level, eight included
genes encoding α-adrenergic receptors (ADRA), suggest-
ing that this pathway may be an important determinant
of exercise haemodynamics in this cohort.9 The impact
of endothelial nitric synthase (eNOS) polymorphism on
exercise haemodynamics was also assessed in studies
with different methodologies,10–12 also suggesting a role
of eNOS in cardiovascular regulation of exercise.
In this study, we evaluated associations between the

common genetic polymorphisms of ADRA (ADRA1A,
ADRA 2A, ADRA2B), eNOS and bradykinin B2 receptor
with heart rate, blood pressure and exercise capacity
responses during treadmill exercise testing in individuals
without overt cardiovascular disease. We also hypothe-
sised, due to established sex-related differences in car-
diovascular performance during exercise, that these
associations may be different between women and men.

METHODS
Study sample
We studied 766 unrelated asymptomatic participants
(417 female and 349 male) enrolled in a cohort of
patients who underwent a check-up protocol in the
General Outpatient Clinics at a university hospital. The
study enrolled women and men aged 18 years or older
without a medical history of heart disease.
Participants underwent clinical examination (clinical

history and physical examination), 12-lead ECG, chest
X-ray, echocardiogram and laboratory work up (blood
cell count, serum glucose, cholesterol and lipoproteins,
triglycerides, creatinine and high-sensitivity C reactive
protein) before enrolment.

Exclusion criteria
Participants with evidence of heart disease during the
initial clinical evaluation were excluded from the study.
Patients with a history of diabetes mellitus, cerebrovascu-
lar disease, cancer, chronic obstructive pulmonary
disease, thyroid disease or other significant systemic dis-
eases were also excluded.

Treadmill exercise test
The participants underwent a symptom-limited treadmill
exercise test according to the Ellestad protocol.13 The
criteria for interruption of the exercise were physical

exhaustion or exceeding the maximum heart rate pre-
dicted for the patient’s age. Individuals were encouraged
to exercise until they experienced limiting symptoms,
even if 85% of maximum predicted heart rate was
achieved. Peak exercise capacity was estimated from
exercise time and reported as metabolic equivalents.14

During exercise and recovery stages of the protocol,
we recorded symptoms, blood pressure and heart rate.
Predicted peak heart rate was calculated as 220 minus
age. Peak heart rate achieved and exercise systolic and
diastolic blood pressure achieved were recorded at the
end of the exercise stage.
Chronotropic reserve was estimated as follows: (peak

heart rate achieved−baseline heart rate)/(predicted
peak heart rate−baseline heart rate). After peak exer-
cise, the recovery stage followed, where individuals
walked for a 3-min cool-down period at 1.5 mph without
an incline. Heart rate recovery was defined as peak
heart rate minus heart rate at 1, 2 and 3 min of the
recovery stage. Blood pressure recovery was defined as
the systolic blood pressure (SBP) values at 1, 2 and
3 min of the recovery stage.
The responses of the exercise testing included in the

analysis were chronotropic reserve, heart-rate recovery,
exercise SBP, exercise diastolic blood pressure, SBP
recovery and exercise capacity.

Demographic and laboratory data
Weight and height were measured and body mass index
(BMI) was calculated. Ethnicity was classified for the
Brazilian population according to a set of phenotypic
characteristics (such as skin colour, hair texture, shape
of the nose and aspect of the lips) and individuals were
classified as Caucasian, Intermediate (meaning Brown,
Pardo in Portuguese), African–American or Asian.15 16

The participants were classified as current smokers or
non-smokers.
Laboratory work up included fasting plasma glucose,

cholesterol and lipoproteins, serum triglycerides, serum
creatinine, haemoglobin, leucocyte count, thyroid test
and high-sensitivity C reactive protein.

Genotyping
Genomic DNA from participants was extracted from a
peripheral blood following standard salting-out proced-
ure. Genotypes for the polymorphisms ADRA1A
rs1048101 (Arg347Cys), ADRA2A rs553668 (1780 C>T),
ADRA2B rs28365031 (Del 301–303), eNOS rs2070744
T786C (786 T>C), eNOS rs1799983 (Glu298Asp) and
BK2R rs5810761 were detected by PCR followed by high-
resolution melting (HRM) analysis with a Rotor Gene
6000 instrument (Qiagen, Courtaboeuf, France).17 The
QIAgility (Qiagen, Courtaboeuf, France), an automated
instrument, was used according to manufacturer’s
instructions to optimise the sample preparation step.
One specific disc is able to genotype 96 samples for
these polymorphisms.17
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Amplification of the fragment was performed using
the primers for the polymorphisms studied. A 40-cycle
PCR was carried out with the following conditions:
denaturation of the template DNA for first cycle of 94°C
for 120 s, denaturation of 94°C for 20 s, annealing of
53.4°C for 20 s and extension of 72°C for 22 s. PCR was
performed using a 10 μL reactive solution (10 mM Tris–
HCl, 50 mM KCl, pH 9.0; 2.0 mM MgCl2; 200 μM of
each dNTP; 0.5 U Taq DNA polymerase; 200 nM of each
primer; 10 ng of genomic DNA template) with addition
of fluorescent DNA-intercalating SYTO9 ((1.5 μM);
Invitrogen, Carlsbad, USA).
In the HRM phase, the Rotor Gene 6000 measured

the fluorescence at each 0.1°C temperature increase in
the range of 73–85°C. Melting curves were generated by
the decrease in fluorescence with the increase in the
temperature; and in analysis, nucleotide changes
resulted in three different curve patterns. Samples of
the three observed curves were analysed using bidirec-
tional sequencing as a validation procedure (ABI
Terminator Sequencing Kit and ABI 3500XL Sequencer
—Applied Biosystems, Foster City, California, USA). The
two methods gave identical results in all tests.
The wild-type, heterozygous and mutant homozygous
genotypes were easily discernible by HRM analysis. In
addition, 4% of the samples were randomly selected and
reanalysed as quality controls, and gave identical results.

Statistical analysis
Continuous data are expressed as mean±SD. Categorical
data are expressed as number and percentage.
Differences of means between men and women were
estimated by Student’s t test. Residual analyses were used
to determine whether the data set was well modelled.
The treadmill exercise test responses were considered
dependent variables, and the genetic polymorphisms
were considered independent variables. The
Hardy-Weinberg proportions for each polymorphism
studied were determined using the χ2 test.
Multiple linear regression and mixed linear model

(when dependent variables were repeated measures)
were performed to study the associations between the
exercise variables and the genetic polymorphisms in
men and women. Interactions between gender and inde-
pendent variables were included in the models to
confirm differences in associations between the genetic
polymorphisms and the dependent variables exercise
capacity, exercise SBP and exercise diastolic blood pres-
sure. Women were considered as reference and, in add-
ition to this analysis, tests for main effects (for women),
interaction effects (difference between women and
men) and the sum of these effects (for men) were con-
ducted.18 The heterozygous genotype was considered as
reference. All analyses were performed in the statistical
software R (V.2.15.1).
Demographic and laboratory covariates included in

the model were age, ethnicity, BMI, smoking status, base-
line diastolic and SBP, fasting glucose, total cholesterol,

high-density lipoprotein-cholesterol and triglycerides.
When interactions p value <0.15, complementary ana-
lyses were performed to investigate associations between
the polymorphisms and dependent variables for each
gender. A p value <0.05 was considered significant.

Ethics
The study protocol was approved by the Ethics
Committee on Human Research of the Heart Institute,
University of São Paulo Medical School, and all partici-
pants were instructed about the study and signed an
informed consent.

RESULTS
The characteristics of the study participants are shown
in table 1. Mean age was 43 years (age range, 18–79).
Participants were more frequently middle-aged partici-
pants, with normal levels of arterial blood pressure,

Table 1 Demographic and laboratory characteristics of

the study population

Variables

Gender Men 349 (45.6%)

Women 417

(54.4%)

Smoking* 145 (19.9%)

Ethnicity† White 502 (77.3%)

Black 36 (5.6%)

Pardos 101 (15.6%)

Asian 10 (1.5%)

Age (years) 43 (13.2)

Body mass index (kg/m2) 26.3 (4.4)

Rest systolic blood pressure

(mmHg)

124.1 (13.5)

Rest diastolic blood pressure

(mmHg)

80.9 (9.3)

Haemoglobin (g/dL) 14.4 (1.3)

Leucocyte count (n°/ mm3) 6785 (1857)

Creatinine (mg/dL) 0.85 (0.18)

Plasma glucose (mg/dL) 92.4 (8.6)

Total cholesterol (mg/dL) 193.5 (38)

HDL-cholesterol (mg/dL) 49.1 (13.5)

LDL-cholesterol (mg/dL) 121.4 (32.6)

Triglycerides (mg/dL) 117.6 (77.4)

C reactive protein (mg/L) 2.54 (3)

EDLVD (cm) 4.6 (0.3)

ESLVD (cm) 2.9 (0.3)

IV (cm) 0.8 (0.1)

LVPW (cm) 0.8 (0.6)

LVEF (%) 66 (4.8)

Categorical data are expressed as number (percentage) and
continuous data as mean (SD).
*Relative to 728 participants with smoking status data.
†Relative to ethnicity data of 649 participants.
EDLVD, end-diastolic left ventricular diameter; ESLVD,
end-systolic left ventricular diameter; HDL, high-density
lipoprotein; IV, interventricular septum; LDL, low-density
lipoprotein; LVEF, left ventricular ejection fraction; LVPW, left
ventricular posterior wall.
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lipids and fasting glucose, despite the tendency to be
overweight (50% of the participants had a BMI >25 mg/
kg2); 145 (19.9%) participants were current smokers.
The responses during the treadmill exercise test are

shown in table 2. Rest and exercise blood pressures,
exercise capacity and chronotropic reserve were higher
in men than in women. There was no significant differ-
ence relative to heart rate at the first, second and third
minutes of the recovery phase and to SBP at the first,
second and third minutes of the recovery phase between
men and women. The genotype and allelic distribution
of the polymorphisms studied in the sample are
depicted in table 3. These polymorphisms, except for
the polymorphism ADRA2B rs28365031, are in accord-
ance with the Hardy-Weinberg equilibrium.
Exercise SBP was associated with the polymorphisms

ADRA1A rs1048101 (p=0.008) and BK2R rs5810761
(p=0.008) in men, and with ADRA2A rs553668
(p=0.008) and ADRA2B rs28365031 (p=0.022) in

women. Interaction effects were statistically significant
with p values equal to 0.116, 0.065, 0.008 and 0.128,
respectively (table 4). Men with the ADRA1A rs1048101
Cys/Cys genotype had higher exercise SBP than carriers
of the Arg/Cys and Arg/Arg genotypes. Men with BK2R
rs5810761 DD genotype had higher exercise SBP than
carriers of ID and II genotypes. Women with ADRA2A
rs553668 CC genotype had lower maximum SBP than
women with CT and TT genotypes. Women with
ADRA2B rs28365031 DD genotype had lower exercise
SBP than women with ID and II genotypes.
Exercise diastolic blood pressure was associated with

the polymorphism ADRA2A rs553668 (p=0.002) and
eNOS rs1799983 (p=0.015) in women (table 4). In men,
the same relationship was observed between exercise dia-
stolic blood pressure and the rs553668, reaching close to
statistical significance (p=0.071). Individuals with the
ADRA2A rs553668 TT genotype had higher exercise dia-
stolic blood pressure than carriers of the CT and CC

Table 2 Cardiovascular responses during treadmill exercise test in men and women

Variable Men Women p Value

Exercise capacity 10.5 1.9 8.8 1.9 <0.001

Chronotropic reserve 0.9 0.13 0.85 0.15 <0.001

Maximum SBP (mmHg) 181.1 20.4 161.9 20.3 <0.001

Maximum DBP (mmHg) 87.8 10.7 83.6 10.1 <0.001

SBP 1st minute recovery stage (mmHg) 170.0 21.6 151.9 20.9 <0.001

SBP 2nd minute recovery stage (mmHg) 161.3 21.2 141.1 19.6 <0.001

SBP 3rd recovery stage (mmHg) 148.9 18.7 132.1 16.0 <0.001

SBP recovery 1st minute* 10.8 14.7 8.8 12.1 0.137

SBP recovery 2nd minute* 20.2 17.4 20.0 14.4 0.922

SBP recovery 3rd minute* 31.9 16.3 29.5 16.0 0.114

Peak heart-rate 166.6 15.2 161.8 17.3 <0.001

HR 1st minute recovery stage (bpm) 126.0 18.5 120.8 19.9 0.003

HR 2nd minute recovery stage (bpm) 110.9 17.2 104.2 18.2 <0.001

HR 3rd minute recovery stage (bpm) 104.8 15.5 99.0 15.9 <0.001

HRR 1st minute (bpm)† 40.6 16.8 42.0 14.2 0.328

HRR 2nd minute (bpm)† 55.4 15.1 57.7 13.9 0.087

HRR 3rd minute (bpm)† 61.6 14.4 63.1 14.4 0.246

*Systolic blood pressure recovery was defined as the difference between maximum systolic blood pressure and systolic blood pressure at
recovery stage.
†Heart-rate recovery was defined as the difference between peak heart-rate and heart-rate at recovery stage.
DBP, diastolic blood pressure; HR, heart-rate; HRR, heart-rate recovery; SBP, systolic blood pressure.

Table 3 Genotypic and allelic frequencies of the study variants

Variant Genotype n (%) Allele n (%)

CC CT TT C T

ADRA1A rs1048101 197 (29.9) 328 (49.8) 134 (20.3) 722 (54.8) 596 (45.2)

ADRA2A rs553668 413 (62.6) 215 (32.6) 32 (4.8) 1041 (78.9) 279 (21.1)

eNOS_rs2070744 71 (10.8) 270 (41.3) 313 (47.9) 412 (31.5) 896 (68.5)

II ID DD I D

ADRA2B rs28365031 409 (63.4) 153 (23.7) 83 (12.9) 971 (75.3) 319 (24.7)

BKRB2 rs5810761 193 (29.1) 333 (50.2) 137 (20.7) 719 (54.2) 607 (45.8)

GG GT TT G T

eNOS rs1799983 329 (50) 272 (41.3) 57 (8.7) 930 (70.7) 386 (29.3)

ADRA, α-adrenergic receptors; eNOS, endothelial nitric synthase.
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genotypes. Women with the eNOS rs1799983 GG geno-
type had lower exercise diastolic blood pressure during
exercise than carriers of GT and TT genotypes.
Exercise capacity was associated with the polymorph-

ism eNOS rs2070744 for women (p=0.010), but not for
men (interaction p=0.085). Women with TT genotype
had higher exercise capacity than carriers of TC and CC
genotypes (table 4). In both genders, polymorphism
eNOS rs1799983 was associated with exercise capacity.
Individuals with eNOS rs1799983 Glu/Glu genotype
(p=0.038) and Asp/Asp genotype (p=0.024) had lower
exercise capacity than individuals with Glu/Asp geno-
type. Additional tests showed that there is no difference
between Glu/Glu and Asp/Asp genotype (p=0.164).

DISCUSSION
In this study, we found significant associations between
treadmill exercise test responses and genetic variants of
important physiological pathways associated with circula-
tory system regulation. We observed that these associa-
tions differed among the sexes and were mainly related
to blood pressure responses during exercise.
The differences between men and women relative to the

impact of genetic variants on exercise responses are multi-
factorial. The sensitivity and responsiveness of adrenergic
receptors have been reported to be distinct between men
and women.19 20 Studies have shown that muscle sympa-
thetic nerve activity is lower in premenopausal women
than in men, and sympathetic activity and baroreflex sensi-
tivity may be influenced by female reproductive hor-
mones.21–24 In addition, women have attenuated
vasoconstrictor sensitivity to α1-adrenergic stimulation but
higher vasodilator sensitivity to α2-receptor stimulation
compared to men,20 25 26 suggesting that the autonomic
control of vascular tonus appears to be different between
men and women. A sex difference is also noted relative to
effects of nitric oxide on vasomotor responses. Women
have greater basal nitric oxide biosynthesis than men have,
and oestrogen receptors may influence eNOS expression
and, consequently, vascular function.25 27 Our finding sug-
gests that neurohumoral and endothelial influences on
exercise performance may have different genetic modula-
tions in men and women.
The associations found in our study were mainly

related to blood pressure responses during exercise,
with the exception of the association between the eNOS
rs2070744 variant and exercise capacity in women.
These observations are not unexpected, considering that
we have already studied genetic variants of pathways
closely related to vasoconstrictor and vasodilatation
regulation.28

The polymorphism ADRA1A rs1048101 influenced
the maximum SBP in men, with greater values in car-
riers of the Cys/Cys genotype than in carriers of the Arg
allele. This polymorphism was associated with autonomic
control and with blood pressure responses to antihyper-
tensive drugs.29–31 In a multiethnic Brazilian study with

1500 participants, the rs1048101 allele Cys was associated
with higher levels of blood pressure in a subgroup of
physically active participants aged 45 years or lower, but
not in sedentary participants,32 suggesting that this
variant may be implicated with the blood pressure adap-
tations to exercise.
The polymorphism ADRA2A rs553668 was associated

with exercise SBP and exercise diastolic blood pressure in
women, and with approaching significance in men
regarding maximum diastolic blood pressure. The
α-adrenergic receptor 2A participates in several physio-
logical responses, such as vascular tonus control, insulin
release from pancreatic cells and adipocyte metabolism
in humans.33 The autonomic responses to stress also
appear to be exacerbated in carriers of the ADRA2A
rs553668 allele T,34 and in some ethnic groups this allele
may be related to hypertension and diabetes mellitus.33 35

In our study, this polymorphism appears to be a signifi-
cant marker of blood pressure responses during exercise.
The polymorphism ADRA2B rs28365031 was associated

with exercise SBP in women. To the best of our knowledge,
there is no study evaluating the impact of this polymorph-
ism on exercise profiles. Previous studies have suggested
that the deletion variant is associated with adverse cardiovas-
cular prognosis in select populations.36 37 In our study, the
deletion/deletion genotype was associated with a lower
increase in exercise SBP in relation to insertion/insertion
and insertion/deletion genotypes, suggesting that in our
sample the deletion allele may not be associated with an
unfavourable cardiovascular performance during exercise.
The NO produced by endothelium has an important

role in vascular tonus control, which may be relevant to
balance between muscular vasodilation and vasoconstric-
tion during and after exercise.8 Genetic variants of endo-
thelial nitric oxide synthase have been reported to affect
NO release.38 39 In our study, the eNOS rs2070744 poly-
morphism influenced exercise capacity in women and
eNOS rs1799983 influenced exercise capacity in both
gender. Few data are available on the impact of these
polymorphisms on cardiovascular responses during exer-
cise. Two studies with modest samples (49 males and 55
females, respectively) showed divergent results regarding
the influence of eNOS rs2070744 polymorphism on
blood pressure response to exercise training.11 12 In a
Spanish study, Gómez-Gallego et al40 found a higher
prevalence of carriers of genotype TT in elite power ath-
letes than in non–athletic controls. We also found an
association between the eNOS rs1799983 polymorphism
and exercise diastolic blood pressure in women, with car-
riers of the GG genotype having lower exercise diastolic
blood pressure than carriers of allele T. Despite the lack
of an established influence of this variant on eNOS
expression, the presence of the T allele has been impli-
cated in some pathological conditions such as hyperten-
sion,41 coronary vasospasms and impaired muscle
vasodilation.10 42 Our finding diverges from the finding
in a Korean study with 209 participants, which described
an increase in hypertensive response to exercise in
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carriers of the GG genotype.43 This suggests a possible
ethnic influence on genetic modulation of exercise
responses. Our findings also support the concept that the
eNOS gene may play a significant role in exercise per-
formance in individuals without cardiovascular disease.
The bradykinin receptor B2 polymorphism rs5810761

influenced exercise SBP in men in our study. Bradykinin is
a polypeptide with important physiological effects on the
vascular bed and muscle metabolism.44 45 Few data exist
about the impact of bradykinin receptor genes on blood
pressure and exercise performance. In a Brazilian study, the
deletion allele was associated with higher diastolic blood

pressure in the general population of a metropolitan
area.32 Another BDKRB2 polymorphism has been shown to
influence physical performance in marathon runners.46

These findings suggest that BDKRB2 may participate in the
modulation of exercise.
The present study has limitations that must be addressed.

In the treadmill exercise test, we used the Ellestad protocol,
which is currently used at our institution for individuals
without significant functional limitations, instead of the
most commonly used Bruce protocol. Despite the more
widespread use of the Bruce protocol in specific popula-
tions, many studies that evaluated exercise testing variables

Table 4 Estimates of the associations between treadmill exercise test responses and genetic polymorphism in the study

population

Interaction
p Value Estimate p Value Estimate p Value

Exercise capacity

ADRA1A rs1048101 (Cys/Cys vs Cys/Arg) 0.220 0.45 0.070 – –

ADRA1A rs1048101 (Arg/Arg vs Cys/Arg) 0.327 0.18 0.416 – –

ADRA2A rs553668 (CC vs CT) 0.278 0.01 0.960 – –

ADRA2A rs553668 (TT vs CT) 0.838 0.21 0.683 – –

ADRA2B rs28365031 (DD vs ID) 0.709 −0.28 0.436 – –

ADRA2B rs28365031 (II vs ID) 0.127 −0.23* 0.415* 0.33† 0.302†

eNOS rs2070744 (TT vs TC) 0.085 2.14* 0.010* 0.34† 0.733†

eNOS rs2070744 (CC vs TC) 0.715 0.78 0.390 − −
eNOS rs1799983 (Glu/Glu vs Glu/Asp) 0.539 −0.47 0.038 – –

eNOS rs1799983 (Asp/Asp vs Glu/Asp) 0.876 −0.81 0.024 – –

BK2R rs5810761 (DD vs ID) 0.998 −0.40 0.129 – –

BK2R rs5810761 (II vs ID) 0.292 −0.15 0.497 – –

Exercise systolic blood pressure

ADRA1A rs1048101 (Cys/Cys vs Cys/Arg) 0.116 1.76* 0.538* 8.13† 0.008†

ADRA1A rs1048101 (Arg/Arg vs Cys/Arg) 0.714 −1.31 0.503 – –

ADRA2A rs553668 (CC vs CT) 0.008 −6.41* 0.008* 3.73† 0.140†

ADRA2A rs553668 (TT vs CT) 0.444 1.97 0.657 – –

ADRA2B rs28365031 (DD vs ID) 0.128 −8.86* 0.022* −0.06† 0.990†

ADRA2B rs28365031 (II vs ID) 0.092 −2.90* 0.280* 3.91† 0.220†

eNOS rs2070744 (TT vs TC) 0.562 −2.99 0.121 – –

eNOS rs2070744 (CC vs TC) 0.621 −5.42 0.072 – –

eNOS rs1799983 (Glu/Glu vs Glu/Asp) 0.956 −0.29 0.880 – –

eNOS rs1799983 (Asp/Asp vs Glu/Asp) 0.101 5.21* 0.246* −6.37† 0.158†

BK2R rs5810761 (DD vs ID) 0.065 6.02* 0.522* 29.06† 0.008†

BK2R rs5810761 (II vs ID) 0.451 8.40 0.200 – –

Exercise diastolic blood pressure

ADRA1A rs1048101 (Cys/Cys vs Cys/Arg) 0.946 0.23 0.817 – –

ADRA1A rs1048101 (Arg/Arg vs Cys/Arg) 0.129 1.22* 0.301* −0.99† 0.429†

ADRA2A rs553668 (CC vs CT) 0.851 −1.09 0.168 – –

ADRA2A rs553668 (TT vs CT) 0.032 12.74* 0.002* 6.82† 0.071†

ADRA2B rs28365031 (DD vs ID) 0.599 −2.12 0.114 – –

ADRA2B rs28365031 (II vs ID) 0.641 −0.79 0.382 – –

eNOS rs2070744 (TT vs TC) 0.565 1.19 0.172 – –

eNOS rs2070744 (CC vs TC) 0.786 −0.24 0.861 – –

eNOS rs1799983 (Glu/Glu vs Glu/Asp) 0.028 −8.35* 0.015* −2.12† 0.572†

eNOS rs1799983 (Asp/Asp vs Glu/Asp) 0.850 0.28 0.848 – –

BK2R rs5810761 (DD vs ID) 0.625 0.52 0.608 – –

BK2R rs5810761 (II vs ID) 0.178 −0.07 0.933 – –

When interactions p value <0.15, complementary analyses were performed to investigate associations between the polymorphisms and
dependent variables for each gender.
*For women.
†For men.
ADRA, α-adrenergic receptors; eNOS, endothelial nitric synthase.
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used different protocols to study cardiovascular responses to
exercise.2 4 The number of variables included in the model
with multiple hypotheses tests may increase family wise
error rate and, possibly, the finding of false-positive associa-
tions. However, we recognise that our findings are only
hypothesis generating, needing validation in other popula-
tions. The observed associations may not indicate a direct
relationship between the analysed polymorphism and exer-
cise phenotypes, since these variants may be in strong
linkage disequilibrium with many other genetic loci not
analysed in the present study. Nevertheless, linkage disequi-
librium allows that some polymorphisms, despite not being
directly associated with the expression of a specific pheno-
type, become markers of this same phenotype.

CONCLUSIONS
In women, exercise SBP was associated with ADRA2A
rs553668 and ADRA2B rs28365031; exercise diastolic
blood pressure was influenced by eNOS rs1799983 and
ADRA2A rs553668; exercise capacity was associated with
eNOS rs2070744 in women and with eNOS rs1799983 in
men and women. In men, exercise SBP was associated
with ADRA1A rs1048101 and BKRB2 rs5810761.
These findings suggest that genetic variants of ADRA

and bradykinin B2 receptor may be involved with blood
pressure responses during exercise tests. Endothelial
nitric oxide synthase variants may be involved with exer-
cise capacity and blood pressure responses during exer-
cise tests. These responses may be gender-related.

Acknowledgements The authors thank Daniel D Barreto and Rubens T
Schmidt for conducting part of the statistical analysis. The authors thank
Theo G M de Oliveira and Paulo C L Santos for their kind contribution to
genotyping.

Contributors All authors have revised and approved the manuscript.

Funding This study was supported in part by Fundação de Amparo à
Pesquisa do Estado de São Paulo (FAPESP) 2009/52992–1.

Competing interests None.

Patient consent Obtained.

Ethics approval Ethics Committee on Human Research of the Heart Institute,
University of São Paulo Medical School.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Study Association This article is part of the doctoral thesis of Rafael Amorim
Belo Nunes, of Pós Graduação de Cardiologia da Faculdade de Medicina da
Universidade de São Paulo.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Cole CR, Blackstone EH, Pashkow FJ, et al. Heart-rate recovery

immediately after exercise as a predictor of mortality. N Engl J Med
1999;341:1351–7.

2. Myers J, Prakash M, Froelicher V, et al. Exercise capacity and
mortality among men referred for exercise testing. N Engl J Med
2002;346:793–801.

3. Jouven X, Empana JP, Schwartz PJ, et al. Art-rate profile during
exercise as a predictor of sudden death. N Engl J Med
2005;352:1951–8.

4. Kokkinos P, Myers J, Faselis C, et al. Exercise capacity and
mortality in older men: a 20-year follow-up study. Circulation
2010;122:790–7.

5. Iellamo F. Neural mechanisms of cardiovascular regulation during
exercise. Auton Neurosci 2001;90:66–75.

6. Freeman JF, Dewey FE, Hadley DM, et al. Autonomic nervous
system interaction with the cardiovascular system during exercise.
Prog Cardiovasc Dis 2006;48:342–62.

7. Fallo F. Renin-angiotensin-aldosterone system and physical
exercise. J Sports Med Phys Fitness 1993;33:306–12.

8. Maiorana A, O’Driscoll G, Taylor R, et al. Exercise and the nitric
oxide vasodilator system. Sports Med 2003;33:1013–35.

9. Ingelsson E, Larson MG, Vasan RS, et al. Heritability, linkage, and
genetic associations of exercise treadmill test responses. Circulation
2007;115:2917–24.

10. Dias RG, Alves MN, Pereira AC, et al. Glu298Asp eNOS gene
polymorphism causes attenuation in nonexercising muscle
vasodilatation. Physiol Genomics 2009;37:99–107.

11. Augeri AL, Tsongalis GJ, Van Heest JL, et al. The endothelial nitric
oxide synthase -786 T>C polymorphism and the exercise-induced
blood pressure and nitric oxide responses among men with elevated
blood pressure. Atherosclerosis 2009;204:28–34.

12. Sponton CH, Rezende TM, Mallagrino PA, et al. Women with TT
genotype for eNOS gene are more responsive in lowering blood
pressure in response to exercise. Eur J Cardiovasc Prev Rehabil
2010;17:676–81.

13. Kemp GL, Ellestad MH. The current application of maximal treadmill
stress testing. Calif Med 1967;107:406–12.

14. Pollock ML, Bohannon RL, Cooper KH, et al. A comparative analysis
of four protocols for maximal treadmill stress testing. Am Heart J
1976;92:39–46.

15. Santos PC, Alvim Rde O, Ferreira NE, et al. Ethnicity and arterial
stiffness in Brazil. Am J Hypertens 2011;24:278–84.

16. Santos PC, Soares RA, Santos DB, et al. CYP2C19 and ABCB1
gene polymorphisms are differently distributed according to
ethnicity in the Brazilian general population. BMC Med Genet
2011;12:13.

17. Santos PC, Soares RA, Krieger JE, et al. Genotyping of the
hemochromatosis HFE p.H63D and p.C282Y mutations by
high-resolution melting with the Rotor-Gene 6000((R)) instrument.
Clin Chem Lab Med 2011;49:1633–6.

18. Neter J, Kutner M, Nachtsheim CJ, et al. Applied linear statistical
models. 4th edn. McGraw-Hill Companies, 1996:1408.

19. Luzier AB, Nawarskas JJ, Añonuevo J, et al. The effects of gender
on adrenergic receptor responsiveness. J Clin Pharmacol
1998;38:618–24.

20. Kneale BJ, Chowienczyk PJ, Brett SE, et al. Gender differences in
sensitivity to adrenergic agonists of forearm resistance vasculature.
J Am Coll Cardiol 2000;36:1233–8.

21. Minson CT, Halliwill JR, Young TM, et al. Influence of the menstrual
cycle on sympathetic activity, baroreflex sensitivity, and vascular
transduction in young women. Circulation 2000;101:862–8.

22. Charkoudian N. Influences of female reproductive hormones on
sympathetic control of the circulation in humans. Clin Auton Res
2001;11:295–301.

23. Charkoudian N, Joyner MJ, Johnson CP, et al. Balance between
cardiac output and sympathetic regulation. J Physiol
2005;56:315–21.

24. Schmitt JA, Joyner MJ, Charkoudian N, et al. Sex differences in
alpha-adrenergic support of blood pressure. Clin Auton Res
2010;20:271–5.

25. Kneale BJ, Chowienczyk PJ, Cockcroft JR, et al. Vasoconstrictor
sensitivity to noradrenaline and NG-monomethyl-l-arginine in men
and women. Clin Sci (Lond) 1997;93:513–18.

26. Freedman RR, Sabharwal SC, Desai N. Sex differences
in peripheral vascular adrenergic receptors. Circ Res
1987;61:581–5.

27. Hisamoto K, Bender JR. Vascular cell signaling by membrane
estrogen receptors. Steroids 2005;70:382–7.

28. Ehret GB, Munroe PB, Rice KM, et al. Genetic variants in novel
pathways influence blood pressure and cardiovascular disease risk.
Nature 2011;478:103–9.

29. Iacoviello M, Forleo C, Sorrentino S, et al. Alpha- and beta-adrenergic
receptor polymorphisms in hypertensive and normotensive offspring.
J Cardiovasc Med (Hagerstown) 2006;7:316–21.

Nunes RAB, Barroso LP, Pereira AC, et al. Open Heart 2014;1:e000132. doi:10.1136/openhrt-2014-000132 7

Basic and translational research

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2014-000132 on 22 D
ecem

ber 2014. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://openheart.bmj.com/


30. Matsunaga T, Yasuda K, Adachi T, et al. Alpha-adrenoceptor gene
variants and autonomic nervous system function in a young healthy
Japanese population. J Hum Genet 2007;52:28–37.

31. Jiang S, Mao G, Zhang S, et al. Individual and joint association of
alpha1A-adrenergic receptor Arg347Cys polymorphism and plasma
irbesartan concentration with blood pressure therapeutic response in
Chinese hypertensive subjects. Clin Pharmacol Ther
2005;78:239–48.

32. Freitas SR, Pereira AC, Floriano MS, et al. Insertion/deletion
polymorphism of the bradykinin type 2 receptor gene influence
diastolic blood pressure. J Hum Hypertens 2009;23:553–5.

33. Rosengren AH, Jokubka R, Tojjar D, et al. Overexpression of
alpha2A-adrenergic receptors contributes to type 2 diabetes.
Science 2010;327:217–20.

34. Finley JC Jr, ÒLeary M, Wester D, et al. A genetic polymorphism of
the alpha2-adrenergic receptor increases autonomic responses to
stress. J Appl Physiol 2004;96:2231–9.

35. Lockette W, Ghosh S, Farrow S, et al. Alpha 2-adrenergic receptor
gene polymorphism and hypertension in blacks. Am J Hypertens
1995;8:390–4.

36. Snapir A, Heinonen P, Alhopuro P, et al. An insertion/deletion
polymorphism in the alpha2B-adrenergic receptor gene is a novel genetic
risk factor for acute coronary events. J Am Coll Cardiol 2001;37:1516–22.

37. Laukkanen JA, Mäkikallio TH, Kauhanen J, et al. Insertion/deletion
polymorphism in alpha2-adrenergic receptor gene is a genetic risk
factor for sudden cardiac death. Am Heart J 2009;158:615–21.

38. Tanus-Santos JE, Desai M, Deak LR, et al. Effects of endothelial
nitric oxide synthase gene polymorphisms on platelet function, nitric

oxide release, and interactions with estradiol. Pharmacogenetics
2002;12:407–13.

39. Dosenko VE, Zagoriy VY, Haytovich NV, et al. Allelic polymorphism
of endothelial NO-synthase gene and its functional manifestations.
Acta Biochim Pol 2006;53:299–302.

40. Gómez-Gallego F, Ruiz JR, Buxens A, et al. The -786 T/C
polymorphism of the NOS3 gene is associated with
elite performance in power sports. Eur J Appl Physiol
2009;107:565–9.

41. Miyamoto Y, Saito Y, Kajiyama N, et al. Endothelial nitric oxide
synthase gene is positively associated with essential hypertension.
Hypertension 1998;32:3–8.

42. Yoshimura M, Yasue H, Nakayama M, et al. A missense
Glu298Asp variant in the endothelial nitric oxide synthase gene is
associated with coronary spasm in the Japanese. Hum Genet
1998;103:65–9.

43. Kim JS, Cho JR, Park S, et al. Endothelial nitric oxide synthase
Glu298Asp gene polymorphism is associated with hypertensive
response to exercise in well-controlled hypertensive patients. Yonsei
Med J 2007;48:389–95.

44. Burch RM, Kyle DJ. Recent developments in the understanding of
bradykinin receptors. Life Sci 1992;50:829–38.

45. Mayfield RK, Shimojo N, Jaffa AA. Skeletal muscle kallikrein. Potential
role in metabolic regulation. Diabetes 1996;45(Suppl. 1):S20–3.

46. Tsianos GI, Evangelou E, Boot A, et al. Associations of
polymorphisms of eight muscle- or metabolism-related genes with
performance in Mount Olympus marathon runners. J Appl Physiol
2010;108:567–74.

8 Nunes RAB, Barroso LP, Pereira AC, et al. Open Heart 2014;1:e000132. doi:10.1136/openhrt-2014-000132

Open Heart

 on A
pril 8, 2024 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2014-000132 on 22 D
ecem

ber 2014. D
ow

nloaded from
 

http://openheart.bmj.com/

	Gender-related associations of genetic polymorphisms of α-adrenergic receptors, endothelial nitric oxide synthase and bradykinin B2 receptor with treadmill exercise test responses
	Abstract
	Introduction
	Methods
	Study sample
	Exclusion criteria
	Treadmill exercise test
	Demographic and laboratory data
	Genotyping
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusions
	References


