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ABSTRACT 
 

Background: Hypertension has direct effect on abdominal aortic diameter. Some of its 
manifestations are aortic aneurysm and dissection.  
Aims: To compare the AAD among adult normotensive and hypertensive subjects as well as 
correlating with age, sex and blood pressure.  
Materials and Methods: Participants will be randomly selected from hypertensives attending 
Cardiology Clinic, in University of Nigeria teaching hospital (UNTH) Enugu, Nigeria.  Controls will 
be apparently healthy normotensive volunteers. Participants’ demographics, weight, height and 
blood pressure will be documented. Ultrasound measurements of infrarenal AAD will be taken at 2 
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cm below the origin of the superior mesenteric artery.  Data will be statistically analyzed and a p-
value of ≤ 0.05 will be considered significant.  
Results:  300 participants: comprising of 150 normotensives and 150 hypertensives were studied. 
The mean values for AAD in normotensive males and females were 16.66 ± 2.04 mm and 15.36 ± 
1.97 mm respectively. Whereas the values for hypertensives, changed to 18.89 ± 2.64 mm and 
16.57 ± 2.54 mm respectively. The AAD showed a positive correlation with systolic blood pressure 
(r

2
 = 0.317, P ≤ 0.001) but not with diastolic blood pressure.  

Conclusion: Abdominal aortic diameter was significantly larger among hypertensives than 
normotensives. The diameter increased with age in both normotensive and hypertensive subjects.  
 

 
Keywords: Hypertensives; normotensives; abdominal aortic diameter; ultrasound. 
 

1. INTRODUCTION 
 
Normal cross-sectional abdominal aortic luminal 
diameter of adults  range from  3 cm          
proximally to about 1 cm at the site of  bifurcation 

(see Fig. 1) [1]. Mild increase in these values             
corresponds to aortic ectasia. But it is referred to 
as aneurismal when such diameter is greater 
than 3 cm at a level that is inferior to renal 
arteries [2]. 

  

 
 

Fig. 1. Conventional aortic arteriogram showing the abdominal aorta, the superior mesenteric 
artery (SMA), and its major branches [3] 
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The middle layer of abdominal aorta is called 
tunica media and its primary structural elements 
are elastin and collagen [4]. These components 
regulate aortic hemodynamic events [4]. 
Alteration of these hemodynamic events are 
responsible for the phenomenon of injuries and 
repairs in the media of a normal abdominal aorta 
[5]. These changes are more pronounced in the 
abdominal aorta than other arteries [4]. Worst 
offending factor is hypertension as it increases 
the mechanical stress of billions of cyclic 
contractions and expansions of heart cycle. The 
aftermath is increased fragmentation of elastin 
and consequent aortic ectasia. Hence, in 
hypertension the aorta tend to dilate to 
accommodate the increased fluid volume [4,6]. 
Consequently, increased blood pressure is 
commonly cited as a risk factor for abdominal 
aortic aneurysms [4,7-10]. The definition of 
hypertension is systolic blood pressure of 140 
mmHg and above or diastolic blood pressure of 
90 mmHg and above or both.  
 

The choice of ultrasonography in this study is 
favored by its low cost, high accuracy, non-
invasiveness and Doppler potentials. Its value is 
seen to correlate   with computed tomography 

(CT) [2]. Ninety to ninety five percent of 
abdominal aortic aneurysms are known to occur 
at infrarenal aorta; therefore this study is 
restricted to infrarenal AAD in adult normotensive 
and hypertensive subjects [2]. 

 
1.1 Aims and objectives 
 

• To compare the infrarenel AAD in 
normotensives and hypertensives. 

• To correlate AAD (in normotensives and 
hypertensives) with diastolic and systolic 
blood pressures.  

 
2. MATERIALS AND METHODS 
 
The subset of participants with hypertension will 
be selected from patients attending Cardiology 
Clinic at University of Nigeria (UNTH) Enugu. 
Controls (normotensives) will be selected from 
patients’ relations and hospital staff. Selection 
across age groups will be selected by simple 
random sampling. Study period is six months. 
Heights and weights will be measured on ELGIL 
Height/Weight scale in light clothing and devoid 
of shoes.  

  

 
 

Fig. 2. 2D grayscale ultrasound longitudinal image of the abdominal aorta showing the pattern 
of measurement a = point of measurement of AAD (inner margin of the anterior wall),b = Inner 

margin of the posterior wall, c = outer margin of anterior wall, d = outer margin of posterior 
wall, e = origin of superior mesenteric artery, f = superior mesenteric artery,  

g = infrarenal aorta 
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Fig. 3. Line diagram to demonstrate the pattern of measurement of the infrarenal aorta, 
longitudinal section a = point of measurement of AAD (inner margin of the anterior wall),  

b = inner margin of the posterior wall, e = origin of superior mesenteric artery, f = superior 
mesenteric artery, g = infrarenal aorta 

 
The blood pressure of each subject will be 
measured thrice in a sitting position using 
Accusson's mercury sphygmomanometer after 
five minutes interval of rest. The mean of the 
three sitting blood pressure measurements will 
be recorded. The duration of hypertension and 
antihypertensive medications will be recorded. 
No laboratory investigation will be conducted. 
 
In terms of ultrasound scanning technique, each 
subject will be examined supine using 3.5MHz 
curvilinear probe on a Hitachi EUB-525 Doppler 
Ultrasound machine by the researchers. The 
transducer will be placed on the epigastrium and 
moved longitudinally to visualize the full length of 
abdominal aorta. 
 
The superior mesenteric artery will be identified 
and traced to its origin from the aorta on the 
longitudinal view, Fig. 2. The image with the 
widest diameter in the longitudinal plane will be 
frozen in systole and the playback function will 
be used to identify the best view. 
 

The inner to inner technique of measurement 
used by Huseyin et al. [11,12,13]

 
 will be adopted 

for this study. The anteroposterior (AP) diameter 
will be measured from the inner margin of the 
anterior aortic wall to the inner margin of the 
posterior aortic wall (ITI).  
 
The site of measurement will be at 2 cm below 
the origin of the SMA, on the static longitudinal 
image using electronic calipers, Figs. 2 and 3. 
This allows correct measurement and placement 
of the calipers perpendicular to the long axis of 
the vessel [14]. 
 

3. RESULTS  
 
A total of 300 participants were studied.                 
There were 136 (45.3%) males and 164             
(54.7%) females giving a male to female ratio of 
1:1.4.  
 
Their ages ranged from 20 – 99 years, see  
Table 1.  

 Table 1. Demographic data 
 

Variable  Frequency (N)  Percentage (%)  Frequency (N)  Percentage (%)  
Normotensive Hypertensive 

Age(yr)  20-29  12  8.00  8  5.33  
30-39  21  14.00  11  7.33  
40-49  27  18.00  32  21.33  
50-59  38  25.33  38  25.33  
60-69  23  15.33  24  16.00  
70-79  17  11.33  21  14.00  
80-89  10  6.67  12  8.00  
90-99  2  1.33  2  1.33  

Sex  Male  66  44.00  70  46.67  
Female  84  56.00  80  53.33  



The normotensive group, had a mean AAD of 
15.70 ± 2.0mm while the hypertensive group had 
mean AAD of 17.72 ± 2.8mm (see Table 2). 

 
The hypertensives had significantly higher AAD 
than the normotensives, p < 0.001, Table 2.

 
In both sexes, hypertensives had higher AAD 
than the normotensives, p < 0.001. 
 

 Table 2. The mean AAD in normotensive and hypertensive males and females
 

Category  Total 
No  No.  

Normotensives  150  66  
Hypertensives  150  70  

 

 
Fig. 4. Frequency distribution of participants by diastolic blood pressure

 
Fig. 5. Frequency distribution of participants by systolic blood pressure
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had a mean AAD of 
15.70 ± 2.0mm while the hypertensive group had 
mean AAD of 17.72 ± 2.8mm (see Table 2).  

The hypertensives had significantly higher AAD 
than the normotensives, p < 0.001, Table 2. 

In both sexes, hypertensives had higher AAD 
 

The mean values of AAD in both normotensives 
and hypertensives, at different diastolic and 
systolic blood pressures, are shown in Figs. 4 
and 5.  
 

Abdominal aortic diameter increased with SBP 
but not with DBP. (see Figs. 6 & 7). 
 

The SBP, unlike DBP had significant positive 
correlation with AAD as shown in Table 3.

Table 2. The mean AAD in normotensive and hypertensive males and females

Males Females  Total
AAD  No.  AAD  P   
16.66 ± 2.04  84  15.36 ± 1.97  0.001  15.70±2.03 
18.89 ± 2.64  80  16.57 ± 2.54  0.001  17.72±2.83 

Fig. 4. Frequency distribution of participants by diastolic blood pressure
 

Frequency distribution of participants by systolic blood pressure
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The mean values of AAD in both normotensives 
and hypertensives, at different diastolic and 
systolic blood pressures, are shown in Figs. 4 

Abdominal aortic diameter increased with SBP 
7).  

The SBP, unlike DBP had significant positive 
correlation with AAD as shown in Table 3. 

Table 2. The mean AAD in normotensive and hypertensive males and females 

Total 

15.70±2.03  
17.72±2.83  

 

Fig. 4. Frequency distribution of participants by diastolic blood pressure 

 

Frequency distribution of participants by systolic blood pressure 
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Fig. 6. Abdominal aortic diameter of normotensives and hypertensives by diastolic blood 
pressure 

 

 
 

Fig. 7. Abdominal aortic diameter of normotensives and hypertensives by systolic blood 
pressure 

 

Table 3. Correlation of AAD with SBP and DBP 
 

Normotensives 
 r  r

2
(%)  P  

SBP  0.317  10  0.000  
DBP  0.121  1  0.192  
Hypertensives  
SBP  0.195  4  0.032  
DBP  0.097  1  0.290  

r = ‘Pearson’s correlation coefficient’. r
2
(%)  = ‘coefficient of determination 
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4. DISCUSSION 
 

In this study, there is larger female population in 
both normotensivess and hypertensives (See 
Table 1). This may be because more females 
were available and willing to participate while 
their male counterparts required more 
explanations to be convinced. Most of the 
uncooperative subjects were also males.  
 
The hypertensives had higher blood pressures 
than the normotensives. However; more than 
39% of the hypertensives in this study had 
normal blood pressure at the time of 
measurement. The high frequency of normal 
blood pressure among the hypertensives in this 
study may be due to good blood pressure control 
at the cardiology clinic.  
 

Median age was observed to be higher among 
normotensives in this study. This may be related 
to a higher life expectancy among normotensives 
who have smaller aortic diameter than their 
hypertensive counterparts. It has been 
documented that increased AAD in 
hypertensives is also a marker for death from 
other cardiovascular causes [13]. 
 

The mean values of AAD among  normotensive 
adult participants in this study is 16.66 ± 2.04 
mm for males and 15.36 ± 1.97 mm for females 
(See Table 2). This is consistent with the findings 
of Udemezue et al. [7] in Enugu, Nigeria. They 
reported a mean AAD of 15.7 mm for adult males 
and 14.9 mm for females. Since Udemezue et al. 
[2]

 
conducted their study on the same population, 

this similarity in values of AAD is expected. 
 

In this study, higher AAD was observed among 
hypertensives in both sexes (See Table 2). This  
is in agreement with many other studies [3,15-
19]. The difference in the mean AAD between 
the normotensives and hypertensives in this 
study varies between the sexes: 2.23 mm for 
males and 1.21 mm for females. It is higher in 
males. This shows that the effect of hypertension 
on AAD in this study is more pronounced in 
males than in females which corroborates the 
findings of  Markku et al. [14] The greater effect 
of hypertension on aortic diameter and the higher 
prevalence of hypertension in males, indicate 
greater risk of abdominal aortic aneurysms in 
males. This may be why abdominal aortic 
aneurysm is commoner in males than in females 
[4]. 
 

The Whitehall study by Stranchan20 reported a 
positive correlation of AAD with the diastolic 

blood pressure (DBP) rather than with the 
systolic blood pressure in hypertensives. In 
contrast, this study showed a positive correlation 
with systolic blood pressure (SBP) and not with 
diastolic blood pressure (DBP) [See Figs. 4,5, 6 
& 7]. This corroborates the report of a 
multivariate analysis by Ryo et al. [20-22]. 
Correlation of AAD with the SBP and not the 
DBP is associated with increased shear stress. 
23,24  Although these changes occur with aging, 
they are accelerated in hypertension  [22,23,24].

 
 

A number of other authors had shown that AAD 
increases with blood pressure, even in non 
hypertensives [7,9,17,25,26-29]. These factors 
are hypothesis for further studies in our 
population.  
 
The inner to inner (ITI) technique was used to 
measure the infrarenal AAD in this study and the 
values reported are lower than those reported by 
Markku et al.17 and Singh et al. [18] who used 
the outer to outer (OTO) technique of 
measurement. This is because the internal and 
external wall diameter would give discrepancies 
of up to 5-6mm [19]. The difference in values of 
AAD between the studies may be due to 
technique. 
 
The significance of the study includes the 
establishment that AAD increases with blood 
pressure especially systolic blood pressure, thus 
warranting the need of better blood pressure 
control. Besides, we have established a local 
normogram of AAD among normotensive and 
hypertensives as this information appears scanty 
in our locality. 
 
Most of the limitations of this study were based 
on techniques. For example, failure to acquire 
high resolution images were due to bowel gas. 
This was reduced when the participants sips 
water slowly with a straw, while more pressure 
was applied to the probe.  
 
Another limitation is intra-observer errors which 
were minimized by recording only the mean of 
three AAD measurements of the infrarenal aorta, 
while inter-observer error was eliminated by 
ensuring that all measurements were taken by 
the researchers only. 
 

5. CONCLUSION 
 
Abdominal aortic diameter (AAD) is larger among 
hypertensives than normotensives [30]. The 
effect of hypertension on AAD is more 
pronounced in males than in females. There is a 
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positive correlation of AAD with systolic blood 
pressure in our environment. 
 

6. RECOMMENDATIONS 
 

It is recommended that all hypertensives above 
the age of 60 should be screened for occult 
abdominal aortic aneurysm and the AAD 
obtained should be compared with age-matched 
local reference values. Early detection will 
reduce mortality from ruptured abdominal aortic 
aneurysm. 
 

CONSENT  
 
As per international standard, patient’s written 
consent has been collected and preserved by the 
author(s). 
 

ETHICAL APPROVAL 
 

It is not applicable. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Breyer B, Bruguera CA, Gharbi HA, 
Goldberg BB, Tan FEH, Wachira WW, et 
al. Manual of Diagnostic Ultrasound, ed. 
Palmer,PES, World Health Organization, 
Geneva. 2006;6:53-63.  

2. William EB. The core curriculun 
ultrasound; Lppincott Williams & Wilkins; 
Phiadelphia. 2001;11:421-423.   

3. Obikili EN, Okoye IJ. Transverse thoracic 
aortic diameter in frontal chest radiographs 
of an adult Nigerian population. West Afr J 
Med. 2006;25(3):186-189.  

4. Blanchard JF. Epidemiology of abdominal 
aortic aneurysms. Epidemiol Rev. 
1999;21:207-21.  

5. Schlatmann TJ, Becker AE. Histologic 
changes in the normal aging aorta: 
Implications for dissecting aortic aneurysm.  
Circulation. 1997;96(7):2228-2232. 

6. Patel AS, Mackey RH, Wildman RP, 
Thompson T, Mathews K, Kuller L, et al. 
Cardiovascular risk factors associated with 
enlarged diameter of the abdominal aortic 
and iliac arteries in healthy women. 
Atherosclerosis. 2005;178(2):3ll-7.  

7. Udemezue OO, Akpuaka FC, Anibeze CIP, 
Mgbor SO. Body habitus and abdominal 

aortic size among southeast Nigerian. J 
Expt Clin Anat. 2002;1:22-25. 

8. Cole WC, Hill GB, Bouchard AG. 
Atherosclerotic risk factors in abdominal 
aortic aneurysm and peripheral vascular 
occlusive disease. Chronic Dis Can. 
1994;15:120-122.  

9. Lederle FA, Johnson GR, Wilson SE, 
Chute EP, Littooy FN, Bandyk D, et al. 
Prevalence and associations of abdominal 
aortic aneurysm detected through 
screening. Aneurysm detection and 
management (ADAM) veterans affairs 
cooperative study group. Ann Intern Med. 
1997;126(6):441-449.  

10. Vazquez C, Sakalihasan N,  D’Harcour J. 
Routine ultrasound screening for 
abdominal aortic aneurysm among 65- and 
75-year-old men in a city of 200,000 
inhabitants. Ann Vasc Surg. 1998;12:544-
9. 

11. Huseyin O, Serpil S, Bahattin B, Cagri S, 
Ilker B, Ufuk G. Diameter of the infrarenal 
abdominal aorta in children with cerebral 
palsy. Ann Vasc Surg. 2005;19:343-346.  

12. Shweta B, Hamad G, Vikram S. 
Sonographic evaluation of the abdominal 
aorta ultrasound. Clin. 2007;2:437–453.  

13. Paul N, Max L, Carole P, Konrad J. 
Infrarenal aortic diameter predicts all-
cause mortality. Arteriosclerosis, 
Thrombosis, and Vascular Biology. 
2004;24:1278-1282.  

14. Markku PJ, Merikanto J, Jerkkola T, 
Savolainen MJ, Rantala AO, Kauma H, et 
al. Effect of hypertension and risk factors 
on diameters of abdominal aorta and 
common iliac and femoral arteries in 
middle-aged hypertensive and control 
subjects: A cross-sectional systematic 
study with duplex ultrasound. 
Atherosclerosis. 2000;153(1):99-106.  

15. Brosnan M. Is there a benefit to screening 
for abdominal aortic aneurysm in the irish 
male population between the ages of 55 to 
75 years; An ideal opportunity group for 
evaluating cardiovascular risk factors? 
Dublin Institute of Technology. Masters 
Thesis; 2011.  

16. Berry CL. Hypertension and arterial 
development Long-term considerations. Br 
Heart J. 1978; 40(7):709-717.  

17. O'Kelly TJ, Heather BP. General practice-
based population screening for abdominal 
aortic aneurysms: A pilot study B J Surg. 
1989;76(5):479-480.  



 
 
 
 

Donald et al.; JAMMR, 30(6): 1-9, 2019; Article no.JAMMR.50595 
 
 

 
9 
 

18. Eric MI. Contemporary reviews in 
cardiovascular medicine, thoracic and 
abdominal aortic aneurysms. Circulation. 
2005;11:816-828.  

19. Singh K, Jacobson BK, Solberg S, Kumar 
S, Arnsen E. The difference between 
ultrasound and computed tomography 
measurements of aortic diameter 
increases with aortic diameter: Analysis. 
Eur J. Vasc Endovasc Surg. 
2004;28(2):158-167.  

20. Strachan DP. Predictors of death from 
aortic aneurysm among middle-aged men: 
The white hall study. Br J Surg. 
1991;78:401-402.  

21. Ryo T, Satoshi H, Masanori A, Yoshiro T, 
Kimihiko M, Kiminobu T. Impact of 
obstructive sleep apnea on abdominal 
aortic diameters. American Journal of 
Cardiology. 2014;114(4):618–623.  

22. Gail AL, Matthew AA, Nicole J, Victor A, 
Nathan DW, Robert D, et al. Abdominal 
aortic diameter and vascular 
atherosclerosis: The multi-ethnic study of 
atherosclerosis. Eur J Vasc Endovasc 
Surg. 2011;41(4):481–487.  

23. Matthew AA, Kevin K, Dominic D, Michael 
W, Michael HC. The epidemiology of 
abdominal aortic diameter. J Vasc Surg. 
2008;48(1):121-127.  
Available:http://dx.doi.org/10.1016/j.jvs.200
8.02.031 

24. Christodoulos S,  John D, Charalambos V, 
Costas T, Eleftherios T, Konstantinos T et 
al. Aortic function in arterial hypertension 
determined by pressure-diameter relation: 
Effects of diltiazem. Circulation. 1997; 
96:1853-1858.  

25. Reider B, Torbjon D, Toril ANH. 
Ultrasound in abdominal aortic aneurysm. 
INTECH Open Access Publisher; 2011. 

DOI: 10.5772/19637, ISBN 978-953-307-
466-5  

Available:http://www.intechopen.com/book
s/diagnosis-screening-and-treatment-of-
abdominal-thoracoabdominal-and-thoracic-
aortic-aneurysms/ultrasound-in-abdominal-
aortic-aneurysm  

26. Gary FM, Yves L, Jean-Pascal O, Joseph 
LI, Joel N,  Linda JK et al. Determinants of 
elevated pulse pressure in middle-aged 
and older subjects with uncomplicated 
systolic hypertension: The role of proximal 
aortic diameter and the aortic pressure-
flow relationship. Circulation. 2003;108: 
1592-1598. 

27. Ekwunife OI, Aguwa CN. A meta-analysis 
of prevalence rate of hypertension in 
Nigerian populations. JPHE. 2011;3(13): 
604-607.  

28. Pleumeekers HJ, Hoes AW, Does VE. 
Aneurysms of the abdominal aorta in older 
adults: The rotterdam study. Am J 
Epidemiol. 1995;142:1291-1299. 

29. Wilmink AB, Quick CR. Epidemiology and 
potential for prevention of abdominal  
aortic aneurysm. Br J Surg. 1998;85(2): 
155-62. 

30. Jaakkola P, Hippelainen M, Oksala I. 
Infrarenal aortofemoral bypass surgery: 
Risk factors and mortality in 330 patients 
with abdominal aortic aneurysm or 
aortoiliac occlusive disease. Ann Chir 
Gynaecol. 1996;85:28–35. 

_________________________________________________________________________________ 
© 2019 Donald et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/50595 


