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Abstract

Peripheral vascular disease (PVD) is a common condition often associated with cardiovascular risk factors and events. With the aid of
B-mode ultrasound scanning, evidence is emerging that these risk factors and events are significantly related to an increased carotid and
femoral intima-media thickness (IMT). More importantly, treatment of these risk factors is associated with a decrease or a diminished
progression of the IMT, paralleled by a reduction in cardiovascular events and an improvement in the symptoms associated with PVD.
This evidence is particularly strong for lipid lowering therapy. Additional predictors of cardiovascular risk like the IMT, could now
influence the decision to intervene with medication.  2002 Elsevier Science B.V. All rights reserved.
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1. Introduction relationship between the femoral IMT and PVD [3,19]. In
this review we consider the evidence relating PVD and

Peripheral vascular disease (PVD) is a common con- cardiovascular risk factors and events to the carotid and
dition, particularly in the elderly [1]. The Edinburgh Artery femoral IMT. The effect of risk factor management on the
Study (EAS) [1] has shown a prevalence of 4.5% for IMT, cardiovascular events and symptoms associated with
symptomatic PVD and 24.6% for asymptomatic subjects PVD is also considered.
[ankle brachial pressure index (ABPI) of ,0.9] between 55
and 74 years of age. With the aid of B-mode ultrasound
scanning, it is possible to study the morphology of the 2. B-mode ultrasound scanning
arterial wall and its viscoelastic behaviour [2–6]. However,
unlike compliance and elastic modulus, the ultrasonic The IMT is measured non-invasively by means of B-
measurement of the intima-media thickness (IMT) is mode duplex scanning [4,6,8,15,20,21]. It is defined by the
independent of the blood pressure [7,8]. Measuring the two parallel echogenic lines (double line pattern), which
IMT may be the best method of detecting early athero- correspond to the lumen–intima and the media–adventitia
sclerosis and assessing the subsequent risk of vascular interfaces (Fig. 1). Ultrasonically, these interfaces are well
events [4,9–18]. defined only in the far arterial wall. Even when the near

Several population studies have shown that the carotid wall IMT is well visualized, its measurement is gain-
IMT is significantly increased in patients with PVD [4–6]. dependent and unreliable [20,22].
However, there is a paucity of data with regard to the There are several problems associated with the ul-

trasonographic measurement of the carotid and femoral
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Fig. 1. (a) B-mode and M-mode image of the common carotid artery (CCA) in a 72-year-old woman. (b) The distance density curve has been generated
automatically from the radio frequency (RF) signal and the distance between markers (lumen–intima and media–adventitia interfaces) represent the IMT
(in this case 0.70 mm).

IMT; namely, the resolution of the equipment, operator been suggested [25,26]. In one study, automated edge
variability and the definition of carotid / femoral IMTs. detection as opposed to the manual tracing of the echo
With the advancement in technology and computer soft- interfaces not only simplified the reading of ultrasonic
ware, accurate measurement and the interpretation of the images but also produced results with low variability [26].
carotid and femoral IMT can be made with greater The same authors also demonstrated a reduction (P,0.01)
reliability and reproducibility. Computer software can now in the inter-observer error by using ultrasound images from
automatically define the IMT to within 0.01 mm. both carotid arteries rather than from one. In another

A critical component in IMT measurement is the report, the use of external reference points to measure the
variation or error in the readings, which leads to non- carotid IMT reduced the intra-observer error by 38.2%
identical results of repeated measurements from the same [25].
subject. In general, the inter- and intra-observer errors are There is no uniformity in the definition of carotid or
acceptable [23–25]. Methods to reduce these errors have femoral IMT. The EAS [4] measured the carotid artery
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2 cm below the bifurcation from both sides and the carotid mm for women and there was a significant difference
IMT was defined as the maximum of these two readings. between the two genders (P,0.01). There was also a
The Rotterdam study [6] used the average value from the significant increase in the IMT in subjects with plaques in
two common carotid arteries, each with three recordings the carotid bulb (P,0.0001). Furthermore, the carotid IMT
obtained from the distal 1 cm. The AXA study [15], was estimated to increase by 0.06 mm and 0.04 mm for
so-called because it screened employees from the AXA every 10 years in the presence and absence of plaques in
Insurance Company in France, took multiple readings of the carotid bulbs, respectively.
the thickness every 100 mm along a 1 cm longitudinal These findings were supported by the EAS [4], which
length of the artery 2 to 3 cm proximal to its bifurcation. showed a continuous increase in the carotid IMT with age
The carotid IMT was defined as the average of the left and (P#0.01) and that the overall mean IMT was significantly
right sides. The Atherosclerosis Risk In Communities higher in men than in women after age adjustment (P#

(ARIC) study [13] used the average of the readings taken 0.01). Men were shown to develop atherosclerosis earlier
from the common carotid artery, the carotid bifurcation (by about 5 to 10 years) than women. Men were also more
and the internal carotid artery of both sides. Measurement liable to suffer from what they described as moderate to
of the maximum carotid IMT and the mean IMT over a severe atherosclerotic disease (defined by carotid IMT .2
length of 1 cm is similar but the latter had a better mm) in later life. This carotid IMT is very high indeed, but
reproducibility in one observational study [27]. the same authors did state that the IMT value was the

The relationship between ultrasonic and histological maximum value of both sides and that the overall preval-
determination of the IMT has been reported in several ence of moderate to severe disease was low in the
observational studies [22,28–30]. There is a general con- population studied (1.2%). They also estimated that the
sensus that ultrasonic estimation gives a slightly higher mean carotid IMT in this population increased by 0.012
IMT reading [22,28,29]. This discrepancy could be ex- mm per year in men and 0.010 mm per year in women.
plained by post-mortem tissue shrinkage as well as tissue The AXA study [15] also demonstrated significant
contraction during histological fixation. relationships between the carotid and femoral IMTs with

age and cardiovascular risk factors such as body mass
index, systolic and diastolic blood pressure, total choles-

3. The association between cardiovascular risk factors terol, triglycerides, glucose and smoking.
and IMT These three studies [4,15,31] are population based; they

included subjects with cardiovascular risk factors and
Both the carotid and femoral IMTs increase significantly disease. One interesting observational study assessed the

with age and the IMT is greater in men compared with carotid and femoral IMTs of healthy subjects (n598) aged
women (Table 1) [4,15,16,31–34]. In the National Institute from 20 to 60 years [32]. The mean carotid IMT was found
for Longevity Sciences–Longitudinal Study of Aging to be 0.57360.07 mm for men and 0.55660.057 mm for
(NILS–LSA) [31], the carotid IMT increased significantly women. The respective figures for the mean femoral IMT
(P,0.01) with age in both genders. The mean carotid IMT were 0.56260.074 mm and 0.54360.063 mm. The carotid
was 0.6160.15 mm (mean6S.D.) for men and 0.5860.14 IMT was estimated to increase by 0.0034 mm per year in

Table 1
The relationship between IMT and age

NILS–LSA [31] EAS [4] AXA [15] Lausanne [32]

Number of subjects 979 1106 788 98
Men (% of total) 51 49.5 41.4 46
Age/years (mean6S.D.) or range 58.5610.9 60–80 17–65 20–60
Mean carotid IMT/mm (mean6S.D.) 0.5960.14 for M&W 0.91 for M 0.5660.12 for M 0.57360.07 for M

0.6160.15 for M 0.84 for W 0.5160.06 for W 0.55660.057 for W
0.5860.14 for W

Probability of carotid IMT increase with age P,0.01 P#0.01 P,0.001 P#0.001 in M
P#0.03 in W

Mean femoral IMT/mm (mean6S.D.) 0.560.11 for M 0.56260.074 for M
0.4360.06 for W 0.54360.063 for W

Probability of femoral IMT increase with age P,0.001 P,0.002 for M
NS for W

Increase in carotid IMT/per year (mm) 0.006 with plaques 0.012 in M 0.007 in M 0.0034 in M
0.004 without plaques 0.01 in W 0.006 in W 0.0018 in W

Increase in femoral IMT/per year (mm) 0.005 in M 0.0031 in M
0.003 in W 0.0012 in W

Keys: NILS–LSA, National Institute for Longevity Sciences–Longitudinal Study of Aging. EAS, Edinburgh Artery Study. AXA, AXA Insurance
Company. M, Men. W, Women. NS, Not significant.
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men (P,0.001) and 0.0018 mm in women (P,0.03). For years) without a history of coronary heart disease or stroke
the femoral IMT, these rates were 0.0031 mm (P,0.002) [45], the carotid IMT progressed by 0.0460.004 mm/year
and 0.0012 mm (not significant), respectively, per year. (which is 10 times the rate of progression compared to the
The carotid and femoral IMTs as well as their rates of NILS–LSA [31]). This is a cause for considerable concern
increase in this latter study are much less than in either the since these findings suggest that diabetics free of car-
EAS or NILS–LSA, probably because of the effect of age diovascular disease have a carotid IMT progression rate
(younger subjects) and the fact that it screened subjects ten times that of their non-diabetic counterparts. The same
free of cardiovascular disease. authors [45] also found that the independent predictors of

Lifestyle can affect the carotid IMT [35]. In the Moni- IMT progression were the baseline carotid IMT (P,

tored Atherosclerosis Regression Study (MARS) [35], 0.001), the average glycated haemoglobin (HbA ) (P,1c

dietary cholesterol, body mass index and smoking were 0.001) and age (P50.001). Furthermore, predictors of
significant predictors of the annual progression of carotid non-fatal coronary heart disease (angina pectoris and
IMT (P,0.05) in 98 subjects with coronary artery disease. myocardial infarction) were the initial IMT [odds ratio 4.9,
Cigarette smoking alone has also been shown to increase 95% confidence interval (CI) 1.7–14.1] and a low average
the IMT of both the carotid and femoral arteries [36–40]. high-density lipoprotein (HDL)-cholesterol (odds ratio 0.2,
In a study of 184 cigarette smokers (aged 44.369.0 years) 95% CI 0.1–1.8). This supports the view that a carotid
for whom smoking was the only cardiovascular risk factor, IMT above a certain value is associated with an increased
the carotid (P50.02) and femoral (P,0.0001) IMTs were risk of coronary heart disease [12], stroke [12] and PVD
significantly larger than in 56 non-smokers matched for [6].
age and gender [39]. In a larger population study [36] of The duration of type 2 diabetes is also an important
2073 subjects, the lowest mean carotid IMT was found in factor in relation to an increased carotid IMT [43]. Other
the never smokers not exposed to environmental tobacco independent predictors of an increased carotid IMT in
smoke (mean6standard error: 0.70660.013 mm). Expo- diabetic patients include age, hyperlipidaemia, body mass
sure to passive smoking was associated with an increased index and the presence of coronary heart disease [43,46].
carotid IMT (0.73460.012 mm) and the greatest carotid Therefore, the IMT retains its predictive value and its
IMT was seen in the active smokers (0.80760.009 mm). relationship with several cardiovascular risk factors in type
There is also evidence to suggest that the increase in 2 diabetes; a condition associated with an increased
carotid IMT is related to the duration and the number of vascular morbidity and mortality.
cigarettes smoked [37,41] and to the male gender [38,41]. Hypercholesterolaemia and familial hypercholes-
The latter finding suggests that the female gender protects terolaemia (FH) are associated with an increased carotid
against smoking-induced thickening of the arterial wall as and femoral IMTs [14,16,34,49,50]. In a study performed
well as from the effects of ageing. by the Prevention Cardio-Vasculaire en Medecine du

Alcohol is another lifestyle factor, which can affect the Travail (PCVMETRA) group, the carotid and femoral
carotid IMT [42]. The sub-analysis of the Kuopio Is- IMTs of 101 asymptomatic men aged 28 to 60 years free
chaemic Heart Disease Risk Factor Study (KIHD) demon- of cardiovascular risk factors apart from cigarette smoking
strated that alcohol binging ($ a whole bottle of vodka or were analysed [34]. Subjects with hypercholesterolaemia
$six beers at a time) was associated with the highest (total cholesterol$6.2 mmol / l) had significantly raised
atherosclerosis progression in men. (P,0.01) carotid and femoral IMTs when compared with

Diabetes mellitus is associated with an increased carotid normo-cholesterolaemic men (total cholesterol,5.2 mmol /
IMT [43–47]. One fascinating demonstration of the pro- l). The carotid and femoral IMTs were significantly
gressive increase in the carotid IMT from subjects with correlated with increased total cholesterol (r50.47, P,

normal glucose tolerance to patients with established type 0.001and r50.35, P,0.001, respectively) and low-density
2 diabetes is provided by the Insulin Resistance Athero- lipoprotein (LDL)-cholesterol (r50.33, P,0.001 and r5

sclerosis Study (IRAS) [47]. The carotid IMT increased 0.34, P,0.001, respectively). Furthermore, the femoral
most notably at the level of established diabetes (0.802, IMT was suggested to be a powerful predictor of coronary
0.822, 0.831, and 0.896 mm for subjects with normal risk in both men and women but this was partly con-
glucose tolerance, impaired glucose tolerance, patients ditional on age.
with newly diagnosed type 2 diabetes, and established type In another study of 60 subjects aged from 32 to 65
2 diabetes, respectively). One sub-analysis of the IRAS years, an elevated serum cholesterol was a significant
suggests that ethnicity may influence the carotid IMT [48]. independent determinant of early atherosclerosis in both
Black participants were shown to have significantly a the carotid and femoral arteries based on measurement of
greater carotid IMT than the non-Hispanic whites, which the IMT [16]. Patients with FH also have elevated carotid
in turn, had a thicker IMT than the Hispanics. and femoral IMTs as shown in a study of 248 patients with

In a study of 70 type 2 diabetics, the carotid IMT was FH, particularly in subjects with evidence of cardiovascu-
greater (P50.028) than in 52 non-diabetic controls [46]. In lar disease [49].
another study of 287 type 2 diabetics (mean age 61.6 Hypertension is also associated with an increased carotid
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IMT [51–54]. In one study of 22 healthy men (aged 3764 Lipoprotein(a) has also been implicated as a risk factor
years) with borderline hypertension (defined as systolic of of carotid atherosclerosis independent of other risk factors
130 to 140 mmHg or diastolic of 85 to 89 mmHg) [52], the [63]. So far, evidence suggests an association between
carotid IMT was significantly higher than in 22 control rheological and haemostatic factors as well as
subjects (0.7560.07 vs. 0.5860.06 mm, P,0.001). This homocysteinaemia and lipoprotein(a) with an increased
finding was supported by a larger study of 97 subjects with carotid IMT [19,55,56,59–63]. These observations suggest
borderline hypertension [51]. The Plaque Hypertension that atherosclerosis is linked to impaired fibrinolytic
Lipid Lowering Italian Study (PHYLLIS) suggested that potential, lipid peroxidation, platelet activation and endo-
the systolic and pulse pressures together with age were the thelial disturbance. The exact mechanisms by which these
most significant factors associated with an increased factors interact and cause atherogenesis are still unknown.
carotid IMT in hypertensive patients with moderate hy-
percholesterolaemia (LDL-cholesterol 4.14–5.17 mmol / l).

The relationship between IMT and rheological and
4. The association between IMT and clinical events

haemostatic factors is less well defined [55–57]. This is
also true for homocysteine and lipoprotein(a) [58–63]. The

Evidence suggests that the carotid IMT is associated
EAS [55] found significant associations between the

with cardiovascular disease [10,11,13,17,18]. In the ARIC
carotid IMT and blood viscosity (P#0.001), plasma vis-

study [13] of 13 870 black and white men and women
cosity (P#0.01), plasma fibrinogen (P#0.01) and

aged between 45 to 64 years, the mean carotid IMT was
haematocrit (P#0.05) in men. Cortellaro et al. [56] found

consistently greater in those with prevalent clinical car-
Factor VII as the only independent haemostatic variable

diovascular disease than in disease-free participants. The
associated with an increased carotid IMT (P,0.01) in 64

greatest difference was demonstrated in subjects with
patients with PVD. In another study, raised plasma fibrino-

intermittent claudication.
gen was associated with the maximal femoral IMT [19].

In a review of carotid IMT studies, Aminbakhsh and
However, no association was demonstrated between

Mancini [12] estimated that if the IMT progressed by
carotid IMT and fibrinogen or factor VII in a study of 121

0.034 mm or more (approximately 10 times the normal
healthy subjects aged 18 to 56 years [57].

increase in the carotid IMT for a healthy man per year
One study of homocysteine did not demonstrate any

[32]), the risk of future cardiovascular events was sig-
links with the carotid and femoral IMTs [58] but in four

nificantly raised. The same authors also calculated that the
other studies, an association was shown [59–62]. In a

risk of first myocardial infarction was enhanced with an
cross-sectional study of 474 elderly men aged 60–74 years

IMT of $0.822 mm and that an increased risk of a stroke
in Japan [62], the odds ratio for having carotid IMT

was associated with an IMT of $0.75 mm. Another
thickening with high levels of plasma homocysteine was

observational study of 30 coronary patients (who had
5.8. This relationship however, was only demonstrated in

survived a myocardial infarct) aged 30 to 50 years,
subjects without hypertension. Therefore the pro-

demonstrated a significantly greater carotid IMT (P,
atherogenic effect of hypertension may mask the effect of

0.0001) when compared to 30 age-matched men without
homocysteine on the vascular wall. In a smaller study of

coronary disease [17].
144 subjects free of atherosclerotic lesions [61],

The significant association between a raised carotid IMT
homocysteinaemia was independently and positively asso-

and stroke is also supported by other studies [10,11,18].
ciated with the carotid IMT (P,0.02). In another study of

The Cardiovascular Health Study Collaborative Research
75 healthy subjects (mean age 49 years, range 22–75) with

Group reported a significantly higher risk of stroke with
untreated moderate homocysteinaemia (mean plasma

elevated carotid IMT even after adjustment for the tradi-
homocysteine concentration: 10.562.81 mmol / l; range

tional risk factors in subjects at or over 65 years of age
5.7–19.6), the plasma homocysteine concentration was

[18]. The Rotterdam Study calculated that the odds ratio
independently associated with the carotid IMT (P,0.001)

for stroke per standard deviation increase in the carotid
after adjustment for cardiovascular risk factors [60]. In a

IMT (0.163 mm) was 1.41 [11]. In another observational
larger study [59] of 513 asymptomatic men and women

study of 47 stroke patients, the carotid IMT was sig-
aged 45–69 years, who were examined at the baseline of

nificantly elevated when compared with control subjects
the Antioxidant Supplementation in Atherosclerosis Pre-

(0.96 vs. 0.70 mm, P,0.0001) [10].
vention (ASAP) study, men with high levels (.11.5
mmol / l) of homocysteine had a significantly higher aver-
age carotid IMT of 1.12 mm compared to 1.02 mm in men
with low levels (,11.5 mmol / l) of homocysteine (P5 5. Relationship between PVD and IMT
0.029). This average carotid IMT of 1.12 mm in these men
is quite high compared to 0.61 mm in the NILS–LSA [31] The EAS (Table 2) demonstrated that PVD was sig-
men of a similar age group but this may be accounted for nificantly associated with an increased carotid IMT (P#

by the fact that the ASAP subjects had FH. 0.05) [4]. The age- and sex-adjusted mean carotid IMT for
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Table 2
The relationship between IMT and peripheral vascular disease (PVD)

EAS [4] Rotterdam Study [6] SMART Study [5]

Number of subjects 1106 970 172
Age (years) 60–80 $55 (6867) 61611
Men (%) 49 39 66
Mean carotid IMT/mm (mean6S.D.) 0.9160.01 for M 0.8160.19 for M

0.8460.01 for W 0.7660.19 for W
Carotid IMT/mm for symptomatic and asymptomatic PVD subjects (mean6S.D.) 0.9860.34
Carotid IMT/mm for asymptomatic PVD subjects (mean6S.D.) 0.8760.04 for ABPI#0.9 (n5198)

0.8060.02 for ABPI.0.9 (n5844)
P#0.01

Carotid IMT/mm for claudicants (mean6S.D.) 0.9060.05 for IC (n5122) 0.8760.16 for IC (n512)
0.8160.02 for asymptomatic (n5984) 0.7660.16 for asymptomatic
P#0.01

Keys: EAS, Edinburgh Artery Study. SMART, Secondary Manifestations of ARTerial disease. M, Men. W, Women. IC, Intermittent claudication.
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the 198 subjects with an ABPI#0.9 was 0.8760.04 mm angina pectoris and intermittent claudication [65–72]. It
compared to 0.8060.02 mm for the 844 subjects with an also significantly reduces or prevents the progression of
ABPI.0.9 (P#0.01) [4]. For the 122 participants with carotid and femoral IMT [73–78]. Treatment should aim at
intermittent claudication, this value was 0.9060.05 mm restoring LDL-cholesterol, HDL-cholesterol and tri-
compared to 0.8160.02 mm for the 984 asymptomatic glyceride concentrations to normality [65,68–70,79].
subjects (P#0.01) [4]. A 3-year study on the effects of pravastatin (40 mg/day)

The Rotterdam study [6] showed that a carotid IMT$ on 53 subjects with heterozygous FH showed a significant
0.89 mm was strongly associated with the prevalence of net difference in the mean and maximal carotid IMT
PVD. However, a gradual linear increase between the two compared to untreated, low risk control subjects (P,0.05)
variables was not demonstrated. The odds ratio for PVD in [73]. The greatest reduction in the carotid IMT was seen in
subjects with a carotid IMT$0.89 mm compared to subjects (n517) with a history of myocardial infarction
subjects with an IMT,0.89 mm was 2.8 after adjusting for (P,0.01). No such difference was seen with the femoral
age, gender and cardiovascular risk factors. There were 12 IMT in this study. However, in the Regression Growth
subjects with intermittent claudication with a mean ABPI Evaluation Statin Study (REGRESS) involving 255 men
of 0.8460.32 and a mean carotid IMT of 0.8760.16 mm with coronary artery disease (total cholesterol 4 to 8
compared to a mean ABPI of 1.1260.22 and IMT of mmol / l) [78], pravastatin (40 mg/day) significantly re-
0.7660.16 mm for subjects free of intermittent claudica- duced the combined carotid and femoral IMT (P,0.0085)
tion (n5958). These latter findings are limited by the fact as well as the femoral IMT (P,0.004) after 2 years.
that only 12 of the 970 subjects had symptomatic PVD. Aggressive lowering of cholesterol by high dose ator-

In the Secondary Manifestations of ARTerial disease vastatin (80 mg/day) [75] or by LDL apheresis [76]
(SMART) Study [5], the prevalence of ABPI#0.9 was reduced the progression of the carotid IMT. In the
16% in abdominal aortic aneurysm (AAA) patients with a apheresis study [76], 42 men with primary hypercholes-
carotid IMT#0.90 mm compared to 25% when the carotid terolaemia (total cholesterol.8.0 mmol / l) and extensive
IMT was .0.90 mm. The findings indicated that a higher coronary artery disease were randomised to biweekly
carotid IMT was associated with PVD in this pre-defined apheresis of LDL-cholesterol plus simvastatin 40 mg/day
group of patients. (n521) or simvastatin 40 mg/day for 2 years. The

A raised carotid IMT was also linked to a greater risk of apheresis group showed a decrease in the carotid IMT,
cardiovascular disease in subjects with PVD [13,64]. One whereas the simvastatin-only group demonstrated an in-
study showed that the ultrasonographic presence of carotid crease in the IMT (P,0.001). In the ASAP study, 2 year
plaques together with clinical manifestation of PVD were treatment with high dose atorvastatin (80 mg/day) de-
reliable positive predictors for coronary artery disease [64]. creased the carotid IMT in 160 patients with FH, whereas
In the ARIC study [13], the correlation between an treatment with simvastatin (40 mg/day) produced an
elevated carotid IMT and prevalent clinical cardiovascular increased carotid IMT in 165 subjects (P50.0017) [75].
disease was most marked in subjects with intermittent The change in the IMT correlated with the % LDL-
claudication. cholesterol reduction (r50.14, P50.01) rather than

Similarly, subjects at a high cardiovascular risk have an changes in HDL-cholesterol or lipoprotein(a). The authors
increased probability of developing PVD [3]. Suurkula et justified the use of simvastatin 40 mg daily as it was the
al. [3] compared 143 hypertensive men with a high highest dosage available at that time. However, several
cardiovascular risk to 46 hypertensive men at low risk. The ‘‘non-LDL’’ differences have been reported when compar-
definition of high risk was the presence of one or more of ing various statins [79].
the following: serum cholesterol above 6.5 mmol / l, dia- The Kuopio Atherosclerosis Prevention Study (KAPS)
betes mellitus or cigarette smoking. Subjects with high [74] randomised 424 men aged 44 to 65 years with
cardiovascular risk had a lower ABPI in both legs com- LDL-cholesterol$4.0 mmol / l and total cholesterol,7.5
pared to the low risk group (P,0.0001). They also had a mmol / l to pravastatin (40 mg/day) or placebo for 3 years.
significantly thicker femoral IMT than the low risk group The baseline mean common carotid IMT was 1.35 mm,
(1.6560.66 mm versus 1.3360.79 mm, P50.0009) as with pravastatin producing a treatment effect (rate of
well as more and larger atherosclerotic plaques in the progression was 66% less than the placebo group (95% CI:
common femoral artery. 30 to 95%; pravastatin 0.010 mm/year; placebo 0.029

mm/year; P,0.002). However, no significant treatment
effect was observed on the femoral IMT. Patients with
average or below average cholesterol levels (4–7 mmol / l)

6. Risk factor management and the carotid and also benefited from pravastatin therapy [80]. A sub-analy-
femoral IMT sis (n5522) of the Long-term Intervention with Pravastatin

in Ischaemic Disease study (LIPID) [80] showed that
Lipid lowering reduces cardiovascular events and mor- pravastatin (40 mg/day) significantly reduced the total

tality including the incidence of carotid bruits, stroke, cholesterol, LDL-cholesterol and triglyceride levels (all
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P,0.0005). Pravastatin also decreased the mean carotid surgical group was not significantly different from that of
IMT by 0.014 mm compared to an increase of 0.048 mm the lean group (0.024 vs. 0.025 mm per year). However,
in the placebo group after 4 years (P,0.0001). the control obese group showed a faster progression of the

One interesting observational study showed that a carotid IMT than the surgical and lean groups (0.068 vs.
decrease in the carotid IMT in subjects with PVD after 8 0.025 mm per year, P,0.05).
weeks of treatment with atorvastatin [21]. This effect may The use of hormone replacement therapy (HRT) has
be the result of a reduction in the inflammatory reaction at been associated with a decreased mean and maximum
the vessel wall. carotid IMT (Rotterdam study) [89]. Only women using

Treatment of hypertension reduces the carotid IMT [81– HRT for at least 1 year showed such benefit compared to
83]. In the Celiprolol Intima-Media Enalapril Efficacy the non-users (mean IMT6S.E., 0.71960.01 vs.
Study (CELIMENE) of 98 patients with essential hy- 0.74260.004 mm, P50.03; max IMT6S.E., 0.95260.015
pertension [81], both celiprolol and enalapril produced vs. 0.98360.006 mm, P50.04) [89].
significant decreases in the carotid IMT associated with a Anti-platelet therapy in patients with vascular disease
significant reduction in the carotid pulse pressure after 9 reduces the risk of cardiovascular events and death rather
months. The Verapamil in Hypertension and Atherosclero- than improving the symptoms of PVD [90,91]. A sys-
sis Study (VHAS) [83] showed that treatment with ver- tematic review of 39 randomised trials of antiplatelet
apamil (240 mg/day) was superior to chlorthalidone (25 therapy showed a significant reduction (P50.02) in serious
mg/day) in decreasing the carotid IMT (20.082 vs. vascular events (non-fatal myocardial infarction and non-
20.037 mm/year, P,0.02) in 498 hypertensive patients fatal stroke) and vascular death in PVD patients treated
over 48 months. More importantly, it demonstrated that the with an anti-platelet agent when compared with a placebo
better carotid IMT regression with verapamil was paral- [91]. In the Clopidogrel versus Aspirin in Patients at Risk
leled by a lower cardiovascular event rate (P,0.05). Low- of Ischaemic Events (CAPRIE) study [90], clopidogrel
dose metoprolol (25 mg/day) together with fluvastatin (40 was superior to aspirin with a relative risk reduction (of
mg/day) also significantly reduced the rate of progression myocardial infarction, stroke or other vascular death) of
of the carotid IMT compared to placebo in a trial of 793 8.7% (95% CI, 0.3–16.5%) and fewer side effects. The
asymptomatic subjects with carotid plaque (P50.002) greater risk reduction (23.8%, P50.0028) was seen in the
[84]. PVD subset of the CAPRIE trial. However, this subgroup

A significant reduction in the carotid IMT was seen in analysis is limited by the fact that it was not included in
type 2 diabetics (n560) treated with cilostazol (100–200 the initial protocol of the CAPRIE study [91].
mg twice to four times daily) for 12 months when
compared to the placebo group (n560) in the absence of
differences between the groups in terms of risk factors
such as body mass index, blood pressure, blood sugar, 7. Conclusions
HbA and lipid profiles [85]. This finding suggests that1c

cilostazol may reduce atherosclerosis in type 2 diabetic At present, we can use the Framingham equation to
patients without altering conventional cardiovascular risk predict the risk of cardiovascular event in an individual
factors. Asymptomatic type 2 diabetic subjects with hy- patient. However, we are unable to determine which of the
perlipidaemia also benefit from gemfibrozil in the same high-risk patients will develop a cardiovascular event.
way as non-diabetic subjects [86]. Anti-platelet therapy Therefore, we need to refine our risk assessments. There is
with aspirin or ticlopidine also reduces the progression of consistent evidence that an elevated carotid IMT is associ-
the carotid IMT in type 2 diabetic patients [87]. ated with increased cardiovascular risk and event as well

Lifestyle modification can affect the carotid IMT [35]. as PVD. Evidence is also emerging to suggest that the
MARS [35] demonstrated that a reduction in the body femoral IMT has similar significant associations. More

2mass index by 5 kg/m , a reduction of dietary cholesterol importantly, treatment of these risk factors causes a
intake by 100 mg/day and quitting a 10 cigarettes /day reduction or prevents the progression of the IMT, paral-
habit reduced the progression of carotid IMT by a stagger- leled by a decrease in cardiovascular risk and events. The
ing 0.13 mm/year. Weight reduction has also been shown IMT may be regarded as the closest investigation to an
to correlate significantly with a decreased progression of arterial biopsy. Therefore, the morphological and dimen-
the carotid IMT [88]. In a 4-year study involving 20 obese sional information obtained from duplex scans may be
subjects treated by gastroplasty compared to 10 obese used in addition to classical risk factors for risk assess-
subjects and 35 lean participants, the surgical group ment. Indeed, new guidelines (ATPIII) from the United
demonstrated a mean weight reduction of 22 kg (19% States actually state that additional predictors of risk (e.g.,
body weight) compared to the obese group, whose weight imaging) could influence a clinician’s decision to intervene
was unchanged (P,0.001) [88]. There was also an im- with medication [92]. B-mode scanning could become an
provement in the blood pressure, cholesterol and insulin important non-invasive, accurate and reproducible method
levels (P,0.05). The progression of the carotid IMT in the to assess cardiovascular risk in the future.

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/article/54/3/528/270010 by guest on 20 August 2022



536 K.-S. Cheng et al. / Cardiovascular Research 54 (2002) 528 –538

in older adults. Cardiovascular Health Study Collaborative ResearchReferences
Group. New Engl J Med 1999;340:14–22.

[19] Agewall S, Wikstrand J, Wendelhag I, Tengborn L, Fagerberg B.
[1] Fowkes FG, Housley E, Cawood EH et al. Edinburgh Artery Study: Femoral artery wall morphology, hemostatic factors and intermittent

prevalence of asymptomatic and symptomatic peripheral arterial claudication: ultrasound study in men at high and low risk for
disease in the general population. Int J Epidemiol 1991;20:384–392. atherosclerotic disease. Haemostasis 1996;26:45–57.

[2] Hickler RB. Aortic and large artery stiffness: current methodology [20] Linhart A, Gariepy J, Massonneau M, Dauzat M. Carotid intima-
and clinical correlations. Clin Cardiol 1990;13:317–322. media thickness: the ultimate surrogate end-point of cardiovascular

[3] Suurkula M, Fagerberg B, Wendelhag I, Agewall S, Wikstrand J. involvement in atherosclerosis. Appl Radiol 2000;29:25–39.
Atherosclerotic disease in the femoral artery in hypertensive patients [21] Davis M, Atwal AS, Nair DR et al. The effect of short-term lipid
at high cardiovascular risk. The value of ultrasonographic assess- lowering with atorvastatin on carotid artery intima media thickness
ment of intima-media thickness and plaque occurrence. Risk Inter- in patients with peripheral vascular disease: a pilot study. Curr Med
vention Study (RIS) Group. Arterioscler Thromb Vasc Biol Res Opin 2000;16:198–204.

[22] Wong M, Edelstein J, Wollman J, Bond MG. Ultrasonic-pathological1996;16:971–977.
comparison of the human arterial wall. Verification of intima-media[4] Allan PL, Mowbray PI, Lee AJ, Fowkes FG. Relationship between
thickness. Arterioscler Thromb 1993;13:482–486.carotid intima-media thickness and symptomatic and asymptomatic

[23] Salonen R, Haapanen A, Salonen JT. Measurement of intima-mediaperipheral arterial disease. The Edinburgh Artery Study. Stroke
thickness of common carotid arteries with high-resolution B-mode1997;28:348–353.
ultrasonography: inter- and intra-observer variability. Ultrasound[5] Simons PC, Algra A, Bots ML et al. Common carotid intima-media
Med Biol 1991;17:225–230.thickness in patients with peripheral arterial disease or abdominal

[24] Smilde TJ, Wollersheim H, van Langen H, Stalenhoef AF. Repro-aortic aneurysm: the SMART study. Second Manifestations of
ducibility of ultrasonographic measurements of different carotid andARTerial disease. Atherosclerosis 1999;146:243–248.
femoral artery segments in healthy subjects and in patients with[6] Bots ML, Hofman A, Grobbee DE. Common carotid intima-media
increased intima-media thickness. Clin Sci (Colch) 1997;93:317–thickness and lower extremity arterial atherosclerosis. The Rotter-
324.

dam Study. Arterioscler Thromb 1994;14:1885–1891.
[25] Baldassarre D, Werba JP, Tremoli E et al. Common carotid intima-

[7] Hirai T, Sasayama S, Kawasaki T, Yagi S. Stiffness of systemic
media thickness measurement. A method to improve accuracy and

arteries in patients with myocardial infarction. A noninvasive precision. Stroke 1994;25:1588–1592.
method to predict severity of coronary atherosclerosis. Circulation [26] Schmidt C, Wendelhag I. How can the variability in ultrasound
1989;80:78–86. measurement of intima-media thickness be reduced? Studies of

[8] Simons PC, Algra A, Bots ML, Grobbee DE, van der GY. Common interobserver variability in carotid and femoral arteries. Clin Physiol
carotid intima-media thickness and arterial stiffness: indicators of 1999;19:45–55.
cardiovascular risk in high-risk patients. The SMART Study (Sec- [27] Frost D, Friedl A, Beischer W. [Determination of intima-media
ond Manifestations of ARTerial disease). Circulation 1999;100:951– thickness of the carotid artery: influences of methods, proband and
957. examination variables]. Ultraschall Med 1998;19:168–173.

[9] Grobbee DE, Bots ML. Carotid artery intima-media thickness as an [28] Persson J, Formgren J, Israelsson B, Berglund G. Ultrasound-
indicator of generalized atherosclerosis. J Intern Med determined intima-media thickness and atherosclerosis. Direct and
1994;236:567–573. indirect validation. Arterioscler Thromb 1994;14:261–264.

[10] Kazmierski R, Kozubski W, Watala C. Intima-media complex [29] Schulte-Altedorneburg G, Droste DW, Felszeghy S et al. Accuracy
thickness of common carotid artery as a risk factor for stroke. of in vivo carotid B-mode ultrasound compared with pathological
Neurol Neurochir Pol 2000;34:243–253. analysis: intima-media thickening, lumen diameter, and cross-sec-

[11] Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. tional area. Stroke 2001;32:1520–1524.
Common carotid intima-media thickness and risk of stroke and [30] Gamble G, Beaumont B, Smith H et al. B-mode ultrasound images
myocardial infarction: the Rotterdam Study. Circulation of the carotid artery wall: correlation of ultrasound with histological
1997;96:1432–1437. measurements. Atherosclerosis 1993;102:163–173.

[12] Aminbakhsh A, Mancini GB. Carotid intima-media thickness mea- [31] Ando F, Takekuma K, Niino N, Shimokata H. Ultrasonic evaluation
surements: what defines an abnormality? A systematic review. Clin of common carotid intima-media thickness (IMT)—influence of
Invest Med 1999;22:149–157. local plaque on the relationship between IMT and age. J Epidemiol

[13] Burke GL, Evans GW, Riley WA et al. Arterial wall thickness is 2000;10:S10–S17.
associated with prevalent cardiovascular disease in middle-aged [32] Depairon M, Tutta P, van Melle G et al. [Reference values of
adults. The Atherosclerosis Risk in Communities (ARIC) Study. intima-medial thickness of carotid and femoral arteries in subjects
Stroke 1995;26:386–391. aged 20 to 60 years and without cardiovascular risk factors]. Arch

[14] Wendelhag I, Wiklund O, Wikstrand J. Atherosclerotic changes in Mal Coeur Vaiss 2000;93:721–726.
the femoral and carotid arteries in familial hypercholesterolemia. [33] Salonen JT, Salonen R. Ultrasound B-mode imaging in observation-
Ultrasonographic assessment of intima-media thickness and plaque al studies of atherosclerotic progression. Circulation 1993;87:II56–
occurrence. Arterioscler Thromb 1993;13:1404–1411. II65.

[15] Gariepy J, Salomon J, Denarie N et al. Sex and topographic [34] Gariepy J, Simon A, Massonneau M, Linhart A, Levenson J. Wall
differences in associations between large-artery wall thickness and thickening of carotid and femoral arteries in male subjects with
coronary risk profile in a French working cohort: the AXA Study. isolated hypercholesterolemia. PCVMETRA Group. Prevention
Arterioscler Thromb Vasc Biol 1998;18:584–590. Cardio-Vasculaire en Medecine du Travail. Atherosclerosis

[16] Joensuu T, Salonen R, Winblad I, Korpela H, Salonen JT. Deter- 1995;113:141–151.
minants of femoral and carotid artery atherosclerosis. J Intern Med [35] Markus RA, Mack WJ, Azen SP, Hodis HN. Influence of lifestyle
1994;236:79–84. modification on atherosclerotic progression determined by ul-

[17] Vrtovec B, Keber I, Gadzijev A, Bardorfer I, Keber D. Carotid trasonographic change in the common carotid intima-media thick-
intima-media thickness of young coronary patients. Coron Artery ness. Am J Clin Nutr 1997;65:1000–1004.
Dis 1999;10:407–411. [36] Diez-Roux AV, Nieto FJ, Comstock GW, Howard G, Szklo M. The

[18] O’Leary DH, Polak JF, Kronmal RA et al. Carotid-artery intima and relationship of active and passive smoking to carotid atherosclerosis
media thickness as a risk factor for myocardial infarction and stroke 12–14 years later. Prev Med 1995;24:48–55.

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/article/54/3/528/270010 by guest on 20 August 2022



K.-S. Cheng et al. / Cardiovascular Research 54 (2002) 528 –538 537

[37] Poredos P, Orehek M, Tratnik E. Smoking is associated with [56] Cortellaro M, Baldassarre D, Cofrancesco E et al. Relation between
dose-related increase of intima-media thickness and endothelial hemostatic variables and increase of common carotid intima-media
dysfunction. Angiology 1999;50:201–208. thickness in patients with peripheral arterial disease. Stroke

[38] Gariepy J, Denarie N, Chironi G et al. Gender difference in the 1996;27:450–454.
influence of smoking on arterial wall thickness. Atherosclerosis [57] Sosef MN, Bosch JG, van Oostayen J et al. Relation of plasma
2000;153:139–145. coagulation factor VII and fibrinogen to carotid artery intima-media

[39] van den Berkmortel FW, Smilde TJ, Wollersheim H et al. Intima- thickness. Thromb Haemost 1994;72:250–254.
media thickness of peripheral arteries in asymptomatic cigarette [58] Smilde TJ, van den Berkmortel FW, Boers GH et al. Carotid and
smokers. Atherosclerosis 2000;150:397–401. femoral artery wall thickness and stiffness in patients at risk for

[40] de Waart FG, Smilde TJ, Wollersheim H, Stalenhoef AF, Kok FJ. cardiovascular disease, with special emphasis on hyper-
Smoking characteristics, antioxidant vitamins, and carotid artery homocysteinemia. Arterioscler Thromb Vasc Biol 1998;18:1958–
wall thickness among life-long smokers. J Clin Epidemiol 1963.
2000;53:707–714. [59] Voutilainen S, Alfthan G, Nyyssonen K, Salonen R, Salonen JT.

[41] Mowbray PI, Lee AJ, Fowkes GR, Allan PL. Cardiovascular risk Association between elevated plasma total homocysteine and in-
factors for early carotid atherosclerosis in the general population: the creased common carotid artery wall thickness. Ann Med
Edinburgh Artery Study. J Cardiovasc Risk 1997;4:357–362. 1998;30:300–306.

[42] Kauhanen J, Kaplan GA, Goldberg DE, Salonen R, Salonen JT. [60] Willinek WA, Ludwig M, Lennarz M, Holler T, Stumpe KO.
Pattern of alcohol drinking and progression of atherosclerosis. High-normal serum homocysteine concentrations are associated with
Arterioscler Thromb Vasc Biol 1999;19:3001–3006. an increased risk of early atherosclerotic carotid artery wall lesions

[43] Taniwaki H, Kawagishi T, Emoto M et al. Correlation between the in healthy subjects. J Hypertens 2000;18:425–430.
intima-media thickness of the carotid artery and aortic pulse-wave [61] Demuth K, Moatti N, Hanon O et al. Opposite effects of plasma
velocity in patients with type 2 diabetes. Vessel wall properties in homocysteine and the methylenetetrahydrofolate reductase C677T
type 2 diabetes. Diabetes Care 1999;22:1851–1857. mutation on carotid artery geometry in asymptomatic adults. Ar-

[44] Fukudome Y, Fujii K, Abe I et al. Ultrasonographic assessment of terioscler Thromb Vasc Biol 1998;18:1838–1843.
regional differences in atherosclerotic lesions in patients with [62] Okamura T, Kitamura A, Moriyama Y et al. Plasma level of
hypertension, diabetes mellitus, or both. Hypertens Res homocysteine is correlated to extracranial carotid-artery athero-
1997;20:175–181. sclerosis in non-hypertensive Japanese. J Cardiovasc Risk

[45] Yamasaki Y, Kodama M, Nishizawa H et al. Carotid intima-media 1999;6:371–377.
thickness in Japanese type 2 diabetic subjects: predictors of pro- [63] Rankinen T, Vaisanen S, Mercuri M, Rauramaa R. Apolipopro-
gression and relationship with incident coronary heart disease. tein(a), fibrinopeptide A and carotid atherosclerosis in middle-aged
Diabetes Care 2000;23:1310–1315. men. Thromb Haemost 1994;72:563–566.

[46] Guvener N, Tutuncu NB, Oto A, Erbas T. Major determinants of the [64] Holaj R, Spacil J, Petrasek J et al. Relation of the thickness of the
carotid intima-media thickness in type 2 diabetic patients: age and intima and media of the common carotid artery, atherosclerotic
body mass index. Endocr J 2000;47:525–533. plaque in the carotids and manifestations of atherosclerosis in the

[47] Wagenknecht LE, D’Agostino Jr. RB, Haffner SM, Savage PJ, vessels of the lower extremity in comparison to coronary athero-
Rewers M. Impaired glucose tolerance, type 2 diabetes, and carotid sclerosis. Casopis Lekaru Ceskych 1998;137:L716–720.
wall thickness: the Insulin Resistance Atherosclerosis Study. Dia- [65] The Scandinavian simvastatin survival study. Randomised trial of
betes Care 1998;21:1812–1818. cholesterol lowering in 4444 patients with coronary heart disease:

[48] D’Agostino Jr. RB, Burke G, O’Leary D et al. Ethnic differences in the Scandinavian Simvastatin Survival Study (4S). Lancet
carotid wall thickness. The Insulin Resistance Atherosclerosis Study. 1994;344:1383–1389.
Stroke 1996;27:1744–1749. [66] Pedersen TR, Wilhelmsen L, Faergeman O et al. Follow-up study of

[49] Wittekoek ME, de Groot E, Prins MH et al. Differences in intima- patients randomized in the Scandinavian simvastatin survival study
media thickness in the carotid and femoral arteries in familial (4S) of cholesterol lowering. Am J Cardiol 2000;86:257–262.
hypercholesterolemic heterozygotes with and without clinical mani- [67] Pedersen TR, Kjekshus J, Pyorala K et al. Effect of simvastatin on
festations of cardiovascular disease. Atherosclerosis 1999;146:271– ischemic signs and symptoms in the Scandinavian simvastatin
279. survival study (4S). Am J Cardiol 1998;81:333–335.

[50] Gnasso A, Pujia A, Irace C, Mattioli PL. Increased carotid arterial [68] Pedersen TR, Olsson AG, Faergeman O et al. Lipoprotein changes
wall thickness in common hyperlipidemia. Coron Artery Dis and reduction in the incidence of major coronary heart disease
1995;6:57–63. events in the Scandinavian Simvastatin Survival Study (4S). Circu-

[51] Pauletto P, Palatini P, Da Ros S et al. Factors underlying the increase lation 1998;97:1453–1460.
in carotid intima-media thickness in borderline hypertensives. [69] Scheen AJ. [Clinical study of the month. Usefulness of increasing
Arterioscler Thromb Vasc Biol 1999;19:1231–1237. HDL cholesterol in secondary prevention of coronary heart disease:

[52] Toikka JO, Laine H, Ahotupa M et al. Increased arterial intima- results of the VA-HIT study]. Rev Med Liege 1999;54:773–775.
media thickness and in vivo LDL oxidation in young men with [70] Robins SJ, Collins D, Wittes JT et al. Relation of gemfibrozil
borderline hypertension. Hypertension 2000;36:929–933. treatment and lipid levels with major coronary events: VA-HIT: a

[53] Zanchetti A, Bond MG, Hennig M et al. Risk factors associated with randomized controlled trial. J Am Med Assoc 2001;285:1585–1591.
alterations in carotid intima-media thickness in hypertension: [71] Liang YL, Teede H, Kotsopoulos D et al. Non-invasive measure-
baseline data from the European Lacidipine Study on Athero- ments of arterial structure and function: repeatability, interrelation-
sclerosis. J Hypertens 1998;16:949–961. ships and trial sample size. Clin Sci (Colch) 1998;95:669–679.

[54] Zanchetti A, Crepaldi G, Bond MG et al. Systolic and pulse blood [72] Haffner SM, Alexander CM, Cook TJ et al. Reduced coronary
pressures (but not diastolic blood pressure and serum cholesterol) events in simvastatin-treated patients with coronary heart disease
are associated with alterations in carotid intima-media thickness in and diabetes or impaired fasting glucose levels: subgroup analyses
the moderately hypercholesterolaemic hypertensive patients of the in the Scandinavian Simvastatin Survival Study. Arch Intern Med
Plaque Hypertension Lipid Lowering Italian Study. PHYLLIS study 1999;159:2661–2667.
group. J Hypertens 2001;19:79–88. [73] Wendelhag I, Wiklund O, Wikstrand J. Intima-media thickness after

[55] Lee AJ, Mowbray PI, Lowe GD et al. Blood viscosity and elevated cholesterol lowering in familial hypercholesterolemia. A three-year
carotid intima-media thickness in men and women: the Edinburgh ultrasound study of common carotid and femoral arteries. Athero-
Artery Study. Circulation 1998;97:1467–1473. sclerosis 1995;117:225–236.

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/article/54/3/528/270010 by guest on 20 August 2022



538 K.-S. Cheng et al. / Cardiovascular Research 54 (2002) 528 –538

[74] Salonen R, Nyyssonen K, Porkkala E et al. Atherosclerosis Preven- Hypertension and Atherosclerosis Study (VHAS): results of long-
tion Study (KAPS). A population-based primary preventive trial of term randomized treatment with either verapamil or chlorthalidone
the effect of LDL lowering on atherosclerotic progression in carotid on carotid intima-media thickness. J Hypertens 1998;16:1667–1676.
and femoral arteries. Circulation 1995;92:1758–1764. [84] Hedblad B, Wikstrand J, Janzon L, Wedel H, Berglund G. Low-dose

[75] Smilde TJ, van Wissen S, Wollersheim H et al. Effect of aggressive metoprolol CR/XL and fluvastatin slow progression of carotid
versus conventional lipid lowering on atherosclerosis progression in intima-media thickness: main results from the Beta-Blocker Choles-
familial hypercholesterolaemia (ASAP): a prospective, randomised, terol-Lowering Asymptomatic Plaque Study (BCAPS). Circulation
double-blind trial. Lancet 2001;357:577–581. 2001;103:1721–1726.

[76] Kroon AA, van Asten WN, Stalenhoef AF. Effect of apheresis of [85] Ahn CW, Lee HC, Park SW et al. Decrease in carotid intima media
low-density lipoprotein on peripheral vascular disease in hyper- thickness after 1 year of cilostazol treatment in patients with type 2
cholesterolemic patients with coronary artery disease. Ann Intern diabetes mellitus. Diabetes Res Clin Pract 2001;52:45–53.
Med 1996;125:945–954. [86] Migdalis IN, Gerolimou B, Kozanidou G et al. Effect of gemfibrozil

[77] Spacil J, Ceska R, Petrasek J, Sobra J. The effect of four-year on early carotid atherosclerosis in diabetic patients with hyper-
hypolipidaemic treatment on the intimal thickness of the common lipidaemia. Int Angiol 1997;16:258–261.
carotid artery in patients with familiar hyperlipidaemia. Int Angiol

[87] Kodama M, Yamasaki Y, Sakamoto K et al. Antiplatelet drugs
1999;18:313–319.

attenuate progression of carotid intima-media thickness in subjects
[78] de Groot E, Jukema JW, Montauban van Swijndregt AD et al.

with type 2 diabetes. Thromb Res 2000;97:239–245.
B-mode ultrasound assessment of pravastatin treatment effect on

[88] Karason K, Wikstrand J, Sjostrom L, Wendelhag I. Weight loss andcarotid and femoral artery walls and its correlations with coronary
progression of early atherosclerosis in the carotid artery: a four-yeararteriographic findings: a report of the Regression Growth Evalua-
controlled study of obese subjects. Int J Obes Rel Metab Disordtion Statin Study (REGRESS). J Am Coll Cardiol 1998;31:1561–
1999;23:948–956.1567.

[89] Westendorp IC, in ‘t Veld BA, Bots ML et al. Hormone replacement[79] Mikhailidis DP, Wierzbicki AS. HDL-cholesterol and the treatment
therapy and intima-media thickness of the common carotid artery:of coronary heart disease: contrasting effects of atorvastatin and
the Rotterdam study. Stroke 1999;30:2562–2567.simvastatin. Curr Med Res Opin 2000;16:139–146.

[90] CAPRIE Steering Committee. A randomised, blinded, trial of[80] MacMahon S, Sharpe N, Gamble G et al. Effects of lowering
clopidogrel versus aspirin in patients at risk of ischaemic eventsaverage of below-average cholesterol levels on the progression of
(CAPRIE). CAPRIE Steering Committee. Lancet 1996;348:1329–carotid atherosclerosis: results of the LIPID Atherosclerosis Sub-
1339.study. LIPID Trial Research Group. Circulation 1998;97:1784–

[91] Robless P, Mikhailidis DP, Stansby G. Systematic review of1790.
antiplatelet therapy for the prevention of myocardial infarction,[81] Boutouyrie P, Bussy C, Tropeano AI et al. [Local pulse pressure and
stroke or vascular death in patients with peripheral vascular disease.regression of arterial wall hypertrophy during antihypertensive
Br J Surg 2001;88:787–800.treatment. CELIMENE study. The Celiprolol Intima-Media Enalap-

ril Efficacy study]. Arch Mal Coeur Vaiss 2000;93:911–915. [92] Expert Panel (Adult Treatment Panel III). Executive summary of the
[82] Mayet J, Stanton AV, Sinclair AM et al. The effects of anti- third report of the National Cholesterol Education Program (NCEP)

hypertensive therapy on carotid vascular structure in man. Cardiov- expert panel on detection, evaluation, and treatment of high blood
asc Res 1995;30:147–152. cholesterol in adults (Adult Treatment Panel III). J Am Med Assoc

[83] Zanchetti A, Rosei EA, Dal Palu C et al. The Verapamil in 2001;285:2486–2497.

D
ow

nloaded from
 https://academ

ic.oup.com
/cardiovascres/article/54/3/528/270010 by guest on 20 August 2022


