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Background: Although it is not reflected in the OBP measurement in obese children, 
ambulatory BP changes are known to occur. MH, non-dipper pattern and nocturnal 
hypertension have been reported to increase in obese children. On the other hand, the 
factors that indicate a high risk of hypertension are still unclear. The aim of our study 
is to especially detect masked hypertension by 24-hour BP measurement in obese 
adolescents and to evaluate the relationship of masked hypertension with metabolic 
syndrome parameters, anthropometric measurements and hepatosteatosis in these 
patients.
Methods: A total of 63 adolescents diagnosed with obesity were evaluated between 
January 2019 and December 2019. Office blood pressure was measured for all children, 
and all of them underwent ABPM. Patients with and without hypertension in ABPM were 
compared in terms of clinical and laboratory findings.
Results: The mean age was 14.0 ± 1.7 years, females composed 49.2% of the study 
population. Office blood pressure measurement revealed hypertension in 4 (6.3%) 
patients and prehypertension in 15 (23.8%) patients. Thirteen patients (20.9%) were 
diagnosed with masked hypertension, white coat hypertension was diagnosed in 3 
(4.7%) patients. Abnormal ABPM patterns were found to be significantly more frequent 
in patients with severely obesity (with obesity: 26.4% vs severe obesity: 55.6%, p = 
0.03) and patients with a higher waist circumference and waist circumference/height 
ratio.
Conclusion: The prevalence of masked hypertension in obese adolescents has been found to 
be quite high. Therefore, we recommend ABPM in adolescents with high waist circumfer-
ence/height ratio and severe obesity, even if their office blood pressure measurements are 
normal.
Keywords: adolescent, hypertension, metabolic syndrome, obesity, waist circumference

Introduction
Childhood obesity is an increasingly important public health problem, especially in 
developed countries. It has been shown that there is a relationship between obesity 
and dyslipidaemia, hypertension and insulin resistance.1 Obese children are at 
increased risk for diabetes, coronary artery disease and hypertension not only in 
childhood but also in adulthood. For this reason, it is very important to be alert in 
terms of preventing obesity and its accompanying morbidities.2,3

Hypertension is one of the most important preventable causes of chronic kidney 
disease and heart disease.4 Although its frequency in children is reported to be 3– 
5%, it gradually increases with the rise of obesity. Studies have found that the 

Correspondence: Songül Yılmaz  
Department of Pediatric Nephrology, 
Ankara Yıldırım Beyazıt Üniversity, 
Yenimahalle Education and Research 
Hospital, Ankara, Turkey  
Tel +90 533 3558677  
Fax +90 312 587377  
Email songulyilmaz23@gmail.com

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2021:14 3809–3817              3809
© 2021 Tepe and Yılmaz. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy          Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 16 July 2021
Accepted: 19 August 2021
Published: 1 September 2021

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-2935-3008
http://orcid.org/0000-0002-2752-5208
mailto:songulyilmaz23@gmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com


possibility of developing hypertension in obese children is 
three times higher than that in non-obese children.5 Early 
recognition and treatment of hypertension is critical in 
preventing end organ damage.4 For this reason, obese 
children should be evaluated with a blood pressure mea-
surement at each visit.6 However, with office blood pres-
sure (OBP) measurement, hypertension may be 
overlooked, and the distinction cannot be made between 
white coat hypertension (WCH) and masked hypertension 
(MH). Therefore, the gold standard in the diagnosis of 
hypertension is ambulatory blood pressure monitoring 
(ABPM).7

Although it is not reflected in the OBP measurement in 
obese children, ambulatory BP changes are known to 
occur. MH, non-dipper pattern and nocturnal hypertension 
have been reported to increase in obese children.8–10 Since 
ABPM in all obese children involves technical and finan-
cial problems, it is very important to determine which 
obese child will undergo ABPM.11 Unfortunately, there 
is no clear recommendation on this matter. The aim of 
our study is to especially detect MH by 24-hour BP mea-
surement in obese adolescents and to evaluate the relation-
ship of MH with metabolic syndrome parameters, 

anthropometric measurements and hepatosteatosis in 
these patients. In this way, it was aimed to evaluate the 
factors that associated with ambulatory hypertension in 
obese adolescents.

Materials and Methods
Patients
Obese adolescents aged 12–18 years who were admitted to 
the Paediatric Endocrinology outpatient clinic of Yıldırım 
Beyazıt University Yenimahalle Training and Research 
Hospital between January 2019 and December 2019 were 
included in the study. Detailed information about the study 
was given to the patient and his/her family, and written 
informed consent was obtained from the families who 
accepted. This study was approved by the The Research 
Ethics Committee of Ankara Yıldırım Beyazit University 
School of Medicine approved the study (Date: 2019, num-
ber: 79). This study was conducted in accordance with the 
Declaration of Helsinki.

Patients using drugs and having chronic diseases (such 
as kidney, heart disease, and hyperthyroidism/hypothyr-
oidism) were excluded from the study. Information about 
the study was given to 66 patients meeting the specified 
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conditions. The study was conducted with 63 patients, 
since three patients did not agree to participate in the 
study. Detailed history (delivery type, birth weight, and 
maturation status) was taken from the patients. The family 
history of hypertension and diabetes was questioned. 
Physical examination findings and (acanthosis nigricans 
and puberty stage) of the patients were noted.

Anthropometric Measurements
The weight, height and waist circumference (WC) of all 
patients were measured. Body weight and height percen-
tiles and body mass index (BMI) percentiles were calcu-
lated according to age and sex.12 BMI (in kg/m2) was 
calculated as body weight in kilograms divided by height 
in square meters. Obesity is defined as a BMI ≥ 95th 
percentile for age and sex, respectively.13,14 The WC was 
measured with the subject standing, midway between the 
lowest rib margin and the iliac crest, using a flexible non- 
stretch tape measure with a precision of 1 mm. Relative 
weight (RW) and waist circumference/height ratio (WHtR) 
were calculated. The WHtR was calculated by dividing 
WC (in cm) by height (in cm), and the cut-off used was 
0.54 for both sexes.14 A BMI at least 120% of the 95th 
percentile for age or more than 35 kg/m2 was recom-
mended for defining severe obesity.13 The patients were 
grouped as obese and severely obese. The two groups were 
compared in terms of BP levels.

Laboratory and Radiological Findings
Fasting and postprandial blood glucose, insulin, lipid panel, 
liver function tests and kidney function tests were evaluated 
from the patient files. Homeostasis model assessment for 
insulin resistance (HOMA-IR) index was estimated from 
fasting serum glucose and insulin levels using the HOMA 
Calculator version 2.2.3 (Oxford Center for Diabetes, 
Endocrinology and Metabolism, Oxford, UK) for insulin 
resistance in patients, and the threshold value was accepted 
as 3.16 according to guidelines.15 Dyslipidaemia was 
defined according to the classification of the American 
Heart Association, corresponding to the 95th percentile in 
a American population, as total cholesterol > 5.2 mmol/L 
(200 mg/dL), Low density lipoprotein (LDL) cholesterol > 
3.4 mmol/L (130 mg/dL), high density lipoprotein(HDL) 
cholesterol < 0.9 mmol/L (35 mg/dL), or triglycerides > 1.7 
mmol/ L (150 mg/dL), or a combination thereof.16 Based on 
reference levels of ALT kits used in our hospital laboratory, 
ALT levels > 22 U/L in females and > 25 U/L in males 
were regarded as elevated liver enzymes.16

The diagnosis of metabolic syndrome was made 
according to International Diabetes Federation (IDF) cri-
teria, which require the presence of abdominal obesity 
(WC > 90th percentile) and at least two of the following 
criteria: high blood glucose (≥ 100 mg/dL), low HDL 
cholesterol (< 40 mg/dL), high triglycerides (≥ 150 mg/ 
dL) or hypertension (systolic BP (SBP) > 130 mmHg and/ 
or diastolic BP (DBP) > 85 mmHg) between 10 and 16 
years of age. For children > 16 years old, metabolic 
syndrome criteria were the same, except for HDL choles-
terol levels (HDL < 40 mg/dL in males and < 50 mg/dL in 
females).17 Waist circumference values prepared by 
Hatipoğlu et al for Turkish children were used for waist 
circumference percentile values.18 Hepatobiliary ultraso-
nography (USG) was performed in all patients in terms of 
hepatosteatosis.

Office Blood Pressure
All children underwent an OBP measurement on three 
different occasions with an appropriate sphygmoman-
ometer. The mean value of three blood pressure measure-
ments was calculated. Office blood pressures were 
obtained by auscultation according to published guide-
lines. For casual BP measurements, HT was diagnosed 
when the mean office BP was greater than the 95th per-
centile for age, sex, and height in children under the age of 
13 years old, or > 130/80 mmHg in children ≥ 13 years of 
age, according to the American Academy of Pediatrics 
2017 hypertension guideline.19

Ambulatory Blood Pressure Monitoring
All children underwent ABPM with the “Spacelabs 
Healthcare OnTrak Ambulatory Blood Pressure 
Monitor”. The guideline was used to select a suitably 
sized cuff placed on the non-dominant arm to allow 
daily activities.20 The monitoring was programmed to 
record BP every 20 min while awake and every 30 min 
while asleep according to the guideline. The ABPM 
device was calibrated before each test. ABPM measure-
ments were checked with another sphygmomanometer at 
the beginning of the test. At least one valid reading 
per hour was required for the study to be considered 
adequate, with at least 40 readings over a 24-h period. 
The following parameters were assessed: mean arterial 
pressure (MAP) and average SBP and DBP, day to night 
differences and average heart rates, and BP loads. These 
parameters were assessed for 24 h, and the daytime and 
nighttime data were analysed separately. BP load was 
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estimated as the percentage of readings over the hyperten-
sion threshold. Decrement of mean SBP or DBP over 10% 
between daytime and nighttime measurements was defined 
as dipping.7 The standard deviation score (SDS) was cal-
culated for both office and ambulatory BPs to standardize 
measurements according to age and gender. The patients 
were divided into four groups, categorized as normoten-
sion, prehypertension, hypertension, and severe hyperten-
sion as recommended in the 2014 American Heart 
Association paediatric ABPM guideline. WCH is defined 
as casual/office BP levels ≥ 95th percentile but normal 
outside of a clinical setting, and MH is defined as a normal 
clinic BP but elevated ambulatory BP.20 Patients with 
a mean ambulatory BP of <95p and a blood pressure 
load of <25% were considered prehypertension.7 Patients 
with and without abnormal ABPM patterns were com-
pared in terms of clinical and laboratory findings. ABPM 
results evaluated as prehypertension and hypertension 
were defined as ABPM abnormality.

Statistical Analysis
Statistical analysis was performed using IBM Statistical 
Package for the Social Sciences version 23.0 (IBM SPSS 
Corp.; Armonk, NY, USA) statistical package program. 
The Kolmogorov-Smirnov test was conducted to assess 
the distribution of the variables. Descriptive statistics 
were given as mean ± standard deviation (SD) for numer-
ical data with normal distribution and as percentages for 
categorical data. Differences in variables between groups 
were evaluated by t-test or analysis of variance (ANOVA). 
A p-value of < 0.05 was considered significant.

Results
The study population consisted of 31 girls and 32 boys. 
The mean age was 14.0 ± 1.7 years. Approximately three- 
quarters of the patients had family obesity and one-third 
had hypertension in the family. The demographic findings 
of the patients are shown in Table 1.

HOMA-IR was ≥ 3.16 in 37 patients (58.7%). HOMA- 
IR levels were found to be significantly higher in severely 
obese patients. Twenty-two patients had elevations in their 
liver function tests, 22 patients (34.9%) had dyslipidaemia. 
Metabolic syndrome was diagnosed in four patients. 
However, when it was reviewed on the basis of ambula-
tory BP levels, 13 new patients were found to meet the 
criteria for metabolic syndrome. Metabolic syndrome was 
observed more frequently in severely obese adolescents, 
but this difference did not reach a statistically significant 

level. Hepatosteatosis was observed in 25 patients (39%), 
and the frequency of hepatosteatosis was higher in the 
severely obese group. Laboratory and radiological findings 
of the patients are summarized in Table 2.

In OBP measurements, four patients had hypertension. 
In these four patients with hypertension, there was 
a diagnosis of prehypertension in two patients, WCH in 
one patient, and hypertension in one patient, which were 
made by ABPM. In OBP measurements, 15 patients had 
prehypertension, and in these patients, two patients had 
prehypertension and six patients had MH, which were 
diagnosed by ABPM. The OBP measurements of 44 
patients were within the normal range. With ABPM, 
seven of these patients were diagnosed with prehyperten-
sion and seven of them were diagnosed with MH. As 
a result, 13 patients were diagnosed with MH, and three 
patients were diagnosed with WCH by ABPM. In 
Figure 1, patients are grouped according to their office 
and ambulatory BP measurements.

Of the 14 patients diagnosed with hypertension with 
ABPM, 10 had end-organ damage (8 cardiac hypertrophy, 
2 hypertensive retinopathy, both in 2 patients). These 
patients were started on antihypertensive treatment. Since 
there was no end organ damage in four patient, it was 
planned to follow-up blood pressures with lifestyle 

Table 1 Demographic Features of Adolescents

Obese 
Group 
n = 34 (%)

Severely Obese 
Group n = 29 (%)

p

Mean±SD Mean±SD

Gender

Female 12 (38.7%) 19 (65.5%) 0.02

Age (year) 13.9±1.6 14.2±1.9 0.47

Birth weight (kg) 3.32±1.2 4.31±1.9 0.33

Weight (kg) 76.05±10.9 89.37±12.7 <0.001

SDS 2.1±0.55 3.3±0.67 <0.001

Height (cm) 161.9±9.7 162.8±8.1 0.69

SDS 0.39±1.1 0.49±0.96 0.69

BMI (kg/m2) 28.8±2.0 33.5±3.0 <0.001

Waist 

circumference (cm)

92.6±7.0 100.3±7.6 <0.001

Acanthosis 

nigricans

11 (32.4%) 16 (55.2%) 0.06

Abbreviations: BMI, body mass index; SDS, standard deviation score.
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changes. The renal function tests of all patients were 
normal, and proteinuria was not detected in any of them.

When ABPM results were compared by obesity sever-
ity, BP abnormalities (prehypertension and hypertension) 
were found in 16 severely obese children (55.1%) and in 
nine obese children (26.4%). Abnormalities in ABPM 
were found to be higher in severely obese children (p: 
0.03); 46 patients (73.0%) had no decrease in BP at 
night. No significant relationship was found between the 
degree of obesity of the patients and the non-dipper pattern 
(p ≥ 0.05). The ABPM findings of the patients are shown 
in Table 3.

WC and WHtR were found to be higher in patients 
with BP abnormalities in ABPM (p = 0.021 and p = 0.004, 
respectively). BP abnormalities were observed in 51% of 
35 patients with a WHtR of 0.54 and above and in 25% of 
28 patients with a WHtR < 0.54. Patients with a WHtR 
≥ 0.54 had 3.1 times more ABPM abnormalities than 

patients with lower ones (p = 0.03, odds ratio: 1.87–9.3). 
The office systolic and diastolic BP levels of patients with 
abnormal blood pressures in ABPM were found to be 
higher than those with normal ABPM (p = <0.001 and 
p = 0.01, respectively). There were no differences between 
the two groups in terms of other clinic and laboratory 
characteristics.

Discussion
In this study, ABPM was performed in obese adolescents 
and OBP was compared with ABPM and the factors that 
associated with ambulatory hypertension were investi-
gated. ABPM abnormalities were demonstrated in 39% 
of patients. Thirteen patients (20.9%) were diagnosed 
with MH, and three patients (4.7%) were diagnosed with 
WCH. ABPM abnormalities were found more often in 
severely obese patients. In addition, WC, WHtR and sys-
tolic and diastolic OBPs were found to be higher in 
patients with ABPM abnormalities.

Overweight and obesity have been increasing rapidly 
over the last three decades, and this parallels the rise in BP. 
Data from the US NHANES have revealed that 33.6% of 
adolescents aged 12–19 years were overweight or obese.21 

Many studies have shown an increase in BP levels in 
children with high BMI.8,10,22–24 The increase in the num-
ber of obese children causes hypertension and related 
comorbidities to be seen more frequently. In a study con-
ducted with high school students, an increase in BP was 
found in more than 30% of obese adolescents.25 In our 
study, similar to the literature, the frequency of hyperten-
sion among obese children was found to be 22%, and 
ABPM abnormalities were observed in almost 40%. 
These data show that obese children should be closely 
monitored for hypertension.

Although the classic method in the diagnosis of hyper-
tension is OBP measurement, it may be insufficient for the 
diagnosis of WCH and MH.19,20 Since the 1980s, many 
studies have shown that abnormal circadian BP rhythm is 
associated with cardiovascular diseases.26–28 Therefore, 
ABPM is very important in the diagnosis and follow-up 
of hypertension.7 It has been shown that ambulatory blood 
pressure changes are more common in obese 
children.10,29–31 Hvidt et al29 compared the ABPM para-
meters of 92 obese and 49 healthy children 10–18 years 
old and demonstrated BP levels at night were higher in 
obese children compared to those in children of a healthy 
weight, independently of insulin resistance. The authors 
stated that hypertension at night is risky in terms of end 

Table 2 Laboratory and Radiological Findings of the Patients

Obese 
Group 
n = 34 (%)

Severely 
Obese Group 
n = 29 (%)

p

Mean±SD Mean±SD

Fasting glucose (mg/dl) 87.3±6.1 87.0±7.0 0.83

Postprandial glucose (mg/dl) 90.8 ± 11.4 90.8±12.7 085

Fasting insülin (0–25 µIU/mL) 15.1 ±5.1 20.0±8.8 0.008

Postprandial insülin (22–79 

µIU/mL)

77.0±11.2 89.3±12.9 0.4

HOMA-IR 3.3±1.2 4.3±1.9 0.01

Total cholesterol (mg/dl) 168.7 ±28.9 170.0±30.3 0.85

Triglycerides (mg/dL) 116.7 ±42.6 113.8±40.4 0.78

LDL cholesterol (mg/dL) 103.2 ±25.9 104.1±24.8 0.89

HDL cholesterol (mg/dL) 42.9 ±6.9 42.3±8.3 0.75

ALT (U/L) 23.5 ± 17.9 25.5±10.5 0.61

AST (U/L) 23.8±9.4 23.2±5.6 0.74

Hepatosteatosis >0.05

Grade 1 8 (23.5%) 9 (31%)
Grade 2 3 (8.8%) 4 (13.8%)

Grade 3 1 (2.9%) -

Metabolic syndrome

According to OBP 1 (2.9%) 3 (10.3%)

According to ABPM 5 (14.7%) 8 (27.5%) 0.11

Abbreviations: OBP, office blood pressure; ABPM, ambulatory blood pressure 
monitoring.
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organ damage and suggested that ABPM may be beneficial 
in obese children for early diagnosis. There is also evi-
dence that screening adult obese with ABPM is cost- 
effective.32 Although there is no study on costs in children, 
it seems reasonable to screen all obese children with 
ABPM, if possible, in terms of early diagnosis. However, 
there may not be enough opportunities to perform ABPM 
in all obese children, especially in developing countries. 
Therefore it is important to select patients who will 
undergo ABPM. In a study in which ABPM was per-
formed on 72 obese children, the frequency of ambulatory 
hypertension was found to be 48.6%, and nocturnal DBP 
levels were higher in children with a BMI z score > 3 
SDS.30 In our study, hypertension was detected in 14 
patients with normal OBPs, and antihypertensive medica-
tion was initiated in two of these patients due to end organ 
damage. Thirteen patients were diagnosed with MH and 
three patients were diagnosed with WCH. Also, a non- 
dipper pattern was seen in more than 70% of the patients. 
ABPM abnormalities were found more frequently in 
severely obese adolescents. For this reason, we recom-
mend that severely obese adolescents should be more 
careful in terms of hypertension and consider ambulatory 
BP assessment.

The metabolic syndrome includes many cardiovascular 
risk factors (“hypertension, altered glucose metabolism, 
dyslipidaemia, and abdominal obesity”). With the increase 
of obesity in childhood, metabolic syndrome is more 

common.17 It has been reported that its frequency may 
reach up to 44% among obese children.33 Consequently, 
the metabolic syndrome in children has become a global 
public health problem. The research focus of the metabolic 
syndrome has shifted to its prevention in early life.34,35 In 
our study, the frequency of metabolic syndrome with 
ABPM increased from 6.3% to 25.3%. If these patients 
are evaluated only with OBP measurements, the metabolic 
syndrome will not be identified in 13 patients, and this will 
cause delays in diagnosis and treatment. Therefore, atten-
tion should be paid in terms of metabolic syndrome in 
obese children, and ABPM should be kept in mind in 
patients with one of the other risk factors (insulin resis-
tance, abdominal obesity, or dyslipidaemia), even if they 
are normotensive.

Prehypertension was first used in the fourth report in 
2004 to describe children with higher than normal BP but 
lower than the hypertension threshold.6 It has been 
reported that these patients should be closely monitored 
and will progress to hypertension over time.35–37 Falkner 
et al36 have determined that about 7% per year progressed 
from pre-HTN to HTN.

It has been reported that 14% of adolescents with 
prehypertension develop hypertension after 2 years, and 
the incidence of hypertension in obese adolescents after 
2 years is 68% in boys and 43% in girls.38 It has also 
been demonstrated that prehypertensive children have 
higher markers of inflammation than those in 

Figure 1 Comparison of office and ambulatory blood pressure measurements of patients.
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normotensive children and that the cardiovascular mor-
tality of these patients is increased.39 Therefore, careful 
follow-up of prehypertensive children is very important 
to prevent this progression. In our study, 15 adolescents 
were diagnosed with prehypertension in OBP 

measurements, and more than half of them showed 
ABPM abnormalities. In addition, patients with ABPM 
abnormalities had higher office systolic and diastolic BP 
levels. Therefore, obese adolescents with prehyperten-
sion should be followed closely, and ABPM should be 
performed if possible for early diagnosis and treatment.

It has long been known that central obesity increases 
the risk of cardiovascular morbidity. In recent years, an 
increasing number of studies have been published show-
ing that a high WHtR predicts metabolic syndrome in 
children and adolescents, and it can be an alternative to 
BMI in determining cardiometabolic risk.40–43 In the 
study of Vieria et al,44 it was stated that WHtR predicts 
obesity and abdominal fat in children aged 4–7 years, 
and this parameter should definitely be evaluated in 
terms of obesity diagnosis. In another study, it was 
found that inflammation and endothelial dysfunction 
indicators were higher in children with an increased 
WHtR, and it was reported that the BP of these children 
was higher than healthy children.43 It has been suggested 
that the WHtR is also important for hypertension.14,42,43 

Madruga et al42 evaluated 1030 adolescents, one-third of 
whom were obese, and the frequency of hypertension 
was found to be 30%. It was also found that the fre-
quency of HT increased 2.4 times in patients with 
a WHtR > 0.50. In another recent study, 678 adolescents 
were evaluated, and it was emphasized that a WHtR > 
0.54 is an appropriate parameter to predict metabolic 
syndrome.14 Similarly, in our study, WC and WHtR 
were found to be significantly higher in patients with 
high ambulatory BP. In addition, ABPM abnormalities 
were 3 times higher in children with a WHtR ≥ 0.54. 
Therefore, we think that obese children (especially with 
a higher WHtR) should be more alert in terms of 
hypertension.

The small number of patients, the absence of a control 
group and follow-up of prehypertensive patients are 
among the limitations of our study. In addition, prehyper-
tensive children were not evaluated for end organ damage. 
On the other hand, our study is very important in terms of 
not overlooking obese adolescents with high risk for MH 
in daily practice and making an early diagnosis.

In conclusion, in our study, by performing ABPM on 
obese adolescents, a higher incidence of ambulatory BP 
abnormalities was observed in the severely obese group 
and in children with a WHtR ≥ 0.54. In addition, ABPM 
abnormalities were found in one-third of the children with 
normal OBPs. These results imply that, by being satisfied 

Table 3 ABPM Data of Patients According to Degree of Obesity 
Degree

Obese Group 
n = 34 (%)

Severely 
Obese Group  
n = 29 (%)

P*

Mean±SD Mean±SD

Office SBP 116.2±8.1 116.0±9.0 0.93

SDS 0.63 0.70 0.71

Office DBP 67.7±6.8 72.1±8.3 0.02
SDS 0.27 0.7 0.01

24-hour MAP 82.7±9.9 89.1±10.8 0.018
SDS −0.08 1.3 0.008

Mean 24-hour SBP 112.7±13.0 122.3±15.9 0.02
SDS 1.4 1.9 0.006

Mean 24-hour DBP 66.1±6.1 73.7±11.6 0.02
SDS −0.2 1.1 0.01

Daytime MAP 83.8±9.8 90.8±10.4 0.008
SDS −0.3 0.9 0.001

Mean daytime SBP 114.7±15.6 123.8±14.0 0.01
SDS −0.6 1.7 0.04
Load (%) 17.8 32.0 0.003

Mean daytime DBP 68.7±8.6 75.1±10.7 0.01
SDS −0.5 1.9 0.01
Load (%) 16.1 26.7 0.03

Nighttime MAP 77.4±12.1 82.3±10.8 0.09
SDS 1.1 1.7 0.28

Mean nighttime SBP 108.4±15.5 116.2±13.8 0.04
SDS 0.54 1.5 0.01
Load (%) 24.5 48 0.05

Mean nighttime DBP 60.8±11.1 64.7±11.1 0.17
SDS 0.7 1.4 0.16

Load (%) 27.5 44.5 0.03

Dipping SKB (%) 7.9±3.0 5.0±1.9 0.44

DKB (%) 11.4±1.9 12.4±2.4 0.73

ABPM abnormality 0.03
Prehypertension 4 (11.7%) 7 (24.1%)

Hypertension 5 (14.7%) 9 (31%)

Notes: *Significant p levels are shown in bold. Units of all blood pressure levels are 
given in “mmHg”. 
Abbreviations: SDS, standard deviation score; MAP, mean arterial blood pressure; 
SBP, systolic blood pressure; DBP, diastolic blood pressure.
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with OBP assessment, the BP abnormalities seen in one- 
third of obese adolescents might be missed. Therefore, we 
suggest that ABPM should be performed, even if the OBP 
measurements of all obese adolescents are normal, if pos-
sible. It should be kept in mind that those who are severely 
obese and have a high WHtR are more likely to have MH.
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The authors report no conflicts of interest in this work.
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