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SUMMARY !  393
Carotid intimal medial thickness, a marker for early atherosclerosis, has high clinical utility. It 
shows gender, regional, age and ethnic differences but data from black African populations 
are scarce. This study describes the carotid intimal medial thickness in a black Kenyan 
population. One hundred and fifty histological samples from 25 males and 25 female left 
common carotid arteries were routinely processed for light microscopy and stained using 
Mason’s Trichrome stain. The intimal medial thickness was measured on the 
photomicrographs using the Scion Multiscan software. The mean age of the cases was 
28+19yrs. Mean carotid intimal medial thickness is higher in males (0.97+0.22) than 
females (0.77+0.06), p=0.05 and increases distally.  Carotid intimal medial thickness 
increased with age being 0.5+0.16mm, 0.87+0.24mm and 1.21+0.36 mm for the age 
groups 0-20yrs, 21-40yrs and 41-60yrs respectively (p=0.035). Carotid intimal medial 
thickness in black Africans is similar to that reported for Caucasian populations.  It is higher 
in males, increases distally and with age. 
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INTRODUCTION 
The combined thickness of the carotid 
artery tunica intima and media (Carotid 
intimal medial thickness), has established 
predictive value for stroke and myocardial 
infarction. It is therefore valuable in 
cardiovascular disease risk stratification 
and primary prevention as a surrogate 
marker of atherosclerosis (Jarauta et al., 
2010). It shows segmental, age, gender 
and ethnic differences, following relative 
distribution of cardiovascular disease. For 
example it is 1.049mm and 0.55mm in 
Americans and Nepalese respectively 
(Crouse et al., 1995; Sharma et al., 2009).  

As atherosclerotic diseases become more 
common in black African populations, data 
o n s u c h s u r r o g a t e m a r k e r s o f 
atherosclerosis are important to inform 
preventive strategies (Jarauta et al., 
2010). Nonetheless, intimal medial 
thickness is hardly reported for black 
African populations. The present study 
describes the post-mortem carotid intimal 
medial thickness and luminal diameter in a 
K e n y a n s a m p l e w i t h o u t k n o w n 
cardiovascular risk factors. 

MATERIALS AND METHODS 

Fifty left comm! on carotid arteries from 393
25 males and 25 females randomly 
selected from consecutive autopsies done 
on black Africans at the Department of 
Human Anatomy, University of Nairobi 
were used in this study. Ethical !  393

approval was granted by the Kenyatta 
National Hospital /University Of Nairobi 
ethical review committee. Individuals with 
noted premorbid cardiovascular risk 
factors as well as those with observable 
cardiovascular disease were excluded from 
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the study. The fifty samples were divided 
equally into three age groups (0-20, 21- 
40 and 41-60 years). They were also 
divided into three segments, proximal (A), 
middle (B) and distal (C). The individual 
vessel segments were routinely processed 
for paraffin wax embedding and stained 
using Masson’s Trichrome stain to show 
the general structure of the vessel. The 
slides were examined under the Leica 
microscope at different magnifications. 
Photomicrographs were taken using the 
Ze i ss d ig i ta l photomic roscope a t 
magnifications of x40 and x100 for 
analysis. Analysis of the intimal medial 

thickness in the photographs was done 
using Scion ImageTM Multiscan software 
(Scion Corporation, Frederick, Maryland) 
after calibration accurate to 0.01 mm, 
us ing ruler measurements of the 
histological slides (Nakashima et al., 
2002). The collected data were analysed 
using the SPSS version 17 for Windows 7 
for means. The ANOVA was used to 
determine significance. A p value of 
P<0.05 was considered significant. 

RESULTS 

The median age of study population was 
28yrs, with the youngest sample was from 
a 1yr old while the oldest was 60 yrs old. 
Mean carotid intimal medial thickness was 
0.86+0.22 mm. The mean proximal, 
middle and distal carotid intimal medial 
t h i c k n e s s w e r e 0 . 8 6 + 0 . 2 6 m m , 
0.84+0.28mm and 0.90+0.35 mm 
respectively [p=0.08].  Males had a 
th i c ke r i n t ima l med ia l t h i c kness 
(0.97+0.22) when compared to females 
(0.77+0.06), [p=0.05].  

Carotid intimal medial thickness increased 
with age; 0.5+0.16 mm, 0.87+0.24 mm 

and 1.21+0.36 mm for the age groups 
0-20, 21-40 and >40 respectively 
[p=0.035 ] (Figure 1 and 2).  The mean 
luminal diameter of the carotid artery was 
4.52+1.33 mm. It was 4.51 mm, 4.53 mm 
and 4.52 mm in the proximal middle and 
distal segments respectively (p=0.06). 
The luminal diameter of the carotid artery 
increased with age. The percentage 
stenosis also increased with age; 16%, 
19% and 21% for the age groups 0-20, 
21-40 and >40 respectively (p=0.053). 

  

Figure 1: Intimal medial thickness in different age groups. 
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Fig 2: A photomicrograph showing the increase in the size of the tunica intima with age. 
Distal segments of the carotid arterial wall in 12 (A), 25 (B) and 50 (C) yr old females 
respectively. The size of the tunica intima increases with age. EC- endothelial cells; iel – 
internal elastic lamella, vv – vasa vasora, TI – tunica intima, TM – tunica media. 

Table 1: Carotid Intimal medial thickness in various populations 

Study Population Method IMT (mm)

Crouse et al., 1995 US ultrasound 1.049

Simons et al., 1999 Caucasian Ultrasound 0.94

Okeahialam et al., 2011 Nigeria Ultrasound 0.91

Bots et al., 2005 Netherlands 0.82

Adaikkappan et al., 2002 Indian Ultrasound 0.73

Özdemir et al., 2006 Turkey Ultrasound 0.62

Sharma et al., 2009 Nepalese Ultrasound 0.55

Pignoli et al., 1986 Italian Histology 0.48

Plavnik et al., 2000 Brazilian Ultrasound 0.54

Present study Kenya Histology 0.86
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DISCUSSION 

The carotid intimal medial thickness of 
0.86 mm found among Kenyans by 
histology closely compares with ultrasound 
results observed in Dutch and Nigerians 
[Table 1] (Bots et al., 2005; Okealahim et 
al., 2011). Although there is a difference 
in the methods used, Intimal medial 
thickness measured by ultrasound 
correlates significantly with the IMT 
determined by histology (Pignoli et al., 
1986; Choi et al., 2009). The difference 
between the intimal medial thickness in 
the present sample and the 0.48 mm 
observed by Pignoli et al (1986) on 
microscopy is remarkable. Although there 
were similarities in sample preparation, 
differences exist in the sample size, 
segment, age and measurement method 
used. Pignoli evaluated 44 male as 
opposed to the 50 carotid samples used in 
the present study. Their samples aged 
between 20-25yrs while our samples 
ranged from 1-60 yrs. When adjusted for 
age and gender, CIMT in samples between 
21-30yrs in the present study were 0.74 
mm, still higher than the observations of 
Pignoli. Furthermore the CCA segments 
measured by Pignoli were unclear. Finally, 
Pignoli et al (1986) used a graduated 
ocular piece for measurement, while the 
present study used the Scion ImageTM 

Multiscan software for intimal medial 
thickness assessment. It is however 
unclear as to whether methodology, 
ethnic, or lifestyle differences could 
explain this remarkable difference in IMT.  

This thickness was lower than 1.049 mm 
reported in Americans and higher than 
0.73 mm reported in Indians (Crouse et 
al., 1995; Adaikkappan et al., 2002). 
Intimal medial thickness in Kenyans was 
also lower than the 0.94mm reported in 
Caucasians, in contrast with earlier reports 
that IMT is significantly higher in blacks 
than Caucasians (Chambless et al., 1997; 
Urbina et al., 2002). Carotid intimal medial 

thickness shows population related 
differences, which are attributed to the 
distribution of cardiovascular risk factors in 
these populations. The IMT of the CCA is 
a good marker for both the presence of 
early arteriosclerosis (Pignoli et al., 1986) 
and the degree of arteriosclerosis of an 
individual (Simons et al., 1999). Increases 
in the thickness of the intima and media 
of the carotid artery are directly 
associated with an increased risk of 
atherosclerosis in other vascular beds such 
as the coronary arteries (Jarauta et al., 
2010).  

Carotid intimal medial thickness increased 
with age, supporting observations made in 
previous studies (Osika et al., 2009; 
Jarauta et al., 2010). The increased 
intimal medial thickness comprised more 
elastic lamellae, smooth muscle cells and 
size, and increased collagen deposition. 
Age changes in the structure of the 
carotid artery including diffuse intimal 
thickening develops from an early age in 
human arteries before atherosclerosis 
evolves (Nakashima et al., 2002; Nilsson 
et al., 2008). Changes in the structure of 
the carotid artery with age could be 
attributed to hemodynamic differences 
related to the variability of the carotid 
bifurcation with age (Goubergrits et al., 
2002), as well as lifestyle changes in life 
(Okada et al., 2004). Individuals from 
adolescence should be encouraged to 
adopt cardiovascular friendly lifestyles to 
slow the effects of aging on the carotid 
artery, which would otherwise complicate 
into atherosclerosis later in life. 

Carotid intimal medial thickness was 
higher in males (0.97 mm) than in females 
(0.77 mm), consistent with previous 
reports (Ebrahim et al., 1999). The 
observed higher intimal medial thickness 
in males begins from adolescence and 
partly explains why males are more prone 
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to atherosclerosis when compared to 
females (Bohm et al., 2009). Contrary to 
previous observations, the gender 
differences in the dimensions of the 
c a r o t i d i n t i m a a n d m e d i a w e r e 
pronounced in the third age group in 
which the mean of 0.94mm and 1.48mm 
in females and males respectively (Sinning 
et al., 2011). Males in the third age group 
had unusually thick vessel walls compared 
to the females. This disparity could be in 
part related to the differences in the 
ethnic and age groups considered and our 
sma l l s amp l e s i z e . None t he l e s s 
postmenopausal women had increased 
intimal medial thickness, significantly more 
than their premenopausal counterparts. 
The age difference in the intimal medial 
thickness between the females in the third 
age group and the females in the second 
age group was comparable to the gender 
difference in the CIMT. This suggests that 
menopause i s accompan ied w i th 

significant increase in carotid intimal 
medial thickness in support of the 
observations made by Espeland et al 
(1995). The similarity in pattern of 
difference in the intimal medial thickness 
between the genders, and between the 
post-menopausal and premenopausal 
females generally also implies that 
f e m a l e s a r e m a s c u l i n i z e d a f t e r 
menopause. The gender difference in the 
structure of the vessel has been related to 
the effects of oestrogens and androgens.  

In conclusion, carotid intimal medial 
thickness in black Africans is similar to 
that reported for Caucasian populations.  
It is higher in males and increases distally 
and with age. 

Acknowledgement: We acknowledge Mr 
Acleus Murunga for his assistance in 
specimen collection. 

REFERENCES 

1. Adaikkappan M, Sampath R, Felix A JW, Sethupathy S. 2002. Evaluation of carotid 
atherosclerosis by B'mode ultrasonographic study in hypertensive patients compared 
with normotensive patients. Indian Journal of Radiology and Imaging. 12; 365–368. 

2. Bohm B, Hartmann K, Buck M, Oberhoffe R. 2009. Sex differences of carotid intima-
media thickness in healthy children and adolescents. Atherosclerosis. 206: 458-463. 

3. Bots ML, Grobbee DE, ofman A, Witteman JCM. 2005. Common carotid intima medial 
thickness and risk factor for myocardial infarction: the role of lumen diameter. Stroke. 
36: 762-767. 

4. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett AR, Clegg LX. 
1997. Association of coronary heart disease incidence with carotid arterial wall 
thickness and major risk factors: the Atherosclerosis Risk In Communities (ARIC) 
Study, 1987–1993. Am J Epidemiol. 146: 483–494. 

5. Choi YS, Youn HJ, You JS, Park CS, Oh YS, Chung WS. 2009. Measurement of the 
Intimal Thickness of the Carotid Artery: Comparison Between 40 MHz Ultrasound and 
Histology in Rats. Ultrasound in Medicine and Biology. 35: 962-966. 

6. Crouse JR, Craven TE, Hagaman AP, Bond GM.  1995. Association of Coronary 
Disease With Segment-Specific Intimal-Medial Thickening of the Extracranial Carotid 
Artery. Circulation. 92:1141-1147.  

7. Ebrahim S, Papacosta O, Whincup P, Wannamethee G, Walker M, Nicolaides AN, 
Dhanjil S, Griffin M, Belcaro G, Rumley A, Lowe DO. 1999. Carotid plaque, intima 
media thickness, cardiovascular risk factors, and prevalent cardiovascular disease in 
men and women: the British Regional Heart Study. Stroke. 30: 841–850. 

� 	  397



Anatomy	  Journal	  of	  Africa	  2014,	  3	  (3):	  393-‐399

8. Espeland MA. Applegate W, Furberg CD, Lefkowitz D, Rice L, Hunninghake D. 1995. 
Estrogen Replacement Therapy and Progression of Intimal-Medial Thickness in the 
Carotid Arteries of Postmenopausal Women. Am. J. Epidemiol. 142: 1011-1019.  

9. Goubergrits L, Affeld K, Fernandez-Britto J, Falcon L. 2002. Geometry of the human 
common carotid artery. A vessel cast study of 86 specimens. Pathol Res Pract. 
198:543-51. 

10. Grobbee DE, Bots ML.1994.  Carotid intima-media thickness as indicator of 
generalized atherosclerosis. J Intern Med. 236: 567–573. 

11. Jarauta E, Mateo-Gallego R, Bea A, Burillo E, Calmarza P, Civeira F. 2010. Carotid 
intima-media thickness in subjects with no cardiovascular risk factors. Rev Esp 
Cardiol. 63:97-102. 

12. Nakashima Y, Chen YX, Kinukawa N, Sueishi K. 2002. Distributions of diffuse intimal 
thickening in Human arteries; preferential expression in atherosclerosis prone 
arteries from early age. Virchows Arch. 441: 279-288. 

13. Nilsson PM, Lurbe E, Laurent S. 2008. The early life origins of vascular ageing and 
cardiovascular risk: the EVA syndrome. J Hypertens. 26:1049-57. 

14. Okada K, Maeda N, Tatsukawa M, Shimizu C, Sawayama Y, Hayashi J. 2004. The 
influence of lifestyle modification on carotid artery intima-media thickness in a 
suburban Japanese population. Atherosclerosis. 173:329-37. 

15. Okeahialam BN, Alonge BA, Pam SD, Puepet FH. 2011. “Carotid Intima Media 
Thickness as a Measure of Cardiovascular Disease Burden in Nigerian Africans with 
Hypertension and Diabetes Mellitus,”. Int J Vasc Med. 327171 

16. Osika W, Dangardt F, Montgomery SM, Volkmann R, Gan LM, Friberg P. 2009. Sex 
differences in peripheral artery intima, media and intima media thickness in children 
and adolescents. Atherosclerosis. 203: 172-177. 

17. Özdemir H, Artaş H, Serhatlioğlu S, Oğur E. 2006. Effects of overweight on luminal 
diameter, flow velocity and intima-media thickness of carotid arteries. Diagn Interv 
Radiol; 12:142-146. 

18. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. 1986. Intimal plus medial thickness 
of the arterial wall: a direct measurement with ultrasound imaging. Circulation. 74: 
1399–1406. 

19. Sharma P, Lohani B, Chataut SP. 2009. Ultrasonographic evaluation of carotid intima-
media thickness in hypertensive and normotensive individuals. Nepal Med Coll J. 11: 
133-135. 

20. Simons PCG, Algra A, Bots ML, Grobbee DE, van der Graaf Y. 1999. Common Carotid 
Intima-Media Thickness and Arterial Stiffness; Indicators of Cardiovascular Risk in 
High-Risk Patients. The SMART Study (Second Manifestations of ARTerial disease). 
Circulation. 100:951-957.  

21. Sinning C, Wild PS, Echevarria FM, Wilde S, Schnabel R, Lubos E, Herkenhoff S, 
Bickel C, Klimpe S, Gori T, Münzel TF, Blankenberg S, Espinola-Klein C; Gutenberg-
Heart Study. 2011. Sex differences in early carotid atherosclerosis (from the 
community-based Gutenberg-Heart Study). Am J Cardiol. 107:1841-7.  

� 	  398

http://www.atherosclerosis-journal.com/issues?vol=203


Anatomy	  Journal	  of	  Africa	  2014,	  3	  (3):	  393-‐399

22. Urbina EM, Srinivasan SR, Tang R, Bond MG, Kieltyka L, Berenson GS; Bogalusa 
Heart Study.2002.  Impact of multiple coronary risk factors on the intima-media 
thickness of different segments of carotid artery in healthy young adults (The 
Bogalusa Heart Study). Am J Cardiol. 90: 953–958. 

23. Plavnik FL, Ajzen S, Kohlman O, Tavares A, Zanella MT, Ribiero AB, Ramos OL. 2000. 
Braz J Med Biol Res. 33: 55-64. 

� 	  399


