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Abstract 

Background: Adolescents with type 1 diabetes and obesity present higher cardiovascular risk and ambulatory blood 
pressure measurements (ABPM) has been shown to predict vascular events, especially by identifying the nondipper 
status. The aim of our observational cross-sectional study conducted in adolescents with type 1 diabetes, overweight 
subjects and healthy controls was to assess mean blood pressure parameters to identify subclinical cardiovascular risk.

Methods: The study included adolescents patients with type 1 diabetes followed in our Pediatric Department in 
University of Catania between January 2011 and 2013. A total of 60 patients were enrolled, and 48 (32 male and 16 
female) completed the study. For each subject we performed systolic and diastolic Ambulatory Blood Pressure Meas-
urements (ABPM) during wakefulness and sleep recording blood pressure every 30 min for 24 h with the Tonoport V/2 
GE CardioSoft V6.51 device. We compared the data of patients with those of overweight subjects and healthy controls.

Results: ABPM revealed no significant difference between type 1 diabetic patients and overweight subjects in 
24 h Systolic, 24 h Diastolic, Day-time Systolic, Night-time systolic and Day-time Diastolic blood pressure values but 
significantly different values in Night-time Diastolic blood pressure values (p < 0.001). We found significant differ-
ences between type 1 diabetic patients and healthy controls in all 24 h Systolic (p < 0.001), 24 h Diastolic (p < 0.01), 
Day-time Systolic (p < 0.01), Night-time Systolic (p < 0.001), Day-time Diastolic (p < 0.05) and Night-time Diastolic 
(p < 0.001) blood pressure values. We detected hypertension in 12/48 (25 %) type 1 diabetic patients and in 10/48 
overweight subjects (p = 0.62; OR 1.2; CI 0.48–3.29), whereas no-one of healthy controls presented hypertension 
(p < 0.001). We observed nondipper pattern in 40/48 (83.3 %) type 1 diabetic patients, in 33/48 (68.8 %) overweight 
subjects (p = 0.094; OR 2.27; CI 0.85–6.01), and in 16/48 (33.3 %) of healthy controls (p < 0.001; OR 10; CI 3.79–26.3).

Conclusions: ABPM studies might help to define a subset of patients at increased risk for the development of 
hypertension. In evaluating blood pressure in type 1 diabetes and overweight subjects, ABPM should be used since a 
reduced dipping can indicate incipient hypertension.
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Background
According to the World Health Organization (WHO) 
cardiovascular disease is the number one cause of death 
globally: more people die annually from cardiovascular 
disorders than from any other cause [1].

In recent years hypertension has shown an increase in 
the prevalence among adolescents and type 1 diabetes 
and obesity are two conditions with higher risk [2].

Type 1 diabetes is associated with a higher cardiovas-
cular morbidity and mortality rate and hypertension is 
one of the risk factors leading to increased incidence of 
vascular events diabetic subjects [3].

Obesity is another independent risk factor for hyper-
tension and more than 60 % of hypertensive patients are 
overweight [4].

Ambulatory blood pressure measurements (ABPM) 
have been shown to predict vascular events more accu-
rately than office blood pressure (BP) or random blood 
pressure measurements and can identify the nondipper 
status, characterized by a decrease in physiological night-
time drop of BP, constituting the first sign of the increase 
of pressure load on blood vessels [5, 6].

Aim of the study
The aim of our observational cross-sectional study, per-
formed in adolescents patients with type 1 diabetes since 
at least 3 years, overweight subjects and healthy controls 
aged between 13 and 21 years, was to assess mean blood 
pressure parameters, to identify subclinic cardiovascular 
risk of these patients.

Methods
The mean age of the patients was 15.4  ±  2.3 (13–21) 
years and duration of diabetes was 8 ± 3.2 (3–17) years.

The study included adolescent patients with type 1 
diabetes followed in our Cardiology and Endocrinology 
Clinic of Pediatric Department in University of Catania 
in Italy between January 2011 and 2013. A total of 60 
patients were enrolled, and 48 (32 male and 16 female) 
completed the study.

Every patient if of age, or at least one parent or legal 
guardian if underage, gave their written informed con-
sent before the patient’s inclusion in the study. The 
study was conducted in accordance with the Helsinki 
Declaration, and the study protocol was approved by 
the (local) Ethics Committee of the Medical University 
of Catania.

The diagnosis of diabetes was made according to the 
current criteria of the GUIDELINES ISPAD American 
Diabetes Association: symptoms of diabetes; random 
plasma glucose or 2-hour plasma glucose during oral 
glucose tolerance testing of 200 mg/dL or greater, or fast-
ing plasma glucose of 126 mg/dL or greater; detection of 

diabetes-specific autoantibodies; increased glycosylated 
hemoglobin A1c (HbA1c) levels [7].

Inclusion criteria comprised a diagnosis of type 1 dia-
betes for >3 years, a mean HbA1c value between 6.5 and 
10.7 % for the past 12 months, Tanner stage 3 or above.

Exclusion criteria were other coexisting metabolic, 
endocrine, or genetic disease; taking any medications 
affecting substrate metabolism (excluding insulin), psy-
chotropic medications, weight loss medications, and oral 
contraceptives, a cut-off HbA1c level of 10.7 % (to control 
for potentially independent effects of extreme hypergly-
cemia), prepubertal or early pubertal children (Tanner 
stage 1 and 2) (to control for the well-described changes 
in the rates of diabetic complications after puberty). 
Seven children with Celiac disease, four with thyroiditis 
and another one with vitiligo dropped out the study.

The mean age of the patients was 15.4 ±  2.3 (13–21) 
years and duration of diabetes was 8 ± 3.2 (3–17) years.

Scheduled examination contemplates anamnestic 
assessment including age, adherence to drug treatment, 
smoking habits, alcohol consumption, duration of dia-
betes, other illness associated, family history of cardio-
vascular diseases; clinical examination with noting the 
presence and degree of acanthosis nigricans if present, 
measurement of height and weight with calculation of 
body mass index (BMI), systolic and diastolic BP, ABPM; 
blood testing including mean value of HbA1c in the last 
year, lipid profile and microalbuminuria.

Height was measured by stadiometer and weight was 
measured on a calibrated scale as part of routine clinical 
care. BMI was calculated as weight in kilograms divided 
by height for meters-squared (kg/m2), with percen-
tiles calculated from the year 2000 CDC growth charts 
and reference datasets [8] to classify children as normal 
weight or underweight (BMI <85th BMI-for-age percen-
tile); overweight (BMI 85th–94th (94.9) BMI-forage per-
centile); or obese (BMI  ≥95th BMI-for-age percentile) 
[9].

We determined HbA1c with high-performance liq-
uid chromatography and measured urinary excretion of 
albumin in 24-h urine samples with the nephelometric 
method. Total cholesterol levels were measured by stand-
ardized enzymatic colorimetric assay.

For each subject we performed systolic and dias-
tolic ABPM during wakefulness and sleep in the non 
dominant arm recording blood pressure every 30  min 
for 24 h with the Tonoport V/2 GE Cardio Soft V6.51 
device. Cuff size was selected according to the meas-
urement of mid arm circumference. Patients were 
instructed to perform their usual activities, avoid-
ing heavy physical exercise and alcohol consumption. 
The device was installed in the morning and the sub-
jects were asked to document their sleeping hours and 
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activities while awake in diaries. We examined the fol-
lowing data: mean systolic and diastolic BP parameters 
in 24  h, day-time and night-time; diurnal index (the 
difference between mean day-time and night-time val-
ues given as the percentage of mean day-time values), 
percent of hypertensive measures, and percentage of 
nocturnal drop of systolic and diastolic BP. We defined 
hypertension as 24-h systolic/diastolic/mean arterial 
blood pressure values over the 95th percentile based 
on sex and height [10] according to American Heart 
Association Atherosclerosis, Hypertension and Obesity 
in Youth Committee of the Council on Cardiovascular 
Disease in the Young. Patients were classified as dipper 
if mean systolic or mean diastolic BP decreased 10 % or 
more during the sleep period.

We compared the data of patients with those of over-
weight subjects and healthy controls. We identified over-
weight subjects as people with BMI over 85th for age 
percentile without other diseases and healthy controls as 
subjects with normal axiological parameters and without 
cardiovascular, metabolic, respiratory, neurological, gas-
trointestinal, blooding diseases.

Statistical analysis
For nominal characteristics, the number of patients and 
percentages are given. Descriptive statistics were calcu-
lated for all demographic and clinical variables. For each 
data we calculated mean ± SD (Standard Deviation). For 
the evaluation of statistically significant parameter differ-
ences within the whole sample and specific subgroups, 
we used the independent two-sample Student’s t test. 
We calculated statistically significant differences for dia-
betic patients and overweight subjects or healthy patients 
using the χ2 test. Statistical significance was set at levels 
of p < 0.05, p < 0.01, and p < 0.001.

The correlation between numerical variables was cal-
culated through Spearman’s correlation coefficient. For 
the categorical variables we analyzed the odds ratio (OR) 
with the 95 % confidence interval.

Results
The demographic and clinical characteristics of the sub-
jects are listed in Table 1. There was no significant differ-
ence in age and gender among type 1 diabetics patients, 
overweight subjects and healthy controls, as well as 
in BMI and total cholesterol values between diabetic 
patients and healthy controls; instead there were different 
values in BMI (p < 0.001) and total cholesterol (p < 0.01) 
between diabetic patients and overweight subjects. 
Among diabetic patients, 13/48 (27 %) presented albumi-
nuria. We assumed normal values of HbA1c and micro-
albuminuria in either overweight subjects and healthy 
controls.

The blood pressure profiles and the results from analy-
sis of OR with the 95 % confidence interval and t student 
test of all subjects are summarized in Tables 2, 3. ABPM 
revealed no significant difference between type 1 diabetic 
patients and overweight subjects in 24  h Systolic, 24  h 
Diastolic, Day-time Systolic, night-time systolic and Day-
time diastolic BP values but significantly different values 
in night-time diastolic blood pressure values (p < 0.001). 
Instead we found significant difference between type 
1 diabetic patients and healthy controls in all 24  h Sys-
tolic (p < 0.001), 24 h Diastolic (p < 0.01), Day-time Sys-
tolic (p < 0.01), Night-time Systolic (p < 0.001), Day-time 
Diastolic (p < 0.05) and Night-time Diastolic (p < 0.001) 
blood pressure values.

We detected hypertension in 12/48 (25 %) type 1 dia-
betic patients and in 10/48 overweight subjects (p = ns; 
OR 1.2; CI 0.48–3.29), whereas no-one of healthy con-
trols presented hypertension (p  <  0.001). We observed 
nondipper pattern in 40/48 (83.3  %) type 1 diabetic 
patients, in 33/48 (68.8 %) overweight subjects (p = ns; 
OR 2.27; CI 0.85–6.01), and in 16/48 (33.3 %) of healthy 
controls (p  <  0.001; OR 10; CI 3.79–26.3). Finally we 
noticed hypertension and nondipper pattern at the same 
time in 4/48 (8.3 %) type 1 diabetic patients and in 3/48 
(6.2  %) overweight subjects (p =  ns; OR 1.3; CI 0.28–
6.44), whereas no-one of healthy controls showed these 

Table 1 Demographic and clinical characteristics of diabetic patients, overweight subjects and healthy controls

Variables Diabetics Overweight subjects p value Healthy controls p value

Age (years) (M ± SD) 15.4 ± 2.3 14.5 ± 2.9 ns 15.2 ± 2.7 ns

Sex M/F (%) 32/16 (66.7/33.3) 33/15 (67.8/31.2) ns 38/10 (79.1/20.9) ns

BMI (kg/m2) 20.1 ± 3.8 31.9 ± 3.38 <0.001 21.3 ± 3.31 ns

Diabetes duration (years) 8 ± 3.2 – – – –

HbA1c (%) 7.9 ± 1.06 4.9 ± 0.35 <0.001 4.7 ± 0.42 <0.001

Total cholesterol (mg/dL) 153.4 ± 30.3 171.9 ± 15.5 <0.01 146.9 ± 26.3 ns

Albuminuria (mg/day) 3.5 ± 7 – – – –

Albuminuria (n of patients) 13 (27 %) – – – –
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anomalies in blood pressure values (p < 0.001). We found 
8/13 (61.5 %) dipper status among patients with albumi-
nuria and 32/35 (91.4  %) dipper status among patients 
without albuminuria.

We did not find correlation between alteration of blood 
pressure circadian rhythm and HbA1c, duration of diabe-
tes, total cholesterol, BMI or microalbuminuria (p = ns).

Discussion
Our study shows the relevance of borderline systemic 
arterial pressure alterations identifiable by using of 
Ambulatory blood pressure Monitoring in type 1 diabetic 
patients and overweight subjects in adolescence.

In our series we detected significant difference in num-
ber of hypertensive subjects between type 1 diabetic 
patients and healthy controls (p < 0.001), demonstrating 
that type 1 diabetes and obesity may be a considerable 
risk factor for hypertension, but not between type 1 dia-
betic patients and overweight subjects (p = ns) because 
also obesity, likewise diabetes, is associated with increase 
of cardiovascular diseases.

We found significant difference between type 1 diabetic 
patients and healthy controls in all values of 24 h Systolic 
(p  <  0.001), 24  h Diastolic (p  <  0.01), Day-time Systolic 
(p < 0.01), Night-time Systolic (p < 0.001), Day-time Dias-
tolic (p < 0.05) and Night-time Diastolic (p < 0.001) blood 
pressure but only in night-time diastolic blood pressure 
values between diabetic patients and overweight subjects 
(p < 0.001).

Both type 1 diabetes and overweight are conditions 
with increased cardiovascular risk. Type 1 diabetes 
patients present in the long-term outcome microangi-
opathy and macro angiopathy such as nephropathy, retin-
opathy, and cardiovascular disease, that lead to increased 
morbidity and premature mortality [11] and elevated 
systemic blood pressure is a promoter of both the devel-
opment and the progression of vascular sequelae such as 
diabetic kidney [12].

The pathogenesis of vascular complications still 
remains incompletely understood; however, endothe-
lial dysfunction (ED) is thought to play a central role 
[13] and the mechanisms leading to ED in diabetes mel-
litus are multifactorial [14]. Large clinical trials have 
underscored the causative role of hyperglycemia, which 
contributes to ED by increasing production of reactive 
oxygen species and oxidative stress, activation of protein 
kinase C, and generation of vasoactive and proinflamma-
tory substances. Increased oxidative stress is thought to 
be a central mechanism in the development of ED, and 
reactive oxygen species can directly disrupt the glyco-
calyx [15]. Interestingly, hyperglycemia and oxidative 
stress also trigger the production of advanced glyca-
tion end products, which exert potent proinflammatory 
activity. Elevated markers of inflammation such as 
C-reactive protein or interleukin-6 have been detected 
in children and adults with diabetes, [16, 17] support-
ing the notion that diabetes represents a condition of 
chronic inflammation.

Table 2 Blood pressure profiles of diabetic patients, overweight subjects and healthy controls

Variables Diabetics Obese subjects p value Healthy controls p value

24 h Systolic blood pressure (mmHg) (M ± SD) 123.9 ± 11 125.2 ± 8 ns 116.1 ± 6.5 <0.001

24 h Diastolic blood pressure (mmHg) (M ± SD) 73.2 ± 8.3 74.4 ± 8.1 ns 68.3 ± 4.6 <0.01

Day-time Systolic blood pressure (mmHg) (M ± SD) 125 ± 11.4 127.2 ± 8.4 ns 119.5 ± 6.3 <0.01

Night-time Systolic blood pressure (mmHg) (M ± SD) 120.3 ± 12.2 118.8 ± 10.8 ns 110.5 ± 8.9 <0.001

Day-time Diastolic blood pressure (mmHg) (M ± SD) 75.7 ± 9.9 76.9 ± 9.1 ns 72.3 ± 5.5 <0.05

Night-time Diastolic blood pressure (mmHg) (M ± SD) 69.1 ± 8.7 67.8 ± 8.9 <0.001 62.6 ± 5.9 <0.001

Dipper (n) 8 (16.7 %) 18 (37.5 %) <0.05 32 (66.7 %) <0.001

Nondipper (n) 40 (83.3 %) 33 (68.8 %) ns 16 (33.3 %) <0.001

Hypertension (n) 12 (25 %) 10 (20.8 %) ns 0 <0.001

Hypertension + nondipper (n) 4 (8.3 %) 3 (6.2 %) ns 0 <0.05

Table 3 Results from analysis of odds ratio (OR) with the 95 % confidence interval and t student test

Diabetics Obese subjects OR 95 % CI p Healthy controls OR 95 % CI p

Nondipper (n) 40 (83.3 %) 33 (68.8 %) 2.27 0.85–6.01 ns 16 (33.3 %) 10 3.79–26.3 <0.001

Hypertension (n) 12 (25 %) 10 (20.8 %) 1.2 0.48–3.29 ns 0 – – <0.001

Hypertension + nondipper (n) 4 (8.3 %) 3 (6.2 %) 1.3 0.28–6.44 ns 0 – – <0.05
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There is some evidence that endothelial-dependent 
responses of the microvasculature and macro vasculature 
are impaired in children with type 1 diabetes when vas-
cular complications are still subclinical [16, 18]. The pre-
vention and early identification of vascular complications 
are a central issue in the care of patients with diabetes 
and the vigorous treatment of hypertension can be very 
effective in slowing the progression of diabetic kidney 
angiopathy and of other vascular diseases [19, 20].

In this prospective, the β2 adrenergic receptor seem 
play a role in both endothelial dysfunction and insulin 
release. Vascular β2 adrenergic receptors (β2ARs) medi-
ate adrenergic vasorelaxation through direct activation 
of vascular smooth muscle cells, since the β2 ARs are 
expressed on endothelial cells (EC) and their stimulation 
causes endothelial nitric oxide synthase (eNOS) activa-
tion. This response is available to low concentration of 
agonist in several vascular districts [21].

The noradrenergic system provides fine-tuning to the 
endocrine pancreas activity through the function of a- 
and b-adrenergic receptors (ARs). The reciprocal regu-
lation exerted by insulin and the adrenergic system has 
been well documented through a large number of studies. 
More recent evidence shows that mice with simultaneous 
deletion of the three known genes encoding the bARs 
(b1, b2, and b3) present a phenotype characterized by 
impaired glucose tolerance. Studies with b2AR agonists 
further suggest that the b2AR may play an important 
role in regulating insulin secretion. In addition, different 
human polymorphisms in the b2AR gene have been asso-
ciated with higher fasting insulin levels. Nevertheless, 
the impact of the b2AR subtype on glucose tolerance and 
insulin secretion is still unclear [22].

Overweight and hypertension appear also to be inex-
tricably linked [23]. The pathophysiology of obesity-
related hypertension is complex, there are a large number 
of hypothetical mechanisms via which obesity is able to 
cause hypertension [24].

Among these, likewise to diabetes, there are also oxi-
dative stress and inflammation that leads to endothelial 
dysfunction interacting with the microvascular endothe-
lium in the mechanisms of obesity-associated hyper-
tension [25]. On one hand infiltration and activation of 
macrophages in adipose tissue leads to chronic inflam-
mation and secretion of inflammatory molecules, such 
as tumor necrosis factor-α, interleukin-6, monocyte 
chemoattractant protein-1, and inducible nitric oxide 
and on the other decreased nitric oxide impairs vascular 
relaxation leading to vasoconstriction for hypertension 
[26, 27]. Endothelial dysfunction and arterial stiffness 
are considered an independent predictor for the pro-
gression of cardiovascular events contributing to systolic 
hypertension [28, 29].

In our study we also observed a higher number of sub-
jects with altered circadian blood pressure rhythm in 
type 1 diabetic patients and in overweight subjects than 
in healthy controls.

Lack of nocturnal fall in BP and higher nocturnal BP 
values suggest target organ damage in primary hyperten-
sion [30]. Obese adolescents have been already showed to 
present changes in blood pressure variability during 24-h 
in comparison with non-obese adolescents and for this 
reason they can early develop hypertension or other car-
diovascular diseases in adult life [31].

Some cohort studies showed that blood pressure 
increases with increasing weight in both obese and nor-
mal weight individuals [32, 33]. In a study performed by 
Kotsis et  al. the relationship between BMI and param-
eters resulted from 24-h ambulatory blood pressure 
monitoring of 3.216 hypertensive patients who were not 
on antihypertensive therapy showed that obese patients 
had increased ambulatory blood pressure parameters 
and altered circadian blood pressure rhythm with higher 
prevalence of non-dipping status [34].

There is some evidence that birth order influences 
growth and metabolism, from infancy to early adulthood. 
Importantly, first-born children have reduced insulin sen-
sitivity and higher daytime blood pressure [35]. Although 
the height discrepancy is reduced by early adulthood, 
first-borns have greater adiposity. Further, first-borns 
have been shown to have a less favourable lipid profile in 
young adulthood, with higher LDL-C, total cholesterol, 
and triglyceride concentrations than later-borns. Thus, 
being firstborn may be associated with persistent changes 
in metabolism and body composition, that may lead to 
greater risk of developing type 2 diabetes mellitus and 
cardiovascular disease [35].

Some genes have been identified in the background of 
hypertension. CaMKIV plays a relevant role in the regu-
lation of the vascular tone by a mechanism that involves 
eNOS activation through phosphorylative events. 
Impairment of CaMK-mediated activation of eNOS, as in 
CaMK4 gene deletion, induces hypertension, as demon-
strated by the fact that CAMK4_/_ mice display a hyper-
tensive phenotype that leads to typical organ damage 
[36].

The G-protein coupled receptor kinases (GRKs) 
are important regulators of beta-adrenergic signal-
ing and play a role in regulation of peripheral vascular 
tone. Indeed, GRK2 levels and activity have been found 
increased in lymphocytes from hypertensive patients. 
Since a generalized impairment of b-adrenergic medi-
ated vasodilation has been shown both in animal models 
of hypertension and in human hypertensive subjects, this 
alteration has been related to the increased GRK2 abun-
dance and activity [37].
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Down regulation of β-adrenergic signaling is medi-
ated via GRK2 and GRK5 that phosphorylate cardiac 
β-adrenergic receptors leading to β-arrest in recruitment 
and G protein uncoupling. Given the important role of 
GRK2 and GRK5 in β-adrenergic signaling, functional 
genetic polymorphisms in the genes coding for GRK2 
(ADRBK1) and GRK5 (GRK5) might be important phar-
macogenetic targets [38].

Our study shows no significant differences in numbers 
of non-dippers among diabetics and overweight subjects, 
indicating that both the conditions present a greater risk 
for the alteration of the circadian rhythm of blood pres-
sure and the hypertension than healthy control.

The non-dipper status, characterized by a decrease in 
physiological night-time drop of blood pressure, is the 
first sign of the increase of pressure load on blood ves-
sels. This load is one of the factors leading to the vas-
cular damage of the kidneys and eventually to diabetic 
nephropathy, being associated in type 1 diabetic patients 
with early morphologic changes in the glomerulus [39].

Alterations of the normal circadian blood pressure 
rhythm have been shown to be especially evident in 
micro- and macro albuminuric but are also more com-
mon in normoalbuminuric type 1 diabetic patients than 
in healthy controls, being related to the level of albumin 
excretion within the normoalbuminuric range and show 
a correlation with the progression of diabetic nephropa-
thy and the development and progression of diabetic 
retinopathy [4, 13].

Perrin et  al. evaluated serial biopsies in 29 normoal-
buminuric type 1 diabetic patients and reported that 
10 patients who developed microalbuminuria showed 
significant increases in their night time diastolic blood 
pressure and decreases in systolic and diastolic blood 
pressure dipping during 6 years of follow-up [40].

Although it is clear that microalbuminuric and hyper-
tensive patients are subjects at risk, also clinically nor-
motensive, normoalbuminuric patients with blunted 
circadian blood pressure variation may constitute 
another high-risk group [41].

Unlike to some previous studies, we did not find cor-
relation between dipper status and the level of albumin 
excretion nor we found higher number of dipper status 
among patients with albuminuria. Similarly, in our study 
the alteration of circadian blood pressure rhythm did not 
seem related to duration of disease, HbA1c, Colesterol or 
BMI.

The pathogenesis of abnormal circadian blood pressure 
rhythm in diabetes is as yet unclear and several mecha-
nisms have been proposed for the observed nighttime 
elevations in blood pressure. A role of latent overhydra-
tion [42] and possibly sodium retention [43] has been 
suggested, autonomic neuropathy has been implicated 

[44] and interactions between autonomic function, albu-
min excretion and blood pressure in the normoalbumi-
nuric range have been previously described [42, 45]. 
Sympathetic over activation, implicated in non-diabetic 
kidney disease [46], has been shown to cause hyperfiltra-
tion in subjects with essential hypertension [47] and has 
been suggested as a feature of the nighttime increase in 
blood pressure in these patients [48]. Disturbances in 
parasympathetic function (the earliest phase of diabetic 
autonomic neuropathy)/are thought to be one of the 
causes of this sympathetic overactivity [49]. In addition 
to dysfunction of the sympathoadrenal system [50], the 
hypothalamo-pituitary-adrenal axis, the rennin-angio-
tensin-aldosterone system [51]and atrial natriuretic pep-
tide [52], which normally also show circadian variations 
may also have a role.

Likewise, regarding non-dipper status in overweight 
subjects, similar mechanisms have been proposed. They 
include the activation of renin-angiotensin-aldosterone 
system in adipose tissue that lead to systemic vasocon-
striction, sodium and water retention and aldosterone 
production, the alteration of sympathetic nervous sys-
tem with a demonstrated higher increase of renal and 
cardiac norepinephrine excretion in overweight patients 
with hypertension (BMI  >25  kg/m) compared with 
healthy, normotensive obese and metabolic dysregulation 
(including hyperinsulinemia that induces the activation 
of the SNS and also has a direct action on the kidney to 
stimulate sodium retention, adipokine imbalance, and 
increased inflammatory cytokines [53].

Angiotensin II promotes the growth and differentiation 
of adipocytes [54], the decrease in plasma adiponectin 
levels and increase of insulin resistance [55], induces the 
expression of C-reactive protein [56], and results in the 
secretion of leptin, which in turn activates the renal sym-
pathetic nerve [57].

Attenuation of the nighttime fall in blood pressure has 
been shown to be associated with an increased risk of left 
ventricular hypertrophy, increased intima media thick-
ness [58] and increased cardiovascular mortality [59].

Ambulatory blood pressure measurements in type 1 
diabetic patients and overweight subjects should be con-
sidered during the follow-up of these patients because 
they can reveal an altered circadian blood pressure 
rhythm that has been shown to led to higher mortal-
ity and morbidity for vascular events as compared with 
patients with normal rhythms [60, 61].

Blood pressure exerts a dose-dependent effect on car-
diovascular risk and it is involved in the developing of 
coronary artery disease [62].

The impact of sub clinical hypertension occur-
ring at young ages is demonstrated by the correlations 
found between adolescent and adult BP readings. This 



Page 7 of 9Giacchi et al. BMC Res Notes  (2016) 9:122 

relationship is illustrated by the ‘tracking’ phenomenon: 
subjects presenting BP values in a higher percentile dur-
ing childhood and adolescence, likely will have their BP 
values in the same range during maturation, therefore it 
is possible to give a enough close prediction of who will 
have got a higher risk in adulthood [2]. Since adoles-
cent BP readings are predictive of adult hypertension, 
early detection of the disease is very important. Based 
on data in the literature we can affirm that adolescent 
BP is related not only to hypertension but also to other 
cardiovascular diseases in adulthood [63]. Diagnosis of 
hypertension is closely dependent on accurate BP meas-
urement. That is more important in adolescents as the 
misdiagnosis of hypertension may have a life-long nega-
tive impact on insurability and employment. ABPM gives 
several advantages in reaching high-quality BP determi-
nations by avoiding observer errors [64].

Limitations of the study
Our study has several limitations. This is a cross-sec-
tional analysis, and therefore no data on the progression 
of complications or survival are available. The sample 
is relatively small, and thus additional studies in larger 
cohorts including longitudinal data are recommended to 
further study the prevalence of altered circadian blood 
pressure rhythm in type 1 diabetic patients.

Another limitation of our study is heterogeneity of age 
of the cohort, but this was necessary to assess a large-
enough sample in this single-institution study.

We included only patients with type 1 diabetes who had 
relatively good control of their diabetes and thus these 
data cannot be generalized to those with poor control. 
However, the effect of poor control of diabetes on micro-
vascular and macro vascular complications is already well 
known and has been studied in large multicenter trials. 
We did not subdivide or stratify by gender, so we could 
not study the difference between the sexes.

Future research in this area of inquiry should include 
the analysis of genetic profiles of diabetic, overweight 
and healthy controls, include larger samples drawn from 
diverse populations, stratify analysis by gender, to iden-
tify an eventual correlation between genetic features and 
clinical severity.

Conclusions
Subclinical hypertension and reduced dipping can indicate 
incipient hypertension and ABPM studies might help to 
define a subset of patients at increased risk for the devel-
opment of hypertension, who might benefit from the early 
introduction of anti-hypertensive strategies. We suggest to 
include ABPM in follow-up of type 1 diabetes and over-
weight subjects because it correlates much better with the 
prevalence of cardiovascular events than that provided by 

casual measurements. ABPM also offers numerous advan-
tages over casual measurements in adolescents, as the 
measurements take place during everyday activities on 
the one hand and nighttime sleep on the other, thus pro-
viding continuous data about BP and it is better correlated 
with target organ damage than are office measurements. 
Considering the ‘tracking’ phenomenon in which adoles-
cent hypertension translates into adult hypertension, it is 
of great importance that patients with the highest risks 
should be screened out based on reliable data.

Abbreviations
ABPM: ambulatory blood pressure measurements; BP: blood pressure; HbA1c: 
glycosylated hemoglobin A1c; BMI: body mass index; ED: endothelial dysfunc-
tion; SD: Standard Deviation; OR: Odds Ratio.

Authors’ contributions
Conception and design: PS, DLP, VG. Collection and assembly of data: TT, VG, 
SP, CG. Analysis and interpretation of data: VG, TT, PS. Draft of the manuscript: 
VG, TT. Critical revision of the manuscript and important intellectual content: 
CM, PB, PS. Final approval: EC, PS. All authors read and approved the final 
manuscript.

Author details
1 Department of Pediatrics, AOU Policlinico-Vittorio Emanuele, via Santa Sofia 
78, 95123 Catania, Italy. 2 Pediatric Endocrinology, AOU Policlinico-Vittorio 
Emanuele, via Santa Sofia 78, 95123 Catania, Italy. 3 Pediatric Cardiology, AOU 
Policlinico-Vittorio Emanuele, via Santa Sofia 78, 95123 Catania, Italy. 

Acknowledgements
We acknowledge Maria Mazza to have performed ambulatory blood pressure 
monitoring in all patients. We did not obtain external funding for our study.

Competing interests
The authors declare that they have no competing interests.

Received: 31 July 2014   Accepted: 6 January 2016

References
 1. Santulli G. Epidemiology of cardiovascular disease in the 21st century: 

updated numbers and updated facts. J Cardiovasc Dis. 2013;1:1–2.
 2. Pall D, Kiss I, Katona E. Importance of ambulatory blood pressure monitor-

ing in adolescent hypertension. Kidney Blood Press Res. 2012;35:129–34.
 3. Deyneli O, Yazici D, Toprak A, Yuksel M, Aydin H, Tezcan H, et al. Diurnal 

blood pressure abnormalities are related to endothelial dysfunction 
in patients with non-complicated type 1 diabetes. Hypertens Res. 
2008;31(11):2065–73.

 4. Chen W, Leo S, Weng C, Yang X, Wu Y, Tang X. Mechanisms mediating 
renal sympathetic nerve activation in obesity-related hypertension. Herz. 
2014. doi:10.1007/s00059-014-4072-7 (© Urban and Vogel).

 5. Staessen JA, Thijs L, Fagard R, O’Brien ET, Clement D, de Leeuw PW, et al. 
Predicting cardiovascular risk using conventional vs ambulatory blood 
pressure in older patients with systolic hypertension. systolic hyperten-
sion in Europe trial investigators. JAMA. 1999;282:539–46.

 6. Holl RW, Pavlovic M, Heinze E, Thon A. Circadian blood pressure during 
the early course of type 1 diabetes. Analysis of 1011 ambulatory blood 
pressure recordings in 354 adolescents and young adults. Diabetes Care. 
1999;22:1151–7.

 7. Donaghue K, Chiarelli F, Trotta D, Allgrove J, Dahl-Jorgensen K. ISPAD Clini-
cal Practice Consensus Guidelines 2009. Microvascular and macrovascular 
complications associated with diabetes in children and adolescents. 
Pediatr Diabetes. 2009;10(Suppl 12):195–203.

http://dx.doi.org/10.1007/s00059-014-4072-7


Page 8 of 9Giacchi et al. BMC Res Notes  (2016) 9:122 

 8. Barlow SE. Expert committee recommendations regarding the preven-
tion, assessment, and treatment of child and adolescent overweight and 
obesity: summary report. Pediatrics. 2007;120(Suppl 4):S164–92.

 9. Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM, Flegal KM, Mei 
Z, et al. 2000 CDC growth charts for the United States: methods and 
development. Vital and health statistics, vol. 11, issue 246. National Center 
for Health Statistics; 2002.

 10. Flynn JT, Daniels SR, Hayman LL, Maahs DM, McCrindle BW, Mitsnefes M 
et al. On behalf of the American Heart Association Atherosclerosis, Hyper-
tension and Obesity in Youth Committee of the Council on cardiovascu-
lar disease in the young. Update: Ambulatory blood pressure monitoring 
in children and adolescents: a scientific statement from the American 
Heart Association. Hypertension. 2014.

 11. Nussbaum C, Cavalcanti Fernandes Heringa A, Mormanova Z, Puchwein-
Schwepcke AF, Bechtold-Dalla Pozza S, et al. Early microvascular changes 
with loss of the glycocalyx in children with type 1 diabetes. J Pediatr. 
2014;164(3):584–9.

 12. Lengyel Z, Rosivall L, Németh C, Tòth LK, Nagy V, Mihàly M, et al. Diurnal 
blood pressure pattern may predict the increase of urinary albumin 
excretion in normotensive normoalbuminuric type 1 diabetes mellitus 
patients. Diabetes Res Clin Pract. 2003;62:159–67.

 13. Schalkwijk CG, Stehouwer CD. Vascular complications in diabetes mel-
litus: the role of endothelial dysfunction. Clin Sci (Lond). 2005;109:143–59.

 14. Hink U, Li H, Mollnau H, Oelze M, Matheis E, Hartmann M, et al. Mecha-
nisms underlying endothelial dysfunction in diabetes mellitus. Circ Res. 
2001;88:E14–22.

 15. Brownlee M. Biochemistry and molecular cell biology of diabetic compli-
cations. Nature. 2001;414:813–20.

 16. Babar GS, Zidan H, Widlansky ME, Das E, Hoffmann RG, Daoud M, et al. 
Impaired endothelial function in preadolescent children with type 1 
diabetes. Diabetes Care. 2011;34:681–5.

 17. Llaurado G, Ceperuelo-Mallafre V, Vilardell C, Simo R, Freixenet N, Vendrell 
J, et al. Arterial stiffness is increased in patients with type 1 diabetes with-
out cardiovascular disease: a potential role of low-grade inflammation. 
Diabetes Care. 2012;35:1083–9.

 18. Khan F, Elhadd TA, Greene SA, Belch JJ. Impaired skin microvascular 
function in children, adolescents, and young adults with type 1 diabetes. 
Diabetes Care. 2000;23:215–20.

 19. Lewis JB, Berl T, Bain RP, Rohde RD, Lewis EJ. Effect of intensive blood 
pressure control on the course of type 1 diabetic nephropathy. The Col-
laborative Study Group. Am J Kidney Dis. 1999;34:809–17.

 20. Schrier RW, Estacio RO, Esler A, Mehler P. Effects of aggressive blood pres-
sure control in normotensive type 2 diabetic patients on albuminuria, 
retinopathy and strokes. Kidney Int. 2002;61:1086–97.

 21. Ciccarelli M, Cipolletta E, Santulli G, Campanile A, Pumiglia K, Cervero P, 
et al. Endothelial β2 adrenergic signaling to AKT: role of Gi and SRC. Cell 
Signal. 2007;19:1949–55.

 22. Santulli G, Lombardi A, Sorriento D, Anastasio A, Del Giudice C, Formisano 
P, et al. Age-Related Impairment in Insulin Release. The essential role of 
b2-adrenergic receptor. Diabetes. 2012;61:692–701.

 23. Hall JE, Brands MW, Hildebrandt DA, Kuo J, Fitzgerald S. Role of sympa-
thetic nervous system and neuropeptides in obesity hypertension. Braz J 
Med Biol Res. 2000;33(6):605–18.

 24. Kang YS. Obesity associated hypertension: new insights into mechanism. 
Electrolyte Blood Press. 2013;11:46–52.

 25. De Boer MP, Meijer RI, Wijnstok NJ, Jonk AM, HoubenAJ Stehouwer CD, 
et al. Microvascular dysfunction: a potential mechanism in the pathogen-
esis of obesity-associatedinsulin resistance and hypertension. Microcircu-
lation. 2012;19:5–18.

 26. Ferrante AW Jr. Obesity-induced inflammation: a metabolic dialogue in 
the language of inflammation. J Intern Med. 2007;262:408–14.

 27. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor 
necrosis factor-alpha: direct role in obesity-linked insulin resistance. Sci-
ence. 1993;259:87–91.

 28. Cavalcante JL, Lima JA, Redheuil A, Al-Mallah MH. Aortic stiffness: current 
understanding and future directions. J Am Coll Cardiol. 2011;57:1511–22.

 29. Aroor AR, Demarco VG, Jia G, Sun Z, Nistala R, Meininger GA, et al. The 
role of tissue Renin-Angio-tensin-aldosterone system in the develop-
ment of endothelial dysfunction and arterial stiffness. Front Endocrinol 
(Lausanne). 2013;4:161.

 30. Giaconi S, Levanti C, Fommei E, Innocenti F, Seghieri G, Palla L, et al. 
Microalbuminuria and casual and ambulatory blood pressure monitor-
ing in normotensives and in patients with borderline and mild essential 
hypertension. Am J Hypertens. 1989;2:259–61.

 31. Bonilla Rosales IC, Parra Carrillo JZ, Romero Velarde E, Vizmanos Lamotte 
B, García de Alba García J. Blood pressure variability in 24 hours in obese 
and non-obese adolescents with breast development 4 and 5 of Tanner’s 
criteria. Nutr Hosp. 2011;26(5):1011–7.

 32. Wilson PW, D’Agostino RB, Sullivan L, Parise H, Kannel WB. Overweight 
and obesity as determinants of cardiovascular risk: the Framingham 
experience. Arch Intern Med. 2002;162:1867–72.

 33. Doll S, Paccaud F, Bovet P, Burnier M, Wietlisbach V. Body mass index, 
abdominal adiposity and blood pressure: consistency of their associa-
tion across developing and developed countries. Int J Obes Relat Metab 
Disord. 2002;26:48–57.

 34. Kotsis V, Stabouli S, Bouldin M, Low A, Toumanidis S, Zakopoulos N. 
Impact of obesity on 24-hour ambulatory blood pressure and hyperten-
sion. Hypertension. 2005;45(4):602–7.

 35. Albert BB, de Bock M, Derraik JG, Brennan CM, Biggs JB, Hofman PL, et al. 
Among overweight middle-aged men, first-borns have lower insulin sen-
sitivity than second-borns. Sci Rep. 2014;4:3906. doi:10.1038/srep03906.

 36. Santulli G, Cipolletta E, Sorriento D, Del Giudice C, Anastasio A, Monaco 
S, et al. CaMK4 gene deletion induces hypertension. J Am Heart Assoc. 
2012;1:e001081. doi:10.1161/JAHA.112.001081.

 37. Santulli G, Trimarco B, Iaccarino G. G-Protein-coupled receptor kinase 2 
and hypertension molecular insights and pathophysiological mecha-
nisms. High Blood Press Cardiovasc Prev. 2013;20(1):5–12. doi:10.1007/
s40292-013-0001-8.

 38. Lobmeyer MT, Wang L, Zineh I, Turner ST, Gums JG, Chapman AB, et al. 
Polymorphisms in genes coding for GRK2 and GRK5 and response differ-
ences in antihypertensive treated patients. Pharmacogenet Genomics. 
2011;21(1):42–9. doi:10.1097/FPC.0b013e328341e911.

 39. Darcan S, Goksen D, Mir S, Serdaroglu E, Buyukinan M, Coker M, et al. 
Alterations of blood pressure in type 1 diabetic children and adolescents. 
Pediatr Nephrol. 2006;21(5):672–6 (Epub 2006 Mar 28).

 40. Perrin NE, Torbjörnsdotter TB, Jaremko GA, Berg UB. The course of diabetic 
glomerulopathy in patients with type I diabetes: a 6-year follow-up with 
serial biopsies. Kidney Int. 2006;69:699–705.

 41. Lurbe E, Redon J, Kesani A, Pascual JM, Tacons J, Alvarez V, et al. Increase 
in nocturnal blood pressure and progression to microalbuminuria in type 
1 diabetes. New Engl. J. Med. 2002;347:797–805.

 42. Johnstone MT, Creager SJ, Scales KM, Cusco JA, Lee BK, Creager MA. 
Impaired endothelium-dependent vasodilation in patients with insulin-
dependent diabetes mellitus. Circulation. 1993;88:2510–6.

 43. Jorgensen RG, Russo L, Mattioli L, Moore WV. Early detection of vascular 
dysfunction in type 1 diabetes. Diabetes. 1988;37:292–6.

 44. Johansen JS, Harris AK, Rychly DJ, Ergul A. Oxidative stress and the use of 
antioxidants in diabetes: linking basic science to clinical practice. Cardio-
vasc Diabetol. 2005;4:5.

 45. Cohen CN, Filho FM, de Fátima Gonçalves M. Early alterations of blood 
pressure in normotensive and normoalbuminuric type 1 diabetic 
patients. Diabetes Res Clin Pract. 2001;53:85–90.

 46. Celermajer DS, Sorensen KE, Gooch VM, Spiegelhalter DJ, Miller OI, 
Sullivan ID, et al. Non-invasive detection of endothelial dysfunction in 
children and adults at risk of atherosclerosis. Lancet. 1992;340:1111–5.

 47. Yufu K, Takahashi N, Hara M, Saikawa T, Yoshimatsu H. Measurement of 
the brachial-ankle pulse wave velocity and flow-mediated dilatation in 
young, healthy smokers. Hypertens Res. 2007;30:607–12.

 48. Hansen HP, Rossing P, Tarnow L, Nielsen FS, Jensen BR, Parving HH. 
Circadian rhythm of arterial blood pressure and albuminuria in diabetic 
nephropathy. Kidney Int. 1996;50:579–85.

 49. Furlan R, Guzzetti S, Crivellaro W, Dassi S, Tinelli M, Baselli G, et al. 
Continuous 24-hour assessment of the neural regulation of systemic 
arterial pressure and RR variabilities in ambulant subjects. Circulation. 
1990;81:537–47.

 50. Torbjornsdotter TB, Jaremko GA, Berg UB. Ambulatory blood pressure 
and heart rate in relation to kidney structure and metabolic control in 
adolescents with type I diabetes. Diabetologia. 2001;44:865–73.

 51. Delea C. Chronobiology of blood pressure. Nephron. 1979;23:91–7.

http://dx.doi.org/10.1038/srep03906
http://dx.doi.org/10.1161/JAHA.112.001081
http://dx.doi.org/10.1007/s40292-013-0001-8
http://dx.doi.org/10.1007/s40292-013-0001-8
http://dx.doi.org/10.1097/FPC.0b013e328341e911


Page 9 of 9Giacchi et al. BMC Res Notes  (2016) 9:122 

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

 52. Colantonio D, Pasqualetti P, Casale R, Natali G. Is atrial natriuretic peptide 
important in the circadian rhythm of arterial blood pressure. Am J Cardiol. 
1988;63:1166.

 53. Landsberg L, Aronne LJ, Beilin LJ, Burke V, Igel LI, Lloyd-Jones D, et al. 
Obesity-related hypertension: pathogenesis, cardiovascular risk, and 
treatment: a position paper of The Obesity Society and the American 
Society of Hypertension. J Clin Hypertens (Greenwich). 2013;15:14–33.

 54. Crandall DL, Armellino DC, Busler DE, McHendry-Rinde B, Kral JG. Angio-
tensin II receptors in human preadipocytes: role in cell cycle regulation. 
Endocrinology. 1999;140:154–8.

 55. Ran J, Hirano T, Fukui T, Saito K, Kageyama H, Okada K, et al. Angiotensin II 
infusion decreases plasma adiponectin level via its type 1 receptor in rats: 
an implication for hypertension-related insulin resistance. Metabolism. 
2006;55:478–88.

 56. Han C, Liu J, Liu X, Li M. Angiotensin II induces C-reactive protein expres-
sion through ERK1/2 and JNK signaling in human aortic endothelial cells. 
Atherosclerosis. 2010;212:206–12.

 57. Thatcher S, Yiannikouris F, Gupte M, Cassis L. The adipose renin-
angiotensin system: role in cardiovascular disease. Mol Cell Endocrinol. 
2009;302:111–7.

 58. Hoshide S, Ishikawa J, Eguchi K, Ojima T, Shimada K, Kario K. Masked 
nocturnal hypertension and target organ damage in hypertensives with 
well-controlled self-measured home blood pressure. Hypertens Res. 
2007;30:143–9.

 59. Verdecchia P, Schillaci G, Guerrieri M, Gatteschi C, Benemio G, Boldrini F, 
et al. Circadian blood pressure changes and left ventricular hypertrophy 
in essential hypertension. Circulation. 1990;81:528–36.

 60. Kikuya M, Ohkubo T, Asayama K, Metoki H, Obara T, Saito S, et al. Ambula-
tory blood pressure and 10-year risk of cardiovascular and noncardiovas-
cular mortality: the Ohasama study. Hypertension. 2005;45:240–5.

 61. Boggia J, Li Y, Thijs L, Hansen TW, Kikuya M, Björklund-Bodegård K, Inter-
national Database on Ambulatory Blood Pressure Monitoring in Relation 
to Cardiovascular Outcomes (IDACO) Investigators, et al. Prognostic 
accuracy of day versus night ambulatory blood pressure: a cohort study. 
Lancet. 2007;370:1219–29.

 62. Santulli G. Coronary heart disease risk factors and mortality. JAMA. 2012. 
doi: 10.1001/jama.2012.323

 63. Li S, Chen W, Srinivasan SR, Berenson GS. Childhood blood pressure as a 
predictor of arterial stiffness in young adults: the Bogalusa heart study. 
Hypertension. 2004;43:541–6.

 64. Graves JW, Althaf MM. Utility of ambulatory blood pressure monitoring in 
children and adolescents. Pediatr Nephrol. 2006;21:1640–52.


	Prehypertension in adolescents with cardiovascular risk: a comparison between type 1 diabetic patients and overweight subjects
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Aim of the study

	Methods
	Statistical analysis

	Results
	Discussion
	Limitations of the study

	Conclusions
	Authors’ contributions
	References




