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The aim of the present study was to investigate differences regarding 24-hour blood pressure and arterial stiffness in a cohort of office normo-
tensive obese and non-obese children and adolescents, and to evaluate correlations of these parameters with some anthropometric indices. 
We retrospectively evaluated ABPM records in 71 children (42 boys); 31 obese compared with 40 normal-weight children. Results: Mean 
24-hour, day-time and night-time SBP was significantly higher in the obese group than in the control group (p <0.01 during the entire period). 
Significantly higher AASI values were found in obese children compared to controls (0.45 vs. 0.41, p <0.05), the difference being more obvi-
ous for day-time AASI (p <0.001). Conclusions: This research confirms that SBP and AASI are increased in obese children. AASI is a useful 
index of arterial stiffness that can be easily measured under ambulatory circumstances in children. 
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Background
Obesity became an important public health problem for 
many countries including our country, where the increasing 
prevalence in the last years is alarming. A study performed 
in 2009 in central Romania found that obesity incidence 
among school-aged children was 8.29% and overweight-
was12.84%, with a higher incidence in boys [1]. In west-
ern Romania a high prevalence of overweight (18.2%) and 
obesity in children (7.2%) have been confirmed recently 
[2], while in north-eastern Romania [3] higher prevalence 
of nutritional disorders were proved (overweight 24.6% in 
boys and 22.7% in girls; obesity in 7.8% of boys and 6.4% 
of girls).

The increasing associated morbidity of obesity in chil-
dren and adolescents has resulted in a significant disease 
problem (high blood pressure, dyslipidemia, type 2 diabe-
tes, bone and joints involvement, pulmonary disease, psy-
chological problems, etc.) [4, 5].

It is well-known that obesity, high blood pressure (BP), 
type 1 diabetes mellitus and arterial stiffness are risk factors 
for cardiovascular disease [6,7,8]. A strong relationship ex-
ists between obesity and elevated BP in both children and 
adults. Obesity and elevated BP in childhood follows into 
adult life expanding the risk of cardiovascular disease in 
adulthood [4,9].

Ambulatory blood pressure monitoring (ABPM) repre-
sents a valuable diagnostic tool to assess BP in children 
[10]. ABPM in children and adolescents was used accord-
ing the guidance of American Heart Association [11].

The usefulness of ABPM to classify BP is demonstrated 
by several studies [10,11].

The reference values for ambulatory blood pressure 

measurementsused in this study, are those provided by the 
German Working Group on Pediatric [12].

High blood pressure, obesity, diabetes mellitus and dys-
lipidemia, well known risk factors for cardiovascular dis-
ease, are associated with increased arterial stiffness (loss of 
elasticity) [13, 14]. Ambulatory blood pressure monitoring 
(ABPM) may be used to calculate in a simple manner the 
pulse pressure (PP) and  ambulatory  arterial stiffness  in-
dex (AASI). These last two parameters have been suggested 
as markers of arterial stiffness and predictors of cardiovas-
cular mortality [6]. 

In the last yearsa new index of arterial stiffness: the 
ambulatory arterial stiffness index (AASI) was proposed 
[8,15-17]. It can be easily measured in ambulatory condi-
tions and computed through a simple formula. AASI is 
defined as it follows: 1 minus the regression drop of DBP 
plotted against SBP achieved from every subject’s 24-h 
blood pressure recordings [8,16].

Dipping is defined as the percentage slope from mean 
daytime to mean nighttime levels [14]. Non-dipping is 
a common occurrence among obese children and adoles-
cents [18].

Material and methods:
The children and their parents were informed about the 
research protocol prior to be included in the study. All 
guardians signed an informed consent that was approved 
by the local ethics committee. The study respected the 
Declaration of Helsinki. 

In the beginning 80 consecutive subjects were includ-
ed in the study, but 9 patients were excluded for partial 
measurement of ABPM. Therefore, only 71 patients were 
enrolled into the study. In this group 40 subjects were 
normal-weight (control group) and 31 patients were obese.
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Anthropometric measurement
A trained doctor performed the anthropometric measure-
ments. The height was appreciated by using a calibrated 
scale, for weight evaluations a calibrated electronic weigh-
ing scale was used. Body mass index (BMI) was evaluated 
using the well-known formula: the weight in kilograms 
divided to the height in square meters (kg/m2).  Subjects 
were classified in the study groups according to BMI cri-
teria.

A BMI higher or equal to the 95th percentile for age 
and sex defined obesity [9].

Ambulatory blood pressure measurements (ABPM)
All patients underwent 24-h ambulatory blood pressure 
monitoring using a validated device (ABPM-05 Med-
itechKft. Budapest, Hungary). We used appropriate cuff 
size according to the arm circumference. The non-dom-
inant arm served for cuff placing. The device was set to 
record BP every 15 min during daytime (from 06:00 to 
22:00), and every 30 min during night-time (from 22:00 
to 06:00). Monitoring was performed during an ordinary 
school day. Subjects were taught not to move and to keep 
their arm extended and relaxed during each measurement. 
Patients have been encouraged to do the daily routine ac-
tivity and they were advised to avoid vigorous physical ac-
tivity and excess movement within this period.

All ABPM charts were evaluated and we excluded from 
study those with less than 75% successfully measurements, 
those with missing data at more than 3 consecutive meas-
urement, those who didn’t respect the day or night-time 
program or those who removed the recorder.

All patients had diaries and they were asked to note any 
event, symptom or complaint.

A non-dipping model was considered as a smaller of 
10% reduction in systolic and/or diastolic BP throughout 
night-time as compared with day-timemeasurements. 

The diagnosis of high blood pressure was based on ac-
cepted criteria for ABPM. Ambulatory high blood pres-
sure was considered as mean 24-h systolic and/or diastolic 
blood pressure ≥95th percentile [19,20]. In order to stage 
correctly the ambulatory BP levels in children we used the 
Suggested Revised Schema by Flynn et al [14].

Arterial stiffness represents an important predictor of 
cardiovascular disease. Arterial stiffness increases with age 
and body weight. Also, it is increased in some pathological 
conditions: arterial hypertension, diabetes mellitus, hyper-
cholesterolemia and renal failure. Anyway these disorders 
are themselves associated with increased cardiovascular risk. 
Arterial stiffness may be assessed using different techniques.

The regression slope of diastolic to systolic BP for 
each subject, established on the results of the 24-h ABP 
measurements,was used to obtain the AASI. AASI was 
computed using the following formula: 1 minus the suit-
able regression slope. Daytime and nighttime AASI was 
calculated from the results of awake and asleep ABP meas-
urements. 

Statistical analyses
Data analysis was carried out using the GraphPad Prism 
3 statistical package. All values were expressed as mean ± 
standard error of the mean. Frequency distributions were 
used for qualitative variables. Correlations between vari-
ables were analyzed by calculating the Pearson’s correlation 
test for data representing Gaussian distribution and Mann-
Whitney test when data were not normally distributed. A 
statistical significance level was set at a p value of <0.05 on 
two tailed tests. 

Results
Clinical aspects of study group participants are summa-
rized in table I.

All the participants were of Caucasian origin. From71 
patients (mean age, 12.58 ± 3.45 years; male/female ratio, 
1.44),31 (43.66%) were obesechildren and adolescents. 

Mean ages were similar in each group. Both groups in-
cluded more males than females. 

The main anthropometric characteristics of the stud-
ied participants were: age, 12.58±3.45 years; height, 
148.79±17.51 cm; weight, 54.06±21.18 kg; body mass 
index (BMI), 23.68± 6.56 kg/m2; 59.12% of the studied 
group were boys. 

As we supposed the obese children were significantly 
heavier than control subject (p<0.001), and their mean 
BMI was considerable higher for age and gender (p < 0.01).

As we expected obese children had significantly higher 
levels of total cholesterol compared to controls children 
(p=0.0009).

The results of 24- hours ambulatory blood pressure 
monitoring are presented in Table II.

Mean 24-hour, day-time and night-time SBP was con-
siderably higher in the obese group than in the control 
group (p<0.01 during the entire period). A higher fre-
quency of high SBP readings (≥95th percentile for age and 
height) was seen in obese compared to controls for the 
whole period.

In the obese group 45,16% of the patients were non-
dippers while in the control group only 5% of the subjects 
presented this phenomenon, this difference being statis-
tically significant (p<0.0001; Relative risk = 0.5772, CI: 
0.4161 to 0.8008), as shown in Figure 1.

Table I. Baseline characteristics of participants enrolled in the 
study

Parameter Obese (N=31) Controls (N=40) p value

Male- N (%) 19 (61.29%) 23 (57.5%) ns

Female- N (%) 12 (38.70%) 17 (42.5%) ns

Age (years) 11.8±2.91 13.1±3.73 ns

Height, cm 148.4±29.4 146.2±18.5 ns

Weight, kg 68.69±20.5 42.7±13.4 <0.001

BMI, kg/m2 29.2±6.16 19.4±2.23 <0.001

Total Cholesterol (mg/dl) 187.93±33.89 167.4±24.49 0.0009

ns, non significant
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In obese group mean 24-hour SBP was mild corre-
lated with BMI without statistical significance(r=0.348; 
p=0.0545), while mean 24-hour SBP did not correlate 
with AASI (r=0.10, p=0.56) (Figure 2). 

No correlation was found between 24-hour mean SBP 
and 24-hour mean DBP respectively with total serum cho-
lesterol (p>0.05). 

Univariate analyses in obese showed that AASI was not 
related with age (r = - 0.05, p=0.78). 

The AASI in normal weight children was lower than in 
obesechildren.

The highest values of AASI were observed in obese chil-
dren during day-time.

Daytime AASI was considerably higher in obese com-
pared to normal-weight children (p<0.001).

When multivariate analysis was performed, consider-
ing AASI as a dependent variable, and all others variable 
being independent, we found that AASI was dependent 
on 24-hours SBP, 24-hours DBP (p<0.001) and on BMI 
(p=0.01) in obese children.

Discussion
Because of the important rate of childhood obesity in Ro-
mania and worldwide, a special attention is required by the 
cardiovascular state of children and adolescents. 

Body weight fluctuations are accompanied by BP vari-
ations. 24-hour ambulatory BP measurements are wide 
used in children and adolescents. 24-hours BP monitoring 
is the most precise way to evaluate the BP burden [21]

A positive association between obesity and high blood 
pressure in children and adolescents was demonstrated by 
numerous studies [21-23]

The ambulatory BP, especially the systolic BP, was el-
evated in the obese patients. In our study the diurnal SBP 
was significantly increased in obese subjects, finding that 
is in opposition with the results of a recent study where 
nocturnal BP was increased in obese children and adoles-
cents [21]. 

The obese group had a significantly higher day-time BP 
and a relatively/moderately higher night-time BP when 
compared to the control group. These observations are 
somewhat similar with those reported by Hvidt [21].

Day-time SBP and night-time SBP were lower in the 
normal-weight group when compared with the obese 
group; with similar values to that reported by Hvidt et al 
in their study [day-time SBP (control: 121±10.1mm Hg; 
obese: 125±8.3mm Hg; p=0.03); night-time SBP (control: 
102±8.2mm Hg; obese: 108±10.7mm Hg; p= 0.0001)] 
[7].

Even if obese children had higher values of 24-hours, 
day-time and night-time DBP than normal-weight chil-
dren, the difference was not significant. These finding 
are in part similar with those observed by Hvidt [21]. In 
discrepancy with our result they observed that night-time 
DBP (obese: 60±6.6mm Hg; control: 57±4.8mm Hg; 
p=0.001) and night-time to day-time BP proportions were 
higher in the obese group.

In the present research the mean 24-hours, daytime and 
night-time systolic blood pressure (SBP) in obese  chil-
dren were significantly higher compared to controls, simi-
lar to the results obtained by Tekin et al [24]. 

In their work Tekin et al found that obese children pre-
sented significantly higher values of the daytime and 24-
hour diastolic blood pressure (DBP), results that are dis-
cordant with ours.

In the obese children the SBP  nocturnal  dipping  re-
sponse was less pronounced compared with normal-weight 

Table II. ABPM characteristics and indices of ambulatory arterial 
stiffness (AASI) (mean±SD) of study groups 

Parameter Obese Controls

SBP (mmHg)

Mean (24-h) 120.8±8.35 111.42±8.61**

Day 125.61±8.79 115.85±8.28**

Night 112.67±8.91 103.65±9.35**

DBP (mmHg)

Mean (24-h) 66.06±7.16 63.65±5.01

Day 70.32±8.17 67.35±6.25

Night 57.80±8.24 55.65±5.18

24-h nocturnal SBP reduction (%) 10.19±5.87 12.95±2.95***

24-h nocturnal DBP reduction (%) 18.03±9.63 18.52±6.10

24-h heart rate (beats/min) 82.9±10.95 81.42±9.10

24-h AASI 0.45±0.04 0.41±0.04*

Daytime AASI 0.44±0.04 0.328±0.08**

Nighttime AASI 0.48±0.05 0.42±0.08**
*p<0.01; **p<0.001; ***p<0.05
AASI, ambulatory arterial stiffness index; BP, blood pressure

Fig 1. Dippers vs. Non-Dippers in the study groups

Fig 2. Association between 24-hour SBP and BMI in obese group
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children (p<0.05), these observation being similarly with 
the result of another study [25].  According to gender 
the nocturnal dipping for SBP in obese girls did not dif-
fer significantly (p=0.17) (obese 11.91±4.20 vs controls 
13.9±3.02) as Framme et al found in their study [25]. 

In our research the prevalence of nocturnal non-dippers 
and hypertensive subjects were significantly higher in obese 
than in normal-weight group. These results are in contra-
diction with those found in another study where there was 
no difference between obese and controls [24]. 

In our obese group, the systolic non-dipping phenome-
non was observed in 48.38%, similarly with the frequency 
reported by Westerstahl [18].

The 24-hours nocturnal SBP reduction was significantly 
lower in obese subjects compared to controls.  This finding 
is in agreement with the results published by Shikha [23]. 
For the mean nocturnal DBP reduction the difference was 
not significant as it was observed in the above mentioned 
study [23].

The  obesity-related elevated day-time and night-time 
BP was independent on ambulatory arterial stiffness.

Night-time SBP was not related to AASI as Hvidtob-
served in their work, where an association of night-time 
SBP and arterial stiffness was found [7].

According to Li Y [16] normal values of AASI are <0.50 
at 20 years and 0.70 at 80 years.

The nocturnal systolic dip decreased significantly in the 
obese children compared to controls; finding that is con-
flicting with the results of Shikha et al [23]. 

Significantly higher AASI values were noticed in 
obese  children  compared to controls (0.45 vs. 0.41, 
p < 0.05), the difference being more evident for day-time 
AASI (p<0.001). In their study Saner et al observed a ma-
jor difference of AASI in obese compared with healthy 
children (0.388 vs. 0.190, p < 0.0001). In the same study 
they didn’t remarked any difference between blood pres-
sure values as we did in our research [8]. 

In the meta-analysis conducted by Kollias et al AASI 
was correlated with SBP, pulse pressure, and age, contra-
riwise with the nocturnal SBP and DBP fall [26],results 
which are in contradiction with our findings.

The results of our research should be apprised in light of 
some limitations:

the number of participants is relatively small
there are factors unrelated to arterial stiffness which 

have a strong influence on ASSI (nocturnal BP reduction 
and the correlation coefficient between DBP and SBP)

This easy-to-use techniqueto appreciate arterial stiffness 
index in obese children may contribute to their cardiovas-
cular risk stratification.

Hvith et al observed a comparable cardiovascular risk in 
obese  children who became normal-weight before adult-
hood as those subjects who were never obese [5,21].

Therefore, to prevent irreversible damage of the car-
diovascular system, aprompttreatment and prevention of 
childhood obesity is essential. 

In the attempt to decrease exposure to long-time high 
blood pressure and the upcoming risk of cardiovascular 
disease, early actions are compulsory needed to reduce 
childhood obesity rate.

Conclusion:
This research demonstrates/confirms that SBP and AASI 
are increased in obese  children.  AASI is a valuablein-
dex  of  arterial stiffness  that can be simplycalculated un-
der ambulatory conditions in children.

This suggests that obese children may be at an increased 
risk for developing cardiovascular complications later on 
adulthood.
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