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Abstract
Background. Familial hypercholesterolemia (FH) is the genetic disease characterized by an increase 

in the levels of total cholesterol and low density lipoproteins since childhood. The aim of the study was 
to assess arterial stiffness in children with heterozygous FH by measuring pulse wave velocity (PWV) in 
the aorta. Design and methods. The study involved 118 children. Of these, 60 healthy children were in 
the control group and 58 children with the diagnosis of heterozygous FH were included in the main group. 
Both groups were divided into 3 age subgroups: from 5 to 7 years old, from 8 to 12 years old and from 13 
to 17 years old. The diagnosis of FH was made according to the British criteria by Simon Broome. The 
lipid profile was determined for all children, blood pressure was monitored daily with the estimate of the 
minimum, average and maximum PWV (PWVmin, PWVav, PWVmax) in aorta using oscillometric method. 
Results. In the younger age subgroup (5–7 years), there were no significant differences in PWV between 
main and control groups. In children aged 8–12 years, the main group was characterized by significantly 
higher values of maximum PWV compared to healthy peers — 5,1 [4,7–5,8] and 4,6 [4,45–5,05] m/s, 
respectively (p = 0,041). In group of children with FH aged 13–17 years, compared to the control group, a 
significant increase in the minimum PWV was observed — 4,7 [4,1–5,1] and 3,9 [3,5–4,1] m/s, respectively 
(p = 0,009), average PWV — 5,5 [4,8–6,4] and 4,5 [4,2–4,9] m/s, respectively (p = 0,009), and maximum 
PWV — 6,2 [5,7–7,55] and 5,4 [5,05–5,6] m/s, respectively (p = 0,007). Correlation analysis in patients 
with FH showed direct correlation between PWVmin, PWVav and PWVmax with total cholesterol (r = 
0,46, r = 0,46 and r = 0,464, respectively, p < 0,001). Conclusions. Our study demonstrates an increase in 
the PWV in the aorta in children with FH compared with healthy peers from 8–12 years of age. There is a 
further progression of arterial stiffness with an increase in the minimum, average and maximum PWV most 
significant in the group of 13–17 years.
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Резюме
Актуальность. Семейная гиперхолестеринемия (СГХС) — генетическое заболевание, характери-

зующееся повышением в организме уровня общего холестерина и липопротеинов низкой плотности 
уже с детства. Изучение связи ранней сосудистой дисфункции с гиперхолестеринемией является важ-
ным вопросом, поскольку эти отклонения предшествуют атеросклерозу. Цель исследования — оце-
нить жесткость артерий у детей с гетерозиготной СГХС путем измерения скорости пульсовой волны 
(СПВ) в аорте. Материалы и методы. В исследовании участвовали 118 детей. Из них 60 здоровых 
детей составили контрольную группу и 58 детей с диагнозом гетерозиготная СГХС вошли в основ-
ную. Обе группы были разделены на 3 возрастные подгруппы: от 5 до 7 лет, от 8 до 12 лет и от 13 до 
17 лет. Диагноз СГХС выставляли в соответствии с Британскими критериями Simon Broome. Всем 
детям определяли липидный профиль, проводили суточное мониторирование артериального давления 
с оценкой минимальной, средней и максимальной СПВ (СПВмин, СПВср, СПВмакс) в аорте осцил-
лометрическим методом. Результаты. В младшей возрастной подгруппе (5–7 лет) не было выявлено 
статистически значимых различий СПВ между детьми основной и контрольной групп. У детей в воз-
расте 8–12 лет основная группа характеризовалась статистически значимо более высокими значени-
ями максимальной СПВ по сравнению со здоровыми сверстниками — 5,1 [4,7–5,8] и 4,6 [4,45–5,05] 
м/с соответственно (p = 0,041). В группе детей с СГХС в возрасте 13–17 лет относительно показате-
лей контрольной группы отмечалось статистически значимое увеличение минимальной СПВ — 4,7 
[4,1–5,1] и 3,9 [3,5–4,1] м/с соответственно (p = 0,009), средней СПВ — 5,5 [4,8–6,4] и 4,5 [4,2–4,9] 
м/с соответственно (p = 0,009) и максимальной СПВ — 6,2 [5,7–7,55] и 5,4 [5,05–5,6] м/с соответ-
ственно (p = 0,007). Корреляционный анализ у пациентов с СГХС выявил прямые связи СПВмин, 
СПВср и СПВмакс с общим холестерином (r = 0,46, r = 0,46 и r = 0,464 соответственно, р < 0,001).  
Заключение. Исследование демонстрирует увеличение максимальной СПВ в аорте у детей с СГХС 
по сравнению со здоровыми сверстниками начиная с 8–12 летнего возраста. Отмечается дальнейшее 
прогрессирование артериальной жесткости с увеличением СПВмин, СПВср и СПВмакс, наиболее 
значимое в группе 13–17 лет. Полученная взаимосвязь между уровнем холестерина, возрастом и по-
казателями артериальной жесткости при СГХС позволяет рекомендовать исследование СПВ в каче-
стве возможного дополнительного метода изучения сердечно-сосудистого риска у детей и оценки 
прогрессирования заболевания.



642

Original article / Оригинальная статья 

26(6) / 2020

Ключевые слова: семейная гиперхолестеринемия, артериальная жесткость, скорость пульсовой 
волны, дети

Для цитирования: Галимова Л. Ф., Садыкова Д. И., Сластникова Е. С., Марапов Д. И. Изменение ско-
рости пульсовой волны в аорте у детей с семейной гиперхолестеринемией. Артериальная гипертензия. 
2020;26(6):640–647. doi:10.18705/1607-419X-2020-26-6-640-647

Familial hypercholesterolemia (FH) is a monogen-
ic disease with a predominantly autosomal dominant 
mode of inheritance, accompanied by a significant 
increase of the low-density lipoprotein cholesterol 
(LDL) level in the blood [1]. Patients with FH have a 
high risk of early development of atherosclerosis [2, 
3]. The incidence of FH in the general population is 
estimated at about 1 per 200 persons [3], in addition, 
the evidence exist that in patients with established 
coronary heart disease, the prevalence of potential 
FH is up to 8.3 % in men and 11.1 % in women [4]. 
However, despite this, there is a low level of diag-
nosis and treatment [5, 6]. In this regard, registers 
of patients with FH have recently been developed 
for assessing the level of diagnosis, treatment and 
improvement in results of therapy [7, 8]. In more 
than 90 % of cases, FH is caused by mutations in the 
gene encoding the LDL receptor, which reduce the 
cellular uptake of LDL and, therefore, significantly 
increase their plasma level [9]. Mutations in other 
genes leading to the same phenotype have also been 
identified: associated with apolipoprotein B, which 
affect the LDL-binding domain of apolipoprotein B 
as the most important apolipoprotein for uptake of 
LDL particles, and mutations in proprotein convertase 
subtilisin / kexin type 9 (PCSK9) [10, 11].

It is known that high plasma cholesterol level is 
a risk factor for the development of cardiovascular 
diseases [12] and may be the cause of early vascu-
lar damage. Currently, there are methods that allow 
registering pathological changes in blood vessels at 
preclinical stage. The detection of early changes in 
the walls of arteries by non-invasive methods, such 
as ultrasound duplex scanning, assessment of central 
aortic pressure and pulse wave velocity, has opened 
up new perspectives, helping to identify high-risk 
patients [13–17].

Several studies have shown that hypercholester-
olemia can cause the loss of elasticity and increased 
stiffness of arterial vessels, leading to an increase in 
the pulse wave velocity due to its rapid spreading 
in stiff arteries [18, 19]. Arterial stiffness is consid-
ered to be a significant predictor of overall and car-
diovascular mortality in patients with hypertension 
[20–23], in patients with end-stage renal failure [24, 

25] and in the elderly patients [26]. In addition, it 
was noted that arterial stiffness is closely related to 
structural changes in the artery such as thickening 
of the intima-media complex [27]. Changes in the 
elastic properties of arteries may indicate a function-
al disorder long before the appearance of clinical 
symptoms. One of the indicators for assessing the 
stiffness of the arteries is the pulse wave velocity 
(PWV) measurement in aorta. It is the measurement 
of the speed of pulse pressure propagation along a 
segment of the arterial vessels [28]. It should be 
noted that the measurement of the arterial stiffness 
is quitewidespread among adult patients [29, 30], 
while in pediatrics, despite its non-invasiveness 
and high informativeness, it is used much less fre-
quently. This is probably due to the complexity of 
standardization, time costs and the need for addi-
tional equipment.

The aim of this study is to assess arterial stiffness 
in children with heterozygous familial hypercholes-
terolemia by measuring the pulse wave velocity in 
the aorta.

Materials and methods. The study involved 118 
children. The control group consisted of 60 healthy 
children and 58 children with heterozygous famil-
ial hypercholesterolemia formed the main group 
(Table 1). The diagnosis of FH was established in 
accordance with the British Simon Broome crite-
ria [31]. Th e study included children with FH who 
were not taking statins. 15 patients from the main 
group underwent genetic testing in the Health in 
Code laboratory (Spain) for the detection of a mono-
genic mutation responsible for the development of 
familial hypercholesterolemia, and a positive DNA 
test was obtained. Exclusion criteria: secondary 
dyslipidemia, hypertension, obesity. Written in-
formed consent was obtained from all the partici-
pants of the study.

Total cholesterol, triglycerides, LDL, and 
high-density lipoprotein cholesterol (HDL) were 
measured using commercial kits (Beckman Coulter, 
USA) on an automatic biochemical analyzer (Au5800 
Beckman Coulter, USA).

The clinical examination included a careful life 
history and family history taking, physical examina-
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Table 1
CLINICAL AND LABORATORY CHARACTERISTICS OF CHILDREN 

OF THE MAIN AND CONTROL GROUPS 

Control group 
n = 60

Main group 
n = 58

Age, years (М± σ) 11.53 ± 4.2 10.92 ± 4.1
Gender, m/f 40/20 37/21
Smoking, n / % 0 (0) 0 (0)
Obesity, n / % 0 (0) 0 (0)
Hypertension, n / % 0 (0) 0 (0)
Cutaneous xanthomas 0 (0) 0 (0)
Corneal arch 0 (0) 0 (0)
Thickening of the Achilles tendon 0 (0) 0 (0)
TC, mmol/l (М ± σ) 3.5 ± 1.2 7.8 ± 2.3
LDL, mmol/l (М ± σ) 1.6 ± 0.8 6.1 ± 1.2
HDL, mmol/l (М ± σ) 0.9 ± 0.1 1.1 ± 0.3
TG, mmol/l (М ± σ) 0.8 ± 0.4 1.2 ± 0.3

Note: TC —  total cholesterol; LDL —  low density lipoprotein; HDL —  high density lipoprotein; TG —  triglycerides.

Note: *** — p < 0.001.

Figure 1. Comparison of the values 
of the pulse wave velocity in the main 

and control groups

tion, and body mass index (BMI) assessment. All chil-
dren underwent 24-hour blood pressure monitoring 
with an assessment of the pulse wave velocity in the 
aorta using the oscillometric method of the BPLab 
Vasotens system (Petr Telegin Ltd, Russia).

In the BPLab program for determining PWV in 
aorta the following ratio is used: PWVaorta = K × (2 
× L) / RWTT, where PWVaorta is PWV in the aorta; 
K is the scale factor for standardizing the obtained 
value of the PWV; L is the length of the aortic trunk 
(in BPLab software, the distance from the upper edge 
of the sternum to the pubic bone is taken as the length 
of the aorta); RWTT (reflected wave transit time) [32].

Statistical analysis was carried out using the IBM 
SPSS Statistics v.23 software (developed by IBM 
Corporation, USA). The results were subjected to 
statistical processing using nonparametric methods 
in connection with the established absence of a nor-
mal distribution of quantitative indicators (testing for 
normal distribution was carried out using the Shap-
iro-Wilk test). Quantitative data were described us-
ing the values   of the median (Me) and the lower and 
upper quartiles [Q1-Q3]. Comparison of quantitative 
indicators between two groups was carried out using 
the Mann-Whitney test, between the three groups us-
ing the Kruskal-Wallis test with an a posteriori Dunn 
test. Correlation analysis was carried out using the 
Spearman’s rank correlation coefficient; the assess-
ment of the tightness of correlation was carried out 
using the Chaddock scale. Differences in indicators 
and identified relationships were considered statis-
tically significant at p <0.05.

Results. Analysis of the values   of the minimum 
PWV (PWVmin), mean PWV (PWVmean) and max-
imum PWV (PWVmax) obtained during 24-hour 
blood pressure monitoring revealed statistically sig-
nificant differences between the main and control 
groups (p <0.001) (Figure 1). The presence of FHC 
was accompanied by a significant increase in PWV — 
minimum, mean and maximum values.

Taking into account the results obtained, we ana-
lyzed the degree of change in PWV depending on the 
age of children. For the analysis, both groups were 
divided into 3 age subgroups: from 5 to 7 years old, 
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Table 2
COMPARISON OF THE VALUES OF THE PULSE 

WAVE VELOCITY DEPENDING ON THE AGE OF THE CHILDREN

Parameter,
m/s

Control group Main group
p

Me Q1-Q3 Me Q1-Q3

5–7 years (n = 15) 5–7 years (n = 16)
PWVmin 3.0 2.8–3.1 3.05 2.6–3,3 0.19
PWVmean 3.8 3.7–3.9 4.1 3.8–4.1 0.19
PWVmax 4.5 4.3–4.8 4.8 4.1–5.3 0.095

8–12 years (n = 22) 8–12 years (n = 21)
PWVmin 3.6 3.2–4.1 3.5 3.3–3.9 0.052
PWVmean 4.3 3.7–5.1 4.6 4.0–5.0 0.05
PWVmax 4.6 4.45–5.05 5.1 4.7–5.8 0.041

13–17 years (n = 21) 13–17 years (n = 23)
PWVmin 3.9 3.5–4.1 4.7 4.1–5.1 0.009
PWVmean 4.5 4.2–4.9 5.5 4.8–6.4 0.009
PWVmax 5.4 5.05–5.6 6.2 5.7–7.55 0.007

Table 4
INDICATORS OF THE PULSE WAVE VELOCITY OF CHILDREN OF THE CONTROL GROUP

Parameter, m/s 5–7 years 8–12 years 13–17 years p1–2 p2–3 p1–3

PWVmin 3.05 [2.6–3.3] 3.5 [3.3–3,9] 4.7 [4.1–5.1] 0.001 0.004 0.008
PWVmean 4.1 [3.8–4.1] 4.6 [4.0–5.0] 5.5 [4.8–6.4] 0.001 0.016 0.004
PWVmax 4.8 [4.1–5.3] 5.1 [4.7–5.8] 6.2 [5.7–7.55] 0.028 0.021 0.018

Note: p is the level of significance of the differences.

Table 3
INDICATORS OF THE PULSE WAVE VELOCITY OF CHILDREN OF THE MAIN GROUP

Parameter. m/s 5–7 years 8–12 years 13–17 years p1–2 p2–3 p1–3

PWVmin 3.0 [2.8–3.1] 3.6 [3.2–4.1] 3.9 [3.5–4.1] 0.049 0.052 0.043
PWVmean 3.8 [3.7–3.9] 4.3 [3.7–5.1] 4.5 [4.2–4.9] 0.026 0.114 0.047
PWVmax 4.5 [4.3–4.8] 4.6 [4.45–5.05] 5.4 [5.05–5.6] 0.145 0.022 0.018

Note: p is the level of significance of the differences.

from 8 to 12 years old, from 13 to 17 years old (Ta-
ble 2).

In accordance with the results obtained, in the 
younger age subgroup (5–7 years old), there were 
no statistically significant differences in PWV be-
tween the children of the main and control groups. 
In children aged 8–12 years, there was no statisti-
cally significant difference in the values   of PWV 
min and mean PWV. While PWVmax was char-
acterized by statistically significantly higher val-
ues   in the main group (5.1 [4.7–5.8] m / s) relative 
to the control (4.6 [4.45–5.05] m / s) (p = 0.041).  
The most pronounced changes were found in the 
group of children with FHC at the age of 13–17 years. 

In this group were revealed statistically significant 
differences in the minimum, mean and maximum 
pulse wave velocity.

Taking into account the peculiarities of physical 
parameters and age periodization, we have analyz-
ed the dynamics of changes in PWV depending on 
the age of children. In children of the control group, 
PWVmin in children 8–12 year old was statistically 
significantly higher than in children 5–7 year old (3.6 
[3.2–4.1] m/s and 3.0 [2.8–3.1] m / s, respectively, 
p = 0.049). When comparing PWVmin in groups of 
8–12 years old children and 13–17 years old children, 
no statistically significant difference was found (3.6 
[3.2–4.1] m / s and 3.9 [3.5–4.1] m / s, respectively, p 
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Note: * — р = 0.009.

Figure 2. Indicators of the pulse wave 
velocity of the main and control groups, 

depending on the age of the children

Note: PWVmin — minimum pulse wave velocity, PWV — 
mean pulse wave velocity, PWVmax — maximum pulse wave 
velocity.

Figure 3. Dynamics of the increase 
in the mean pulse wave velocityin 

the main and control groups, depending 
on the age of the children

= 0.052). A similar dynamics of growth was observed 
for the mean pulse wave velocity in healthy children 
when compared in age subgroups 8–12 years old and 
5–7 years old (4.3 [3.7–5.1] m/s and 3.8 [3.7–3.9] 
m/s, respectively, p=0.026) and 8–12 years old and 
13–17 years old (4.3 [3.7–5.1] m/s and 4.5 [4.2–4.9] 
m/s, respectively, p=0.114). The analysis of PWV-
max showed that these indicators in the group of 5–7 
years old and 8–12 years old children did not signif-
icantly differ from each other (4.5 [4.3–4.8] m / s 
and 4.6 [4.45–5.05] m/s, p=0.145), while in children 
13–17 years old it was significantly higher in com-
parison with 8–12 years old children (5.4 [5.05–5.6] 
m / s and 4.6 [4.45–5.05] m/s, respectively, p=0.022).  
It should be noted that there is a statistically signifi-
cant difference in the values   of PWVmin, mean PWV 
and PWVmax in children 13–17 years old relatively 
to 5–7 years old (Table 3).

The study of PWV in children of the main group 
revealed a statistically significant difference in the 
increase in PWVmin, mean PWV and PWVmax in-
dicators when compared in all main groups (Table 4).

At the same time, a more significant dynamics of 
increase in PWV was observed in children with FH 
compared with the control group in the age range of 
13–17 years (Figure 2). It should be noted that the 
dynamics of the increase in indicators in the control 
group was less than in children with FHC (Figure 3).

Taking into account the presence of dyslipidemia 
in patients with FHC in the form of severe hypercho-
lesterolemia, we performed a correlation analysis of 
the relationship between PWV values and lipid me-
tabolism indicators. In the main group, statistically 
significant direct correlations were established be-

tween PWVmin, mean PWV and PWVmax with total 
cholesterol level (rxy = 0.46 [95 % CI: 0.227–0.644], rxy 
= 0.46 [95 % CI: 0.229–0.642] and rxy = 0.464 [95 % 
CI: 0.234–0.645], respectively, p <0.001 in all cases).

Discussion. In the presented study, the condi-
tion of the arterial wall was assessed by measuring 
the pulse wave velocity in the aorta in children with 
FHC and healthy children of the same age. The study 
design differs from previous studies of PWV in the 
pediatric population presented in the literature [33–
36] in distribution of participants into age subgroups. 
In our opinion, such an analysis of the PWV values   
increases the correctness and statistical significance 
of the obtained results.

We found that the PWV values   of children of the 
main group at the age of 5–7 years do not differ from 
those of the control group. In the 8–12-year-old sub-
group in patients with FHC, only the maximum PWV 
indicators were statistically significantly higher than 
in the comparison group. The identified deviations 
probably reflect the initial changes in the stiffness of 
the vascular wall in children of the main group. The 
most pronounced differences in the studied parameters 
were observed in children with FHC in the age sub-
group of 13–17 years old and were characterized by 
a statistically significant increase in PWVmin, mean 
PWV and PWmax relatively to the control group.

In our study, we also analyzed the dynamics of 
PWV growth depending on age. It was shown that 
PWV values   increase with the age of the child both 
in familial hypercholesterolemia and in healthy chil-
dren. This indicates that the studied indicators cannot 
be the same for all children and it is necessary to use 
age reference values   in pediatrics. In addition, the 
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increase in all three values   of PWV was most pro-
nounced in the group of 13–17 year old patients with 
FHC, it allows us to suggest that they have a more 
pronounced change of properties of the vascular wall 
already at preclinical stages than in individuals with 
normal blood lipid profile.

A number of studies have revealed an increased 
PWV in children with hypertension [37], elevated 
body mass index [38, 39]. In the present study, spe-
cial attention was paid to patients with FHC without 
risk factors such as smoking, obesity, and high blood 
pressure. Thus, the authors were able to assess the 
effect of hypercholesterolemia on the change in PWV 
precisely. The established correlation between total 
cholesterol level and PWV values allows us to regard 
an increase in total cholesterol level as a leading factor 
in forming the arterial stiffness in children with FH. 
In addition, the registration of the initial changes in 
PWV in the group with FH from 8–12 years old with 
further progression of the process in the absence of 
such changes in children 5–7 years old indicates a 
possible cumulative effect of cholesterol and its effect 
on the artery wall condition. This is consistent with 
large randomized studies showing that the effect of 
LDL on the development of atherosclerotic vascular 
disease is determined not only by the absolute level 
of LDL, but also by its cumulative effect on target 
organs [2, 40, 41].

Thus, the relationship between cholesterol level, 
age, and arterial stiffness indicators in familial hy-
percholesterolemia makes it possible to recommend 
the study of pulse wave velocity as a possible addi-
tional method for studying the cardiovascular risk 
in children with familial hypercholesterolemia and 
assessing the progression of the disease.
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