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Summary Atherosclerotic changes have not been 
demonstrated directly in asymptomatic hyper- 
glycaemic non-diabetic subjects, although high mor- 
tality due to coronary heart disease has been report- 
ed. We measured arterial wall thickness non-invasive- 
ly, in order to directly demonstrate atherosclerosis of 
the carotid arteries of hyperglycaemic non-diabetic 
subjects and to evaluate its risk factors. 

The thicknesses of the intimal plus medial complex 
(IMT) of the carotid arteries of 112 asymptomatic 
hyperglycaemic non-diabetic subjects (aged 22-81, 
95 males and 17 females) were compared with those 
of 55 healthy male subjects and 211 non-insulin-de- 
pendent NIDDM male diabetic patients. The sub- 
jects were subgrouped into impaired glucose-toler- 
ant (IGT) subjects who had a 2-h glycaemic level of 
more than 7.8 mmol/1, and non-IGT subjects whose 
2-h glycaemic levels were within 6.7-7.7 mmol/1. 

Non-IGT and IGT subjects showed significantly 
greater IMTs than age-matched healthy males and 
showed no significant differences compared to age- 
matched NIDDM patients. Multivariate analysis 
demonstrated that the risk factors for IMT of non- 
IGT and IGT subjects were age and systolic blood 

pressure. According to data on the accumulation of 
atherogenic risks (hypertension, dyslipidaemia, and 
smoking), IMT increased linearly in non-IGT and 
IGT subjects. However, non-IGT and IGT subjects 
without hyperlipidaemia, hypertension, or smoking 
risk still had significantly greater IMT than age- 
matched normal males (1.019+0.063 vs 0.770+ 
0.111 mm, p < 0.05). Prevalence of ECG-indicated 
coronary heart disease was significantly higher in 
hyperglycaemic non-diabetic subjects and NIDDM 
with increased carotid arterial wall thickness (IMT 
_> 1.1 mm) than in those without increased thickness 
(IMT < 1.1 ram). Asymptomatic hyperglycaemic 
non-diabetic subjects have increased thickness of 
their carotid arteries compared to age-matched male 
NIDDM patients. As one of several independent 
risk factors, mild hyperglycaemia advances athero- 
sclerosis, which leads to coronary heart disease. 
[Diabetologia (1995) 38: 585-591] 
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Several prospective studies [1-12] have suggested the 
occurrence of advanced atherosclerosis in coronary 
arteries and cerebral arteries in subjects with elevat- 
ed blood glucose concentrations. In the Whitehall 
study [1, 2], stroke mortality and coronary heart dis- 
ease (CHD) mortality were increased approximately 
twofold for subjects with impaired glucose tolerance 
(IGT), defined as a blood-glucose level above 
5.3 mmol/1. Also, the Bedford survey indicated that 
age-corrected CHD-mortality rates were higher for 
borderline diabetic patients than control subjects [3]. 
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Table 1. Patient characteristics 
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Control subjects Borderline diabetic patients 

non-IGT IGT 

NIDDM 

Gender (male/female) 55/0 
Age (years) 37.2 + 1.86 
BMI (kg/m 2) 22.2 _+ 0.45 
T-Chol (mmol/1) 4.76 + 0.10 
TG (mmol/1) 0.90 + 0.06 
HDL-C (mmol/1) 1.43 + 0.05 
LDL-C (retool/l) 2.92 + 0.11 
non-HDL-C (mmol/1) 3.34 + 0.11 
Systolic BP (mmHg) 116 + 2.1 
Diastolic BP (mmHg) 75 _+ 1.4 
HbA~c (%) 5.00 + 0.08 
BG0 (mmol/1) 4.97 + 0.05 
IRI0 (pmol/l) 49.8 + 4.50 
ZBG (mmol/l �9 h) 13.08 + 0.21 
YIRI (pmol/l. h) 443 + 23.2 
HL-Risk 0 
HT-Risk 0 
SM-Risk 0 

34/7 61/10 211/0 
48.1 + 1.87 51.3 _+ 1.25 50.9 _+ 0.56 
25.8 + 1.07 24.3 _+ 0.68 23.1 + 0.21 
5.30 + 0.13 5.39 _+ 0.11 5.58 + 0.09 
2.34 + 0.29 1.84 + 0.14 2.17 _+ 0.25 
1.25 + 0.05 1.26 + 0.04 1.35 + 0.03 
2.98 _+ 0.12 3.34 _+ 0.10 3.29 + 0.07 
4.05 + 0.13 4.17 + 0.11 4.19 + 0.09 
134 + 2.7 128 + 1.8 131 + 1.3 
79 + 1.4 78 + 1.3 76 _+ 0.7 

5.71 + 0.09 6.00 + 0.08 8.28 + 0.13 
5.56 + 0.08 5.94 + 0.08 - 
52.4 + 5.13 52.4 + 5.35 - 

17.19 _+ 0.34 20.01 _+ 0.33 - 
664 + 72.8 522 + 42.9 - 

28 48 147 
10 14 47 
20 45 100 

Mean + SEM. 
HDL-C, H D L  cholesterol; LDL-C, LDL cholesterol; BG0, 
pre-stimulated blood glucose; IRI0, pre-stimulated plasma in- 
sulin; ZPG, area under plasma glucose concentration curve 
after 75-g OGTT; ZIRI,  area under plasma insulin concentra- 
tion curve after 75-g OGTT. 

HL-Risk, number of subjects with either T-Chol > 5.69 mmol/1, 
TG > 1.70 mmol/1. HDL-C < 1.03 mmol/1 or taking hypo- 
lipidaemic drugs. HT-Risk. number of subjects with either sys- 
tolic blood pressure > 160. diastolic blood pressure 
> 95 mm Hg, or taking anti-hypertensive drugs. SM-Risk, num- 
ber of subjects who smoke more than one pack of cigarettes 
per day for 20 years 

T h e  Par i s  p r o s p e c t i v e  s t u d y  [4-7]  p o i n t e d  o u t  t h a t  t he  
a n n u a l  C H D  m o r t a l i t y  r a t e s  w e r e  i n c r e a s e d  a l m o s t  
t w o f o l d  in sub jec t s  wi th  I G T  c o m p a r e d  wi th  t h o s e  in 
n o r m o g l y c a e m i c  subjects .  H o w e v e r ,  a l t h o u g h  s y m p -  
t o m a t i c  subjec ts  h a v e  b e e n  e x a m i n e d  b y  invas ive  cor-  
o n a r y  a n g i o g r a p h y  [13, 14], i n f o r m a t i o n  o n  a s y m p t o -  
m a t i c  a the rosc l e ro s i s  in a s y m p t o m a t i c  h y p e r g l y c a e -  
m i a  is scarce .  

N o w  this c an  be  d o n e  us ing  h igh  r e s o l u t i o n  B-  
m o d e  i m a g i n g  o f  t he  c a ro t i d  a r t e r y  [15-22] ,  w h i c h  en-  
ables  d i r ec t  a n d  n o n - i n v a s i v e  in v ivo  m o n i t o r i n g  o f  
c a r o t i d  a the rosc l e ro s i s  e v e n  in sub jec t s  as y o u n g  as 
7 yea r s  o ld  [22]. B e c a u s e  o f  its h i g h - d i s t a n c e  r e so lu -  
t ion ,  w e  w e r e  ab le  to  d e m o n s t r a t e ,  f o r  t he  first  t ime,  
a h igh  p r e v a l e n c e  o f  i n c r e a s e d  th i ckness  o f  the  ca ro -  
t id a r te r ies  in a s y m p t o m a t i c  h y p e r g l y c a e m i c  n o n - d i a -  
be t i c  subjects .  P r e d i c t o r s  o f  c a r o t i d  a the rosc l e ros i s  in 
t he se  sub jec t s  w e r e  ana lysed .  

Subjects, materials and methods 

Assessment of  atherosclerosis. Ultrasonographic scanning of 
the carotid arteries was performed using an echotomographic 
system (EUB-450, Hitachi Medico, Tokyo, Japan) with an elec- 
trical linear transducer (midfrequency of 7.5 MHz). The axial 
resolution of this system was at least 0.3 ram. Scanning of the 
extracranial carotid arteries in the neck was performed bilater- 
ally in three different (i. e. anterior-oblique, lateral, and poster- 
ior-oblique) longitudinal projections as well as the transverse 
projection, as reported in our previous papers [20-22]. All the 

images were photographed. The scan lasted for an average of 
30 rain. 

The intimal plus medial thickness defined by Pignoli et al. 
[15, 16] was measured as the distance from the leading edge 
of the first echogenic line to the leading edge of the second 
echogenic line. At  each longitudinal projection, the site of the 
greatest thickness was sought along the arterial walls which 
are nearest the skin and farthest from the skin through the 
common carotid artery to the internal carotid artery. Three de- 
terminations of intimal plus medial thickness were conducted 
at the site of the greatest thickness and at two points. ] cm up- 
stream and 1 cm downstream from the site of the greatest 
thickness. These three determinations were averaged. The 
greatest value among the six averaged intimal plus medial 
thicknesses (three from the left and three from the right) was 
used as the representative value ([MT) for each individual. 
All scans were conducted by physicians (H. M. and H.N.) who 
were unaware of the clinical characteristics of the studied sub- 
jects. Determination of IMT on the photograph was per- 
formed by a physician (M. K.). The reproducibility of the IMT 
measurement was examined by conducting another scan 
1 week later on eight participants. The mean difference in 
IMT between these two determinations was 0.01 ram. and the 
standard deviation was 0.04 mm0 demonstrating good repro- 
ducibility for repeated measurements, as described previously 
[15, 16, 21, 22]. 

Patients. A total of 112 hyperglycaemic non-diabetic subjects 
aged 22-81 (95 males and 17 females), were recruited from 
among office workers, who were diagnosed as having glucose 
intolerance after oral glucose load (2-h plasma glucose 
> 6.7 mmol/1). The 75-g oral glucose load was administered a 
second time to selected subjects with impaired glucose toler- 
ance (IGT; 2-h plasma glucose _>7.8 mmol/1) according to 
World Health Organisation criteria [23] or hyperglycaemic 
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Fig.1. Thickness of intimal plus medial complex (IMT, mean + 
SEM) of the carotid arteries in normal subjects, non-IGT sub- 
jects, IGT subjects, and NIDDM patients. Asterisks indicate 
significant differences from normal subjects (* p < 0.05) from 
20-29 years to 60 years and older 

non-IGT subjects (non-IGT; 7.8 mmol/1 > 2-h plasma glucose 
_> 6.7 mmol/1, or 1-h plasma glucose > 8.9 mmol/1 and 2-h plas- 
ma glucose < 6.7 mmol/1) according to the criteria of the Japa- 
nese Diabetes Association [24]. Careful examination of medi- 
cal histories showed that these subjects were free of symptoms 
due to CHD, cerebrovascular diseases and peripheral vascular 
diseases. Blood was drawn for analyses of serum total choles- 
terol (T-Chol) and HDL-cholesterol (HDL-C), serum triglyce- 
rides (TG) and haemoglobin Ale levels before the oral glucose 
load; blood was also drawn at 30, 60,90 and 120 rain for analy- 
ses of plasma glucose and insulin concentrations. T-Chol, 
HDL-C, TG, plasma glucose, plasma insulin concentration 
and haemoglobin Alo level were determined by standard la- 
boratory techniques. The characteristics of the subjects are de- 
scribed in Table 1. 

Two hundred and sixteen male non4nsulin-dependent 
�9 (NIDDM) patients aged 30-86 years were recruited from 
among outpatients of Osaka University Hospital. The defini- 
tion of NIDDM was based on World Health Organisation cri- 
teria. Each patient who fulfilled the following inclusion crite- 
ria was considered for the study: 1) no episodes of ketoacido- 
sis and absence of ketonuria; 2)diagnosis of diabetes after 
30 years of age; 3) insulin therapy (if any) started after at least 
5 years of known disease; 4) body mass index less than 30 kg/ 
m2; 5) absence of overt diabetic nephropathy or other renal 
tract disease and 6) no evidence of cardiac failure. 

Fifty-five hospital male employees or non-diabetic healthy 
males aged 25--76 years attending Osaka University Hospital 
without hyperlipidaemia, hypertension, cardiovascular dis- 
ease, cerebrovascular disease, or peripheral vascular disease 
served as control subjects. Normal blood glucose levels in these 
subjects were assessed with the 75-g oral glucose tolerance test 
according to the criteria of the Japanese Diabetes Association. 

Lifeqong exposure to smoking (pack-years) was estimated 
as the product of years of smoking and the mean number of 
cigarettes smoked daily at the time of examination. Blood 
pressure was measured with a mercury sphygmomanometer. 
After 5 rain rest in the supine position, three measurements 
were made in the sitting position and the means of these deter- 
minations were used in the present study. Low density lipopro- 
tein cholesterol (LDL-C) was estimated by the Friedewald 
equation [25]. Non-HDL-cholesterol (non-HDL-C) was calcu- 
lated as follows (non-HDL-C = T-Chol-HDL-C). 
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The subjects were considered to be hypertensive (n = 17) if 
they were taking antihypertensive agents, and/or if systolic 
blood pressure was greater than 160 mmHg, and/or if diasto- 
lic blood pressure was greater than 95 mmHg. Dyslipidaemia 
was considered to be present for subjects (n = 60) taking h ypo- 
lipidaemic drugs and/or if the serum cholesterol level was 
greater than 5.69 mmol/1, if the TG level was greater than 
1.70 mmol/1, or if HDL cholesterol was less than 1.03 mmol/1. 
Subjects were considered to have a smoking habit (n = 40) if 
patients had smoked for more than 20 pack-years, Body mass 
index (BMI) of the subjects studied was less than 30 kg/m 2. 

A resting 12qead ECG was done for all the subjects. The 
double Master two-step test was done for the subjects 
(24 non-IGT and IGT, 65 diabetic patients) who showed ab- 
normal resting ECG. In this study CHD was diagnosed if a sub- 
ject showed the following ECG findings: 1) major Q-QS chan- 
ges [26], 2) a positive double Master two-step test [27]. 

Statistical analysis 

Data are presented as mean + SEM. Values of IMT and clinical 
parameters among the study groups were compared by one- 
way ANOVA. Chi-square analysis was used to evaluate the sig- 
nificance of the prevalence rate of ECG-indicated CHD. Step- 
wise forward and backward multiple regression analysis was 
performed to account for the effects of different variables on 
IMT of non-IGT and IGT subjects who had not been given an- 
tihypertensive or hypolipidaemic drugs (n = 64). In this analy- 
sis, F values for inclusion and exclusion of variables were set 
as 2.0. These statistical analyses were carried out using the 
HALBAU (Gendai Sugaku-sha, Kyoto, Japan) statistical 
package [28] on a personal computer (PC-9801 NS/R, NEC, 
Tokyo, Japan). Statistical significance was determined as p 
less than 0.05. 

Results 

N o n - I G T  subjects aged 22-29 years  had  significantly 
grea ter  I M T  than  male  cont ro l  subjects aged 25-  
29 years  (0.717 + 0.054 vs 0.525 + 0.018 mm,  p < 0.01) 
(Fig. 1). F r o m  30-39 years  to 60 years  and over,  non-  
I G T  and I G T  subjects showed  significantly g rea te r  
IMTs  than  age-matched  hea l thy  males  (30-39 years: 
0.886 + 0.051, 1.034 + 0.077, 0.630 + 0.040 mm; 40-  
49 years: 1.058_+ 0.062, 1.047 + 0.032, 0.716 + 0.029 
mm; 50-59 years: 1.130 + 0.028, 1.190 + 0.058, 0.822 + 
0.023 mm; 60 years  and over: 1.117 + 0.081, 1.145 ___ 
0.063, 0.870 + 0.091 mm,  respect ively) .  IMTs  of  male  
cont ro l  subjects were  less than  1.1 mm. Thus, the cri- 
ter ia  of  carot id  a therosclerosis  was set as the uppe r  
limit of  I M T  in the no rma l  cont ro l  subjects (1.1 mm)  
as previously  descr ibed  [21, 22]. Th e re  were  no  signif- 
icant di f ferences  in IMTs  among  n o n - I G T  subjects, 
I G T  subjects and N I D D M  pat ients  f r o m  30-39 years  
to 60 years  and more .  N o n - I G T  subjects had  signifi- 
cant ly lower  fasting plasma glucose, ZPG,  and HbAlc  
levels than  I G T  subjects. N o n - I G T  subjects showed  
higher  (but  no t  significantly) t r iglyceride levels 
(2.34 + 0.29 mmol/ l )  than  I G T  subjects (1.84 + 0.14 
mmol/1). 
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Fig.2. Correlation between thickness of intimal plus medial 
complex (IMT) and accumulation of atherogenic risks, such 
as borderline diabetes, hypertension, dyslipidaemia, and smok- 
ing habit in normal males (�9 borderline diabetic patients ( [] ) 
and male NIDDM subjects (A). The solid line indicates a line- 
ar regression line between IMTs and risks in borderline diabet- 
ic patients (IMT = 0.0615 • risk + 0.926, r = 0.215, p = 0.0236). 
The broken line indicates the upper limit of IMT in normal 
subjects (IMT = 1.1 mm) 
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Fig.3. Prevalence rate of ECG-indicated coronary heart dis- 
ease of hyperglycaemic non-diabetic patients and NIDDM pa- 
tients without (IMT < 1.1 mm) and with carotid atherosclero- 
sis (IMT _> 1.1 mm) 

Stepwise multiple variate analysis (Table 2) dem- 
onstrated that the  risk factors in IMT of both non- 
IGT and IGT subjects were age, systolic blood pres- 
sure, pack-years of smoking and fasting blood glu- 
cose (r 2 = 0.344), when the F value for inclusion was 
set as 2. However, the pack-years of smoking and 
fasting blood glucose did not reach statistical signifi- 
cance. 

The hyperglycaemic non-diabetic patients without 
other risk factors (risk 1) (n = 13, age 49.4 + 3.7 
years) had a significantly higher IMT than age- 
matched male control subjects (n = 23, age 49.8 + 1.9 
years) (1.019 + 0.063 vs 0.770 + 0.015 mm, p < 0.05). 
They had clinical characteristics and insulin response 
to 75g OGTT (T-Chol; 5.00+0.13mmol/1, TG; 
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0.97 + 0.13 mmol/l, HDL-C; 1.62 + 0.12 mmol/1, 
LDL-C; 3.13 + 0.14 mmol/1, non-HDL-C; 3.54 + 0.12 
retool/l, systolic BP; 129 _+ 4.4 mmHg,  diastolic BP; 
77 + 2.6 mmHg,  Z immunoreactive insulin; 409 + 
80.4 mmol/1) compared to normal males, but had a 
significantly higher YBG (17.4 + 0.76). According to 
accumulation of risk factors, IMT linearly increas- 
ed to 1.286 + 0.067 mm in hypertensive, hyperlipi- 
daemic hyperglycaemic non-diabetic subjects with a 
smoking risk (risk 4) (IMT = 0.06152 x risks + 
0.926, r = 0.226, p = 0.0236; Fig.2). The hyperglyc- 
aemic non-diabetic subjects whose IMTs were more 
than 1.1 mm showed a significantly higher preva- 
lence rate of ECG-indicated CHD than those with- 
out carotid atherosclerosis (IMT < 1.1 ram) (11.1 vs 
0.0%, Fig.3). The N I D D M  patients whose IMTs 
were more than 1.1 mm showed a significantly high- 
er prevalence of E C G  abnormality than those with- 
out carotid atherosclerosis (IMT < 1.1 mm) (10.5 vs 
1.0 %). Half (2 of 4) of the subjects with obesity 
(BMI > 25.0 %), high triglyceride level (> 1.70 mmol/ 
1), low H D L  cholesterol level (< 1.03 retool/l), and 
hypertensive risk showed a history of asymptomatic 
myocardial infarction. 

Discussion 

A series of studies [15, 16] has indicated that the IMT 
determined by B-mode imaging is comparable to the 
thickness of the IMT measured by pathological and 
histological examinations. Pignoli et al. [16] showed 
the highly linear relationship of the IMT measured 
by B-mode imaging with the thickness of intimal 
plus medial complexes determined by histological ex- 
amination of subjects 20-25 years old, who were 
found to have IMT of 0.5 mm. The echotomographic 
system with an electrical linear transducer (mid- 
frequency of 7.5 MHz) employed in the present 
study has an axial resolution of 0.3 ram. In this study, 
we used this method to determine early atherosclero- 
sis in subjects with elevated blood glucose concentra- 
tions indicative of glucose intolerance but below 
those diagnostic of diabetes mellitus. 

In this study, asymptomatic hyperglycaemic sub- 
jects were recruited from office workers who were 
given annual examinations of fasting plasma glucose, 
several lipid profiles, blood pressure levels, and urine 
samples. When the fasting plasma glucose level was 
over 6.1 mmol/1 or urine tested positive for glucose, 
they were given a 75-g oral glucose tolerance test. 
The subjects were mostly male and their carotid 
IMTs were compared with those of normal males 
and N I D D M  males. 

Non-IGT and IGT subjects showed significantly 
greater IMTs than male control subjects from 30- 
39 years to 60 years of age and over. Non-IGT sub- 
jects aged 22-29 years had IMTs 0.192 mm greater 
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Table 2. Multivariate regression analysis on borderline diabetic subjects 
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Parameter Borderline diabetic subjects (n = 75) 

Univariate corre- 
lation coefficient 

Partial correlation 
coefficient 

Partial regression F p 
coefficient value value 

Age (years) 0.400 
Systolic blood pressure (mm Hg) 0.310 
Pack years of smoking 0.289 
PG0 (retool/l) 0.215 
HbAlc (%) 0.240 
T-Cbol (mmol/1) 0.148 
TG (mmol/1) 0.090 
HDL-C (mmol/1) - 0.082 
LDL-C (mmol/1) 0,187 
Non-HDL-C (retool/l) 0.167 
Diastolic blood pressure (ram Hg) 0.321 
BMI (kg/m 2) 0,060 
IRI0 (#tool/l) 0,245 
EBG (mmol/1. h) 0,103 
ZIRI (gmol/1 �9 h) 0.115 
R a 

0.3622 
0.3863 
0.2482 
0.2314 

(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
(not entered) 
0.344 

0.00767 5.435 0.02545 
0.00526 2.6316 0.01658 
0.000128 2.364 0.13293 
0.06067 2.037 0.16214 

PG0, pre-stimulated plasma glucose concentration; IRI0, pre- 
stimulated plasma insulin concentration; ZBG, area under 
curve of plasma glucose concentration after 75-g oral glucose 
tolerance test; ZIRI, area under curve of plasma insulin con- 
centration after 75-g oral glucose tolerance test 

Stepwise multivariant regression analysis was done on 75 bor- 
derline diabetic patients to whom no medication had been 
given. Sex: men = 1, women = 0. Pack years of smoking was 
estimated as the product of years of smoking and the mean 
number of packs smoked daily. 

than age-matched male control subjects. By consider- 
ing the detection limit (0.3 mm) and discrimination 
limit of this method (0.1 mm), these data indicate 
the progression of atherosclerosis in carotid arteries 
of young hyperglycaemic non-diabetic patients. 

There were no significant differences in IMTs 
among non-IGT subjects, IGT subjects and NIDDM 
patients from 30-39years  to 60years and over. 
These data were comparable to the Bedford survey 
[3] in which male borderline diabetic patients were 
found to have CHD mortality compatible with that 
of male diabetic patients. 

In this study, for example, borderline diabetic pa- 
tients of 40-49 years old showed increased thickness 
of their carotid arterial wall of 1.06 mm. This value is 
greater than IMT (0.67 mm) of hyperlipidaemic pa- 
tients (46 + 6.0 years old) reported by Poli et al. [17]. 
These data showed a possibility that borderline dia- 
betic patients have greater thickness of the carotid ar- 
tery than hyperlipidaemic patients. 

Stepwise multiple variate analysis demonstrated 
that the risk factors for IMT of non-IGT and IGT sub- 
jects as a group were age and systolic blood pressure. 
The pack-years of smoking and the fasting plasma 
glucose level were related to IMT (F values > 2.0) 
but were not significant independent  predictors of 
IMT of hyperglycaemic subjects (Table 2). Among 
these risk factors, the significance of systolic blood 
pressure and smoking was pointed out by the White- 
hall study [1, 2] and the Bedford survey [3]. Higher 
plasma insulin level was found to be a risk factor in 
the Paris study [4-7] and the Helsinki Policemen 
study [8]. In the Paris study, the plasma triglyceride 

level was the only factor positively and significantly 
associated with coronary death [6]. The Honolulu 
Heart  Program indicated that post-challenge hyper- 
glycaemia was an independent  risk factor of CHD 
[11, 12]. Significant association of hyperlipidaemia 
and hypertension noted in subjects with IGT [29] sug, 
gested that the discrepancy of risk factors between 
the present study and the prospective studies might 
be due to differences in race or study design. 

IMT was linearly related to the accumulation of 
atherogenic risks, such as hyperglycaemia, hyperten- 
sion, hyperlipidaemia or smoking habit. We have al- 
ready shown that although IMT increased with age, 
it never exceeded 1.1 mm in normal individuals [21]. 
This value is comparable to that mentioned previous- 
ly [16]. Therefore, we adopted 1.1 mm as a cutoff 
value to determine the existence of carotid athero- 
sclerosis. All subjects except two with these four risk 
factors showed advanced carotid atherosclerosis 
(IMT >_ 1.1 mm). These data indicate that such risks 
might cause additive rather than synergistic progres- 
sion of atherosclerosis, as reported for diabetic and 
non-diabetic subjects [30]. 

The hyperglycaemic subjects without other risk 
factors still showed significantly advanced carotid 
atherosclerosis. This implies that 'mild hyperglycae- 
mia' can cause progression of atherosclerosis. Sever- 
al possible mechanisms were proposed by which 
hyperglycaemia may cause atherosclerosis. Increased 
glycation of circulation lipoproteins observed in dia- 
betes [31] reduces their binding to the LDL receptor 
[32]. Also, glycated H D L  is cleared from plasma at 
an enhanced rate [33] and its ability to stimulate chol- 
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esterol efflux from arterial cells is diminished. In- 
creased glycation of collagen, well-described in dia- 
betic patients [34], stimulates platelet aggregation to 
a greater extent than does non-glycated collagen 
[35]. Recently, advanced glycation endproduct pro- 
teins have been shown to induce the transendothelial 
migration of monocytes and the subsequent expres- 
sion of platelet-derived growth factor by macropha- 
ges [36]. 

The hyperglycaemic non-diabetic patients we stu- 
died showed a high prevalence of hyperlipidaemia 
(76 of 112)and hypertension (24 of 112). A high pre- 
valence of these abnormalities has also been report- 
ed by Laakso and Barrett-Connor [29]. These abnor- 
malities have been suggested to result from insulin re- 
sistance or hyperinsulinaemia [37, 38] which may lead 
to a high CHD mortality rate, termed syndrome X 
[39] or the deadly quartet [40]. Another  possibility, 
suggested by Laakso et al. [41], is that insulin resis- 
tance rather than hyperinsulinaemia causes the pro- 
gression of atherosclerosis. 

IMTis a clinically useful quantitative index of caro- 
tid atherosclerosis as suggested by several investiga- 
tors [15-22]. The atherosclerotic processes occurring 
in the coronary arteries, extracranial carotid arteries, 
and peripheral arteries in the legs appear to be patho- 
logically identical [42]. Also, a correlation between 
coronary and carotid atherosclerosis has been noted 
in previous autopsy studies [43, 44]. The present study 
clearly demonstrates that asymptomatic hyper- 
glycaemic non-diabetic subjects had increased caro- 
tid arterial wall thickness, comparable to that of age- 
matched diabetic patients. The high prevalence of 
ECG-indicated CHD in hyperglycaemic non-diabetic 
subjects and N I D D M  males with increased thickness 
of carotid arterial wall indicates tha ta  high CHD mor- 
tality rate can be anticipated in these subjects. 

The present study showed that B-mode imaging of 
carotid arteries could reveal increased thickness of 
the carotid arterial wall in asymptomatic hyper- 
glycaemic non-diabetic subjects even as young as 
aged 22-29 years. Impaired glucose tolerance, dys- 
lipidaemia, hypertension, and smoking remain as ad- 
ditive risk factors for carotid atherosclerosis. 
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