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Abstract: Arterial stiffness is an effective predictor of atherosclerosis. Measurement of pulse-wave velocity (PWV)
is a gold-standard approach to study arterial stiffness. This study aims to examine arterial stiffness and heart
functions via echocardiography at an early stage of atherosclerosis. A model of atherosclerosis in ApoE-knockout
(ApoE”") mice fed on high-fat diet (HFD) was used, with normal chow diet (ND) as a control. Stiffness of aortic arch
and carotid arteries and left ventricular (LV) systolic/diastolic functions were measured by echocardiography. The
plasma cholesterol levels and atherosclerotic plaque areas in the aortas were measured. The PWV values of aor-
tic arch and carotid arteries were compared at 2, 4, 6 and 8 weeks with different diets. Compared with ND mice,
PWV values in aortic arch and carotid arteries were significantly increased in HFD mice after 8 weeks (Aortic arch:
516.65 + 216.89 cm/s vs. 192.53 + 71.71 cm/s; Carotid arteries: 514.26 + 211.01 cm/s vs. 188.03 + 75.14 cm/s,
respectively; both P < 0.01) accompanied by the decrease in LV systolic/diastolic functions. These were well cor-
related with the increase in plasma cholesterol levels. Echo-based PWV measurement in the aortic arch was found
more sensitive to predict atherosclerosis than in the carotid arteries in ApoE”- mice. Measuring aortic arch PWV via

echocardiography could represent a new diagnostic strategy for early detection of atherosclerosis.
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Introduction

Atherosclerosis is a chronic inflammatory disor-
der that is the leading cause of cardiovascular
disease (CVD) resulting in a high rate of mortal-
ity in the population [1-3]. The main pathologi-
cal progression in atherosclerosis is character-
ized by lipid deposition in some arterial frag-
ments which gradually develop into an athero-
sclerotic plaque, leading to partial or total
occlusion of the affected arteries, and ulti-
mately causing vascular death [4]. Although a
growing number of statin drugs have been
administered in clinical practice, CVD remains
to be a leading cause of mortality worldwide [5,
6], suggesting that early diagnosis of athero-
sclerosis is critically important.

Arterial stiffness, one of the earliest detectable
manifestations of pathological structural and
functional changes within the vessel wall, has
been shown to be an emerging risk factor of
CVD and was significantly correlated with ath-
erosclerosis [7, 8]. Measurement of pulse-wave
velocity (PWV) is a gold-standard method to
evaluate arterial stiffness, which was well vali-
dated in large populations as a strong predictor
of adverse cardiovascular outcomes [9, 10].
Previous studies suggested that increase of
aortic stiffness, assessed by PWV, was shown
to be associated with increased incidence of
cardiovascular events [11, 12]. Although it has
been shown that vascular stiffening caused by
early atherosclerosis is in-homogeneously dis-
tributed over the length of a large vessel [13],
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the global PWV measurement between the
carotid and femoral arteries has been still wide-
ly used in clinical practice [14-17]. Therefore, a
comparison of PWV from the different parts of
arteries is required urgently to determine which
parts are more sensitive to predict the early
atherosclerosis and ultimately to improve the
long-term prognosis in patients of CVD.

A model using apolipoprotein E-deficient (ApoE
/) mice with high-fat diet (HFD) is commonly
used to study atherosclerosis, since the athero-
sclerotic lesions they developed are similar to
those observed in humans [18-20]. Recently,
more and more approaches including oscillo-
metric technique or flow/area method based
on MRI have been used to measure PWV in
experimental atherosclerosis [21, 22]. Although
PWYV in each part of arteries is able to be me-
asured using different techniques, few studies
focus on the early detection of arterial stiffness
before the left ventricular (LV) dysfunctions
occurred.

A previous study reported an intriguing obser-
vation using high-resolution ultrasound to mea-
sure PWV of the aortic arch in a mouse model
of the Marfan syndrome [23]. They demonstrat-
ed that echo-based measurement of PWV in
the aortic arch has the potential for in vivo lon-
gitudinal monitoring of the aorta in mice. Here
we examined whether this method could be
used for early detection of atherosclerosis by
measuring PWV of aortic arch and carotid arter-
ies in mice. Meantime, LV systolic/diastolic
functions, plasma cholesterol levels, athero-
sclerotic lesions areas and elastic fiber frag-
mentation in the aortic arch were measured as
well [24, 25]. The aim of the present study is to
demonstrate whether echo-based PWV mea-
surement could be a novel diagnostic strategy
for early detection of atherosclerosis.

Materials and methods
A mouse model of atherosclerosis

Male ApoE”- mice (8-week old) were fed on
either normal chow diet (ND) or HFD (n = 15 per
group) for 8 weeks. The atherosclerosis pheno-
types were examined by Oil red O staining and
plasma cholesterol levels. All the animal experi-
mental procedures were approved by the Ethics
and Animal Care Committee of the University of
Illinois at Chicago.
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Echocardiography

The mice were anesthetized using inhaled iso-
flurane via a facemask and then subjected to
transthoracic echocardiography using a Vevo
2100 (VisualSonics Inc., Toronto, ON, Canada)
equipped with a MS550 transducer (22-55
MHz).

The ascending and descending aortic peak
velocities were obtained from the pulse wave
(PW) Doppler-mode aortic arch view. On the
same image plane, the aortic arch PWV was
measured, as shown below: 1) the time (T1)
was measured from the onset of the QRS com-
plex to the onset of the ascending aortic
Doppler waveform in the ascending aorta (aor-
tic annulus); 2) the time (T2) was measured
from the onset of the QRS complex to the onset
of the descending aortic Doppler waveform as
distal as possible in the descending aorta
(Figure 1C); 3) the aortic arch distance (D1) was
measured between the 2 sample volume posi-
tions along the central axis of the aortic arch
(Figure 1A); 4) the values of T1 and T2 were
averaged over 10 cardiac cycles; 5) aortic arch
PWV was determined as PWV = D1/[T2 - T1
(cm/s)]. The similar method was used to mea-
sure carotid arterial stiffness: 1) the time T3
and T4 were measured in proximal internal
carotid artery or distal internal carotid artery
(Figure 2A), respectively; 2) the distance (D2) in
the carotid artery between the 2 sample vol-
ume positions was measured as well (Figure
2B); 3) carotid arterial PWV was calculated as
PWV = D2/[T4 - T3 (cm/s)].

LV diastolic functions were examined from api-
cal 4-chamber views. Mitral flow velocity includ-
ing both peak early (E) and atrial (A) velocities,
and isovolumic relaxation time (IVRT) were
acquired in Doppler-mode echocardiograms
(Figure 3A). Mitral annulus early diastolic (e)
and atrial (a) velocities were measured in Ti-
ssue Doppler-mode echocardiograms (Figure
3B). The ratio of E/A, e/a and E/e were calcu-
lated, respectively. All the parameters describ-
ed above were averaged over 3 cardiac cycles.

LV systolic functions were acquired in M-mo-
de echocardiograms from the LV parasternal
short-axis view, which was recorded at the level
of two papillary muscles (Figure 4A). LV ejec-
tion fraction (EF), cardiac output (CO), stroke
volume (SV), and fractional shortening (FS) nor-
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Figure 1. Measurement of aortic arch PWV, peak velocity and aortic root dimension in mice. Representative B-mode
view of aortic arch distance (A) and aortic root dimension (B) from the different groups are shown (scale bar = 1
mm). (C) Pulse wave Doppler tracing of the ascending (lower panel) and descending aorta (upper panel). T1 was
measured from the onset of the QRS complex to the onset of the ascending aortic Doppler waveform and T2 was
measured from the onset of the QRS complex to the onset of the descending aortic Doppler waveform. D1 was
measured between the 2 sample volume positions along the central axis of the aortic arch. Aortic arch PWV was
determined as PWV = D1/[T2 - T1 (cm/s)]. (D) Aortic arch PWV was significantly increased in the high-fat diet (HFD)
group compared with the normal chow diet (ND) group. Ascending aortic peak velocity (E) and descending aortic
peak velocity (F) of ApoE”- mice from two diet groups are shown. Diameters of the (G) aortic annulus [L1], (H) sinus
of Valsalva [L2] and (I) sinotubular junction [L3] were significantly increased in HFD group versus ND group. n = 15
per group. *P < 0.05, **P < 0.01.

malized by body weight were calculated, re-
spectively.

ApoE”- mice for 8 weeks (Figure 6A, n = 5 per
group). All the measurements and calculations

were performed as above.
To investigate the sensitivity of echo-based

PWYV in the atherogenesis of mice, PWV in aor-
tic arch and carotid arteries, E/A ratio, e/a ratio,
EF and CO were measured every 2 weeks
continuously starting from 8 weeks of age in
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Histology of mouse aortas and heart tissues

The aortas of mice in both HFD and ND groups
were stained with Oil Red O (n = 5 per group) or
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Figure 2. Measurement of carotid artery PWV. A. Pulse wave Doppler tracing of the carotid artery. T3 was measured
from the onset of the QRS complex to the onset of the proximal internal carotid arterial Doppler waveform and
T4 was measured from the onset of the QRS complex to the onset of the distal internal carotid arterial Doppler
waveform. D2 was measured between the 2 sample volume positions along the central axis of the carotid artery.
The carotid artery PWV was calculated as PWV = D2/[T4 - T3 (cm/s)]. B. B-mode view of carotid arteries from the
different groups. C. Carotid arterial PWV was significantly increased in HFD group versus ND group. D. Correlations
between carotid artery PWV and aortic arch PWV of HFD and ND mice, respectively. Carotid artery PWV in HFD mice
was directly proportional to aortic arch PWV (R-squared = 0.5804, P = 0.0010), but not in ND mice (R-squared =
0.02606, P = 0.5654). n = 15 per group. *P < 0.05, **P < 0.01.

Elastic-Van Gieson staining (n = 5 per group) stained red were considered atherosclerotic
after 8 weeks. To investigate whether HFD will lesions and the extent of atherosclerosis was
establish atherosclerotic plaque in aortas at an determined as the ratio of the positive red
early stage, 10 male ApoE”- mice (8-week old) areas to the whole aorta areas with Imagel
were sacrificed for Oil red O staining (Sigma- software (National Institutes of Health, Be-
Aldrich, St. Louis, MO, USA) after being fed with thesda, USA), expressed as lesion area (%) =
ND or HFD for 2 weeks, respectively (n = 5 per circle positive red area/total aorta area x100%.
group). Aortic arch and descending aortas were Elastic and collagen fibers of aortas were
dissected and fixed with 10% buffered formalin stained by use of Verhoeff-Van Gieson Elastic
for 48 hours, subsequently immersed in 70% Stain kit (Sigma-Aldrich, St. Louis, MO, USA)
ethanol overnight at 4°C, then embedded in according to the manufacturer’s instructions.
paraffin, and sectioned into 5-um slides. Areas To quantify elastin fragmentation, we counted
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Figure 3. Left ventricular diastolic function of ND and HFD mice. Representative images of mitral inflow velocity (A)
and mitral annulus velocity (B) are shown. (C) MV E velocity, (D) MV A velocity, (E) E/A ratio, (F) TD e, (G) TD a, (H)
e/aratio, (l) E/e ratio, and (J) IVRT were measured from ND and HFD mice, respectively. MV, mitral valve; TD, tissue
Doppler; IVRT, isovolumic relaxation time. n = 10 per group. *P < 0.05, **P < 0.01.

the number of observed elastin breaks using The hearts were also removed, washed in the
ImageJ software in each cross-section of the PBS, and fixed in 10% formalin for 48 hours. A
aorta. weight ratio of the LV divided by the body weight
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Figure 4. Left ventricular systolic function of ND and HFD mice. (A) Representative images for measuring left ven-
tricular systolic function at the left ventricular parasternal short-axis view from the different groups are shown. (B)
Ejection fraction, (C) normalized CO, (D) normalized SV and (E) fractional shortening were measured from ND and
HFD mice, respectively. (F) The ratio of left ventricular weight to body weight was examined. CO, cardiac output; SV,
stroke volume; LV, left ventricular; BW, body weight. n = 10 per group. *P < 0.05, **P < 0.01.

[(LV/BW) %] was measured to determine the
extent of LV hypertrophy (n = 10 per group).

Measurement of plasma cholesterol levels

Blood was taken from the mouse LV and col-
lected in tubes coated with EDTA followed by
centrifugation at 5,000 rpm for 10 min (n = 10
per group). The plasma concentrations of total
cholesterol, low-density lipoprotein cholesterol
(LDL-C) and high-density lipoprotein cholesterol
(HDL-C) detection were quantified by a Beckman
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Coulter AU480 Analyzer (Calif, USA) in accor-
dance with the manufacturer’s instructions.

Statistical analysis

All the experiments were repeated at least
three times. Results were represented as the
mean * standard deviation (SD). Statistical
analysis was performed using Student’s t-test
and two-way ANOVA followed by the SPSS 22.0
(IBM Corporation, Armonk, USA). Simple corre-
lations between the plasma total cholesterol,

Am J Transl Res 2021;13(3):1352-1364
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Figure 5. Histological analysis of ND and HFD mice. (A) Representative views of aortic arch from the two groups of
mice. Atherosclerotic plaque was found in the aortic arch from HFD mice, while plaque was not found in the aortic
arch from ND mice. (B) Atherosclerotic lesions in Oil red O stained whole aorta from ND and HFD mice. (C) Represen-
tative histological images stained with Van Gieson’s staining from the different groups are shown. Quantification of
(D) lesion areas based on QOil-red O staining and (E) elastin fragmentations based on Van Gieson staining in aortas
from ND and HFD mice are shown. n = 5 per group. Plasma levels of (F) total cholesterol, (G) LDL-C and (H) HDL-C
from ND and HFD mice were determined. Aortic arch PWV was directly proportional to total cholesterol in ND (R-
squared = 0.6820, P = 0.0032) and HFD mice (R-squared = 0.6546, P = 0.0046), LDL-C in HFD mice (R-squared =
0.6323, P=0.0059), and HDL-C in ND mice (R-squared = 0.4372, P = 0.0373), while was not proportional to LDL-C
in ND mice (R-squared = 0.1548, P = 0.2606) and HDL-C in HFD mice (R-squared = 0.2131, P=0.1793). LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. n = 10 per group. *P < 0.05, **P < 0.01.

LDL-C, HDL-C, carotid artery PWV and aortic squares regression test. P < 0.05 was consid-
arch PWV were evaluated with Ordinary least- ered statistically significant.
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Figure 6. Early detection of PWV and LV systolic/diastolic functions by echo-
cardiography. (A) The flow chat shows the high fat diet feeding starting at 8
weeks of age in mice. (B and C) Aortic arch PWV was significantly increased
in HFD mice versus ND mice at week 2 and continued to increase in HFD
mice during the 8 weeks, while carotid artery PWV was increased at week 6.
E/A ratio (D) and e/a ratio (E) were significantly decreased in HFD mice ver-
sus ND mice at week 6, indicating the left ventricular diastolic dysfunction
occurred after being fed on high-fat diet for 6 weeks. EF (F) and CO (G) were
significantly decreased in HFD mice versus ND mice at week 8, suggesting
the left ventricular systolic dysfunction occurred after being fed on high-fat
diet for 8 weeks. n = 5 per group. *P < 0.05, **P < 0.01.

aortic peak velocity (P =
0.7976; Figure 1E) was ob-
served between the ND and
HFD groups. The values of
Aortic annulus, Sinus of Va-
Isalva and Sinotubular junc-
tion were significantly increas-
ed in HFD mice versus ND mi-
ce (both P < 0.01; Figure 1G-1),
which was consistent with the
changes observed in PWV of
aortic arch.

As shown in Figure 2C, the
PWV of carotid arteries was
significantly increased in the
HFD group compared with the
ND group (514.26 + 211.01
cm/svs. 188.03 + 75.14 cm/s,
P < 0.01; Figure 2C). The re-
gression test (Figure 2D)
showed the positive correla-
tions between the PWV of aor-
tic arch and carotid arteries
in HFD mice (R-squared =
0.5804, P = 0.0010), but not
in ND mice (R-squared =
0.02606, P = 0.5654). The
estimated regression lines are
y = 0.7412*x + 131.3 in the
HFD group andy = 0.1692*x +
155.5 in the ND group.

LV systolic and diastolic func-
tions

Compared with the mice in ND
group, mitral valve E velocity (P
< 0.05; Figure 3C) and E/A
ratio (P < 0.01; Figure 3E) were
significantly decreased in the
HFD group, while mitral valve A

Results
Stiffness of aortic arch and carotid arteries

To investigate the arterial stiffness among the
two groups of mice, the PWV of aortic arch and
carotid arteries was measured by echocardiog-
raphy. The mice in the HFD group exhibited a
higher PWV of aortic arch (516.65 + 216.89
cm/svs. 192.53 + 71.71 cm/s, P < 0.01; Figure
1D) and descending aortic peak velocity (P <
0.01; Figure 1F) than those in the ND group,
while no significant change in the ascending
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velocity did not have significant change (P =
0.3289; Figure 3D). According to the tissue
doppler test, mitral annulus e (P < 0.05; Figure
3F) and e/a (P < 0.01; Figure 3H) were
decreased in HFD group versus ND group. No
significant difference in mitral annulus a was
detected among the two groups (P = 0.1345;
Figure 3G). In addition, the values of E/e and
IVRT were significantly increased in the HFD
group compared with the ND group (both P <
0.01; Figure 31 and 3J). Our results indicate
that LV diastolic functions in ApoE”- mice were
significantly impaired when fed with HFD for 8

Am J Transl Res 2021;13(3):1352-1364
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weeks, which was consistent with the changes
of arterial stiffness as observed by echocar-
diography.

As shown in Figure 4B and 4E, EF% and FS%
were significantly decreased in HFD mice ver-
sus ND mice (both P < 0.01). After normaliza-
tion by body weight, the mice in the HFD group
also showed a lower CO (P < 0.05; Figure 4C)
and SV (P < 0.01; Figure 4D) compared with the
ND group. However, no significant differences
were found in the ratios of left ventricular
weight to body weight between the HFD and ND
groups (P = 0.0701; Figure 4F).

Histologic data of the aortas and heart tissues
and the detection of cholesterol levels

As shown in Figure 5A, atherosclerotic plaque
was found in the aortic arch from HFD mice, but
was not found in ND mice. The lesion areas
based on QOil Red O staining in aortas showed
no difference between the HFD and ND groups
after 2 weeks (7.75 + 1.98% vs. 7.48 + 1.77%,
P = 0.8246; Figure 5B and 5D), but a signifi-
cantly increase in the HFD group as compared
with the ND group after 8 weeks (19.53 *
3.69% vs. 11.19 + 0.98%, P < 0.01; Figure 5B
and 5D). The Elastic-Van Gieson staining dem-
onstrated changes of aortic arch in the archi-
tecture of the elastic fibers (elastolysis or rup-
ture of the elastic fibers) in the HFD group, com-
pared with the mice in the ND group (number of
fragmentations = 4.40 + 0.55 vs. 1.20 + 0.45,
P < 0.01; Figure 5C and 5E). We also found that
the levels of total cholesterol and LDL-C were
significantly increased in the HFD group versus
ND group (P < 0.01; Figure 5F and 5G), while
the HDL-C decreased (P < 0.01; Figure 5H). As
shown in Figure 5F-H, aortic arch PWV was
directly proportional to total cholesterol in ND
(R-squared = 0.6820, P = 0.0032) and HFD
mice (R-squared = 0.6546, P = 0.0046), LDL-C
in HFD mice (R-squared = 0.6323, P = 0.0059),
and HDL-C in ND mice (R-squared = 0.4372, P
= 0.0373), but was not proportional to LDL-C in
ND mice (R-squared = 0.1548, P=0.2606) and
HDL-C in HFD mice (R-squared = 0.2131, P =
0.1793).

Sensitivity detection of echo-based PWV mea-
surement

To investigate the sensitivity of the echo-based
PWV measurement in experimental atheroscle-
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rosis mice, aortic arch and carotid artery PWYV,
and LV systolic/diastolic functions were contin-
uously tracked for 8 weeks among the two
groups of mice (Figure 6A). As shown in Figure
6B, aortic arch PWV was significantly increased
after being fed on HFD for 2 weeks (P < 0.05),
while the increase of carotid artery PWV oc-
curred after 6 weeks in HFD mice (P < 0.05;
Figure 6C). At week 6, the E/A ratio (P < 0.01;
Figure 6D) and e/a ratio (P < 0.05; Figure 6E)
were significantly decreased in the HFD group
as compared with the ND group, indicating the
diastolic dysfunction occurred after being fed
on HFD for 6 weeks. At week 8, the reduction of
EF (P < 0.01; Figure 6F) and CO (P < 0.0%;
Figure 6G) further confirmed that the heart sys-
tolic functions in HFD group of mice were sig-
nificantly decreased by atherosclerosis after 8
weeks.

Discussion

In this study, an established method via echo-
cardiography was employed to measure the
stiffness of aortic arch and carotid arteries in
ApoE” mice after being fed with ND or HFD for
8 weeks. We found the significant elevation of
PWYV values in aortic arch and carotid arteries,
accompanied by the LV systolic/diastolic dys-
function in HFD mice as compared with ND
mice. Furthermore, aortic arch PWV values
were significantly increased after being fed with
HFD for 2 weeks, which preceded atheroscle-
rotic plaque formation. In addition, the increase
of PWV values in the aortic arch preceded the
changes in the carotid arteries and was posi-
tively correlated with their increased plasma
cholesterol levels. This is the first report show-
ing that aortic arch PWV measurement could
be a potential diagnostic strategy for early
detection of atherosclerosis.

As a polymorphic protein, ApoE is the important
ligand of primary apolipoprotein to eliminate
receptor mediation in lipid metabolism [26,
27]. From the pathologic point of view, accumu-
lated cholesterol in vascular walls stimulates
foam cell development and migration of inflam-
matory cells and vascular smooth muscle cells
are affected with more elastin fatigue fracture,
collagen deposition and cross-linking, which
finally leads to arterial stiffening [28, 29]. Pre-
vious studies demonstrated that, after being
fed with HFD, the levels of total cholesterol and

Am J Transl Res 2021;13(3):1352-1364
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LDL-C in ApoE” mice increase significantly [30].
In this study, compared with the mice in the ND
group, the levels of total cholesterol and LDL-C
were significantly increased, which was accom-
panied by a decrease of HDL-C levels in the
HFD group. The regression analysis further con-
firmed that aortic arch PWV detection could
effectively predict the changes of plasma cho-
lesterol levels in mice (Figure 5F-H). In the HFD
group, we also found an increase of elastic fiber
fragmentation in aortas as compared to the ND
group (Figure 5C and 5E). This may serve as
one of the underlying mechanisms to stimulate
arterial stiffening. After differentiated into foam
cells to form early plaques, the deposition of
lipids and LDL on the extracellular matrix, and
especially on elastin, makes it more prone to
elastin degradation [31]. Our results indicate
that HFD may increase the arterial stiffness via
degrading the elastic fibers in the aortas of
ApoE” mice.

Arterial stiffness is one of the earliest indica-
tors of changes in vascular wall structure that
leads to a series of hemodynamic changes
including the increase of wave reflections and
LV afterload, resulting in the ventricular dys-
function and remodeling, ultimately causing
severe heart failure and death [32, 33]. Al-
though the diagnosis of atherosclerosis at an
early stage may reduce the incidence of clinical
events in patients [5, 34], it is still difficult to
distinguish between lesion initiation and pro-
gression. Although a growing number of studies
have demonstrated the changes of plasma
cholesterol levels and atherosclerotic plaques
in the arteries [35-38], few studies focus on the
early detection of atherosclerosis phenotypes.
In fact, foam cell lesions in ApoE” mice were
developed after 8 weeks and advanced lesions
(fibrous plaques) could be observed after 15
weeks [39]. To examine the changes and pro-
gression of atherosclerosis phenotypes, we
measured the plague lesion areas in ApoE”
mice after being fed with ND or HFD for 2 weeks
or 8 weeks. Compared with the ND group, the
lesion areas were significantly increased in the
HFD group at week 8, while no significant differ-
ence was found at week 2 between the HFD
and ND groups (Figure 5B and 5D), indicating
that atherosclerotic plaque formation did not
occur after 2 weeks of HFD treatment.

A previous study demonstrated that the in-
crease of arterial stiffness can be observed
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earlier in carotid arteries than in the aortas in
patients with hypercholesterolemia [40]. How-
ever, they have not examined the aortic arch
but the global PWV of the aorta between the
carotid and femoral arteries. According to the
previous study, the severity of plaque develop-
ment differs along the aortic tree in ApoE”* mice
after fed with HFD [35]. In this study, we mainly
focused on a short fragment of the aorta arch
including the aortic roots and a part of thoracic
aorta, which serves as the site with a predilec-
tion for lesion development [20]. We observed
that echo-based aortic arch PWV values were
significantly increased in ApoE” mice after
being fed with HFD for 2 weeks, when no signifi-
cant changes in the carotid artery PWV values
were observed between the HFD and ND
groups (Figure 6B and 6C). At week 6, echo-
based carotid artery PWV was increased in
HFD mice versus ND mice, accompanied with
the decrement of LV diastolic functions (Figure
6C-E). Our data indicates that echo-based PWV
measurement in the aortic arch may be more
sensitive to predict the atherosclerosis than in
the carotid arteries in ApoE”- mice.

As the first genetically modified murine model
developed to study atherosclerosis, ApoE”
mice has been widely used in examining arteri-
al stiffness and atherosclerosis phenotypes in
recent years, while the detection time was
inconsistent in many studies. Gotschy A et al.
reported the MRI-based PWV in ApoE” mice
was increased after being fed with high choles-
terol diet for 16 weeks [13]. Another study
using MRI-based detection showed that local
PWV was evaluated in ApoE”- mice at the age of
18 weeks [41]. Herold V et al. reported the ele-
vation of mean PWV values in ApoE” mice at
the age of 8 months [21]. They have not exam-
ined PWV at the early stage of atherosclerosis.
Therefore, to investigate the changes at an
early stage, we measured the arterial stiffness
using this echo-based diagnostic strategy in
8-week old ApoE” mice after being fed with ND
or HFD for 2 weeks. The results proved that
echo-based aortic arch PWV measurement
could provide early information about the local
progression of atherosclerosis before macro-
scopic alterations of the vessel wall occur
(Figures 5B and 5D, 6B). Notably, this finding
also precedes most changes being observed in
other studies. From the point of this view, our
study may provide a new perspective to other
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researchers who are focusing on early detec-
tion and treatment of atherosclerosis.

The limitation to our study is that we have not
used other techniques such as MRI to further
confirm the PWV in our mice. Although a repeat-
ed measurement over ten cardiac cycles was
applied to improve the accuracy of evaluation
according to the previous studies [23, 42], the
extremely rapid transit time due to the high
heart rate in mic