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Microvascular and macrovascular complications are the most important causes of the mortality and morbidity in patients with diabetes 
mellitus. Atherosclerosis is the main mechanism in the genesis of those complications. The diabetes itself causes a risk for athero
sclerosis and diabetics may also own a high incidence of other risk factors for atherosclerosis. Thickening of the intima-media complex 
in great vessels is the first morphologic feature of the atherosclerosis. Thickness of the carotid intima-media serves as an indicator of 
the carotid atherosclerosis. On the other hand, it gives a useful information about atherosclerotic course at the other regions, too. We 
evaluated common carotid arteries, because aorta and its branches are the first region which are affected by atherosclerosis and it can 
be examined easily and non-invasively by B-mode ultrasonography. In this study, we investigated the relation of the age, sex, smoking 
and body mass index to the thickness of the carotid intima-media complex in 79 non-insulin-dependent diabetics. We disclosed a pos
itive correlation between the thickness of the carotid intima-media complex and age, duration of diabetes, and body mass index. 
Gender and smoking habit was not correlated with the thickness of the carotid intima-media complex. In conclusion, the thickness of 
the carotid intima-media complex can be claimed as a parameter of the atherosclerotic status of diabetics. So, we may recommend 
that carotid ultrasonography should be performed routinely in all diabetics. [Turk J Med Res 1997; 15(2):77-80] 
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D i a b e t e s mel l i tus is a h e t e r o g e n e o u s pr imary d i so rde r of 
ca rbohyd ra te m e t a b o l i s m with mult ip le et io logic fac tors 
that gene ra l l y invo lve abso lu te or re lat ive insul in de f i 
c i e n c y o r insul in r es i s t ance o r both . Non - i nsu l i n -depen 
dent d i a b e t e s mel l i tus ( N I D D M ) m a y be the most rapidly 
g row ing ch ron i c d i s e a s e in the wor ld . Its long- term c o m 
p l ica t ions , inc lud ing ret inopathy, nephropathy , n e u r o p a 
thy, a n d a c c e l e r a t e d m a c r o v a s c u l a r d i s e a s e c a u s e s m a 
jor morb id i ty a n d mortality. A t h e r o s c l e r o s i s is the ma in 
m e c h a n i s m in the g e n e s i s o f the m i c r o v a s c u l a r a n d 
m a c r o v a s c u l a r comp l i ca t i ons . T h e d iabe tes itself c a u s e s 
a r isk for a t he rosc l e ros i s a n d d iabe t i cs m a y a l so o w n a 
h igh i n c i d e n c e of o ther r isk fac tors for a the rosc le ros i s . 

N o n e n z y m a t i c g lycos i la t ion o f the prote ins p lay an 
impor tant role in the g e n e s i s o f m a c r o v a s c u l a r c o m p l i c a 
t ions. O the r fac to rs , s u c h as i n c r e a s e d ox idat ive modi f i 
ca t ion o f the l ipoprote ins , dys l i p idemia a n d hype r i nsu -
l i n e m i a a l s o c a n fac i l i ta te the d e v e l o p m e n t o f the 
m a c r o v a s c u l a r c o m p l i c a t i o n s (1-3). 

D iabe t i c m a c r o v a s c u l a r comp l i ca t i ons o c c u r g r a d u 
al ly a n d ins id ious ly dur ing c o u r s e o f the d i s e a s e , a n d 
they c a n b e d e s c r i b e d a s a c c e l e r a t e d a therosc le ro t i c 
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even ts . M y o c a r d i a l in farct ion, c e r e b r o v a s c u l a r even ts o r 
per iphera l arter ial o c c l u s i o n s in the range of c laud ica t ion 
to lower ext remi ty amputa t ion , al l o f a re undes i r ab l e out
c o m e s o f m a c r o v a s c u l a r d i s e a s e (4). 

B e c a u s e of the aor ta a n d its b r a n c h e s a re the first 
reg ions af fect ing f rom a the rosc l e ros i s , t h i c k n e s s o f the 
carot id in t ima-med ia is a g o o d ind icator for a t h e r o s c l e 
rotic p rog ress i on . T h u s , t h i c k n e s s o f the carot id in t ima-
m e d i a i s a l s o g ives usefu l in format ion abou t a t h e r o s c l e 
rotic c o u r s e of the other reg ions (5-7). 

T h e p u r p o s e o f our s tudy is to de te rm ine the relat ion 
o f a g e , s e x , s m o k i n g a n d body m a s s index to carot id in 
t ima -med ia t h i c kness (IMT) a n d to es tab l i sh whe the r the 
IMT is an use fu l p a r a m e t e r for eva lua t ing per iphera l v a s 
cu la r d i s e a s e o r not. 

MATERIALS AND METHODS 
Th is s tudy w a s car r ied out b e t w e e n O c t o b e r 1995 a n d 
Ju l y 1996 , and inc luded 79 pat ients with non- insu l in d e 
penden t d i abe tes mel l i tus ( N I D D M ) . Pa t i en t s w h o s e fast
ing b lood g l u c o s e h igher than 140 mg/d l w e r e a c c e p t e d 
as d iabet ic . T h o s e pat ients h a v e b e e n t reated ei ther by 
oral ant id iabet ic d rugs or insu l in . D iabe t i c pat ien ts we re 
a c c e p t e d a s N I D D M acco rd i ng t o t h e s e cr i ter ia : 

1 - O n s e t o f s y m p t o m s after a g e 30 . 

2 - Pos i t i ve fami ly h istory o f d i abe tes mel l i tus . 

3 - C l in i ca l b a c k g r o u n d o f o n s e t o f d i a b e t e s . 
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Pat ien ts w h o w e r e rece iv ing hypo l i p idemic d rugs o r 
c a l c i u m c h a n n e l b locke rs we re e x c l u d e d f rom our study. 

Ca ro t i d u l t rasonography ( C U S ) w e r e per fo rmed to 
all pat ients with A c u s o n 128 X P / 5 U S , before de te rmi 
nat ion o f c l in ica l risk fac tors a n d comp l i ca t i ons . Caro t id 
artery w a s v i sua l i sed both in t r ansve rse a n d longi tudinal 
p l a n e s . In i m a g e s m a d e in the longi tudinal p lane , the in-
t i m a - m e d i a c o m p l e x w a s s e e n as a h y p e r e c h o g e n i c l ine 
s e p a r a t e d by the pa i r o f pa ra l l e l e c h o g e n i c l i nes . 
D i s t a n c e b e t w e e n the h y p e r e c h o g e n i c l ines m e a s u r e d 
as the IMT. M e a s u r e m e n t s we re d o n e f rom far-wal l o f 
c o m m o n carot id a n d 2 cm prox ima l to bulb. T h r e e m e a 
s u r e m e n t s (antero la tera l , lateral a n d postero latera l ) we re 
d o n e for e a c h c o m m o n caro t id artery, and m e a n o f t hese 
v a l u e s a c c e p t e d as IMT. 

Fo l l ow ing C U S , de ta i led med i ca l history inc luding 
a g e , fami ly h is tory o f d i a b e t e s , durat ion o f d i abe tes , m e d 
ica t ions , s m o k i n g , s y m p t o m s o f co rona ry heart d i s e a s e 
w e r e taken and pat ients underwen t comp le te phys ica l 
exam ina t i on . 

T h e da ta p r o c e s s e d b y compute r us ing S P S S (S ta 
tist ical P r o g r a m for the S o c i a l S c i e n c e s , R e l e a s e 6.00). 
S tem-and - lea f plot w a s u s e d for the normal probabil i ty 
ana lys is . Resu l t s we re c o m p a r e d by us ing a two-samp le t -
test, va r i ance ana lys is a n d Mann -Wh i t ney U test. 

RESULTS 
Pat ien t g r o u p c o n s i s t e d o f 47 f e m a l e s (mean a g e 64 .4 ± 
9.5 y e a r s ( range 48 to 88)) a n d 32 m a l e s (mean a g e 
59 .7± 6 .8 y e a r s ( range 48 to 70)) . T h e m e a n a g e o f the 
all pa t ien ts w e r e 62 .5± 8.8 y e a r s ( range 48 to 88) . 
Pa t ien t d is t r ibut ion a c c o r d i n g to r isk fac tors p r e s e n t e d in 
Tab le 1. 

S ix ty -e igh t pe rcen t of pat ients we re at the a g e of 55 
to 74 y e a r s o l d . 7 4 . 7 % w e r e non -smoke r . B M I w a s in the 
r a n g e o f 25 to 30 k g / m 2 in 4 5 . 6 % of pat ients. Durat ion o f 
d i a b e t e s w a s longer than 15 y e a r s in 3 2 . 9 % o f pat ients . 

M e a n IMT o f left a n d right c o m m o n carot id ar ter ies 
a c c o r d i n g to a g e g r o u p s w e r e s h o w n in Tab le 2 . 

Co r re l a t i ons b e t w e e n a g e g roups a n d m e a n IMT o f 
both right a n d left c o m m o n carot id we re stat ist ical ly s i g 
nif icant (p<0.05, p<0.05). IMT v a l u e s w e r e found as h igh
e r a t o lde r a g e s . F igu re 1 s h o w s IMT v a l u e s a n d a g e s , 
the l i nes upwa rd re la ted to a g i n g . 

M e a n I M T o f right a n d left c o m m o n carot id re lated to 
g e n d e r p r e s e n t e d in Tab le 3 . 

Table 1. Pa t i en t d ist r ibut ion a c c o r d i n g to r isk fac tors 

Risk factors Number of patient (n) % 
Age 

45-54 19 24.1 
55-64 27 34.2 
65-74 27 34.2 
>75 6 7.6 

Smoking habit 
Smoker 20 25.3 
Non-smoker 59 74.7 

Body Mass Index (kg/m2) 
<25 27 34.2 
25-30 36 45.6 
>30 16 20.2 

Duration of diabetes (year) 
<5 17 21.5 
5-10 21 26.6 
10-15 15 19.0 
>15 26 32.9 

Figure 1. IMT values of common carotids and ages 

T h e r e we re no stat ist ical ly s ign i f icant d i f fe rences 
b e t w e e n the m e a n IMT v a l u e s o f t he m a l e a n d f ema le 
pat ients (p>0.05). 

Co r re la t i ons be tween s m o k i n g habi ts a n d m e a n IMT 
of right a n d left c o m m o n carot id w e r e stat ist ical ly i n 
s igni f icant (p>0.05, p>0.05) (Table 4) . 

Table 2 . M e a n IMT o f left a n d r igh t c o m m o n caro t id ar ter ies acco rd i ng to a g e g roups 

IMT of right common carotid IMT of left common carotid 
Age groups Mean + SD Khi-square P Mean + SD Khi-square P 

<55 0.66 + 0.13 0.68 + 0.11 
55-64 0.74 + 0.14 0.75 + 0.13 
65-74 0.80 + 0.13 0.84 + 0.14 
>74 0.81 + 0.04 14.4 <0.05 0.84 + 0.08 19.1 <0.05 
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Table 3. IMT of r ight a n d left c o m m o n carot id re la ted to gender . 

Fikri KOCABALKAN et al. 

IMT of right common carotid IMT of left common carotid 
Gender Mean + SD t P Mean +_SD t p 
Male 0.74 + 0.16 0.77 + 0.15 
Female 0.75 + 0.13 -0.11 > 0.05 0.77 + 0.13 -0.11 >0.05 

Table 4 . S m o k i n g habi ts a n d m e a n IMT o f right a n d left c o m m o n caro t id 

IMT of right common carotid IMT of left common carotid 
Smoking habit Mean + SD t p Mean + SD t P 
Smoker 0.76 + 0.20 0.77 + 0.17 
Non-smoker 0.74 + 0.12 -0.37 > 0.05 0.77 + 0.13 -0.14 > 0.05 

Table 5 . M e a n IMT of right a n d left c o m m o n carot id re lated to body m a s s index. 

IMT of right common carotid IMT of left common carotid 

BMI (kg/m 2) Mean + SD Khi-square P Mean + SD Khi-square P 
<25 0.68 + 0.14 0.70 + 0.12 
25-30 0.79 + 0.13 0.80 + 0.13 
>30 0.75 + 0.14 4.43 <0.05 0.80 + 0.15 5.7 < 0.05 

Table 6. Dura t ion of d i abe tes a n d carot id IMT 

IMT of right common carotid IMT of left common carotid 
Duration of diabetes Mean + SD Khi-square P Mean + SD Khi-square P 
< 5 years 0.63 + 0.03 0.66 + 0.02 
5-10 years 0.67 + 0.02 0.70 + 0.03 
10-15 years 0.78 + 0.02 0.78 + 0.02 
> 15 years 0.86 + 0.02 34.0 <0.05 0.90 + 0.02 41.4 O . 0 5 

As s h o w n in Tab le 5 , there w e r e stat ist ical ly s igni f i 
can t d i f fe rences b e t w e e n m e a n IMT o f r i gh t a n d left c o m 
m o n caro t id a n d BMI (p<0.05 a n d p<0.05). 

T h e re lat ion o f durat ion o f d i abe tes to carot id IMT 
p r e s e n t e d in Tab le 6. 

T h e c o m p a r a t i o n s o f the durat ion o f d i abe tes a n d 
both left a n d right c o m m o n carot id IMT we re stat ist ical ly 
s ign i f icant (p<0.05 a n d p<0.05). 

F i g u r e 2 s h o w s IMT v a l u e s and durat ion o f d i a 
be tes , the l ines upward re la ted to p rog ress ion o f d i a 
be tes . 

DISCUSSION 
M a c r o v a s c u l a r c o m p l i c a t i o n s p lay the mos t important 
role in the inc remen t of mortal i ty in d iabet ic pat ients and 
they c a n b e d e s c r i b e d a s a n a c c e l e r a t e d a the rosc le ros i s . 
T h i c k n e s s o f the i n t ima-med ia c o m p l e x in large v e s s e l s 
is a first e v i d e n c e of a the rosc le ros i s . T h u s , m e a s u r e 
ment o f IMT is an usefu l me thod to es tab l i sh the a thero-
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ateroskleroz risk faktörüdür, hem de diabetiklerde 
aterosklerozun diğer risk faktörleri daha sık görülmektedir. 
Büyük damarlarda intima-media kompleksinin kalınlaşması 
aterosklerozun ilk morfolojik belirtisidir. Karotis intima-media 
kalınlığı hem karotis aterosklerozu için bir gösterge, hem de 
diğer bölgelerdeki ateroskleroz için bir habercidir. Çalış
mamızda karotis arterinin seçilmesinin nedeni ateroskleroza 
ilk tutulan damarların aort ve dalları olması ve bu arterin B 
mod US ile kolayca ve non-invaziv bir şekilde görün-
tülenebilmesidir. Çalışmamızda, 79 NIDDM'li hastada 
ateroskleroz ile ilişkili olan yaş, cinsiyet, vücut kitle indeksi 
(VKİ), diyabet yaşı ve sigara içiminin karotis intima-media 
kalınlığı arasındaki ilişkiyi inceledik. Karotis İMK'nın hasta
ların yaşının artmasıyla ve vücut kitle indeksinin artışı ile art
tığını oysa cinsiyet, sigara içimi ile farklılık göstermediğini 
tesbit ettik. Bu sonuçlara göre, karotis İMK diabetik kişilerde 
kişinin ateroskleroz açısından durumunu belirlemede kul
lanılabilir bir parametredir ve bu sonuçlarla biz tüm diabetik-
lere rutin olarak karotis US yapılmasını öneriyoruz. [T Klin 
Araştırma 1997; 15(2):77-80] 

s c l e r o s i s a t subc l in i ca l s t a g e s . Th i s m e a s u r e m e n t c a n be 
pe r fo rmed eas i l y f rom c o m m o n caro t ids by us ing B m o d e 
U S . 

T h e cor re la t ion b e t w e e n a therosc le ro t i c r isk factors 
a n d carot id IMT h a d b e e n w ide ly e x a m i n e d . Bu t the d u 
rat ion o f d i a b e t e s , gender , B M I a n d carot id IMT had not 
b e e n e x a m i n e d before . S o , w e h a v e d e s i g n e d this study. 

In ou r study, we found that c o m m o n carot id IMT in 
c r e a s e s with the a g e . Pu j ia et a l repor ted a c l o s e cor re
lat ion b e t w e e n a g e a n d c o m m o n carot id IMT in pat ients 
with d i a b e t e s mel l i tus (6). H o w e v e r , t h e s e f ind ings m a y 
be re la ted to o lde r a g e s o f pat ients that, the s a m e cor re 
lat ion h a d b e e n es tab l i shed in pat ients without d i abe tes 
by W e l l e r et a l (7). 

T h e r e we re no stat is t ica l ly s igni f icant d i f fe rences 
b e t w e e n g e n d e r a n d IMT. T h o s e resu l ts w e r e conco rdan t 
with the i n c r e a s e d c a r d i o v a s c u l a r mortal i ty a n d morbid i ty 
in d iabe t i c f e m a l e s . In nond iabe t i c popu la t ion , insul in 
sens i t iv i ty is h igher in f e m a l e s , thus the ca rd i ovascu la r 
r isk fac tor profi le is better in f e m a l e s . Howeve r , with the 
o n s e t o f d i abe tes in f e m a l e pat ients, insul in sensi t iv i ty 
m u c h m o r e d e c r e a s e s than d iabe t i c m a l e s a n d ca rd io 
v a s c u l a r r isk a l s o b e c o m e s greater (8). 

IMT v a l u e s w e r e s im i la r i n s m o k e r a n d n o n - s m o k e r s 
in ou r study. Pu j i a et a l f ound min imal effect of s m o k i n g 
on IMT in d iabe t i cs . T h i s effect m a y be result o f hypox ia 
a n d endo the l ia l injury d u e to c igaret te (6). 

A pos i t i ve re la t ionsh ip w a s found b e t w e e n durat ion 
o f d i a b e t e s a n d IMT. T h i s result m a y be related to the 
p rog ress ion o f d i abe tes that c a u s e s to inc rement o f g ly-
c o s y l p ro te ins . Pu j i a e t a l ' s f ind ings w e r e conco rdan t with 
our resu l ts (6). H o w e v e r m u c h , durat ion of d i abe tes is 
rarely re la ted to co rona ry ar tery d i s e a s e risk in N I D D M , 
s o , i t h a d b e e n put forward by s o m e authors that, hyper -
i nsu l i nem ia a n d durat ion o f insul in res i s tance are s e n s i 
t ive m a r k e r s for co rona ry artery d i s e a s e . G lycos i la t ion o f 
c o l l a g e n , lamin in a n d f ibronect in m a y i nduce matr ix pro
duc t ion a n d p robab l y d e v e l o p m e n t o f p laque (9). 

In c o n c l u s i o n , the t h i c k n e s s of the carot id in t ima-
m e d i a c o m p l e x c a n be c l a i m e d as a pa rame te r that c a n 
spec i f y the a the rosc le ro t i c s ta tus o f d iabet ics . S o , we 
m a y r e c o m m e n d that ca ro t id u l t rasonography shou ld be 
per fo rmed rout inely in al l d iabe t i cs . 
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Tip II d i a b è t e s mellitusta y a ş , cinsiyet, 
s igara ku l lan ımı ve v ü c u t kitle indeksi ile 
karotis intima-media kal ınl ığı a ras ındak i il işki 

Diabetli hastalarda mortalité ve morbiditenin en önemli ne
deni mikro ve makrovasküler komplikasyonlardır. Bu 
vasküler komplikasyonların gelişmesinde temel mekanizma 
aterosklerozdur. Diabetik kişilerde hem diabetin kendisi bir 
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