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ARTICLE INFO ABSTRACT

Background: Asymmetric dimethylarginine (ADMA), a competitive inhibitor of nitric
oxide synthase (NOS), is a marker for cardiovascular disease, a relevant issue in obesity.
The aims of the present study were to evaluate ADMA, Nitric Oxide (NO) concentrations
and oxidative stress (PGF-2a) in obese adolescents and to assess their potential association
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with twenty-four hour (24-h) ambulatory blood pressure (ABP).

Methods: A group of 117 obese adolescents were recruited and compared with 83
normal-weight age and sex matched peers. In all subjects, fasting blood samples were
obtained for the evaluation of ADMA, NO, insulin, blood glucose and, urine samples to
measure urinary PGF-2a. In addition, a 2 h oral glucose tolerance test was performed in
all obese subjects. Blood pressure was evaluated by 24-h ABP monitoring.

Results: ADMA and urinary PGF-2a (P=0.0009 and P=0.001, respectively) levels were
significantly increased while NO reduced (P=0.0005) in obese adolescents compared to
controls. 24-h systolic and diastolic blood pressure (SBP and DBP) as well as daytime

Nitric Oxide; Oxidative Stress and night-time SBP and DBP were significantly higher in obese compared to controls

(all P<0.05). In a multiple stepwise linear regression analysis, the 24-h blood pressure
measurements were significantly associated to ADMA concentrations. After dividing the
obese group by tertiles of ADMA, SBP and DBP significantly increased across tertiles. In
addition to identify predictors of ADMA concentrations, a stepwise multiple regression
was performed showing that oxidative stress and BMI-SDS were the most relevant factors
affecting.

Conclusions: In obese youth, ADMA levels are increased and associated with impaired
blood pressure. ADMA system might represent a novel potential target for hypertension
in obese youth.
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peripheral vascular diseases, congestive heart failure and acute
coronary events [6]. NO release and/or bioavailability are also
reduced in the context of insulin resistance and type 2 diabetes [6].

In a previous study, increased plasma ADMA levels were found
in children with hypertension [7,8]. As well modifications in insulin
resistance and ADMA concentrations seem to be implicated in
changes of blood pressure moving from the pre-pubertal to the
pubertal period in obese children. However, in this previous study
no controls were available in order to characterized differences
between obese and healthy normal-weight peers. In addition,
no data on NO concentration and oxidative stress indexes were
investigated. Therefore, the present study aimed to evaluate
ADMA, NO and oxidative stress in well characterized group of only
adolescents with obesity compared to age and sex matched healthy
peers. In addition, we explored whether these markers might play
a role in the regulation of blood pressure, as assessed by 24-hour

ambulatory blood pressure (ABP) monitoring.

Methods

Study Population

We recruited 117 Caucasian obese adolescents (age (*SD):
12.1+3.1years; range 10.1-18.0 years) who had been referred to the
Obesity Clinic of the Department of Pediatrics, University of Chieti,
Italy. All subjects were defined obese on the basis of body mass index
(BMI) >+2 SD for age and sex, using the Italian growth charts [9]. A
detailed medical and family history was obtained for all subjects.
None was taking any medication known to affect body composition
or blood pressure and none were affected by any medical illnesses.
A complete physical examination was performed, including
anthropometric parameters and staging of puberty according to
Tanner criteria. Fasting blood and overnight urine samples were
obtained. In obese adolescents, a standard oral glucose tolerance
test (OGTT) was performed in order to evaluate glucose tolerance.
As a control group, we recruited 83 normal weight (BMI between
-2 and +2 SD) healthy children comparable for age (age 12.7+3.4
years; range 10.2-17.7 years), gender and pubertal stage, who had
been admitted to the Department of Paediatrics of the University of
Chieti for minor diseases. Control subjects were evaluated at least
8 weeks after discharge for any minor disease. The local Ethics
Committee of the University of Chieti approved the study. Informed

consent was obtained by parents and assent from the children.

Anthropometric Measurements

Height was measured in triplicate with a wall mounted
stadiometer to the nearest 0.01 m and body weight was measured
with a digital scale to the nearest 0.1 kg. BMI was expressed as kg/
m? and the standard deviation score for BMI (BMI-SDS) for age and
sex was calculated for each subjects according to Italian growth
chart [9]. In all subjects, pubertal stage was defined on the basis
of breast development in girls and genital development in boys,
according to Tanner’s criteria.

Biochemical Procedures

Fasting plasma glucose and insulin levels were measured.
Multiple aliquots of fasting blood samples were collected and stored
at -80 °C for later assessment of ADMA and serum NO. All subjects
performed an overnight urine collection before blood sampling.
Urine samples were added with the antioxidant 4-hydroxy-tempo
(Sigma Chemical Co, St Louis; Mo) and multiple aliquot samples
were stored at -80°C until analysis of urinary isoprostanes (PGF-
20).

Oral Glucose Tolerance Test and Insulin Resistance
Indices

In all obese subjects, a standard 2-hour OGTT was performed
according to standard procedures, as previously described [10].
HOMA-IR [(Fasting Insulin*Fasting Glucose)/22.5] was calculated
as insulin resistance index. Plasma glucose level was determined by
using the glucose oxidase method and plasma insulin was measured
with two-site immunoenzymometric assay (AIA-PACK IRI; Tosoh,
Tokyo, Japan). The limit of detection was 0.5 pU/mL with intra- and
interassay coefficients of variation <7% for quality control.

ADMA

Plasma ADMA concentration was determined by a validated
ELISA kit (DLD Diagnostika, Hamburg, Germany) which has
previously been described and validated in detail [11]. In brief,
cross-reactivity was 1.2% for symmetric dimethylarginine (SDMA)
and <0.02% for L-arginine. The limit of detection was 0.05 pmol/1.
The intra- and the inter-assay variation was 5.7 and 8.6 (CV %),
respectively. There is a good correlation of the values measured
by this ELISA and LC-tandem MS (n=29; R=0.984; P<0.0001).
Reference ranges for ADMA have been established by this technique
recently [12].

Nitric Oxide

Serum NO was measured in triplicate using a classical two-
step assay. In detail, NO was defined by the sum of its metabolites
nitrite and nitrate, defined following the conversion of nitrate
to nitrite using a commercially available kit based on the Griess
reaction (Total Nitric Oxide Assay kit; Assay Design, Ann Arbor, MI)
[13]. The consumption of foods containing nitrates (i.e., spinach,
beet, cabbage, cauliflower, beetroot, lettuce, among others)
was discouraged for the 48 h preceding the measurements and
evaluated by a two days dietary diary to avoid any dietary influence
on the results of the NO assay.

Urinary Isoprostanes

Urinary samples were added with the antioxidant 4-hydroxy-
tempo (Sigma Chemical Co, St Louis; Mo) and multiple aliquot
samples were stored at -80°C until the analysis was performed.
PGF-2a levels were evaluated in triplicate by an immuno-enzymatic

method (8-iso-Prostaglandin F2a Enzyme Immunoassay kit; Assay
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Design) [14].

Ambulatory Blood Pressure Monitoring (ABPM)

ABPM was performed with a portable non-invasive oscillometric
90207; Redmond, Washington,
USA). The validity of this monitor has been previously confirmed

recorder (SpaceLabs model
[15,16]. The left arm was used in all children, according to the cuffs
designed, and three different cuff sizes were used (10 x 13 cm, 13 x
24 and 24 x 32 cm), selected on the basis of the arm circumference
of each child. ABP was performed during a normal day with typical
activities but children were asked to avoid vigorous exercises and to
keep their arm relaxed during each day-time inflation. Adolescents
and parents were asked to record in a diary the time they went to
bed and the time they awoke, as well as exercise periods and the
quality of the sleep. At the beginning of the evaluation period,
the accuracy and precision of the monitor was confirmed by
simultaneous measurements with a mercury sphygmomanometer.

Blood pressure readings were obtained at 20-min intervals
during daytime and at 30-min intervals during night-time. At
the end of the ABP, the monitor was downloaded to a personal
computer for the analysis of the measurements. All readings taken
during 24-h were used to calculated mean 24-h systolic blood
pressure (SBP) and diastolic blood pressure (DBP). All readings
taken during 24-h were used to calculate mean 24-h SBP, DBP
and HR, whereas mean daytime and night-time SBP, DBP and HR
were calculated based on the awake and asleep periods, calculated
from diary times [17]. Recordings were automatically rejected if
systolic blood pressure was >240 or <70mmHg or if diastolic blood
pressure was >150 or <40mmHg or if heart rate >200 or <20 beats/
min. All ambulatory blood pressure parameters were converted in

SDS using the normative values published by Wuhl, et al. [18].

Statistical Analysis

Statistical analyses were performed with SPSS (22 for Windows,
SPSS Inc., Chicago, IL). All data were expressed as meanstandard
deviation or 95%CI. For all analyses, a P-value <0.05 was considered
statistically significant. The distribution of continuous variables
was tested for skewness and kurtosis and those variables not
normally distributed were logarithmically transformed. Differences
in sex distribution were analyzed by Fisher’s exact test while
dichotomic variables were analyzed by Pearson chi-square tests.
Differences for continuous variables between obese and control
adolescents were assessed by performing the analysis of covariance
(ANCOVA), adjusting for age and sex. To identify factors affecting
blood pressure, a stepwise multiple regression was performed
using 24h SBP-SDS and DBP-SDS values as dependent variable. The
parameters included in the linear regression model as independent
variables were age, gender, BMI-SDS, HOMA-IR, ADMA and PGF-2a.

In order to further assess the effects of ADMA concentration
on ABP, obese subjects were divided according to tertiles of ADMA.
Analysis of variance with Tukey’s post-hoc testing was performed.

Adjustment for potential confounding factors was performed
using analysis of covariance adjusting for age, gender, BMI-SDS. In
addition to identify predictors of ADMA concentrations, a stepwise
multiple regression was performed using ADMA concentrations
as dependent variable. The parameters included in the linear
regression model as independent variables were age, gender, BMI-
SDS, 2-hr glucose, HOMA-IR and PGF-2a. Variables of interest were
first tested singularly and then all together in a single model in
order to test the best predictors of ADMA concentrations.

Results

Obese and Control Subjects

Obese and control subjects were similar for age, sexand pubertal
stage. As expected, BMI and BMI-SDS were significantly higher in
obese children than in controls (both P<0.001); while no difference
was documented for height (Table 1). Obese children also showed
higher levels of fa sting insulin, fasting glucose and HOMA-IR values
(all P< 0.001) than controls. None of the obese adolescents had
impaired fasting glucose, impaired glucose tolerance (IGT) or type
2 diabetes (Table 1).

Table 1: Main anthropometric and metabolic parameters of
obese and control subjects.
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‘ Obese Controls P
Anthropometric parameters
Number 117 83
Sex (F/M) 56/61 43/40
Age (years) 12.1+3.1 12.7+3.4 0.09
Height-SDS 0.3%1.0 0.2+1.0 0.46
BMI (kg/m2) 31.0+6.2 18.84£2.72 <0.001
BMI-SDS 2.4+0.6 -0.2+0.7 <0.001
Metabolic parameters
Fasting Glucose (mg/dl) 9149 81+8 <0.001
2-h Glucose (mg/dl) 109+17
Fasting Insulin (pU/mL) 17.8+13.4 9.5+4.7 <0.001
HOMA-IR 3.87£3.09 1.88+0.92 <0.001
24-h ABPM
SBP (mmHg) 117+11 11148 0.003
SBP-SDS (mmHg) 0.83+1.13 0.02+1.14 <0.001
DBP (mmHg) 67+6 64+6 0.001
DBP-SDS (mmHg) 0.04+1.01 -0.53+1.01 <0.001
HR (bpm) 82+7 80+9 0.17
Day-Time ABPM
SBP (mmHg) 11949 115+7 0.004
SBP-SDS (mmHg) 0.55+0.94 | 0.16+1.01 | <0.001
DBP (mmHg) 69+6 66+5 <0.001
DBP-SDS (mmHg) -0.04+1.10 | -0.89+0.92 0.001
HR (bpm) 84+9 84+8 0.87
Night-Time ABPM
SBP (mmHg) 110+11 106+11 0.02
24071
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SBP-SDS (mmHg) 0.65¢1.16 | 0.21#1.22 0.01
DBP (mmHg) 60£6 5847 0.03
DBP-SDS (mmHg) -0.02+¢1.06 | -0.3021.12 0.04
HR (bpm) 77£10 75£12 0.09

Data are mean+SD

M= Male; F= Female; SDS= Standard Deviation Score; BMI=
Body Mass Index; HOMA-IR= Homeostasis Model Assessment
of Insulin Resistance; SBP=Systolic Blood Pressure; DBP=
Diastolic Blood Pressure; HR= Heart Rate; ABPM= Ambulatory
Blood Pressure Measurements

ABP (Table 1)

Compared to controls, both SBP and DBP values for 24-h, day-
and night-time were significantly increased in obese adolescents
(all P<0.05). Similarly, both SBP-SDS and DBP-SDS values for

24-h, day- and night-time were significantly increased in obese
adolescents (all P<0.05) (Table 1). No difference was documented
in terms of HR. Out of 117 obese subjects, 16 adolescents presented
hypertension as defined by values of systolic or diastolic or both
295th percentile (10 with a mean 24-h SBP value 295th percentile,
2 with a mean 24-h DBP value 295th percentile; 4 with both mean
24-h SBP and DBP values 295th percentile).

ADMA, NO and Oxidative Stress (Figure 1)

As shown in Figure 1, in obese adolescents ADMA levels were
significantly higher compared to controls (0.65+0.19 vs 0.53+0.14
umol/L, P=0.0009), whereas serum NO levels were lower
(50.26£18.97 vs 87.10£43.51 mmol/L, P=0.0005). PGF-2a levels
were higher in obese children compared to controls (20.62+13.42
vs 14.18+9.18 ng/ml, P=0.001) (Figure 1).

ADMA NO PGF-la
0.8 P=iL0009 1204 Pe0.0005 404 P=0.001
0.6 G 304
Z 04 £ o = 201
3 = ES o
0.2 304 104
(hese ( nn:mlu Ohbese (_'nnllruln Obese ('ﬂnllrnl%

Figure 1: Asymmetric dimethylarginine (ADMA), Nitric Oxide (NO) and oxidative stress (PGF-2a) levels in Obese adolescents

and controls

Factors Affecting Blood Pressure in Obese Subjects

In order to evaluate the potential influence of the most relevant
variables of interest on blood pressure, a multiple stepwise
regression analysis was performed using the 24h SBP-SDS and
DBP-SDS as dependent variables. Of note, adjusting for age and
gender, ADMA concentrations were significantly associated to both
24h SBP-SDS and DBP-SDS (P=0.001, $=0.41 and P=0.002, 3=0.32)
while BMI-SDS, HOMA-IR and PGF-2a were excluded by the model
(all P>0.05, adjusted for age and gender).

Obese Subjects Divided According to ADMA Tertile
(Figure 2) and Multiple Stepwise Linear Regression

Analysis (Table 2)

In order to evaluate the potential influence of ADMA
concentrations on blood pressure, obese adolescents were
categorized according to tertiles of ADMA (first tertile: <0.58;
second tertile: 0.58 and 0.75; third tertile >0.75) (Figure 2). As
shown in Figure 2, 24-h SBP-SDS and 24-h DBP-SDS progressively
increased across ADMA tertiles (all P for trend P<0.002) (Figure 2).
Similarly, day- and night- both SBP-SDS and DBP-SDS, progressively
increased across ADMA tertiles (all P for trend P<0.002). As

expected, all parameters used to evaluate glucose metabolism and

insulin resistance as well as oxidative stress markers increased

progressively according tertiles of ADMA (data not shown).
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Figure 2: Distribution of 24-h-, day- and night- SBP-SDS
and DBP-SDS in obese subjects divided according to
ADMA tertiles (all P for trend P<0.001).
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In order to evaluate factors affecting ADMA levels a multiple
stepwise linear regression analysis was performed. As shown in
Table 2, when the single variables of interest were included in the
model, BMI-SDS, 2-h glucose, HOMA-IR and oxidative stress showed

a significant and direct association with ADMA levels (Table 2). Of
note, when these variables were included all together in the model,
oxidative stress and BMI-SDS showed the strongest association
with ADMA concentrations (Table 2).

Table 2: Multiple stepwise linear regression analysis evaluating factors influencing ADMA levels (dependent variables) in obese

adolescents.
Independent variables B P B P B P B P B P
BMI-SDS 0.29 0.001 0.22 0.03
2-h Glucose 0.3 0.002 0.17 0.1
HOMA-IR 0.22 0.01 0.14 0.15
PGF-2a 0.38 0.0005 0.33 0.002

Adjusted for age and gender

BMI-SDS= Body Mass Index-Standard Deviation Score; PGF-2a= Urinary Isoprostanes

Discussion

In this study, we showed that obese adolescents had higher
ADMA and lower NO concentrations, compared to healthy matched
peers. BMI, 2-h glucose and oxidative stress were independently
determinants of ADMA levels. Notably, in this group of subjects
impaired ADMA concentrations appeared to be associated with
increased systolic and diastolic blood pressure, as assessed by
ABP, suggesting a potential role of ADMA on blood pressure
dysregulation. During the last decade, the epidemic increase in
childhood obesity has determined a shift from secondary forms
of hypertension, once predominant in this age group, to primary
hypertension, previously considered to be rare in children [19-
21]. In fact, in obese children adiposity and insulin resistance have
shown to play a major role in influencing blood pressure [22].
Release of ADMA into the plasma as well intracellular production
of ADMA inhibits NOS, reducing the bioavailability of NO [4-6].
NO is an anti-atherogenic molecule, which acts as a vasodilatant,
inhibits platelet aggregation, smooth muscle cell proliferation and
expression of adhesion molecules [4-6]. Kielstein et al. [23] showed
that systemic administration of ADMA reduces NO generation,
renal perfusion, and sodium excretion in healthy humans [23].
In a previous study in hypertensive children, plasma levels of
ADMA and of its stereoisomer, symmetric dimethylarginine, were
increased and associated with office blood pressure measurements.
In addition previous data have shown that changes in BP already
occur moving from the pre-pubertal to the pubertal period in obese
children, and modifications in insulin resistance and ADMA seem
to be implicated in this early progression in BP. However, no data
regarding NO concentrations were available and more importantly

no controls and no data on glucose tolerance status were available.

In this study we found that ADMA concentrations were
increased and associated with decreased NO values in obese
adolescents compared to healthy matched controls. Of note these
alterations in the physiological balance between ADMA/NO system
appeared to be directly related to alterations in blood pressure

regulation. In fact, a progressive increase in blood pressure values
were found across tertiles of ADMA, and this trend persisted even
after adjusting for potential confounding factors. Taken together,
our results suggest a role of ADMA as a risk factor for abnormal
blood pressure in obese adolescents, and a potential target for
future intervention strategies. Several mechanisms might explain
the finding of increased ADMA concentration in obese adolescents
[25-27]. In vitro, in vascular smooth muscle and endothelial cells
incubated in a hyperglycemic medium, as well as in streptozotocin-
induced diabetic rats, hyperglycemia has been shown to reduce
(DDAH)  activity,
resulting in increased ADMA concentration [28, 29]. In addition,

dimethylarginine = dimethylaminohydrolase
ADMA levels have been shown to be directly correlated with 2-h
glucose [30].

Similarly, an acute increase of 33%, 30% and 45% of ADMA
concentration after a 2-h OGTT has been reported in subjects
with normal glycaemia, impaired glucose tolerance and type 2
diabetes, respectively [31]. In line with these findings, we found
that 2-hour post-challenge glucose levels were associated with
ADMA levels already in a state of normal glucose tollerance. It
is thought that ADMA may also accumulate due to increased
production, as a result of redox-sensitive activation of protein
arginine N-methyltransferases (PRMTs) which form ADMA [32].
It is therefore thought that oxidative stress results in elevated
levels of ADMA that inhibit NOS activity [33]. In non-diabetic
subjects there is a significant correlation between plasma ADMA
concentrations and insulin resistance [34, 35], and improvement
in insulin sensitivity with rosiglitazone or weight loss results in
a fall in ADMA [34, 35]. In obese and elderly subjects, increased
ADMA appears to be related to decreased insulin sensitivity [30].
Interestingly in our population oxidative stress was one of the main
factors associated with ADMA levels.

The epidemic increase in childhood obesity has caused a shift
from secondary forms of hypertension, once predominant in this

age group, to primary hypertension, previously considered to be
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rare in children. In obese youth, systemic arterial hypertension
represents a relevant cardiovascular risk factor. We showed that
ADMA/NO system is impaired in obese youth compared with
healthy peers and seems to be directly involved in blood pressure
alteration in obese youth. Taken together, our results postulate
a role of ADMA concentrations as a risk factor for high blood
pressure in obese adolescents and a potential target for future
interventional strategies. The strength of the current study stems
from the assessment of blood pressure and the complete ADMA/
NO/oxidative stress axis in a large group of only adolescent
obese subjects compared to healthy normal-weight age, gender
and pubertal state matched peers. In addition blood pressure
was evaluated by using ABP, a simple, non-invasive method of
measuring blood pressure, which permits the observation of blood
pressure throughout day and night in a nonmedical environment
and quantification of circadian blood pressure variability and to
minimizing the effect of potential confounders, such as the white
coat effect [17, 36-38]. The major limitation of our study may be
represented by its cross-sectional design, therefore requiring
confirmation in future longitudinal studies.

In conclusion, obese youths present increased ADMA and
decreased NO levels compared with healthy matched peers,
and these markers are associated with impaired blood pressure
regulation. Adiposity and oxidative stress represent the major

factors influencing ADMA levels in this age group.
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