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Physical activity modifies the association between
CYBA gene polymorphisms and small artery elasticity

in a Chinese population

Zhenyan Zhul?’, Haifeng Zhangl’s, Wenming Yaol, Ningxia Liangl, Lei Gongz, Zhijian Yin3, Fukuan Chen?,

Kejiang Cao! and Xinli Li'

Emerging evidence suggests that increased superoxide production is responsible for a significant proportion of endothelial
dysfunction. The relationship between variants of the CYBA gene and cardiovascular diseases is currently debated. In the
present study, we investigated the influence of CYBA polymorphisms (rs1049255 and rs7195830) on arterial elasticity in a
Chinese population. In the 2178 participants enrolled in the GaoYou study, we measured large artery elasticity (C1) and small
artery elasticity (C2) non-invasively, genotyped the CYBA polymorphisms and calculated energy expenditure. The AA genotype of
the rs1049255 polymorphism was associated with a lower C2 than were the GG/AG genotypes (5.31 £0.11 vs. 5.52 +

0.06 mImm Hg1x100; P=0.01). Further analyses revealed an interaction between CYBA polymorphisms and physical activity
with respect to C2 (P=0.007 for rs1049255 and P=0.038 for rs7195830). In less physically active participants, the AA
genotype of the rs1049255 polymorphism was associated with a significantly lower C2 than the GG/AG genotypes (4.69 +0.16
vs. 5.26 + 0.19 mImm Hg~1x100; P=0.008). In physically active participants, the GG/AG genotypes of rs7195830
polymorphism were correlated with higher C2 values than the AA genotype (5.84 +0.08 vs. 5.08 + 0.32ml mm Hg~1x100;
P=0.049). Haplotype analyses revealed higher C2 values in rs1049255G-rs7195830G carriers (P=0.0015). In conclusion, the
rs1049255 and rs7195830 polymorphisms of the CYBA gene were associated with C2 in a Chinese population; physical activity

could modify this genetic effect.
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INTRODUCTION
Endothelial dysfunction is considered to be the earliest event in a
diverse range of cardiovascular diseases.! Recent studies have indicated
that the large artery elasticity index (C1) and the small artery elasticity
index (C2) are related to endothelial function;> lower values of Cl
and C2 indicate worse arterial elasticity. Remarkably, C2 has been
approved to be a predictive value for cardiovascular disease events.*
Recent studies have shown that arterial elasticity can be affected by
regular physical activity” and is associated with heredity.®

Oxidative stress is thought to have an important role in endothelial
dysfunction.! Reactive oxygen species are produced by a wide variety
of enzymatic sources’ among which nicotinamide adenine dinucleo-
tide phosphate oxidase appears to be a predominant contributor of
superoxide anion. The P22phox subunit, encoded by the CYBA gene
located on chromosome 16q24, is a crucial component of the
nicotinamide adenine dinucleotide phosphate oxidase system and
has a key role in superoxide anion production.® Several variants of

the CYBA gene have been identified. Among these, rs1049255
(A640G) has been widely discussed in the context of cardiovascular
diseases; however, the results have been conﬂicting.9‘12 For rs7195830,
there have been few studies related to cardiovascular diseases. Rather,
rs7195830 has been mentioned in studies on non-Hodgkin lymphoma
and cervical cancer as an oxidative stress-related locus.!>!*

Therefore, in the present study, we hypothesized that the rs1049255
and rs7195830 polymorphisms of the CYBA gene are associated with
arterial elasticity indices in a large cohort of apparently healthy
Chinese individuals across a wide age range. As physical activity
may influence oxidative stress biomarkers,!> we further explored
whether physical activity could modify the genetic effect.

METHODS

Study population

Stratified random sampling was used to select a representative sample in the
towns of Bagiao and Songqgiao in Gaoyou, a city 170-km north of Nanjing,
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China. The sample was stratified by sex and age on the basis of population
data obtained from the local authority. Finally, 5000 subjects in Baqiao and
1000 subjects in Songgiao aged 18 to 75 years old were selected and invited to
participate in the study. In the period from January to May 2010, 4536 subjects
participated in the present study, including 3918 subjects in Baqgiao and 618
subjects in Songqiao; the response rates were 78.4% and 61.8%, respectively.

In order to obtain an apparently healthy population, individuals with
hypertension (systolic blood pressure > 140 mm Hg or diastolic blood pressure
>90 mm Hg or on antihypertensive medications; n=2168), diabetes (based on
a clinical history or serum glucose >7.0mmoll~! or the use of antidiabetic
medications; n=105) and other cardiovascular diseases (based on a clinical
history or evidence on examination or use of medication; n=45) were excluded
from the present study. Individuals were also excluded owing to missing
information on arterial elasticity indices (n=37) or genotypes of both poly-
morphisms (n=3). Thus, 2178 participants were statistically analyzed. The
Institutional Review Board of the First Affiliated Hospital, Nanjing Medical
University, approved the study protocol. Written informed consent was
obtained from each participant before data collection.

Measurement of phenotypes

Experienced observers administered a standardized questionnaire to collect
information on medical history, smoking habits, alcohol consumption and use
of medications. Each participant’s blood pressure was measured three times
consecutively by conventional sphygmomanometry after the participants had
rested for at least 5min in the sitting position. These three readings were
averaged for analysis. The mean arterial pressure was calculated by this
equation: ((2xdiastolic blood pressure) + systolic blood pressure)/3. The body
weight, body height, and waist and hip circumferences were measured. The
body mass index was calculated as the ratio of the body weight in kilograms to
the square of the height in meters, and the waist-to-hip ratio was the smallest
circumference at the waist divided by the largest circumference at the hip.

Measurement of energy expenditure

Habitual physical activity was assessed by a validate self-report question-
naire called the International Physical Activity Questionnaire, which mainly
focused on two questions. The first question asked about usual physical activity
at work was classified into four categories: sedentary, standing, manual work and
heavy manual work. The second question asked about the amount of time spent
(in hours per week) separately in two activities: walking and other recreational
physical activity (for example, keep fit, jogging and swimming). The average time
spent daily in walking and recreational activity was estimated as the simple mean
of the total hours spent per week, divided by seven. We calculated the energy
expenditure engaging in physical activity based on each participant’s body
weight, the time devoted to work and sports, and the metabolic equivalent
according to the degree of the occupational activity and the type of recreational
physical activity.'®2" The median of energy expenditure in our population was
2528 keal per day; thus, as reported previously,?” subjects with energy expendi-
ture less than the median were identified as less physically active, whereas subjects
with energy expenditure above the median were identified as physically active.

d16,17

Measurement of serum biomarkers

Venous blood was sampled after overnight fasting. We measured the levels of
serum glucose, serum triglycerides, serum total cholesterol and serum high-
density lipoprotein (HDL) cholesterol using an automated enzymatic method
(Chemistry Analyzer AU2700, Olympus Medical Engineering Company, Tokyo,
Japan). The serum low-density lipoprotein (LDL) cholesterol concentration
was calculated using the Friedewald formula.

Measurement of arterial elasticity indices

We used the HDI/PulseWave CR-2000 Research CardioVascular Profiling
System (Hypertension Diagnostics, Inc., Eagan, MN, USA) to measure the
elasticity of the arterial system non-invasively by pulse wave analysis using the
Windkessel model.?! This model generates elasticity indices of the large arteries
(C1, capacitive arterial compliance, units in mlmm Hg~!x 10) and of the small
arteries (C2, reflective or oscillatory arterial compliance, units in
mlmm Hg~!x100) by reproducing arterial pressure waveforms including both
exponential and oscillatory pressure decay observed during the diastolic decay
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portion of the cardiac cycle. This technique has been previously described in
detail,?? and was recently used in clinical research in several countries including
China.?*?* The reproducibility of this technique has also been approved in a
recent study.?> Each participant’s blood pressure was measured three times
consecutively after resting for at least 5min in the supine position and the three
readings were averaged for analysis. One observer (ZZ) performed all of the
arterial measurements.

Genotyping
In this study, we chose two single-nucleotide polymorphisms (SNPs)
(rs1049255 and rs7195830 in the 3’-untranslated region) that, according to
the literature, may be involved in endothelial dysfunction or may be associated
with oxidative stress, and are in the same haplotype block according to the
Chinese database in HAPMAP (http://hapmap.ncbi.nlm.nih.gov).
Whole-venous blood was drawn into ethylenediamine tetraacetic acid tubes
and then stored at —80 °C. Genomic DNA was extracted from white blood cells
using a commercially available kit and the BioRobot M48 Workstation (Qiagen
Inc., Hilden, Germany) according to the manufacturer’s instructions. PCR for
the rs1049255 and rs7195830 polymorphisms was performed in 384-well plates
following a standard protocol’® for TagMan MGB probes (rs1049255:
C__7516913_10, ABI, Foster City, CA, USA; rs7195830: C__28959511_10,
ABI). After the PCR was finished, endpoint fluorescence was measured, and
allelic discrimination was performed using a PRISM 7900HT Sequence Detec-
tion System (ABI) and a LightCycler 480 Real-Time PCR System (Roche,
Rotkreuz, Switzerland). Genotyping quality control was performed in 10% of
the samples by duplicate checking (rate of concordance in duplicates >99%).

Statistical analysis

For database management and statistical analysis, we used SAS software,
version 9.1.3 (SAS Institute, Cary, North Carolina, USA). We reported the
central tendency and spread of normally and non-normally distributed data as
the mean+s.d. and as the median with the interquartile range, respectively.
Hardy—Weinberg equilibrium was assessed using the 7> test. We compared the
means and proportions using the t-test, one-way analysis of variance and y?
test, respectively. We performed multiple regression analysis to select significant
correlates of arterial elasticity indices (C1 and C2). In the subsequent multiple
regression analysis that compared the arterial elasticity indices across genotypes
for the two CYBA gene polymorphisms, we included all significant correlates as
covariates and the recessive models (major homozygous along with hetero-
zygous genotype as a reference) were typically used. Haplotypes were con-
structed with Haploview and SNPHAP program  (http://www-
gene.cimr.cam.ac.uk/clayton/software). Haplotypes were only assigned when
the probability was greater than 95% based on the SNPHAP program, and
haplotypes with a frequency of < 1% were dropped from the analyses. For each
haplotype, we compared the arterial elasticity indices between carriers and non-
carriers, using the latter as a reference. As for the analysis of the single SNPs,
multiple regression analyses were also used in haplotype analyses adjusted for
the same covariates. P-value of <0.05 was considered statistically significant.

RESULTS

Characteristics of the study population

The 2178 subjects included 857 men (39.3%) and 1321 women
(60.7%); the age ranged from 18 to 75 years. The characteristics of
all subjects stratified by both polymorphisms are shown in Table 1.
The waist-to-hip ratio was higher in subjects with the AA genotype in
the rs1049255 polymorphism, but none of the variables differed
between genotypes of the rs7195830 polymorphism.

Genotype frequencies and haplotype reconstruction

The genotype frequencies of both loci are also shown in Table 1. The A
allele frequency was 41.9% for rs1049255 polymorphism and was
22.2% for rs7195830 polymorphism. The frequencies of the rs1049255
and 157195830 genotypes did not deviate from Hardy—Weinberg
equilibrium (P=0.07 and 0.79, respectively) or differ with respect to
the subgroups divided by energy expenditure. The two SNPs were in
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Table 1 Characteristics of all subjects stratified by rs1049255 and rs7195830 genotype

rs1049255 rs7195830
Characteristics GG (n=747) AG (h=1007) AA (h=398) GG (h=1315) AG (n=745) AA (n=109)
Anthropometric characteristics
Age, years 47.2+12.1 47.5+£12.2 47.5+12.1 47.4+12.1 47.4+12.4 48.4+12.1
Body mass index, kgm—2 23.6+2.9 23.7+£29 24.0+3.0 23.7+£2.9 23.8+3.0 23.4+28
Waist-to-hip ratio 0.84+0.06 0.83+0.06 0.85+0.07* 0.84+0.06 0.84+0.06 0.84+0.06
Heart rate, beats per minute 73.0+£9.7 73.2+£9.0 72.6+8.5 73.3%£9.1 72.9+9.1 71.2+£9.7
Energy expenditure, kcal per day 2768+1233 2754+1251 2720+ 1200 2778+ 1245 2694 +1228 2905+ 1260
Arterial measurements
Systolic blood pressure, mmHg 121.5+78.5 122.0+10.0 121.5+10.0 121.7+9.8 121.8+10.2 122.0+£10.0
Diastolic blood pressure, mmHg 78.516.6 78.61£6.5 77.9%+6.9 78.316.6 78.7+£6.6 78.3%16.9
Mean arterial pressure, mmHg 92.816.8 93.0+6.9 92.4+7.2 92.8+6.9 93.0%7.1 92.9+7.0
Blood biochemistry
Serum glucose, mmol -1 5.39+0.52 5.41+0.53 5.38+0.53 5.41+0.53 5.39+0.53 5.33+0.53
Total cholesterol, mmol -1 4.71+0.91 4.72+0.91 4.76+0.94 471+0.91 4.71£0.90 4.87+£1.05
HDL cholesterol, mmol -1 1.34+0.34 1.34+£0.31 1.34+0.31 1.33+0.32 1.35+£0.31 1.35+0.34
LDL cholesterol, mmol I-1 2.78+0.65 2.80+0.66 2.84+0.70 2.80+0.66 2.78+0.64 2.93+£0.74
Triglycerides, mmol |12 1.04 (0.77-1.48) 1.07 (0.79-1.53) 1.10 (0.81-1.61) 1.07 (0.79-1.54) 1.05 (0.78-1.49) 1.03 (0.75-1.52)
Male sex, n (%) 295 (39.5) 379 (37.6) 171 (42.9) 525 (39.9) 286 (38.4) 42 (38.5)
Current smoking, n (%) 206 (27.6) 263 (26.1) 108 (27.1) 347 (26.4) 209 (28.1) 29 (26.6)
Alcohol intake, n (%) 115 (15.4) 151 (15.0) 64 (16.1) 197 (15.0) 119 (16.0) 17 (15.6)

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.
2The values are the median (interquartile range). *P=0.001.

linkage disequilibrium (D’=0.916, ?=0.175); the estimated popula-
tion frequencies for the haplotypes are shown in Table 3.

Multiple regression analysis of arterial elasticity indices

With multiple regression analysis, both C1 and C2 were higher in men
than in women and were inversely correlated with age, smoking status,
body mass index, waist-to-hip ratio, heart rate, systolic and diastolic
blood pressure, concentration of LDL cholesterol, total cholesterol and
triglycerides, and were positively correlated with the concentration of
HDL cholesterol (Table 2).

Association between arterial elasticity indices and CYBA
polymorphisms

For rs1049255, the AA genotype was associated with significantly
lower values of C2 compared with the GG and AG genotypes
(5.31£0.11 ws. 5.52i0.06mlmmHg_l><100, p=-0.294, P=0.01,
Figure 1a) in the study population, but there was no significant
association between genotypes and Cl (13.761+0.22 vs. 13.85%
0.11mlmmHgf1><10, p=—0.263, P=0.24). For rs7195830, neither
Cl (13.63£0.47 wvs. 13.83+0.10mlmmHg 'x10, B=-0.210,
P=0.60) nor C2 (5.09%0.25 wvs. 5.49%0.05mlmm Hg~!x100,
fp=—0.323, P=0.11, Figure 1b) was related to the genotype in this
population.

Associations between CYBA haplotypes and arterial elasticity
indices

The haplotypes constructed on the basis of the two SNPs showed that
the rs1049255G-1s7195830G haplotype carriers were associated with
higher C2 values, while the other two haplotypes (rs1049255A—
rs7195830G and rs1049255G-1s7195830A) did not display such an
association. In line with the single SNP analyses, neither of the
haplotypes was associated with C1 (Table 3).

Interaction between CYBA polymorphisms and physical activity
In further analyses, we found that both polymorphisms had a
significant interaction with physical activity in relation to C2
(P=0.007 for rs1049255, P=0.038 for rs7195830) after adjustment
for age, sex, heart rate, smoking status, waist-to-hip ratio, body mass
index, systolic blood pressure, diastolic blood pressure, total choles-
terol level, HDL cholesterol level, LDL cholesterol level and triglyceride
levels, while no such interaction was found in relation to C1 (P=0.23
for rs1049255, P=0.24 for rs7195830).

In less physically active participants, the AA genotype of the
rs1049255 polymorphism was significantly associated with a lower
C2 (4.69+0.16 wvs. 5.26+0.19mlmmHg !x100, B=-0421,
P=0.008, Figure la) than the GG and AG genotypes, but this
relationship in the physically active participants was not significant
(5.93%£0.16 vs. 5.78+0.08 mlmmHg !x100, f=-0.174, P=0.28,
Figure la). For rs7195830, the GG and AG genotypes had a
higher C2 compared with the AA genotype (5.84%0.08 vs.
5.08+0.32 ml mm Hg~'x 100, f=—0.528, P=0.049, Figure 1b) in
physically active participants, but there was no such association
in less physically active participants (5.15+0.08 wvs. 5.11%
0.38 mlmm Hg~'x 100, f=—0.138, P=0.65, Figure 1b). Genetic asso-
ciations with C1 were not significant in either of the subgroups
(P>0.10).

DISCUSSION

To our knowledge, this is the first general-population-based study of
apparently healthy subjects to investigate the relationship between
variants of the CYBA gene and vascular properties using the C1 and
C2 indices. Our main findings were that the AA genotype of the
rs1049255 polymorphism was independently associated with C2 and
that physical activity may modify this association. For haplotype
analyses, carriers of haplotype rs1049255G-rs7195830G were found
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Table 2 Multiple regression analysis of arterial elasticity indices

Large artery elasticity index, C1 (m/mm Hg~1x 10)

Small artery elasticity index, C2 (ml mm Hg~1x 100)

Variables pEs.e. P pts.e. P
Age, years -0.13+0.01 <0.0001 -0.09+0.01 <0.0001
Sex (male=1, female=0) 1.40+0.21 <0.0001 1.23+£0.11 <0.0001
Current smoking (yes=1, no=0) —-0.97+£0.23 <0.0001 -0.48+0.12 <0.0001
Alcohol intake (yes=1, no=0) 0.01+0.28 0.98 0.22+0.14 0.13
Body mass index, kgm~—2 —-0.17+£0.03 <0.0001 -0.11+£0.02 <0.0001
Waist-to-hip ratio -5.04+1.51 0.0009 —-1.99+0.86 0.02
Heart rate, beats per minute —-0.12+£0.01 <0.0001 —0.03+£0.01 <0.0001
Systolic blood pressure, mmHg —-0.07+£0.01 <0.0001 —-0.03+£0.01 <0.0001
Diastolic blood pressure, mmHg —0.08+0.02 <0.0001 —0.04+0.01 <0.0001
Serum glucose, mmol -1 —-0.24+£0.18 0.17 —0.07+£0.09 0.43
Total cholesterol, mmol -1 -0.46+0.12 <0.0001 -0.81+£0.18 <0.0001
HDL cholesterol, mmol |1 1.22+£0.32 0.0001 0.74+£0.21 0.0004
LDL cholesterol, mmol I-1 -0.43+0.15 0.0045 —-0.93+0.22 <0.0001
Log-triglycerides, mmol I-1 —0.40£0.20 0.047 -0.38+£0.11 0.0006

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; log-triglycerides, log-transformed of triglycerides.
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Figure 1 Small artery elasticity (C2) of the study groups stratified by the
genotypes of the rs1049255 polymorphism (a) and the rs7195830
polymorphism (b) in the study population (left-hand panel), in less
physically active participants (middle panel) and in physically active
participants (right-hand panel). The values are the means £ s.e. adjusted for
age, sex, heart rate, smoking status, waist-to-hip ratio, body mass index,
systolic blood pressure, diastolic blood pressure, total cholesterol level, HDL
cholesterol level, LDL cholesterol level and triglyceride levels. P-values were
calculated by multiple regression analysis.
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to have higher C2 values. Notably, we also found an interaction
between the rs7195830 polymorphism and energy expenditure. The
GG/AG genotype of the rs7195830 polymorphism was associated with
higher C2 values in physically active participants.

Accumulating evidence indicates that the increased superoxide
production accounts for a significant proportion of endothelial
dysfunction.?”>?8 Schirmer et al.?® suggested that superoxide produc-
tion is associated with rs1049255 genotypes, being higher in AA
carriers compared with GG carriers. Accordingly, we found similar
results for the C2 response across the genotypes, with a significant
difference observed between AA and GG/AG carriers. But Macias-
Reyes et al.!® found opposite results, whereas Wyche et al.!? failed to
find any relationship. Accordingly, associations between the rs1049255
polymorphism and vascular complications have been contradic-
tory.>!% These conflicting results might be due to differences in the
sample size, the ethnicity of the population studied and/or the
oxidative stress status of the individuals. Regular physical activity
has been reported to be the most effective non-pharmacological
intervention to enhance endogenous antioxidant capacity and alleviate
oxidative stress-induced tissue damage.*® Our findings on the inter-
action between variants of the CYBA gene and physical activity were in
line with the results of a recently published study'® in which 59
apparently healthy Caucasian men and women participated in an
exercise training program. Carriers of the A allele of the rs1049255
polymorphism displayed a significantly greater decrease in superoxide
production after exercise training compared with the A allele non-
carrier group. A significant interaction effect between exercise training
and the rs1049255 polymorphism with respect to changes in super-
oxide production was also found. The results of the previous study
and the present study suggested that in research on oxidative stress-
related phenotypes, energy expenditure should be taken into account.

Recently, haplotype association analysis has been suggested as a
more powerful approach for identifying genes that predispose indivi-
duals to complex conditions, compared with the analysis of any
individual SNP>! The two SNPs in the present study were located
in the P22phox subunit of the CYBA gene and were in linkage
disequilibrium as described in the HAPMAP database. Although the
rs7195830 polymorphism was not related to arterial elasticity in all
subjects, the rs1049255G-1s7195830G haplotype was found to be
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Table 3 Multiple regression analysis of haplotypes on arterial elasticity indices

Large artery elasticity index,
CIl (mlmmHg 1x10)

Small artery elasticity index,
€2 (mlmmHg 1x100)

Haplotypes Frequency pts.e? P pts.e? P
rs1049255A-rs7195830G 0.41 -0.12+0.18 0.52 —0.01+£0.09 0.90
rs1049255G-rs7195830G 0.37 0.28+0.21 0.18 0.33%£0.10 0.0015
rs1049255G-rs7195830A 0.21 0.11+£0.18 0.54 —0.03+0.09 0.76

2Adjusted for age, sex, heart rate, smoking status, waist-to-hip ratio, body mass index, systolic blood pressure, diastolic blood pressure, total cholesterol level, high-density lipoprotein cholesterol

level, low-density lipoprotein cholesterol level and triglyceride levels.

associated with C2. Remarkably, the regression coefficient from the
haplotype analysis was greater than that of either SNP, so it was
obvious that such an association was the result of the combined action
of both loci.

It is notable that the present study found a relationship between
the 157195830 polymorphism and arterial elasticity in physically
active participants. The few studies on the rs7195830 polymorphism
have not elucidated the mechanisms underlying this result, but this
polymorphism was also selected as an oxidative stress-related locus in
several previous studies on non-Hodgkin lymphoma and cervical
1314 1t is possible that the rs7195830 polymorphism, which is
located in the 3’-untranslated region, might influence messenger RNA
stability or modulate the transcription rate and affect reactive oxygen
species generation. Further investigations on the function of this
polymorphism are necessary.

In addition, we only found a genetic association with C2, but not
with Cl1, in the apparently healthy participants, suggesting that C2
might be an earlier indicator of endothelial dysfunction than ClI,
which was in accordance with previous studies.*3?

Our present study should be interpreted within the context of its
limitations. First, our population-based study suggested a genetic
association with arterial elasticity indices that could be modified by
physical activity but did not directly measure the biochemical indices
related to superoxide production to verify our hypothesis. Second, we
did not perform an intervention study of physical activity that could
reflect the effect of energy expenditure on polymorphisms directly;
however, our results were in accordance with the previous study,!
which used the interventional method to evaluate the physical
exercise. Furthermore, our definition of physical activity was based
on the data of the present study; nevertheless, the cutoff point for the
division of physically active and less active participants was similar to
the mean energy expenditure in Chinese residents with occupations
requiring a moderate amount of physical activity (2581kcal per
day).3? Finally, our study was cross-sectional, and hence no causal
inference could be drawn.

In conclusion, the results of our study suggest a functional role of
the 151049255 and rs7195830 polymorphisms of the CYBA gene
in the modulation of arterial elasticity measured by the C1 and C2
indices. This relationship could be modified by physical activity in
an apparently healthy Chinese population. Our findings require
confirmation by prospective and interventional studies, and the
mechanisms underlying the association between the rs7195830 poly-
morphism and arterial elasticity in physically active participants
remain to be elucidated.

cancer.
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