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Abstract

Purpose Angiopoietin-like 8 (ANGPTLS) is a liver- and adipose tissue-produced protein that predicts non-alcoholic fatty
liver disease (NAFLD) and altered metabolic homeostasis in the general population as well as in persons with common and
genetic obesity, including the Prader—Willi syndrome (PWS). However, its metabolic correlate in paediatric patients with
respect to PWS is unknown.

Methods This cross-sectional study investigated circulating ANGPTLS and adipocytokines levels in 28 PWS and 28 age-,
sex- and BMI-matched children and adolescents (age, 7.0—17.8y) in relation to NAFLD and metabolic homeostasis assessed
by OGTT, paediatric metabolic index (PMI) and fatty liver index (FLI), liver ultrasonography (US), as well as dual-energy
X-ray absorptiometry (DEXA) for analysis of fat (FM) and fat-free mass (FFM).

Results At the set level of significance, PWS children showed lower values of FFM (p <0.01) but healthier insulin profiles
(p<0.01) and PMI values (p <0.05) than matched controls. By US, the prevalence of NAFLD was similar between groups
but less severe in PWS than controls. Analysis of ANGPTLS levels showed no difference between groups, yet only in PWS
ANGPTLS levels were associated with ALT levels, FLI values and NAFLD. In stepwise multivariable regression analysis
on merged data, ANGPTLS levels were independently predicted by BMI SDS, leptin levels and NAFLD.

Conclusion ANGPTLS levels are similar in PWS and controls and, overall, they are directly associated with the presence
and severity of NAFLD in patients with PWS.
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Introduction

b< P. Marzullo Prader-Willi syndrome (PWS) represents one of the most
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common form of genetic obesity with an estimated inci-
dence rate of 1 in 25,000 live births [1, 2]. It is an imprinted
neurobehavioral condition caused by the lack of expression
of genes located on the paternal chromosome 15q11.2-q13.
Three main genetic subtypes have been detected in PWS:
15q11-q13 deletion (65-75% of cases), maternal uniparental
disomy of chromosome 15 (UPD15) (20-30% of cases), and
imprinting defects, chromosomal translocation or rearrange-
ments of the 15q11-q13 region (1-3%) [3]. Clinically, the
dominant features of PWS include neonatal hypotonia with
poor sucking and failure to thrive, mildly dysmorphic acro-
facial features, kyphoscoliosis, autonomic dysregulation and
a variable number of endocrine disorders comprising short
stature and hypogonadism [4]. Cognitive impairment usu-
ally presenting as mild intellectual disability, may coexist
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with developmental neuropsychomotor delay and behavio-
ral disturbances, with a few patients developing psychiatric
disorders [5].

PWS is typically associated with a lack of satiety due
to hypothalamic dysfunction, which generates obsessive
craving for food approximately by the age of 2 years and
progresses to morbid obesity unless strict parental surveil-
lance on access to food is adopted [6]. Changes in body
composition in patients with PWS develop even before
hyperphagia occurs [7] and result in higher fat mass (FM)
and predominant accumulation of subcutaneous fat, lower
fat-free mass (FFM) and greater ratio of intramuscular adi-
pose tissue/skeletal muscle [8], impaired muscle function
[9] and decreased excitability of cortical motor areas [10]
when compared to controls. In terms of energy homeostasis,
the voluntary activity is decreased in PWS and is associ-
ated with low values of resting energy expenditure (REE),
although this defect seems proportional to lower values of
lean body mass [11].

Despite this adverse phenotype, metabolic impairment
in young patients with PWS is generally milder than in con-
trols matched for BMI due to preferentially peripheral fat
accumulation and heightened insulin sensitivity [12, 13].
In the past several years, increasing interest has focused
on non-alcoholic fatty liver disease (NAFLD) as a marker
of metabolic dysfunction in children and adolescent with
obesity [14, 15]. In the youth, the metabolic and hypoxic
background associated with NAFLD, i.e. hyperglycemia,
insulin resistance, dyslipidemia and obstructive sleep apnea
(OSA), predisposes to the typical spectrum of liver disorders
extending from liver steatosis to non-alcoholic steatohepa-
titis (NASH), with further potential advancement to fibrosis
and/or cirrhosis [16]. In children or adolescents [17] as well
as in adults with PWS [18], however, the risk and severity of
NAFLD is lower than controls, although the determinant/s
for this discrepancy remain unclear. Liver produces several
hepatokines and acts in humans as the major production site
of angiopoietin-like 8 (ANGPTLS) [19], which is involved
in different metabolic pathways relating to glucose and lipid
metabolism as well as liver function [20, 21]. Like other
members of the angiopoietin family, ANGPTLS is able to
reduce serum triglyceride clearance through the inhibition
of lipoprotein lipase (LPL), which hydrolyzes triglycerides
from VLDL lipoproteins and chylomicrons into fatty acids
and glycerol, thus allowing for their subsequent intracellu-
lar beta-oxidation (skeletal and cardiac muscle) or re-syn-
thesis into triglycerides (adipose tissue) [22]. Evidence has
recently accumulated on ANGPTLS as a potential marker
of NAFLD, metabolic dysfunction and the hypoxic dam-
age related to obstructive sleep apnea syndrome (OSAS)
[23-25].

In a previous study on adults with PWS, ANGPTLS lev-
els were found to be lower in patients with PWS than in
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controls matched for BMI and to parallel the severity of
NAFLD [18].

To date, the metabolic significance of ANGPTLS in
childhood and adolescence and, particularly, in children
with PWS is unknown. As such, this study was designed
to investigate ANGPTLS levels in children with PWS and
controls matched for BMI SDS in association with metabolic
homeostasis, markers of adiposity and NAFLD.

Methods
Patients

This study enrolled 56 patients, consisting of 28 children
and adolescents with PWS and 28 controls matched for age,
sex and BMI SDS. Patients with PWS were referred to the
Center for Prader—Willi Syndrome of the Bambino Gesu
Children’s Hospital in Rome, Italy, where diagnosis was
based on typical syndromic features and molecular genetic
studies of chromosome 15. The genetic analysis revealed
15q11-q13 deletion in 17 patients (9 males and 8 females)
and UPD15 in 11 patients (8 males and 3 females). With
respect to hormone replacement therapy, 19 patients with
PWS were treated and 9 patients had previously undergone
growth hormone (GH) treatment (mean dose 0.16 +0.04 mg/
kg/week), while 2 patients with PWS and one subject of
the control group were treated with levothyroxine. None of
patients or controls were treated with gonadal steroids. Four
PWS patients were treated with Continuous Positive Airway
Pressure (cPAP) for OSAS. For all study participants, exclu-
sion criteria included previously known liver disease, kidney
failure, autoimmune diseases, uncontrolled hypothyroidism
and/or diabetes mellitus, chronic exposure to anti-inflamma-
tory steroids. Moreover, patients on medication that interfere
with liver function or with a known propensity to favour the
development of microvesicular steatosis were excluded from
the present study. Alcohol consumption was investigated,
and none was an alcohol drinker.

The study design was conformed to the ethical guide-
lines of the Declaration of Helsinki and was firstly approved
by the Ethical Research Committees of the Bambino Gesu
Children’s Hospital. Written informed consent was obtained
from all participants by their parents, and from patients,
when appropriate. The study protocol was conformed to the
guidelines of the European Convention on Human Rights
and Biomedicine concerning biomedical research.

Body measurements
Weight and height were measured to the nearest 0.1 kg and

0.1 cm, respectively, using standard methods. Waist circum-
ference (WC) was measured midway between the lowest rib
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and the top of the iliac crest after expiration; hip measure-
ments were taken at the greatest circumference around the
nates. BMI was expressed as body mass (kg)/height (m)?,
and BMI SDS was calculated according to BMI reference
tables [26]. The BMI cut-off point of >2 SDS was used to
define obesity [26]. Pubertal development was assessed
according to Tanner’s criteria [27].

A dual-energy X-ray absorptiometry (DEXA; Hologic
Inc., Bedford, MA) was performed by the same operator
for the assessment of body mass, FFM, FM and trunk fat
mass (TFM). FFM/FM and trunk fat/FM ratios were also
calculated.

In order to assess the presence and severity of NAFLD,
liver ultrasonography (US) was performed using a high-reso-
lution US system (LOGIQ 7, GE Healthcare, Waukesha, WI,
USA) by the same operator who was blinded to clinical data.
The degree of NAFLD was assessed semi-quantitatively
on the basis of hepatorenal echo contrast, liver brightness,
deep attenuation and vascular blurring. NAFLD was estab-
lished by a validated method of US grading (categorized as:
GO =absent; G1 =mild; G2 =moderate, G3 =severe steato-
sis) [28].

Metabolic studies

Glucose homeostasis was evaluated by fasting glucose lev-
els, OGTT-derived glucose and insulin levels at time 0 and
120 min, and glycated haemoglobin (HbAlc) levels in all
subjects. Glucose tolerance was assessed according to ADA
guidelines for children and adolescents [29]. Insulin resist-
ance was calculated by the homeostatic model of insulin
resistance (HOMA-IR) index: insulin (mIU/L) X [glucose
(mmol/L)/22.5] [30].

Metabolic risk was assessed through the paediat-
ric metabolic index (PMI), an algorithm that has been
shown to correlate with visceral fat adiposity, preperito-
neal fat thickness, transaminases, fatty liver and insulin
resistance in a large population of children aged between
5 and 17 years [31]. PMI is expressed as: PMI=WC
/ (=0.02 * BMI*+3.67 * BMI+3.24) * (TG / 0.88) *
(1.32 / HDL) (for female < 10 years), WC / (-0.02 *
BMI? +3.67 * BMI+3.24) * (TG / 1.04) * (1.34 / HDL)
(for female > 10 years), WC / (-0.02 * BMI? +3.62
* BMI+3.72) * (TG / 0.77) * (1.38 / HDL) (for
male < 10 years), WC / (—0.02 * BMI>+3.62*BMI + 3.72)
* (TG / 1.06) * (1.30 / HDL) (for male > 10 years). A PMI
value greater than 1.7 is considered as suggestive of an unfa-
vourable metabolic profile in terms of lipid profile, liver
function and insulin resistance.

Biochemical components of routine analy-
sis were also used to derive the fatty liver index
(FLI), an algorithm previously developed to assess
the degree of fatty liver [32] and expressed as:

(e[0.953 X1In(TG) +0.139 x BMI 4+ 0.718 x In(GGT) + 0.053 x WC — 15.745]
/ (1 + ¢[0.953 x In(TG) + 0.139 x BMI + 0.718 x In(GGT) + 0.053 x WC

~ 137451y % 100, with triglycerides measured in mg/dl (1 mg/
dl=0.01129 mmol/I), gamma-glutamyl transpeptidase
(GGT) in U/1, and WC in cm. The FLI score range is 0—100.

Laboratory tests

Blood samples were drawn at 08.00 a.m. under fasting con-
ditions, then vials were centrifuged, and sera were stored
at— 80 °C until assay.

Serum ANGPTLS levels were assessed using a commer-
cially available human EIA kit (Phoenix Pharmaceutics,
Inc, Burlingame, CA, USA). The assay procedure was per-
formed in accordance with the manufacturer’s instructions.
All samples were analyzed in duplicate. Intra-assay CV
and inter-assay CV of ANGPTLS were less than 10% and
15% respectively. Minimum detectable concentration was
0.12 ng/mL. This EIA is specific for human ANGPTLS, and
quality controls were included in all EIA measurements with
the results falling within the expected range.

Serum adiponectin levels were determined by an enzyme-
linked immunosorbent assay (DRG Instruments GmbH,
Marburg, Germany), the detection limit was 1.56—100 ng/
ml, sensitivity was 0.2 ng/ml, inter- and intra-assay CV was
2.4-8.4 and 0.9-7.4%, respectively. Serum leptin concentra-
tions were quantified using a commercially available ELISA
kit (Mediagnost GmbH, Reutlingen, Germany) with sensi-
tivity of 0.2 ng/ml as well as inter- and intra-assay CVs of
6.8-8.3% and 5.5-6.9%, respectively.

Routine laboratory data included levels of aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), GGT,
glucose, total cholesterol (CHO), high-density (HDL) and
low-density lipoprotein (LDL) cholesterol, triglycerides
(TG) and HbA 1c, measured by enzymatic methods (Roche
Diagnostics, Mannheim, Germany). Levels of insulin were
measured using a Cobas Integra 800 Autoanalyzer (Roche
Diagnostics, Indianapolis, IN, USA). A two-site, solid-phase
chemiluminescent immunometric assay or competitive
immunoassay (Immulite 2000 Analyzer; DPC, Los Angeles,
CA) was used to determine C-peptide levels. Total IGF-I lev-
els were assayed by chemiluminescence IGF-I immunoassay
by Liaison (Nichols Advantage, San Juan Capistrano, CA),
having a sensitivity of 6 ug/litre, intra-assay and inter-assay
CVs of 4.8 and 6.7%, respectively.

Data analysis

Statistical analysis was performed using SPSS version 21
(Somers, NY, USA). Values are expressed as means + stand-
ard deviation (SD) or percentage. Data points not normally
distributed obtained by the Shapiro—Wilk test were log-
transformed to improve the symmetry and homoscedasticity
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of the distribution. For comparative analysis, ANOVA
between the 2 groups was used. Pearson’s correlation anal-
ysis and the Chi square were used to identify significant
associations between variables of interest. Stepwise multi-
variable regression analysis was used to evaluate the inde-
pendent association of ANGPTLS8 with metabolic, anthro-
pometric or biochemical parameters. The multilinear model
included a variable combination of independent variables
encompassing PWS status (Controls =0; PWS =1), age, sex,
BMI SDS, US-derived NAFLD score, FLI, PMI, HOMA-IR,
ALT, leptin and adiponectin levels. 3 coefficients and related
significance values obtained from the models are reported.
P <0.05 was considered as statistically significant.

Results
Assessment of metabolic homeostasis

A summary of anthropometric and biochemical data is
reported in Tables 1 and 2. BMI SDS values were com-
parable between the two groups and ranged, collectively,
between 1.1 and 5.7. Among patients with PWS, 16 were
obese including 4 with OSAS and, overall, 16 were pre-
pubertal and 12 were postpubertal. Among controls, 20
were obese and, overall, 17 were prebubertal and 11 were
postpubertal. None of the patients in the control group were
diagnosed with OSAS. Abnormal glucose metabolism was
detected in 2 children with PWS (7.1%) and 4 controls

Table 1 Summary of anthropometric data obtained in patients with
PWS and controls. Data are expressed as mean +SD

Variables PWS (n=28) Controls (n=28) p-value
Males/females 17/11 13/15 0.29
Prepubertal/pubertal  16/12 17/11 0.86
Age (years) 12.3+3.1 13.4+2.8 0.12
Weight (kg) 52.6+15.1 77.0+17.5 <0.0001
Height (cm) 140.1+12.5 158.0x+12.4 <0.0001
Waist (cm) 81.0+15.1 98.6+11.1 <0.0001
WHR 0.88+0.10 0.94+0.07 0.02
BMI SDS 25+1.1 2.8+0.5 0.26
FM (%) 45.0+7.0 42.8+6.1 0.31
FM (Kg) 26.3+9.8 32.1+10.4 0.08
Trunk fat (kg) 11.1+4.8 142+5.8 0.07
FFM (%) 52.7+6.6 544+58 0.40
FFM (Kg) 30.4+10.1 41.1+12.8 0.006
FFM/FM ratio 1.22+0.33 1.33+0.47 0.39
Trunk fat/FM ratio 0.91+0.07 0.96+0.07 0.04

For abbreviation: WHR waist-to-hip ratio, BMI SDS body mass index
standard deviation score, FM fat mass, FFM fat-free mass

Comparison between populations was performed by ANOVA test.
Significant differences are shown in bold characters
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(14.3%): impaired glucose tolerance was found in 2 patients
with PWS and 3 controls, impaired fasting glucose was
found in 1 subject of the control group control and no patient
with PWS. No cases of type 2 diabetes mellitus (T2DM)
were diagnosed in either groups.

As shown in Table 1, anthropometric parameters differed
between groups as subjects with PWS showed lower val-
ues of FFM (p <0.01), trunk fat/FM ratio (p <0.05), WC
(p<0.0001) and WHR (p < 0.05) with respect to controls.

Despite the less favourable body composition, children
and adolescents with PWS harboured lower insulin and
C-peptide levels, better insulin resistance, as well as higher
adiponectin and HDL cholesterol levels, which were overall
suggestive of a healthier metabolic profile compared to their
controls (Table 2). This pattern was paralleled by sub-group
profiles of PMI scores (Fig. 1).

Table 2 Summary of biochemical data obtained in patients with PWS
and controls. Data are expressed as mean +SD

Variables PWS (n=28) Controls (n=28) p-value
Glucose OGTT, (mg/ 83.1+7.2 84.1+8.3 0.63
dL)
Glucose OGTT,, (mg/ 102.6+£25.0 110.1x£27.1 0.30
dL)
Insulin OGTT, 10.1+4.9 22.1+14.1 <0.0001
(mlIU/L)
Insulin OGTT |, 352+17.2  134.7+100.3 0.002
(mIU/L)
C-peptide (pg/L) 1.41+0.55 2.33+1.01 <0.0001
HbAlc (%) 52+03 5.0+04 0.13
HOMA-IR 2.1+1.1 47432 <0.0001
CHO (mg/dL) 1653+29.7 161.8+32.7 0.67
LDL CHO (mg/dL) 943+18.3 94.9+29.7 0.94
HDL CHO (mg/dL) 53.1+10.9 45.9+10.6 0.02
TG (mg/dL) 84.9+53.4 100.9+43.5 0.22
AST (U/L) 245+7.5 25.0+10.6 0.84
ALT (U/L) 22.7+156  28.6+22.7 0.27
GGT (U/L) 149+59 16.3+7.9 0.45
ANGPTLS (ng/mL) 0.50+0.29 0.48+0.20 0.73
Leptin (ng/mL) 30.6+18.5 31.4+16.2 0.87
Adiponectin (ug/mL) 16.2+7.8 92+4.6 <0.0001
PMI 23+2.1 33+2.1 0.04
FLI 2224260  47.4+239 0.001

For abbreviation: OGTT oral glucose tolerance test, OGTTO and
OGTTI120 OGTT at 0 and 120 min, HbAIc glycated haemoglobin,
HOMA-IR homeostatic model of insulin resistance, CHO total choles-
terol, LDL CHO low density lipoprotein cholesterol, HDL CHO high
density lipoprotein cholesterol, TG triglycerides, AST aspartate ami-
notransferase, ALT alanine aminotransferase, GGT gamma glutamyl
transpeptidase, PMI pediatric metabolic index, FLI fatty liver index

Comparison between populations was performed by ANOVA test.
Significance is shown in bold characters
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Fig.1 Individual PMI values in patients with PWS and controls.
Dashed lines represent means and continuous lines represent standard
deviation values in each population. ANOVA was used to evaluate the
difference in PMI values between the 2 groups. PWS patients harbor
significant lower PMI values compared to controls
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Fig.2 Individual values of circulating ANGPTLS levels obtained in
patients with PWS and controls. Dashed lines represent mean and
continuous line represent standard deviation values in each popula-
tion. ANOVA was used to evaluate the difference in ANGPTLS val-
ues between the 2 groups. ANGPTLS levels are similar between PWS
and control group

Analysis of ANGPTL8 and indices of NAFLD

Analysis of circulating ANGPTL8 showed measurable lev-
els in all cases. As illustrated in Fig. 2, the distribution of
ANGPTLS levels was somewhat more dispersed around the
mean in patients with PWS than controls owing to a lim-
ited number of outliers, which slightly increased the over-
all mean ANGPTLS value. These four patients with PWS
outliers were distinguished by higher severity of NAFLD
(two had G2 and two had G3 degree of NAFLD score) and
sex (3 males and 1 female). After removal of these outli-
ers, however, ANGPTLS levels remained similar between
groups (p=0.26). Among PWS patients with OSAS, only an
outlier in ANGPTLS levels was observed. Bearing in mind
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Fig. 3 Individual values of FLI values obtained in patients with PWS
patients and controls. Dashed lines represent means and continuous
line represent standard deviation values in each population. ANOVA
was used to evaluate the difference in FLI values between the 2
groups. PWS patients harbor significant lower FLI values compared
to controls
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Fig.4 Prevalence (%) of NAFLD grading scores in patients with
PWS and controls. The set level of significance is expressed as
obtained by Chi square and summarized in the text. PWS patients
show a higher prevalence of low NAFLD degrees, while exhibiting a
lower prevalence of high NAFLD degrees when compared to controls

the limits due to the low sample size, no significant differ-
ences were found in ANGPTLS levels and NAFLD grading
between patients with and without OSAS (data not shown).

As summarized in Table 2, liver function tests were simi-
lar between groups. However, FLI scores were significantly
less severe in patients with PWS than controls (Fig. 3).

In terms of prevalence, the rate of US-derived NAFLD
did not seem to differ between groups, since a US-derived
pattern suggestive of NAFLD could be documented in
15 subjects with PWS and 19 controls (53.6% vs. 67.9%;
X2 =1.20, p=0.27). However, when NAFLD was stratified
by grading, its severity appeared to be milder in patients
with PWS than controls (Fig. 4). Specifically, patients with
PWS showed a higher prevalence of low NAFLD degrees,
i.e. GO (28.6% vs. 21.4%) and of G1 (53.6% vs. 28.6%;
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X2 =3.72, p<0.05), while exhibiting a lower prevalence of
high NAFLD degrees, i.e. G2 (7.1% vs. 32.1%; x*=5.54,
p=0.01) and G3 (10.7% vs. 17.9%) when compared to
controls.

When study participants were grouped by the puber-
tal stage, no intra- and inter-group differences were found
in ANGTPLS levels and NAFLD prevalence. Likewise,
there were no differences in ANGPTLS and NAFLD when
patients with PWS were analysed according to genotype and/
or GH treatment (data not shown).

Correlation analyses

Correlation analysis were performed in the two groups as
a whole and then in separate groups. Analysis on merged
data (Table 3) only showed positive associations between
ANGPTLS and BMI SDS (r=0.44, p <0.01), leptin levels
(r=0.35, p<0.05) and HbAlc (r=0.35, p <0.05).

Table 3 Pearson’s correlation analysis between ANGPTLS levels and
anthropometric and biochemical parameters in the study populations
as a whole

Parameters ANGPTLS levels
r p-value

Age (years) -0.11 0.46
Gender -0.02 0.91
Pubertal stage -0.18 0.22
Status (PWS or controls) 0.05 0.73
BMI SDS 0.44 0.002
FM (kg) 0.08 0.67
FFM (kg) -0.01 0.94
Glucose OGTT,, (mg/dL) 0.02 0.90
Glucose OGTT |, (mg/dL) 0.12 0.41
Insulin OGTT, (mIU/L) 0.08 0.59
Insulin OGTT,, (mIU/L) 0.26 0.23
HbAlc (%) 0.35 0.013
HOMA-IR 0.06 0.70
PMI index 0.26 0.23
ALT (U/L) 0.23 0.10
NAFLD (US) 0.20 0.17
FLI index 0.25 0.10
IGF-1 (ng/mL) 0.23 0.20
Leptin (ng/mL) 0.35 0.013
Adiponectin (ug/mL) -0.20 0.89

For status: PWS=1, controls=0; for gender: male=1, female=2.
Significance is shown in bold characters. For abbreviation: BMI SDS,
body mass index standard deviation score; FM, fat mass; FFM, fat
free mass; PMI, paediatric metabolic index, OGTTO and OGTT120,
OGTT at time 0 min and 120 min, HbAlc glycated haemoglobin,
HOMA-IR homeostatic model of insulin resistance, ALT alanine
aminotransferase, NAFLD non-alcoholic fatty liver disease, FLI fatty
liver index, /GF-1 insulin-like growth factor-1
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Associations were subsequently explored in individual
groups and revealed statistical significance only in children
and adolescents with PWS between ANGPTLS levels and
BMI SDS (r=0.65, p=0.001), leptin (r=0.65, p=0.001)
ALT (r=0.46, p<0.05), FLI (r=0.47, p<0.05) (Fig. 5),
as well as prevalence (r=0.58, p<0.01) and grading of
NAFLD (r=0.42, p<0.05). Figure 6 showed ANGPTLS
levels grouped by NAFLD grading in the 2 populations.
These associations remained significant after controlling
for age and sex. Oppositely, ANGPTLS levels were unre-
lated to any metabolic and liver-associated variables in the
control group.

Moreover, an association was found between FLI scores
and NAFLD grading (All: »=0.52, p <0.0001; PWS:
r=0.53, p<0.01; controls: r=0.43, p<0.05), as well as
with trunk fat mass in the population as a whole and in PWS
group (All: r=0.60, p <0.0001; PWS: r=0.70, p=0.001,
Controls: »=0.43, p=0.07). With regards to other metabolic
measures, an association related FLI scores to PMI values
(All: r=0.57, p<0.0001; PWS: r=0.49, p=0.01; Controls:
r=0.62, p<0.01). Only in patients with PWS an association
occurred between PMI and ALT (r=0.48, p <0.01) and the
presence of NAFLD (r=0.45, p<0.01).

Stepwise multivariable regression analysis was performed
in the two groups as a whole, and a number of models were
explored to analyse the predictors of ANGPTLS levels in
the study populations. Analysis documented that ANGPTLS
levels were only predicted by BMI SDS (standardized
f=0.49, p=0.001 for both). After removal of BMI SDS
from the regression equation, leptin levels (standardized
f=0.66, p=0.001) and the presence of NAFLD (standard-
ized p=0.57, p=0.006) acted as independent predictors of
ANGPTLS levels. Results were similar when this regression
model was repeated in the group of patients with PWS. No
predictor entered the regression equation in controls.

Discussion

The present study analysed the association between
ANGPTLS levels and adiposity, metabolic profile and
NAFLD in relation to PWS status in children and adoles-
cents. Our results show that ANGPTLS levels are compa-
rable between patients with PWS and controls and that, in
PWS, this liver-derived protein is closely associated with the
presence and severity of NAFLD.

It has long been shown that PWS predisposes to a peculiar
somatic and metabolic phenotype that is featured by short
stature, peripheral adiposity, sarcopenia and abnormalities
in pituitary hormones [33, 34]. This unfavourable setting
predisposes patients with PWS to develop typical obesity-
related traits, yet their metabolic impairment results milder
when compared to controls matched for BMI [13, 33-36].
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Fig.6 Histogram illustrating ANGPTLS levels grouped by NAFLD
grading in the 2 populations. PWS patients show increasing levels of
ANGPTLS across the different degrees of NAFLD

In fact, children and adolescents with PWS rarely develop
dyslipidaemia [17] and harbour a milder degree of hyperin-
sulinaemia and insulin resistance than controls matched for
BMI [36-39]. Although the precise mechanisms underly-
ing this metabolic paradox remain unclear, some authors

the bottom of each plot. Associations revealed statistical significance
only in children and adolescents with PWS

suggested that orexigenic hormones like ghrelin [40] or
insulin-sensitive adipokines like adiponectin could inter-
vene to diminish the consequences of the abnormal body
composition of subjects with PWS [34, 39], while others
hypothesized a decrease in vagal parasympathetic tone to
the pancreas as a potential cause of reduced insulin secretion
[8]. Further, specific patterns in pro-inflammatory molecules
[41] and microbial taxa exist in PWS [42]. This metabolic
peculiarity is here confirmed, as we found healthier values
of insulin and C-peptide, insulin resistance, HDL cholesterol
and adiponectin in patients with PWS despite lower values
of FFM, when compared to controls matched for BMI SDS.
Likewise, analysis of PMI, a predictor of metabolic dis-
eases in paediatric populations [31], showed lower values in
patients with PWS than controls, along with its correlation
with ALT levels and NAFLD in PWS. As such, this result
suggests a potential role for PMI as a surrogate marker of
liver steatosis.

Liver is a target organ of the metabolic syndrome associ-
ated with obesity. Attention has recently focused on liver-
and adipose tissue-produced adipokine ANGPTLS, which is
involved in different metabolic pathways relating to glucose
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and lipid metabolism as well as liver function [20, 21]. Its
activity involves the ability of reducing serum triglyceride
clearance and improving insulin resistance through the regu-
lation of hepatic and peripheral insulin sensitivity by yet
unclear mechanisms [22].

Based on these evidences, the current study was under-
taken to investigate circulating ANGPTLS levels for its
ability to predict NAFLD in young patients with PWS and
their controls. ANGPTLS was measurable in all sera and its
levels appeared to parallel those previously described in a
large paediatric group [43]. Despite a wider interindividual
variability of ANGPTLS levels in patients with PWS than
controls, its levels did not differ between populations and
were significantly correlated with BMI SDS. This result
agrees with previous findings showing that ANGPTLS levels
increase with obesity in paediatric ages [44]. On the other
hand, ANGPTLS was unrelated to lipids, glucose homeosta-
sis, insulin and insulin resistance. This dissociation corrobo-
rates previous results obtained in adults affected by obesity
with and without PWS [18], and agrees with the inference
proposed by Cox et al. who suggested that ANGPTLS is not
as robustly involved in p-cell proliferation as originally pro-
posed [45]. Hence, although experimental evidence suggests
that ANGPTLS is involved in circadian liver response to
food intake, glucose tolerance, insulin resistance and ectopic
lipid accumulation [46—48], our results seem to imply that
ANGPTLS is not responsible for the lower levels of insu-
lin seen in patients with PWS in comparison to controls
matched for BMI SDS.

Noteworthy, previous studies described higher ANGPTLS
mRNA expression in omental fat from individuals affected
by obesity with NAFLD and insulin resistance as compared
with controls matched for BMI with a normal insulin sensi-
tivity [48]. In our study, liver function tests and prevalence
of NAFLD were similar between patients with and without
PWS, yet children and adolescents with PWS exhibited sig-
nificantly lower values of FLI and less severe NAFLD scores
than controls. Importantly, ANGPTLS levels correlated with
markers of NAFLD and, in single-group analyses, a reason-
able correlation between NAFLD and circulating ANGPTLS8
emerged only in subjects with PWS. Whether this divergent
behaviour reflects a different metabolic milieu existing in the
two study populations remains unclear. Nevertheless, it is
interesting to note that a previous study found strong positive
associations between ANGPTL8 and metabolic markers in
individuals without insulin resistance but not in patients with
T2DM [49]. In this context, it is necessary to point out that
limitations exist in correctly assessing NAFLD in children
and adolescents by means of non-invasive methodologies
[50], and the indirect approach used herein harbours caveats
that may have hampered the significance of our observa-
tions [51]. However, while liver biopsy is the gold-standard
method for the accurate staging of NAFLD, several previous
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studies demonstrated a strong correlation between US find-
ings and the presence as well as the degree of NAFLD docu-
mented by biopsy [28, 52, 53].

Based on these few evidences, we speculate that
ANGPTLS could act as an (healthy) hepatokine or
(unhealthy) adipokine depending on the metabolic milieu,
such that the correlation between ANGPTL8 and NAFLD
seen in patients with PWS reflects a healthier metabolic
status compared to controls matched for BMI SDS. If this
holds true, a dysmetabolic progression occurring during
adulthood could disentangle ANGPTLS function as an adi-
pokine, which could then act to signal comorbidities relat-
ing to insulin resistance and NAFLD [18]. This hypothesis
awaits verification.

In conclusion, ANGPTLS levels are similar in PWS and
controls and, overall, they are directly associated with the
presence and severity of NAFLD in patients with PWS. Fur-
ther studies should investigate the potential genetic basis of
these findings.

Funding Open access funding provided by Universita degli Studi del
Piemonte Orientale Amedeo Avogrado within the CRUI-CARE Agree-
ment. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Availability of data and material The datasets generated during and/or
analysed during the current study are available from the corresponding
author on reasonable request.

Compliance with ethical standards

Conflicts of interest The authors declare that they have no conflict of
interest.

Ethics approval The study was approved by the Ethical Research Com-
mittees of the Bambino Gesu Children’s Hospital, Rome. The study
was performed in accordance with the ethical standards as laid down
in the 1964 Declaration of Helsinki and its later amendments.

Informed consent Written informed consent was obtained from all
participants by their parents, and from patients, when appropriate.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://creativecommons.org/licenses/by/4.0/

Journal of Endocrinological Investigation (2021) 44:1447-1456

1455

References

10.

11.

12.

13.

14.

Grugni G, Crino A, Bosio L, Corrias A, Cuttini M, De Toni T,
Di Battista E, Franzese A, Gargantini L, Greggio N, Iughetti L,
Livieri C, Naselli A, Pagano C, Pozzan G, Ragusa L, Salvatoni A,
Trifird G, Beccaria L, Bellizzi M, Bellone J, Brunani A, Cappa M,
Caselli G, Cerioni V, Delvecchio M, Giardino D, Ianni F, Memo
L, Pilotta A, Pomara C, Radetti G, Sacco M, Sanzari A, Sartorio
A, Tonini G, Vettor R, Zaglia F, Chiumello G, Genetic Obesity
Study Group of Italian Society of Pediatric Endocrinology and
Diabetology (ISPED) (2008) The Italian National Survey for
Prader-Willi syndrome: an epidemiologic study. Am J Med Genet
A 146A:861-872. https://doi.org/10.1002/ajmg.a.32133
Cassidy SB, Schwartz S, Miller JL, Driscoll DJ (2012) Prader-
Willi syndrome. Genet Med 14:10-26. https://doi.org/10.1038/
gim.0b013e31822bead0

Angulo MA, Butler MG, Cataletto ME (2015) Prader-Willi syn-
drome: a review of clinical, genetic, and endocrine findings. J
Endocrinol Invest 38:1249-1263. https://doi.org/10.1007/s4061
8-015-0312-9

Crino A, Fintini D, Bocchini S, Grugni G (2018) Obesity manage-
ment in Prader-Willi syndrome: current perspectives. Diabetes
Metab Syndr Obes 11:579-593. https://doi.org/10.2147/DMSO.
S141352

Butler MG, Manzardo AM, Forster JL (2016) Prader-Willi
Syndrome: clinical genetics and diagnostic aspects with treat-
ment approaches. Curr Pediatr Rev 12:136-166. https://doi.
org/10.2174/1573396312666151123115250

Cassidy SB, Driscoll DJ (2009) Prader-Willi syndrome. Eur J
Hum Genet 17:3-13. https://doi.org/10.1038/ejhg.2008.165
Bekx MT, Carrel AL, Shriver TC, Li Z, Allen DB (2003)
Decreased energy expenditure is caused by abnormal body
composition in infants with Prader-Willi Syndrome. J Pediatr
143:372-376. https://doi.org/10.1067/S0022-3476(03)00386-X
Irizarry KA, Miller M, Freemark M, Haqq AM (2016) Prader
Willi syndrome: genetics, metabolomics, hormonal function, and
new approaches to therapy. Adv Pediatr 63:47-77. https://doi.
org/10.1016/j.yapd.2016.04.005

Reus L, Zwarts M, van Vlimmeren LA, Willemsen MA, Otten BJ,
Nijhuis-van der Sanden MW (2011) Motor problems in Prader-
Willi syndrome: a systematic review on body composition and
neuromuscular functioning. Neurosci Biobehav Rev 35:956-969.
https://doi.org/10.1016/j.neubiorev.2010.10.015

Civardi C, Vicentini R, Grugni G, Cantello R (2004) Corticospinal
physiology in patients with Prader-Willi syndrome: a transcranial
magnetic stimulation study. Arch Neurol 61:1585-1589. https://
doi.org/10.1001/archneur.61.10.1585

Alsaif M, Elliot SA, MacKenzie ML, Prado CM, Field CJ, Haqq
AM (2017) Energy metabolism profile in individuals with Prader-
Willi Syndrome and implications for clinical management: a sys-
tematic review. Adv Nutr 8:905-915. https://doi.org/10.3945/
an.117.016253

Theodoro MF, Talebizadeh Z, Butler MG (2006) Body composi-
tion and fatness patterns in Prader-Willi syndrome: comparison
with simple obesity. Obesity (Silver Spring) 14:1685-1690. https
://doi.org/10.1038/0by.2006.193

Haqq AM, Muehlbauer MJ, Newgard CB, Grambow S, Freemark
M (2011) The metabolic phenotype of Prader-Willi syndrome
(PWS) in childhood: heightened insulin sensitivity relative to
body mass index. J Clin Endocrinol Metab 96:E225-232. https://
doi.org/10.1210/j¢c.2010-1733

Selvakumar PKC, Kabbany MN, Nobili V, Alkhouri N (2017)
Nonalcoholic fatty liver disease in children: hepatic and extrahe-
patic complications. Pediatr Clin North Am 64:659-675. https://
doi.org/10.1016/j.pcl.2017.01.008

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Hartley A, Santos Ferreira DL, Anderson EL, Lawlor DA (2019)
Metabolic profiling of adolescent non-alcoholic fatty liver disease.
Version 2. Welcome Open Res 3:166. https://doi.org/10.12688/
wellcomeopenres.14974.2

Feldstein AE, Charatcharoenwitthaya P, Treeprasertsuk S, Benson
JT, Enders FB, Angulo P (2009) The natural history of non-alco-
holic fatty liver disease in children: a follow-up study for up to 20
years. Gut 58:1538-1544. https://doi.org/10.1136/gut.2008.17128
0

Fintini D, Inzaghi E, Colajacomo M, Bocchini S, Grugni G, Bru-
fani C, Cappa M, Nobili V, Cianfarani S, Crind A (2016) Non-
alcoholic fatty liver disease (NAFLD) in children and adolescents
with Prader-Willi Syndrome (PWS). Pediatr Obes 11:235-238.
https://doi.org/10.1111/ijpo.12052

Mele C, Grugni G, Mai S, Vietti R, Aimaretti G, Scacchi M, Mar-
zullo P (2017) Circulating angiopoietin-like 8 (ANGPTLS) is a
marker of liver steatosis and is negatively regulated by Prader-
Willi Syndrome. Sci Rep 7:3186. https://doi.org/10.1038/s4159
8-017-03538-7

Zhang R (2012) Lipasin, a novel nutritionally-regulated liver-
enriched factor that regulates serum triglyceride levels. Biochem
Biophys Res Commun 424:786-792. https://doi.org/10.1016/j.
bbrc.2012.07.038

Siddiqa A, Cirillo E, Tareen SHK, Ali A, Kutmon M, Eijssen
LMT, Ahmad J, Evelo CT, Coort SL (2017) Visualizing the regu-
latory role of Angiopoietin-like protein 8 (ANGPTLS) in glucose
and lipid metabolic pathways. Genomics 109:408-418. https://
doi.org/10.1016/j.ygeno0.2017.06.006

Davies BSJ (2018) Can targeting ANGPTL proteins improve
glucose tolerance? Diabetologia 61:1277-1281. https://doi.
org/10.1007/s00125-018-4604-4

Zhang R, Abou-Samra AB (2013) Emerging roles of Lipasin as a
critical lipid regulator. Biochem Biophys Res Commun 432:401—
405. https://doi.org/10.1016/j.bbrc.2013.01.129

Luo M, Peng D (2018) ANGPTLS: an important regulator in
metabolic disorders. Front Endocrinol (Lausanne) 9:169. https://
doi.org/10.3389/fendo.2018.00169

Al-Terki A, Abu-Farha M, AlKhairi I, Cherian PT, Sriraman D,
Shyamsundar A, Ali S, Almulla F, Tuomilehto J, Abubaker JA
(2018) Increased level of angiopoietin like proteins 4 and 8§ in
people with sleep apnea. Front Endocrinol (Lausanne) 9:651. https
://doi.org/10.3389/fendo.2018.00651

Mesarwi OA, Loomba R, Malhotra A (2019) Obstructive sleep
apnea, hypoxia, and nonalcoholic fatty liver disease. Am J Respir
Crit Care Med 199:830-841. https://doi.org/10.1164/rccm.20180
6-1109TR

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH (2000) Establishing
a standard definition for child overweight and obesity world-wide:
international survey. BMJ 320:1240. https://doi.org/10.1136/
bmj.320.7244.1240

Tanner JM (1962) Growth at adolescence, 2nd edn. Balckwell
Scientific Publications, Oxford

Shannon A, Alkhouri N, Carter-Kent C, Monti L, Devito R, Lopez
R, Feldstein AE, Nobili V (2011) Ultrasonographic quantita-
tive estimation of hepatic steatosis in children With NAFLD. J
Pediatr Gastroenterol Nutr 53:190-195. https://doi.org/10.1097/
MPG.0b013e31821b4b61

Arslanian S, Bacha F, Grey M, Marcus MD, White NH, Zeitler
P (2018) Evaluation and management of youth-onset type 2 dia-
betes: a position statement by the American diabetes association.
Diabetes Care 41:2648-2668. https://doi.org/10.2337/dci18-0052
Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC (1985) Homeostasis model assessment: insulin
resistance and beta-cell function from fasting plasma glucose and
insulin concentrations in man. Diabetologia 28:412—419. https://
doi.org/10.1007/bf00280883

@ Springer


https://doi.org/10.1002/ajmg.a.32133
https://doi.org/10.1038/gim.0b013e31822bead0
https://doi.org/10.1038/gim.0b013e31822bead0
https://doi.org/10.1007/s40618-015-0312-9
https://doi.org/10.1007/s40618-015-0312-9
https://doi.org/10.2147/DMSO.S141352
https://doi.org/10.2147/DMSO.S141352
https://doi.org/10.2174/1573396312666151123115250
https://doi.org/10.2174/1573396312666151123115250
https://doi.org/10.1038/ejhg.2008.165
https://doi.org/10.1067/S0022-3476(03)00386-X
https://doi.org/10.1016/j.yapd.2016.04.005
https://doi.org/10.1016/j.yapd.2016.04.005
https://doi.org/10.1016/j.neubiorev.2010.10.015
https://doi.org/10.1001/archneur.61.10.1585
https://doi.org/10.1001/archneur.61.10.1585
https://doi.org/10.3945/an.117.016253
https://doi.org/10.3945/an.117.016253
https://doi.org/10.1038/oby.2006.193
https://doi.org/10.1038/oby.2006.193
https://doi.org/10.1210/jc.2010-1733
https://doi.org/10.1210/jc.2010-1733
https://doi.org/10.1016/j.pcl.2017.01.008
https://doi.org/10.1016/j.pcl.2017.01.008
https://doi.org/10.12688/wellcomeopenres.14974.2
https://doi.org/10.12688/wellcomeopenres.14974.2
https://doi.org/10.1136/gut.2008.171280
https://doi.org/10.1136/gut.2008.171280
https://doi.org/10.1111/ijpo.12052
https://doi.org/10.1038/s41598-017-03538-7
https://doi.org/10.1038/s41598-017-03538-7
https://doi.org/10.1016/j.bbrc.2012.07.038
https://doi.org/10.1016/j.bbrc.2012.07.038
https://doi.org/10.1016/j.ygeno.2017.06.006
https://doi.org/10.1016/j.ygeno.2017.06.006
https://doi.org/10.1007/s00125-018-4604-4
https://doi.org/10.1007/s00125-018-4604-4
https://doi.org/10.1016/j.bbrc.2013.01.129
https://doi.org/10.3389/fendo.2018.00169
https://doi.org/10.3389/fendo.2018.00169
https://doi.org/10.3389/fendo.2018.00651
https://doi.org/10.3389/fendo.2018.00651
https://doi.org/10.1164/rccm.201806-1109TR
https://doi.org/10.1164/rccm.201806-1109TR
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1097/MPG.0b013e31821b4b61
https://doi.org/10.1097/MPG.0b013e31821b4b61
https://doi.org/10.2337/dci18-0052
https://doi.org/10.1007/bf00280883
https://doi.org/10.1007/bf00280883

1456

Journal of Endocrinological Investigation (2021) 44:1447-1456

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Qs

Hernandez MJG, Kliinder M, Nieto NG, Alvarenga JCL, Gil JV,
Huerta SF, Siccha RQ, Hernandez J (2018) Pediatric visceral adi-
posity index adaptation correlates with HOMA-IR, Matsuda, and
transaminases. Endocr Pract 24:294-301. https://doi.org/10.4158/
EP-2017-0086

Bedogni G, Bellentani S, Miglioli L, Masutti F, Passalac-
qua M, Castiglione A, Tiribelli C (2006) The fatty liver index:
a simple and accurate predictor of hepatic steatosis in the
general population. BMC Gastroenterol 6:33. https://doi.
org/10.1186/1471-230X-6-33

van Nieuwpoort IC, Twisk JWR, Curfs LMG, Lips P, Drent ML
(2018) Body composition, adipokines, bone mineral density and
bone remodeling markers in relation to IGF-1 levels in adults with
Prader-Willi syndrome. Int J Pediatr Endocrinol 2018:1. https://
doi.org/10.1186/s13633-018-0055-4

Tanaka Y, Abe Y, Oto Y, Itabashi H, Shiraishi M, Yoshino A,
Obata K, Murakami N, Nagai T (2013) Characterization of fat
distribution in Prader-Willi syndrome: relationships with adipo-
cytokines and influence of growth hormone treatment. Am J Med
Genet A 161A:27-33. https://doi.org/10.1002/ajmg.a.35653
Grugni G, Crino A, Bedogni G, Cappa M, Sartorio A, Corrias A,
Di Candia S, Gargantini L, Tughetti L, Pagano C, Ragusa L, Salva-
toni A, Spera S, Vettor R, Chiumello G, Brambilla P (2013) Meta-
bolic syndrome in adult patients with Prader-Willi syndrome. Nutr
Metab Cardiovasc Dis 23:1134—1140. https://doi.org/10.1016/j.
numecd.2012.11.006

McAlister KL, Fisher KL, Dumont-Driscoll MC, Rubin DA
(2018) The relationship between metabolic syndrome, cytokines
and physical activity in obese youth with and without Prader-Willi
syndrome. J Pediatr Endocrinol Metab 31:837-845. https://doi.
org/10.1515/jpem-2017-0539

Lindgren AC, Hagenis L, Ritzén EM (1999) Growth hormone
treatment of children with Prader-Willi syndrome: effects on
glucose and insulin homeostasis. Swedish National Growth
Hormone Advisory Group. Horm Res 51:157-161. https://doi.
org/10.1159/000023350

Schuster DP, Osei K, Zipf WB (1996) Characterization of altera-
tions in glucose and insulin metabolism in Prader-Willi sub-
jects. Metabolism 45:1514—1520. https://doi.org/10.1016/s0026
-0495(96)90181-x

Haqq AM, Muehlbauer M, Svetkey LP, Newgard CB, Purnell JQ,
Grambow SC, Freemark MS (2007) Altered distribution of adi-
ponectin isoforms in children with Prader-Willi syndrome (PWS):
association with insulin sensitivity and circulating satiety peptide
hormones. Clin Endocrinol (Oxf) 67:944-951. https://doi.org/10.
1111/5.1365-2265.2007.02991 .x

Haqq AM, Grambow SC, Muehlbauer M, Newgard CB, Svet-
key LP, Carrel AL, Yanovski JA, Purnell JQ, Freemark M (2008)
Ghrelin concentrations in Prader-Willi syndrome (PWS) infants
and children: changes during development. Clin Endocrinol (Oxf)
69:911-920. https://doi.org/10.1111/§.1365-2265.2008.03385.x
Lacroix D, Moutel S, Coupaye M, Huvenne H, Faucher P, Pel-
loux V, Rouault C, Bastard JP, Cagnard N, Dubern B, Clément
K, Poitou C (2015) Metabolic and adipose tissue signatures in
adults with Prader-Willi syndrome: a model of extreme adiposity.
J Clin Endocrinol Metab 100:850-859. https://doi.org/10.1210/
jc.2014-3127

Olsson LM, Poitou C, Tremaroli V, Coupaye M, Aron-Wisnewsky
J, Bickhed F, Clément K, Caesar R (2019) Gut microbiota of

pringer

43.

44.

45.

46.

47.

48.

49.

50.

S1.

52.

53.

obese subjects with Prader-Willi syndrome is linked to metabolic
health. Gut. https://doi.org/10.1136/gutjnl-2019-319322

Chung HS, Lee MJ, Hwang SY, Lee HJ, Yoo HJ, Seo JA, Kim SG,
Kim NH, Baik SH, Choi DS, Kim SM, Choi KM (2016) Circulat-
ing angiopoietin-like protein 8 (ANGPTLS) and ANGPTL3 con-
centrations in relation to anthropometric and metabolic profiles in
Korean children: a prospective cohort study. Cardiovasc Diabetol
15:1. https://doi.org/10.1186/s12933-015-0324-y

Donma MM, Demirkol M, Ekmekci H, Ekmekci OB, Donma O
(2017) Pentraxin-3, angiopoietin-like protein-3, angiopoietin-like
protein-4, and angiopoietin-like protein-8 levels in morbid obese
children. Med One https://doi.org/10.20900/mo.20170029

Cox AR, Barrandon O, Cai EP, Rios JS, Chavez J, Bonnyman CW,
Lam CJ, Yi P, Melton DA, Kushner JA (2016) Resolving discrep-
ant findings on ANGPTLS in B-cell proliferation: a collaborative
approach to resolving the betatrophin controversy. PLoS ONE
11:e0159276. https://doi.org/10.1371/journal.pone.0159276
Chen S, Feng M, Zhang S, Dong Z, Wang Y, Zhang W, Liu C
(2019) ANGPTLS8 mediates food-driven resetting of hepatic
circadian clock in mice. Nat Commun 10:3518. https://doi.
org/10.1038/s41467-019-11513-1

Zhang L, Abdul-Ghani M, Defronzo RA, Norton L (2018) Reg-
ulation of lipid regulator ANGPTLS8 gene transcript by insulin
is mediated by C/EBPS3, and ANGPTLS deficiency improves
glucose homeostasis in mice. Diabetes. https://doi.org/10.2337/
db18-1952-P

Vatner DF, Goedeke L, Camporez JG, Lyu K, Nasiri AR, Zhang
D, Bhanot S, Murray SF, Still CD, Gerhard GS, Shulman GI,
Samuel VT (2018) Angptl8 antisense oligonucleotide improves
adipose lipid metabolism and prevents diet-induced NAFLD and
hepatic insulin resistance in rodents. Diabetologia 61:1435-1446.
https://doi.org/10.1007/s00125-018-4579-1

Abu-Farha M, Abubaker J, Al-Khairi I, Cherian P, Noronha F, Hu
FB, Behbehani K, Elkum N (2015) Higher plasma betatrophin/
ANGPTLS level in Type 2 Diabetes subjects does not correlate
with blood glucose or insulin resistance. Sci Rep 5:10949. https
://doi.org/10.1038/srep10949

Schwimmer JB (2016) Clinical advances in pediatric nonalco-
holic fatty liver disease. Hepatology 63:1718-1725. https://doi.
org/10.1002/hep.28441

Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella
M, Harrison SA, Brunt EM, Sanyal AJ (2018) The diagnosis and
management of nonalcoholic fatty liver disease: practice guidance
from the American Association for the Study of Liver Diseases.
Hepatology 67:328-357. https://doi.org/10.1002/hep.29367
Dasarathy S, Dasarathy J, Khiyami A, Joseph R, Lopez R,
McCullough AJ (2009) Validity of real time ultrasound in the
diagnosis of hepatic steatosis: a prospective study. J Hepatol
51:1061-1067. https://doi.org/10.1016/j.jhep.2009.09.001
Saadeh S, Younossi ZM, Remer EM, Gramlich T, Ong JP, Hurley
M, Mullen KD, Cooper JN, Sheridan MJ (2002) The utility of
radiological imaging in non-alcoholic fatty liver disease. Gastro-
enterology 123:745-750. https://doi.org/10.1053/gast.2002.35354

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.4158/EP-2017-0086
https://doi.org/10.4158/EP-2017-0086
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1186/1471-230X-6-33
https://doi.org/10.1186/s13633-018-0055-4
https://doi.org/10.1186/s13633-018-0055-4
https://doi.org/10.1002/ajmg.a.35653
https://doi.org/10.1016/j.numecd.2012.11.006
https://doi.org/10.1016/j.numecd.2012.11.006
https://doi.org/10.1515/jpem-2017-0539
https://doi.org/10.1515/jpem-2017-0539
https://doi.org/10.1159/000023350
https://doi.org/10.1159/000023350
https://doi.org/10.1016/s0026-0495(96)90181-x
https://doi.org/10.1016/s0026-0495(96)90181-x
https://doi.org/10.1111/j.1365-2265.2007.02991.x
https://doi.org/10.1111/j.1365-2265.2007.02991.x
https://doi.org/10.1111/j.1365-2265.2008.03385.x
https://doi.org/10.1210/jc.2014-3127
https://doi.org/10.1210/jc.2014-3127
https://doi.org/10.1136/gutjnl-2019-319322
https://doi.org/10.1186/s12933-015-0324-y
https://doi.org/10.20900/mo.20170029
https://doi.org/10.1371/journal.pone.0159276
https://doi.org/10.1038/s41467-019-11513-1
https://doi.org/10.1038/s41467-019-11513-1
https://doi.org/10.2337/db18-1952-P
https://doi.org/10.2337/db18-1952-P
https://doi.org/10.1007/s00125-018-4579-1
https://doi.org/10.1038/srep10949
https://doi.org/10.1038/srep10949
https://doi.org/10.1002/hep.28441
https://doi.org/10.1002/hep.28441
https://doi.org/10.1002/hep.29367
https://doi.org/10.1016/j.jhep.2009.09.001
https://doi.org/10.1053/gast.2002.35354

	Angiopoietin-like 8 (ANGPTL8) as a potential predictor of NAFLD in paediatric patients with Prader-Willi Syndrome
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Patients
	Body measurements
	Metabolic studies
	Laboratory tests
	Data analysis

	Results
	Assessment of metabolic homeostasis
	Analysis of ANGPTL8 and indices of NAFLD
	Correlation analyses

	Discussion
	References




