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Abstract

Wrist circumference is a clinical marker for insulin-resistance in overweight/obese children and adolescents. Insulin
resistance is considered a major determinant of increased vascular resistance and hypertension. The aim of the study was to
investigate the association between wrist circumference and systolic (S) and diastolic (D) blood pressure (BP) in a
population of overweight/obese children and adolescents. A population of 1133 overweight/obese children and adolescents
(n=1133) were consecutively enrolled. Multivariate regression analyses were used to investigate the influence of
independent variables on the variance of BP. The prevalence of hypertension was 21.74% in males and 28.95% in females
(p = 0.048). The results showed that SBP was significantly associated with wrist circumference in both genders (p < 0.0001
for both comparisons). We found no association between DBP and wrist circumference in either gender. Wrist circumference
accounted for 17% of the total variance of SBP in males and 14% in females. Wrist circumference, a marker of insulin
resistance, is associated with increased SBP in overweight/obese children and adolescents, suggesting a role of insulin
resistance in the pathogenesis and development of hypertension.

Introduction

Cardiovascular diseases (CVD) are the leading causes of
death in Western countries [1] and are generally present in
adulthood; however, the process of atherosclerosis that
underlies CVD can begin early in childhood [2]. Insulin
resistance, according to several pathophysiological models,
is one of the most important risk factors for atherosclerosis
and CVD [3].
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Hypertension, another relevant risk factor for the devel-
opment of CVD in adulthood, is associated with insulin
resistance more often than expected, and prospective studies
have demonstrated that insulin resistance may precede the
development of hypertension [4]. This evidence has led
some authors, since the 1980s, to speculate that essential
hypertension could be an insulin-resistant state [4]. To date,
many epidemiological and clinical studies have demon-
strated a close linkage between insulin resistance and
hypertension [5, 6].

Potential mechanisms by which insulin resistance and
associated hyperinsulinemia may alter blood pressure (BP)
have been proposed, and they include insulin-mediated
effects on the sympathetic nervous system and renal sodium
reabsorption [7].

The association of obesity and hypertension establishes
a double burden on the heart during adulthood [8, 9]; in
particular, in children with obesity, hypertension has
already been associated with end-organ damage, such as
left ventricular hypertrophy and endothelial dysfunction
[10]. Therefore, early management of hypertension
in children is now considered to be of major clinical
relevance for the effective prevention of associated
morbidity.
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In an attempt to identify an easy-to-detect clinical marker
of insulin resistance in children with overweight and obe-
sity, we have previously demonstrated, by nuclear magnetic
resonance imaging, an association between wrist cir-
cumference, particularly its bone component, insulin levels
and homeostasis model assessment of insulin resistance
(HOMA-IR) [11]. Furthermore, wrist circumference has
been observed as a useful marker for the early identification
of hypertension in a population of healthy Indian children
[12].

Considering that wrist circumference is a well-established
marker of insulin resistance and that insulin resistance one of
the promoting factors for the onset of hypertension, we
hypothesize the existence of a strict linkage between wrist
circumference and BP. Therefore, we investigated the asso-
ciation between wrist circumference and BP in a pediatric
population affected by overweight/obesity.

Methods
Sample

A total of N=1133 children and adolescents with over-
weight/obesity (580 boys and 553 girls) (age range: 5-16
years) were consecutively enrolled at the outpatient clinics
of the Department of Pediatrics, “Sapienza” University of
Rome. The exclusion criteria were the presence of renal
disease, previous diagnosis of diabetes mellitus and/or
endocrine diseases, any condition known to influence blood
pressure (e.g., glucocorticoid therapy or antihypertensive
drug), and history of pre-existing heart disease.

The study protocol was approved by the ethical com-
mittee of “Sapienza” University, and parents gave written
consent for their children to participate to the study.

In all subjects, body weight, height, wrist circumference,
body mass index (BMI), fasting glucose, insulin levels and
lipid profiles were evaluated at entry. The BMI of each
individual was converted by smooth age-specific curves to
an standard deviation score (BMI-SDS) for the child’s age
[13].

Dominant wrist circumference was measured with sub-
jects in a seated position using a tension-gated tape measure
positioned over the Lister tubercle of the distal radius and
over the distal ulna [11]. Degree of obesity was quantified
using Cole’s method [13].

BP measurement followed the recommendation of the
“Fourth report on the diagnosis, evaluation and treatment of
high blood pressure in children and adolescents” [14].

Systolic and diastolic BP were measured twice on the
right arm after a 10-min rest period in the supine position
using an automated oscillatory system (Dinamap Vital
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Signs Monitor, Model 1846 SX; Criticon Incorporated,
Tampa, FL, USA).

All children with increased BP (BP 295 percentile
according to BP charts for age, gender, and height) during
the first visit underwent two additional visits on different
occasions within 2-3 weeks. Hypertension was defined as
an average SBP or DBP that was 295 percentile on three
separate Visits.

Serum total cholesterol, HDL-cholesterol and triglycer-
ide levels were determined by a Technicon RA-1000
Autoanalyzer, and glucose levels were determined by the
glucose oxidase method. Serum insulin was measured by
radioimmunoassay. Insulin resistance was estimated
according to HOMA-IR. Subjects were evaluated by a
doctor for pubertal stages. Tanner stage I was defined as
prepuberty, Tanner stage II to IV as midpuberty, and Tanner
stage V as postpuberty.

Statistical analysis

A Shapiro—Wilk test was used to verify the normality of the
distribution of continuous variables. For continuous vari-
ables, median values among two groups were compared by
a Mann-Whitney U test when the data were not normally
distributed. Multivariate regression analyses (backward
method) were used to investigate the influence of inde-
pendent variables on the variance of BP. Before performing
multivariate regression analysis, we tested the presence of
collinearity using BP as a dependent variable and wrist
circumference, age and height as independent variables.

A probability level of p <0.05 was considered to be
statistically significant. All analyses were performed using
Statistical Analysis Software v.9.4.

Results

The clinical and biochemical characteristics of 1133 over-
weight/obese children and adolescents divided according to
gender are reported in Table 1. Males were older and
showed higher values of BMI-SDS, wrist circumference
and fasting glucose levels compared to females (p < 0.002
for all comparisons). We observed that there was no sta-
tistically significant difference according to gender for SBP,
DBP, HOMA-IR or lipid profile. As anticipated in the sta-
tistical analysis section before performing multivariate
regression analysis, we demonstrated the presence of high
collinearity (eigenvalue = 0.0015, condition index =51 and
proportion of variance = 0.87 (wrist circumference) vs 0.80
(height)) [15, 16] and medium correlation (p = 0.68,
p <0.0001) between wrist circumference and height in
males by using BP as the dependent variable and wrist
circumference, age and height as independent variables. In
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Table 1 Clinical and biochemical characteristics of 1133 overweight/
obese children and adolescents divided according to gender

Table 2 Multivariate regression analysis for explaining the
independent contribution of wrist circumference to blood pressure
according to gender

Males Females P-value
(n = 580) (n = 553) Variables B+SE 1C95% P-value R?
Age (years) 10.5 +2.22 10.0 +2.97 0.002 MALES
Hight (m) 148 +0.14 143 +0.16 <0.0001 Systolic blood pressure
BMI-SDS 2.06 +0.41 1.96 + 0.44 0.001 Wrist circumference 2.60 +0.64  (1.35-3.85) <0.0001 0.17
Wrist Circumference (cm) 16.0 + 1.41 153+1.14 <0.0001 Diastolic blood pressure
Systolic blood pressure 110.0+14.86 110.0+14.83 ns Wrist circumference 0.47 +0.59  (—0.69-1.63) ns
(mmHg) FEMALES
Dlastlihc blood pressure  70.0+14.81 70.0+14.83  ns Systolic blood pressure
(mmHe) Wrist circumference 2.90+0.74  (1.44-437)  <0.0001 0.14
Fasting glucose (mg/dL)  86.0 +8.15 85.0+£8.18 0.007 . .
Diastolic blood pressure
HOMA-IR 2.84 +1.65 284 +1.75 ns L
Wrist circumference 0.40 +£/0.68 (—0.95-1.74) ns
Total cholesterol (mg/dL) 165.0+31.88 162.0+28.17 ns
HDL-cholesterol (mg/dL) 48.0+11.12 48.0+11.86 ns All data were adjusted for age, Tanner stage, and BMI-SDS
Triglycerides (mg/dL) 75.0+4448 75.0+3885 ns
Hypertension (%) 109 (22.6) 133 (28.2) 0.048

Data are expressed as median (£SD ¢ range)

females, we also demonstrated the presence of high colli-
nearity (eigenvalue =0.002, condition index =46 and
proportion of variance = 0.91 (wrist circumference) vs 0.76
(height)) [15, 16] and medium correlation (p = 0.64,
p <0.0001) between wrist circumference and height. The
presence of high collinearity between wrist circumference
and height prevents any attempt to compare the effect to
variables in the same regression model.

The prevalence of hypertension was 21.74% in males
and 28.95% in females (p = 0.01). The results of the mul-
tivariate regression analysis performed on the 1133 children
and adolescents stratified according to gender and adjusted
for age, Tanner stage and BMI-SDS using wrist cir-
cumference as the independent variable and SBP and DBP
as dependent variables are reported in Table 2.

We found no association between DBP and wrist cir-
cumference in either gender. Wrist circumference explained
21% of the variance of SBP in males and 18% in females.
To evaluate the contribution of wrist circumference to
explained variance (Rz) of SBP, we used the backward
method (Table 2). Wrist circumference accounted for 17%
of the total variance of SBP in males and 14% in females.

Discussion

The findings of our study provide the first evidence that wrist
circumference is positively associated with SBP in a popu-
lation of children and adolescents with overweight/obesity.
Our results showing a high prevalence of hypertension
among overweight/obese children and adolescents of both
genders are in line with some previous reports [17, 18]. A

study performed in children affected by obesity reported
that 33% were hypertensive [19]. On the other hand, some
Authors found a lower prevalence of hypertension in chil-
dren with overweight/obesity at the age of 11-15 years with
13.9% in boys and 12.3% in girls [20].

The wide variability of the prevalence of hypertension
among studies performed in children with obesity may be
due to methodological differences in the selection criteria:
age range, sample size, and degree of obesity. Previous
studies have demonstrated a positive association between
other anthropometric parameters, such as waist cir-
cumference, waist-to height ratio, neck circumference and
elevated BP, in children and adolescents [21]. Recently, we
demonstrated that wrist circumference measurements have
excellent intra- and inter-operator reproducibility and unlike
other anthropometric parameters, it does not require multi-
ple repeated measurements for precision and reliability [22].
Wrist circumference could be advantageous in clinical
practice compared classical anthropometrical measure-
ments, such as waist circumference or waist-height ratio, to
identify subjects with insulin resistance. Even though waist
circumference is a good marker of cardiovascular risk in
obese adults [23], waist circumference is affected by
clothing and respiration and its values differed significantly
according to the anatomical site of measurement, since to
date there is no agreement on the optimal site at which to
measure it in children [24].

Insulin has a central role in bone metabolism, enhancing
osteoblast proliferation and differentiation and promoting
bone formation rates through action on the insulin receptor
[25]. Impairment of insulin signaling leads to a reduction of
bone mass as reported in patients affected by type 1 diabetes
mellitus [25]. On the other hand, hyperinsulinaemia and
insulin resistance lead to increased bone mineral density
[25]. Furthermore, during growth, bone is responsive to the
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anabolic action of insulin [26], and it is possible to avoid the
deleterious effects of hyperglycemia due to a prolonged
insulin resistance state.

Considering all this evidence, we previously demon-
strated that wrist circumference is a reliable marker of
insulin resistance for the first time [11].

Based on our previous findings and the well-known
relationship that binds insulin resistance and the develop-
ment of hypertension during metabolic syndrome [4], the
newly found association of this anthropometric marker with
SBP confirms the relevant role that insulin resistance has in
the pathogenesis and development of hypertension in
overweight/obese children and adolescents.

A striking finding of our results is that wrist cir-
cumference was associated only with SBP and not DBP in
children and adolescents with overweight/obesity.

The Framingham study reported that elevation of SBP
predicts the risk of CVD better than increases in DBP [27].
A reduction in coronary vascular disease and mortality was
demonstrated when treating patients with isolated systolic
hypertension. One of the main mechanisms of isolated
systolic hypertension in adults is the increasing arterial
stiffness caused by atherosclerotic vascular disease [28].
Atherosclerosis is not sufficiently advanced to cause
increased arterial stiffness in children, thus a different
mechanism must be involved [18]. Some studies suggest
that the root cause of high SBP in subjects with obesity is
primarily due to a combination of factors that raise systemic
vascular resistance [29]. The coordinated appearance of
insulin resistance and high BP in obese individuals led
several authors to hypothesize that insulin resistance is one
of the major determinants of increased systemic vascular
resistance in obesity [29]. In support of this theory, several
studies found a relationship between fasting insulin and
SBP [30]. Insulin could cause hypertension through sti-
mulation of the sympathetic nervous system, an increase in
renal sodium retention, modulation of calcium transport,
and consequent induction of hypertrophy of vascular
smooth muscle [7]. Sinaiko et al. found that fasting insulin
levels were significantly associated with SBP in a popula-
tion of children [30].

Our findings are supported by other evidence observed in
an Asian adult population. In a West Asian cohort of
women, wrist circumference was associated with incident
hypertension and incident CVD after 10 years of follow-up
[31].

The same authors developed an algorithm to estimate
the risk of predicted hypertension incidence using data
mining approaches, and they found that wrist cir-
cumference was a predictor of hypertension in a model
with six variables in Middle Eastern women [32]. These
data support the observation that in adulthood, wrist cir-
cumference is also associated with BP values. Moreover,
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wrist circumference was significantly related to the visc-
eral adiposity index, and higher gender-specific tertiles of
wrist circumference were associated with an increased risk
of Metabolic Syndrome; these evidence suggest wrist
circumference as a reliable candidate marker for cardio-
vascular and metabolic risk [33].

A limitation of the current study could be to have
examined only a sample of children and adolescents with
overweight/obesity; for this reason, it would be beneficial to
extend our findings in further studies with children and
adolescents of normal BMI. Furthermore, studies conducted
on a larger sample size are needed to determine a cut-off
value of wrist circumference.

In conclusion, given the established relationship between
insulin resistance and hypertension and our previous find-
ings of wrist circumference as a marker of insulin resis-
tance, in this study, we found that wrist circumference is
positively associated with SBP in a child and adolescent
population with overweight/obesity, confirming the relevant
role that insulin resistance has in the pathogenesis and
development of hypertension.
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