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Carotid Intimal-Medial Thickness and Stiffness Are Not
Affected by Hypercholesterolemia in Uncomplicated

Essential Hypertension
Pier Sergio Saba, Mary J. Roman, Carlo Longhini, Daniela Scorzoni, Riccardo Pini,

Richard B. Devereux, Antonello Ganau

Abstract—The combined effects of hypertension and hypercholesterolemia on carotid anatomy and stiffness were studied
in 62 normotensives, 141 uncomplicated essential hypertensives with a total cholesterol level,240 mg/dL, and 60
essential hypertensives with a total cholesterol level$240 mg/dL. Carotid ultrasonography was performed to evaluate
intimal-medial thickness (IMT), relative wall thickness, and the presence of plaque. Carotid pressure waveforms were
recorded by applanation tonometry to measure carotid stiffness (b) and pressure wave reflection (ie, augmentation
index). After adjusting for age, body mass index, and smoking habit by analysis of covariance, no significant differences
were found between normocholesterolemic hypertensives and hypercholesterolemic hypertensives in terms of IMT
(0.7960.19 versus 0.8160.19 mm), relative wall thickness (0.2760.07 versus 0.2860.07), carotid stiffness (6.163.2
versus 5.662.7), augmentation index (18.7612.9% versus 17.3612.8%), and prevalence of plaque (30.8% versus
30.7%). In the whole population, carotid IMT was significantly related to age (r50.43), systolic (r50.35) and diastolic
(r50.35) blood pressures, body surface area (r50.22), and cholesterol levels (r50.22) (all P,0.05). Carotid stiffness
was significantly related to age, blood pressure, body mass index, and body surface area but not to cholesterol levels.
In multivariate analyses, age, body surface area, and systolic blood pressure, but not cholesterol, smoking habit, or sex,
were independent correlates of IMT (multipleR50.54, P,0.0001), whereas carotid stiffness was independently
associated with age, body surface area, and sex (R50.38,P,0.0001). In conclusion, hypertension is a potent stimulus
of vascular hypertrophy. The superimposition of hypercholesterolemia does not substantially augment these changes or
further increase arterial stiffness in uncomplicated hypertensive subjects.(Arterioscler Thromb Vasc Biol.
1999;19:2788-2794.)

Key Words: hypertensionn hypercholesterolemian carotid arteriesn atherosclerosisn arterial tonometry

Hypertension and hypercholesterolemia are major risk
factors for cardiovascular morbidity and mortality in

Western countries.1,2 Both conditions are common in the
general population and are frequently associated, thereby
steeply increasing the risk of overall and coronary heart
disease mortality.1 Identification of patients at high risk by
detection of preclinical disease, when target-organ damage
may be in an early and potentially reversible stage, has been
emphasized in recent years as a key step in the prevention of
major clinical events.3 Previous reports have shown a close
relationship between carotid atherosclerosis and both cere-
brovascular and coronary artery disease,4,5 suggesting that
carotid artery evaluation may help to identify high-risk
subjects. However, carotid plaque may represent a late stage
in the evolution of atherosclerotic disease in several vascular
beds.6–8

The recent availability of high-resolution ultrasound tech-
niques allows the detection of early arterial modifications,

such as intimal-medial thickening, which may precede the
development of atherosclerotic plaques. Previous reports
have indicated that carotid intimal-medial thickening is asso-
ciated with coronary artery disease9,10 and cardiovascular
morbidity and mortality.11–15 Moreover, carotid intimal-
medial thickening has been described in association with
hypertension16,17 and hypercholesterolemia.18,19 Studies of
hypercholesterolemia have, however, included subjects with
mild hypertension and/or symptomatic cardiovascular dis-
ease, and thus, they could not assess the independent contri-
butions of uncomplicated hypertension and hypercholesterol-
emia to intimal-medial thickening.

Although arterial stiffening has been described in animals
with diet-induced hypercholesterolemia in association with
structural arterial modifications,20,21 few data are presently
available on the effect of hypercholesterolemia on arterial
viscoelastic properties in humans. Because an increased pulse
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wave velocity has been described in hypercholesterolemic
monkeys,21 an earlier return of reflected pressure waves to the
central aorta in hypercholesterolemia may augment central
systolic blood pressure22 and thereby ventricular afterload.
This study evaluated a population of uncomplicated hyper-
tensive patients with normal and high cholesterol levels to
assess the relative contribution of hypercholesterolemia to
carotid structural and functional modifications associated
with hypertension.

Methods
Study Population
The study is a retrospective evaluation of a population of 395
normotensive and uncomplicated hypertensive subjects enrolled in a
cooperative study of preclinical cardiovascular disease in hyperten-
sion conducted at Cornell University Medical Center, New York,
NY; the Institute of Clinical Medicine, University of Sassari, Sassari,
Italy; and the Institute of Internal Medicine, University of Ferrara,
Ferrara, Italy. Exclusion criteria were a history or clinical signs of
coronary artery disease, heart failure, or valvular heart disease;
secondary hypertension; diabetes mellitus; and renal insufficiency.
Hypertension was defined as a cuff blood pressure$140 mm Hg
systolic and/or$90 mm Hg diastolic on repeated measurements
taken by mercury sphygmomanometry. Sixty-two normotensive,
normocholesterolemic subjects and 201 uncomplicated essential
hypertensives were selected from this population, based on the
availability of cholesterol data. All antihypertensive drug therapy
was stopped at least 3 weeks before the study in the 116 (58%)
patients who had been on antihypertensive treatment. None of the
patients were on lipid-lowering therapy.

The effect of hypercholesterolemia in association with hyperten-
sion on carotid structure and stiffness was evaluated by dividing the
study population into 3 groups: normal-cholesterol normotensives,
normal-cholesterol hypertensives, and high-cholesterol hyperten-
sives, on the basis of a normal to borderline-high (,6.22 mmol/L, or
240 mg/dL) or a high ($6.22 mmol/L) fasting total serum choles-
terol level obtained within 1 month of the vascular examination.23

Body habitus was evaluated by body mass index (BMI, weight in
kilograms per square of height in meters squared) and body surface
area (BSA, obtained from height and weight measurements by
standard nomograms). The study protocol was approved by the
Committee on Human Rights in Research of Cornell University
Medical College in 1989 and at intervals thereafter and by the Ethics
Committees of the Universities of Sassari and Ferrara.

Carotid Ultrasonography
Carotid ultrasonography was performed in subjects recruited in New
York (n5199) by using a Biosound Genesis II system (OTE
Biomedica) equipped with a 7.5-MHz probe; subjects recruited in
Sassari (n543) and Ferrara (n521) were examined with a Toshiba
270 HG system equipped with a 7.5-MHz probe. With the subject in
the supine position and the neck in slight hyperextension, the
common carotid artery, carotid bulb, and the extracranial portions of
internal and external carotid arteries were identified. Two-
dimensionally guided M-mode tracings of the distal common carotid
artery ('1 cm proximal to the carotid bulb) were obtained with
simultaneous ECG and contralateral carotid pressure waveform
tracings (see below) and recorded on1⁄2-in. Super VHS videotape.
After the videotape was reviewed, suitable frames for measurement
of M-mode images were obtained by using a frame grabber (Imaging
Technology Inc) interfaced with a high-resolution (6403480 pixels)
video monitor and stored on diskette.

Carotid measurements were performed on the stored images by
using mouse-driven software written by 1 of the investigators (R.P.),
after calibration for depth and time. The simultaneous carotid
pressure tracing (see below) was used to time the carotid artery
measurement at end diastole (minimum arterial pressure) and at the
time of peak systolic pressure. Measurements included the combined
intimal-medial thickness (IMT) of the far wall at end diastole, as
have been validated in anatomic correlation studies,24 and end-dia-

stolic and peak systolic internal dimensions obtained by continuous
tracing of the intima-lumen interface of the near and far walls. All
measurements were performed on several cycles and averaged.

Relative wall thickness (RWT) of the artery was calculated
according to the formula 23far-wall diastolic thickness/end-diastolic
diameter. Because increased distending pressure, as occurs in hyper-
tensive patients, could decrease the IMT due to vessel wall stretch-
ing, carotid intimal-medial cross-sectional area was also calculated
as {[(diastolic diameter/2)1far-wall diastolic thickness]23p}2[(di-
astolic diameter/2)23p] as an estimate of circumferential intimal-
medial tissue mass.17,25Both carotid arteries were scanned to identify
the presence and size of atherosclerotic plaques, defined as focal
increases in IMT.50% of the surrounding wall; standard wall
thickness measurements were never obtained at the level of a discrete
plaque.

To minimize operator variability, ultrasonography and tonometry
were always performed in each center under the guidance of the
same operator (M.J.R., P.S.S., D.S.), and measurements of carotid
anatomy were carried out by 2 investigators (M.J.R. for the New
York data and P.S.S. for the Sassari and Ferrara data). As previously
reported, intraobserver (r50.98, SEE50.04 mm for both) and
interobserver (r50.97, SEE50.05 mm) reproducibility of blinded
wall thickness measurements between the 2 readers was high.16

Carotid Stiffness
In association with carotid ultrasonography, carotid pressure wave-
forms were obtained as described elsewhere26–28 by using a high-
fidelity external pressure transducer (Millar Instruments, Inc) applied
to the skin overlying the pulse of the contralateral common carotid
artery.

The transducer is internally calibrated (0.2 V/100 mm Hg) and
registers absolute changes in applied pressure over a range of
300 mm Hg. To obtain actual carotid blood pressure values, the
waveforms require additional external calibration. Based on the
observation that mean arterial pressure is nearly identical in all
capacitance vessels,29–31 brachial artery pressure was measured by
the cuff and mercury sphygmomanometer method with the patient in
the supine position, and mean pressure was calculated as diastolic
blood pressure1(1⁄33pulse pressure). The resultant value was as-
signed to the planimetrically computer-derived mean blood pressure
of the carotid waveforms with software written by 1 of the investi-
gators (R.P.). Carotid artery stiffness was estimated by Young’s
modulus and the stiffness index. Young’s modulus (E; wall tension
per centimeter of thickness for a 100% diameter increase) was
calculated according to the formula E5[(Ps2Pd)/(Ds2Dd)]3(D/h),
where Ps and Pd are systolic and diastolic pressures, respectively; Ds

and Dd are systolic and diastolic carotid dimensions, respectively;
and D and h are carotid mean diameter and wall thickness, respec-
tively.32 Carotid stiffness was also calculated by the pressure-
independent stiffness indexb according to the formula33,34b5[ln(Ps/
Pd)]/[(D s2Dd)/Dd]. This index takes into account the logarithmic
relation between arterial pressure and diameter.

Pressure Wave Reflection
The systolic portion of the carotid waveform was analyzed to
calculate the augmentation index,35,36 a means of quantifying the
contribution of reflected pressure waves to the central pulse pressure.
After identification of the early and late systolic peaks and the
inflection that separates them, pressures were determined at peak
systolic pressure (Ppk) and at the inflection point (Pi) by using the
previously described calibrated computer system. The augmentation
index was calculated as (Ppk2Pi)/pulse pressure (when Ppk occurred
in late systole) or as (Pi2Ppk)/pulse pressure (when Ppk occurred in
early systole).36 Pulse wave analysis was performed by a single
investigator (P.S.S.); measurements were repeated on several cycles
and averaged.

Plasma Lipid Determinations
Total cholesterol and triglycerides were determined by standard
enzymatic methods; the HDL cholesterol fraction was determined
after precipitation of apolipoprotein B–containing lipoproteins, and
LDL cholesterol was calculated as described by Friedewald et al.37
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Hypercholesterolemia was defined as total cholesterol
$6.22 mmol/L ($240 mg/dL).23

Statistical Analysis
Data were stored and analyzed by using the Crunch4 Statistical
Package (Crunch Software Corp). Relationships between continuous
variables were evaluated by linear regression analyses. Comparisons
between normotensive and hypertensive subjects were performed by
Student’st test. Carotid anatomy and stiffness were compared among
normal-cholesterol normotensives and normal- and high-cholesterol
hypertensives by ANOVA. ANCOVA was also performed to com-
pare groups after controlling for differences in age, BSA, and
smoking habit. Both analyses were followed by the Ryan, Einot,
Gabriel, and Welsch F test multiple-comparison procedure. Power
analysis was performed to assess the minimal difference in IMT
detectable in our study. Based on the size of our groups and
within-group SDs, differences as small as 0.07 mm for the IMT were
detectable between normal and high-cholesterol hypertensives with
an a error of 0.05 and a statistical power of 0.90; this detectable
difference is lower than the absolute between-group difference in
IMT associated with a significantly higher risk of cardiovascular
and/or cerebrovascular events.38,39Multiple regression analyses were
performed to assess independent determinants of carotid intimal-
medial cross sectional area and the stiffness index in normotensive
and hypertensive subjects. Data are expressed as mean6SD. A
2-tailedP value,0.05 was considered significant.

Results
Characteristics of Normotensive and
Hypertensive Subjects
Among the 201 hypertensive patients, 141 had total cholesterol
levels ,6.22 mmol/L (240 mg/dL), while 60 had a total
cholesterol level$6.22 mmol/L (Table 1). Hypertensive patients
with higher cholesterol levels were significantly older than
normocholesterolemic hypertensive and normotensive subjects.
Both hypertensive groups had significantly greater body weights
and BMIs than did normotensives, while the distribution of sex
and height was similar among the groups. BSA was significantly
greater in normocholesterolemic hypertensives than in normo-

tensive subjects. Both hypertensive groups had similar blood
pressure levels, and the normocholesterolemic groups did not
differ in total and LDL cholesterol. The total-HDL ratio was
significantly increased in hypercholesterolemic hypertensives.
Hypercholesterolemic hypertensives were more likely to be
current or former smokers.

Carotid Anatomy and Stiffness in Normal- and
High-Cholesterol Hypertensive Patients
Carotid wall thickness, RWT, cross-sectional area, and prev-
alence of plaque were significantly greater in both hyperten-
sive groups than in the normotensive subjects, while normal-
and high-cholesterol hypertensives did not differ in these
parameters (Table 2). Neither the stiffness index nor Young’s
elastic modulus differed significantly among the 3 groups,
whereas the augmentation index was similarly higher in
both hypertensive groups than in normotensive subjects.
ANCOVA, after controlling for differences in age, BSA, and
smoking habit, yielded similar results (Table 2, values in
parentheses). To avoid a potentially inadequate adjustment
for age in ANCOVA, each hypertensive group was also
stratified by age into 2 subsets (,50 and$50 years); carotid
parameters were then analyzed in relation to the cholesterol
levels. There were no significant differences between the 2
subgroups comparable by age but different in cholesterol
level. For example, mean carotid IMT was 0.7560.17 and
0.7160.16 mm in hypercholesterolemic and normocholester-
olemic patients ,50 years old and 0.8860.19 and
0.8560.19 mm in older hypercholesterolemic and normocho-
lesterolemic patients (P50.38 and 0.40, respectively).

Univariate Correlates of Carotid Anatomy and
Stiffness Parameters in Normotensive and
Hypertensive Subjects
In the entire population (upper portion of Table 3), carotid
wall thickness and cross-sectional area were directly and

TABLE 1. Characteristics of Normotensive Subjects and of Normal- and
High-Cholesterol Hypertensive Patients

Normotensive Subjects
(Chol,6.22 mmol/L)

Hypertensive Patients

Chol,6.22 mmol/L Chol$6.22 mmol/L

n 62 141 60

Age, y 49619 53611 58612*†

Sex, % male 61.3 61.7 55.0

Body weight, kg 69.2617.9 77.1616.3* 75.0617.1‡

Body height, m 1.6960.10 1.7060.10 1.6760.10

BMI, kg/m2 24.064.4 26.464.0* 26.563.7*

BSA, m2 1.7960.25 1.8860.23‡ 1.8460.25

Systolic BP, mm Hg 126616 156619* 160620*

Diastolic BP, mm Hg 7669 95612* 92612*

Total chol, mmol/L 5.1060.75 5.1560.67 7.1260.80*†

HDL chol, mmol/L 1.4260.41 1.3560.41 1.4560.41

LDL chol, mmol/L 3.1360.83 3.2160.67 4.7960.73*†

Total HDL ratio 4.261.1 4.261.4 5.361.5*†

Former or current smokers, % 29.5 40.0 56.7*†

Chol indicates cholesterol; BP, blood pressure.
*P,0.01 vs normotensive subjects.
†P,0.01 vs hypertensive subjects with cholesterol,6.22 mmol/L.
‡P,0.05 vs normotensive subjects.
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significantly related to total and LDL cholesterol, age, BMI,
BSA, and systolic and diastolic blood pressures. Similarly,
RWT was directly related to cholesterol levels, age, BMI, and
systolic pressure but not to BSA or diastolic blood pressure
(Table 3). Carotid lumen diameter was most closely related to
older age and higher blood pressure. Young’s modulus was
significantly related to age and systolic blood pressures and
negatively to BMI and BSA. The stiffness index was directly
related to age and negatively to BSA; no stiffness index
showed a significant relationship with cholesterol levels.
Similar results were obtained after repeating the analysis in
the hypertensive population only (lower portion of Table 3).

Independent Predictors of Carotid IMT and
Stiffness Index
Multiple regression analyses were performed to assess indepen-
dent predictors of carotid IMT and stiffness (Table 4). Age,
BSA, and systolic blood pressure were independent predictors of
carotid IMT (multipleR50.54,P,0.0001), while total choles-

terol, smoking history, and sex did not enter the model. Age,
BSA, and male sex, but not cholesterol level, smoking history,
and systolic blood pressure, were independent predictors of
arterial stiffness (multipleR50.38,P,0.0001).

In the subset of hypertensive patients, age and BSA were
independent predictors of carotid IMT (multipleR50.42,
P,0.01), and no residual correlation was found with choles-
terol levels (Figure 1). Similarly, Young’s elastic modulus of
the carotid was independently predicted by systolic blood
pressure and BSA, while the stiffness index was indepen-
dently positively correlated with age and smoking history and
negatively with cholesterol levels (Figure 2).

Discussion
The present study indicates that mild to moderate hypercho-
lesterolemia does not play a primary role in increasing
common carotid artery IMT in otherwise-healthy hyperten-
sive patients. In fact, although significant, positive, multivar-
iate relationships were found between carotid structure and

TABLE 2. Carotid Anatomy and Stiffness in Normal- and High-Cholesterol Hypertensive Subjects

Normotensive
Subjects

Hypertensive Patients

Chol,6.22 mmol/L Chol$6.22 mmol/L

IMT, mm 0.6660.17 (0.70) 0.8060.19* (0.79)* 0.8460.19* (0.81)*

Internal diameter, mm 5.760.7 (5.8) 5.960.8 (5.9) 5.960.7 (5.8)

RWT 0.2460.06 (0.25) 0.2760.07* (0.27)* 0.2960.07* (0.28)*

Cross-sectional area, mm2 13.364.4 (14.5) 16.965.6* (17.0)* 17.564.8* (16.6)*

Cross-sectional area/BSA, mm2/m2 7.562.3 (7.8) 9.062.8* (9.1)* 9.762.9* (9.3)*

Plaques, % 16.1 (24.3) 27.7* (30.8)* 28.3* (30.7)*

Stiffness index, b 6.262.3 (6.5) 6.163.2 (6.1) 6.062.7 (5.6)

Young’s elastic modulus, dynes/cm23mm31026 0.9460.46 (0.96) 0.9660.45 (0.97) 0.9360.48 (0.89)

Augmentation index, % 8.8615.1 (10.5) 18.2612.9* (18.7)* 19.7612.8* (17.3)*

Chol indicates cholesterol. Values in parentheses are means corrected for age, BMI, and smoking history by ANCOVA.
*P,0.01 vs normotensive subjects.

TABLE 3. Univariate Correlates of Carotid Anatomy and Stiffness Measures With
Cholesterol Levels and Demographic Characteristics

Total
Chol

LDL
Chol Age BMI BSA

Systolic
BP

Diastolic
BP

Total population

IMT 0.22* 0.21* 0.43* 0.25* 0.22† 0.35* 0.18*

Internal diameter 0.01 0.05 0.24* 0.14† 0.23* 0.29* 0.24*

Cross-sectional area 0.16* 0.16† 0.45* 0.26* 0.26* 0.40* 0.22*

RWT 0.18* 0.15† 0.33* 0.20* 0.11 0.20* 0.04

Young’s modulus 20.03 0.02 0.19* 20.13† 20.21* 0.21* 0.19*

Stiffness index b 0.01 0.03 0.33* 20.07 20.17* 0.12 0.03

Hypertensive patients

IMT 0.15† 0.14 0.36* 0.13 0.15† 0.16† 20.08

Internal diameter 20.04 20.03 0.24* 0.07 0.15† 0.29* 0.20*

Cross-sectional area 0.09 0.07 0.40* 0.14 0.19* 0.26* 20.01

RWT 0.12 0.12 0.23* 0.10 0.06 20.01 20.22*

Young’s modulus 20.06 20.03 0.19* 20.15† 20.22* 0.28* 0.22*

Stiffness index b 20.04 20.03 0.31* 20.09 20.18† 0.17† 0.02

Chol indicates cholesterol; BP, blood pressure.
*P,0.01.
†P,0.05.
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cholesterol levels after controlling for age and other poten-
tially confounding parameters, hypertensive patients with
normal and high cholesterol levels did not differ in carotid
wall thickness, RWT, and cross-sectional area. In contrast,
the association of hypertension with increased IMT was
evident in both groups. Accordingly, independent predictors
of carotid cross-sectional area included older age and higher
BSA and systolic blood pressure but not total serum choles-
terol (Table 4).

These data are partially in contrast with previous reports
that indicated a role of hypercholesterolemia in inducing
carotid intimal-medial thickening.12,19,40–44 However, 2 of
these studies19,42 included hypercholesterolemic patients with
mild or moderate hypertension; moreover, diabetic patients
and/or subjects with signs or symptoms of cardiovascular
disease were not excluded. Nevertheless, although Poli et al42

detected a significant increase in IMT in their hypercholes-
terolemic group, there was no significant correlation between
carotid IMT and plasma cholesterol levels. In contrast, in the
population described by Wendelhag et al,19 the distribution of

IMT in hypercholesterolemic patients appeared to be similar
to that in normocholesterolemic subjects except for a few
subjects in whom IMT values suggested the inclusion of
plaques in the calculation. In addition, studies conducted in
normotensive children with familial hypercholesterolemia
and very high cholesterol levels showed only modest associ-
ations between carotid IMT and cholesterol levels.43,44

Although it is unclear whether it is more clinically and
prognostically meaningful to exclude from the calculation of
IMT all discrete areas of wall thickening, measurements
performed in arterial segments including discrete plaques
could overemphasize the association between risk factors for
atherosclerotic disease and the IMT of representative seg-
ments of the arterial tree. Data from our study suggest that
when IMT is measured in areas free of discrete atheroscle-
rotic lesions, common carotid wall thickness in hypertensive
patients is not strongly affected by mild to moderate hyper-
cholesterolemia. Moreover, our results are in accordance with
experimental studies45 that suggest that intimal-medial thick-

Figure 1. Residual correlation between carotid IMT and choles-
terol levels in hypertensive patients after controlling for age and
BSA in a multiple regression analysis (multiple R50.42). Vari-
ables introduced in the model were age, sex, systolic blood
pressure, and smoking history.

Figure 2. An inverse, significant, residual correlation was pres-
ent between carotid stiffness index and cholesterol levels in
hypertensive patients after controlling for age and smoking his-
tory in a multiple regression analysis (multiple R50.34). Vari-
ables introduced in the model were age, sex, systolic blood
pressure, and BSA.

TABLE 4. Independent Predictors of Carotid IMT and Stiffness Index b

Multiple
R R 2

Partial Correlation
Coefficient* F P

Dependent variable: IMT

Age 0.44 0.19 0.39 69.2 0.0001

BSA 0.52 0.27 0.27 27.5 0.0001

Systolic BP 0.54 0.29 0.19 10.6 0.0013

Total cholesterol Not entered z z z 1.3 0.24

Smoking history† Not entered z z z 0.2 0.69

Sex‡ Not entered z z z 0.03 0.86

Dependent variable: stiffness index b

Age 0.33 0.11 0.32 30.3 0.0001

BSA 0.36 0.13 20.25 5.5 0.02

Sex‡ 0.38 0.15 20.18 5.4 0.02

Total cholesterol Not entered z z z 2.4 0.12

Smoking history† Not entered z z z 2.1 0.14

Systolic BP Not entered z z z 0.05 0.83

BP indicates blood pressure.
*After the last step.
†Smoking history: never51; former or current52.
‡Sex: male51, female52.
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ening is mainly related to increased deformational arterial
stresses due to blood pressure elevation, whereas hypercho-
lesterolemia may be more influential in the genesis of discrete
atherosclerotic plaques by focal deposition of lipids in the
subintimal layers of the arterial wall. This concept is in
agreement with observations that normotensive hypercholes-
terolemic children had mean wall thicknesses similar to those
of normocholesterolemic controls, whereas the maximum
IMT was significantly higher in the hypercholesterolemic
group.43

A potential limitation of ultrasonographic evaluation of the
arterial intimal-medial complex is that it does not allow
separation of increased medial mass due to hypertrophy from
increased intimal mass due to atherosclerosis and arterioscle-
rosis. Therefore, early atherosclerotic lesions involving only
the intimal layer may cause only small increases in the
composite wall thickness measured by vascular ultrasonog-
raphy that might be confused with medial hypertrophy in the
presence of hypertension. Although this could be a major
limitation of ultrasonographic studies of preclinical athero-
sclerosis, the consistent ability of increased IMT to predict
cardiovascular events in multiple populations11–15 suggests
that the different processes that increase overall carotid wall
thickness are all prognostically adverse. Furthermore, since
the atherosclerotic process typically involves the arterial wall
in a focal fashion, whereas hypertension induces diffuse
thickening of the intimal-medial complex,46 ultrasonographic
identification of focal intimal-medial thickening can be con-
sidered a reliable indicator of atherosclerosis per se.

Surprisingly, carotid stiffness, which is commonly consid-
ered an early indicator of vascular damage, was not increased
by hypercholesterolemia. In fact, the stiffness index, which
takes into account the nonlinearity of the pressure-diameter
relation, and Young’s elastic modulus, which considers adap-
tive wall thickening, were not elevated in either hypertensive
group, and in particular, were not increased in the hypercho-
lesterolemic patients. Multiple regression analysis conducted
in the whole population indicated that age, BSA, and sex, but
not cholesterol levels, were independent predictors of the
stiffness index. However, in a subanalysis of the hypertensive
population, an unexpected modest but significant independent
inverse relationship was found between stiffness index and
cholesterol level. This surprising finding, which needs veri-
fication by other studies, confirms the lack of positive
correlations between carotid stiffness and cholesterol levels
after controlling for age and smoking history. Moreover, the
augmentation index, which is related to aortic pulse wave
velocity, was equally elevated in normocholesterolemic and
hypercholesterolemic hypertensives, suggesting that neither
carotid nor aortic compliance was substantially modified by
mild-to-moderate hypercholesterolemia. The evidence for
altered arterial stiffness in hypertensive patients when the
pressure-sensitive augmentation index was used but not with
the pressure-insensitive stiffness index is in accordance with
previous reports that did not detect an impact of hypertension
on arterial stiffness evaluated at a standardized pressure
level.47,48 Although studies in hypercholesterolemic animals
indicated increased arterial stiffness,20,21 results may have
been affected by use of the pressure-dependent pulse wave
velocity as the index of vascular stiffness. Other human
observations did not detect reduced arterial compliance in

nonfamilial hypercholesterolemia49 or an effect of high cho-
lesterol levels on age-related increases in arterial stiffness.50,51

Moreover, a recent study reported a lack of association between
aortic stiffening and extracoronary atherosclerotic disease, after
controlling for the affect of age.52

Although ultrasonographic evaluation of uncomplicated hy-
pertensive subjects allows the assessment of vascular damage in
a preclinical phase of atherosclerotic disease, the lack of choles-
terol-induced arterial modifications in our study may be due to
selection of hypertensive subjects at relatively low risk. In fact,
the prevalence of carotid plaques, although significantly higher
than in normocholesterolemic subjects, was relatively low in the
high-cholesterol hypertensive group (31%).

In conclusion, this study indicates that in patients with
relatively mild, uncomplicated essential hypertension, spo-
radic hypercholesterolemia does not substantially affect ca-
rotid wall thickness or stiffness. However, although the
relatively small sample size of this study had adequate power
to detect a moderate intimal-medial thickening induced by
high cholesterol levels, lesser changes might have gone
undetected in our moderately sized population. Additionally,
in the present study, the impact of hypercholesterolemia may
have been overwhelmed by hypertension-induced arterial
modifications. Further larger studies are needed to assess the
independent effect of high cholesterol levels on arterial
anatomy and stiffness in normotensive subjects.
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