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ABSTRACT
Objective: The recommended treatment for hypertension (HTN) in children has been revised recently. This study aimed to present the changes 
in target organ damage (TOD) and arterial stiffness parameters after treatment in children with primary HTN who were managed in accordance 
with the 2016 European Society of Hypertension Guidelines.
Methods: Patients with primary HTN included in this study were newly diagnosed, untreated, and were followed-up for a minimum of 6 months. 
HTN was confirmed by 24-h ambulatory blood pressure monitoring (ABPM). All patients underwent the following assessments: anthropometri-
cal measurements of body mass index (BMI), carotid intima-media thickness (cIMT), left ventricular mass index (LVMI), plasma creatinine, urea, 
electrolytes, uric acid, fasting plasma glucose, blood lipids, urinalysis, urine culture, and first morning urine albumin tocreatinine ratio. The 
ABPM device performed measurements such as central blood pressure (cBP) and pulse wave velocity (PWV).
Results: Thirty-two of 104 patients were enrolled. Seventeen patients were male, and 53% were obese. Compared with pretreatment, creatinine, 
urea, systolic BP (SBP), diastolic BP (DBP), systolic load, diastolic load, central SBP (cSBP), cSBP z score, cDBP, and PWV z score decreased, 
whereas LVMI and BMI z scores were unchanged.
Conclusion: After BP improvement, while LVMI did not regress, the cSBP, cSBP z, and PWV z score values, which are markers of arterial stiff-
ness, regressed. This supports the corrective effect of BP control on the cardiovascular system even in a short-term follow-up. Further longi-
tudinal studies are needed for the assessment of BP control on arterial stiffness in childhood.
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Could arterial stiffness be early reversible target organ 
damage test in childhood hypertension?

Introduction

The recommended treatment for hypertension (HTN) in 
children has been revised recently (1, 2). In particular, The 
European Society of Hypertension Guidelines 2016 (ESHG16) 
recommends further investigation into central blood pressure 
(cBP) as a parameter for stiffness of the arteries. Left ventricu-
lar ejection generates a pulse wave that travels forward 
through the arterial tree. Pulse wave velocity (PWV) is based 
on arterial stiffness. Increased stiffness causes the reflected 
wave to arrive earlier in the central aorta and augment cBP in 
the systole (3). We followed-up patients who attended the 
outpatient clinic with an arterial stiffness test according to the 

ESHG16. The primary aim of the study was to present the 
changes in TOD and arterial stiffness parameters after treat-
ment in children with primary HTN.

Methods

Patients
This was a retrospective observational study. It examined 

children with HTN attending the pediatric nephrology outpatient 
clinic of our hospital. The study was approved by the Local 
Ethics Committee (2011-KAEK-50) and was conducted in accor-
dance with the Declaration of Helsinki. Informed consent was 
obtained from all participants.
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HTN was confirmed by 24-h ambulatory blood pressure 
monitoring (ABPM). HTN was defined as a mean daytime or 
nighttime blood pressure (BP) ≥ the 95th percentile for pediatric 
ambulatory normal values (4). Based on the ESHG16, the 95th 
percentile has been used as a threshold for HTN in children and 
adolescents provided that the values are less than the accep-
tance criteria for adults (24-h ABPM, 130/80 mm Hg; daytime BP, 
135/85 mm Hg; nighttime BP, 125/75 mm Hg). HTN was classified 
as stage 1 HTN (95th–99th percentile plus 5 mm Hg) and Stage 2 
HTN (> the 99th percentile plus 5 mm Hg). HTN in patients aged 
16 years or older was graded as that for adults. For patients aged 
1–15, normotension was defined as systolic and/or diastolic BP 
< the 90th percentile with respect to age, sex, and height. For 
patients aged 16 or older, normotension was defined as <130/85 
mm Hg and confirmed by ABPM. While obesity was defined as 
body mass index (BMI) ≥ the 95th percentile for age and sex, 
overweight was defined as having BMI ≥ the 85th– and < the 95th 
percentile for age and sex. Non-obesity was defined as BMI < 
the 85th percentile for age and sex. All patients underwent the 
following assessments: anthropometrical measurements of 
BMI, carotid intima-media thickness (cIMT), left ventricular 
mass index (LVMI), plasma creatinine, urea, electrolytes, uric 
acid, fasting plasma glucose, blood lipids (total cholesterol and 
triglycerides), urinalysis, urine culture, and first morning urine 
albumin to creatinine ratio. The inclusion criteria were as fol-
lows: newly diagnosed patients with untreated primary HTN 
with a follow-up period of at least 6 months. Exclusion criteria 
were as follows: the presence of any significant chronic disease 
such as diabetes, chronic kidney disease, congenital kidney and 
urinary tract abnormality, and any acute diseases (including 
infections) in the 6 weeks preceding enrollment; use of any 
medications during the study or in the preceding 6 weeks, 
requiring chronic pharmacological treatment; and incomplete 
data. 

After diagnosis, we advised all patients about lifestyle 
changes according to guidelines and recommendations (1). 
Antihypertensive treatment was initiated in those who present-
ed with symptomatic or TOD. Antihypertensive treatment was 
also initiated in those whose blood pressure was not controlled 
by lifestyle changes after 2 months and who thus remained 
symptomatic. Our patients were prescribed the renin-angioten-

sin-aldosterone system (RAAS) blocking drugs (enalapril, at a 
dose of 0.2–0.6 mg/kg daily, with a maximum daily dose of 15 mg; 
losartan, at a dose of 0.7 mg/kg up to 1.4 mg/kg daily–twice daily, 
with a maximum daily dose of 100 mg). If HTN could not be 
brought under control, the treatment was changed to losartan/
hydrochlorothiazide (for hydrochlorothiazide, the dose was 1–2 
mg/kg/day in 1 to 2 divided doses, with a maximum daily dose of 
50 mg/day) as the second step. Amlodipine was added to the 
treatment in the third step if HTN could still not be controlled. In 
patients whose HTN was treated with pharmacotherapy, BP 
was checked after the first month of therapy. If office BP was 
still within the hypertensive range, ABPM was performed. The 
drug dose was increased when all mean BP values were not 
under the 95th percentile or BP load >25%. After 1 month of 
adjusting each drug dose, patients were re-evaluated for their 
BP. After HTN was brought under control, BP was checked in the 
second and fourth months during ambulatory visits. Patients 
who had BP below the 95th percentile after 4 months of treat-
ment (lifestyle changes ± pharmacotherapy) were evaluated 
once again with ABPM, echocardiography, and biochemical 
analysis. 

At the end of the study, we divided the patients into 2 groups 
according to their post-treatment (postT) BP: normotensive 
patients and hypertensive patients. The patients who met nor-
motension criteria were labeled normotensive. The patients who 
did not meet normotension criteria were identified as hyperten-
sive. Pre- and postT parameters and changes in cardiac and 
vascular parameters were compared.

ABPM and pulse wave analysis
Twenty-four-hour ABPM was performed using Mobil-O-Graph 

pulse wave analysis (PWA)/ABPM CP3120 monitors (IEM, 
Stolberg, Germany). Monitors were programmed to obtain BP 
readings every 20 min from 07:00 to 22:00 and every 30 min from 
22:00 to 07:00. Wake and sleep periods for ABPM were deter-
mined from the patients’ own statements, and BP was analyzed 
using the Mobil-O-Graph software (ABP Hypertension 
Management System CS ver.; IEM). An appropriate cuff was 
placed on the nondominant arm by a physician, who also informed 
the child and the parents about how to use the monitoring system.

The device was able to perform measurements such as cBP, 
pulse pressure amplification, cardiac output (CO), augmentation 
index corrected for a heart rate of 75 beats per min (Alx@75), 
PWV, peripheral resistance, and ambulatory arterial stiffness 
index (AASI). BP measurement of the device was approved by 
the British Hypertension Society and the European Society of 
Hypertension and was found to be accurate for PWA measure-
ment in a properly conducted study of invasive catheterization, 
magnetic resonance imaging, and tonometry devices (5). 
Reference values published by Elmenhorst et al. (6) were used 
to derive sex and height-specific z scores for PWV and central 
systolic BP (cSBP). The number of measurements, means arte-
rial pressure, pulse pressure, systolic and diastolic load, and 
dipping were evaluated by ABPM, while BP load, dipping status, 
and AASI values were evaluated by related literature (7-9).

• Antihypertensive treatment can reduce blood pressure (BP) 
in children. 

• However, left ventricular mass index may not regress after 6 
months of follow-up. 

• In contrast, central systolic BP and pulse wave velocity z 
scores may regress in parallel with reduction in BP. 

• These suggest that vascular function tests may detect an 
earlier response of BP regression in cardiovascular system 
in children.

HIGHLIGHTS
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Echocardiography 
Echocardiographic measurements were performed by a sin-

gle, well-trained pediatric cardiologist using either the S5-1 or 
S8-3 probes of the EPIQ-7 echocardiography device (Philips 
Healthcare, Andover, Massachusetts) in the supine or left lateral 
decubitus position. In the view of the parasternal long-axis, the 
measurement was performed and supported with two-dimen-
sional M-mode echocardiography at the end of the diastole and 
just below the mitral valve fibers. Measurements of left ventricu-
lar end-diastolic dimension (LVEDd), interventricular septal 
thickness (IVSd), and posterior wall thickness (LVPWd) were 
obtained according to the recommendations of the American 
Society of Echocardiography (10). Left ventricular mass (LVM) 
was calculated using the Devereux equation [0.8 × {1.04 × 
[(LVEDd + LVPWd + IVSd) 3 - LVEDd3] }+ 0.6 g] by the echocar-
diography device automatically (11). The LVMI was obtained by 
dividing LVM by height to the power of 2.7. Left ventricular 
hypertrophy (LVH) in children has been defined as LVMI > the 
95th percentile for the age (12). Relative wall thickness (RWT) 
was calculated by the formula: 2 × LVPWd/LVEDd (13). LVH was 
divided into concentric hypertrophy (RWT > 0.42) and eccentric 
hypertrophy (RWT ≤ 0.42) according to RWT.

cIMT measurements 
A single, well-trained radiologist performed ultrasound scan-

ning using B-mode, color Doppler and pulse wave Doppler 
sonography of the bilateral carotid arteries with a 4–12 MHz 
linear array transducer with 4 cm depth and sound settings opti-
mized to image quality. A frequency of 8 MHz and its harmonic 
frequencies were used. All examinations were performed using 
the same protocol (compound imaging, edge enhancement, and 
standard B-mode greyscale images). The examination was per-
formed with an Aplio 300 ultrasound machine (Toshiba Medical 
Systems Co, Ltd, Saronno, Italy). After a minimum of 10 min of 
rest, all patients were examined in the supine position with the 
neck extended and the head tilted slightly toward the other non-
examined side. cIMT was measured 1–2 cm below the bifurca-
tion on the right and left common carotid arteries. cIMT was 
defined as the distance between the lumen–intima interface 
(upper border) and the media–adventitia interface (lower bor-
der) of the far wall and was measured manually using the cali-
per method. A total of 3 measurements from the 3 segments 
(distal common carotid, carotid bulb, and proximal internal 
carotid) were obtained on each side at intervals of approxi-
mately 1–2 cm and averaged for each patient. The dynamic 
range was chosen as 40 dB. The cIMT values were converted 
into z scores according to the age and height for patients aged 6 
years and above (14).

Statistical analysis
All statistical calculations were done using SPSS for 

Windows 24.0. All parameters were compared between the pre- 
and postT periods using the Wilcoxon test for non-normal distri-
bution variables and paired t-test for normal distribution vari-
ables. Comparisons of normotensive/hypertensive and normal 

weight/obese-overweight were made using the Mann-Whitney 
U test. Discrete variables are expressed as counts (percentag-
es), whereas continuous variables are expressed as medians 
and quartiles (Q1-Q3). Furthermore, a correlation analysis 
(Pearson correlation coefficient) was also used in the study. 
Variables with significant correlation with LVMI z scores were 
then included in the step-wise multiple regression analysis. 
Statistical significance was defined as p<0.05. 

Results

Clinical and demographic characteristics in preT and postT
Thirty-two of 104 patients (17 male; 15 female) diagnosed 

with primary HTN were enrolled in this study. Isolated systolic 
HTN was present in 12.5% of the patients, and systolic and dia-
stolic HTN was present in 87.5%. The demographic and clinical 
characteristics of the patients are presented in Table 1. Five 
(15.6%) patients presented cIMT more than the 95th percentile; 
all 5 patients had normal BMI, and 1 had LVH according to 
ESH2016. Six patients (18%) were treated by lifestyle changes 
exclusively, whereas 11 patients (34%) were prescribed enala-
pril, 10 patients (31%) losartan, 2 patients (6%) losartan and 
hydrochlorothiazide, and 3 patients (9%) both losartan-hydro-
chlorothiazide and amlodipine. In one patient taking losartan 
and hydrochlorothiazide, an increase in serum creatinine paral-
lel to the increase of dose was found. To address this, amlodip-
ine was included in their treatment, and the dose was not 
increased. Compared with preT, creatinine, urea, systolic blood 
pressure (SBP), diastolic BP (DBP), systolic load, diastolic load, 
cSBP, cSBP z score, central DBP (cDBP), PWV z score, and AASI 
daytime were regressed. LVM z score, LVMI z score, BMI z 
score, RWT, ejection fraction (EF), fractioning of shortening (FS), 
total cholesterol, fasting glucose, uric acid, and Alx@75 were 
not changed (Table 1). After 6 months, BP was lowered below 
the 90th percentile in 25 patients (78.1%). Systolic BP was 
between the 90th–95th percentile in 4 patients and was in stage 
1 HTN in 1 patient (15.6%). The systolic and diastolic BP was 
between the 90th–95th percentile in 2 patients (6.3%). 

Comparison of normal weight and obese/overweight patients
There was no significant difference in age, sex, cIMT z 

scores, preT creatinine, changes of EF and FS between normal 
weight and obese/overweight patients (Table 2). For the obese/
overweight patients, the right cIMT value was 0.42 mm (0.34–
0.47) and left cIMT value was 0.4 mm (0.36–0.48). For the normal-
weight patients, the right cIMT value was 0.4 mm (0.39–0.52) and 
left cIMT value was 0.38 mm (0.37–0.53). There were no differ-
ences in right and left cIMT values between the 2 groups 
(p=0.346 vs. p=0.623, respectively). Stage 2 HTN percent, LVMI z 
score, cSBP z score, PWV z score, and serum uric acid level 
were higher in obese/overweight patients than in those of nor-
mal weight. The percentage of patients with RWT> 0.42 in both 
preT and postT was higher for those with normal weight. LVH in 
accordance with ESHG16 was regressed only in the normal-
weight group. All patients in the normal-weight group and 58.8% 
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Table 1. Comparison of pretreatment and post-treatment periods

Parameters Pretreatment Post-treatment P-value

Age (years) 13.2 (11.9–14.9) 14.3 (12.7–15.6) <0.001

BMI (kg/m2) 21.6 (17.72–25.47) 22.1 (17.54–25.34) 0.120*

BMI z score 1.31 (0.4–1.99) 1.29 (0.34–1.92) 0.188

Obesity (%) 17 (53%) 19 (59%)

LVM (g) 137.2 (103.8–157.1) 118.2 (107.2–160.5) 0.550

LVM z score 0.5 [(–0.61) to (1.2)] 0.34 [(-0.23) –1.27] 0.428

LVMI (g/m2.7) 36 (31–44) 36 (33–39.6) 0.763

LVMI z score 0.99 (0.61–1.88) 1.03 (0.67–2.32) 0.210

LVMI (g/m2) 81.92 (67.85–91.11) 82.39 (69.93–89.39) 0.198

RWT 0.48 (0.36–0.52) 0.44 (0.36–0.5) 0.124

LVH (LVMI >38 g/m2.7) 46.8% (n=15; obese, 66.6%) 25% (n=8; obese, 75%) 0.001***

LVH ESHG16 25% (n=8; obese, 62.5%) 18.8% (n=6; obese, 83.3%) <0.001**

LVH AAPG17 3.1% (n=1; obese, 100%)

EF (%) 69 (68–72) 68 (66–74) 0.686

FS (%) 39 (37–40) 40 (37–44) 0.993

Creatinine (mg/dL) 0.57 (0.41–0.69) 0.54 (0.42–0.61) <0.001*

Urea (mg/dL) 25 (18–30) 19 (18–21) <0.001*

Cholesterol (mg/dL) 145 (131–160) 155 (127–160) 0.705*

Triglycerides (mg/dL) 104 (78–108) 108 (69–149) 0.630*

Fasting glucose (mg/dL) 88 (83–94) 90 (78–99) 0.633*

Uric acid (mg/dL) 5.73 (4.33–7.67) 5.58 (4.2–7.8) 0.128*

Hemoglobin (g/dL) 13.36 (11.4–13.32) 13.22 (11.5–14.94) 0.084

Microalbuminuria (mg/g creatinine) 12.8 (7.6–18) 11.2 (4.4–18) 0.578

NoV measurements 63 (49–65) 59 (51–66) 0.061

Systolic BP (mm Hg) 132 (129–137) 113 (110–117) <0.001*

Diastolic BP (mm Hg) 81 (78–84) 63 (59–67) 0.002*

Systolic load % 28 (21–45) 21.1 (15.8–45) <0.001*

Diastolic load % 24 (18–29) 17 (8–25) <0.001*

Systolic non-dipping (<10%) 75% (n=24) 0

Diastolic non-dipping (<10%) 12.5% (n=4) 28.1% (n=9)

Pulse 88 (81–93) 91 (77–93) 0.972

Pulse pressure 50 (47–56) 49 (45–52) 0.078

cSBP (mm Hg) 108 (104–110) 102 (97–105) 0.029*

cSBP z score 1.33 (0.28–2.38) 0.93 [–0.03) –1.89] <0.001

cDBP (mm Hg) 73 (69–76) 68 (62–69) 0.002*

Alx@75% 22.8 (18.4–24.9) 22 (17.3–24.7) 0.483

PWV (m/sn-1) 4.7 (4.6–4.8) 4.6 (4.5–4.7) 0.071

PWV z score 0.94 (0.1–1.97) 0.8 [(–0.04) –1.64] <0.001

AASI daytime 0.69 (0.67–0.70) 0.68 (0.66–0.70) <0.001*

AASI nighttime 0.70 (0.65–0.72) 0.71 (0.68–0.77) 0.128*
Normal distribution variables are obtained using paired samples t-test, and variables are expressed as mean (Q1-Q3). 
*Non-normal distribution variables are obtained using the Wilcoxon sign rank test, and variables are expressed as median and quartiles (Q1-Q3). 
**x2 counted: 127.701; x2 expected: 274.39.
***x2 counted: 11.568; x2 expected: 336.76. 
AAPG17 - American Academy of Pediatrics Guidelines 2017; AASI - ambulatory arterial stiffness index; Alx - augmentation index; BMI - body mass index; BP - blood pressure; cDBP 
- central diastolic BP; cSBP - central systolic BP; EF - ejection fraction; ESHG16 - European Society of Hypertension Guidelines 2016; FS - fractional shortening; LVH - left ventricular 
hypertrophy; LVM - left ventricular mass; LVMI - left ventricular mass index; NoV measurements - Number of valid measurements; PWV - pulse wave velocity; RWT - relative wall 
thickness

Hacıhamdioğlu et al.
Arterial stiffness and target organ damage

Anatol J Cardiol 2021; 25: 496-504
DOI:10.5152/AnatolJCardiol.2021.67927 499



of the obese/overweight group were normotensive at postT. 
Regression of LVMI z score, cSBP z score, and PWV z score was 
higher in the normal-weight group than in the obese/overweight 
group.

Factors associated with LVMI
While there were significant correlations between SBP, 

PWV, PWV z score, cIMT z score, and PreT cSBP, there were 
also correlations between BMI z score, PWV z score, Alx@75, 
and preT cSBP z score. PreT LVMI z score was correlated with 
BMI z score, SBP, and PWV z score. Significant correlation 
analysis results for cSBP, cSBP z score, and LVMI z score are 
presented in Table 3. A step-wise regression analysis was per-
formed to observe the effect of sex on LVMI z score. We also 
performed step-wise multiple regression analysis between the 
3 covariants with the highest correlation coefficients (Table 4). 
In the model consisting of male sex, BMI z score, SBP, and 
PWV z score, R2 was found to be 0.336 for LVMI z core 
(p<0.001). 

Comparison of those with and without BP normotension 
criteria after follow-up

At the end of the study, patients were divided into 2 groups, 
normotensive and hypertensive. PreT and postT data of the 
patient groups were then compared. Significant differences 
based on the comparison of the normotensive and hypertensive 
patients are presented in Table 5. At the beginning of the study, 
hypertensive patients tended to be older and male; their preT 
BMI z score, LVM z score, LVMI z score, cSBP z score, PWV z 
score, creatinine, uric acid, and pulse pressure values were 
higher than those of normotensive patients, and EF and FS were 
lower. At the end of the study, while the decrease in LVM and 
LVM z scores of hypertensive patients was smaller than that of 
normotensive patients, the alteration of EF and FS was not dif-
ferent. While cSBP and PWV z scores decreased in normoten-
sive patients, they increased in hypertensive patients. Of the 
normotensive patients, six (24%) were treated by lifestyle 
changes only, while 19 patients (76%) received 1 antihyperten-
sive medication (enalapril or losartan). Of the hypertensive 

Table 2. Comparison of normal weight and obese/overweight patients

Parameter Normal weight (n=15) Obese/overweight (n=17) P-value

Age (years) 13.5 (12.41–15) 13.26 (11.8–14.8) 0.501

Sex 53.3% (n=8) M 53% (n=9) M 0.414

Stage 1 HTN 80% (n=12) 23.5% (n=4) <0.001*

Stage 2 HTN 20% (n=3) 76.4% (n=13) <0.001*

Right cIMT z score 0.84 (0.25–2.0) 1.03 [(–0.61) to 1.64] 0.652

Left cIMT z score 0.77 (0.12–2.05) 0.84 [(–0.38) to 1.28] 0.902

LVMI z score preT 0.73 (–0.05 to 1.75) 1.43 (0.84–2.32) <0.001

cSBP z score preT 0.59 (0.31–1.34) 1.03 (0.87–1.64) <0.001

PWV z score preT 0.59 (0.41–1.34) 0.87 (0.41–1.43) <0.001

EF preT (%) 71 (69–72) 68 (67–70) <0.001

FS preT (%) 39 (38–40) 38 (37–40) <0.001

Creatinine preT (mg/dL) 0.55 (0.45–0.69) 0.57 (0.4–0.7) 0.697

Uric acid preT (mg/dL) 5.09 (4.33–5.54) 7.67 (5.73–7.85) <0.001

RWT preT >0.42 80% (n=12) 58.8% (n=10) <0.001*

RWT postT >0.42 73.3% (n=11) 47% (n=8) <0.001*

LVH ESHG16 preT 20% (n=3) 29.4% (n=5)

LVH ESHG16 postT 6.6% (n=1) 29.4% (n=5)

Normotension postT 100% (n=15) 58.8% (n=10)

Δ LVMI z score –0.12 [(–1.02) to 0.77] 0.0 [(–0.49) to 0] 0.003

Δ cSBP z score –0.14 [(–0.19) to 0.49] 0.0 [(–0.2) to 0.62] 0.024

Δ PWV z score –0.20 [(–0.49) to 0] –0.12 [(–0.14) to 0.21] <0.001

Δ EF 0.5 [(–1) to 1.5] 0.0 (0–2) 0.126

Δ FS 0.5 (0–2) 0.5 (0–3.5) 0.236
*Fisher’s exact test; comparison is made using the Mann-Whitney U test, and variables are expressed as median (Q1-Q3).
BP - blood pressure; cIMT - carotid intima-media thickness; cSBP - central systolic blood pressure; EF - ejection fraction; ESHG16 - European Society of Hypertension Guidelines 2016; 
FS - fractional shortening; HTN - hypertension; LVH - left ventricular hypertrophy, LVMI - left ventricular mass index; M - male; postT - post-treatment; preT - pretreatment; PWV - pulse 
wave velocity; RWT - relative wall thickness
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patients, 2 patients received 1 antihypertensive medication 
(losartan), 2 patients received 2 antihypertensive drugs (losar-
tan and hydrochlorothiazide), and 3 patients were prescribed a 
third drug (amlodipine) after 3 months of treatment.

Discussion

The main finding of our study was that after the BP param-
eters improved—even while other cardiovascular parameters 
had not recovered—the cSBP, cSBP z score, and PWV z score 
values, which are markers of arterial stiffness, regressed.

There are a limited number of studies on the follow-up 
results for LVH in children treated for primary HTN (15, 16). In 2 
of these, LVH that was defined by LVMI above 38.6 g/m2.7. In a 
study by Seeman et al. (16), 29 children with primary HTN (15±3.7 
years; BMI z score of 1±1.7; 79% male) were analyzed retro-
spectively. They found that 52% of the children had control of 
HTN according to the BP index. Their study also included 
patients with secondary HTN. They reported that for all groups, 
the prevalence of LVH with uncontrolled HTN was higher than 
with controlled HTN (46% vs. 13%; p<0.01). Litwin et al. (15) 
assessed the effect of 12 months of antihypertensive therapy on 
TOD in 86 children (14.1±2.4 years; 65.1% overweight; 24.4% 
obese; 66 boys). They found BP lowered below the 95th percen-
tile in 74.4% of the patients. Although our study had a shorter 

follow-up period and lower normotension levels, we found that 
78.1% of our patients had BP below the 90th percentile. They 
reported that the proportion of LVH decreased from 46.5% to 
31.4% after 12 months. In our study, according to a cut-off level 
of 38 g/m2.7, the ratio of LVH decreased from 46.8% to 25% after 
6 months. The differences between the studies in the rates of 
both BP and LVH reduction could have 2 possible explanations. 
One is that their study population includes more obese and over-
weight patients (89.5%) than ours (53%). The other probable 
explanation is treatment modality. In their study, 57% of the 
patients received pharmacological treatment, while in our study, 
82% of the patients were treated with antihypertensives. These 
results support the effect of more intensive BP control in LVH 
regression. 

In children with HTN, a major pharmacological treatment 
indication is TOD. According to current guidelines, as a TOD 
parameter, LVH reversal is a major treatment goal. However, 
there are different definitions for LVH (1, 2, 12, 17-19). In addition, 
LVH is not only affected by BP but also by age, sex, height, race, 
BMI, fat mass, and lean mass (20-23). In our study, regression 
analysis revealed that the main predictors of LVMI z score were 
male sex, BMI z score, SBP, and PWV z score, explaining about 
33.6% in concordance with literature. For this reason, recent 
guidelines encourage research on subclinical organ damage 
parameters such as cBP.

Unfortunately, independent of the presence of concomitant 
cardiovascular disease (CVD), one-third of CV events occur in 
adults with BP levels in the high-normal range (24). Also, patients 
aged 20–39 years with stage 1 HTN have a significantly higher risk 
of CVD compared with those with normal BP (25). It is known that 
the BP trajectory in childhood and adolescence has the strongest 
effect on BP in young adulthood. As a result, assessment of organ 
damage parameters other than LVH may gain importance. A meta-
analysis of adult longitudinal studies demonstrated the benefit of 
cBP in predicting cardiovascular events (26). In another meta-
analysis, with an average patient age of 49.9 years, it was con-

Table 3. Significant correlation analysis results for cSBP, cSBP z score, and LVMI z score

Features

PreT cSBP PreT cSBP z score PreT LVMI z score

r P-value r P-value r P-value

Age 0.260 <0.001 –0.687 <0.001 –0.028 <0.001

BMI 0.232 <0.001 –0.034 0.071 0.254 <0.001

BMI z score 0.034 0.072 0.341 <0.001 0.543 <0.001

SBP 0.368 <0.001 0.284 0.098 0.381 <0.001

PWV 0.780 <0.001 0.107 <0.001 0.306 0.102

PWV z score 0.509 <0.001 0.881 <0.001 0.392 <0.001

Alx@75 –0.165 <0.001 0.391 <0.001 0.232 <0.001

cIMT z score 0.338 <0.001 0.138 <0.001 0.215 0.078

LVMI z score –0.125 <0.001 0.145 <0.001
Describing correlation coefficient (r); r < 0.3 none or very weak relationship, 0.3 < r <0.5 weak relationship, 0.5 < r < 0.7 moderate relationship and r > 0.7 Strong relationship 
AASI - ambulatory arterial stiffness index; Alx - augmentation index; BMI - body mass index; cIMT - carotid intima-media thickness; cSBP - central systolic blood pressure; LVMI - left 
ventricular mass index; preT - pretreatment; PWV - pulse wave velocity

Table 4. Step-wise multiple regression results for LVMI z score

Parameters R2 Standardized coefficient B P-value

Male sex 0.037 0.268 <0.001

BMI z score 0.257 0.426 <0.001

SBP 0.305 0.069 0.005

PWV z score 0.336 0.244 <0.001
Constant: 15.992. 
BMI - body mass index; LVMI - left ventricular mass index; PWV - pulse wave velocity; 
SBP - systolic blood pressure
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cluded that cBP was more strongly associated with most hyper-
tensive TOD compared to brachial BP (27). Furthermore, it has 
been shown that cSBP is more closely associated with advanced 
TOD than brachial BP (28). PWV is accepted as another early 
subclinical CVD risk factor and is a marker of arterial stiffness in 
adults (29). Although arterial stiffness has been linked with cardio-
vascular events in adults, there is little data on such an associa-
tion in pediatric studies (30). Litwin et al. (31) found that children 
with severe ambulatory HTN had higher cSBP and PWV and 
greater prevalence of LVH than white-coat and prehypertensive 
children. It was found that one-third of children (15±2.4 years) with 
primary HTN had normal cSBP and low risk of TOD. Furthermore, 
it was indicated that PWA, including cSBP, had the same or higher 
power as ABPM in predicting the presence of hypertensive TOD 
(32). It was indicated that BP is the only factor independently and 
strongly associated with PWV in children in all stage of chronic 
kidney disease stages (30). However, during antihypertensive 
treatment, the changes in these parameters and their response to 
BP change in childhood are not clear. PWV was found to be lower 
in patients with chronic kidney disease with a normal ABPM pro-
file taking antihypertensive medication compared with untreated 
cases (33). There are no studies determining the change of cSBP 

in children with primary HTN after treatment. In our study, we 
observed that after the 6-month follow-up, BMI z score and LVMI 
z score did not change; however, cSBP and PWV z scores 
regressed in parallel with the reduction in BP. These suggest that 
vascular function tests may detect an earlier response of BP 
regression in the cardiovascular system. It can be speculated that 
vascular remodeling is more responsive to the reduction in BP 
than cardiac remodeling in children. In our study, we observed 
that while cSBP and PWV z score regression was present in the 
normotensive group, both arterial stiffness parameters increased 
in the hypertensive group. We should also consider that all 
patients whose HTN continued after follow-up were obese, and 
most were male. It has been shown that carotid-femoral PWV 
increases in adolescents and children with HTN and metabolic 
syndrome (34-36). Although there was no change in LVMI z score 
in our hypertensive patients, the increase in cSBP and PWV con-
tinued. This likely supports the conclusion that both obesity and 
HTN presence have a greater impact on arterial stiffness than 
does cardiac remodeling. In addition, when we looked at the basic 
characteristics of hypertensive patients, they were older and had 
higher BMI and LVMI z scores. Furthermore, at the beginning of 
the study, the patients in the obese/overweight group had worse 

Table 5. Comparison of normotensive and hypertensive patients 

Parameters Normotensive (n=25) Hypertensive (n=7) P-value

Age (years) 12.65±3.84 13±3.45 <0.001

Sex 44% (n=11) M 85.7% (n=6) M <0.001

BMI z score preT 0.69 [(–0.45) to 1.43] 1.99 (1.73–2.05) <0.001

LVM z score preT 0.5 [(–0.82)–1.47] 0.76 (0.21–1.05) <0.001

LVMI z score preT 0.84 (0.25–2.32) 1.43 (0.95–1.75)   0.005

cSBP z score preT 0.87 (0.18–1.15) 1.15 (0.59–2.17) <0.001

PWV z score preT  0.41 (0.1–0.87) 1.15 (0.59–1.34) <0.001

EF preT (%) 70.4±4 68.1±1 <0.001

FS preT (%) 39±3 37±3 <0.001

Creatinine preT (mg/dL) 0.55±0.21 0.83±0.22 <0.001

Uric acid preT (mg/dL) 3.73±1.43 7.85±0.18 <0.001

Pulse pressure preT 49±11 53±8 <0.001

RWT post >0.42 56% 71.4% <0.001

LVH ESHG16 postT 4% (n=1) 71.4% (n=5) <0.001

Obesity (%) 40% (n=10) %100 (n=7) <0.001

Δ LVM z score –0.62 [(–0.92) to 0.56] –0.21 [(–0.21) to 0.65] <0.001

Δ LVMI z score –0.04 [(–0.14) to 0.07] –0.01 [(–0.06) to 0.16] <0.001

Δ cSBP z score –0.17 [(–0.94) to 0.62] 0.12 [(0.1)–0.49] <0.001

Δ PWV z score –0.2 [(–0.67) to 0.0] 0.04 (0.0–0.23) <0.001

Δ EF 0.5 [(–1.5)–1] 0.0 [(–1)–1] 0.337

Δ FS 1 [(–0.5)–1.5] 0.5 (0–1.5) 0.521
Variables are compared using the Mann-Whitney U test and expressed as median and interquartile ranges.
AASI - ambulatory arterial stiffness index; BMI - body mass index; BP - blood pressure; DBP - diastolic BP; cSBP - central systolic BP; EF - ejection fraction; ESHG16 - European Society 
of Hypertension Guidelines 2016; FS - fractional shortening; LVM - left ventricular mass; LVMI - left ventricular mass index; M - male; postT - post-treatment; preT - pretreatment; PWV - 
pulse wave velocity; RWT - relative wall thickness
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cardiovascular and metabolic factors than those of the normal-
weight group. They probably had stiffer arteries due to both age 
and BMI at the beginning of the treatment. Litwin et al. (31) found 
that children (mean age, 15 years) with HTN who had elevated 
cSBP also had higher cIMT, LVMI, and PWV values. Therefore, the 
recovery of stiffer arteries may require longer and more intense 
treatment. The other possible explanation for the lack of increase 
in LVMI z score is that treatment with RAAS blockade may pause 
the progression of cardiac remodeling, even though vascular 
remodeling continues. Besides, before the treatment, normoten-
sive patients had lower BMI scores, were younger, and most were 
female. Therefore, since the arterial stiffness of patients with a 
lower CVD risk factor is expected to be less, cSBP and PWV 
regression may have been achieved earlier with treatment. Finally, 
in a short-term follow-up in children with low CVD risk, as BP 
normalizes, regression of cSBP and PWV may occur without LVMI 
reversal. 

HTN is the only correctable CVD risk factor among the many 
factors that affect LVMI. ABPM is considered more reliable for 
diagnosing HTN. It was argued that cSBP has greater specificity 
and sensitivity than ABPM in predicting LVH (31). cSBP and 
PWV appear more sensitive to BP change and may contribute to 
LVMI in guiding our treatment. In the HARVEST study, it was 
indicated that young-to-middle-age patients with isolated sys-
tolic HTN with low cBP needed less aggressive HTN treatment 
(37). In a prospective adult HTN study, it was found that during 
antihypertensive treatment, cSBP added significant value to 
clinic SBP for predicting the regression of TOD (33). 

Possible reasons for early regression of cSBP and PWV 
maybe that medium-sized arteries are more elastic in children 
than in adults, and therefore may result in a decrease in backward 
pulse wave accumulation when brachial arterial pressure 
decreases. Although we could not evaluate cIMT after treatment, 
patients with a cIMT value> 95p before treatment were normoten-
sive after treatment. Another possible reason for the regression of 
cSBP and PWV is that while atherosclerosis starts in childhood, it 
may not yet have entered the irreversible vascular remodeling 
(intimal fibrosis) process, which is difficult to reverse. 

Study limitations 
There were some limitations to this study. Follow-up time 

was short, and the number of patients studied was small. In 
addition, cIMT could not be evaluated after treatment. We could 
not use an objective method to evaluate the compliance to anti-
hypertensive treatment but instead relied on verbal statements 
from patients and families. There is no clear information about 
the effect of sex on arterial stiffness. However, this is the first 
longitudinal study of children to investigate whether cSBP and 
PWV normalize in parallel with BP reduction.

Conclusion

After BP improved, though LVMI had not yet regressed, the 
cSBP, cSBP z score, and PWV z score values, which are markers 
of arterial stiffness, regressed. These parameters may be the 

first cardiovascular parameters to respond to normotension in 
childhood. Further longitudinal studies are needed for the 
assessment of BP control on arterial stiffness in childhood.
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