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Part 7 Chapter 3 

Abstract 

It is unknown whether the variation in the severity o f cardiovascular disease (CVD), 

seen in patients w i th famil ial hypercholesterolemia (FH) , is reflected in the int ima-

media thickness ( IMT) o f carotid and femoral arterial walls. We measured IMT in 

both these arteries in 248 consecutive patients wi th FH, at tending our Lipid Clinic. 

One hundred and six patients were classified as having CVD, while the remaining FH 

subjects had no clinical evidence o f CVD. IMT measurements o f 20 prespecified 

carot id and femoral arterial wall segments o f the FH groups wi th and w i thout CVD 

were compared. Al l IMTs in both groups were severely thickened wi th respect to 

normal controls. Furthermore, the highest IMTs and the largest absolute differences 

were observed in the common femoral artery (1.23 ± 0 .46mm vs 1.10 ± 0 .51mm; 

p=0.006) . In subjects wi th CVD, the distr ibutions o f IMT wi th in tertiles for both 

arterial segments were opposite to those found in FH patients w i thou t CVD, 

(p <0,05, for both segments). The mean IMT of, in part icular the common femoral 

artery is thicker in FH individuals w i th CVD compared to those wi thout . Some FH 

patients have abnormal IMT of the femoral artery, whereas in others the carot id 

artery is more affected. Therefore in FH patients, combined assessment o f the 

carot id and femoral arterial walls provide a more accurate estimation o f tota l 

atherosclerotic burden in FH. 

Introduction 

High resolution B-mode ultrasound measurements o f the int ima media wall 

thickness ( IMT) o f the carot id artery is considered an acceptable surrogate marker 

for coronary vascular atherosclerosis.1"4 This concept emanates f rom the 

assumption that the IMT o f the carotid artery represents the overall atherosclerotic 

vascular burden, since atherosclerosis is considered a disease that simultaneously 

affects several major vascular beds. Therefore, this technique has become a 

powerful non-invasive too l in epidemiological and intervention studies designed to 

evaluate and influence the progression or regression o f the atherosclerotic 

process5"10. 

Indeed, in some o f these studies, increases in IMT were associated wi th the 

occurrence o f clinical events such as myocardial infarct ion, ischemic stroke, 

vascular accident and sudden death.4 However, a large variabil ity exists in IMT 

scanning techniques and there is no general agreement as to which segment o f the 
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DIFFERENCES IN INTIMA-MEDIATHICKNESS IN FH 

carot id artery is most informative and whether scanning o f the femoral artery 

provides addit ional in format ion. 1 1 ' 1 2 

Most studies that included IMT were performed in middle-aged males. Less 

substantial informat ion is available in patients at high risk o f myocardial infarct ion 

and sudden death, such as heterozygotes for familial hypercholesterolemia (FH). In 

two small case control studies in such patients, it was shown that the mean carot id 

IMT was considerably thicker as compared to matched controls.1 3"1 5 However, it is 

known that the clinical expression o f heterozygous FH varies considerably. In some, 

major vascular events occur at a young age, while in others, carrying an identical low 

density l ipoprotein (LDL) receptor gene defect, atherosclerotic disease manifests 

only at advanced age.1 6 , 1 7 Whether this difference in the expression o f the clinical 

phenotype is also reflected in IMT measurements is unknown. We therefore 

measured IMT in various segments o f the carot id and the femoral arterial walls in a 

large series o f consecutive patients wi th FH, at tending a Lipid Research Clinic, and 

subsequently compared the IMT in those wi th and w i thout clinically manifest 

cardiovascular disease. In add i t ion , we assessed which segment in the carot id or 

femoral artery could best discriminate between patients w i th and w i thou t 

cardiovascular disease (CVD) and whether the IMT in FH heterozygotes was a 

reflection o f a more local or generalized atherosclerotic process. 

Methods 

Study populat ion 

Consecutive subjects wi th FH, seen at the Lipid Research Clinics o f the Academic 

Medical Center and the Slotervaart Hospi ta l , Amsterdam, the Netherlands, were 

eligible for the study. The diagnosis o f heterozygous FH was based on the presence 

o f a documented LDL receptor mutat ion or i f the patient met the fo l lowing criteria: 

a LDL cholesterol level above the 95th percentile for sex and age and in combinat ion 

wi th the presence o f typical tendon xanthomas in the patient or in a first degree 

relative, or a paediatric relative wi th a LDL cholesterol level above the 95th 

percentile for age and sex. Secondary causes o f hypercholesterolemia, including 

renal and hepatic disease, alcohol abuse, diabetes mellitus and hypothyroidism 

were excluded in all subjects. A t baseline, when blood was collected for chemistry 

and l ipid prof i le, none o f the subjects were taking any lipid lowering medicat ion. 

Patients were classified as having clinically manifest cardiovascular disease i f their 

history revealed one or more o f the fo l lowing: a myocardial infarct ion, documented 
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by EKG abnormal i t ies and enzyme changes; an ischemic stroke; proven by 

computed tomography (CT)scan; stable angina pectoris requiring medicat ion; 

demonstrated intermit tent claudication, or, i f an intervention by either bal loon 

angioplasty or coronary bypass surgery had been performed. FH patients were 

classified as being w i thout manifestations o f cardiovascular disease, when they did 

not meet any o f the aforementioned criteria. The study was approved by the 

ins t i tu t iona l review board and in formed consent was obta ined f rom all 

part ic ipants. 

Scanning procedure 

High resolut ion B-mode ultrasound images (ACUSON 128 XP, Mounta in View, CA, 

USA) wi th a 7.0 M H z linear array transducer were used to measure int ima media 

wall thickness. All scans were assessed by the same sonographer, unaware o f the 

clinical status o f the patient. Patients were in the supine posit ion. The right and left 

c o m m o n caro t id , the carot id bulb and the internal carot id arterial wall segments 

were imaged f rom a fixed lateral transducer angle. The common femoral and the 

superficial femoral arterial segments were imaged from a fixed anterior transducer 

angle. The scans were analysed by an independent image analyst to whom the 

clinical status o f the patient was also unknown. 

Imaging of arterial segments and off-line video image analysis 

The arterial segment 1 cm proximal to the carot id d i la tat ion was defined as the 

c o m m o n carot id arterial wall segment. The carot id bulb was defined as the arterial 

segment between the carot id dilation and the carot id f low divider. A 1 cm long 

arterial segment distal to the f low divider was defined as the internal carot id 

segment. A 1 cm arterial segment proximal to the the femoral d i latat ion was 

defined as the c o m m o n femoral arterial segment. The 1 cm arterial segment distal 

to the femoral f low divider was defined as the superficial femoral artery. The arterial 

walls most distant f rom the transducer (far walls) were imaged. 

All scans were stored in real-time mode on S-VHS videotapes for o f f l i ne analysis. 

From the B-mode images, single video frames were selected by the analyst for IMT 

measurements. IMT is defined as the distance between the lumen int ima and the 

media adventit ia interfaces. O f each arterial segment, real t ime image sequences 

were stored on S-VHS tape. The B-mode video images were analysed off-l ine. Image 

analysis procedures and software are described in extenso elsewhere.10-18 An IMT 

measurement o f approximately 10 mm along the arterial wall was performed 

manual ly, by posi t ioning markers along predefined edges o f the near and far wall 
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double line patterns. The computer program subsequently drew lines through the 

markers. (Figure 1) 

The carot id and femoral arteries were investigated bilaterally at various segments. 

The I M T d a t a are given as mean distance between the two interfaces o f the far wall 

o f the left and the right side divided by two, and the standard deviations. The data 

on combined IMT o f the carotid and femoral artery was calculated by adding 

means o f the various segments divided by three for the carot id artery and two for 

the femoral artery. 

Lipids and Lipoproteins 

Total plasma cholesterol was determined by an enzymatic colometr ic procedure 

using cholesterolesterase and cholesterol oxidase (CHOD-PAP, Boehringer 

Mannhe im) . 1 9 ' 2 0 High density l ipoprotein (HDL) cholesterol was determined after 

precipi tat ion o f chylomicrons, very low density l ipoproteins and LDL, using 

phosphotungstic acid and magnesium ions.21-22 Triglycerides were quant i f ied by an 

enzymatic colorimetr ic procedure using lipase, glycerokinase and glycerol-3-

phosphate oxidase.23 LDL cholesterol was calculated using the Friedewald 

fo rmula . 2 4 

Statistical Analysis 

FH heterozygotes wi th and w i thou t cardiovascular disease were compared wi th 

respect to baseline characteristics, lipids and l ipoproteins and int ima media wall 

thickness. Student t-tests were used to compare means o f the variables studied. 

Triglyceride data were log transformed before statistical tests, but untransformed 

levels are reported in the summary tables. To investigate whether the IMT thickening 

was more generalised or localised, we assessed the concordance o f IMT wall 

thickening in the carot id and femoral artery in the entire cohor t o f FH subjects. For 

this analysis we used as a cut -o f f point the 75th percentile for the common femoral 

and carotid artery separately o f this cohort . If there is full concordance, i.e. both 

arteries are affected to the same extent, it is expected, using this cu t -o f f point that 

25% o f subjects wou ld have an IMT wall thickening o f both the common carot id 

and femoral artery, resulting in a kappa o f 1.0. On the other hand, i f there is no 

concordance at a l l , the occurrence o f both a thickened carotid and femoral wall in 

the same patient would be governed by chance alone. In this case, only 6.25% o f 

subjects would have such a combined thickening (i.e. a kappa value o f 0.0). 

Therefore, to assess concordance o f wall thickening beyond chance, we calculated 

kappa statistics for the entire FH cohort . 
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Figure 1. Intima media thickness measurements 
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Off-line intima-media thickness (IMT) measurements. (A) The analyst indicates the leading 

edges of the lumen-intima (1), and the media-adventitia (2) interfaces with crossmarks. (B) 

Image analysis software draws contours. (C) MEAN IMT is defined as ^b/number ofb value, 

where the Ö values are the distances between two lines. 

A MAX IMT measurement is automatically selected by the imaging software and defined as the 

maximum b between the two lines of a given artery wall segment In this study, only the average 

wall thickness parameter or 'MEAN' IMT was used. 
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For the assessment o f a cut -o f f value in IMT indicative o f clinically manifest 

atherosclerosis, the data on IMT o f both the common carotid and femoral arteries 

o f the two cohorts were combined. The odds ratio for symptomatic cardiovascular 

disease was calculated for each arterial segment at the cut -of f value o f the wall 

thickness o f the third terti le. All statistical analyses were performed using the 

statistical package for the social sciences (SPSS 7.5 Benelux B.V., Gor inchem, the 

Netherlands). P <0.05 was conventionally used to indicate statistical significance, 

Results 

Baseline characteristics 

A to ta l o f 255 consecutive patients were asked to part icipate in the study, seven o f 

whom refused. O f the 248 patients, 106 were classified to have CVD and the other 

142 had no clinical manifestations o f atherosclerotic disease, at inclusion into the 

Table 1. Baseline Characteristics of FH Heterozygotes 

Baseline characteristics 

Age, years 

BMI, kg/m2 

M / F 

SBP, mm/Hg 

DBP, mm/Hg 

Smoking (cig/day) 

Alcohol (drinks/day) 

Lipids and proteins 

Total Cholesterol, mmol/l 

LDL Cholesterol, mmol/l 

HDL Cholesterol, mmol/l 

Triglycerides, mmol/l 

FH with CVD(n=106) 

48.5 ±8.9 ( 2 9 - 6 7 ) 

26.3 ±3.6 (18-36) 

61/45 

131.6 ± 17.7 

82.5 ± 8.9 

6.7 ±9.1 

1.0 ±0.8 

9.5 ±2.1 (6 .7- 16.1) 

7.6 ± 2.1 (4 .4- 14.4) 

1.1 ± 0 . 3 ( 0 . 5 - 1.9) 

2.0 ±0.9 (0 .5 -4 .7 ) 

FH= familial hypercholesterolemia, BMI = body mass in 
blood pressure, DBP= diasto 

With and Without Cardiovascular disease. 

FH without CVD (n = 142) 

47.7 ± 8 .7 (29 -67 ) 

25.1 ± 3 .7 (19 -39 ) 

69/73 

131.3 ± 14.7 

82.5 ±8.9 

6.2 ±9.9 

1.0 ± 0.9 

9.7 ± 1.8(7.0- 16.2) 

7.6 ± 1.8(4.5-14.7) 

1.2 + 0.3 (0 .6-2.1) 

1.8 ±0.9 (0.4-5.1) 

dex, M/F= male/female ratio, SBP= 

p-value 

0.5 

0.02 

0.2 

0.9 

0.7 

0.7 

0.7 

0.6 

0.8 

0.05 

0.07 

systolic 
ic blood pressure. Values are given as means ± standard deviation, with 

ranges in parentheses forage and BMI. 
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study. Table 1 details the baseline characteristics and l ipid levels for both FH 

cohorts . The two groups were ful l / comparable wi th respect to age, gender and the 

d is t r ibut ion o f classical risk factors, such as b lood pressure, alcohol intake and 

smoking habits. FH patients with CVD had a slightly higher body mass index (BMI ) 

(26.3 ± 3.6 vs 25.1 ± 3.7, p=0.02). Total cholesterol and LDL cholesterol levels were 

similar. However, there was a trend towards higher triglyceride levels in the FH 

group wi th CVD (2.0 ± 0.9 vs 1.8 + 0.9, p= 0.07) and the HDL levels in patients wi th 

CVD were somewhat lower ( 1.1 ± 0.3 vs 1.2 ± 0.3 m m o l / l ; p=0.05). Therefore, in 

subsequent analyses, the results were adjusted for BMI , triglycerides and HDL 

cholesterol levels, when appropriate. 

Clinical manifestations 

The type o f clinical atherosclerotic manifestations in the patients wi th CVD are 

given in Table 2. The upper part represents the 92 patients wi th clinical disease in 

only one locat ion, while the lower section details the patients in whom more than 

one vascular bed was affected. The predominant clinical manifestation o f CVD was 

cardiac disease in our study populat ion. In this group o f 82 patients, 47 had 

experienced a myocardial infarction ( M l ) , 10 patients had undergone bypass 

surgery (CABG) w i t hou t a preceding M l , 10 pat ients underwent pr imary 

percutaneous transluminal coronary angioplasty (PTCA) and the remaining 15 

patients were only known to have angina pectoris. O f the 4 patients wi th cerebral 

manifestat ions o f atherosclerosis, 2 had experienced an ischemic stroke, whereas 

Table 2. Type of Cardiovascular 

Type of Vascular disease 

Cardiac 

Peripheral 

Cerebral 

Combined Vascular disease 

Cardiac and Cerebral 

Cardiac and Peripheral 

Cerebral and Peripheral 

Cardiac, Peripheral and Cerebral 

Disease in FH Subjects. 

FH 

8 2 

6 

4 

1 

10 

1 

2 

subjects (n =106) % 

77.4 

5.7 

3.8 

0.9 

9.4 

0.9 

1.9 
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the other 2 patients had one o r more transient ischemic attacks. A total o f 14 

patients had atherosclerotic manifestations in more than one vascular territory. 

Figure 2. Frequency of FH heterozygotes with and without CVD by IMT tertiles 

Tertiles o f IMT o f common carotid artery 

A 

Tertiles o f IMT o >n femoral artery 

B 

Frequency ofFH heterozygotes with and without CVD by IMT tertiles of the carotid artery (A) 

and the femoral artery (B). There is a significant opposite distribution ofFH heterozygotes with 

and without CVD (p < 0.05). 
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Intima-media thickness 

The average IMT o f the far wall o f these arterial segments, as well as the combined 

results for the carot id and femoral artery are summarised, for both FH groups, in 

Table 3. IMT results o f the carot id artery were not available in some patients due to 

endarteriectomy and anatomic variations. In particular, the internal carot id artery 

could not be visualised adequately in 10 to 15% o f the study subjects. The IMT o f 

the common carot id artery and the carot id bulb was significantly greater in the FH 

subjects wi th CVD versus non-CVD; 0.77 ±0.18 vs 0.71 ± 0.15 (p =0.01) and 0.99 ± 

0.39 vs 0.90 ± 0.27 (p=0.04) , respectively. No differences were found for the 

internal carot id artery. When combin ing all carot id arterial segments, IMT o f FH 

heterozygotes wi th CVD (0.86 ± 0.21) was significantly greater than in the FH 

subjects w i thou t clinical signs o f CVD (0.80 ± 0.1 5, p=0.03). 

The femoral artery could not be adequately imaged in approximately 15% o f the 

study subjects, due to vascular surgery, anatomical variation or technical restraints 

in obese individuals. The IMT o f the common femoral artery was significantly 

greater in FH heterozygotes wi th CVD, (1.23 ± 0.46 vs 1.10 ± 0 .51 , p=0.007). No 

differences were found for the superficial femoral artery. However, the IMTs o f the 

combined segments o f the femoral artery differed significantly, (0.93 ± 0.25 vs 

0.84 ± 0.28, p=0.006). 

The two FH cohorts were further analysed for both IMTs o f the common carot id 

and femoral artery, after being stratif ied into tertiles (Figures 2A and 2B). In FH 

subjects wi th CVD the distr ibut ion wi th in the tertiles for both the carot id and 

femoral artery was opposite to those w i thout CVD, (p<0,05, for both arterial 

segments). 

Table 4. Concordance of IMT wall thickening 

in the entire cohort of FH heterozygotes. 

Carotid artery below 75th percentile 

above 75th percentile 

* Kappa = 0.09: 95% confidence interval: 

of the common carotid 

Femorial artery 

below 75th percentile 

135(58%) 

37 (16%) 

-0.07-0.26 

and common femoral artery 

above 75th percentile 

41 (17.8%) 

18 (7.8%)* 
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Additional analyses 

In bo th FH groups, a positive association was evident between age and IMT for 

both the c o m m o n carot id and femoral artery (mean 0.005 and 0.006 mm increase 

in IMT / 1 year o f age, respectively). For the analysis to assess whether IMT 

thickening was generalized or localised, a tota l o f 231 patients o f whom both 

carot id and femoral data were available, were included. O f this group 7.8% had 

bo th an abnormal carot id and femoral artery (defined as an IMT above the 75th 

percentile for the common carotid and femoral artery o f the entire group) (Table 

4 ) , result ing in a kappa value ofO.09 (95% confidence interval (CI): -0.07 to 0.26). 

The I M T data o f the two FH cohorts were combined for the determination o f a cut

o f f value indicative o f clinical manifestations o f atherosclerotic CVD. For the 

common carot id artery the mean IMT was 0.74 ± 0.1 7 and for the common femoral 

artery 1.13 ± 0.5. The odds ratio (OR) for symptomat ic disease when using the 

carot id artery (cut o f f = 0.77) was 1.58 (95% CI, 0.92 - 2.7; p=0.1), while the OR 

for the femoral artery (cut o f f = 1.31) was 3.14, (95% CI: 1.78 - 5.53, p=0.0001). 

Discussion 

We measured IMT o f both carotid and femoral arteries in a large cohort o f 

consecutive FH heterozygotes and subsequently compared those FH subjects wi th 

CVD to those w i t hou t clinical manifestations o f CVD. Our hypothesis was that the 

difference in clinical expression would be reflected by the IMTs o f the different 

arteries and by the extent to which various arteries were affected. In FH 

heterozygotes wi th CVD, the mean I M T o f both the carot id and femoral arteries was 

signif icantly greater as compared to those w i thout CVD (Table 3). This was 

part icular ly true for the common femoral artery, the common carotid artery and the 

carot id bulb. This difference between the two cohorts was further supported by the 

terti le analyses, which revealed an opposite d is t r ibut ion, indicat ing a cont inuous 

deleterious effect on the int imal layer in the subjects wi th CVD (Figures 1A,B). 

Interestingly, the largest absolute differences in IMT were observed in the femoral 

artery. This is in line wi th one earlier observation in a small number o f FH subjects, 

which also revealed more extensive abnormali t ies in the femoral artery ,2 5 This 

challenges the dominan t practice and opin ion that measurement o f the common 

carot id artery is most informative1 '4 ' 2 6 . In fact, the odds rat io in the present study 

for clinically manifest atherosclerotic disease for the IMT measurement o f the 

c o m m o n femoral artery was approximately 3 and highly significant, while for the 
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common carot id artery this was only 1.6 (p-value non signif icant). In one previous 

study a weak correlat ion between carotid int ima-media thickness and severity o f 

CVD was reported 1. 

The findings o f the present study indicate, that at least for FH individuals, 

assessment o f the common femoral artery is most informative. Moreover, it is 

impor tan t to note that the common femoral artery can be adequately and easily 

assessed in almost all individuals, wi th the exception ofvery obese patients, or those 

who have undergone reconstructive vascular surgery. 

In contrast to our expectations, only 7.8% o f FH heterozygotes had evidence of a 

concomi tant abnormal carotid and femoral IMT (using as a cut o f f value the 75th 

percentile o f the entire FH group) (Table 4) . The expected prevalence o f abnormal 

IMTs using this def ini t ion for both locations was 25%, when there is full 

concordance between the two vascular beds. Since the observed kappa statistics 

approximate zero, the concordance o f wall thickening o f the carotid and femoral 

artery can be almost completely explained by chance. This implies, as has been 

suggested previously for hypercholesterolemic patients, that in an individual FH 

subject atherosclerosis sometimes affects one arterial segment more than the other 

and that a more generalised vascular thickening is less common . 2 5 

It therefore appears reasonable to conclude that for the assessment o f the risk for 

clinically manifest CVD, both the femoral and carot id artery should be assessed. 

This assessment seems to be an appropriate substitute for the prediction o f 

atherosclerosis in the coronary arteries, in view o f the high prevalence o f cardiac 

manifestations in our study group. 

In concordance wi th other studies, we found a significant association between age 

and IMT o f the carot id and femoral artery in both FH cohorts.2 5"2 7 In the present 

study, FH heterozygotes wi th and wi thout CVD were comparable wi th respect to 

age, gender and classical risk factors such as b lood pressure, smoking and alcohol 

use. Only BMI and HDL differed slightly. The concordance between upper-body 

obesity and dyslipidemia and an increase in CVD is well described.2 8 , 2 9 Recently, the 

association between upper-body obesity and the high TG and low HDL trait and 

high fasting insulin levels, was reported in patients wi th FH, wi th a powerful l 

predictor o f CVD in males.30 Since there is a high degree o f concordance between 

BMI and abdominal obesity, the differences in BMI and H D L and TG levels, in our 

study, conf i rm these f indings. 

However, when data were corrected for these parameters, the differences seen in 

IMT between the two groups remained similar. This suggests that the observed 

variat ion in FH subjects wi th and w i thout CVD probably reflect exposure to 
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addi t ional yet unknown risk factors. These factors most likely contr ibute to the 

increase in IMT in a t ime dependent manner. This illustrates the need for the 

ident i f icat ion o f these parameters, which apparently, in part , determine the 

diversity o f clinical phenotype in FH. 

Some methodological issues require comment. In the present study, we included 

consecutive patients wi th FH seen at the Lipid Research Clinic, which might have 

resulted in over-representing patients wi th clinically manifest CVD or patients wi th 

more advanced disease. The mean age o f the entire group was 48 years, a little more 

than half were male and the prevalence o f CVD was 43%. This is, in our op in ion , 

reflects the average FH populat ion attending a Lipid Research Clinic. Hence, our 

f indings apply to such subjects. It would be ideal i f in as yet not symptomat ic 

popula t ion o f F H individuals, IMT cut -o f f values could be ident i f ied, which predict 

the risk o f developing atherosclerotic manifestations. The present study does not 

a l low a defini te ident i f icat ion of these cut-offs. However, it appears that the value 

chosen in this study ( th i rd tertile o f the entire group for femoral and carot id artery) 

may be o f value. This, however, requires a prospective fo l low-up in non-

symptomat ic FH individuals. 

We conclude that the mean IMT of, in part icular the common femoral artery, is 

increased in FH individuals with CVD, when compared to those w i thout CVD. 

Furthermore, the disease affects different arterial territories to a variable extent and 

therefore the combined assessment o f the carotid and femoral artery provides a 

more accurate est imation o f the atherosclerotic changes in FH individuals. The 

predictive value o f abnormal IMTs for clinically manifest disease need to be assessed 

in appropr iate prospective studies. 

58 



DIFFERENCES IN INTIMA-MEDIATHICKNESS IN FH 

References 

1. Geroulakos G, O'Gorman DJ, Kalodiki E, et al. The carotid intima-media thickness as a marker of 

the presence of severe symptomatic coronary artery disease. Eur Heart J 1994;15:781-5. 

2. de Groot MR, BangaJD. Non invasive ultrasound measurement of intima-media thickness. A tool to 

measure early atherosclerosis. EurJ Vase Surg. 1994;8:257-63. 

3. Bonithon-Kopp C, Touboul PJ, Berr C, et al. Relation of intima-media thickness to atherosclerotic 

plaques in carotid arteries. The Vascular Aging (EVA) Study. Arteriosclerosis Thromb Vase Biol 

1996;16:310-6. 

4. Hodis HN, MackWJ, LaBree L, etal . The role of carotid arterial intima-media thickness in predicting 

clinical coronary events. Ann Int Med 1998;128:262-9. 

5. Blankenhorn DH, Selzer RH, Crawford DW, et al. Beneficial effects of colestipol-niacin therapy on 

the common carotid artery. Two- and four-year reduction of intima-media thickness measured by 

ultrasound. Circulation 1993;88:20-8. 

6. Belcaro G, Laurora G, Cesarone MR, et al. Progression of subclinical atherosclerosis in 6 years. 

Ultrasound evaluation of the average, combined femoral and carotid bifurcation intima-media 

thickness. Vasa 1995;24:227-32. 

7. Salonen R, Nyyssonen K, Porkkala E, et al. Kuopio Atherosclerosis Prevention Study (KAPS). A 

population-based primary preventive trial o f the effect of LDL lowering on atherosclerotic 

progression in carotid and femoral arteries. Circulation 1995;92:1758-64. 

8. Azen SP, Qian D, Mack WJ, et al. Effect of supplementary antioxidant vitamin intake on carotid 

arterial wall intima-media thickness in a controlled clinical trial of cholesterol lowering. Circulation 

1996;94:2369-72. 

9. Hodis HN, Mack WJ, Dunn M, et al. Intermediate-density lipoproteins and progression of carotid 

arterial wall intima-media thickness. Circulation 1997;95:2022-6. 

10. Groot de E, JukemaJW, Montauban van AD, et al. (REGRESS-study group): B-mode ultrasound 

assessment of pravastatin treatment effect on carotid and femoral arterial walls and its correlations 

with coronary arteriographic findings. A report of the regression growth evaluation statin study 

(REGRESS). Am J Cardiol 1997;12-7. 

11. Adams MR, Nakagomi A, Keech A, et al. Carotid intima-media thickness is only weakly correlated 

with the extent and severity of coronary artery disease. Circulation 1995;92:2127-34. 

12. Groot de E, Zwinderman AH, Steen van der AFW, et al. (REGRESS-study group): Variance 

components analysis of carotid and femoral intima-media thickness measurements. Am] Cardiol 

1997;12:45-78. 

13. Wendelhag I, Wiklund O, Wikstrand J. Arterial wall thickness in familial hypercholesterolemia. 

Ultrasound measurement of intima-media thickness in the common carotid artery. Arterioscler 

Thromb 1992;12:70-7. 

14. Gnasso A, Pujia A, Irace C, et al. Increased carotid arterial wall thickness in common hyperlipidemia. 

Coron Artery Dis 1995;6:57-63. 

15. SlackJ. Risk of ischemic heart disease in familail hyperlipoproteinemic states. Lancet 1969;2:1380-2. 

16. Schrott HG, GoldsteinJL, Hazzard WR, etal. Familial hypercholesteriolemia in a large kindred. Ann 

Int Med 1972,711-20. 

59 



17. Siedel J, Hagele EO, Ziegenhorn J, et al. Reagent for the enzymatic determination of serum total 

cholesterol with improved lipolytic efficiency. Clin Chem 1983;29:1075-80. 

18. Kattermann R, Jaworek D, Moller G, et al. Multicentre study of a new enzymatic method of 

cholesterol determination. J Clin Chem & Clin Biochem 1984;22:245-51. 

19. Burstein M, Scholnick HR, Morfin R: Rapid method for the isolation of lipoproteins from human 

serum by precipitation with polyanionsj Lipid Res 1970;11:583-95. 

20. Lopes-Virella MF, Stone P, Ellis S, et al. Cholesterol determination in high-density lipoproteins 

separated by three different methods. Clin Chem 1977;23:882-4. 

21. Fossati P, Prencipe L. Serum triglycerides determined colorimetrically with an enzyme that produces 

hydrogen peroxide. Clin Chem 1982;28:2077-80. 

22. Friedewald WT, Levy RJ, Frederickson DS. Estimation of the concentration of low-density lipoprotein 

cholesterol in plasma, without use of preparative ultracentrifuge. Clin Chem 1972;18:499-502. 

23. Wendelhag I, Wiklund O, Wikstrand J. Atherosclerotic changes in the femoral and carotid arteries 

in familial hypercholesterolemia. Ultrasonographic assessment of intima-media thickness and 

plaque occurrence. Arterioscler Thromb 1993;13:1404-11 

24. Grobbee DE, Bots ML. Carotid artery intima-media thickness as an indicator of generalized 

atherosclerosis. J Intern Med 1994;236:567-73. 

25. Bots ML, Hofman A, Grobbee DE. Common carotid intima-media thickness and lower extremity 

arterial atherosclerosis. The Rotterdam Study. Arterioscler Thromb 1994;14:1885-91. 

26. Carmelli D, Cardo LR, Fabsitz R. Clustering of hypertension, diabetes, and obesity in adult male 

twins: same genes or same environment? American J Hum Genet 1994;55:566-73. 

27. Hopkins PN, Hunt SC, Wu LL, et al. Hypertension, dyslipidemia and insulin resistance: links in a 

chain or spokes on a wheel? Curr Opin Lipidol 1996;7:241-53. 

28. Gaudet D, Vohl MC, Perron P, et al. Relationships of abdominal obesity and hyperinsulinemia to 

angiographically assessed coronary artery disease in men with known mutations in the LDL receptor 

gene. Circulation 1998;97:871-7. 

60 


