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ABSTRACT

INTRODUCTION  Endothelial dysfunction is one of the markers of atherosclerosis.

0BJECTIVES The aim of the study was to evaluate endothelial function by assessing flow-mediated
dilation (FMD) and to measure the parameters of brachial arterial stiffness in patients with familial
hypercholesterolemia (FH) and those with high low-density lipoprotein (LDL) cholesterol levels without
FH mutations (nonfamilial hypercholesterolemia — non-FH).

PATIENTS AND METHODS  The study involved 60 patients (mean age, 41.9 =7.7 y) without documented
cardiovascular events and clinical symptoms of cardiovascular diseases: 21 patients with elevated
plasma LDL cholesterol levels and genetically confirmed FH, 19 patients with elevated LDL cholesterol
levels and without FH mutations, and 20 healthy controls. In each patient, ultrasound imaging was used
to assess endothelium-dependent FMD and nitroglycerin-induced endothelium-independent dilation (EID)
in the brachial artery. In addition, echo-tracking and photoplethysmography were used to assess the
parameters of arterial stiffness.

RESULTS FMD was significantly lower in patients with FH (11.0% =9.9% vs. 21.0% +=14.3%, P <0.01)
and non-FH (14.2% +10.1% vs. 21.0% +=14.3%, P <0.05) compared with controls. EID and arterial stiff-
ness parameters were similar between the groups.

concLusions Reduced FMD may suggest endothelial dysfunction. A lack of significant differences
in arterial stiffness parameters may indicate that vascular remodeling is not advanced in patients with
elevated LDL cholesterol levels. A lack of significant differences in FMD and arterial stiffness between
patients with and without FH may indicate that FH mutation itself is not the main determinant of endo-
thelial dysfunction and vascular remodeling in younger patients with hypercholesterolemia.

INTRODUCTION Atherosclerosis related to car- Familial hypercholesterolemia (FH) is defined

diovascular disease (CVD) is the most common
cause of death worldwide. Moreover, hypercho-
lesterolemia is considered as one of the main car-
diovascular risk factors related to atherosclero-
sis.! It is known that lowering cholesterol levels
significantly reduces total mortality and deaths
from CVD in primary and secondary prevention.?

as a heritable autosomal dominant disease, which
in a vast majority of the patients is caused by
amutation in the low-density lipoprotein recep-
tor (LDLR) gene.® Efficient assembly and trans-
port of low-density lipoprotein (LDL) cholester-
ol to hepatocytes is altered by a lack or dysfunc-
tion of the receptors.* The FH phenotype may be
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TABLE 1 Characteristics of the study groups. Endothelial function and arterial stiffness parameters

Parameters FH (n = 21) non-FH FH and Controls P value
(n=19) non-FH (n=20) . FHuvs. controls  FH and
(n = 40) controls non-FH vs.
controls
age, y 38.9+74 45.4 6.7 42.0 7.7 416 7.8 <0.01 NS NS NS
men, n (%) 11 (52) 11 (53) 20 (50) 10 (50) NS NS NS NS
LDLR mutation, n (%) 17 (81) 0(0) 17 (42.5) 0(0) - - - -
APOB mutation, n (%) 4(19) 0(0) 4(10) 0(0) - - - -
statins, n (%) 21 (100) 13 (68) 34 (85) 0(0) - - - -
ACElIs, n (%) 3(14) 5(26) 8 (20) 0(0) - - - -
TC,... mmol/l 8719 7.7 £1.2 8.2 =17 46 +0.6 NS <0.01 <0.01 <0.01
LDL-C,,. mmol/l 6.4+1.8 53=+1.3 5.9 1.7 2.8 +05 <0.05 <0.01 <0.01 <0.01
HDL-C . mmol/I 1.4 +0.4 1.7 £0.9 1.5 0.7 1.4 0.3 NS NS NS NS
TG, mmol/l 1.5 0.7 1.6 £0.7 1.6 +0.6 1.1 0.5 NS <0.05 <0.01 <0.01
TC, mmol/l 6.3 +1.9 59 +1.2 6.1 1.6 4.6 0.6 NS <0.01 <0.01 <0.01
LDL-C, mmol/l 43 +1.6 3.8 +1.1 40 =1. 2.8 +0.6 NS <0.01 <0.01 <0.01
HDL-C, mmol/I 1.4 £0.3 1.5 0.4 1.4 +0.3 1.4 0.3 NS NS NS NS
TG, mmol/l 1.4 0.6 1.4 +0.6 1.4 =05 1.1 0.5 NS NS <0.05 <0.05
hypertension, n (%) 6 (29) 6 (32) 12 (30) 0(0) NS <0.01 <0.01 <0.01
current and passive 2(10) 4(21) 6 (15) 0(0) NS NS <0.05 NS
smokers, n (%)
diabetes, n (%) 0(0) 0(0) 0(0) 0(0) NS NS NS NS
SBP, mmHg 120.5 +12.0 120.6 £9.1 120.5 +10.6 1148 +6.4 NS <0.05 <0.05 <0.05
DBP, mmHg 73.8 8.0 75.8 8.4 74.8 £8.2 70.0 6.3 NS <0.05 <0.05 <0.05
height, m 1.7 0.1 1.7 £0.1 1.7 £0.1 1.7 £0.1 NS NS NS NS
weight, kg 73.9+14.8 75.2 =14.1 745 +14.3 75.1 =181 NS NS NS NS
BMI, kg/m? 26.1 £4.1 26.0 £3.2 26.1 £3.7 24,6 4.3 NS NS NS NS
baseline brachial artery 4.4 +0.8 41 +0.9 43 +0.8 41 +0.8 NS NS NS NS
diameter during systole,
mm
baseline brachial artery 42 +0.8 4.0=09 41 =09 4.0 =08 NS NS NS NS
diameter during diastole,
mm
FMD, % 11.0 £9.9 14.2 =101 12.5 +10.0 21.0 =143 NS <0.01 <0.05 <0.01
EID, % 238 114 24.7 £13.3 243 £12.2 26.0 £7.2 NS NS NS NS
e-Tracking PWVB, 8.7 £33 9.5=+35 9.1 34 10.2 =41 NS NS NS NS
m/s
ACI, 0.2 0.1 0.1 =0.1 0.2 +0.1 0.1 £0.1 NS NS NS NS
mm?/kPa
Ep, kPa 233.6 =172.0 2727 £1824 252.2 +175.8 324 +231.0 NS NS NS NS
B 18.5 =13.0 21.2 £14.2 19.8 +13.4 26.2 178 NS NS NS NS
Al, % 11.5+14.9 23.9 +18.3 17.4 =117.6 171 =174 NS NS NS NS
photopletys-  SI, m/s 6.8 +1.6 6.4 +1.1 6.7+14 7.2+1.8 NS NS NS NS
mography g o 542 +158 448 +153 498 +16.1 559151 NS NS NS NS
PPT, ms 257.1 =545 267.4 +38.9 262 +47.3 252.2 +52.2 NS NS NS NS

Data are presented as mean =+ standard deviation or number (percentage).

Abbreviations: ACI — arterial compliance index, ACEls — angiotensin-converting enzyme inhibitors, Al — augmentation index, APOB — apolipoprotein B
receptor, BMI — body mass index,  — 3-stiffness index, DBP — diastolic blood pressure, EID — endothelium-independent dilation, Ep — pressure-strain
elasticity index (Young's modulus), FH — familial hypercholesterolemia, FMD — flow-mediated dilation, HDL-C — high-density lipoprotein cholesterol,
LDL-C — low-density lipoprotein, LDLR — low-density lipoprotein receptor, max — maximum levels without pharmacotherapy, non-FH — nonfamilial
hypercholesterolemia, NS — nonsignificant, PPT — peak-to-peak time, PWV[ — 1-point pulse-wave velocity, Rl — reflexion index, SBP — systolic blood
pressure, Sl — stiffness index, TC — total cholesterol, TG — triglycerides

also caused by mutations in the apolipoprotein B (TC) levels, leading to premature atherosclerosis
(APOB) gene® or proprotein convertase subtilisin/  manifesting mainly as coronary artery disease.
kexin type 9 (PCSK9) gene.’ All of these mutations ~ Patients with FH are particularly susceptible to
result in highly increased plasma total cholesterol ~ atherosclerosis. Moreover, the response of these
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TABLE 2 LDLR and APOB gene mutations

Sex Age, y Gene mutation
LDLR

F 29 p.D221G
F 37 p.D221G
M 30 p.N564S
M 38 p.P526T

F 54 dup ex4-8
F 42 p.D221G
M 37 p.D221G
M 34 p.G592E
M 34 p.D221G
F 33 p.P608T

F 36 p.G592E
F 51 p.D227del
M 34 p.D221G
M 47 c.2140+5G>A
F 29 p.D221G
M 49 p.A431T
M 42 p.DION
APOB

M 37 p.R35270
F 40 p.R35270
M 35 p.R35270
F 50 p.R3527Q

Abbreviations: F — female, M — male

patients to standard hypolipemic treatment is of-
ten unsatisfactory.

A discovery that the endothelium is an endo-
crine and paracrine organ is thought to be cru-
cial for the understanding of CVD pathogenesis.
The presence of nitric oxide, a potent vasodilator,
in the endothelium was reported.” Physiological-
ly, shear forces are the main activator of endothe-
lial nitric oxide synthase (eNOS) and its activi-
ty is adjusting to changes in blood flow.® Normal
eNOS function is disturbed in endothelial dys-
function, which under favorable conditions may
lead to atherosclerosis and CVD.*

Cardiovascular prevention is based mainly on
the assessment of individual risk of CVD. Tra-
ditional cardiovascular risk factors such as sex,
age, hypercholesterolemia, smoking, diabetes
mellitus, and arterial hypertension have been
identified.”"" Because each individual risk fac-
tor is considered to have a different predictive
value and often is not sufficient to assess the to-
tal risk, the search for new parameters that could
help estimate the risk of cardiovascular events
more precisely continues. New nonnvasive im-
aging techniques may be helpful in the assess-
ment of the atherosclerotic process, enabling ear-
ly detection in the asymptomatic stage and eval-
uating progression at various stages of the dis-
ease."” Early endothelial dysfunction can be
evaluated by brachial artery flow-mediated dila-
tion (FMD) induced by ischemia.'®'% Progressive

atherosclerosis leads to structural and functional
changes of the vessel wall resulting in increased
arterial stiffness. In the early stage, these changes
can be observed with ultrasonography and pho-
toplethysmography.'>'® A number of indepen-
dent clinical studies confirmed the association
of endothelial dysfunction and increased arteri-
al stiffness with elevated cardiovascular risk."®0

The aim of this study was to evaluate endo-
thelial function assessed by FMD and arterial
stiffness parameters measured by echo-track-
ing and photoplethysmograpy in the brachial ar-
tery in individuals with genetically confirmed FH
and nonfamilial hypercholesterolemia (non-FH).
The study included 3 groups of patients: with FH
confirmed by molecular testing (LDLR, APOB, or
PCSK9 gene mutation), with elevated plasma lev-
els of LDL cholesterol without a pathogenic mu-
tation (non-FH), and healthy controls with plas-
ma LDL cholesterol levels of less than 3.4 mmol/l.

PATIENTS AND METHODS Participants Endo-
thelial function and arterial stiffness were ana-
lyzed in 60 individuals aged from 30 to 55 years
(mean age, 41.9 £7.7 y). Forty subjects with ele-
vated LDL cholesterol levels and tentative or defi-
nite diagnosis of FH (according to the Dutch Lip-
id Network Clinical Criteria of FH)?' were recruit-
ed from the consecutive patients of the Outpa-
tient Clinic of the First Department of Cardiology,
Medical University of Gdansk, Gdansk, Poland.
The FH group included 21 patients in whom mu-
tations associated with FH (LDLR or APOB) were
identified. The PCSK9 mutation was not found in
any of the patients. The non-FH group included
19 patients with elevated LDL cholesterol levels
and without LDLR, APOB, or PCSK9 mutation.
Twenty healthy controls with normal LDL cho-
lesterol levels (<3.4 mmol/l) were recruited from
volunteers. The control group was matched for
sex. None of the subjects had a history of car-
diovascular events or cancer. Moreover, they did
not have diabetes, infections within the previous
4 weeks, chronic diseases, or clinical symptoms
of significant CVD. The study protocol was ap-
proved by the local ethics committee of the Med-
ical University of Gdansk, and all individuals pro-
vided written informed consent to participate in
the study. All subjects underwent a physical ex-
amination and had their weight and body mass
index (BMI) measured. Moreover, a history of
CVD, laboratory results of the maximum plasma
LDL cholesterol levels, and lipid profile measured
within the previous 6 months were recorded. En-
dothelial and vascular parameters were measured
and evaluated by a single investigator. The char-
acteristics of the study groups are presented in
TABLE 1. The LDLR and APOB mutations identified
in this study are listed in TABLE 2.

Flow-mediated dilation A high-resolution ultra-
sound scanner (Aloka SSD-Alpha 10-Miro, Hit-
achi Aloka Medical, Ltd. Tokyo Japan) was used
to determine FMD and nitroglycerin-induced
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Abbreviations: see
TABLE 1

the brachial artery. The study was performed ac-
cording to the protocol proposed by Celermajer
et al.?? Participants were examined in the fast-
ing state and were asked to abstain from smok-
ing for atleast 8 hours, using vasoactive medica-
tion, physical activity, and caffeine for 24 hours
before the study. They remained in a quiet, tem-
perature-controlled room (21-23°C), offset from
the main roads, and rested in the supine position
for 10 minutes before any measurement. A vas-
cular ultrasound transducer was used to measure
the diameter of the brachial artery in the domi-
nant arm (the right arm in all subjects). Electro-
cardiography was recorded during each stage of
the study. A 2-dimensional image of the brachial
artery in the longitudinal plane was obtained 5 to
10 cm above the antecubital fossa. The artery di-
ameter was measured at the peak of R wave (max-
imum diastole). In the first stage, the baseline di-
ameter was measured between the anterior and
posterior m line, which represents the boundary
between the media and adventitia. Pulse-wave
Doppler ultrasound was used to determine flow
velocity. The brachial artery diameter was calculat-
ed by averaging the measurements automatically
from at least 3 consecutive cardiac cycles. Next,
a cuff was inflated to 200 mmHg for 5 minutes.
Time was measured by a timer. Measurements
were taken from 20 to 30 seconds after cuff’s de-
flation and obtaining comparable baseline images.
A maximal diameter of the artery was observed
1 minute after cuff deflation. The obtained values
allowed to calculate FMD. In the second stage after
reactive hyperemia, a patient rested for the next
10 minutes, and then the baseline diameter was
measured again to assess EID. Measurements were
repeated 3 to 4 minutes after sublingual adminis-
tration of nitroglycerin spray (400 pg).

e-Tracking Pulse-wave analysis of the right bra-
chial artery was performed in all patients using
the echo-tracking method (e-Tracking) using Alo-
ka SSD-Alpha 10-Miro and the automatic system
of ultrasound vascular evaluation. Blood pres-
sure was measured on the right upper limb us-
ing a sphygmomanometer and uploaded to ul-
trasound before the test. First, stable images of
the anterior and posterior vascular walls were ob-
tained. For continuous evaluation of artery di-
ameter, the e-Tracking gate was placed between
the near and far m line of the vessel. The vascu-
lar wall motion and changes in the wall dimen-
sion were followed during diastole and systole.
The measurements were performed automatical-
ly while obtaining the baseline diameter for FMD
evaluation. The following parameters of arteri-
al stiffness were assessed: B-stiffness index (B),
pressure-strain elasticity index (Young’s modu-
lus, Ep), arterial compliance index (ACI), 1-point
pulse-wave velocity (PWVP), and augmentation
index (AI).

Photoplethysmographic pulse waveform analysis
Photoplethysmographic analysis was performed
with Pulse Trace 2 (Micro Medical, CareFusion
Corporation, San Diego, California, United States)
simultaneously with the brachial dilation test.
Pulse volume was measured with a sensor placed
on the index finger of the dominant upper limb.
The following indices were assessed: peak-to-peak
time (PPT), stiffness index, and reflexion index.

Reproducibility of flow-mediated dilation and e-Track-
ing To assess the reproducibility of FMD and
e-Tracking parameters, the baseline values of
the brachial artery diameter prior to reactive hy-
peremia and nitroglycerin administration were
compared.

Statistical analysis Data were expressed as mean
+ standard deviation. The Saphiro-Wilk test was
used to assess the normal distribution of data.
Data were analyzed by the analysis of variance
with post hoc analysis. Correlations between vari-
ables were assessed by the Spearman rank test.
The ¥? test was used to evaluate correlations be-
tween categorical variables. A P value of less than
0.05 was considered statistically significant. Data
were analyzed using the Statistica 9.1 StatSoft
software (StatSoft, Inc, Tulsa, Oklahoma, Unit-
ed States).

RESULTS The non-FH group was older com-
pared with patients with FH (45.4 +6.7 years vs.
38.9 +7.4 years; P <0.01). The study groups dif-
fered in the maximum levels of LDL cholester-
ol with the highest values observed in patients
with FH. Six FH patients and 6 non-FH patients
suffered from arterial hypertension but, during
the study, all subjects had well-controlled blood
pressure, confirmed by home monitoring. Two
patients with FH and 4 patients with non-FH
were current smokers. The subjects did not differ
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TABLE 3  Correlations between flow-mediated dilation and arterial stiffness parameters assessed by e-Tracking and photoplethysmography

Parameters

all patients (n = 60) FH (n = 21)

FMD, %
non-FH (n = 19)

FH and non-FH (n = 40)  controls (n = 20)

r P I r P I r P I r P I r P
e-Tracking B -0.4 <001  -06 <005 0.4 <005 -05 <0.01 -05 <0.05
Ep, kPa -0.4 <001  -06 <001 -04 <005 -05 <0.01 -05 <0.05
PWVB, m/s 0.5 <001 -07 <001 -06 <001 -06 <0.01 -0.6 <0.01
AC, mm?kPa 0.2 <005 05 <005 04 <005 -0.4 <0.01 -0.4 <0.05
Al % 0.4 NS 0.3 NS -0.2 NS -0.2 NS -0.2 NS
photopletys-  SI, m/s -0.1 NS 0.0 NS -0.2 NS -0.1 NS -0.1 NS
mography g o, -0.0 NS -0.1 NS 0.3 NS 0.1 NS 0.1 NS
PPT, ms 0.0 NS 0.0 NS 0.0 NS -0.0 NS -0.0 NS

Abbreviations: see TABLE 1

TABLE 4 Correlations between arterial stiffness parameters assessed by e-Tracking and photoplethysmography

Parameters

Ep, kPa

e-Tracking
PWVB, m/s

AC, mm%kPa

r P
photopletys- SI, m/s 0.0 NS 0.0 NS 0.1 NS -0.0 NS 0.0 NS
mography gy o, 0.0 NS 0.0 NS 0.0 NS 0.2 NS -0.1 NS
PPT, ms 0.0 NS 0.0 NS -0.0 NS 0.0 NS -0.1 NS
Abbreviations: see TABLE 1
TABLE 5 Reproducibility of flow-mediated dilation and e-Tracking
Parameters Before FMD Before EID P value Correlation
r P value
FMD diameter in systole, mm 4.2 +0.8 4.3 +0.8 NS 0.9 <0.01
diameter in diastole, mm 4.1 0.8 42 =08 NS 0.9 <0.01
e-Tracking B 219 =152 23.0 =14.7 NS 0.3 <0.05
AC, mm?%kPa 0.2 0.1 0.1 0.1 NS 0.8 <0.01
PWVB, m/s 9.5 +3.6 10.1 £3.7 NS 0.5 <0.01
Ep, kPa 276.0 =197.0 290.0 +190.5 NS 0.3 <0.05
Al, % 17.3 £11.3 9.7 +28.9 NS 0.2 NS

Data are presented as mean =+ standard deviation.

Abbreviations: see TABLE 1
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significantly in height, weight, and body mass in-
dex (TABLE 1).

FMD was lower in patients with FH compared
with controls (11.0% +9.9% vs. 21.0% +14.3%,
P <0.01) and in those with non-FH compared
with controls (14.2% +10.1% vs. 21.0% +14.3%,
P <0.05), as shown in the Ficure. FMD did not dif-
fer between FH and non-FH subjects. Moreover,
it did not correlate with lipid profile parameters
in patients with FH and non-FH. EID did not dif-
fer between the groups. In addition, there were
no differences in arterial stiffness parameters as-
sessed by e-Tracking and photoplethysmography
between any of the groups (TABLE 1).

A significant positive correlation between FMD
and the ACI and significant negative correlations
between FMD and B, Ep, and PWV were noted.
The results of correlation analysis between en-
dothelial function assessed by FMD and arterial

stiffness parameters obtained by e-Tracking and
photoplethysmography are presented in TABLE 3.
There were no significant correlations between ar-
terial stiffness parameters measured by e-Track-
ing and those measured by photoplethysmogra-
phy (TABLE 4).

There were no differences in the baseline diam-
eter of the brachial artery measured during systo-
le and diastole before FMD and 10 minutes after
the test, just prior to the EID test. A strong cor-
relation was observed in the mean vessel diam-
eter before FMD and before EID (correlation in-
dex during diastole: r = 0.90; P <0.01). Likewise,
the reproducibility of arterial stiffness parame-
ters assessed by e-Tracking, prior to FMD and
EID measurement, was analyzed. No statistical-
ly significant differences were found between B,
ACI, Ep, PWV, EP, and Al obtained prior to FMD
and EID tests. Significant correlations were noted
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between B, AC, Ep, PWVp, and EP obtained prior
to FMD and EID tests. The reproducibility of FMD
and e-Tracking assessments is presented in TABLE 5.

DISCUSSION Atherosclerosis, often determined
by high plasma cholesterol levels, is an underlying
cause of CVD and cardiovascular events. Early di-
agnosis of vascular dysfunction may allow early
prevention of acute cardiovascular events.?* New
noninvasive methods assessing endothelial func-
tion and arterial stiffness may be helpful in ear-
ly detection of atherosclerosis.?* Our FMD re-
sults are consistent with the findings of the pre-
vious studies that assessed this parameter in
patients with hypercholesterolemia. In a meta-
analysis of 8 studies conducted in patients with
FH, Masoura et al.?® showed that subjects with
FH have significantly lower FMD values com-
pared with normolipidemic controls (pooled
mean difference: -5.31%; 95% confidence inter-
val, -7.09 to -3.53%; P <0.001). Of note, in all
our study groups, mean FMD values were with-
in the normal range. However, all subjects were
relatively young and had no history of cardio-
vascular events. Despite a difference in age be-
tween FH and non-FH patients, we noted lower
FMD values in a significantly younger group of
FH patients. It suggests that the effect of genet-
ically determined hypercholesterolemia on FMD
values is more significant than that of age itself.
The importance of EID in vascular function as-
sessment has also been emphasized by research-
ers. Reduced FMD values in hypercholesterolemic
patients in our study may indicate that endotheli-
al dysfunction had already occurred in this group
but had not yet been advanced enough to sub-
stantially affect EID values. Therefore, we suggest
that FMD can be used for early detection of endo-
thelial dysfunction preceding the atherosclerot-
ic process in patients with FH and non-FH with-
out significant CVD.

It has been proved that increased arterial stiff-
ness in atherosclerosis may result in higher risk
of cardiovascular events.? There are a few stud-
ies investigating the use of e-Tracking for the as-
sessment of arterial stiffness. Jaroch et al.?’ ex-
amined 58 individuals with normal intima-media
thickness using e-Tracking, including 27 healthy
subjects and 31 patients with cardiovascular risk
factors. They showed higher values of B, Ep, and
PWVP and significantly lower values of the carot-
id artery ACl in patients with cardiovascular risk
factors. In another study, Jaroch et al.?® showed
higher values of B, Ep, and PWV and lower val-
ues of the carotid artery ACI in patients older than
50 years of age compared with patients young-
er than 50 years of age. In the current study, no
significant difference in arterial stiffness param-
eters between FH and non-FH patients without
a history of CVD was found. Alack of significant
differences in arterial stiffness parameters most
likely shows that the process of vascular remod-
eling may not yet be advanced in relatively young
patients with elevated LDL cholesterol levels.

There is a significant correlation between nov-
el arterial stiffness parameters assessed by ultra-
sonography and endothelial dysfunction, which
can be used for early detection of functional ar-
terial remodeling in patients with hypercholes-
terolemia. A relationship between e-Tracking pa-
rameters and FMD reflects interactions between
endothelial dysfunction and arterial stiffness. A
lack of a significant correlation between FMD val-
ues and arterial stiffness parameters measured by
photoplethysmography may result from the fact
that these methods evaluate different aspects
of the atherosclerotic process. Photoplethys-
mography may also have lower sensitivity com-
pared with FMD. A lack of significant correla-
tions between arterial stiffness parameters as-
sessed by e-Tracking and photoplethysmography
may suggest that these tests are used to evalu-
ate different aspects of early atherosclerosis de-
velopment. The PulseTrace 2 estimates large ar-
tery stiffness from the pulse waveform obtained
at the finger with an infrared sensor. The speed
at which the pulse travels along the arterial tree
is related to arterial stiffness. The measurement
of the time it takes for the pulse waves to trav-
el through the arterial system provides a way of
measuring arterial stiffness. The shape of the vol-
ume waveform in the finger is directly related
to the time it takes for the pulse waves to travel
through the arterial tree. It is expected to be in-
dependent of local changes of the vasculature but
determined mostly by large artery stiffness (esti-
mated by the stiffness index) and vascular tone
(estimated by the reflexion index).

The strongest correlation between FMD val-
ues and arterial stiffness parameters measured by
e-Tracking was noted in patients with FH. There-
fore, a new ultrasound method for the assess-
ment of arterial stiffness parameters and endo-
thelial dysfunction may be useful in early detec-
tion of vascular remodeling in patients with FH.
Alack of significant differences in FMD and arte-
rial stiffness parameters in patients with FH and
non-FH may indicate that the LDLR or APOB mu-
tation is not the main determinant of endothe-
lial dysfunction and vascular remodeling in rela-
tively younger patients.

In previous studies, arterial stiffness parame-
ters measured by e-Tracking were usually assessed
in the carotid arteries.?”’” Our study is the first to
have successfully used this method for the bra-
chial arteries. However, a limited number of pub-
lished data regarding e-Tracking and photople-
thysmography makes it difficult to verify our
results.

Our study has several limitations. It was an ob-
servational study evaluating only 40 patients
with elevated LDL cholesterol levels (with FH
and non-FH). FH is a rare condition. Moreover,
the subgroup of FH patients included only those
with genetically confirmed FH and without a his-
tory of CVD. Unfortunately, the occurrence of car-
diovascular events (mainly acute coronary syn-
drome) in this group of patients usually results in
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establishing a diagnosis and introducing special-
ist care.?’ This was a major limitation of the study
since the sample size could be too small to show
significant differences between FH and non-FH
groups regarding FMD and arterial stiffness pa-
rameters. The study groups differed significant-
ly in age. There were also a few participants with
arterial hypertension. Therefore, any conclusions
should be drawn with caution. It should be em-
phasized that this was an experimental study and
we did not perform an epidemiological evaluation
of endothelial function and arterial stiffness pa-
rameters in the studied groups.

We did not evaluate the mechanisms by which
FMD was impaired in patients with FH and non-
FH. The measurement of plasma or urinary sym-
pathetic nervous activity markers, inflammato-
ry markers, and oxidative stress markers would
have allowed to draw more specific conclusions.

There is evidence that statins exert pleiotropic
effects and modify vascular dysfunction,® and, in
our study, numerous patients were treated with
statins. We cannot exclude that the lack of arte-
rial structural remodeling in the study group de-
spite high LDL cholesterol levels may be a result
of effective statin treatment. Several studies have
also shown a protective effect of endogenous es-
trogens on endothelial function in women.?' As
there were only 12 postmenopausal women (3 in
the FH, 6 in non-FH, and 3 in control groups) in
our study, we could not perform additional sta-
tistical analysis.

Although the cause of FH is monogenic, it is
characterized by a substantial variation in the on-
set and severity of atherosclerotic disease symp-
toms. Additional atherogenic risk factors of
the metabolic and genetic origin and the effect
of environment, in conjunction with the LDL re-
ceptor defect, are presumed to affect the clinical
phenotype of FH. However, it is not clear wheth-
er these are synergistic interactions or simply ad-
ditive effects. The mechanism of action of these
factors is thought at least in part to be mediated
by the differences in the plasma levels of athero-
genic lipids and lipoproteins. The specific genes
involved in these processes and their variants in
the general population are the subject of numer-
ous ongoing studies.’? Endothelial dysfunction
is caused by a wide range of factors including in-
flammatory processes, smoking, or elevated lev-
els of lipoproteins such as LDL. We did not find
any results indicating that particular gene muta-
tions determine endothelial dysfunction. In ad-
dition, our study group was too small to analyze
those associations.

In conclusion, preserved EID in all subjects
may suggest that reduced FMD is due to endo-
thelial dysfunction. A lack of significant differ-
ences in arterial stiffness parameters may indi-
cate that the process of vascular remodeling may
not be advanced in younger patients with elevat-
ed LDL cholesterol levels. No significant differenc-
es in FMD and arterial stiffness parameters be-
tween patients with FH and those with non-FH

may indicate that the gene mutation itself is not
the main determinant of endothelial dysfunction
and vascular remodeling in younger patients with
hypercholesterolemia.
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STRESZCZENIE

WPROWADZENIE  Dysfunkcja $rédbtonka jest jednym z markeréw procesu miazdzycowego.

ceLe  Celem pracy byta ocena funkcji $rédbtonka oszacowanej za pomocg badania rozszerzalnos$ci
tetnicy ramiennej pod wptywem niedokrwienia (flow-mediated dilatation — FMD) oraz ocena parametrow
sztywno$ci tetnicy ramiennej u pacjentéw z hipercholesterolemia rodzinng i pacjentéw z wysokim
stezeniem cholesterolu frakcji lipoprotein o matej gestos$ci (low-density lipoprotein — LDL), bez mutacji
powodujacej hipercholesterolemig rodzinna.

PACJENCI | METODY Do badania wiaczono 60 oséb ($rednia wieku 41,9 =7,7 roku) bez udokumen-
towanych zdarzen sercowo-naczyniowych i objawéw klinicznych choréb sercowo-naczyniowych:
21 pacjentéw z podwyzszonym poziomem cholesterolu LDL w osoczu i genetycznie potwierdzong
hipercholesterolemig rodzinng, 19 pacjentéw z podwyzszonym poziomem cholesterolu LDL w osoczu bez
mutacji gendw powodujgcych hipercholesterolemig rodzinng oraz 20 zdrowych ochotnikéw. Za pomoca
aparatu ultrasonograficznego kazdemu pacjentowi wykonano zalezne od funkcji $rédbtonka badanie FMD
i niezalezne od funkcji Srédbtonka badanie rozszerzalno$ci tetnicy ramiennej pod wptywem nitrogliceryny
(endothelium-independent dilation — EID). Metodg e-Tracking i metode fotopletyzmograficzng wykorzystano
do oceny parametréw sztywnos$ci naczyn.

WYNIKI - Warto$ci FMD byty istotnie mniejsze u pacjentdw z hipercholesterolemia rodzinng (11,0 =9,9% vs
21,0 =14,3%; p <0,01) oraz pacjentéw z wysokim poziomem cholesterolu LDL, bez mutacji powodujacej
hipercholesterolemie rodzinng (14,2 £10,1% vs 21,0 +14,3%; p <0.05) w poréwnaniu z grupa kontrolna.
Wartosci EID oraz parametry sztywno$ci naczyniowej byty poréwnywalne we wszystkich grupach.
wnioskl  Obnizone warto$ci FMD mogg $wiadczyé o dysfunkcji $rodbtonka. Brak istotnych réznic
w parametrach sztywno$ci tetnic moze sugerowadé, ze proces przebudowy naczyn nie jest zaawanso-
wany u chorych ze zwiekszonym stezeniem cholesterolu LDL w surowicy. Brak istotnych réznic warto$ci
FMD oraz parametréw sztywno$ci naczyh miedzy pacjentami z hipercholesterolemig rodzinng i bez niej
moze wskazywacé, ze obecno$¢ mutacji nie jest gtéwnym czynnikiem determinujagcym wystapienie
dysfunkcji $rédbtonka i przebudowy strukturalnej naczyn tetniczych w grupie miodszych pacjentéw
z hipercholesterolemia.
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