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In recent years, childhood obesity has become 
an epidemic health problem. The prevalence of 
obesity is more common in developed countries 
(16-30%) compared to underdeveloped 
countries (6-13%).1 The increase in prevalence 
of obesity has led to the emergence of 
comorbidities associated with it. Hypertension 
is one of the most important comorbidities 
that is associated with increased body mass 
index (BMI) in children and its presence in 

adulthood is an important risk factor for early 
cardiovascular disease (CVD).2-4 Cardiovascular 
(CV) risk factors including hypertension, 
dyslipidemia, metabolic syndrome, and obesity 
itself have effects on vascular function and 
structure such as endothelial dysfunction, 
increased carotid artery intima media thickness 
(IMT), and increased arterial stiffness.5,6 

To evaluate vascular function and structure, 
different techniques have been used in the 
past. These include measurements of carotid 
artery IMT, pulse wave velocity (PWV), and 
flow mediated dilatation. Arterial stiffness is 
a measure of vascular elastic behavior which 
can be altered by different etiologies such as 
atherosclerosis, hypertension, dyslipidemia and 
obesity. Decreases in elastic mechanical features 
of arteries lead to increased arterial stiffness in 
obese children.7 Since measurements of vascular 
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structure and function by IMT, PWV, or other 
ways are required by experienced persons and 
expensive tools, ambulatory arterial stiffness 
index (AASI) as a less complex method was 
developed in 2006. 

AASI is the relationship between diastolic 
and systolic ambulatory blood pressure (BP) 
over 24-hours, which can be obtained by 
performing a linear regression analysis of 
diastolic BP over systolic BP and subtracting 
the slope from 1.8 Cardiovascular risk, in 
particular stroke, was predicted by AASI in 
different adult populations.9,10 In childhood, 
increased AASI has been stated in children with 
hypertension and diabetes mellitus.11 Besides 
AASI, ambulatory blood pressure monitoring 
can be used to calculate pulse pressure and 
these two parameters have been suggested 
as markers of arterial stiffness and predictors 
of cardiovascular disease.11 To assess arterial 
stiffness, few studies have investigated AASI in 
obese children.12

In this prospective trial, we have studied the 
difference of AASI between obese and lean 
children. 

Material and Methods

Study population

In this prospective cohort 53 obese children (33 
girls) aged between 4-16 years were investigated 
at pediatric outpatient clinic, Ministry of Health 
Bağcılar Training and Research Hospital, 
Istanbul, Turkey. The control group consisted of 
age-matched 42 healthy subjects (20 girls) aged 
between 5-18 years. Obesity was defined as body 
mass ındex (BMI) ≥95th percentile according to 
height- and sex-specific BMI charts by Centers 
for Disease Control and Prevention (CDC).13 
The control group included lean children with a 
normal BMI percentile (<85th percentile). Weight 
and height were measured and recorded in all 
subjects.

Informed consent was obtained from all 
individual participants (and/or their parents or 
legal guardians) included in the study.

Laboratory evaluation

In the obese group blood samples were collected 
in the morning after an overnight fast for the 
assessment of metabolic parameters which 
included fasting glucose level, total cholesterol, 
low-density lipoprotein (LDL) cholesterol, 
high-density lipoprotein (HDL) cholesterol, 
triglycerides, insulin, 25-hydroxyvitamin D 
[25(OH)D], and high sensitive C-reactive protein 
(hsCRP). Homeostasis model assessment of 
insulin resistance (HOMA-IR) was calculated 
using the equation HOMA-IR = [Fasting plasma 
insulin (miU/mL) × Fasting plasma glucose (mg/
dl)] / 405. HOMA-IR cut-off values for insulin 
resistance in the prepubertal period were 
accepted to be 2.67 in boys and 2.22 in girls, 
and in the pubertal period, 5.22 in boys and 3.82 
in girls.14 Dyslipidemia was defined as serum 
levels of total cholesterol ≥200 mg/dl and/or 
LDL ≥130 mg/dl and/or triglycerides ≥100 mg/
dl in the 6-9 years of age group and ≥130 mg/
dl in the 10-18 years of age group according to 
the National Heart, Lung, and Blood Institute 
(NHLBI) criteria.15 Vitamin D deficiency was 
defined as <30 nmol/L.16 The normal limits of 
hsCRP were accepted as 0-5 mg/dl. 

Blood pressure assessments

Casual blood pressure (BP) measurement was 
performed three times with 10 min intervals by 
an oscillometric device (Nihon Kohden, Vismo, 
Germany) and was averaged; indexed systolic 
(SBP) and diastolic (DBP) BP were calculated 
by dividing 95th percentile according to height 
and gender.17 24-hour ambulatory blood 
pressure monitoring (ABPM) was performed 
by using a portable device (SpaceLabs 90217A-
1 oscillometric device, Spacelabs Healthcare, 
UK). We used different cuff sizes according to 
the patient’s arm circumference. Width of the 
inflatable bladder of the cuff was chosen as 40% 
of upper arm circumference, and length of the 
inflatable bladder was decided as 80% of upper 
arm circumference (almost long enough to 
encircle the arm). The non-dominant arm served 
for cuff placing. Blood pressure recordings were 
obtained with 20-min intervals in the wake 
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period and 30-min intervals in the sleep period. 
Keeping a diary (particularly sleep disturbances) 
was asked to participants for evaluating 
daytime and nighttime BP measurements. 
ABPM recordings were considered sufficient 
if it contained ≥75% successful measurements. 
Patients with insufficient (less than 75%) blood 
pressure measurements (i.e., due to the manual 
application of the device or a software problem) 
were excluded from the study. Hypertension 
was defined according to the criteria of 
American Heart Association (AHA).18

Ambulatory arterial stiffness index

Twenty-four-hour blood pressure 
measurements were entered into the Statistical 
Package for the Social Sciences (SPSS) software 
program (IBM SPSS Statistics, Armonk, NY) for 
each patient. Linear regression was performed 
on the 24-hour BP recordings, with diastolic BP 
as the dependent variable and the systolic BP as 
the independent variable. The unstandardized 
regression slope (B) was considered in this 
study since the 24-hour BP recordings were 
unchanged. AASI was calculated by subtracting 
the regression slope from 1.

Other parameters that were recorded from the 
BP device included the 24-hour, day and night 
heart rates, systolic and diastolic BP values 
and loads, and pulse pressures (PP). Standard 
deviation score (SDS) was calculated for the 
mean 24-hour, day and night heart rate, systolic 
and diastolic BP values by the LMS method 
using height-specific normative values [degree 
of skewness (L), median (M) and coefficient of 
variation (S)].19

All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of the institutional research 
committee at which the studies were conducted 
(Ministry of Health Bağcılar Training and 
Research Hospital, approval number 2015/366) 
and with the 1964 Helsinki declaration and 
its later amendments or comparable ethical 
standards.

Statistical analysis

Data analysis was carried out using SPSS 
software version 21 (IBM SPSS Statistics, 
Armonk, NY). All parameters were examined 
in terms of distribution of parameters by the 
adjusted Fisher-Pearson standardized moment 
coefficient. Continuous data were expressed as 
the mean ± SD if the distribution was normal 
and/or median (IQR) otherwise. Student-t 
test was used for the comparison of normally 
distributed variables, and Mann–Whitney U test 
was used if data was not normally distributed. 
Categorical variables were presented as a 
number and compared using the Chi-squared 
test and the Fisher’s exact test. Associations 
among AASI, PP, and other parameters were 
assessed by Pearson correlation analysis if data 
was normally distributed and by Spearman 
correlation analysis if data was not normally 
distributed. The variables that showed a 
p value of <0.20 in the univariate analysis 
and parameters which were reported to be 
associated in the previous studies were tested 
in a multivariate linear regression analysis to 
identify the important independent factors 
influencing AASI values. The abnormally 
distributed parameters were transformed 
into a normal distribution by logarithmic 
transformation. Significance was allowed at p 
<0.05.

Results

Demographic features of obese and healthy 
groups are summarized in Table I. Weight and 
BMI-SDS of the obese group were significantly 
higher than the healthy group (p <0.001). 
Metabolic features of obese participants 
are presented in Table II. Dyslipidemia was 
determined in 21 obese children (39.6%) 
[including increased total cholesterol (n: 1), 
increased LDL-cholesterol (n: 5), increased 
triglycerides levels (n: 11), at least two abnormal 
lipid values (n: 2), and at least three abnormal 
lipid levels (n: 2)]. Increased HOMA-IR rate was 
calculated in 30 obese children (56.6%). A total 
of 47 obese children (88.7%) were described 
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as vitamin D deficient. Increased hsCRP level 
(>5mg/dl) was found in five obese children 
(9.4%).

Hypertension was found in three obese 
participants (5.6%) including masked HT (n: 2) 
and ambulatory HT (n: 1). Five obese children 
had prehypertension and 17 had white coat 
hypertension. All subjects were normotensive 
in the healthy group. Indexed casual SBP and 
DBP, 24-hour, daytime and nighttime SBP-SDS, 
DBP-SDS, and MAP-SDS did not significantly 
differ between the obese and healthy groups. 
Although a statistically significant difference 
was found in the mean value of heart rate 

between the groups, there was no significant 
between-group difference in the median values 
of 24-h, day- and nighttime heart rate-SDS 
(Table III).

While the mean pulse pressure values did not 
significantly differ between the groups, the 
mean AASI was significantly higher in obese 
children compared to healthy subjects (0.42 
± 0.15 versus 0.29 ± 0.18, p <0.001; Table III). 
The clinical parameters (age, gender, height-
SDS and BMI-SDS) blood pressure parameters 
(logarithmic-indexed-casual SBP and DBP, 
24-h, MAP-SDS, nighttime SBP-SDS and load, 
systolic and diastolic nocturnal dipping) and 
laboratory findings (vitamin D and LDL-
,cholesterol, levels) were separately analyzed in 
the obese and healthy subjects by the univariate 
analysis to determine the factors influencing 
AASI. All variables with a p value of <0.20 
and parameters which were reported to be 
associated in previous studies (age, gender, 
height-SDS, BMI-SDS, log-indexed-casual 
SBP, nighttime SBP-SDS, nighttime SBP-Load, 
systolic and diastolic nocturnal dipping) were 
included in the enter model of the multivariate 
linear regression analyses. As shown in Table 
IV, AASI significantly correlated with indexed-
casual SBP, nighttime SBP-SDS and nighttime 
SBP load, systolic and diastolic nocturnal 
dipping, with no independent predictor. 
Furthermore, AASI was evaluated with the 
presence of dyslipidemia, increased HOMA-
IR and metabolic abnormality, no significant 
difference was noted. 

Table I. Characteristics of healthy and obese participants.

Characteristics Healthy participants  
(n: 42)

Obese participants  
(n: 53) p value

Age, years 11.3 ± 3.17 10.6 ± 2.83 0.48
Male/Female, n (%) 22 (52) / 20 (48) 20 (37) /33 (63) 0.15
Height, m 1.50 ± 0.17 1.46 ± 0.16 0.36
Height-SDS 0.51 ± 1.41 0.63 ± 1.04 0.57
Weight, kg 45.5 ± 15.1 65.0 ± 21.8 <0.001
Weight-SDS 0.42 ± 1.17 2.86 ± 0.83 <0.001
BMI, kg/m2 19.6 ± 3.49 29.1 ± 4.42 <0.001
BMI-SDS 0.23 ± 1.03 2.71 ± 0.57 <0.001
BMI: body mass index, SDS: standard deviation score.

Table II. Metabolic features of obese participants.

Features Obese participants  
(n: 53)

eGFR, ml/min/1.73m2* 120 (21)
Total cholesterol, mg/dl 162.1 ± 26.9
LDL-C, mg/dl 90.1 ± 26.1
HDL-C, mg/dl 53.2 ± 17.1
Triglycerides, mg/dl* 101 (80.5)
Fasting glucose, mg/dl 90.2 ± 9.9
Insulin, miU/ml* 17.5 (15)
HOMA-IR* 3.69 (3.87)
Vitamin D, ng/ml* 17.8 (12.6)
hsCRP, mg/L* 1.05 (1.17)
eGFR: estimated glomerular filtration rate, LDL-C: low-
density lipoprotein cholesterol, HDL-C: high-density 
lipoprotein cholesterol, hsCRP: high sensitive C reactive 
protein, HOMA-IR: homeostasis model assessment of 
insulin resistance.
* Non-parametric values are presented as median (IQR).
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Discussion

The important finding of this study was that 
the AASI was significantly increased in obese 
children, with no significant difference in the 
pulse pressure. 

Arterial stiffness has been noted as one of the most 
important hemodynamic factors contributing 
to the development of cardiovascular 
complications.20 Increased arterial stiffness 
can predict the risk for cardiovascular death 
and development of cardiovascular disease at 
an early stage before vascular lesions induce 
symptoms.21 The last decade has observed 

increased interest in the methods of measuring 
arterial elasticity, either directly or by the way 
of surrogate measures. The important question 
that needs to be answered is which methods are 
the best options for assessing arterial stiffness. 
The answer should include cost-effective, 
accessible, and easy methods. 

The most common available techniques 
for evaluating arterial stiffness are those 
measuring carotid artery IMT (with M-mode 
measurements), flow-mediated dilatation, PWV 
and augmentation index. These methods have 
been shown to predict cardiovascular events 
in patients with hypertension, kidney failure, 

Table III. Results of arterial stiffness indexes, casual and 24-h ambulatory blood pressure measurements of 
participants.

Measurements Healthy participants  
n=42

Obese participants  
n=53 p value

Indexes of arterial stiffness
AASI 0.29 ± 0.18 0.42 ± 0.15 <0.001
Pulse pressure, mmHg* 44.5 (9) 44 (10) 0.23

24-h HR, bpm 83.2 ± 8.4 88.2 ± 7.5 0.002
24-h HR-SDS * 0.10 (0.01) 0.10 (0.00) 0.48
Daytime HR-SDS * -0.50 (1.00) -0.10 (1.06) 0.058
Nighttime HR-SDS * 0.21 (1.55) 0.60 (1.15) 0.46

Casual SBP, indexed 0.91 ± 0.08 0.95 ± 0.10 0.73
Casual DBP, indexed 0.81 ± 0.08 0.84 ± 0.12 0.27
24-h SBP-SDS -0.15 ± 0.92 -0.24 ± 1.15 0.54
24-h SBP-load, % * 5.5 (12.0) 7.0 (18.0) 0.80
24-h DBP-SDS -0.28 ± 0.83 -0.63 ± 0.99 0.73
24-h DBP-load, % * 8.0 (10.0) 9.0 (16.0) 0.39
24-h MAP-SDS 0.06 ± 0.77 0.02 ± 0.90 0.72
Daytime SBP-SDS -0.45 ± 0.93 -0.49 ± 1.06 0.27
Daytime SBP-load, % * 3.5 (9.9) 6.9 (13.7) 0.59
Daytime DBP-SDS* -0.86 (1.00) -0.60 (1.23) 0.85
Daytime DBP-load, % * 5.2 (9.1) 7.1 (12.1) 0.08
Nighttime SBP-SDS 0.27 ± 0.79 0.32 ± 1.12 0.12
Nighttime SBP- load, % * 10.2 (29.6) 10.0 (31.6) 0.53
Nighttime DBP-SDS* 0.61 (0.98) 0.21 (1.44) 0.051
Nighttime DBP- load, % * 13.8 (27.6) 12.5 (31.6) 0.83
Non-dippers for SBP (n, %) 33 (78.6) 34 (64.2) 0.12
Non-dippers for DBP, n (%) 15 (35.7) 12 (22.6) 0.13
AASI: ambulatory arterial stiffness index, DBP: diastolic blood pressure, HR: heart rate, MAP: mean arterial pressure, SBP: 
systolic blood pressure, SDS: standard deviation score, NS: not significant. 
* Non-parametric values are presented as median (IQR).
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and diabetes mellitus.22,23 However, all these 
techniques require experienced persons and 
expensive tools. AASI, which is an accessible, 
cost-effective, and easy method derived from 
ABPM, was introduced as an index that predicts 
cardiovascular risk and particularly stroke in 
different populations.8,9 In some studies, AASI 
has been found to be correlated with PWV and 
carotid-IMT.24 However, some researchers have 
found only a weak correlation between AASI 
and PWV and have suggested AASI only as a 
surrogate measure of arterial stiffness.25 Until 
now there has been no study to validate AASI 
and other measurement techniques of arterial 
stiffness. Increased AASI has been previously 
shown in patients with hypertension, diabetes 
mellitus, and end-stage kidney disease 
(ESKD).11,26,27 In the obese population, AASI has 
been investigated in very few studies and was 
found to be significantly higher.12,28 Similarly, 
the important finding in our study was that 
AASI increased significantly in obese children 
compared to matched lean children. 

Over the last decade, researchers have focused 
on measures of subclinical atherosclerosis in 
childhood obesity to predict cardiovascular risk 
in adulthood. In previous studies, it has been 

shown that adolescents whose LDL-cholesterol 
levels were elevated, showed increased carotid 
artery IMT and endothelial dysfunction. 
Obesity itself, along with insulin resistance, 
dyslipidemia, and hypertension, may contribute 
to increased cardiovascular morbidity and 
mortality.13 In our study dyslipidemia was 
noted in 39.6% of the obese children, with no 
significant correlation between AASI and LDL-
cholesterol. A greater number of patients are 
needed to assess this relationship. 

Pulse pressure is another marker to evaluate 
arterial stiffness. In previous studies, pulse 
pressure was assessed together with AASI 
and found to be significantly increased in 
hypertensive obese population.12,29 Also, 
increased pulse pressure has been suggested to 
be related with aging and decreased vascular 
compliance.30 On the contrary, there was no 
significant difference in pulse pressure between 
obese and lean children in our study. It may be 
associated with the younger age and lower rate 
of hypertension in our participants. 

Previously, AASI was studied in a large group 
of hypertensive adults and was determined to 
be significantly increased.8,9 The data on AASI 
in children with hypertension are insufficient. 

Table IV. Univariate and multivariate analysis of AASI, clinical and laboratory parameters of obese participants.

Parameters
Univariate analysis Multivariate analysis

Correlation r p value 95% CI Beta value p value
Age 0.018 0.86 -0.016 to 0.012 -0.034 0.80
Gender -0.196 0.80 -0.151 to 0.023 -0.205 0.14
Height-SDS -0.088 0.40 -0.021 to 0.055 0.115 0.37
BMI-SDS -0.122 0.39 -0.093 to 0.048 -0.084 0.52
Log-indexed-casual SBP 0.251 0.07 -0.049 to 1.561 0.247 0.065
Log-indexed-casual DBP -0.012 0.93
24-h MAP-SDS 0.023 0.82
Nighttime SBP-SDS 0.220 0.032 -0.066 to 0.057 -0.033 0.88
Nighttime SBP-load 0.199 0.068 -0.001 to 0.004 0.215 0.29
Systolic nocturnal dipping -0.335 0.001 -0.019 to -0.001 -0.356 0.074
Diastolic nocturnal dipping -0.271 0.008 -0.007 to 0.004 -0.133 0.41
LDL-C 0.031 0.82
Vitamin-D 0.022 0.87
CI: confidence interval, DBP: diastolic blood pressure, LDL-C: low-density lipoprotein cholesterol; Log: logarithm; MAP: 
mean arterial pressure, SBP: systolic blood pressure, SDS: standard deviation score.
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Some researchers reported that hypertension 
was the most important and independent factor 
affecting AASI.12 Simonetti et al.26 showed 
that hypertensive children had an increased 
AASI regardless of their BMI. On the contrary, 
Stergiou et al.29 stated a significant relationship 
between AASI and BMI with no correlation to 
hypertension. Our study which included obese 
children who were nearly all normotensive 
showed no significant correlation between 
AASI and BMI-SDS. On the other hand, AASI 
significantly correlated with indexed-casual 
SBP, nighttime SBP-SDS and -load, systolic 
and diastolic nocturnal dipping, with no 
independent predictor. The cause of increased 
AASI in normotensive obese individuals needs 
to be clarified. We do not have an accurate 
explanation concerning increased arterial 
stiffness in normotensive obese population. 
Some theories have been asserted to explain 
the causes of increased AASI including 
inflammation, oxidative stress, and activation of 
the sympathetic nervous system. In our study, 
94% of the participants were normotensive, 
and 9.4% had elevated hsCRP levels which 
were measured as an inflammatory marker. In 
univariate correlation analysis, AASI was not 
associated with hsCRP. 

The strength of this study comes from the 
evaluation of mostly normotensive obese 
children and the comparison to a matched 
control group of lean, healthy children. 
Furthermore, it was essential to show the 
significant correlation between AASI and 
indexed-casual SBP, nighttime SBP-SDS and 
load, systolic and diastolic nocturnal dipping. 

The limitations of this study includes a low 
sample size, lack of waist circumference, lack of 
correlation with PWV and carotid distensibility, 
and lack of other inflammation markers. 

In conclusion, this study confirms that AASI 
increased significantly even in normotensive 
obese children and that AASI is mainly 
influenced by systolic BP. This method is a 
cheaper, easier, and a more accessible method 

than others to assess arterial stiffness. Further 
prospective studies are needed to explain the 
causes of increased AASI in normotensive 
populations, to investigate the role of 
inflammation, oxidative stress, and activation 
of the sympathetic nervous system, and to 
evaluate the association between AASI and 
cardiovascular disease. Early detection of 
increased arterial stiffness can help clinicians 
come up with preventive measures in the 
management of their patients.
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