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A new risk factor o f  atherosclerosis --  distal narrowing and shortening of  the aorta --  is 
described. The following parameters are analyzed in aortas collected from 1098 men and 
1059 w o m e n  aged 20-89 years: visual and planilnetric estimations o f  the severity of  
atherosclerotic lesions and the perimeter, length, area, and angles of  narrowing at different 
levels o f  the aorta. Atherogenic effect of  inadequate aortic narrowing is more pronounced 
in young healthy individuals and is aggravated by hypertension. The narrowing of  abdominal 
aorta promotes progression of  atherosclerosis in the aorta, iliac, fight coronary, and superior 
mesenteric arteries to a greater extent than in the left coronary and inferior mesenteric artery. 

Key Words- atherosclerosis; aorta; ischemie heart disease 

Public health service markedly reduced mortality 
from infectious diseases; however,  urbanization and 
industrialization are associated with increased inci- 
dence of  cardiovascular pathologies [7,14,17]. Athero- 
sclerosis and atherosclerosis-related pathologies, such 
as ischemic heart disease, cerebrovascular and arterial 
pathologies are the major causes of  cardiovascular 
disorders. 

Comparative studies carried out  under aegis o f  
the W H O  in the 1960s and 1980s revealed numerous 
risk factors of  atherosclerosis [7,8,18]; their presence, 
however, accounts for not  more than 50% cases of  
atherosclerosis [23]. The effects o f  blood vessel anat- 
omy on atherogenesis have been poorly investigated, 
although a relationship be tween biomechanical pro- 
perties o f  vascular wall and hemodynamics has been 
established [6,10]. The dependence  of  blood vessel 
radius and vascular wall thickness on the intravas- 
cular blood pressure can be interpreted in several 
ways, particularly in arterial hypertension, which may 
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account for focal character and specific localization 
of  atherosclerotic lesions. A turbulence zone that 
practically overlaps blood flow is formed in short 
vessels. This factor is taken into account  in recon- 
structive surgery to prevent thrombosis. A relation- 
ship between branching and geometry of  bifurcation 
of  the aorta, on the one hand, and age, sex, height, 
and body weight index, o11 the other [4,13,22], as 
well as the effects of  these factors on atherogenesis 
[24] were studied. A relationship between the size of  
artery and atherosclerotic lesions was established 
[12]. On the basis of  integral lnorphometric para- 
meters, an approach to the elucidation of  the mech- 
anisms responsible for initiation and development of  
atherosclerosis has been proposed. However ,  this 
approach is labor-consulning, reqnires complex mathe- 
matical calculations, and a series of  biophysical trans- 
formations and cannot be used for predicting the 
development of  atherosclerosis. 

Out method is based on the deterlnination of  the 
shape and size of  the aorta. It is simple and can be 
employed in clinical practice. Our hypothesis that 
atherogenesis is influenced by aortic anatomy was 
confirmed by investigations of  aortas from 1098 men 
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Fig. 1. A scheme of the aorta. Maximum 
(D1) and minimal (D2) perimeters of tho- 
racic aorta (TA, aorta thoracica) longitu- 
dinal section; D2AA ~ minimal perimeter of 
abdominal aorta (AA, aorta abdominafis); 
LTA - -  length of thoracic aorta; LAA - -  
length of abdominal aorta; STA - -  area of 
thoracic aorta; SAA ~ area of abdominal 
aorta. 

and 1059 women aged 20-89 years, taking perimeter, 
length, area, and angle of  narrowing as basic para- 
meters (Figs. 1 and 2). 

Atherosclerotic lesions (lipoidosis, fibrous plaques, 
complicated lesions, and calcinosis) were identified 
using the visual-planimetric method recommended 
by the WHO [211. 

The information regarding aortic anatomy, athero- 
sclerotic lesions (occurrence and area), age, sex, 
ethnicity, and some risk factors was analyzed using 
Statistic Aamlysis System (SAS) and General Linear 
Model (GIM) software based on analysis of variance 
and covariant and regression analyses. Calculations 
were performed at the Laboratory of  Biostatistics of 
the Cardiology Research Center. 

The mean diameter of  thoracic aorta (TA) in 20- 
89-year-old individuals varied from 12.6 to 30.1 mm 
(from 13.4 to 22.0 mm according to the literature 
data [9]). In very few cases the perimeter (diameter) 
of the abdominal aorta (AA) was greater than that 
of TA. The greatest difference between the maxhnum 
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Fig. 2. Some parameters of the aorta. 
O v O2, O ~ -  points on the middle line; 
A, B, C, K, M ~ deviation points from 
the middle line; a ~ angle of deviation 
of thoracic aorta between lines con- 
necting points A, D, B; 13 ~ angle of 
narrowing of the entire aorta; ~f ~ angle 
of narrowing of abdominal aorta. 

and minimal perimeters was 16 mm for TA, 18 mm 
for AA, and 39 mm for the entire aorta. The maxi- 
mum length of  TA was 240 lnm in men, and 213 
mm in women; the maximum length of  AA was 191 
ram. The minimal length was 98 mm for TA and 76 
mm for AA. In 2% of the cases, abdominal aorta was 
longer than thoracic aorta. 

The area of  the intima increases with age up to 
2.5 times, reaching a value of  205 cm 2 (76.6 cm: for 
AA and 132.5 cm 2 for TA), reaching 171 cm 2 in 
some cases. 

The length, perimeter (diameter), and intimal 
area in TA and AA positively correlated with age, 
although the rate of  increase of  these parameters 
dropped at the age o f  40-59, when intense pro- 
gression of atherosclerotic lesions has been observed. 

It should be noted that a slight distal narrowing 
of the aorta occurs in the norm in accordance with 
the number, diameter and angle of branches. How- 
ever, inadequate narrowing and shortening of  the 
aorta were documented,  i.e., tnild aortic hypoptasia 
was adequately compensated by high elasticity of the 
aortic wall and numerous arterial branches. 

We observed pronounced distal narrowing of the 
aorta or almost a 2-fold shortening of  AA relative to 
TA in 20.3% men: in 13.9% of them by the dif- 
ference in the area, in 4.9% by the difference be- 
tween perimeters, in 1.5% by the difference between 
the lengths o f  TA and AA. These parameters were 
slightly lower in women.  The difference (>1.6-fold) 
between the same parameters of  TA and AA was 
revealed in 27.4% of the aortas (the difference be- 
tween maximum and minilnal perimeters in 21.8% 
of them, the difference between the lengths of  TA 
and AA in 2.5%, different area ill 1.8%, and diffelent 
combinations of  parameters in 1.3%). In 7.2% of 
individuals, the narrowing of  aorta (angle j3) was 
hemodynamically significant. 

Various methods have been developed to char- 
acterize the aorta: Broca and Erisman indices and 
their modifications, etc. There is a relationship be- 
tween body constitution, on the one hand, and dia- 
meter and length of  blood vessels and age, on the 
other [21. For example, in people with bmchymoq~hic 
constitution thoracic aorta is shorter, while the abdo- 
minal aorta is longer than in people with in dolicho- 
morphic constitution. It was found that  the correla- 
tion between blood vessel parameters and type of 
constitution is weaker in case of short vessels. 

We have analyzed the size of  aorta in relation 
with disease and cause of  death. The greatest dif- 
ferences between these parameters  was revealed 
in individuals died from atherosclerosis and ische- 
mic heart disease (the greatest difference between 
the lengths of  TA and AA was 30.33 iron, between 
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their perimeters 22.32 ram, and between their areas 
31.10 mm2). The smallest difference between these 
parameters was observed in individuals died from 
diabetes lnellitus or from complications of  neph-  
ropathy during pregnancy. In general, the occur-  
rence o f  the differences between the same para- 
meters of  the aorta was 1.6-fold higher (71.1%) in 
persons died from atherosclerosis than in persons 
died from other diseases. This relationship was stron- 
ger in the foreign than in the indigenous population, 
which positively correlated with severity of  athero- 
sclerosis. 

Variable correlations were revealed between aortic 
parameters, risk factors, and atherosclerotic lesions 
(Table 1). The correlation between lipoidosis and age 
(0129 for TA and 0.44 for AA) was weaker  than that 
between age and fibrous plaques (0.68), while the 
correlation between dwthmic structures and age was 
negative (0.02). 

The strongest positive correlations was estab- 
lished between the TA perimeter, on the one hand, 
area (0.90-0.93), age (0.82-0.84), and fibrous plaques 
(0.67-0.69), on the other; the maximum perimeter 
correlated with calcinosis (0.36-0.40). 

TABLE 1. Coefficients of Correlation Between Atherosclerotic Lesions and Aortic Parameters 

Characterist ic 

Thoracic a o r t a  

Age 

Lipoidosis 

Fibrous plaque 

Complicated lesions 

Calcinosis 

Rhythmic structures 

Length 

Perimeter maximum 

minimal 

Area 

Ratio between 

lengths 

perimeters 

areas 

A b d o m i n a l  a o r t a  

Age 

L i p o i d o s i s  

Fibrous plaque 

Complicated lesions 

Calcinosis 

Rhythmic structures 

Length 

Perimeter maximum 

minimal 

Area 

Ratio between 

lengths 

perimeters 

areas 

0.68** 0.27** 
I 

-0.35** t -0.17" 

0.27** 

'0.22* 

0.13"* 

0.43"" 

-0.29* 

0.27** 

0.20** 

-0.24* 0.42** 

0.06 -0.18" 

-0.13" 0.26** 

-0.06 0.13"* 

-0.08* 0.16"* 

-0.13" 

Note. *p<0.05, **p<0.0001 between atherosclerotic lesions and aortic parameters. 

Perimeter 

=E 
x "E: 

0.82** 0.84** 

-0.27** -0.29* 

0.67** 0.69"* 

0.29** 0.31"* 

0.36** 0.37** 

0.01 -0.01 

0.70** 0.65** 

0.93** 

0.84** 0.73** 

-0.44* -0.37"'I 

0.64* 0.56** 

0.30** 0.34** 

0.40** 0.25** 

-0.19" -0.19" 

0.44** 0.41 ** 

0.85** 

Area 

0.78** 

-0.27* 

0.65** 

0.28** 

0.33** 

-0.01 

0.90** 

0.93* 

0.90** 

0.72** 

-0.35** 

0.52** 

0.28** 

0.30** 

0.18"* 

0.83** 

0.83** 

0.81"* 

Ratio between 

4--" 

# 

0.07"* 

-0.04 

0.14" 

0.04 

0.06"* 

0.01 

0.28** 

0.12" 

0.11" 

0.21"* 

0.07* 

-0.07* 

0.11" 

0.01 

0.01 

0.01 

-0.48"1 

0.08" 

-0.07* 

&12"* 

0.01 

0.07 

0.06 

0.09" 

0.23** 

0.06" 

0.14"* 

0.11" 

0.08* 

-0.04 

0.04 

-0.07* 

0.18" 

0.06 

-0.01 

0.06* 

-0.36** I 
-0.08* 

0.11" 

O 3  

"5.E 

0.07" 0.13 

-0.05 0.02 

0.15"* I 0.21 

0.04 -0.06 

0.06 0.02 

0.01 0.17 

0.27** -0.14 

0.13"* 0.37** 

0.10" 0.17 

0.21"* 0.10 

0.99** 0.01 

0.22** 0.87* 

0.13 

0.07" 0.09 

-0.07* -0.18" 

0.11" 0.10 

0 . 0 1  ] 0.14 

0.01 J 0.25 

?2;.  oo, 
. , 0.12 

0.10" 0.43** 

0.01 0.27** 

-0.23** 0.29* 

0.99** 0.35** 

0.22** 0.86** 

0.51"* 
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Covariant analysis showed that fibrous plaques 
are the most informative parameter.  The coefficient 
of  multiple de te rmina t ion  (R  2) for fibrous plaques 
was high; their occur rence  and area were  much  
higher compared  with those  for lipoidosis,  com-  
plicated lesions, and calcinosis. Therefore, in other 
analyses fibrous plaque was chosen as a marker of  
atherosclerosis. Strong correlations were established 
between fibrous plaques, age, angle of  narrowing 
for the entire aorta (f3, ATA) and the areas of  TA 
and AA. 

Analysis of  the relationships between aortic para- 
meters and various risk factors of  atherosclerosis 
showed that the significance o f  individual risk factors 
is lower than that o f  their sum. For  example, the F 
test for the heart  weight was equal to 12.11 (p< 
0.001); however, when arterial hypertension was taken 
into account,  it decreased to 1.10, i.e., became in- 
significant (Table 2), which is due to a strong cor- 
relation between heart weight and arterial hyper-  
tension (10.18, p<0.001). 

Thus, heart weight is influenced not only by 
arterial hypertension, but  also by cardiac defects, 
hypertrophic cardiomyopathy,  etc. The multiple de- 
termination coefficient in this model was high (0.57, 
p<0.0001). Table 2 shows that there is no relationship 
between the parameters characterizing the constitu- 
tion of  a patient (height 0.03, body weight 0.04, and 
Cattle index 0.01) and the occurrence and area of  
fibrous plaques, while the age, angle of  narrowing, 
and some other parameters are significant for the 
development of  atherosclerosis. 

TABLE 2. Covariant Anatysis (Relation with Fibrous Plaques) 

Parameter 

Age 

Angle of narrowing 
of entire aorta (13, ATA) 

Perimeter 

maximum 

minimal 

F test of 
inclusion in 

model 

36.85 

29.52 

25.52 

15.93 

Statistical 
significance 

0,0001 

0.0001 

0.0001 

0,0001 

Area TA 

Height 

Body weight 

Index of Cattle 

Mass of heart 

Arterial hypertension 

Diabetes mellitus 

Cause of death 
(primary disease) 

22.25 

0,03 

0.04 

0.01 

1,10 

10.18 

10.85 

4.14 

0.0001 

0.8648 

0. 8487 

0.9098 

0.2951 

0.0015 

0.0010 

0.0024 

Then we attempted to evaluate the significance 
of  size and shape of  the aorta for atherogenesis and 
to find out  whether these parameters influence this 
process individually or  in association with other risk 
factors (age, etc.). For  this purpose we have em- 
ployed a three-step procedure of  multivariant analysis. 
Firstly, we calculated the complete model according 
to the following formula: 

FPTA k = 1NT+oc I•  % • STA+ 
%xDTI'+Bidr+Eik,  where FPTA is the fibrous plaque 
in TA, k is the number  of  observation, 1NT is the 
free member  (constant), %, 2.3, 4 are tile regression 
coefficients, AGE is the age of  individual, ATA (13) is 
the angle of  narrowing of  the entire aorta, STA is the 
area of  TA, DTT is the difference between the maxi- 
mum and minimal perilneters of  TA, Bidr is the effect 
of  the cause of  death at this level, Elk is the error. 

The multiple detennhlation coefficient was 0.5456 
(p<0.0001), i.e., 54% of  dispersion in this model is 
associated with the studied characteristics. R~=(cs - 
Cy2model)/O'2in i. 

Other 46% are associated with the phenomena 
that were not included in this model (unknown risk 
factors, clinical and anatomical information that was 
not taken into consideration, random errors, etc.). 
In this model, the F test characterizing the inclusion 
of  the given parameter  in the model was 86.72 for 
the age of  an individual, and 39.48 for the angle of  
narrowing, 67.41 for the area; the difference between 
maximum and minimal perimeters of  TA and AA 
was 22.82 (p<0.0001). 

Secondly,  three regressive models  were con-  
sidered. ATA=~lXAGE+C~; STA=y2xAGE+C,.; A'I-T = 
73xAGE+ C 3, where the linearity be tween the para- 
meters characterizing size and shape of  the aolla and 
age are taken into account.  Regression analysis of  
individual parameters was carried out  according to 
the following model: 

RATA=ATA k--(7~AGE k+Ct)=ATA k-- 
(2 .5591xAGE k+0.0046); 

RSTA=STA k--(7~AGE k+C2)=STA k-- 
(93.2496xAGE k+2984); 

RDTT=DTI"  k--(v3AGE k+C3)=DTT k-- 
(0.2677xAGE k+6.5818); 

ATA (angle 19---LTA+LAA D1TA--D2TA; 
STA= LTA D 1TA--D2TA; 

D D T = D 1 T A - - D 2 T A ,  where: u ~_. 3 are the co- 
efficients of  regression, C1, =, 3 are the constants, /c is 
the number  of  observation, AGE is the age, LTA is 
the length of  TA, L A A  is the length of  AA, and DTT 
is the difference between the lnaxilnum and minimal 
perimeters of  TA. 

There was no direct relationship between RATA, 
RDT1 ~ and age. The  calculated R 2 is 0.1028 for ATA 
(angle 13) and 0.0209 for DTT, i.e., there is a very 
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weak relationship between this parameter  and age. 
Statistical significance of  these values was very high 
(p<0.0001). Thus, the influence of  age is 10 and 2%, 
respectively, for angle of  narrowing of  the entire 
aorta and the difference between maximum and mini- 
mum perimeters, while the area of  TA, as it was 
expected, strongly depended on age (61%). 

Tlmdly, another model of  covariant analysis, which 
was similar to the first model, but without the influ- 
ence of  age on the shape and size of  aorta on the de- 
velopment of  atherosclerosis, was calculated as follows: 

FPTA= 1NT+~q x RATA k+~t2X RDTT k +  

73 x RSTA+ Bidr+ Eik, 
where 1NT is the constant  (20.88), k is the in- 
dividual, Bidr --  is the effect o f  the cause of  death 
at this level, Eik is the error, RATA, RSTA, RDTI" 
are the regression residues of  the parameters after 
correction for age, 7] ,  2, 3 are the coefficients of  regres- 
sion: 3123.92, 1.2530, and 0.0003, respectively. R 2 is 
equal to 2138 (p<0.0001), i.e., 21.4% in comparison 
with the initial value and after taking into considera- 
tion all the studied parameters (54%, model that in- 
cludes age), indicating that this model reflects the 
relationship between fibrous plaque and aortic para- 
meters after correction by age. The F test is 26.49 for 
the angle ATA, 33.89 for the area of  TA, 22.57 for 
the difference between the perimeters, and 75.90 for 
the cause of  death (p<0.001 for all studied parameters). 

Thus ,  this model with a high degree of  reliability 
demonstrates the significance of  shape and size of the 

a o r t a  in the deve lopment  o f  atherosclerosis. The 
contribution of  the angle of  narrowing of  the entire 

aorta (ATA or ~), which is a stable parameter of  the 
aorta irrespective of  age and type o f  atherosclerotic 
lesions, is the greatest. 

Atherosclerosis (the area occupied by fibrous 
plaques and calcinosis and the total area occupied 
by elevated lesions) is much severe in individuals with 
maximum difference between aoYdc parameters than 
in individuals with minimal differences (Table 3). 

For example, the occurrence of  fibrous plaques 
in TA of  individuals with minimal difference of  the 
lengths of  TA and AA was equal to 65.6% and 71.2% 
in those with maximum difference, the mean area 
occupies by the plaques being, respectively, 21.1 and 
30.7% of  the aortic surface. The significance of  the 
shape and size of  aorta and its biomechanical pro- 
perties are higher in young age, since the effects of  
other  risk factors (age-related alterations, arterial 
hypertension, etc.) increase when various manifesta- 
tions of  atherosclerosis are leveled. 

We believe that pronounced and inadequate distal 
narrowing of the aorta is an important risk ~actor of  
atherosclerosis. When the difference between sinfitar 
parameters of  TA and AA reaches the values of  1.6 
and higher, blood flow disturbances and distention 
of  aortic wall result in regional hypertension [5]. 
Changes in hemo- and hydrodynamics [6,t0,20] are 
associated with increased permeability of  the intima 
and development of  vascular lesions, leading to hem- 
orrhages and other vascular disorders [15,19]. 

/Mnong the four major mechanisms of  athero- 
sclerosis, Schwartz et  al. (1989) have stressed the 
importance of mechanical and hemodynamic loading 

TABLE 3. Occurrence and Area Occupied by Atherosclerotic Lesions in Aorta Relative to Its Anatomy (%) 

Parameter 
of aorta 

Length 

Width 

Area 

Note. *p<0.05. 

I 
Seg- 
ment 

of 
aorta 

TA 

AA 

TA 

AA 

TA 

AA 

Difference 

minimal <1.2 

maximum >1.6 

minimal <1.2 

maximum >1.6 

minimal <1.2 

maximum >1.6 

minimal <1.2 

maximum >1.6 

minimal <1.2 

maximum >1.6 

minimal <1.2 

maximum >1.6 

All lesions 

occur- 
rence 

99.4 

98.4 

99.4 

99.4 

98.1 

100.0 

98.7 

100.0 

99.4 

99.0 

99.4 

99.7 

area 

31.6+1.6 

41.3• 

44.8-+1.8 

54.3• 

34.1-+1.6 

41.7• 

47.7• 

52.7• 

32.4• 

41.6• 

45.8• 

53.4+1.9* 

occur- 
rence 

65.6 

71.2 

74.4 

74.0 

69.4 

72.3 

76.0 

77.7 

67.2 

69.7 

76.7 

73.2 

Fibrous 
plaque 

area 

21.1+1.4 

30.7-+1.7" 

26.9• 

35.4+1.8" 

23.5+1.5 

31.1+1.7 

31.5+1.7 

33.8• 

21.5-+1.5 

30.7+1.7" 

27.8_+1.6 

34.2• 

Compl icated 
lesions 

occur- area 
rence 

26.5 

40.2* 

37.8 

41.5 1 
30.0 

40.6* 

37.8 

45.3 

26.2 

39.7* 

37.8 

141.3 

1 5+O3  

1.8-+0.3" 

2.6-+0.5 

4.2• 

1.4+0.3 

1.6_+0.3 

3.9• 

3.2_+0.5 

1.4• 

1.6• 

3.4_+06 

3.9• 

Calcinosis 

occur- 
area 

rence 

24.5 1,0+0.4 

38.0 1.6+0.3 

38.4 4.2+_0.6 

42.5 5.3+0.6 

26.8 1.0_+0.3 

37.3 1.8+0.4 

37.4 2.8-+0.6 

44.9 6.4+0.9 

28.2 1.0-+0.3 

40.0 1.8-+0.3 

30.1 3,9+0.6 

4 2 . 4  5.6_+0.6 
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and the sensitivity of  vascular receptors to low-den- 
sity lipoproteins. Thus, an increase in the difference 
between the parameters of  TA and AA increases the 
probability of  early initiation and rapid progression 
of  atherosclerotic lesions, which potentiates the ef- 
fects o f  other  risk factors, particularly of  arterial 
hypertension. 

We studied the effect of  aortic anatomy on athero- 
sclerotic changes in coronary,  iliac, and mesenteric 
arteries. A pronounced relationship between athero- 
sclerosis in right coronary, common iliac, and su- 
perior mesenteric arteries, and in abdominal aorta 
has been established. The relationship was weak in 
the inferior mesenteric artery and left circumflex 
coronary artery and was absent in the descending 
coronary artery. 

A strong relationship was established between 
atherosclerosis, the area o f  TA, and the angle of  
narrowing. This relationship was stronger in patients 
with arterial hypertension and in healthy subjects 
(R2=0.4763 and 0.4591, respectively, p<0.0001). 

Fibrous plaques in AA correlated with the ratio 
of  the difference between the maximum and minimal 
diameters of  AA to its length as well as with angle 
of  narrowing of  AA (R2=0.1860, p<0.0001). 

The effect of  aortic anatomy on the occurrence 
and area occupied by fibrous plaques in the common 
and internal iliac arteries (R2=0.41-0.43, p<0.0001) 
was higher than in AA and external iliac and mesen- 
teric arteries (R2=0.11, p<0.0001). Thus, different 
deviations of  aortic anatomy from the norm were 
revealed in 27.4% individuals aged 20-89 years. The 
occurrence and severity of  atherosclerotic lesions 
increased with the degree of  aortic narrowing. Thus, 
distal narrowing of  the aorta can be regarded as a 
new risk factor o f  atherosclerosis which is not as- 
sociated with age-related vascular modifications. Pro- 
gnostic validity of  this factor is greater in healthy 
subjects and in young people than in patients with 
cardiovascular diseases and old people. 

Our findh~gs provide more hlsight into the mech- 
anisms of  atherogenesis, primarily, biomechanical,  
hemo-  and hydrodynamic ,  rheological and some 
others. 

The peculiarities o f  aortic anatomy can be revea- 
led ushlg anthropometric methods, functional and X- 
ray diagnostics, tomography, ultra-sound hnaging, etc. 
The shape and size of  the aolla should be taken into 
consideration in reconstructive surgery and in clinical 
and anatomical analysis of  cardiovascular diseases. 
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