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Extended Abstract
Background and Purpose:

The aim of this article is to investigate the effects of chronic exercise on carotid artery structure and
function, classified into high- and low-risk groups based on the prevalence of sudden cardiac death
in elite female basketball and volleyball players, using a novel noninvasive method. Although much
is known about the effects of strength and endurance training on the structure and function of athletes'
hearts, relatively little is known about the effects of physical activity on the mechanical properties of
the carotid artery. One important reason for this lack of information has been the inability to assess
different arteries in a noninvasive manner in the past. The two main mechanical stimuli exerted on
vascular endothelial cells located in the inner layer of the heart and blood vessels are the peripheral
tensile stress related to arterial blood pressure and the shear stress caused by blood flow, both of
which play an important role in maintaining vascular homeostasis and endothelial cell function.
Understanding how these mechanical forces are affected by chronic exercise in different athlete
populations can provide valuable insights into cardiovascular health and risk stratification.
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Methods: The participants included 60 women (mean age 26.02 + 3.69 years) who were divided into
three groups: 20 volleyball players, 20 basketball players, and 20 non-athletes serving as a control
group. First, anthropometric information including height, weight, and health history was recorded
for each participant, and the consent form was signed by all subjects prior to participation. Blood
pressure of the left radial artery in both the systole and diastole phases was measured in a seated
position three times (to reduce measurement error) with two-minute rest intervals between each
measurement. Blood pressure was measured using a calibrated digital sphygmomanometer (Beurer,
BC80, Germany), and the average of these three measurements was recorded for subsequent analysis.
Then, the subjects lay down on an examination bed for ultrasound imaging. Ultrasound examinations
were performed approximately 2 cm behind the bifurcation of the right common carotid artery with
an imaging depth of 4 cm. First, sonographic images were obtained from the right common carotid
artery with an image width of 37.5 mm and a height of 30 mm, which were recorded on a CD in real-
time at a speed of 28 frames per second. After transferring the movie in AVI format to a personal
computer, a specialized program was written in MATLAB to convert the movie into consecutive
frames (pictures) in BMP format so that processing could be performed on the obtained images. One-
way analysis of variance (ANOVA) was used to examine changes between the three groups, and
Tukey's follow-up post hoc test was used to identify significant differences between specific group
values. Normal distribution and the homogeneity of variance of the data were assessed using Levene's
test and the Shapiro-Wilk test, respectively. The significance level was set at p < 0.05 for all statistical
procedures performed in this study.

Results

In the basketball group, the maximum blood flow velocity in the systole phase, the mean diameter of
the carotid artery, the thickness of the intima-media in both the systolic and diastolic phases, and the
maximum shear stress were all greater than those observed in the non-athlete group. However,
differences were found between the basketball and volleyball groups as well as between the volleyball
and non-athlete groups for these variables, indicating distinct profiles across the three groups. The
diameter of the carotid artery in the systolic phase, as well as compliance, strain, and maximum and
minimum tensile stress in the basketball group, was significantly higher than in both the volleyball
and non-athlete groups. Nevertheless, there was no significant difference between the volleyball and
non-athlete groups for these particular variables. There was no significant difference in carotid artery
diameter in the diastolic phase, blood flow velocity at the end of diastole, or minimum shear stress
between any of the three groups, suggesting that these parameters may be less responsive to the type
of chronic exercise performed.

Conclusion

Although some papers have reported that professional athletes in certain sports such as basketball
have faced cardiovascular disease due to pressure on the carotid artery that exceeds what the athlete
can tolerate, potentially leading to sudden cardiac death, the results of our study showed that the
carotid artery of female basketball players, considered a high-risk group in some classifications,
actually has a better health status than that of volleyball players and non-athlete women. In the present
study, some of the structural changes observed following professional training in the basketball player
group as a high-risk group appeared to be compensatory mechanisms to control pressure on the artery
and did not cause pathological conditions. These findings suggest that chronic basketball training
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may induce adaptive rather than maladaptive changes in carotid artery structure and function. This
research contributes to a better understanding of the relationship between different types of athletic
training and vascular health in female athletes.
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Article Message

The results of this research can provide useful information about the effect of exercise on the structure
and function of the carotid artery and mechanical blood properties in elite female volleyball and
basketball players by using ultrasound, which is a new, easy, valid, noninvasive, and accessible
method for vascular assessment in athletic populations.
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Figure 1- (A) Longitudinal view of the common carotid artery in a subject's sonography; The red lines
in (B) and (C) correspond to the boundaries of the internal diameter and intima-media thickness of the
common carotid artery, respectively.
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Figure 2- Instantaneous changes in carotid artery wall diameter (mm), a) non-athlete, b) basketball
player, c) volleyball player with a time interval of 0.33 seconds
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Table 1- The mean % standard deviations of study (20 people per group)

SLSISTT Comadldly o LS
Non-Athlete Volleyball Player Basketball Player Variable
3.84+25.58 3.74+26.25 3.49+26.24 (L)

Age (year)
2.58+171.95 3.61+172.20 4.20+178.60 <;3~_°¢-'2JL~) RY]
Height (cm)
5.43+67.95 4.56165.40 2.45£70.25 (#7552
Mass (kg)
1037+112.10  11.02+114.35 6.22+115.40 (o5 Soslse) (it 92122
Systolic blood pressure (mmHg)
5.89+73.30 8.16271.80 5.18475.30 (oe yaishea) (Jgilis o5 L3

Diastolic blood pressure (mmHg)
(ad85/e,.0) s b oo
Heart rate (beats/minute)

7.35£70.10 12.10+68.40 5.96+59.70

455 yled el 0ol &1 (V) Jgaz ;0 o Soge;] 05g)l5 oyl o 5 Sealnogen sl prie o lailiwl Bl ol 5 1 SSlee
95 Joibs Ll o 95 Gl S s « Sdgiuls 5B 30 wTg)l5 LD Sl )0 (g jloline Diglal gl go camlive A
A8 eSilee g 5B 50 (595 Ol S S Tas (JLiSin 09,5 )3 BN 3929 09,5 A G (B RS Sl
092 82359708 09,5 5l fim By 5 ST g (Jeiulid g (I Sl 50 bide-loinl Sl w5 b0
Olrs S8 Al 392 (6 loline Sglds Lo it (pl 5o 08559 508 9 Jldly 09,5 5 Jldly 9 JLiSeas 095 o Lol
3 i g lslne sl o JLiSu 09,5 )0 (oietS (A5 Plaz g piSTas (1655 (s pdyelasl o Jgtanns 5B 50 adg )

i eaabive IS5 50,08 9 Jladly Sloog 5 e (s loline glis Lal oy 180555508 5 JLadly 05,5

BY 05leds A 5,9 AP leg ¢ o) yg b ilelllae aoliliad



M

liSms 9

Jldly s (515 50 S yidino i 9,5 (b w556 5w

Lo Soga3T aigl5 (ol pib 5 Seraliydgad (5l puito 8 il Bl il (puSiles -F Jguor
Table 2- Mean * standard deviation of hemodynamic and carotid artery variables of subjects
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P=0.091 0.23+5.33 0.41#5.45 0.41#5.19 (Bhe) Jgilso 5
Diastolic phase (min)
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Carotid Artery Intima-Media Thickness (Mm)
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Shear Stress (Pascal)
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Expansion(m2/mmHg)
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TSignificant difference between the basketball group and the volleyball and non-athlete groups;
*Significant difference between the basketball group and the non-athlete group
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