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Increased aortic pulse wave velocity in obese children

Obez cocuklarda artmis aortik nabiz dalga hizi
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ABSTRACT

Objectives: Obesity may start in childhood and obese
children are more likely to grow up to be obese adults.
Atherosclerosis is one of the most important complica-
tions of obesity. Pulse wave velocity (PWV), a noninva-
sive measure of arterial stiffness, is accepted to be an
indicator of subclinical atherosclerosis. The aim of the
study was to determine PWV in obese children.

Study design: The study included 30 obese (12 boys, 18
girls; mean age 13+2 years) and 30 lean children (13 boys,
17 girls; mean age 12.5+1.7 years). Weight and height were
measured and obesity was defined as body mass index
(BMI) of greater than the 95th percentile for age. All the
subjects underwent echocardiographic evaluation and
blood samples were obtained. Pulse-wave velocity was
calculated using the following equation: PWV (m/sec) =
height-based aortic length (cm)/(100xtransit time [sec]).
The latter was measured as the difference in the time of
onset of two flows at the diaphragm and the aortic valve.

Results: Obese subjects had significantly higher blood
pressure levels compared to the control group (p<0.001).
The two groups were similar with respect to fasting glu-
cose, hemoglobin, serum creatinine, and lipid levels.
Among echocardiographic parameters, left ventricular
end-diastolic dimension, interventricular septum thick-
ness, posterior wall thickness, left ventricular mass index,
left atrium dimension, and aortic root dimension were
significantly increased in obese subjects compared to
controls (p<0.01). Obese children had significantly higher
PWYV values than the controls (4.0+0.8 vs. 3.3+0.7 m/sec,
p<0.001). A positive significant correlation was found be-
tween PWV and BMI (r=0.391, p=0.002).

Conclusion: Our findings show that aortic PWV is in-
creased in obese children, suggesting that obesity may
cause subclinical atherosclerosis even at early ages.

OZET

Amac: Obezite cocukluk ¢aginda baglayabilir ve obez
cocuklarin blyuduiklerinde de obez erigkin olmalari ola-
siligi fazladir. Ateroskleroz bu hastalhgin énemli kompli-
kasyonlarindan biridir. Aort sertliginin invaziv olmayan
bir 6lcim yéntemi olan nabiz dalga hizi (NDH) subklinik
aterosklerozun bir gistergesi olarak kabul edilmektedir.
Bu galismada, obez ¢ocuklarda NDH degerlendirildi.

Calisma plani: Galismaya 30 obez ¢ocuk (12 erkek, 18
kiz; ort. yas 13+2) ve normal kilolu 30 ¢cocuk (13 erkek,
17 kiz; ort. yas 12.5+1.7) alindi. Katilimcilarda agirlik ve
boy élciildii ve beden kiitle indeksinin (BKi) yasa goére
95. persentilden blylk olmasi obezite olarak kabul edil-
di. Tum ¢ocuklar ekokardiyografi ile incelendi ve rutin
kan tetkikleri icin kan érnekleri alindi. Nabiz dalga hizi
su formille hesaplandi: NDH (m/sn)=boy temelli aort
uzunlugu (cm)/(100xakim gegis suresi [sn]). Akim gegis
suresi, diyafram ve aort kapagindaki akimlarin baslan-
gi¢ surelerinin farki olarak alindi.

Bulgular: Kontrol grubuyla karsilastirildiginda, obez
cocuklarin kan basinglari daha yuksek bulunurken
(p<0.001), kan degerleri (aclik glukozu, hemoglobin,
serum kreatinin ve lipit dizeyleri) anlamh farkllik gés-
termedi. Ekokardiyografik parametreler icinde, sol
ventrikll diyastol sonu c¢api, interventrikiler septum
kalinh@i, arka duvar kalinhg, sol ventrikil kitle indeksi,
sol atriyum capi ve aort kéku ¢capi obez grupta anlamh
derecede daha ylksek degerlerdeydi (p<0.01). Obez
cocuklarda NDH degerleri normal kilolu ¢cocuklara gére
artmis bulundu (4.0+0.8 ve 3.3+0.7 m/sn, p<0.001).
Nabiz dalga hizi, BKi ile anlaml pozitif iliski gdsterdi
(r=0.391, p=0.002).

Sonuc: Bulgulanimiz, aorttaki NDH’nin obez ¢ocuklarda
arttigini ve obezitenin erken yaslarda bile subklinik ate-
roskleroza neden olabilecegini géstermektedir.
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hildhood obesity is a public health problem all

over the world."! There has been a growing trend
for becoming more obese in all ages as well as in
children.?? Obese children are likely to become
obese adults and the associated morbidities can be
expected to result in higher rates of hospitalizations,
interventions, and premature deaths.” It is already
well known that obesity is tightly linked to coronary
artery disease and accepted as a major risk factor
for developing coronary artery disease.”! Although
clinical complications of coronary heart disease
mainly occur in middle ages, recent studies indicate
that atherosclerotic process starts in childhood.!”
Fatty streaks first appear in the aortic intima at three
years of age, and in the coronary arteries during the
adolescence period.®

Pulse-wave velocity is the distance traveled by the
wave divided by the time for the wave to travel that
distance. It is a measure of arterial stiffness and has
a strong correlation with cardiovascular events and
all-cause mortality.”!°! It has been recognized by the
European Society of Hypertension as integral to the
diagnosis and treatment of hypertension.'""! Several
studies have shown that PWYV is correlated with car-
diovascular events also in children and adolescents
and increases with age in both sexes.!'>!*! Although the
influence of obesity on PWV has been documented in
adults, there is limited and conflicting information in
childhood population.'*-8

The aim of the present study was to assess PWV in
obese children in comparison with lean controls.

PATIENTS AND METHODS

Patients

A case-control study was conducted between Octo-
ber 2010 and February 2011 in 30 obese schoolchil-
dren and adolescents aged 10 to 16 years, who were
referred from our primary health care pediatrician to
our pediatric outpatient clinic. Selection was made
consequently and patients presenting dysmorphic syn-
dromes or with endocrine disorders were excluded.
Those with structural heart disease or atrial fibrilla-
tion/flutter were also excluded from the study. A con-
trol group of 30 age- and gender-matched children
who did not have obesity and dyslipidemia was also
included in the study. No patients were on any cardio-
vascular medication and all were nonsmokers. Chil-
dren were included in the study after informed con-
sent of a guardian was given. The study protocol was
approved by the hospital ethics committee.

Clinical evaluation
Abbreviations:

BMI  Body mass index
PWV  Pulse-wave velocity

Family history of cardiovas-
cular risks, personal history,
and growth curve assess-
ment were recorded for each patient. Anthropometric
measurements (weight and height) were made using
a standardized technique and obesity was defined
as a body mass index greater than the 95th percen-
tile for age, based on gender- and population-specific
data."! Body mass index was calculated as weight in
kilograms divided by the square of height in meters.
Blood pressure was measured in the right arm of a
relaxed, seated child, using correct cuff size and after
a few minutes of rest in a calm room. Systolic and dia-
stolic blood pressures were measured twice according
to the recommendations of the guidelines.”

Biochemical analysis

Blood samples for glucose, triglyceride, total cho-
lesterol, high-density lipoprotein cholesterol, and
low-density lipoprotein cholesterol levels were ob-
tained after 12 hours of fasting. Glucose levels were
measured with the glucose oxidase method. Plasma
concentrations of total cholesterol and triglyceride
were measured via routine enzymatic methods. High-
density lipoprotein cholesterol was measured using a
homogeneous colorimetric method. Low-density lipo-
protein cholesterol concentration was calculated using
the Friedewald formula.?"

Echocardiography and PWYV measurement

All participants underwent PWV measurements using
a conventional echocardiography device (Philips En-
Visor C, Bothell, Washington, USA) and a 2.5 MHz
transducer. Thoracic aortic length was calculated us-
ing a linear regression equation based on the height of
the subject [thoracic aortic length (cm)= 1.7 cm+0.1
height (cm)].?? Transit time was defined as the differ-
ence in the time of onset of two flows at the diaphragm
and the aortic valve, measured by pulsed Doppler us-
ing the electrocardiogram as a time reference. Pulsed
Doppler recordings were performed at a sweep speed
of 100 m/sec, with the subject in normal sinus rhythm.
Pulsed Doppler recordings of the ascending aorta were
obtained from the apical view with the sample volume
placed at the level of the valve leaflet tips. Pulsed Dop-
pler recordings of the descending aorta were obtained
from the subcostal sagittal view with the sample volume
placed in the center of the aorta at the level of the dia-
phragm. The time from the onset of the QRS complex
to the foot of the aortic waveform was measured at each
location. Pulse-wave velocity was calculated using the
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Table 1. Demographic and clinical characteristics and echocardiographic findings of the study groups
Obese subjects (n=30) Lean subjects (n=30)
n % Mean+SD/ n % Mean+SD/ P
Median (Q;-Q,) Median (Q,-Q,)
Age (years) 13.2+2.0 12.5+1.7 0.193
Sex 0.793
Male 12 40.0 13 43.3
Female 18 60.0 17 56.7
Body mass index (kg/m?) 26.0 (25.5-27.7) 17.4 (16.5-20.1) <0.001
Systolic blood pressure (mmHg) 110 (100-110) 90 (90-95) <0.001
Diastolic blood pressure (mmHg) 70 (65-70) 60 (60-65) <0.001
Fasting glucose (mg/dl) 87.4+9.0 86.8+10.6 0.827
Hemoglobin (g/dl) 12.2+1.0 12.4+0.9 0.697
Creatinine (mg/dl) 0.5+0.1 0.5+0.1 0.535
Total cholesterol (mg/dl) 165.4+30.3 159.6+18.2 0.629
LDL cholesterol (mg/dl) 101.6+25.0 91.3+12.8 0.122
HDL cholesterol (mg/dl) 49.6+11.2 56.4+13.2 0.156
Triglyceride (mg/dI) 144.5+81.9 91.6+23.3 0.099
Echocardiographic data
Left ventricle
Ejection fraction (%) 68.2+5.9 67.8+5.0 0.814
End-diastolic dimension (mm) 40.9+4.7 37.4+3.3 0.002
End-systolic dimension (mm) 25.2+2.9 24.7+2.4 0.464
Interventricular septum thickness (mm) 9.0 (9.0-10.0) 8.0 (7.0-9.0) <0.001
Posterior wall thickness (mm) 8.3+1.0 6.9+1.0 <0.001
Mass index (g/m?) 73.419.5 65.8+10.5 0.004
Aortic root dimension (mm) 22.6+2.5 20.3+x2.2 <0.001
Left atrium dimension (mm) 30.5+3.6 271+2.8 <0.001
Pulse wave velocity (m/sec) 4.0+0.8 3.3+0.7 <0.001

following equation: PWV (m/sec) = height-based aor-
tic length (cm) / (100 x transit time [sec]). Subjects were
refrained from taking caffeine-containing beverages at
least three hours before the examination. Measurements
were made in the supine position after at least 10 min-
utes rest in a calm room with a temperature of 22 °C.
Measurements were performed individually by two dif-
ferent physicians and the mean of these measurements
was used for analysis of Doppler data. Interobserver
variability was also assessed.

Statistical analysis

Following checking of the variables by the Kolmogorov-
Smirnov normality test, the independent two-sample
t-test was used to compare normally distributed vari-
ables, and Mann-Whitney U-test was used to compare
non-normally distributed variables. Normally distribut-

ed continuous data were expressed as mean +standard
deviation, and non-normally distributed continuous
variables were presented as median and interquartile
range. Categorical data were expressed as count and
percentages and were compared using the chi-square
test. Correlations were sought using the Spearman’s
test. Interobserver variability was evaluated by the t-
test. P values below 0.05 were considered statistically
significant. Statistical analyses were performed using a
commercial software (IBM SPSS Statistics 19).

RESULTS

Demographic and clinical characteristics and echo-
cardiographic findings of the two groups are shown in
Table 1. Obese subjects had significantly higher BMI
and higher blood pressure levels compared to the con-
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trol group (p<0.001). There were no significant dif-
ferences with respect to fasting glucose, hemoglobin,
serum creatinine levels, and lipid parameters between
the two groups.

Among echocardiographic findings, only left ven-
tricular ejection fraction and end-systolic dimension
were similar in the two groups (Table 1). The remain-
ing echocardiographic parameters (left ventricular
end-diastolic dimension, interventricular septum
thickness, posterior wall thickness, left ventricular
mass index, left atrium dimension, and aortic root di-
mension) were all significantly higher in obese sub-
jects compared to controls (p<0.01).

Pulse-wave velocity measurements yielded sig-
nificantly higher values in the obese group (p<0.001).
In correlation analysis, PWV was positively corre-
lated with BMI (r=0.391, p=0.002) (Fig. 1). Interob-
server variability did not show any significant dif-
ference (p>0.05).

DISCUSSION

The main finding of the present study is that aortic
PWYV is increased in obese children.

Obesity may start in childhood and continue until
adulthood. Obese children are more likely to grow up
as obese adults.”! Severely obese children may have
complications such as diabetes, hypercholesterolemia,
hypertension, and atherosclerosis.'®’ Considering the
fact that cardiovascular diseases are the primary cause
of mortality all over the world, it is very important to
detect atherosclerosis at an early phase and prevent its
progression to clinical events.

There are several noninvasive techniques, mostly
based on ultrasound, to detect vascular injury in the
subclinical phase. The most frequently used methods
are quantification of flow-mediated dilatation of the
brachial artery and measurement of intima-media
thickness of the carotid artery.**?! Reduced flow-me-
diated dilatation and increased intima-media thick-
ness have been found to be related with cardiovascular
events in adults as well as in children.?*2%! Obesity has
been shown to be highly associated with both in sev-
eral studies.*”"!

Pulse-wave velocity, an index of arterial stiffness,
is a useful method for evaluating the severity of ath-
erosclerosis.”!% Several studies have shown a close
correlation between PWV and adult obesity.!83133]
It has been concluded that obesity stiffens the aortic
wall in adults, but conflicting results exist in child-

Pulse wave velocity (m/sec)

T T T
10 15 20 25 30 35
Body mass index (kg/m?)

Figure 1. Correlation between pulse wave velocity and
body mass index.

hood population. Sakuragi et al."*! found that BMTI and
body fat showed correlations with increased PWV in
prepubescent children. Similarly, Urbina et al."”! dem-
onstrated increased arterial stiffness in young obese
individuals. Pandit et al.® found that obese and over-
weight children had significantly increased stiffness,
PWYV, elastic modulus, and blood pressure compared
to normal counterparts. However, several studies re-
ported conflicting results. Dangardt et al.'¥ who found
decreased PWYV in obese children hypothesized that
decreased PWYV in obese versus lean subjects might
reflect general vasodilatation. Zebekakis et al.'8! re-
ported that PWV did not increase with higher BMI
in children over 10 years of age. Niboshi et al."¥! did
not find any correlation between obesity and PWV
in Japanese children. Lee et al." showed that weight
loss associated with a short-term exercise program did
not affect PWV, despite significant decreases in blood
pressure, waist circumference, and cholesterol levels.
These conflicting results may be partially explained
by the differences in patient populations (age, gender,
sample size, and duration of obesity) and the heteroge-
neity of the techniques used. In our study, aortic PWV
was significantly higher in obese children compared
with lean controls. Yet, conflicting results in the lit-
erature prevent from drawing decisive conclusions as
to whether aortic stiffness increases in obese children,
requiring longitudinal studies with large samples.

Obesity may contribute to left ventricular dilata-
tion by increasing left ventricular filling pressure. As
a result of obesity-related hypertension, ventricular
hypertrophy occurs.* In our study, obese children
had more dilated and thickened left ventricles. Higher
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blood pressure levels in the obese group may account
for this dilatation and thickening. Moreover, more di-
lated left atrium and aortic root in obese subjects may
contribute to this pathophysiology.

The main limitation of our study is the small
sample size. Because small sample size results in low
statistical power for equivalency testing, negative re-
sults may be simply due to chance. The lack of a refer-
ence method for studying PWYV is another limitation.
The carotid femoral method by pressure tonometry is
the gold standard and the most widely used method
of measuring central aortic PW V.5 In our study, we
used conventional echocardiography and pulsed Dop-
pler recordings of the aorta to measure aortic PWV.
This method has been validated for measuring aor-
tic stiffness by Jo et al.*?! Unfortunately, we did not
evaluate diastolic functions and left atrial functions
especially in obese subjects with left atrial dilatation.
It may also be necessary to perform anthropometric
measurements in addition to BMI.

In conclusion, PWYV is increased in obese children.
Obesity may cause subclinical atherosclerosis even at
early ages and this can be detected noninvasively by
conventional echocardiography.
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