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INFLUENCE OF AGE AND GENDER ON THE STRENGTH OF BLOOD VESSELS 

Zyta Kuzborska1

 

Abstract: This article examines the effects of cardiovascular diseases that alter the diameter, wall thickness, and 

length of blood vessels. Depending on form and size of the damage, blood flow velocity, blood pressure, and 

stresses are affected in areas of diseased blood vessels. Through stimulating the deviations in the geometric 

shape of a blood-vessel wall, local blood pressure and stresses can arise from flow variation of blood vessels. 

This rise affects the blood-vessel wall and causes critical stresses likely to produce fissures in the blood vessels. 

It was found, that blood vessel pathology could cause blood flow velocity to increase up to 2.2 times and local 

blood pressure up to 3.4 times, and that human aging may have a significant influence on blood-vessel strength. 
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Introduction 

Cardiovascular diseases are the main cause of human disability and death in the world, including 

Lithuania (Laucevičius et al. 2013; Roger et al., 2012; Rosamond et al., 2007). According to literature, 

every third person dies of cardiovascular system dysfunction that causes rupture of blood vessels 

(atherosclerosis causes heart attacks and strokes; Petrulionienė & Apanavičienė, 2010). 

Cardiovascular diseases affect the diameter, wall thickness, and length of blood vessels in various 

ways (Mariūnas & Kuzborska, 2011; Wang & Parker, 2004; Hyun Soo Kim, Kyoung, & Cho, 2013). 

Depending on the type and extent of the pathology, blood flow rate, blood pressure, and stresses will 

vary in areas affected by diseased blood vessels (Mariūnas & Uzdilaitė, 2006). When there is a 

particular variation in blood-vessel wall geometry, local blood pressure and stresses increase because 

of flow variation in the blood vessel (Mariūnas, Kuzborska, & Šešok, 2013; Lantz, Renner, & 

Karlsson, 2011). This affects the blood-vessel wall and causes critical stresses that could lead to 

fissures in the blood vessel. 

Atherosclerosis can be diagnosed by various diagnostic and experimental methods, for example, the 

ultrasonic double-scanning duplex method (Panniera, Avolio, Hoeksc, Mancia, & Takazawa, 2002; 

Pickering, 2002); as well as digital methods, e.g., as the finite element method (Taylor & Steinman, 

2005). In measuring blood pressure, an increase of general blood pressure is identifiable, but it is 

difficult to determine blood pressure in stenosis areas, because these areas involve local blood 

pressure, which could vary somewhat from total pressure (Vignon-Clementel, Figueroa, Jansen, & 

Taylor, 2010). 

Patients with atherosclerosis blood pressure could be monitored using experimental methods. 

However, the dependence of blood-vessel-wall stresses on the stenosis value makes it practically 

impossible. Experimental diagnostic research requires sophisticated equipment (Meola & Petrucci, 

2008; Birgit Kantor et al. 2009) and inaccuracies occur when determining blood pressure using this 

approach. However, digital methods can model the process in stenosis areas to varying degrees within 

a wide scope (Steele, Wan, Ku, Hughes, & Taylor, 2003; Taylor & Draney, 2004; Vignon & Taylor, 

2004; Cecelja & Chowienczyk, 2012) to obtain sufficiently accurate results. These digital methods 

could append results from the experimental method and provide more detailed information about 

blood flow, blood pressure, and stresses in stenosis areas. 

Digital methods make it possible to evaluate wider complex effects on variations of blood-flow-

velocity, blood pressure, and stresses in stenosis areas, including assessing patient’s age and gender, 

and the degree of blood-vessel pathology.  

This research focuses on blood-vessel impairment caused by disease (atherosclerosis) as well as the 

associated blood flow processes that depend on the scale of impairment, age, gender, and mechanical 

characteristics of the blood vessel.  
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The study aims to examine blood flow characteristics, local blood pressure, and stress distribution in 

pathologic blood vessels, as well as assess variation in blood vessel mechanics related to a patient’s 

age, gender, and degree of blood vessel pathology. 

Methodology  

The set aims were achieved through analytical, experimental, digital, and statistical research methods. 

Blood flow, blood pressure, and stresses relating to the different pathologic states of the blood vessels 

were modelled using a method of finite elements (ANSYS software package). 

With the intention of determining stresses, blood pressure, and flow rate in the pathologic blood 

vessels, atherosclerosis with single symmetric stenosis, symmetric double stenosis, and asymmetric 

stenosis (impaired from 25% to 95%) were analyzed incorporating Navier-Stokes equations. 

For calculations, blood flow in the vessels was elected as incompressible Newtonian fluid, with the 

following properties: average statistical blood flow velocity in systolic pressure (v) of 0.5 m/s; 

dynamic viscosity of blood () of 0.0035 kg/m; blood density () of 1060 kg/m3. Blood flow is 

impulsive in nature and cycle duration was given as 0.8 s, where 0.4 s was systole, i.e., blood supply, 

and 0.4 s diastole. To describe blood flow patterns, sinusoidal law was used (Mariūnas & Uzdilaitė, 

2006). 

The following assumptions will be used in the work: blood is a Newtonian fluid; blood dynamic 

viscosity () is constant (Mandal, 2005); when there is laminar blood flow, Reynolds number (Re) is 

1700; blood vessel has linear elasticity characteristic (E) and this is constant (Milnor, 2009); stationary 

blood flow in the segment is not pulse-like although the blood system almost always is pulse-like 

(Long, 2001); the chosen blood vessels are free of mechanical defects and wall thickness is the same 

in all; there is normal stress in the blood-vessel wall and shear stress is a second-order tensor and not 

evaluated. 

The blood flow was examined by solving Navier-Stokes equations for equilibrium of Newtonian 

fluids; Cartesian coordinate system with coordinates (x, y, and z); and the operator defined in terms of 

partial derivative operators, according to Milnor (2009), as follows: 
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The continuous flow equation was: 
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where  is the fluid density; v the flow velocity;  the del operator; p the gradient of pressure of 

surfaces;  the (constant) dynamic viscosity; f other body forces; and p pressure.  

The main finite elements of the elastic body matrix Equations (3) and (4) was as follows: 
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where [Ms] and [Mf] represent the elasticity matrixes; [Ks] and [Kf] the tightness matrixes; {P} and 

}{
,,

P  the first and second order pressure variation matrices; [R] the connection matrix; [R]T the 

transpose connection matrix; {Fs} and {Ff} the forces variation matrices; ρ0 density; P pressure, {U} 
and {Ü} the first and second order displacements variation matrices. The [R] matrix unites the impact 

of the fluid upon an elastic body, i.e., unites Equations 1 and 2 with Equations 3 and 4 (Mariūnas & 

Kuzborska, 2011; Mariūnas & Uzdilaitė, 2006). 

In the calculations, the blood-vessel elasticity module (E) was considered to be 4.66 MPa, Poisson's 

ratio () was 0.49, and blood vessel wall density () 1100 kg/m3. The blood-vessel wall was smooth, 

isotropic, and its strength characteristics did not vary along its length.  
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Boundary conditions at the beginning of the blood vessel were determined so that for any 

determination of arterial systolic pressure, the maximum value would increase consistently from 

16 kPa to 27 kPa (120 mmHg to 200 mmHg). 

Blood-vessel strength was tested using the universal strength meter “Titan” (Figure 1), which 

registered relative blood-vessel elongation. Blood vessels were stretched until they ruptured. Blood 

vessel stretch length was 100  0.25 mm with a diameter of 10  3 mm. Results were statistically 

processed using “MatLab” software package. 

Age and gender influence on animal blood-vessel strength was examined. Gender of male and female; 

ages of 6, 12, 18, 24, and 36 months; and arterial blood vessels of animal origin (thoracic part of the 

aorta) were used in the research. Approximate average age of pigs was 14.63  1.13 months. 

Results and Discussion 

To determine stresses in the pathologic blood vessels, atherosclerosis with a single and double plate 

was analyzed as follows: 

 Stenosis in arteries was modelled for degree of impairment ranging from 25% to 95%. 

 A linear pathologic blood-vessel model was developed. 

When the blood-vessel diameter stenosis ranged from 25% to 95%, in the case of single asymmetric 

stenosis, the relative blood-flow velocity increased from 1.30 to 1.38 times, in case of single 

symmetric stenosis, it increased 2.07 times, and for double symmetric stenosis, 2.2 times (Figure 2). 

The research results showed that variation in blood-flow velocity was caused by damage to the blood 

vessel shape. 

Figure 1: Strength meter “Titan“  

 

1: strength meter; 2: sample. 

Source: Author 

  

Local blood pressure distribution in the blood vessel (for single asymmetric stenosis, single symmetric 

stenosis, and double symmetric stenosis) is shown in Figures 3 and 4. 

With blood pressure ranging between 16 and 27 kPa and stenosis from 50 to 95, the case of single 

asymmetric stenosis the local blood pressure distribution displayed an increase between 2.58 and 2.80 

times, the case of single symmetric stenosis from 2.68 to 2.95 times, and the case of double symmetric 

stenosis from 3.12 to 3.85 times. The research results indicated that variation of local blood pressure 

distribution in blood vessels was caused by damage to the blood-vessel shape.  

The research results also showed variation in the maximum “von Mises” stress distributions among 

blood vessels with damage to the blood-vessel shape (Figure 5). The cases of double symmetric 

stenosis rendered the most concerning results, followed by cases of single symmetric stenosis. 
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Figure 2: Relative blood velocity dependence on degree of blood vessel pathology  

 

1 – single asymmetric stenosis; 2 – single symmetric stenosis; 3 – double symmetric stenosis. 

Source: Author 

 

Figure 3: Local blood pressure distribution in the blood vessel for single asymmetric stenosis, single 

symmetric stenosis, double symmetric stenosis 

 

 

Source: Author 
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Figure 4: Maximum local blood pressure distribution in damaged blood vessels 

 

Source: Author 

Many scientists analyze changes in the cardiovascular system in relation to atherosclerosis (Mariūnas 

& Uzdilaitė, 2006; Laucevičius et al. 2013). Research data of blood-vessel strength are reported in 

scientific literature, but consideration of age and gender difference is lacking in this respect (Balázs, 

Bognár, Zima, & Dobránszky, 2008). It is known that decreased elasticity of blood vessels and 

atherosclerosis occurs with aging and because of this, blood flow velocity, blood pressure, and stresses 

will vary in areas with stenosis. The results of this study are similar to those found in literature, with 

indications of an increase in blood-flow velocity up to 2.2 times and local blood pressure up to 3.4 

times in areas with stenosis. Therefore, blood vessel fissures may occur, not because of systolic 

pressure, but from increased local blood pressure. The main influence on local blood pressure was the 

pathologic state of the blood vessel. The most concerning stenosis type for patient health was the 

double symmetric stenosis. 

Blood vessels of animal origin were used in the experimental research. These were blood vessels of 

pigs because their biological properties are the closest to human biological characteristics (Michlek, 

Zyra, & Lagan, 2013). Age and gender influence on the strength of animal blood vessels was 

examined. Blood vessels of the thoracic part of the aorta in males and females of the ages between 6 

and 36 months were examined. 

During the experiment, pressure ranging between 3 N to 600 N loads was programed to test for blood 

vessel stretch in examining the mechanical features of the aorta thoracic section with pressure until the 

blood vessel ruptured. Figures 6 and 7 show blood-vessel strength features according to load (FN). 

Obtained results show that blood-vessel strength decreases with age. In males, the blood vessel 

strength decreased 1.22 times at 12 months, 1.49 times at 18 months, 6.15 times at 24 months, and 

9.07 times at 36 months. During examination of female blood vessels, it was found that blood-vessel 
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strength decreased 1.19 times at 12 months, 1.46 times at 18 months, 6.46 times at 24 months, and 

9.13 times at 36 months.  

Figure 5: Maximum “von Mises” stress distribution in the pathologic blood vessel 

 

Source: Author 

There are many experimental studies regarding blood vessels of animal origin reported in scientific 

literature. However, studies of age and gender influence on blood vessel strength are lacking.  

The results of this study show that male and female blood-vessel strength decreases with age. The 

male and female 6-month old blood-vessel strengths were the same, but with increase in age there 

were slight differences indicated. At 12 months the male blood-vessel strength presented a relative 

value of 0.82, compared to that of the female of 0.84; at 18 months this value was 0.67 for the male 

and 0.68 for the female; at 24 months 0.16 for the male and 0.15 the female; and at 36 months 0.10 for 

the male and 0.11 for the female. Possibly, gender difference has some impact on the blood vessel 

strength, and aging has a greater influence on blood vessel strength, as the increase in the ages 

examined in this study corresponded to blood vessel strength decreases of up to 9 times  (Figure 7). 

Figure 6: Animal blood-vessel breaking-force dependences regarding relative elongation in males 

(a) and females (b) 
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Source: Author 

 

Figure 7: Male and female blood-vessel strength as relative value dependent on age (in months)  

 

Source: Author 

 

Conclusion 

The created blood vessel model, which evaluated blood vessel pathologies, provided the following 

outcomes: 

 Blood flow velocity in the pathologic blood vessel was from 1.4 to 2.2 times greater than that 

in a healthy blood vessel, depending on the blood pressure and the degree of pathology; 

 Double symmetrical blood vessel stenosis was the cause of fissures related to stresses in 

pathologic regions, which increased up to 13.8 times, and to blood pressure, which increased 

3.4 times; and 

 Blood vessel fissures may occur due to local blood pressure rather than systolic blood 

pressure. 

The research results showed relative values of male and female blood-vessel strength that decreased 

with increasing age. Possibly, gender difference does not have a major impact on strength, whereas 

age difference has a greater influence on strength of blood vessels because with aging this study 

indicated that such strength can decrease up to 9 times.  
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