Received: 17 August 2021

Revised: 13 January 2022

Accepted: 21 January 2022

DOI: 10.1111/ijpo.12900

ORIGINAL RESEARCH

Prevalence of prediabetes in children and adolescents by class

of obesity

Stefania Pedicelli® |

Annalisa Deodati' |

Danilo Fintinil® |

Maria Rita Spreghini’

Elena Inzaghi® |
Michela Mariani?

Lucilla Rava® |
| Carla Bizzarri® |

Stefano Cianfarani®® | Marco Cappa® | Melania Manco*
1Unit of Endocrinology, Dipartimento
Pediatrico Universitario, Universita di Tor Summary

Vergata, Rome, Italy

2Clinical Epidemiology, Bambino Gesti
Children's Hospital, IRCCS, Rome, Italy

3Department of Women's and Children's
Health, Karolinska Institutet, Stockholm,
Sweden

“Research Area for Multifactorial Diseases and
Complex Phenotypes, Bambino Gesu
Children's Hospital, Rome, Italy

Correspondence

Melania Manco, Research Area for
Multifactorial Diseases and Complex
Phenotypes, Bambino Gesu Children's
Hospital, IRCCS, Via F. Baldelli 38, 00146
Rome, Italy.

Email: melania.manco@opbg.net

Funding information

European Commission, 7th FP_Information
Communication Technologies Programme,
Grant/Award Number: 600932; Italian
Ministry of Health, Grant/Award Numbers:
FPRC 5xmille 2019, RF-OPG-2008-1142374;
Sviluppare profili genetici di rischio e trasferirli
alla Sanita pubblica in Italia; Regione Lombardia

Background: To evaluate prevalence of prediabetes (impaired fasting glucose, IFG;
impaired glucose tolerance, IGT; and high glycated haemoglobin, h-HbA1c) in chil-
dren and adolescents in relation to class of age and obesity; to appraise association
with estimates of insulin metabolism, cardiovascular risk factors and alanine amino-
transferase (ALT) levels.

Methods: Study of marginal prevalence (i.e., as function of sex, age and obesity class)
of isolated and combined IFG, IGT and h-HbA1c in children (age 4-9.9 years) and
adolescents (age 10-17.9 years) and association to blood pressure (BP), total, HDL
and non-HDL cholesterol, triglycerides, ALT and insulin sensitivity/secretion indexes.
Results: Data of 3110 participants (51% males, 33% children; 33% overweight, 39%
obesity class |, 20.5% class I, 7.5% class Ill) were available. Unadjusted prevalence of
prediabetes was 13.9% in children (2.1% IFG, 6.7% IGT, 3.9% h-HbA1lc, IFG-IGT
0.06%) and 24.6% in adolescents (3.4% IFG, 9.4% IGT, 5.5% h-HbAlc, IFG-IGT
0.09%). Combined h-HBA1c was found in very few adolescents. Prevalence of predi-
abetes increased significantly by class of obesity up to 20.5% in children and 31.6%
in adolescents. Phenotypes of prediabetes were differently but significantly associ-
ated with increased systolic and diastolic BP (by 2-7.3 and ~8 mmHg, respectively),
triglycerides (by 23-66 mg/dl), and ALT levels (by 10-22 UI/L) depending on the pre-
diabetes phenotype.

Conclusion and Relevance: It is worth screening prediabetes in children aged
<10 years old with obesity classes Il and Il and in adolescents. In those with
prediabetes, monitoring of blood pressure, triglycerides and ALT levels must be

encouraged.

Abbreviations: 1 and 2HG, 1 and 2 h glucose; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AUC, area under the curve; BMI, body mass index; CVD, cardiovascular disease;
DBP, diastolic blood pressures; FG, fasting glucose; FLD, fatty liver disease; HbA1lc, haemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic assessment model
algorithm of insulin resistance; HT, hypertension; IFG, impaired fasting glucose; IGl, insulinogenic index; IGT, impaired glucose tolerance; ISI, insulin sensitivity index; I1SSI-2, insulin secretion-
sensitivity index-2; NGT, normal glucose tolerance; OPBG, “Bambino Gesu” Children's Hospital; SBP, systolic blood pressures; T2D, type 2 diabetes.
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1 | INTRODUCTION

With epidemic obesity in childhood, the incidence of prediabetes is
worldwide rising in youth.® Haemoglobin Alc (HbA1c), fasting plasma
glucose (FPG) and 2-h plasma glucose are all recommended for
screening of prediabetes in youth.? Even so, the three tests reflect dif-
ferent features of impaired glucose metabolism and therefore do not
identify in most of the cases the same individuals, particularly in youn-
ger age groups.®

Impaired fasting glucose (IFG) is associated prevalently with
altered hepatic and kidney insulin resistance and with reduced fasting
insulin secretion.* Impaired glucose tolerance (IGT) is mostly associ-
ated with reduced first and second phase insulin secretions, increased
insulin resistance and, thus, reduced disposition index (DI), that is, the
estimate of beta-cell function relative to insulin sensitivity.* HbA1c is
not associated with severity of hampered insulin sensitivity and/or
secretion, but reflects overall glucose levels and particularly postpran-
dial ones.*

In 2018 the American Diabetes Association (ADA) made the rec-
ommendation to screen for prediabetes all youth with overweight at
10 years of age or above with one or more of risk factors among non-
white race, family history of type 2 diabetes (T2D) in first or second
degree relatives, maternal gestational diabetes, or signs of insulin
resistance, specifically acanthosis nigricans, hypertension, dys-
lipidemia, polycystic ovarian syndrome or small-for-gestational age
birth weight.® Indeed, the prevalence of dysglycemia, escalated from
~23% in youth with overweight and one risk factor to up to ~45% in
youth with 24 risk factors.®

In line with current guidelines for screening,® most of the studies
have investigated prevalence of dysglycemia in children older than
10 years old. Analysis of data from the National Health and Nutrition
Examination Survey from 1999 through 2012 demonstrated that
prevalence of IFG and prediabetic HbA1lc increased with worsening
of obesity from overweight to class Il obesity in adolescents older
than 12 years old. Data on younger children were not available. Note-
worthy, in the studied population, prevalence of other obesity com-
orbities such as high blood pressure and dyslipidemia increased with
worsening obesity in both children and adolescents.”

To date, statistics on prevalence of prediabetes in children below
10 years of age are scarce with no recommendation for screening in
this age-group.

Since the severity of obesity influences as said the rate of other
comorbidities which occur significantly at higher rate also in children
affected by obesity classes Il and Ill as it does in grown up teens,”
and obesity and associated cardiovascular morbidities during child-
hood increase the risk of substantial complication and death in
adulthood,®? we speculate that prediabetes occurs already in chil-
dren with severe obesity.

To test the hypothesis, we investigated prevalence of prediabetes
in children below age 10 years old as compared to adolescents in

relation to the severity of their obesity. We investigated also the asso-
ciation between the different phenotypes of isolated and combined
prediabetes with metabolic features such as oral glucose tolerance
test (OGTT) derived measures of insulin sensitivity and secretion, car-
diovascular risk factors and alanine aminotransferase (ALT) levels in

respect to age and obesity class.

2 | METHODS

21 | The ‘Bambino’ meta-cohort

The ‘Bambino’ meta-cohort (N = 4887) includes data of children and
adolescents who were normal-weight (N = 937, 19.2%) or presented
with overweight or obesity (N = 3950) at the enrolment. They were
all referred by general practitioners from the metropolitan area of
Rome to participate in ‘The Bambino Study: Profiling the genetic risk

*10 or in other research

of complex diseases in the Italian population
studies on the risk of obesity and metabolic abnormalities associated
to it. Studies were run between 2006 and 2016 at the Bambino Gesu
Children's Hospital (OPBG, Ospedale Pediatrico Bambino Gesu).**"¢

At the time of the enrolment, participants, aged 12 months to
25 years old were healthy; that is with no diagnosis of chronic illness,
genetic, renal or endocrine disease. None was following a weight loss
or an intensive exercise program or was prescribed any medication
including oral contraceptives.

For the purposes of this study, we evaluated data of individuals
with overweight and obesity, aged 4-18 years old who had complete
dataset of anthropometrics, lipid profile, liver function test and
5-point OGTT glucose data. In a group of participants, data on HbAlc
were available. Participants' medical history was recalled by the hospi-
tal electronic medical record (EMR). Race/ethnicity was classified as
White (W), Black African, Hispanic and Asian.

2.2 | Ethics

The study was approved by the OPBG Ethics Committee (#2050/
2020). Written informed consent in accordance with the Helsinki dec-
laration was obtained from the child's parents or legal guardians. Chil-

dren over age 6 and adolescents provided written absent.

2.3 | Anthropometric measurements and
biochemical assays

Anthropometry was evaluated and laboratory tests were performed in all
the participants according to established protocols at OPBG. Participants
were asked to refrain from intensive physical activity in the 3 days prior
to any study. Weight and height were measured using standard
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procedure. Up to 3 blood pressure measurements were taken by a physi-
cian after a 5-min rest and the mean of 3 measurements was recorded.™®

Blood samples were drawn after 8-12 h fast. A standard OGTT
(1.75 g/kg body weight up to a maximum of 75 g) was performed
with flavoured glucose (Glucosio Sclavo Diagnostics, 75 g/150 ml).
One anti-cubital i.v. catheter was inserted for blood sampling and
was maintained patent by a normal saline drip during the test. Glu-
cose level was measured by glucose oxidase technique (Cobas
Integra, Roche) and insulin by a chemiluminescent immunoassay
method (ADVIA Centaur analyser; Bayer Diagnostics). HbAlc was
measured using an automated high performance liquid

ORECHYI W1 LEY-L >

chromatography VARIANT Il TURBO Haemoglobin Testing System
(Bio Rad, Hercules, CA).

2.4 | Calculation and case definition

Body mass index (BMI), and sex- and age-specific standard deviation
scores (SDS) of BMI were calculated.*” Obesity was graded as recom-
mend by the Centers for Disease Control as class | obesity (BMI
295th percentile), class Il obesity (BMI 2120% of the 95th percentile)
and class IIl obesity (BMI 2140% of the 95th percentile).*®

TABLE 1 Clinical and biochemical characteristics of children and adolescents (n = 3110)

Children

N = 1027
Age (years) 8.2(8.1-8.3)
Males % n (%) 567 (55)
Overweight n (%) 87 (8.5)
Obesity class | n (%) 356 (34.6)
Obesity class Il n (%) 416 (40.5)
Obesity class Ill n (%) 168 (16.4)

BMI (kg/m?)

BMI z score (SDS)

Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Total cholesterol (mg/dl)

HDL cholesterol (mg/dl)
Non-HDL cholesterol (mg/dl)
Triglycerides (mg/dl)

ALT (UI/L)

Fasting glucose (mg/dl)

1 h plasma glucose (mg/dl)

2 h plasma glucose (mg/dl)
Fasting insulin (pUI/ml)

Glycated haemoglobin (mmol/mol)

HOMA-IR (dimensionless)
HOMA-B (dimensionless)

Insulin Sensitivity index (pmol/kg/pM)

Insulinogenic Index (pmol/pmol)
AUCg (mg/dl/min)
AUC, (pUl/ml/min)

Ratio AUCs/AUC, (dimensionless)

1SS-2 (dimensionless)

Disposition index (dimensionless)

Note: Data are expressed as mean and 95% Cl.

29.4(29-29.7)
2.63(2.59-2.68)
87.2 (86-88.5)
116 (114.8-117.3)
66 (65-66.7)
154 (152.3-156.5)
47 (46.1-47.6)
106 (104.3-108.6)
87 (83.4-90.8)
28.6 (26.2-28.4)
81(80.3-81.5)
123 (121.3-125.5)
107 (105.4-108.2)
16.2(15.5-16.9)
34 (33.3-34.0)
3.3(3.15-3.47)
375 (344-406)
4.9 (4.7-4.4)
0.48 (0.45-0.51)
115.6 (114-117)

95 570 (59116-132 024)

2.7 (2.30-3.22)
5.5 (4.40-6.70)
1.7 (1.61-1.75)

Adolescents

N = 2083 p
12.7 (12.6-12.8) <0.0001
1029 (49) 0.2
942 (45.2)
855 (41)
219 (10.5)
67 (3.3)
29.2(29-29.4) 0.8
2.6 (2.55-2.62) 0.4
87 (86-87-9) 0.8
116 (115-116.9) 0.9
66 (65.7-67) 0.3
158 (156.7-159.5) 0.004
47 (46.6-47.7) 0.5
110 (108.6-111.6) 0.006
92 (88.8-94.5) 0.06
33.3(28.6-30.5) 0.004
81(80.4-81.2) 0.8
129 (127.3-130.2) <0.0001
110(109.1-111) <0.0001
16.8 (16.2-17.4) 0.2
34 (33.8-34.4) 0.06
3.43 (3.30-3.56) 0.3
364 (344.6-384.7) 0.6
4.6 (4.4-4.7) 0.03
0.53(0.51-0.55) 0.008
118 (117-119) 0.001
93 883 (78292-109 475) 0.9
2.6 (2.47-2.79) 0.4
5.5(4.37-6.72) 0.9
1.7 (1.645-1.74) 0.8

Abbreviations: ALT, alanine aminotransferases; AUC, area under the curve; BMI, body mass index; G, glucose; HDL, high density lipoproteins; HOMA-IR,
homeostasis model assessment of insulin resistance; |, insulin; IGI, insulinogenic index; IS, insulin sensitivity index; ISS-2, Insulin Secretion-Sensitivity

Index-2; TG, triglycerides.
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Glucose tolerance was classified according to the ADA criteria.® Pre-
diabetes was defined either as IFG (FG >100 mg/dl and <126 mg/dl);
IGT (2HG 2140 and <200 mg/dl); or high HbA1c (h-HBA1c, HbA1c 25.7
and <6.4%).

Hypertension (HT) was defined as systolic (SBP) or diastolic
blood pressure (DBP) >95th percentile for age, height and gender
in patients below 13 years of age and as 2120 mmHg in those
older.r?

Dyslipidemia was defined as total cholesterol at or above
200 mg/dl, HDL-C at or below 35 mg/dl, and triglycerides 2100
(0-9 years), and 2130 (10-19 years).?°

As endophenotypes of insulin metabolism, we computed the fol-
lowing parameters: the Homeostasis Model Assessments of fasting
Insulin Resistance,?! the whole-body Insulin Sensitivity Index (I1S1),2?
the areas under the glucose and insulin curve (AUCg and AUC,) by
using the trapezoidal rule, the insulinogenic index (IGl),2® and the Insu-
lin Secretion-Sensitivity Index-2, 1SS1-2.2* The DI was calculated as
product of ISl and IGI.

High levels of ALTs were defined according to the ‘Screening ALT
for Elevation in Today's Youth’ cutoffs (ALT 226UI/L in boys and 222
Ul/L in girls).?

2.5 | Statistical analysis
Categorical data were presented as count and percentage, while contin-
uous data as mean and 95% Cl. Between-group comparisons of categor-
ical variables were performed by Chi-square test or Fisher exact test as
appropriate, while between-group comparisons of continuous variables
were performed by using the Student t test. To compare the prevalence
of each glycaemic status category or prediabetes across groups within
the sample, we fitted logistic regression models with the different predi-
abetes phenotypes as dependent variables and age group, sex and class
of obesity as independent variables. Therefore, we calculated the pre-
dictive margins, that is, the probability of each prediabetes phenotype
by level of each independent variable and adjusted by the remaining
independent variables included in the models.

The Cohen's kappa index was used to assess the agreement
between IFG, IGT and h-HBA1c.

Multivariable linear regression analyses were performed in order
to assess the simultaneous effect of prediabetes phenotype (isolated
and combined IFG, IGHT and high HbA1c, and any prediabetes), age
class (children as reference) and class of obesity (overweight as refer-
ence) on cardiovascular risk factors (SBP; DBP, total and HDL-choles-
terol, triglycerides), ALT levels and parameters of insulin metabolism
(ISI; IGI, DI and ISSI-2).

The ROC (receiver operating characteristic) analysis was used to
test the diagnostic accuracy of ALT levels to identify children and ado-
lescents with prediabetes. The area under the ROC curve (AUC) was
used to determine the best ALT cut-off based on combination of sen-
sitivity and specificity levels.

Analyses were performed with Stata 17 (StataCorp LLC, College

Station, TX). A p value <0.05 was considered statistically significant.

3 | RESULTS

3.1 | Description of the population

From the sample of 3950 participants with overweight or obesity, we
excluded 611 participants being below 4 years old or having incom-
plete dataset. Participants belonging to the groups of young adults,
non-white race and with diabetes were excluded owing to the low
number. In detail, 41 participants being above 18 years of age, and
78 being not of white race; 10 patients were excluded having T2D
(3 patients with isolated FG, 6 with isolated 2HG in the diabetic range,
and 2 with both FG and 2HG in the diabetic range; marginal preva-
lence of T2D 0.3%, 95% Cl 0.18-0.56).

Data of the residual 3110 patients (1596 males, 51%) were used
for the analysis: 1029 with overweight (33%), 1211 (39%) with obe-
sity class I, 635 (20.5%) with obesity class Il and 235 (7.5%) with
obesity class lll. Sex distribution was not different between groups.
Table 1 shows clinical and biochemical characteristics of children
(N = 1027, 33%) and adolescents (N = 2083, 67%). We found signif-
icant differences between children and adolescents in ISl (p = 0.03),
IGI (p = 0.008), and AUCg (p = 0.001). Adolescents showed values
of 1HG and 2HG significantly higher than children (p < 0.0001
for both).

TABLE 2 Prevalence of obesity co-morbidities in children and adolescents by class of obesity
High blood High total Low high density High High alanine
pressure cholesterol lipoproteins cholesterol triglycerides aminotransferases
Children (n = 1027) Overweight (n = 87) 10.7%* 23%" 8.21%" 12.9% 33%"
Obesity class | (n = 357) 21.6%° 29%P 6.6%" 13.7% 40.2%
Obesity classes Il and IIl (n = 584) 41.8% 27.6%"° 10%*¢ 15.6% 46%
Adolescents (N = 2083) Overweight (n = 942) 24.7% 9% 12.7% 9% 46.4%
Obesity class | (n = 855) 42.0% 6.6% 11% 11.1% 46.5%
Obesity classes Il and IIl (n = 286) 48.6% 7% 15% 14.4% 46.1%

Note: Comparison of comorbidity prevalence by class of obesity within each age group (°p < 0.0001) and by age within classes of obesity (i.e., overweight
versus overweight) in children versus adolescents (°p < 0.0001; °p = 0.01; 9p = 0.02; °p = 0.05).



PEDICELLI ET AL.

p€'SP-6'£T) 9T
(50e-£'8T) 9¥C
(€22-S1T) 69T
(coe-s8T) v've
(T'Sz-L¥T) 66T

(e'LT-L€T) 50T
(r'Te-zTs) ecer
Aydw3
(0€z-9£'8) 6'ST
(T'82-9¢1) €€°0T

5(LE-L¥'0T) L'8T
q(8'62-T91) 1T
(9'81-81'6) 8°€T
(8'52-8'9T)€'TC
(6'€T-1'ST) L'6T
(T'62-6'6T)9¥T
(9°8T-TT°6) 6'€T

s9jaqelpaid Auy

(61°9-02°0-) 60T
(LTe-1007) 6¥'T
(6v'€-200-) ¥9'T

(0T°€-8100-) S¥'T
(15°€-7000°0) £L'T

Aydw3

STVaH-Y pue
19| pue o4

(S'£-¥'0)86'8
(9T°L-65°T) EV'Y
(L0's-€00)2LT
(L¥'L-€9'T)SS¥
(€€9-L£T)58°€

Aydw3z

OTVEH-Y pue 19|

(61°9-02°0-) 60C
(LT€-100-) 6V'T
(6v'€-200-) ¥9'T
(0T'€-8T00-) S¥'T
(16°€-¥000°0) LL'T

Aydwi3

JTVqH-Y pue D4|

(££T°0 €00°0) OVT0
(6810 ¥70°0) TT°0

(660°0-£00°0) 62500
(95 T-£€0°0) ¥60°0
(¢¥'1-€£€0°0) 1800

(601°0-9900'0-) TSO'0
(122°0-€000) 2T'T
Aydwz
(£6T°0-6000—) £LO'0
(£¥1°0-87000) LO'O

(0£T°0-6T0°0) 60°0
(€LT0-¥S00) ET'T
(¢80°0-500°0) ¥0'0
(8€€°T-££0°0) S80°0
(L¥TT-6€0°0) 1800
(€¥'T-50°0) 600
(901°0-£T0°0) 650°0

191 pue O4|

(¢59-60C-)1CC
(L1°6-£9T)T6'S
(PL8-L12) S¥'S
(#9'8-05°2) LSS
(€0'8-91°2) 60'S

(99'6-06T) 8L'S
(try-evT-)esT
Aydwizy
(F'OT-¥ET) 68°S
(0z'9-ze0-)€6C

(ST'0T-£L¥'T) 18'S
(8T°L-L1T) L9V
(TL2-69T)0LY
(b€'8-21°€) SL'S
(LE9-¥0T) 1T Y

(08-11°€) 95°S
(¢L'9-v0T) £8°€

ITVIH-Y

)

)

)
(08'8TT-55'G) £9'8

)

)

)

(TT'SC-€£°€) vl
(T8'€T-0£'S) GL6
(9€°6-¥5C) G6'G
(¥1'ST-95°9) 6801
(8£°6-9€€) G659

(89'C1-55°€) 118
(¢r's1-012) 948
Adwi3
(8T°6-€£°0) 0'S
(59°£1-6€5) ¢S'TT

(€€9T-TT'S) 2L 0T
(£8'TT-£6'S) OV'6
(1€'8-012) 1T'S

(TOTT-97°S) 608
(85°CT-929) ¢v'6

(9T°0T-92°€) 1L9

191

‘€00 =4d(8%-80'T ID %S6) 8C'C dOp
€000 =d (2L -9 T 1D %S56) ¥S'C YO,
TP0'0 =d(0LC-TOT 1D %S56) §9'T YOq
£00°0 =d (P¥'E-TC'T 1D %S6) ¥0'C ¥Oe
*‘92ue.9|03 9s0oN|3 paJtedw ‘] 9| 9s0on|3 3ulisey pasiedw ‘H4| ‘uiqoj3owaey pajedA|3 y3iy Oy gH-Y suoleinaiqqy
‘[opow ay3 3e aduediusis [ed13siIeIs
33 03 SJ9ja.4 d ‘pajiodad aue SJUIISS|ope pue UIp|IYd Ul SSejd A}ISaqo pue Xas AQ pajsnipe pue SJuadSa|ope SNSISA UaJp|iyd ul 9duajeAaud [euidiew pajsnipeun ‘| %56 pue ueaw se passaidxa aJle eje( 230N

(65°6-51°0-) YOV
(50'9-600) 05°€
(e€¥-900)0C'C
(PS¥-1€°0) EV'C
(86'5-2T'T) G5

(8£'9-05°0) ¥9°€
(6E7-¥T°0-) 6¢'T
Adw3

(S2'9-€000—) 96'C

(£1'9-€00-) 26T

(05'8-90°0) 85
(98'7-60°0) 88°C

(TL'€-¢o- 8V T) S8'T

(8'7-80°0) 09'C
(91'5-9¢T) 9T°€
(LS'S-TrT) vPe
(60'7-20°0)8T'C

111-11 sassejd AJsaqO

| ssepd AjsaqO
Y31eMIDAO
s9jewa

saje

(£80Z = u) s3uUaIs3|OPY
111-11 S9ssejd AjsaqO

| ssepd AjsaqO
Y31eMIDAQ
sojewa

saje

(£20T = u) uaJpjyd
111-11 sassepd AjsaqO

| ssepd AlsaqO
Y31oMIaAQ0
solewa
EETEN
SJU2S3|0pY

uaIpIyD

(0TTE = u) 3jdwies 3JoypA

4l

sajaqelpaid

$JU2253|0pe PUE URUP|IYD U S232qeipad pauIguIod pue paje|os! Jo duajeraid [euiSiely £ 378V L



PEDICELLI T AL.

68'T—
6€0
8'€—
8L T—
050

¢ST—
S8 T—
87’0
L9°C—
68'T—
8€°0
8¢~
1174 %
1€0—
Gte—
€6'T—
120
6G°T
9€0—
¢Cc0—
6CC—
8€0—
1€0—
L0€—
(ssa|uoisuawip)
C-ISSI

"|JoJ23s3|0YD |€303 ‘D-|e30] ‘2inssaid poojq J1j0ISAS ‘ddS ‘Z-Xapul UOI34I3s Ulnsul ‘Z-|SS] {|o4a3sajoyd utajosdodi) Alsuap ysiy ‘O-1aH ‘24nssaid pooiq d1joiselp ‘dgq :Suolieinaiqay
'S0'0 5 d3 200 5 d,'T0°0 5 d, :S00°0 5 d,, “TO0'0 5 ds, ‘50000 5 dq 10000 > d, :22UBdYIUSIS [BIISIALIS "S|OPOW BY} U] SIOUIIJ24 SE PASN 2JaM $31108938d JYSISMISA0 pUe UIp|IYD 930N

5600
F123Y
6€0°0—
2600
sl1°0

000—
2800
800
€70
2600
,1T0
600—
350'0
260°0
90'0—
p80°0
s0T'0
€10
e/S0'0
£960°0
Y00
900
2600
JT0-
(low/jowd)

Xapuj J1uag
-oujnsuj

800—
0T'0—
4540~
S00—
90'0—

e1G°0—
L00—
6800~
SV'0—
800—
oT0—
L6470~
200~
00—
e80T~
800—
600—
2LE0~
S00—
00—
e99°0—
5900~
00—
2680~
(ssa|uoisuawip)
Xapui uonisodsiq

56810
£8°0—
€21

0980~
6L°0

650~
G800~
£L0—
06T~
2680~
80—
€60~
80—
G600~
ST T
-L8°0
9/°0
LTT—
€L0—
980~
0T'C—
elL0—
G600~
W60

(nd/31/j0w)

Xapu| AMAISUSS
-ujnsuj

96T
o769
¥'ST
8v'T
R

WSL9
3L'C
o9

$90PT

356'C

WE0°L

8¢l
¢L0

,88'F
p€TC

368°C

WE69
oT'v
€0

L0V
el'TC
GS°0

26

26701

(1/1n)
aselajsuea]
oulwy auluely

GG'0—
89°¢C
vCoT—
06'0—
€8T

168
50—
ev'e
Z9'1T
z5°0-
9
91—
6T
€2
180~
850~
Y1'T
6L'S
LT
60T
1675
€8T
87T
'S
(Ip/3w)

J-1aH
uoN

[8'C—
SS°0
36'CC—
5%
920~

60'S
VLT~
[440]
L8T—
€8¢~
9%'0
iz
1¢0—
yAS]
969~
8T~
10
§8C
G€0—
ze0
385V
80—
150
/8T
(Ip/3w)
O-eoL

£
9T
659~
82T
YTz

€L0-
e6C°C—
sh1'¢—

474 %
eSECT
,6CC—

8T°'G—
eCEC—
p69'T—

VL
e8C°C—
sPTC—

3L'C—
e6C°C—
V9T
,6T°C—
e6C°C—
0L T—
219°¢—
(Ip/3w)
O-1aH

8T'L
v'el
pC'99

v6'S
£TT

bEHT
$£T9
STTT
£S5
$£T'L
oL ET
91§
09
290°L
67T
TP’
R
51T
LIPS
a9'S
£5C
9L'S
,10°L
pE'8T

(Ip/3w)
S9pLISDAISI L

,S9T
[4h%
39¢'8
4,997
8T

392’8
JST
zLT
362G
SST
z87T
5928
VT
ST
08T
ST
G687
09T
elTT
562T
29LT
VT
elST
9T'T
(BHww) daa

8817
€LY

(TL
881
ELY

YxarA
€87

SSY

3829

88"

LY

[TL

eC0'G

FTY

TLe

S8

L9V

06T

L8

0P

256T

10'G

FTY

L0T
(BHww) das

Aisaqo
SIVEREETIe] el
sojaqelpasd Auy
Ausaqo

S IVEREE o]l

191 pue
OTVAH-Y pue O4|

Asaqo
SJURIS3OpY
STVAH-Y pue 9]
Aysaqo
Sju0S3|0pY
OTVYH-Y pue 94|
Aysaqo
SJU0S3|0pY

191 pue 54|
Aysaqo
SjU0S30pY
STVAH-Y
Aysaqo
SJUS0S3|0pY

191

Axsaqo
SJUIS3|0pY

o4l

A3IS2qo pue o€ Jo Sasse|d Joj pajsnipe sjapow ajelieAlnw uj sadAjousyd sajagelpald pue saWod3No J1j0gelawolp.led USdMIS] SUOIJe|D0sSSe sjueulwleldd & 319V L



PEDICELLI ET AL.

Pediat

ORESI WILEY-| 7o

Table 2 informs prevalence of high blood pressure, high total cho-
lesterol, triglycerides and ALT, and low HDL-cholesterol in children
and adolescents with different class of obesity. Prevalence of high
blood pressure increased by worsening of obesity in children as well
as in adolescents (p < 0.0001 for both age groups) and it was signifi-
cantly more prevalent in adolescents with obesity class | than in chil-
dren matched for class of obesity (p < 0.0001). When matching for
class of obesity, high total cholesterol (p < 0.0001 for all the compari-
sons) was found more frequently in children than in adolescents and,
vice versa, low HDL-cholesterol more frequently in adolescents
(p between 0.01 and 0.05). Children with overweight had lower preva-
lence of high ALT as compared to adolescents belonging to the over-
weight class of obesity (p < 0.0001).

3.2 | Phenotypes of prediabetes

Table 3 reports unadjusted and adjusted prevalence of isolated and
combined phenotypes of prediabetes and overall prevalence of predi-
abetes in the two groups. No child with overweight had prediabetes
(empty rows in Table 2). Adolescents had significantly higher risk of
prediabetes than children (OR 2.04; 95% Cl 1.21-3.44; p = 0.007).

Prevalence of prediabetes increased significantly with the wors-
ening of the obesity status from overweight to obesity classes I-llI
and the highest prevalence was seen in adolescents suffering obesity
classes lI-ll. Indeed, in the whole population of children and adoles-
cents, being affected by obesity class | (OR 1.65; 95% Cl 1.01-2.70,
p = 0.042) and class Il or Il (OR 2.54, 95% ClI 1.36-4.72, p = 0.003)
was associated with higher risk of prediabetes as compared to pre-
senting with overweight. In the group of adolescents, obesity classes
-1l was associated with an OR for prediabetes of 2.28 (95% CI
1.08-4.8, p = 0.03).

Cases of isolated IFG, IGT and high HbA1lc were not statistically
different between the two groups. Categories of combined high HbAlc
with either IFG or IGT were represented only in adolescents while com-
bined IFG and IGT were present in both children and adolescents.

Cohen's Kappa coefficient, an estimate of inter-rater reliability,
was 0.117 between IFG and IGT (p < 0.0001); 0.13 (p = 0.0004)
between IFG and high HbA1c; 0.197 (p < 0.0001) between IGT and
high HbA1c; and 0.085 (p < 0.0001) among the three phenotypes.

3.3 | Association of prediabetes phenotypes and
cardiometabolic outcomes

Table 4 reports the effect of prediabetes phenotypes on cardiome-
tabolic outcomes, adjusted for age group (children as reference cate-
gory) and class of obesity (overweight as reference category) as
estimated by multivariate linear regression models. Depending on the
phenotype of prediabetes analysed in the model, there was an aver-
age increase of SBP ranging from 2 to 7.8 mmHg and of 8 mmHg
increased DBP in IFG and h-HbAlc phenotypes. IFG, IGT and
h-HbAlc were associated with a dramatic increase of triglycerides

levels between 23 and 27.5 mg/dl and any prediabetes with an
increase up to 66 mg/dl. As to the association of prediabetes with
ALT levels, we found an increase between 10 UI/L in cases with IFG
and 22 UI/L in those with IGT. h-HbA1c was associated with a statis-
tically significant increase of ALT levels only when the phenotype was
combined with IGT alone or in association to IFG and, suggesting that
it is worth screening and monitoring ALT levels in cases of prediabetes
as defined by IFG and/or IGT.

On the other hand, the accuracy of ALT levels to diagnose predia-
betes was fair for the combination of IFG and IGT (AUROC 0.76; 95%
Cl 0.68-0.84); good for isolated IGT (AUROC 0.67; 95% Cl 0.62-
0.71); combined IGT and h-HBA1c (AUROC 0.66, 95% Cl 0.54-0.79);
combined IFG and h-HBA1c (AUROC 0.64, 95% Cl 0.46-0.83) and fail
for any prediabetes (AUROC 0.61, 95% Cl 0.55-0.66), isolated IFG
(AUROC 0.60, 95% CI 0.53-0.67) and isolated h-HbAlc (AUROC
0.54,95% Cl 0.46-0.63).

4 | DISCUSSION

We report prevalence of overall prediabetes as high as ~14% in chil-
dren and ~25% in adolescents with overweight and obesity from the
‘Bambino’ meta-cohort.

In both age groups, most of the prediabetes cases were represen-
ted by people with isolated IGT followed by cases with isolated high
HbA1c, and lastly by those with isolated IFG. Rates of isolated IFG,
IGT and high HbAlc were not significantly different between age
groups.

Among cases of combined prediabetes, the combo IFG and IGT
was found as the most frequent in both children and adolescents.
Very few cases had combined high HbA1c with IFG or IGT or both;

and they were exclusively adolescents.

41 | Prediabetes in children and adolescents

The finding that prediabetes is a highly prevalent condition in adoles-
cents with obesity is consistent with studies in other large
populations, including the latest report from the 2005 to 2016
National Health and Nutrition Examination Survey (NHANES).?® On
top, and worth noting, we extend this observation to children aged
<10 years old, demonstrating that children with obesity classes Il and
Il have increased risk of certain prediabetes phenotypes as compared
to overweight peers. To the best of our knowledge no previous study
investigated prevalence of different prediabetes phenotypes by class
of obesity in such a large population of children with obesity.

In adolescents with obesity, we found lower prevalence of IFG
and higher prevalence of IGT as compared to the latest NHANES
report.2® A lower prevalence of IFG was noted also in the group of
normal weight children and adolescents belonging to the ‘Bambino’
meta-cohort (~0.8%, unpublished data). Our population was made
exclusively of white race individuals and we believe that genetics and

ethnicity mix might have played a significant role in conjunction with
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under investigated environmental factors (food and lifestyle habits,
exposure to chemicals, etc.) to magnify differences in the prevalence
of the three phenotypes in our population as compared to the multira-
cial NHANES people. The core of the ‘Bambino’ meta-cohort was a
study aimed at disentangling genetic contribution to values of fasting
glucose in Italian children and adolescents. In a group of 1660 individ-
uals with BMI ranging from normal weight to obesity class lll, we
observed that some genetic variants known to influence the individ-
ual's risk of T2D risk, contributed to higher fasting glucose.*°

Rates of prediabetes increased significantly with growing older
from childhood to adolescence but also with worsening of obesity
from overweight to obesity class Ill. Therefore, our findings highlight
the importance to grade severity of obesity as recommend by the
CDC and to screen for prediabetes before age 10 years-old those chil-
dren with classes Il and Ill obesity (as diagnosed by BMI 2120% and
140% of the 95th percentile, respectively).

4.2 | Association between prediabetes phenotypes
and cardiovascular risk factors

Findings underline also the need for close monitoring of cardiovascu-
lar risk factors, that is, in the first place triglycerides levels and blood
pressure, in children and adolescents with prediabetes. Any prediabe-
tes was associated with an average increase of fasting triglycerides as
high as 66 mg/dl which is clinically relevant, while there was a graded
and significant rise of triglycerides levels from IFG to IGT. Neverthe-
less high HbA1c, isolated or combined with IFG or IGT, contributed to
triglycerides upsurge by 27-54.3 mg/dl.

Combined h-HbA1c and any prediabetes were also associated
with the highest increase of systolic and diastolic blood pressure.

The most dramatic decrease of HDL-C values was seen in cases
with combined IFG and IGT, any prediabetes and combined IFG and
h-HbA1lc.

Association between prediabetes phenotypes and values of total
and non-HDL-cholesterol were not clinically consistent in our models.

Growing older and severity of obesity contributed significantly in
some cases to the variability of triglycerides, HDL-cholesterol and
blood pressure values in our population. The extent of their contribu-
tion varied depending on the phenotype of prediabetes analysed in
the model (Table 4).

4.3 | Prediabetes and raised levels of ALT

In a general population of children with normal weight and obesity,
those who were diagnosed with obesity had values 10 U/L higher than
normal-weight children and values higher of 21-25 UI/L were sugges-
tive of fatty liver disease.2® In our population, the worsening of obesity
from overweight to obesity classes | to Ill was not associated with any
significant increase of ALT. In models of IFG, IGT and their combo, the
most influential contributor was the altered glucose phenotype

suggesting an association of IFG and IGT with liver damage which is

unrelated to the severity of obesity. IFG, IGT and their combination
were significantly associated with an increase of ALT levels by ~10 to
21 Ul/L. Consistently with our findings, the large German ‘Adipositas
Patienten Verlaufsbeobachtung’ study found significantly increased risk
of prediabetes and T2D in children and adolescents with mild (25-
50 UI/L) and advanced (>50 UI/L) increase of ALT levels.?®

Nevertheless, in our population, accuracy of ALT in the diagnosis
of these phenotypes of prediabetes was between fair (combined IFG
and IGT) and good (isolated IGT). Values of serum ALT between
23 and 25 UI/L were diagnostic of these conditions with sensitivity
70%-80% and specificity 50%-60% suggesting that current upper
threshold of normal is too high in youth with obesity. Having any pre-
diabetes trended to be associated with an increase of ALT levels in
average by 15 UI/L which is clinically unneglectable. On the contrary,
there was no association of ALT levels with the prediabetes pheno-
type as diagnosed by high HbA1c values.

Thus far, there are no guidelines for ALT screening in children and
adolescents with obesity. The serum alanine aminotransferase level is a
critical parameter for evaluating liver injury in non-alcoholic fatty liver
disease. However, the currently accepted upper limits of normal for

serum ALT are debated, as they may be excessively high.2”

Our findings
demonstrated that a substantial number of children and adolescents
with prediabetes have normal serum ALT levels, defined by current
thresholds, and we were unsuccessful in the attempt at identifying
accurate cutoffs of ALT to diagnose prediabetes. Nevertheless, close
monitoring of serum ALT fluctuation and liver ultrasound evaluation
should be recommended especially in youth with obesity and particu-
larly in girls who have IFG and/or IGT in view of the high prevalence of
prediabetes in young patients with fatty liver disease. The Non-
Alcoholic Steatohepatitis Clinical Research Network found an estimated
prevalence of prediabetes in youth with fatty liver as high as ~23% with
girls having 1.6 greater odds of having prediabetes than boys.2®

44 | Strengths and limitations

Although we investigated prevalence of prediabetes in a large popula-
tion of exclusively white non-Hispanic children and adolescents, we
could not investigate sexual dimorphism of prediabetes. Owing to ret-
rospective design of the study, we could not assess the association
between prediabetes and pubertal stage in the two sexes since the
information was not consistently annotated in the EMRs.

Issues related to prediabetes in youth such as sexual dimorphism,
test reproducibility, rate of persistence and progression to diabetes in
adulthood of each phenotype remain important gaps in knowledge as
well as socioeconomic, cultural and environmental factors that may

influence prevalence and progression.

5 | CONCLUSIONS

While overt T2D is still less frequent than in other countries,?’ the

prevalence of prediabetes in the Italian youth is worrying and its scale
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is not less big than in the United States. Of note, we found that predia-
betes is highly prevalent also in children who suffer obesity classes I
and Il and this condition is not exclusive of the teenage. In both age
groups, we found many cases with HbAlc within the pre-diabetic range
suggesting that HbA1c is worth testing in the screening of children with
severe obesity and adolescents with excess body weight. Combined
phenotypes of h-HBA1c with IFG or IGT were found only in the group
of adolescents. Combined IFG and IGT were in both groups.

The very little overlap of the three prediabetes phenotypes
suggests the need of testing all the three in youths with overweight
and obesity while the optimal approach to screen and diagnose predi-
abetes and diabetes in youth remains to be defined in longitudinal
studies.
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