
ORIGINAL RESEARCH
published: 27 August 2019

doi: 10.3389/fendo.2019.00591

Frontiers in Endocrinology | www.frontiersin.org 1 August 2019 | Volume 10 | Article 591

Edited by:

Madhusmita Misra,

Massachusetts General Hospital and

Harvard Medical School,

United States

Reviewed by:

Amy Fleischman,

Boston Children’s Hospital and

Harvard Medical School,

United States

Jarmo Jääskeläinen,

Kuopio University Hospital, Finland

*Correspondence:

Sandro Loche

sandro.loche@aob.it

Specialty section:

This article was submitted to

Pediatric Endocrinology,

a section of the journal

Frontiers in Endocrinology

Received: 23 March 2019

Accepted: 12 August 2019

Published: 27 August 2019

Citation:

Guzzetti C, Ibba A, Casula L, Pilia S,

Casano S and Loche S (2019)

Cardiovascular Risk Factors in

Children and Adolescents With

Obesity: Sex-Related Differences and

Effect of Puberty.

Front. Endocrinol. 10:591.

doi: 10.3389/fendo.2019.00591

Cardiovascular Risk Factors in
Children and Adolescents With
Obesity: Sex-Related Differences and
Effect of Puberty
Chiara Guzzetti, Anastasia Ibba, Letizia Casula, Sabrina Pilia, Simona Casano and

Sandro Loche*

SSD Endocrinologia Pediatrica e Centro Screening Neonatale, Ospedale Pediatrico Microcitemico “A. Cao”, Azienda

Ospedaliera Brotzu, Cagliari, Italy

Objectives: To evaluate the effect of gender and puberty on cardiovascular risk factors

(CVRF) in obese children and adolescents.

Methods: One thousand four hundred and nine obese patients [age 9.7 (2.2–17.9)

y; 646 Male] were studied. Subjects were stratified according to Tanner pubertal staging

and age into prepubertal≤ and >6 ys (G1 and G2), pubertal stage 2–3 (G3), and pubertal

stage 4–5 (G4). Waist circumference (WC), systolic and diastolic blood pressure (SP, DP),

fasting plasma glucose, insulin, post Oral Glucose Tolerance Test glucose and insulin, and

lipids were evaluated. Insulin resistance was evaluated by HOMA index. Patients with no

CVRF were considered metabolically healthy (MHO).

Results: The percentage of MHO patients was 59.8% in G1 while was consistently

around 30% in the other groups. WC was more frequently abnormal in G2 males.

Pubertal progression was associated with a decrease in WC abnormalities. SP was

more frequently abnormal in G4 males and pubertal progression was associated with

higher prevalence of abnormal SP in males. Pubertal progression was associated with

an increase in hypertension rate in both sexes. HOMA was more frequently abnormal in

G2 and G3 females. HDL, LDL, and TG were more frequently abnormal in G2 females.

Dyslipidemia rate was higher in G2 females. Pubertal progression was associated with

higher prevalence of abnormal HDL in males.

Conclusions: Sex and pubertal status influence the frequency of abnormalities of

CVRF in obese children and adolescents. CVRF are already present in prepubertal age.

Identifying patients with higher risk of metabolic complications is important to design

targeted and effective prevention strategies.
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INTRODUCTION

Childhood obesity is one of the major public health problems.
In recent decades, the prevalence of obesity has considerably
increased worldwide due to sedentary lifestyle and high calories
diets (1–3). A recent report estimated that 603.7 million of adults
and 107.7 million of children worldwide are obese (3). Childhood
obesity is associated with high prevalence of morbidity and
mortality in adulthood (4). Early complications of obesity include
abnormal glucose metabolism (hyperglycemia, insulin resistance,
type 2 diabetes mellitus), dyslipidemia and hypertension which
are components of the metabolic syndrome (1). Treatment of
obesity is difficult and discouraging, then more effort should
be addressed to prevent overweight and obesity and their
complications (1).

The influence of puberty and sex on obesity related
cardiovascular risk factors (CVRF) has been shown in a number
of studies (5–9). In adult patients, it is known that men <50
years have a higher metabolic risk than women, and women
>50 years have a higher metabolic risk than men (10, 11). The
effects of sex and puberty on CVRF in children and adolescents
have been reported in some studies, with conflicting results (5–
7, 12–14). Puberty is characterized by changes in fuel metabolism
and fat mass distribution, cholesterol, leptin, and adiponectin
levels, and a reduction of insulin sensitivity (15, 16). The lifestyle
changes that occur during puberty also influence the metabolic
health status of these subjects. These changes are different
between boys and girls (17), and hormonal changes occurring
during puberty are not the only responsible factors (17–19),
although the mechanisms underlying this phenomenon is not
clearly understood.

The aim of this study was to evaluate the effect of sex and
pubertal maturation on CVRF in a large group of children and
adolescents with obesity.

SUBJECTS AND METHODS

Subjects
Data were collected from 1,409 children and adolescents with
obesity referred to our Endocrine Unit between 2000 and
2016. The study was approved by our ethic committee and
written informed consent was obtained from the parents or
legal guardians for all patients. All patients included in the
study had simple obesity, and possible organic or genetic causes
were excluded.

In all subjects height, weight, pubertal status [according
to Tanner and Whitehouse (20)], waist circumference (WC),
systolic and diastolic blood pressure (SP and DP, respectively)
were measured. Waist circumference was measured with an
anthropometric tape midway between the lower rip margin and
the iliac crest at the end of a gentle expiration. Blood pressure was
measured in supine position using a sphygmomanometer with
appropriated sized cuff. Body mass index (BMI) was calculated
as weight divided by height squared. According to the Endocrine
Society guidelines (1), patients were defined obese if BMI ≥95th
percentile. BMI-SDS, a more valuable tool for comparing data
from patients of different age and sex, was derived from the

Italian reference data (21). According to this definition, the 95th
percentile corresponds to 1.65 SDS. WC percentiles (WCp) were
defined for all patients according to Cook et al. (22). SP and
DP percentiles were defined for all patients according to Lurbe
et al. (23).

Morning serum concentrations of glucose (Gly), insulin
(Ins), total cholesterol (tCHO), HDL, LDL, triglycerides (TG)
were evaluated in all subjects, between 08.00 and 09.00 h, after
an overnight fast, in supine position. On the same day, an
oral glucose tolerance test [OGTT; 1.75 g of glucose/kg body
weight, maximum 75 g; blood samples for glycemia and insulin
evaluation taken at 0 and 120min (Gly OGTT and Ins OGTT)]
was performed. Homeostatic model assessment [HOMA index,
Glucose (mmol/L) × Insulin (µU/L)/22.5] was used to evaluate
insulin resistance.

WC was considered normal if <90th percentile (24, 25).
Hypertension was defined as SP or DP ≥95th percentile (1,
26, 27). Impaired fasting glucose (IFG) was defined as glycemia
≥100 mg/dl (5.6 mmol/l) and <126 mg/dl (7 mmol/l). Impaired
glucose tolerance (IGT) was defined as glycemia after OGTT
≥140 mg/dl (7.8 mmol/l) and <200 mg/dl (11.1 mmol/l).
Diabetes mellitus was defined as glycemia≥126mg/dl (7mmol/l)
or glycemia after OGTT ≥200 mg/dl (11.1 mmol/l) (1, 28). IFG,
IGT or diabetes mellitus were considered as abnormalities of
glucose metabolism. tCHO was considered high if ≥200 mg/dl
(5.18 mmol/l). LDL was considered high if ≥130 mg/dl (3.37
mmol/l). HDL was considered low if ≤40 mg/dl (1.04 mmol/l).
TG was considered high if ≥100 mg/dl (1.13 mmol/l) in subjects
younger <10 ys and ≥130 mg/dl (1.47 mmol/l) in those ≥10
ys. Dyslipidemia was diagnosed in patients with at least one
abnormal lipid value (1, 27). HOMA was considered normal if
<2.5 in prepubertal patients and <4 in pubertal patients (29).

Children with normal SP, DP, Gly, Gly OGTT, Ins, Ins
OGTT, HOMA, tCHO, HDL, LDL, and TG were considered
metabolically healthy obese patients (MHO), while children with
one or more abnormal factor were considered metabolically
unhealthy obese patients (MUO).

Patients were analyzed as a single group as well as after
subdivision into 4 groups, according to their pubertal status and
age: prepubertal≤6 years (group 1), prepubertal>6 years (group
2), pubertal status 2–3 (group 3), pubertal status 4–5 (group 4).

Assays
Serum glucose was determined by the glucose oxidases
method (Autoanalyser, Beckman Coulter, USA). Serum insulin
concentrations were measured using reagents provided by
Siemens (Lianberis, UK). tCHO, LDL, HDL, and TG were
measured by standard routine methods.

Statistical Analysis
Distribution of the data was evaluated using Kolmogorov–
Smirnov test. Data were presented as median and interquartile
range (IQR) or count and percentage. Comparisons between 2
groups were performed using the Mann-Whitney U-test or Chi-
Squared test, according to the type of variables. Comparisons
between multiple groups were performed using Chi-Squared
test or Kruskal-Wallis test followed by Dunn’s test for post-hoc
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multiple comparison, according to the type of variables. When
age distribution was not similar between males and females, and
when BMI-SDS distribution was not similar between males and
females and between pubertal groups, age- or BMI-SDS-adjusted
ANCOVA followed by Bonferroni’s test for post-hoc multiple
comparison and logistic regression were used to compare
characteristics among the study groups, according to the type of
variables. Bonferroni correction was applied when appropriate. P
≤ 0.01 was considered significant. All statistical calculations were
performed using STATISTICA version 9.1 software (StatSoft Inc.,
Tulsa, OK, USA) and Graph Pad Prism version 6 (GraphPad
Software Inc., La Jolla, CA, USA).

RESULTS

Clinical and biochemical characteristics of the patients are
summarized in Table 1. One thousand four hundred and nine
obese children and adolescents [646 Male and 763 Female,
median age 9.7 ys (range 2.2–17.9)] were included in the study.
66.8% of patients had WCp >90◦. Overall, the prevalence of
hypertension was 16.3%, the prevalence of abnormalities of
glucose metabolism (IFG or IGT) was 7.2%, and increased
insulin resistance (measured with HOMA) was present in 43.8%
of patients. The prevalence of dyslipidemia (abnormalities of
tCHO and/or LDL, HDL, TG) was 35%. CVRF were present
even in patients ≤6 ys: 85.1% had abnormal WCp, 20.6%
had dyslipidemia, 19.8% had abnormal HOMA, 5.9% had
hypertension, and 3.8% had IFG or IGT. The percentage of
MHO patients was 59.8% in prepubertal patients≤6 ys while was
consistently around 30% in the other groups.

Sex differences in CVRF in all patients are reported in Table 1.
WCp, SP, and Gly were higher in males while Ins, Ins OGTT
and HOMA were higher in females. WCp and SP were more
frequently abnormal in males, while DP was more frequently
abnormal in females. Hypertension was more frequent in male
while dyslipidemia was more frequent in females.

Pubertal status differences in CVRF in all patients are reported
inTable 1. The progression of puberty was associated with higher
BMI-SDS, SP, DP, Ins, Ins OGTT, HOMA, and TG andwith lower
WCp and HDL. The prevalence of WCp abnormalities decreased
with pubertal progression. Group 1 had lower Gly and Gly OGTT
than groups 2–4.

Sex differences in CVRF in patients subdivided according to
their pubertal status are reported in Table 2. BMI-SDS (groups
1 and 4), WCp (groups 2 and 4), SP (groups 3 and 4), and Gly
(group 4) were higher in males. Ins, Ins OGTT, and HOMA
in groups 2 and 3, and LDL and TG in group 2 were higher
in females. WCp (group 2) and SP (group 4) were more
frequently abnormal in males while HOMA in groups 2 and
3 and LDL, HDL, and TG in group 2 were more frequently
abnormal in females. Hypertension was more frequent in group
4 male while dyslipidemia was more frequently abnormal
in group 2 females.

Pubertal status differences in CVRF in patients subdivided
according to sex are reported in Table 2. In both sexes, SP,
DP, Ins, Ins OGTT, and HOMA increased with the progression

of puberty. In males, BMI-SDS was higher in group 1, SP
was lower in group 3, Gly, Gly OGTT and TG were lower
in group 1, and HDL was lower in group 4. In females,
BMI-SDS was higher in group 1, WCp decreased with the
progression of puberty, Gly and Gly OGTT were lower in
group 1, tCHO and LDL were higher in group 2 and TG was
higher in group 3.

The percentage of MHO patients was higher in group 1, and
WCpwas more frequently abnormal in group 2, regardless of sex.
Among males, SP was less frequently abnormal in group 2.

In summary:

WC was more frequently abnormal in group 2 males.
Pubertal progression was associated with a decrease in
WC abnormalities.
SP was more frequently abnormal in group 4 males and
pubertal progression was associated with higher prevalence
of abnormal SP in males. Pubertal progression was associated
with an increase in hypertension rate in bothmales and female.
The prevalence of Gly abnormalities was similar between
males and females, at any pubertal stage considered.
Conversely, HOMA was more frequently abnormal in groups
2 and 3 females compared to males.
HDL, LDL, and TG were more frequently abnormal in group
2 females. Dyslipidemia rate was higher in group 2 females.
Pubertal progression was associated with higher prevalence of
abnormal HDL in males.
Pubertal progression was not associated with change in MHO
rate, but MHO rate was higher in group 1.

DISCUSSION

The prevalence of childhood obesity and its complications
are increasing worldwide, and, therefore, it is mandatory to
recognize high risk categories on which to focus prevention
interventions (1–3). Obesity related CVRF in the pediatric
population are influenced by sex and pubertal status (5–
9). In our group of patients with obesity, impaired insulin
resistance and dyslipidemia were the most frequently diagnosed
CVRF, with a prevalence of 43.8 and 35%, respectively. 16.3%
had hypertension and 7.2% had abnormalities of glucose
metabolism. Of note is the fact that these CVRF are already
present in preschool children (≤6 years). These observation
are in agreement with those of previous studies showing
that dyslipidemia is frequent in children/adolescents with
obesity while hypertension is rare (30–33). Conversely,
Martino et al. (34) and Dalla Valle et al. (35) reported
a higher prevalence of hypertension (up to 20.8 and
50% respectively).

In our study, WCp, SP, and Gly were higher in boys while
Ins, Ins OGTT and HOMA were higher in girls. In order to
rule out a possible effect of puberty, we evaluated the effect of
sex after subdividing the group according to pubertal status.
We confirmed that WCp and SP were higher in group 2 and
4 boys, while Ins, Ins OGTT and HOMA were higher in
group 2 and 3 girls. Moreover, group 2 girls had higher LDL
and TG levels. No sex differences were found in prepubertal
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TABLE 1 | Clinical and biochemical characteristics of the patients.

All patients M F p Group 1 Group 2 Group 3 Group 4 p* Significant

differences

between groups
Prepubertal

≤6 ys

Prepubertal

> 6 ys

Pubertal

Stage 2–3

Pubertal

Stage 4–5

n = 1409 n = 646 n = 763 n = 107 n = 711 n = 283 n = 308

CLINICAL CHARACTERISTICS

Age (ys) 9.8

(7.8–12.6)

10.2

(8.1–12.4)

9.5

(7.6–12.8)

0.19 5.2

(4.6–5.6)

8.5

(7.4–9.7)

11.3

(10.1–12.5)

14.3

(13.2–15.8)

<0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4, 2 vs. 3, 2 vs.

4, 3 vs. 4

Gender

(Male/Female)

646/763 – – 44/63 373/338 149/134 80/228 <0.0001 1 vs. 4, 2 vs. 4, 3

vs. 4

Prepubertal/pubertal 818/591 417/229 401/362 <0.0001 – – – –

MHO/MUO 457/952

(48%)

216/430

(50.2%)

241/522

(46.2%)

0.04 64/43

(59.8%)

208/503

(29.3%)

90/193

(31.8%)

95/213

(30.8%)

<0.0001 1 vs. 2,1 vs. 3, 1

vs. 4

BMI-SDS 2.1

(1.9–2.3)

2.1

(1.9–2.3)

2.1

(1.9–2.3)

0.06 2.2

(2–2.4)

2

(1.9–2.2)

2

(1.8–2.3)

2.2

(1.9–2.6)

<0.0001 1 vs. 2, 1 vs. 3, 2

vs. 4, 3 vs. 4

BMI-SDS ≤2 601/1409

(42.7%)

271/646

(42%)

330/763

(43.3%)

0.38 29/107

(27.1%)

325/711

(45.7%)

144/283

(50.9%)

103/308

(33.4%)

<0.0001 1 vs. 2, 1 vs. 3,1

vs. 4, 2 vs. 4,3 vs.

4

BMI-SDS

>2–≤2.5

643/1409

(45.6%)

291/646

(45%)

352/763

(46.1%)

64/107

(59.8%)

345/711

(48.5%)

119/283

(42%)

115/308

(37.3%)

BMI-SDS > 2.5 165/1409

(11.7%)

84/646

(13%)

81/763

(10.6%)

14/107

(13.1%)

41/711

(5.8%)

20/283

(7.1%)

90/308

(29.2%)

WAIST CIRCUMFERENCE

WCp 92

(86–96)

93

(88–97)

91

(83–96)

<0.0001 96

(92–98.3)

93

(88–97)

91

(83–95)

88

(77–94)

<0.0001 1 vs. 3, 1 vs. 4, 2

vs. 3, 2 vs. 4, 3 vs.

4

Abnormal WCp 772/1155

(66.8%)

390/541

(72.1%)

382/614

(62.2%)

0.0004 80/94

(85.1%)

418/577

(72.4%)

137/236

(58.1%)

137/248

(55.2%)

<0.0001§ 1 vs. 3, 1 vs. 4, 2

vs. 3, 2 vs. 4

BLOOD PRESSURE

SP (mmHg) 105

(95–115)

110

(100–120)

105

(95–115)

<0.0001 95

(85–100)

100

(90–110)

110

(100–120)

120

(110–125)

0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4, 2 vs. 3, 2 vs.

4, 3 vs. 4

Abnormal SP 190/1358

(14%)

108/625

(17.3%)

82/733

(11.2%)

0.001 4/101

(4%)

69/681

(10.1%)

51/275

(18.5%)

66/301

(21.9%)

0.013§

DP (mmHg) 60

(60–70)

60

(60–70)

60

(60–70)

0.16 60

(50–60)

60

(55–65)

65

(60–70)

70

(60–70)

0.0001 1 vs. 3, 1 vs. 4, 2

vs. 3, 2 vs. 4, 3 vs.

4

Abnormal DP 58/1358

(4.3%)

18/625

(2.9%)

40/733

(5.5%)

0.02 3/101

(3%)

25/681

(3.7%)

9/275

(3.3%)

21/301

(7%)

0.04§

Hypertension 222/1358

(16.3%)

122/625

(19.5%)

100/733

(13.6%)

0.003 6/101

(5.9%)

88/681

(12.9%)

56/275

(20.4%)

72/301

(23.9%)

0.008§ 1 vs. 3, 1 vs. 4

(Continued)
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TABLE 1 | Continued

All patients M F p Group 1 Group 2 Group 3 Group 4 p* Significant

differences

between groups
Prepubertal

≤6 ys

Prepubertal

> 6 ys

Pubertal

Stage 2–3

Pubertal

Stage 4–5

n = 1409 n = 646 n = 763 n = 107 n = 711 n = 283 n = 308

GUCIDIC METABOLISM

Gly (mg/dl) 88

(84–93)

89

(85–93)

87

(82–91)

<0.0001 84

(80–90.2)

88

(83–92)

89

(84–94)

88

(84–93)

<0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4

Gly OGTT (mg/dl) 103

(93–114)

103

(94–114)

103

(92–114)

0.84 93

(83–107)

103

(93.5–114)

104

(94–117)

104

(93–116)

<0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4

Ins (mU/l) 13

(7.8–19.6)

11.9

(7.1–18)

14.3

(7.4–21.1)

<0.0001 7.2

(3.9–11.2)

11.6

(7–17.6)

15

(10–23.8)

17

(12.5–24)

0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4, 2 vs. 3, 2 vs.

4

Ins OGTT (mU/l) 50.9

(32–77.7)

45.8

(29–68)

54.9

(34.7–86.2)

<0.0001 23.1

(16.7–38.4)

44.7

(29.2–63.8)

60.5

(40.1–101)

70.8

(47–101)

0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4, 2 vs. 3, 2 vs.

4

IFG or IGT 101/1399

(7.2%)

48/642

(7.5%)

53/757

(7%)

0.74 4/106

(3.8%)

45/705

(6.4%)

30/283

(10.6%)

22/305

(7.2%)

0.67§

HOMA 2.8

(1.6–4.3)

2.6

(1.5–4)

3.1

(1.8–4.6)

0.0001 1.6

(0.8–2.4)

2.5

(1.5–3.9)

3.3

(2.1–5.3)

3.6

(2.7–5.1)

0.0001 1 vs. 2, 1 vs. 3, 1

vs. 4, 2 vs. 3, 2 vs.

4

Abnormal HOMA 613/1398

(43.8%)

269/641

(42%)

344/757

(45.4%)

0.19 21/106

(19.8%)

352/705

(49.9%)

110/282

(39%)

130/305

(42.6%)

0.4§

LIPIDS

tCHO (mg/dl) 166.5

(146–188)

165

(145–185)

169

(147–190)

0.12 160

(149–180)

169

(148–191)

166.5

(148–186)

163

(142–184)

0.02

Abnormal tCHO 213/1398

(15.2%)

89/643

(13.8%)

124/755

(16.4%)

0.18 9/107

(8.4%)

129/706

(18.3%)

38/282

(13.5%)

37/303

(12.2%)

0.09§

LDL (mg/dl) 102

(86–120)

102

(86–118)

103

(87–122)

0.2 99

(89–116)

103

(87–124)

105

(87–120)

99

(83–118)

0.005 none

Abnormal LDL 215/1394

(15.4%)

85/642

(13.2%)

130/752

(17.3%)

0.04 10/107

(9.3%)

124/705

(17.6%)

42/279

(15.1%)

39/303

(12.9%)

0.51§

HDL (mg/dl) 50

(43–58)

50

(43–58)

50

(43–58)

0.43 53

(44–60)

51

(44–59)

48

(41–56)

48

(42–55)

<0.0001 1 vs. 4, 2 vs. 3, 2

vs. 4

Abnormal HDL 322/1398

(23%)

126/643

(19.6%)

196/755

(26%)

0.005 13/107

(12.1%)

159/706

(22.5%)

75/282

(26.6%)

75/303

(24.8%)

0.51§

TG (mg/dl) 57

(42–80)

56

(41–77)

58

(42–81.5)

0.21 49

(37–62)

55

(40-76)

62

(47–87.5)

64

(45–89)

<0.0001 1 vs. 3, 1 vs. 4, 2

vs. 3, 2 vs. 4,

Abnormal TG 112/1396

(8%)

44/643

(6.8%)

68/753

(9%)

0.13 6/107

(5.6%)

56/705

(7.9%)

30/281

(10.7%)

20/303

(6.6%)

0.05§

Dyslipidemia 489/1398

(35%)

197/643

(30.6%)

292/755

(38.7%)

0.001 22/107

(20.6%)

255/706

(36.1%)

104/282

(36.9%)

108/303

(35.6%)

0.51§

Data are reported as median and IQR or count and percentage.

*Adjusted for BMI-SDS.
§p-value refers to “pubertal groups” variable considered as an independent variable in the logistic regression model. Bold values refers to statistically significant differences among groups. Italic values were used to make p-value

easily recognizable.
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TABLE 2 | Sex and pubertal status differences in CVRF among the 4 groups.

Group 1 Group 2 Group 3 Group 4 M F

Prepubertal ≤6 ys Prepubertal > 6 ys Pubertal Stage 2–3 Pubertal Stage 4–5

n = 107 n = 711 n = 283 n = 308

M F pa M F pb M F pb M F pa pc Significant

differences

between

groups

pc Significant

differences

between

groups

n = 44 n = 63 n = 373 n = 338 n = 149 n = 134 n = 80 n = 228

CLINICAL CHARACTERISTICS

Age (ys) 5.2

(4.6–5.5)

5.2

(4.8–5.6)

0.51 8.9

(7.8–

10.5)

8.2

(7.2–9.1)

<0.0001 12.1

(11–13.2)

10.3

(9.5–

11.3)

<0.0001 14.5

(13.8–

15.8)

14.1

(13.1–

15.8)

0.08 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 3, 2 vs.

4, 3 vs. 4

MHO/MUO 25/19

(56.8%)

39/24

(61.9%)

0.6 125/248

(33.5%)

83/255

(24.6%)

0.06 50/99

(33.6%)

40/94

(29.9%)

0.5 16/64

(20%)

79/149

(34.6%)

0.015 0.0006 1 vs. 2, 1

vs. 3, 1

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 4

BMI-SDS 2.3

(2.1–2.5)

2.1

(2–2.3)

0.001 2

(1.9–2.2)

2

(1.9–2.2)

0.07 2

(1.9–2.3)

2

(1.8–2.2)

0.11 2.4

(1.9–2.7)

2.1

(1.9–2.5)

0.02 <0.0001 1 vs. 2, 1

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 2 vs. 4, 3 vs.

4

BMI-SDS

≤2

6/44

(13.6%)

23/63

(36.5%)

0.03 167/373

(44.8%)

158/338

(46.7%)

0.02 74/149

(49.7%)

70/134

(52.2%)

0.53 24/80

(30%)

79/228

(34.6%)

0.008 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 4, 3

vs. 4

<0.0001 2 vs. 4, 3 vs.

4

BMI-SDS

>

2–≤2.5

30/44

(68.2%)

34/63

(54%)

176/373

(47.2%)

169/338

(50%)

63/149

(42.3%)

56/134

(41.8%)

22/80

(27.5%)

93/228

(40.8%)

BMI-SDS

> 2.5

8/44

(18.2%)

6/63

(9.5%)

30/373

(8%)

11/338

(3.3%)

12/149

(8.1%)

8/134

(6%)

34/80

(42.5%)

56/228

(24.6%)

WAIST CIRCUMFERENCE

WCp 97

(95–99)

96

(91–97)

0.62 94

(90–97)

93

(88–96)

<0.0001 91

(83–95)

91

(82–95)

0.86 93

(87–97)

83

(75–93)

<0.0001 <0.0001 1 vs. 3, 2

vs. 3

<0.0001 1 vs. 3, 1 vs.

4, 2 vs. 4, 3

vs. 4

Abnormal

WCp

31/34

(91.2%)

49/60

(81.7%)

0.97 239/312

(76.6%)

179/265

(67.5%)

0.001 75/128

(58.6%)

62/108

(57.4%)

0.81 45/67

(67.2%)

92/181

(50.8%)

0.15 <0.0001§ 2 vs. 3, 2

vs. 4

<0.0001§ 2 vs. 4

(Continued)
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TABLE 2 | Continued

Group 1 Group 2 Group 3 Group 4 M F

Prepubertal ≤6 ys Prepubertal > 6 ys Pubertal Stage 2–3 Pubertal Stage 4–5

n = 107 n = 711 n = 283 n = 308

M F pa M F pb M F pb M F pa pc Significant

differences

between

groups

pc Significant

differences

between

groups

n = 44 n = 63 n = 373 n = 338 n = 149 n = 134 n = 80 n = 228

BLOOD PRESSURE

SP

(mmHg)

100

(90–104)

90

(85–100)

0.52 105

(95–110)

100

(90–105)

0.0097 110

(105–

120)

105

(100–

110)

0.14 125

(120–

135)

115

(110–

120)

<0.0001 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 3, 2 vs.

4, 3 vs. 4

Abnormal

SP

1/40

(2.5%)

3/61

(4.9%)

0.51 42/361

(11.6)

27/320

(8.4%)

0.5 35/144

(24.3%)

16/131

(12.2%)

0.29 30/80

(37.5%)

36/221

(16.3%)

0.001 <0.0001§ 2 vs. 3, 2

vs. 4

0.013§

DP

(mmHg)

60

(50–65)

60

(50–60)

0.85 60

(55–65)

60

(54–65)

0.24 65

(60–70)

60

(60–70)

0.58 70

(65–75)

70

(60–70)

0.96 <0.0001 1 vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 1 vs. 3, 1 vs.

4, 2 vs. 3, 2

vs. 4, 3 vs. 4

Abnormal

DP

2/40

(5%)

1/61

(1.6%)

0.48 14/361

(3.9%)

11/320

(3.4%)

0.66 2/144

(1.4%)

7/131

(5.3%)

0.04 0/80

(0%)

21/221

(9.5%)

n.a. 0.015§ 0.04§

Hypertension 3/40

(7.5%)

3/61

(4.9%)

0.7 53/361

(14.7%)

35/320

(10.9%)

0.43 36/144

(25%)

20/131

(15.3%)

0.72 30/80

(37.5%)

42/221

(19%)

0.004 <0.0001§ none 0.008§ none

GLUCIDIC METABOLISM

Gly

(mg/dl)

85

(82–92)

83

(79–90)

0.17 89

(85–93)

87

(83–91)

0.03 90

(85–95)

89

(84–93)

0.38 91.5

(86–96)

87

(52–92)

<0.0001 0.001 1 vs. 4 0.0002 1 vs. 4, 1 vs.

3

Gly

OGTT

(mg/dl)

96

(85–107)

92

(83–103)

0.74 103

(94–113)

94

(104–

114)

0.03 103

(95–115)

105

(90–117)

0.73 109

(94–118)

103

(93–113)

0.63 0.006 1 vs. 3, 1

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4

Ins (mU/l) 6.6

(3.6–

11.7)

5

(7.5–

10.4)

0.21 11

(6.7–

16.5)

12.7

(7.5–

18.9)

0.0001 13.2

(8.9–

20.3)

17.1

(11.1–

25.6)

<0.0001 17.7

(12.6–

23.8)

16.7

(12.6–24)

0.73 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 3, 2 vs. 4

Ins

OGTT

(mU/l)

20.5

(11.9–

28.6)

25.4

(20.1–

40.4)

0.08 41.9

(28.1–

61.5)

48

(32–65)

0.0001 55

(39–79)

72.4

(45–117)

0.002 62

(46.7–94)

72.6

(47.7–

102.8)

0.32 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 3, 2 vs. 4

(Continued)
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TABLE 2 | Continued

Group 1 Group 2 Group 3 Group 4 M F

Prepubertal ≤6 ys Prepubertal > 6 ys Pubertal Stage 2–3 Pubertal Stage 4–5

n = 107 n = 711 n = 283 n = 308

M F pa M F pb M F pb M F pa pc Significant

differences

between

groups

pc Significant

differences

between

groups

n = 44 n = 63 n = 373 n = 338 n = 149 n = 134 n = 80 n = 228

IFG or

IGT

0/43

(0%)

4/63

(6.3%)

0.014 24/370

(6.5%)

21/335

(6.3%)

0.18 17/149

(11.4%)

13/134

(9.7%)

0.7 7/80

(8.8%)

15/225

(6.7%)

0.71 0.07§ 0.67§

HOMA 1.5

(0.7–2.6)

1.6

(0.9–2.2)

0.24 2.4

(1.4–3.7)

2.7

(1.5–4)

0.0002 2.9

(2–4.4)

3.8

(2.3–5.9)

<0.0001 3.8

(2.8–5.2)

3.5

(2.7–5)

0.82 <0.0001 1 vs. 2, 1

vs. 3, 1

vs. 4, 2

vs. 3, 2

vs. 4, 3

vs. 4

<0.0001 1 vs. 2, 1 vs.

3, 1 vs. 4, 2

vs. 3, 2 vs. 4

Abnormal

HOMA

12/43

(27.9%)

9/63

(14.3%)

0.17 170/369

(46.1%)

182/336

(54.2%)

<0.0001 48/149

(32.2%)

62/133

(46.6%)

<0.0001 39/80

(48.8%)

91/225

(40.4%)

0.43 0.64§ 0.04§

LIPIDS

tCHO

(mg/dl)

159

(139–

178)

161

(153–

180)

0.09 166

(148–

188)

173

(149–

196)

0.016 166

(149–

183)

168

(147–

190)

0.59 162

(139–

181)

163

(144–

185)

0.6 0.06 0.005 2 vs. 4

Abnormal

tCHO

3/44

(6.8%)

6/63

(9.5%)

0.07 58/370

(15.7%)

71/336

(21.1%)

0.011 19/149

(12.8%)

19/133

(14.3%)

0.48 9/80

(11.3%)

28/223

(12.6%)

0.62 0.62§ 0.09§

LDL

(mg/dl)

96

(81–111)

101

(91–118)

0.12 102

(86–119)

106

(88–125)

0.008 106

(88–117)

105

(87–123)

0.71 99

(85–119)

100

(83–118)

0.83 0.12 0.004 2 vs. 4

Abnormal

LDL

2/44

(4.5%)

8/63

(12.7%)

0.19 54/370

(14.6%)

70/335

(20.9%)

0.003 18/148

(12.2%)

24/131

(18.3%)

0.65 11/80

(13.8%)

28/223

(12.6%)

0.96 0.72§ 0.07§

HDL

(mg/dl)

55

(44–61)

53

(44–59)

0.54 52

(45–59)

51

(44–59)

0.08 49

(41–56)

48

(41–56)

0.31 45

(38–52)

49

(43–56)

0.04 <0.0001 1 vs. 4, 2

vs. 4

0.03

Abnormal

HDL

4/44

(9.1%)

9/63

(14.3%)

0.37 62/370

(16.8%)

97/336

(28.9%)

0.0001 35/149

(23.5%)

40/133

(30.1%)

0.4 25/80

(31.3%)

50/223

(22.4%)

0.17 0.005§ 0.51§

TG

(mg/dl)

49

(37–56)

48

(38–64)

0.54 54

(39–72)

56

(42–79)

0.001 59

(45–87)

63

(50–88)

0.31 67

(57–98)

62

(43–84)

0.012 <0.0001 1 vs. 3, 1

vs. 4, 2

vs. 4

0.0002 1 vs. 3, 2 vs.

3

Abnormal

TG

2/44

(4.5%)

4/63

(6.3%)

0.77 20/370

(5.4%)

36/335

(10.7%)

0.007 12/149

(8.1%)

18/132

(13.6%)

0.53 10/80

(12.5%)

10/223

(4.5%)

0.03 0.1§ 0.05§

Dyslipidemia 7/44

(15.9%)

15/63

(23.8%)

0.36 111/370

(30%)

144/336

(42.9%)

0.0001 49/149

(32.9%)

55/133

(51.4%)

0.56 30/80

(37.5%)

78/223

(35%)

0.9 0.08§ 0.51§

Data are reported as median and IQR or count and percentage.
ap-value refers to differences between male and female. Models are adjusted for BMI-SDS.
bp-value refers to differences between male and female. Models are adjusted for Age.
cp-value refers to differences among the 4 pubertal groups. Models are adjusted for BMI-SDS.
§p-value refers to “pubertal groups” variable considered as an independent variable in the logistic regression model. Bold values refers to statistically significant differences among groups. Italic values were used to make p-value

easily recognizable.
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patients ≤6 years. We are aware that some result of this
analysis, although statistically significant, may not always reflect
a biological difference. For example, 5 mmHg difference in
SP between boys and girls is not clinically relevant. However,
when we looked for sex differences in the prevalence of CVRF
abnormalities, we confirmed a higher prevalence of abnormal
WC in group 2 boys, SP and hypertension in group 4 boys
and HOMA, LDL, HDL, TG and dyslipidimia in group 2. A
number of studies have shown, both in the general population
and in subjects with obesity, an adverse cardiometabolic profile
in boys (5, 6, 14, 30, 31, 35–37), with higher WC, SP, Gly,
and TG, and lower HDL (31, 36, 38), but higher Ins and
HOMA in girls (35, 38). Conversely, other authors (13, 32, 34)
found no sex related differences in CVRF. The mechanism
underlying the sex differences in CVRF is not clearly and
completely understood. Male and female have different fat
distribution and metabolism (different levels of adipose tissue-
derived hormones and utilization of fat stores) that may be
due not only to the different gonadal hormone milieu, but also
to the effect of X or Y chromosome themselves (18, 39, 40).
X chromosome dosage plays a role in energy homeostasis and
behavior and regulation of food intake (19, 41). Testosterone
exposure during fetal life may also cause modifications of
hypothalamic structure and function fundamental for energy
homeostasis (39). Moreover, gender-related factors like the
amount of physical activity, may contribute to differences
between males and females (10). In line with these observations,
we observed that sex-related differences in the prevalence of
some CVRF are already present in prepubertal children with
obesity (42, 43).

The physiological changes of puberty driven by the rising
secretion of sex hormones are accompanied by changes in
body composition, fuel metabolism, lipids levels, blood pressure
and reduced insulin sensitivity (5, 9, 12, 15–17, 44). Insulin
sensitivity decreases at pubertal onset, reaches lowest levels
around pubertal stage 3 and then returns to prepubertal
levels when pubertal maturation is completed. The transient
decline in insulin sensitivity is normally accompanied by an
increase of insulin secretion (7, 12, 45). This compensatory
mechanism could be compromised in patients with obesity,
with worsening of metabolic health status during puberty
and no recovery when pubertal maturation is completed
(46). Furthermore, these puberty-related modifications occur
differently in boys and girls and in different ethnicities
(12, 17). In our study, pubertal progression was associated
with an increased prevalence of hypertension in both boys
and girls, and HDL abnormalities in boys. Unexpectedly,
with the progression of puberty we observed a reduction
in the number of patients with abnormal WC and a near
stable rate of MHO patients, regardless of sex. IFG and
IGT rate and HOMA abnormalities were stable during
pubertal progression.

The cross-sectional study design is a clear limitation of
the study. However, the large sample size allowed to show
significant differences in the prevalence and severity of CVRF

related to age, sex and pubertal status. Only few studies have
evaluated specifically the effect of sex and puberty on CVRF
in the pediatric population excluding possible confounding
factors (5–9, 12, 16, 35, 36). Furthermore, since the study
was performed in a single center on a large homogeneous
population of children and adolescents with obesity, all from
Sardinia (Italy), the results are not influenced by ethnicity (47)
or by different clinical and laboratory practices. We have not
evaluated the impact of lifestyle in our cohort although we are
aware that differences in lifestyle (physical activity and diet)
may partially account for the sex and puberty-related differences
in CVRF. Further studies are needed to clarify this point. In
summary, our results show that boys tend to have higher rate
of abnormal WCp and hypertension, while girls tend to have
higher rate of insulin resistance and dyslipidemia. Moreover,
pubertal progression was associated with a more severe obesity
stage and higher hypertension rate. According to these results,
we are not able to recognize a single group of patients with a
higher risk of metabolic abnormalities. However, we have shown
that CVRF are present in all groups, and each group have higher
risk for different CVRF.

In conclusion, our study confirms that sex
and pubertal status influence the prevalence and
severity of CVRF in children and adolescents with
obesity. CVRF are already present in prepubertal
age. Identifying patients with higher risk of metabolic
complications is important to design targeted and effective
prevention strategies.

DATA AVAILABILITY

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of Independent Ethical Committee of
the University of Cagliari with written informed consent from
all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol
was approved by the Independent Ethical Committee of the
University of Cagliari, Italy.

AUTHOR CONTRIBUTIONS

CG carried out the analyses, drafted the initial manuscript, and
reviewed and revised themanuscript. AI, LC, SP, and SC designed
the data collection instruments, collected data, and reviewed
and revised the manuscript. SL conceptualized and designed the
study, coordinated and supervised data collection, and critically
reviewed the manuscript for important intellectual content.
CG, AI, LC, SP, SC, and SL approved the final manuscript
as submitted and agree to be accountable for all aspects of
the work.

Frontiers in Endocrinology | www.frontiersin.org 9 August 2019 | Volume 10 | Article 591

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Guzzetti et al. Cardiovascular Risk Factors in Obesity

REFERENCES

1. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH,

et al. Pediatric obesity-assessment, treatment, and prevention: an endocrine

society clinical practice guideline. J Clin Endocrinol Metab. (2017) 102:709–57.

doi: 10.1210/jc.2016-2573

2. Skinner AC, Perrin EM, Skelton JA. Prevalence of obesity and severe obesity in

US children, 1999–2014. Obesity. (2016) 24:1116–23. doi: 10.1002/oby.21497

3. GBD 2015 Obesity Collaborators. Health effects of overweight and obesity

in 195 countries over 25 years. N Engl J Med. (2017) 377:13–27.

doi: 10.1056/NEJMoa1614362

4. Morrison JA, Friedman LA, Wang P, Glueck CJ. Metabolic syndrome in

childhood predicts adult metabolic syndrome and type 2 diabetes mellitus

25 to 30 years later. J Pediatr. (2008) 152:201–6. doi: 10.1016/j.jpeds.2007.

09.010

5. Moran A, Jacobs DR Jr, Steinberger J, Steffen LM, Pankow JS, Hong

CP, et al. Changes in insulin resistance and cardiovascular risk during

adolescence: establishment of differential risk in males and females.

Circulation. (2008) 117:2361–8. doi: 10.1161/CIRCULATIONAHA.107.

704569

6. Tester J, Sharma S, Jasik CB, Mietus-Snyder M, Tinajero-Deck L. Gender

differences in prediabetes and insulin resistance among 1356 obese

children in Northern California. Diabetes Metab Syndr. (2013) 7:161–5.

doi: 10.1016/j.dsx.2013.06.002

7. Ball GDC, Huang TT, Gower BA, Cruz ML, Shaibi GQ, Weigensberg

MJ, et al. Longitudinal changes in insulin sensitivity, insulin secretion,

and beta-cell function during puberty. J Pediatr. (2006) 148:16–22.

doi: 10.1016/j.jpeds.2005.08.059

8. Hatch-Stein JA, Kelly A, Gidding SS, Zemel BS, Magge SN. Sex differences in

the associations of visceral adiposity, homeostatic model assessment of insulin

resistance, and body mass index with lipoprotein subclass analysis in obese

adolescents. J Clin Lipidol. (2016) 10: 757–66. doi: 10.1016/j.jacl.2016.02.002

9. Reinehr T, Wolters B, Knop C, Lass N, Holl RW. Strong effect of pubertal

status on metabolic health in obese children: a longitudinal study. J Clin

Endocrinol Metab. (2015) 100:301–8. doi: 10.1210/jc.2014-2674

10. Pucci G, Alcidi R, Tap L, Battista F, Mattace-Raso F, Schillaci G. Sex- and

gender-related prevalence, cardiovascular risk and therapeutic approach in

metabolic syndrome: a review of the literature. Pharmacol Res. (2017) 120:34–

42. doi: 10.1016/j.phrs.2017.03.008

11. Slagter SN, van Waateringe RP, van Beek AP, van der Klauw MM,

Wolffenbuttel BHR, van Vliet-Ostaptchouk JV. Sex, BMI and age differences

in metabolic syndrome: the Dutch Lifelines Cohort Study. Endocr Connect.

(2017) 6:278–88. doi: 10.1530/EC-17-0011

12. Moran A, Jacobs DR Jr, Steinberger J, Hong CP, Prineas R, Luepker R.

Insulin resistance during puberty: results from clamp studies in 357 children.

Diabetes. (1999) 48:2039–44. doi: 10.2337/diabetes.48.10.2039

13. Teixeira FC, Pereira FEF, Pereira AF, Ribeiro BG. Metabolic syndrome’s risk

factors and its association with nutritional status in school children. Prev Med

Rep. (2017) 6:27–32. doi: 10.1016/j.pmedr.2017.02.002

14. Qi Q, Hua S, Perreira KM, Cai J, Van Horn L, Schneiderman N, et al.

Sex Differences in associations of adiposity measures and insulin resistance

in US Hispanic/Latino Youth: The Hispanic Community Children’s Health

Study/Study of Latino Youth (SOL Youth). J Clin Endocrinol Metab. (2017)

102:185–94. doi: 10.1210/jc.2016-2279

15. Siervogel RM, Demerath EW, Schubert C, Remsberg KE, Chumlea WC,

Sun S, et al. Puberty and body composition. Horm Res. (2003) 60:36–45.

doi: 10.1159/000071224

16. Goran MI, Gower BA. Longitudinal study on pubertal insulin resistance.

Diabetes. (2001) 50:2444–50. doi: 10.2337/diabetes.50.11.2444

17. Kelsey MM, Zeitler PS. Insulin resistance of puberty. Curr Diab Rep. (2016)

16:64. doi: 10.1007/s11892-016-0751-5

18. Reue K. Sex differences in obesity: X chromosome dosage as a risk factor

for increased food intake, adiposity and co-morbidities. Physiol Behav. (2017)

176:174–82. doi: 10.1016/j.physbeh.2017.02.040

19. Link JC, Hasin-Brumshtein Y, Cantor RM, Chen X, Arnold AP, Lusis

AJ, et al. Diet, gonadal sex, and sex chromosome complement influence

white adipose tissue miRNA expression. BMC Genomics. (2017) 18:89.

doi: 10.1186/s12864-017-3484-1

20. Tanner JM, Whitehouse RH. Clinical longitudinal standards for height,

weight, height velocity, weight velocity, and stages of puberty. Arch Dis Child.

(1976) 51:170–9. doi: 10.1136/adc.51.3.170

21. Cacciari E, Milani S, Balsamo A, Spada E, Bona G, Cavallo L, et al. Italian

cross-sectional growth charts for height, weight and BMI (2 to 20 yr). J

Endocrinol Invest. (2006) 29:581–93. doi: 10.1007/BF03344156

22. Cook S, Auinger P, Huang TT. Growth curves for cardio-metabolic

risk factors in children and adolescents. J Pediatr. (2009) 155:S6.e15-26.

doi: 10.1016/j.jpeds.2009.04.051

23. Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S, Hirth A,

et al. 2016 European Society of Hypertension guidelines for the management

of high blood pressure in children and adolescents. J Hypertens. (2016)

34:1887–920. doi: 10.1097/HJH.0000000000001039

24. Zimmet P, Alberti KG, Kaufman F, Tajima N, Silink M, Arslanian S, et al. The

metabolic syndrome in children and adolescents—an IDF consensus report.

Pediatr Diabetes. (2007) 8:299–306. doi: 10.1111/j.1399-5448.2007.00271.x

25. Ahrens W, Moreno LA, Mårild S, Molnár D, Siani A, De Henauw S, et al.

Metabolic syndrome in young children: definitions and results of the IDEFICS

study. Int J Obes. (2014) 38:S4–14. doi: 10.1038/ijo.2014.130

26. Mancia G, Fagard R, Narkiewicz K, Redón J, Zanchetti A, BöhmM, et al. 2013

ESH/ESC Guidelines for the management of arterial hypertension: the Task

Force for the management of arterial hypertension of the European Society

of Hypertension (ESH) and of the European Society of Cardiology (ESC). J

Hypertens. (2013) 31:1281–357. doi: 10.1097/01.hjh.0000431740.32696.cc

27. Expert Panel on Integrated Guidelines for Cardiovascular Health and Risk

Reduction in Children and Adolescents & National Heart, Lung, and Blood

Institute. Expert panel on integrated guidelines for cardiovascular health and

risk reduction in children and adolescents: summary report. Pediatrics. (2011)

128:S213–56. doi: 10.1542/peds.2009-2107C

28. American Diabetes Association. Diagnosis and classification of diabetes

mellitus. Diabetes Care. (2014) 37:S81–90. doi: 10.2337/dc14-S081

29. Kurtoglu S, Hatipoglu N, Mazicioglu M, Kendirici M, Keskin M, Kondolot M.

Insulin resistance in obese children and adolescents: HOMA-IR cut-off levels

in the prepubertal and pubertal periods. J Clin Res Pediatr Endocrinol. (2010)

2:100–6. doi: 10.4274/jcrpe.v2i3.100

30. Elmaogullari S, Demirel F, Hatipoglu N. Risk factors that affect metabolic

health status in obese children. J Pediatr Endocrinol Metab. (2017) 30:49–55.

doi: 10.1515/jpem-2016-0128

31. Kim S, So W. Prevalence of metabolic syndrome among korean adolescents

according to the National Cholesterol Education Program, Adult Treatment

Panel III and International Diabetes Federation. Nutrients. (2016) 8:E588.

doi: 10.3390/nu8100588

32. MacPherson M, de GrohM, Loukine L, Prud’homme D, Dubois L. Prevalence

of metabolic syndrome and its risk factors in Canadian children and

adolescents: Canadian Health Measures Survey Cycle 1 (2007–2009) and

Cycle 2 (2009–2011). Health Promot Chronic Dis Prev Can. (2016) 36:32–40.

doi: 10.24095/hpcdp.36.2.03

33. Johnson WD, Kroon JJ, Greenway FL, Bouchard C, Ryan D, Katzmarzyk PT.

Prevalence of risk factors for metabolic syndrome in adolescents: National

Health and Nutrition Examination Survey (NHANES), 2001–2006. Arch

Pediatr Adolesc Med. (2009) 163:371–7. doi: 10.1001/archpediatrics.2009.3

34. Martino F, Puddu PE, Pannarale G, Colantoni C, Zanoni C, Martino E, et al.

Metabolic syndrome among children and adolescents from Southern Italy:

contribution from the Calabrian Sierras Community Study (CSCS). Int J

Cardiol. (2014) 177:455–60. doi: 10.1016/j.ijcard.2014.09.020

35. Dalla Valle M, Laatikainen T, Kalliokoski T, Nykänen P, Jääskeläinen J.

Childhood obesity in specialist care-searching for a healthy obese child. Ann

Med. (2015) 47:639–54. doi: 10.3109/07853890.2015.1083118.2

36. Isasi CR, Parrinello CM, Ayala GX, Delamater AM, Perreira

KM, Daviglus ML, et al. Sex differences in cardiometabolic risk

factors among Hispanic/Latino Youth. J Pediatr. (2016) 176:121–7.

doi: 10.1016/j.jpeds.2016.05.037

37. Skinner AC, Perrin EM, Moss LA, Skelton JA. Cardiometabolic risks and

severity of obesity in children and young adults. N Engl J Med. (2015)

373:1307–17. doi: 10.1056/NEJMoa1502821

38. Benmohammed K, Valensi P, Balkau B, Lezzar A. Metabolic syndrome in

adolescents: definition based on regression of IDF adult cut-off points. Public

Health. (2016) 141:88–94. doi: 10.1016/j.puhe.2016.09.001

Frontiers in Endocrinology | www.frontiersin.org 10 August 2019 | Volume 10 | Article 591

https://doi.org/10.1210/jc.2016-2573
https://doi.org/10.1002/oby.21497
https://doi.org/10.1056/NEJMoa1614362
https://doi.org/10.1016/j.jpeds.2007.09.010
https://doi.org/10.1161/CIRCULATIONAHA.107.704569
https://doi.org/10.1016/j.dsx.2013.06.002
https://doi.org/10.1016/j.jpeds.2005.08.059
https://doi.org/10.1016/j.jacl.2016.02.002
https://doi.org/10.1210/jc.2014-2674
https://doi.org/10.1016/j.phrs.2017.03.008
https://doi.org/10.1530/EC-17-0011
https://doi.org/10.2337/diabetes.48.10.2039
https://doi.org/10.1016/j.pmedr.2017.02.002
https://doi.org/10.1210/jc.2016-2279
https://doi.org/10.1159/000071224
https://doi.org/10.2337/diabetes.50.11.2444
https://doi.org/10.1007/s11892-016-0751-5
https://doi.org/10.1016/j.physbeh.2017.02.040
https://doi.org/10.1186/s12864-017-3484-1
https://doi.org/10.1136/adc.51.3.170
https://doi.org/10.1007/BF03344156
https://doi.org/10.1016/j.jpeds.2009.04.051
https://doi.org/10.1097/HJH.0000000000001039
https://doi.org/10.1111/j.1399-5448.2007.00271.x
https://doi.org/10.1038/ijo.2014.130
https://doi.org/10.1097/01.hjh.0000431740.32696.cc
https://doi.org/10.1542/peds.2009-2107C
https://doi.org/10.2337/dc14-S081
https://doi.org/10.4274/jcrpe.v2i3.100
https://doi.org/10.1515/jpem-2016-0128
https://doi.org/10.3390/nu8100588
https://doi.org/10.24095/hpcdp.36.2.03
https://doi.org/10.1001/archpediatrics.2009.3
https://doi.org/10.1016/j.ijcard.2014.09.020
https://doi.org/10.3109/07853890.2015.1083118.2
https://doi.org/10.1016/j.jpeds.2016.05.037
https://doi.org/10.1056/NEJMoa1502821
https://doi.org/10.1016/j.puhe.2016.09.001
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Guzzetti et al. Cardiovascular Risk Factors in Obesity

39. Mauvais-Jarvis F. Sex differences in metabolic homeostasis, diabetes, and

obesity. Biol Sex Differ. (2015) 6:14. doi: 10.1186/s13293-015-0033-y

40. Palmer BF, Clegg DJ. The sexual dimorphism of obesity.Mol Cell Endocrinol.

(2015) 402:113–9. doi: 10.1016/j.mce.2014.11.029

41. Link JC, Chen X, Arnold AP, Reue K. Metabolic impact of sex chromosomes.

Adipocyte (2013) 2:74–9. doi: 10.4161/adip.23320

42. Gardner DS, Hosking J, Metcalf BS, Jeffery AN, Voss LD, Wilkin TJ.

Contribution of early weight gain to childhood overweight and metabolic

health: a longitudinal study (EarlyBird 36). Pediatrics. (2009) 123:e67-73.

doi: 10.1542/peds.2008-1292

43. Perry C, Thurston MN, Arch BN. Exploring overweight and obesity

in pre-school children using routinely collected data: a case study

of Halton, Northwest England. J Public Health. (2016) 38:e240–6.

doi: 10.1093/pubmed/fdv154

44. Kelly LA, Lane CJ, Weigensberg MJ, Toledo-Corral CM, Goran MI.

Pubertal changes of insulin sensitivity, acute insulin response, and β-

cell function in overweight Latino youth. J Pediatr. (2011) 158:442–6.

doi: 10.1016/j.jpeds.2010.08.046

45. Brufani C, Tozzi A, Fintini D, Ciampalini P, Grossi A, Fiori R, et al. Sexual

dimorphism of body composition and insulin sensitivity across pubertal

development in obese Caucasian subjects. Eur J Endocrinol. (2009) 160:769–

75. doi: 10.1530/EJE-08-0878

46. Tobisch B, Blatniczky L, Barkai L. Cardiometabolic risk factors and

insulin resistance in obese children and adolescents: relation to

puberty. Pediatr Obes. (2015) 10:37–44. doi: 10.1111/j.2047-6310.2013.0

0202.x

47. Gaston SA, Tulve NS, Ferguson TF. Abdominal obesity, metabolic

dysfunction, and metabolic syndrome in U.S. adolescents:

National Health and Nutrition Examination Survey 2011–2016.

Ann Epidemiol. (2018) 30:30–6. doi: 10.1016/j.annepidem.2018.

11.009

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Copyright © 2019 Guzzetti, Ibba, Casula, Pilia, Casano and Loche. This

is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Endocrinology | www.frontiersin.org 11 August 2019 | Volume 10 | Article 591

https://doi.org/10.1186/s13293-015-0033-y
https://doi.org/10.1016/j.mce.2014.11.029
https://doi.org/10.4161/adip.23320
https://doi.org/10.1542/peds.2008-1292
https://doi.org/10.1093/pubmed/fdv154
https://doi.org/10.1016/j.jpeds.2010.08.046
https://doi.org/10.1530/EJE-08-0878
https://doi.org/10.1111/j.2047-6310.2013.00202.x
https://doi.org/10.1016/j.annepidem.2018.11.009
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Cardiovascular Risk Factors in Children and Adolescents With Obesity: Sex-Related Differences and Effect of Puberty
	Introduction
	Subjects and Methods
	Subjects
	Assays
	Statistical Analysis

	Results
	Discussion
	Data Availability
	Ethics Statement
	Author Contributions
	References


