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Syndromic Disorders Caused by Disturbed Human Imprinting

@ Diana Carli, @ Evelise Riberi, @ Giovanni Battista Ferrero, @ Alessandro Mussa

University of Torino, Department of Pediatric and Public Health Sciences, Torino, Italy

Abstract

Imprinting disorders are a group of congenital diseases caused by dysregulation of genomic imprinting, affecting prenatal and postnatal
growth, neurocognitive development, metabolism and cancer predisposition. Aberrant expression of imprinted genes can be achieved
through different mechanisms, classified into epigenetic - if not involving DNA sequence change - or genetic in the case of altered
genomic sequence. Despite the underlying mechanism, the phenotype depends on the parental allele affected and opposite phenotypes
may result depending on the involvement of the maternal or the paternal chromosome. Imprinting disorders are largely underdiagnosed
because of the broad range of clinical signs, the overlap of presentation among different disorders, the presence of mild phenotypes, the
mitigation of the phenotype with age and the limited availability of molecular techniques employed for diagnosis. This review briefly
illustrates the currently known human imprinting disorders, highlighting endocrinological aspects of pediatric interest.

Keywords: Imprinting disorders, epimutation, genotype, phenotype

Introduction 1. Uniparental disomy (UPD), which consists of the

The imprinting disorders are a group of congenital
diseases caused by dysregulation of genomic imprinting
that can affect fetal and postnatal growth, neurocognitive
development, metabolism and cancer predisposition with
relevance to pediatricians, geneticists, endocrinologists
and other specialists (1,2,3,4,5,6). Genomic imprinting
mediates the expression of specific genes in a parent of
origin specific manner. While most genes are expressed
biparentally, imprinted genes are expressed only from the
paternal or the maternal allele. Imprinted genes are often
arranged in clusters and expressed under a coordinated
epigenetic regulation (4,7). Human imprinting disorders
result from dysregulation of the normal expression of
imprinted genes, causing altered dosage or function of such
gene transcripts. This can be achieved through different
mechanisms, which may involve DNA expression only
(epigenetic mechanisms) or may also encompass DNA
sequence (genomic mechanisms). While the former are
mostly sporadic, the latter result in familial forms with a
parent of origin inheritance pattern (5).

The molecular mechanisms altered

imprinted gene expression (Figure 1) are classified into:

responsible  for

inheritance of two copies of a chromosome (or part of a
chromosome) from one parent and no copy from the other
parent. UPD can be heterodisomy, when both homologue
chromosomes from the transmitting parent are present,
or isodisomy, when two identical chromosomes from the
same parental homologue are present (8).

2. Abnormal methylation (also termed epimutation)
including excessive methylation (hypermethylation or
gain of methylation - GoM) and reduced methylation
[hypomethylation or loss of methylation (LoM)]. Abnormal
methylation can be primary (i.e. in the absence of an
underlying genomic cause) or secondary (i.e. due to an
underlying genomic cause). While the former is sporadic, the
latter is associated with a recurrence risk, in an autosomal
dominant manner with parent of origin effect.

3. Chromosomal abnormalities (deletions, duplications and
balanced rearrangements).

4. Intragenic variants in imprinted genes resulting in loss or
gain of function.

For all these four mechanisms, the phenotype depends
on the affected parental allele; in some cases, aberrations
at the same locus involving either the maternal or the
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Figure 1. Schematic representation of the molecular mechanisms responsible for altered imprinted gene expression. At the
top normal functioning of a paradigmatic chromosomal region subjected to imprinting is reported: on the allele inherited
from parent 1, the imprinting center (IC) is unmethylated and gene A is expressed, while on the allele inherited from parent 2,
gene A is silenced by IC methylation. This leads to a balanced expression of gene A, corresponding to the normal phenotype.
Conversely, imbalance between the expression of the imprinted gene leads to a pathological phenotype: a deficiency of gene
A leads to phenotype 1, while an excess of gene A leads to phenotype 2. Phenotype 1 and phenotype 2 may have antithetical
characteristics (mirror phenotypes). In the left column, epigenetic anomalies leading to disturbed expression of imprinted
genes are shown. In the middle column, point mutations and in the right column, uniparental disomy, deletion and duplication
affecting the imprinted gene are reported. If the point mutation or the deletion/duplication hits the expressed gene, it will lead
to a phenotype while, on the opposite, if they involve a normally silenced gene, they will not result in a phenotype: in both
cases, the genetic anomaly could be transmitted to the offspring

paternal chromosome result in opposite phenotypes Most patients with an imprinting disorder are affected by
a single disease-specific locus with a definite phenotype.
However, cases with multilocus methylation imprinting
disturbances (MLID) and consequent complex phenotypes
are increasingly described and further complicate the
clinical evaluation. Of interest, the frequency of some

of the imprinting disorders is increased in the offspring

(Table 1). Although each imprinting disorder is characterized
by specific clinical features, shared phenotypic features
are common and clinical overlap occurs. Moreover, mild
phenotypes, a broad clinical spectrum, mitigation of
the presentation with age and limited availability of the

molecular techniques employed for diagnosis probably lead
to a relevant underdiagnosis (4,5).

2

of subfertile parents and likely connected with artificial
reproductive techniques (9,10).
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Table 1. Summary of the clinical features and the molecular mechanisms of the human imprinting disorders

Imprinting syndromes

Chr 6

Chr 8

Chr 11

Chr 14

Phenotype

Mirror
mechanisms

Phenotype

Mechanism

Mirror
phenotypes

Others

Mirror
mechanisms

Others

Phenotype

Mechanism

Mirror
phenotypes

Others

Mirror
mechanisms

Transient neonatal diabetes mellitus type 1

Hyperglycemia without ketoacidosis, IUGR,
macroglossia, umbilical hernia, type 2 or gestational
diabetes later in life

UPD(6)pat

Paternal duplication 624

LoM at PLAGL1:alt-TSS-DMR

Birk-Barel mental retardation syndrome
Severe neonatal hypotonia, transient neonatal

hypoglycemia, joint contractures, wide alveolar ridges,

cleft palate, microretrognathia, developmental delay,
intellectual disability

Maternal c.770G > A, p.Gly236Arg mutation in the
KCNK9/TASK3 gene (chromosomal region 8q24)

Beckwith-Wiedemann syndrome

Neonatal macrosomia

Postnatal overgrowth

Lateralized overgrowth

Relative microcephaly

Macroglossia

Hyperinsulimenic hypoglycaemia

Abdominal wall defects, ear pits and creases, glabellar

naevus flammeus, organomegaly, nephroureteral
malformations, embryonal tumors in infancy

UPD(11)pat

Paternal duplication 11q15.5

GoM at H19/IGF2:1G-DMR (IC1)

LoM at KCNQI1OT1:TSS-DMR (I1C2)
Chromosomal rearrangements 11q15.5
Maternal CDKN1C loss of function mutations

Kagami-Ogata syndrome
Placentomegaly and neonatal macrosomia
Overgrowth

Polyhydramnios, abdominal wall defects, hypotonia,
developmental delay, intellectual disability,
hepatoblastoma

UPD(14)pat

Maternal deletion 14q32

GoM at MEG3:TSS-DMR

Maternal uniparental disomy of chromosome
6 (controversial)

IUGR, heterogeneous clinical features

UPD(6)mat

Silver-Russell syndrome

IUGR

Postnatal growth failure

Body hemihypoplasia

Relative macrocephaly

Micrognatia and microstomia
Non-hyperinsulinemic hypoglycemia

Feeding difficulties, triangular face, low muscle

mass, fifth finger clinodactyly, central precocious
puberty, insulin resistance in adulthood

UPD(11)mat
Maternal duplication 11q15.5
LoM at H19/IGF2:1G-DMR (IC1)

GoM at KCNQ10T1:TSS-DMR (IC2) (associated
with genomic imbalances)

Chromosomal rearrangements 11q15.5
Maternal mutations increasing CDKNIC stability
UPD(7)mat

Paternal IGF2 loss of function mutation
chromosomal rearrangements 7q, 7p

HMGAZ2 and PLAGI mutations
IMAGE syndrome

IUGR, metaphyseal dysplasia, congenital adrenal
hypoplasia, genital anomalies

Maternal CDKENI1C gain of function mutations
Temple syndrome

IUGR

Failure to thrive, short stature

Hypotonia, motor delay, joint laxity, precocious
puberty, truncal obesity

UPD(14)mat
Paternal deletion 14q32
LoM at MEG3:TSS-DMR
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Table 1. Continued

Imprinting syndromes

Chr 15
Phenotype

Others

Mirror
mechanisms

Others

Phenotype

Mechanism

Phenotype
Mechanism
Chr 16

Phenotype

Mechanism
Chr 20

Phenotype

Mirror
mechanism

Phenotype

Mirror
mechanism

Other
mechanism

Prader-Willi syndrome

Hyperphagia

Central apnoea and hypoventilation
Hypotonia, reduced spontaneous motility
Hypothermia and absence of fever response

Mild to moderate intellectual disability, central obesity,
hypogonadotrophic hypogonadism, short stature

UPD(15)mat
Paternal deletion 15q11q13
GoM at MKRN3:TSS-DMR

Schaaf-Yang syndrome

Neonatal hypotonia, developmental delay, intellectual
disability, hypogonadism, autistic behavior, joints
contractures

Paternal MAGEL?2 truncating mutations

Central precocious puberty 2

Premature activation of the reproductive axis
Paternal MKRN3/ZFP127 loss of function mutations

PHP1A

Rickets and poor mineralization due to
hypoparathyroidism, Albright hereditary
osteodystrophy, generalized hormone resistance,
obesity

Maternally-inherited inactivating GNAS mutations

PHP1B

Isolated renal PTH resistance
UPD(20)pat

LoM at GNAS A/B:TSS-DMR

Angelman syndrome
Anorexia and eating disorders
Seizures, sleep disruption

Excessive and unmotivated laugh,
hyperexcitability, hyperactivity and hyperreflexia,
happy demeanor

Sensitivity to heat

Severe intellectual disability, microcephaly,
severe speech impairment, ataxia

UPD(15)pat

Maternal deletion 15q11q13

LoM at MKRN3.:TSS-DMR

Maternal UBE3A loss of function mutations

Maternal uniparental disomy of chromosome 16
(controversial)

IUGR, elevated risk of malformation
UPD(16)mat
POH

Heterotopic bone formation with progressive
cutaneous and subcutaneous ossification

Paternally-inherited inactivating GNAS mutations

Maternal uniparental disomy of chromosome 20

IUGR, short stature, extreme feeding difficulties,
failure to thrive

UPD(20)mat

IUGR: intrauterine growth restriction, UPD: uniparental disomy, GoM: gain of methylation, LoM: loss of methylation, PTH: parathyroid hormone, POH:
progressive osseous heteroplasia, DMR: differentially methylated region

Recent advances in this field suggest that the range of
Id be greater than those currently
described. In this article we review those described hitherto,

imprinting disorders cou

ordered by chromosome.

Chromosome 6

Transient Neonatal Diabetes Mellitus Type 1

Transient neonatal diabetes mellitus type 1 (TNDM1, OMIM
#601410) has a prevalence of approximately 1 in 500,000
births (11) and it is characterized by intra-uterine growth
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restriction (IUGR) and infantile hyperglycemia in the absence
of ketoacidosis. Macroglossia and umbilical hernia are often
present. TNMD1 features are evident in infants during the
first weeks of life, usually presenting with dehydration, and
generally disappearing by the age of 18 months. Insulin
treatment is usually required. However, diabetes may
relapse later in life in approximately half of the patients,
showing characteristics of type 2 diabetes mellitus. Women
may relapse during pregnancy presenting with gestational
diabetes mellitus (12).

TNDM1 can be caused by three different molecular
mechanisms (12):

1. Paternal UPD of chromosome 6 (41 %).
2. Duplication of the paternal allele at 6g24 (29 %).

3. Hypomethylation of the maternal differentially methylated
region (DMR), PLAGLI: alt-TSS-DMR (30 %).

This latter mechanism can be due to either an isolated
imprintingvariantoraspartofageneralized hypomethylation
at imprinted loci (MLID), due to recessive loss of function
ZFP57 mutations in almost half of the cases (13). TNDM1-
MLID patients may have further phenotypic manifestations,
such as structural brain abnormalities, developmental delay
and congenital heart disease (14).

All three molecular mechanisms accounting for TNDM1
lead to over-expression of the PLAGL1/ZAC gene which
regulates apoptosis and cell cycle arrest (15). The protein
encoded by the PLAGL1/ZAC gene is a zinc finger protein and
regulates PACAPI that has a key role in stimulating insulin
secretion by pancreatic beta cells. Moreover, PLAGL1/ZACI
gene overexpression may reduce the number of beta cells
or impair their function, stopping cell cycling and inducing
apoptosis (12).

Maternal Uniparental Disomy of Chromosome 6

Maternal UPD of chromosome 6, abbreviated to UPD(6)
mat, has been hypothesized to be associated with [TUGR
and other heterogeneous clinical features, especially
intellectual disability (16). However, homozygosity of a
recessive allele and/or placental trisomy 6 mosaicism is
likely to be the pathogenic mechanism in some of these
patients. These data suggest that a specific imprinting
disorder associated with UPD(6)mat does not exist
and that the heterogeneous clinical features in UPD(6)
mat patients are either caused by placental trisomy 6,
undetected trisomy 6 cell lines or by homozygosity for
recessive mutations (5,17). However, given the small
number of patients described to date and the presence of

an imprinted region on chromosome 6g24 further studies
are required to clarify this contentious issue.

Chromosome 7

Maternal UPDs of chromosome 7 are responsible for a
small subset (5-10%) of Silver-Russell syndrome (SRS).
Since the majority of SRS cases are due to chromosome
11 abnormalities, this topic is extensively described in the
chromosome 11 section.

Chromosome 8

Birk-Barel Syndrome

Birk-Barel syndrome (OMIM #612292) is characterized
by severe neonatal hypotonia, transient neonatal
hypoglycemia, joint contractures, wide alveolar ridges, cleft
palate, microretrognathia, developmental delay and variable
intellectual disability. Distinctive facial features include
dolichocephaly, bitemporal narrowing, short philtrum,
tented upper lip and medially flared eyebrows (18,19).

This disorder is caused by a specific missense mutation
(c.770G> A, p.Gly236Arg) in the maternal copy of the
KCNK9/TASK3 gene, located in chromosomal region 8q24.

The 8qg24 chromosomal region includes two imprinted
genes: PEG13, expressed by the paternal allele and KCNK9,
expressed by the maternal allele. The reciprocal expression
of these genes is regulated by a maternal methylated region
located within the PEGI3 transcript, named PEGI13:TSS-
DMR (20).

The KCNK9/TASK3 gene encodes a member of the two
pore-domain potassium channel subfamily (18,19). TASK3
channels are widely expressed, especially in the brain,
where they play a role in the migration of cortical pyramidal
neurons regulating both neuronal activity and neuronal
development. Of note, nonsteroidal anti-inflammatory
fenamic acid drugs, especially flufenamic acid, are able to
stimulate the two pore-domain potassium channels, partially
rescuing the reduced outward current through mutated
KCNK9 channels, suggesting that fenamic acid compounds
might be useful in treating this condition (18).

Chromosome 11

Beckwith-Wiedemann Syndrome

Beckwith-Wiedemann syndrome (BWS) (OMIM #130650)
is the most common congenital overgrowth condition
(1:10,500 live births) (21) and represents the paradigm
of genetic imprinting disorders and cancer predisposition

5
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syndromes. Clinical features include neonatal macrosomia,
postnatal overgrowth, macroglossia, abdominal wall
defects ranging from severe (omphalocele, gastroschisis)
to moderate (umbilical hernia) and mild (diastasis recti),
ear pits and creases, glabellar naevus flammeus, lateralized
overgrowth (previously termed hemihyperplasia) (22),
organomegaly, nephroureteral malformations  (23),
hyperinsulinism or transient hypoglycaemia (1), placental
mesenchymal dysplasia and predisposition to the
development of embryonal tumors in infancy (24). These
features combine variably accounting for the different
degree of severity of presentation and depicting a broad
phenotypic spectrum (25,26,27,28,29), including cases
with isolated lateralized overgrowth (22). The diagnosis is
clinical, based on criteria and a scoring system which has
been recently revised (1).

BWS is caused by several epigenetic and genetic defects.
In approximately 85% of patients disturbed expression
of imprinted genes located into two separate domains on
chromosome 11p15.5 is found. In this chromosomal region,
two differentially methylated imprinting centers (IC) (H19/
IGF2:1G-DMR and KCNQ1OT1:TSS-DMR, commonly referred
to as IC1 and IC2, respectively) control the expression of
genes involved in cell cycle progression and somatic growth
control. Five mechanisms leading to the disruption of the
expression of such genes are currently known:

1. Approximately 50% of cases are caused by LoM at
IC2 (IC2-LoM) leading to reduced expression of CDEKNIC,
normally expressed by the maternal chromosome only.
IC2-LoM is usually a sporadic primary epigenetic defect,
however rare familial cases carrying genetic mutations
causing secondary hypomethylation have been described
(30). An increasingly growing fraction of patients with
IC2-LoM also display methylation abnormalities at other
imprinted loci leading to additional phenotypes (MLID)
(31,32). Disruption of trans-acting mechanisms regulating
the normal imprinting at the 11p15.5 ICs as well as other
differentially methylated regions can be responsible for
such cases; rare inheritable mutations in the NLRP family
genes have been described (33,34,35). NLRP proteins
are members of the NLR family of proteins and are
important components of inflammasomes with a major
role in innate immunity (36). Interestingly, a subset of
NLRP genes is expressed in oocytes and early embryos
(37). Females with mutations in NLRP2 and NLRP7
gave birth to few or no liveborn children (38). Germline
mutations in NLRP2 are responsible for a familial form
of BWS caused by a trans-acting mechanism, consistent
with the hypothesis that NLRP2 has a role in establishing
or maintaining genomic imprinting in humans (33).

6

NLRP5 mutations have also been reported in five
mothers of offspring with MLID, linking this gene with
a maternal effect on reproductive fitness, epigenetic
and developmental reprogramming of zygotes and
reproductive outcomes (32,39).

2. Mosaic segmental paternal UPD of chromosome 11,
accounting for 20 % of the cases, leads to altered expression
at both gene clusters (1) with IC2-LoM and IC1-GoM.
Genome-wide UPD of chromosome 11 is found in a subset
of cases and associated with higher cancer risk (40).

3. 1C1-GoM results in biallelic expression of the IGF2 gene
which is normally expressed by the paternal allele only and
reduced expression of the HI9 gene, an oncosuppressor
gene normally expressed by the maternal allele. IC1-GoM
is found in 5-10% of cases and in a subset of patients is
caused by microdeletions encompassing the OCT4/SOX2
binding site localized inside IC1, leading to a maternally
transmitted BWS phenotype (41,42).

4. Maternal CDKNIC loss-of-function mutations are
responsible for maternally inheritable BWS and account for
5-10% of cases.

5. Finally, approximately 1% of BWS cases are caused by
chromosomal rearrangements (duplications, translocations,
inversions, deletions) involving the 11p15.5 chromosomal
region and causing secondary IC1-GoM or IC2-LoM (24).

About 15% of clinically diagnosed BWS cases have no
detectable molecular defect when investigated using
commonly employed diagnostic molecular techniques.
However, low somatic mosaicism of the above mentioned
defects is increasingly found by using novel molecular
techniques (43) and analysing tissues other than blood
(e.g. buccal smear) (44). It cannot be excluded that in a
fraction of patients the molecular defect has not yet been
discovered.

Besides providing diagnostic confirmation and the possibility
of genetic counselling, molecular anomalies detected in
BWS have implications for the clinical management of
patients and prognostic value. Indeed, specific correlation
between epigenotype and phenotypic features are present,
especially concerning cancer risk (26,27,28,45). BWS
molecular subtypes are characterized by a gradient in
cancer development probability and display different
histotypes allowing differentiation of tumor surveillance
protocols according to the epigenotype. This facilitates
the early detection of relevant associated tumors, with
special reference to Wilms' tumor and hepatoblastoma
(26,45,46,47,48,49,50,51,52).
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Silver-Russel Syndrome

SRS (OMIM #180860) is the phenotypic and genetic
opposite disorder of BWS, has an estimate incidence of
1:30,000 to 1:100,000 (2) and represents the paradigm of
genetic restricted growth imprinting disorders and poor
feeding predisposition.

The phenotypic clinical spectrum of SRS includes severe
IUGR, postnatal growth failure with no catch-up, body
hemihypoplasiawithbodyasymmetry, relative macrocephaly
with triangular face, typical facial appearance (prominent
forehead, narrow chin, small jaw and downturned corners
of the mouth), low muscle mass, fifth finger clinodactyly,
feeding difficulties, recurrent hypoglycemia, premature
adrenarche, rapidly progressing and/or central precocious
puberty (CPP) and insulin resistance in adulthood (2,53).

The diagnosis of SRS is clinical and molecular testing is
used for confirmation and phenotype stratification. Given
the broad spectrum of presentation, the diagnosis is based
on the Netchine-Harbison scoring system (54), having
high sensitivity and predictive value. A molecular cause
can be identified in approximately 60 % of patients with a
clinical diagnosis (2), while the molecular aetiology remains
unknown in a substantial proportion of patients:

1. The most common mechanisms is LoM at ICl on
the paternal chromosome 1ip15 (IC1-LoM), which is
detected in 40-60% of patients. IC1-LoM results in
reduced IGF2 expression and increased HI9 expression
(2,55).

2. Besides IC1-LoM, a variety of rearrangements involving
the 11p15.5 region resulting in a SRS phenotype have been
described (56,57).

3. From 5 to 10% of cases are caused by maternal UPD of
chromosome 7 (2).

4. Mirroring BWS molecular alterations in chromosomal
region 11p15.5, the SRS phenotype also results from
alterations at the centromeric IC2 of 11p15.5. Genomic
imbalances involving IC2 resulting in gain of methylation at
this center have been rarely described (58).

5. Rare monogenic causes have been described including
a mutation increasing CDKNIC stability in a family with
maternally transmitted SRS (59), IGF2 loss-of-function
mutation in a family with paternally transmitted SRS (60) and
HMGA2 and PLAG1 mutations with dominant transmission
regardless of maternal or paternal transmission (61,62,63).
Coding variants in these genes are overall very rare (2).

Differential diagnosis of SRS includes other genetic
syndromes characterized by growth restriction, including

single gene disorders such as IMAGE syndrome (discussed
immediately below) and Temple syndrome (discussed in
the chromosome 14 section) and chromosomal anomalies
and copy number variants (2). The differential diagnosis can
have extremely important implications for management
since SRS treatment may include growth hormone (GH)
therapy (53) and response to treatment. For instance, GH
treatment is contraindicated in patients with chromosome
breakage disorders due to the associated risk of malignancy
).

IMAGE Syndrome

IMAGE syndrome (OMIM #614732) results from a gain-
of-function mutation in the CDKNIC gene, negatively
regulating cellular proliferation. Since CDKNIC is expressed
only from the maternal allele, IMAGE syndrome occurs only
when the CDKNIC gain-of-function mutation is inherited
from the mother (64). This syndrome is characterized by
SRS phenotype associated with metaphyseal dysplasia,
congenital adrenal hypoplasia with adrenal insufficiency,
and almost always includes genital anomalies (65).

Chromosome 14

Temple Syndrome

Temple syndrome (OMIM #616222) is characterized by
prenatal and postnatal growth failure and early onset
of puberty with final short stature, hypotonia, feeding
difficulties in early childhood, motor delay, joint laxity,
truncal obesity and minor dysmorphic features such as
broad forehead and short nose with wide nasal tip and
small hands and feet (66). Due to relatively mild and
age-dependent characteristics, the prevalence of Temple
syndrome in the general population is unknown and the
disorder is likely underdiagnosed in clinical practice (66).

Temple syndrome shows several nonspecific clinical
features overlapping with Prader-Willi syndrome (PWS) and
SRS (67,68,69). The treatment may include GH therapy (70).

The syndrome is caused by alteration of imprinted gene
expression at chromosome 14g32.2. This region contains
a cluster of imprinted genes including three paternally
expressed genes (DLKI, DIO3 and RTLI) and multiple
maternally expressed non-coding RNAs (MEG3, RTLIas,
MEGS8, snoRNAs, and microRNAs) (71). The parental origin-
dependent expression patterns are regulated by a germline-
derived primary intergenic DMR (MEG3/DLK1:IG-DMR)
and a postfertilization-derived secondary DMR (MEG3:TSS-
DMR), both normally methylated only on the paternal allele
(72). Mechanisms that result in functional hemizygosity of
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14932 imprinted genes can cause the clinical phenotypes
(4), including:

1. Chromosome 14 maternal UPD (78 %) (73).

2. Isolated methylation deficiency at MEG3:TSS-DMR in the
14g32.2 imprinted region (12 %) (74).

3. 14q32 deletions of paternal origin (10 %) (71).

Maternal UPD of chromosome 14 represents the major
molecular cause of Temple syndrome. However, some
evidence indicate that UPD over-representation among the
molecular causes of Temple’s syndrome could be due to an
ascertainment bias and it is possible that frequencies of the
molecular findings in Temple syndrome will be updated in
the coming years (75).

Kagami-Ogata Syndrome

Kagami-Ogata syndrome (OMIM #608149) includes
overgrowth (typically with birth weight disproportionately
greater than length), polyhydramnios, placentomegaly,
poor sucking and hypoventilation in the neonatal period,
abdominal wall defects ranging from omphalocele to
diastasis recti, a distinctive facial appearance (full cheeks,
depressed nasal bridge, micrognathia, short webbed neck
and protruding philtrum), small bell-shaped thorax with
coat-hanger ribs, and variable developmental delay and/or
intellectual disability. Some features are rather nonspecific
and can be also observed in BWS. Kagami-Ogata
syndrome is associated with increased risk of developing
hepatoblastoma (9 %) and a neonatal mortality rate as high
as 20-25% (76).

Kagami-Ogata syndrome can be caused by three different
molecular mechanisms (4):

1. Paternal UPD of chromosome 14 (65%).

2. Microdeletion affecting the maternal 14q32.2 imprinted
region (20 %).

3. Hypermethylation (15 %) affecting the MEG3.TSS-DMR in
the maternal 14q32.2 imprinted region (77).

While UPD(14)pat and hypermethylation are sporadic,
microdeletions can lead to a maternally transmitted Kagami-
Ogata syndrome. Recently it has been shown that causal
deletions do not necessarily include the DMRs; therefore, a
normal methylation pattern does not exclude the syndrome
(78).

As discussed for Temple’s syndrome, it has been proposed
that over-representation of UPD(14)pat among the
molecular causes of the Kagami-Ogata syndrome could be
secondary to an ascertainment bias and the frequencies of
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the molecular causes could change as availability of specific
molecular tests increases (75).

Chromosome 15

Angelman Syndrome

Angelman syndrome (AS) (OMIM #105830) is characterized
by developmental delay, intellectual disability with severe
speech impairment, microcephaly and seizures. The
symptoms usually appear in the first year of life (79).
Seizures typically occur between one and three years
of age and can be associated with generalized, specific
electroencephalographic changes (80). Patients also present
with sleep disruption, excessive laughter, happy demeanor,
gait ataxia, tremulousness of the limbs and protruding
tongue. AS prevalence is approximately one in 12,000-
24,000 live births (80).

AS can be caused by four different mechanisms:

1. Maternally derived de novo deletion of 15qi1-q13 (70-
75%).

2. Paternal UPD of chromosome 15 (3-7%).

3. Imprinting defect at MKRN3.TSS-DMR in the maternal
chromosome 15q11.2-q13 locus (2-3%).

4. Maternally inherited mutations in UBE3A gene (10-15%) (5).

The phenotype is usually more severe in patients with large
deletions. All genetic mechanisms resultin lack of expression
of the maternally expressed 15q11-q13 UBE3A gene. UBE3A
is normally expressed exclusively from the maternal allele
in human fetal brain and in adult frontal cortex. Duplications
of this gene have been linked to autism spectrum disorder,
developmental delay and neuropsychiatric phenotypes (81),
further supporting the hypothesis that UBE3A plays a pivotal
role in neurodevelopment. AS patients have a paternal copy
of UBE3A, but it is silenced by a nuclear localized long non-
coding RNA, known as UBE3A antisense transcript (UBE3A-
ATS) (82). Antisense oligonucleotides treatment aimed at
reducing the UBE3A-ATS in order to unsilence the paternal
UBE3A gene is under study (82).

Prader-Willi Syndrome

PWS (OMIM #176270) includes variable characteristics
according to the age of the patient. Decreased fetal
movement, abnormal fetal position at delivery, and
increased incidence of assisted delivery or cesarean section
are common. Hypotonia of central origin with poor sucking
and feeding difficulties resulting in failure to thrive are
prevalent in the neonatal period and in the first year of life.
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Subsequently, progressive hyperphagia with central obesity
occurs. Hyperphagia is linked to a hypothalamic dysfunction
resulting in lack of satiety and food-seeking behavior
with central obesity being the result of both hyperphagia
and a reduced total energy expenditure connected with
decreased physical activity and decreased lean body mass.
Extreme obesity and related complications represent
the major causes of morbidity and mortality in PWS
(83). Hypothalamic hypogonadism with cryptorchidism,
incomplete genital development, delayed and incomplete
puberty and infertility are typical (84). Short stature is
very common and is usually treated with GH replacement
therapy, with the additional benefit of acquisition of lean
mass. Abnormalities of GH function in PWS have been
reported and other hypothalamic hormones can also be
deficient causing tertiary hypothyroidism, and central
adrenal insufficiency (85). PWS patients may exhibit
developmental delay of variable severity. Behavior problems
are common and manifest with a typical pattern including
temper tantrums, controlling and manipulative behavior
and compulsivity. Current trials are underway to evaluate
oxytocin as a potential therapeutic agent for controlling
behavior issues in PWS patients (86,87).

Characteristic facial features may develop over time and
include narrow bifrontal diameter and nasal bridge, almond-
shaped palpebral fissures, thin vermilion of the upper lip
with down-turned corners of the mouth.

Diagnosis and molecular testing is based on clinical criteria
(88).

PWS is caused by lack of expression of imprinted genes
on chromosome 15q11.2-q13 gene cluster, defined as the
“PWS critical region”. Alterations not involving this critical
region are not associated with PWS. The PWS critical region
encompasses imprinted genes normally expressed only on
the paternal allele: MKRN3, MAGEL2, NDN, PWRN1, C150rf2,
SNURF-SNRPN and several snoRNA genes. The deficiency of
one of these snoRNA (SNORD116) is believed to elicit the
key features of PWS phenotype (89,90).

Altered expression can be caused by four mechanisms:

1. Deletion of the 15q11-q13 imprinted loci on the paternal
allele (up to 70-75% of cases).

2. Maternal UPD of chromosome 15 (up to 20-25%).

3. Imprinting defects due to primary epimutations at
MKRN3:TSS-DMR (2%) (84,91).

4. Small deletions within the IC critical region which may
or may not lead to an imprinting deficiency detectable by
methylation analysis (<0.5%) (84,91,92).

Most PWS cases are sporadic. Inheritable PWS is rare and
can be due to deletions caused by unbalanced chromosome
rearrangement or paternally inherited IC deletion. The
diagnosis is confirmed through DNA methylation analysis,
with subsequent cytogenetic testing, fluorescence in situ
hybridization and microsatellite marker analysis, which
define the genotype classifications (93).

Schaaf-Yang Syndrome

Schaaf-Yang syndrome (OMIM #615547) is a PWS-like
disease, due to truncating mutations in the MAGEL2 gene,
which is located in the PWS critical region (chromosome
15q11-q13) and is normally maternally imprinted and
paternally expressed. Schaaf-Yang syndrome is characterized
by neonatal hypotonia, developmental delay and intellectual
disability, hypogonadism, autistic behavior and joints
contractures. The typical PWS features of hyperphagia and
obesity are usually absent. Consequently, the phenotypic
overlap with PWS is preeminent in the neonatal period. The
phenotypic spectrum ranges from severe fetal akinesia to
mild expression including intellectual disability and finger
contractures (94).

Paradoxically, while truncating mutations in the MAGEL2
gene cause Schaaf-Yang syndrome, MAGEL2 whole gene
deletions cause on slight or even absent expression of the
clinical phenotype (94). It is likely, as MAGELZ is a one-exon
gene, that truncating mutations may result in a shortened
protein with a dominant-negative effect. As an alternative
explanation to this phenomenon, the deletion of the entire
paternal copy of the gene, including its promoter, could lead
to leaky expression of the maternal copy of the gene (94).

Central Precocious Puberty 2

CPP (OMIM #176400) also known as gonadotropin
dependent precocious puberty, is characterized by a
premature activation of the reproductive axis, before the
age of eight years in girls and nine years in boys (95).
Prevalence of CPP has been estimated at approximately
1.1:100,000 with an overall male to female ratio of at least
1:10 (96). Subjects affected by CPP present with pubertal
signs such as breast development or testicular enlargement
and acceleration of growth and bone age, consistent with
elevated basal and GnRH-stimulated LH levels (97).

CPP 2 (CPPB2, OMIM #615346) is caused by heterozygous
loss of function mutations in the MKRN3/ZFP127 gene,
located in the PWS critical region (chromosome 15q11-q13).
An antisense RNA of unknown function overlaps this gene,
probably regulating MKRN3/ZFP127 expression. MKRN3/
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ZFP127 is maternally imprinted and paternally expressed.
Therefore only mutations inherited from fathers are
disease-causing (97). It is noteworthy that a high frequency
of MKRN3/ZFP127 mutations was reported in a cohort of
CCP males with anticipated puberty (98).

Puberty in humans normally starts when pulsatile GnRH
is released from hypothalamic neurons. Indeed, the onset
of puberty requires both a decrease in factors that inhibit
the release of GnRH and an increase in stimulatory factors.
MKRN3/ZFP 127 protein levels declined prior to clinical onset
of puberty and thereafter through puberty, which correlated
negatively with gonadotropin concentrations in prepubertal
girls (99) and its circulating levels declined during puberty
in healthy boys (100). The expression pattern of MKRN3/
ZFP127 suggests the hypothesis of an inhibitory effect on
GnRH secretion (101) but the precise mechanism by which
its deficiency leads to an early reactivation of pulsatile GhnRH
secretion remains to be elucidated (95).

GnRH agonists have been the standard of care for the
management of CPP in order to decrease bone maturation,
growth velocity and progression of clinical signs of puberty
(102).

Chromosome 16

Maternal Uniparental Disomy of Chromosome 16

UPD(16)mat has a high frequency since it is caused by
trisomy 16 rescue (103). UPD(16)mat is associated with
IUGR with an elevated risk of malformation but without a
unique and specific phenotype. The heterogeneity of the
phenotype suggests that placental insufficiency or mosaicism
for trisomy 16 may be responsible for symptoms in such
patients (36,104,105). Taken together, these data seem to
indicate, as for UPD(6)mat, that a specific chromosome 16
associated imprinting disorder does not exist (105). On the
other hand, some imprinted genes with unknown function
have been identified on chromosome 16 and further studies
are required to clarify the issue (106).

Chromosome 20

Pseudohypoparathyroidism

Pseudohypoparathyroidism (PHP) is a heterogeneous group
of endocrine disorders characterized by renal resistance
to parathyroid hormone (PTH), causing hypocalcaemia,
hyperphosphatemia and elevated circulating PTH levels
(3,107). Depending on the molecular defect, PHP includes other
endocrine deficiencies related to hormone action resistance
and other non-endocrine features. Overall, prevalence of PHP
has been estimated to be 1.1 in 100,000 (108,109,110).
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GNAS is a complex imprinting locus resulting in maternally,
paternally, or biallelically expressed transcripts in
differentially imprinted tissues: Gsa, the alpha-stimulatory
subunit of the G protein; XLas; A/B; NESP; and the antisense
transcript GNAS-AS1. The antisense transcript GNAS-ASI,
A/B and XLos are transcribed from the paternal allele
only; NESP is transcribed from the maternal allele only,
and Gsa has a biallelical expression in most tissues, while
its expression is restricted to the maternal allele in some
others, including renal proximal tubule, thyroid, pituitary
gland and gonads (111), even if the promoter of Gsa is not
differentially methylated. The GNAS locus has two different
ICregions (112); the first one is located within the STX16 gene
and controls the establishment of imprinting at the GNAS
A/B:TSS-DMR only, while the second one, encompassing
the antisense transcript GNAS-AS1 on exons 3-4, controls
the establishment of imprinting over the entire GNAS locus
(111). Isolated imprinting defects at GNAS A/B:TSS-DMR are
associated with deletions in the maternal allele affecting
STX16 and/or NESP, while overall imprinting alteration at
the four DMRs of the GNAS locus is caused by maternal
deletions at exons 3 and 4, or 40 and 33bp microdeletions
at introns 4 and 3 of GNAS-ASI (3,111).

PHP type la (PHP1A, OMIM #103580) is caused by loss
of function mutations in the maternal allele of GNAS
gene. PHP1A patients present with generalized hormone
resistance of variable degree, intellectual disability, obesity
connected with decreased resting energy expenditure (113),
and Albright hereditary osteodystrophy (AHO). AHO includes
short stature, round facies, subcutaneous ossifications,
brachydactyly and other skeletal anomalies (107).

Loss of function of Gsa on the paternal allele can cause
pseudopseudohypoparathyroidism (PPHP) (OMIM
#612463). Since renal tubular cells predominantly express
the maternal allele of GNAS, a paternally inherited mutation
results in a normal renal response to PTH, causing AHO
without concurrent endocrine abnormalities (114). Paternal
loss of function mutations can also cause progressive 0sseous
heteroplasia (OMIM#166350), a condition characterized by
subcutaneous ossifications presenting during childhood and
progressing to involve subcutaneous and deep connective
tissues, in the absence of AHO or hormone resistance (115).

Both PHP1A and PPHP individuals have halved Gsa
expression in erythrocytes, which normally have a
biallelic expression of GNAS. AHO may be caused by Gsa
haploinsufficiency in tissues with GNAS biallelic expression
(116).

In contrast, PHP type 1b (PHPIB, OMIM #603233) is
clinically characterized by isolated renal PTH resistance and



] Clin Res Pediatr Endocrinol
2020;12(1):1-16

Carli D Et al.
Imprinting Disorders in Humans

in some cases by thyroid stimulating hormone resistance.
Rarely, these patients show an AHO phenotype (117).
Interestingly, Gsa expression in erythrocytes is mildly
reduced in patients with AHO (116). All patients with PHP1B
have, at least, LoM at GNAS A/B:TSS-DMR, likely leading to
the downregulated expression of the GNAS-Gsa transcript in
imprinted tissues (111). Hormonal resistance is caused by
LoM on the maternally inherited allele (118). Overall, 20 %
of PHP1B cases are inherited and caused by the previously
mentioned deletions at the ICs, while the remaining 80 %
are sporadic and associated with methylation defects
encompassing the whole GNAS locus. A small subset of the
sporadic PHP 1B cases is due to paternal UPD of chromosome
20q (6). Duplications and deletions in the GNAS locus have
been identified in a few patients (119) but the majority of
cases are still of unknown aetiology.

PHP patients should be screened for GH deficiency
with the aim of eventually starting GH replacement
therapy. Hypocalcaemia should be treated with an
active form of vitamin D and calcium supplementation.
Associated endocrinopathies, such as hypothyroidism and
hypogonadism, should be treated. Surgical excision of AHO
subcutaneous ossifications should only be considered in the
presence of delimited, superficial lesions associated with
pain and/or movement impairment (3).

Maternal Uniparental Disomy of Chromosome 20

UPD(20)mat, generally caused by trisomy rescue after
meiosis 2 nondisjunction, is characterized by IUGR, short
stature and extreme feeding difficulties with failure to thrive
from birth, often requiring gastric tube feeding in the first
years of life. GH supplementation has been suggested as
probably safe and effective for this condition (120). UPD(20)
mat presents with phenotypic overlap with SRS, and must
be considered in the SRS differential diagnosis (2).

Conclusion

The imprinting disorders represent a rapidly evolving field in
medicine and genetics. Their paradigm challenges traditional
molecular diagnostic techniques and genetic counselling. A
precise molecular diagnosis is essential and further clinical
phenotyping is needed to provide the appropriate means
for accurate management of these disorders.

Besides those described, it is likely that more imprinting
disorders remain to be identified. This review briefly
illustrated the rapidly evolving advances in the understanding
of human genomic imprinting and related disorders. Novel
discoveries in this field will likely occur in the next decade

and will offer the potential for more precise molecular
diagnosis and clinical definition, as well as the model
for novel diagnostic and therapeutic techniques directed
towards personalized medicine in the fields of growth,
metabolism and cancer.
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Abstract

Lipodystrophy is a heterogeneous group of disorders characterized by lack of body fat in characteristic patterns, which can be genetic
or acquired. Lipodystrophy is associated with insulin resistance that can develop in childhood and adolescence, and usually leads to
severe metabolic complications. Diabetes mellitus, hypertriglyceridemia, and hepatic steatosis ordinarily develop in these patients,
and most girls suffer from menstrual abnormalities. Severe complications develop at a relatively young age, which include episodes of
acute pancreatitis, renal failure, cirrhosis, and complex cardiovascular diseases, and all of these are associated with serious morbidity.
Treatment of lipodystrophy consists of medical nutritional therapy, exercise, and the use of anti-hyperglycemic and lipid-lowering agents.
New treatment modalities, such as metreleptin replacement, promise much in the treatment of metabolic abnormalities secondary
to lipodystrophy. Current challenges in the management of lipodystrophy in children and adolescents include, but are not limited
to: (1) establishing specialized centers with experience in providing care for lipodystrophy presenting in childhood and adolescence;
(2) optimizing algorithms that can provide some guidance for the use of standard and novel therapies to ensure adequate metabolic
control and to prevent complications; (3) educating patients and their parents about lipodystrophy management; (4) improving patient
adherence to chronic therapies; (5) reducing barriers to access to novel treatments; and (5) improving the quality of life of these patients
and their families.

Keywords: Lipodystrophy, childhood, adolescence, progeria, metreleptin

disease processes improve. In this paper, we will focus
on presentation of various forms of lipodystrophy during
childhood and adolescence and then review the general
clinical approach for these patients.

Introduction

Lipodystrophy is the general term for a heterogeneous
group of disorders characterized by near total [generalized
lipodystrophy (GL)] or partial [partial lipodystrophy (PL)]
lack of body fat (1). Lipodystrophy can be genetic or
acquired. Congenital GL (CGL), familial PL (FPLD), acquired
GL (AGL), and acquired PL (APL) make up the four major
categories of lipodystrophy in clinical practice, although
there are several others such as progeria associated

Types of Lipodystrophy in Children and Young People

Genetic Lipodystrophy Syndromes
Congenital Generalized Lipodystrophy

CGL (Berardinelli-Seip syndrome) is the most common

lipodystrophy, auto-inflammatory syndromes, and complex
syndromes associated with lipodystrophy (1,2,3,4,5). The
current classification schema, which is based on clinical
presentation, may change as our understanding of the

lipodystrophy subtype in infancy and early childhood,
while the incidence of FPLD increases close to puberty
(3,4,5,6). CGL cases made up almost half (519 of 1141)
of pediatric patients with non-human immunodeficiency
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virus lipodystrophy identified by a recent systematic
review of a total of 351 studies (6). CGL is a rare disorder
with autosomal recessive inheritance, in which patients
are born with near total lack of body fat. These patients
have a remarkable phenotype characterized by near total
absence of adipose tissue, muscular overdevelopment and
prominent subcutaneous veins, which can be noticed either
at birth or in the first year of life (7). The prevalence of CGL is
uncertain, but it has been estimated at approximately 1:10
million (8). A recent study reported an estimated prevalence
of 0.23 cases/million for diagnosed GL (9). However, CGL has
a higher prevalence in certain parts of the world as a result
of consanguineous marriages. We reported an estimated
CGL prevalence of 1:2 million in Turkey, considerably higher
than in other reports but still quite rare (10).

There are four major subtypes of CGL based on mechanism:

CGL1 [Online Mendelian Inheritance in Man (OMIM)
#608594] is caused by pathogenic variants of the 1
acylglycerol 3-phosphate acyltransferase B2 (AGPAT2)
gene (11). The AGPAT2 enzyme converts lysophosphatidic
acid into phosphatidic acid, a critical step in triglyceride
synthesis (12). Homozygous pathogenic variants that
eliminate enzyme activity have been demonstrated in
the majority of CGL1 cases. Compound heterozygous or
homozygous pathogenic variants with low levels of in vitro
enzyme activity have also been reported (7,13). Although
patients with CGL1 lack metabolically active adipose tissue,
the preservation of residual mechanical adipose tissue in
the palms, soles, scalp, orbital and periarticular regions and
the perineum is clinically apparent (14,15).

CGL2 (OMIM #269700) is caused by pathogenic variants
of the Berardinelli-Seip congenital lipodystrophy 2 (BSCL2)
gene (16), which encodes the transmembrane protein
seipin. This protein is involved in the fusion of small lipid
droplets in adipocytes, as well as in the differentiation of
adipocytes (17). The majority of identified variants have
been classified as null pathogenic variants, based on
functional investigations, which lead to severe disruption of
the protein. Missense pathogenic variants have also been
reported (7,13,18).

Pathogenic variants of the caveolin 1 (CAVI) gene, which
encodes caveolin 1, a principal component of the caveolae,
causes CGL3 (OMIM #612526). A homozygous nonsense
pathogenic variant in CAVI was reported in a patient with
CGL from Brazil (19). Magnetic resonance imaging of the
proband confirmed the absence of metabolically active
adipose tissue, while bone marrow adipose tissue was
preserved (19). Heterozygous CAVI pathogenic variants
have also been associated with PL (20).
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CGL4 (OMIM #613327) is caused by homozygous or
compound heterozygous pathogenic variants in the
polymerase 1 and transcript release factor (PTRF, or cavin-1)
gene (21). PTRF regulates the expression of caveolins 1 and
3. Cavin-1 plays a major role in the formation of caveolae and
caveolin stabilization through interaction with the cellular
cytoskeleton. Cavin-1 regulates adipocyte differentiation
and it is a determining factor in the capacity of adipose
tissue to expand (22). CGL3 and CGL4 have distinct clinical
characteristics (Table 1) (23,24,25).

In addition to these four major groups of CGL, patients
with GL associated with Lamin A/C (LMNA) p.T10I (26), and
biallelic peroxisome proliferator activated receptor gamma
(PPARG) (27) pathogenic variants have been reported.
Patients with biallelic loss-of-function pathogenic variants in
phosphate cytidylyltransferase 1 alpha (PCYT1A) gene were
reported to have a severe PL phenotype (28), and potentially
can be classified in the CGL category.

Table 1 summarizes subtypes of CGL.

Familial Partial Lipodystrophy

FPLD is a subtype of lipodystrophy with a genetic
background, which in adults is more common than any
other subtype of lipodystrophy (4,8,9,29). FPLD exhibits
a typical fat tissue distribution. Phenotypic features are
more prominent in females. Loss of adipose tissue is
predominantly observed in the upper and lower extremities.
Patients may exhibit accumulation of fat in certain areas
such as the face and neck, and perineal and intra-abdominal
depots (2,4,30,31,32). A Cushingoid-appearance can be
observed, due to thin limbs, facial fat accumulation and
increased fat in the dorsocervical region resembling a
‘buffalo hump’ (5). The partial loss of fat may be apparent
in early life, but typically becomes more pronounced over
time in FPLD, and most patients start to lose adipose tissue
after puberty (30). For this reason, it is difficult to recognize
these patients in childhood. However, a few patients with
FPLD have been reported from pediatric endocrinology
practices (6).

Most FPLD subtypes are inherited in an autosomal dominant
(AD) manner. However, recent evidence suggests that a large
group of patients with FPLD1, also known as Koberling-
type FPLD (OMIM #608600), follow a polygenic inheritance
pattern (33,34,35). FPLD2, the Dunnigan variety, (OMIM
#151660), is caused by AD pathogenic variants in the LMNA
gene (36), which encodes nuclear lamins A and C (36,37).
LMNA R482W and R482Q are the most common pathogenic
variants (38,39). FPLD3 (OMIM #604367) is caused by
AD pathogenic variants in the peroxisome proliferator-
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activated receptor gamma gene (PPARG) on chromosome
3p25 (40,41). PPARG plays a major role in the regulation of
adiposity differentiation (40). Other subtypes of FPLD are
rare. A recent review of these subtypes is available (1). The
subtypes of FPLD are presented in Table 2.

Acquired Lipodystrophy Syndromes

Acquired Generalized Lipodystrophy, Lawrence Syndrome

AGL affects the whole body and causes generalized fat
loss. Patients develop typical metabolic complications of
lipodystrophy including severe insulin resistance, diabetes,
hypertriglyceridemia and non-alcoholic steatohepatitis
(NASH) (42). The clinical phenotype is very similar to
that of CGL. However, patients with AGL are born with
normal fat tissue. Loss of adipose tissue typically begins
in childhood or adolescence. Marked phenotypic features
occur over differing lengths of time, from a few weeks
to a year. The cause of the disease is still unknown. The
disease coincides with other autoimmune diseases such as

juvenile dermatomyositis, type 1 diabetes and autoimmune
hepatitis. AGL is associated with panniculitis in some
patients. Complement abnormalities may also be present
(8,42,43).

Acquired Partial Lipodystrophy, Barraquer-Simons Syndrome

APL (OMIM #608709) is characterized by the loss of fat from
the face, neck, arms, chest and abdomen with preservation
of lower extremity fat. Clinical onset typically occurs in
childhood or adolescence and females predominate at
a ratio of 4:1. Loss of fat first manifests in the face, and
gradually progresses to the upper extremities, thorax and
upper abdomen, symmetrically and in a cephalocaudal
fashion. Excessive deposition of fat may be observed in the
lower limbs (44). The etiology of APL remains unknown,
however, there is a link to autoimmune abnormalities and
coincidental autoimmune conditions can be observed. APL
is associated with low complement factor 3 (C3) levels
and membranoproliferative glomerulonephritis in some
patients, which may cause end stage renal disease in some

Table 1. Subtypes of congenital generalized lipodystrophy, and their genetic and clinical characteristics

Subtype Gene Molecular basis Phenotype
CGL1 AGPAT2 AGPAT?2 plays a major role in the metabolism Near total fat loss, preserved mechanical fat, severe
of lysophosphatidic acid, a potent signaling insulin resistance, metabolic abnormalities, cystic
molecule responsible for activating a G-protein- lesions in long bones
linked receptor
CGL2 BSCL2 Seipin, encoded by BSCL2, plays a key role in the Severe near total fat loss, almost no mechanical fat,
fusion of small lipid droplets in the adipocytes severe insulin resistance, metabolic abnormalities
and in adipocyte differentiation and occasionally cystic lesions in long bones. May
be associated with delayed mental development and
cardiomyopathy
CGL3 CAV1 Caveolin 1 is an integral component of caveolae, Near total fat loss, preserved bone marrow fat, severe
which are present on adipocyte membranes. insulin resistance, metabolic abnormalities, delayed
Caveolae translocate fatty acids and other lipids ~ growth, short stature, hypocalcemia, vitamin D
to lipid droplets resistance, and osteopenia
CGL4 PTRF PTRF is involved in the biogenesis of caveolae Near total fat loss, partially preserved bone marrow
and regulates expression of caveolins 1 and 3 fat, myopathy with elevated CK levels, percussion-
induced muscle wounding, scoliosis, atlantoaxial
instability, pyloric stenosis, gastrointestinal dysmotility,
cardiac arrhythmias (catecholaminergic polymorphic
ventricular tachycardia, atrial fibrillation, prolonged
QT), sudden death
LMNA LMNA codes nuclear envelope proteins, lamin Near total loss of fat developing in early childhood,
p.T10I A and C. Mutant lamins disrupt the interaction severe insulin resistance, metabolic abnormalities, and
between the nuclear lamina and chromatin and  progeroid features
may result in apoptosis, which may be followed
by premature adipocyte death
LMNA Mutant lamin C may disrupt its interaction with  Juvenile-onset generalized fat loss, severe insulin
(Lamin other cellular proteins resulting in defective resistance, metabolic abnormalities, phenotype very
C-specific) development and maintenance of adipose tissue  similar to CGL1
PPARG PPARG is a key regulator of adipocyte Generalized fat loss similar to CGL1 or CGL2, severe
(Biallelic) differentiation insulin resistance, metabolic abnormalities

AGPAT2: 1-acylglycerol-3-phophate O-acyltransferase 2, BSCL2: Berardinelli-Seip congenital lipodystrophy type 2, CAVI: caveolin 1, CGL: congenital generalized
lipodystrophy, CK: creatine kinase, LMNA: lamin A/C, PPARG: peroxisome proliferator-activated receptor gamma, PTRF: polymerase 1 and transcript release

factor
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patients (44,45,46). Drusen deposition in the macula has
also been reported.

Progeroid Disorders and Other Rare Genetic Lipodystrophy
Syndromes

Lipodystrophy is a part of the clinical picture in many
progeroid syndromes (1,47,48). There are also several
other complex syndromes associated with lipodystrophy

(1). The characteristics of these syndromes are presented
in Table 3.

Other Causes of Acquired Lipodystrophy

The development of lipodystrophy after whole body
irradiation in preparation for bone marrow transplant
(49,50,51,52,53,54), following cranial irradiation and as
a result of hypothalamic tumors (55) has been described

Table 2. Subtypes of familial partial lipodystrophy and their genetic and clinical characteristics

Subtype Gene Molecular basis Phenotype
FPLD1 Unknown Polygenic etiology? Fat loss mainly limited to extremities, truncal
(Koberling obesity, palpable “ledge” between lipodystrophic
type) and non-lipodystrophic areas, severe insulin
resistance, and metabolic abnormalities
FPLD2 LMNA LMNA codes nuclear lamina proteins, lamin A and  Fat loss dominantly affects the limbs, increased
(Dunnigan C. Mutant lamins disrupt the interaction between — muscularity, excess fat in the face and neck,
type) the nuclear lamina and chromatin and may result  labial pseudohypertrophy, increased mon pubis
in apoptosis, which may be followed by premature fat, severe insulin resistance and metabolic
adipocyte death abnormalities
FPLD3 PPARG PPARG plays a major role in the regulation of Milder fat loss mostly affects the distal limbs, no
adiposity differentiation accumulation of adipose tissue in the face and
neck, severe insulin resistance and metabolic
abnormalities
FPLD4 PLINI Perilipin coats lipid droplet and its required for Fat loss in the lower limbs and femorogluteal
optimal lipid incorporation and release from depot, severe insulin resistance, and metabolic
droplet abnormalities.
FPLD5 CIDEC CIDEC is expressed in lipid droplets. Pathogenic Partial lipodystrophy, acanthosis nigricans,

variants of the CIDEC gene may result in the loss

of ability of lipid droplets to store fat and defects in

adipocyte differentiation

Lipodystrophy syndromes associated with lipomatosis

FPLD6 LIPE LIPE encodes hormone-sensitive lipase, involved in
lipolysis regulation
MFN2 MFN2 gene encodes mitofusin 2, a membrane-

Other FPLD syndromes

bound mediator of mitochondrial membrane
fusion and inter-organelle communication

ADRA2A ADRAZ2A activation inhibits cAMP production and
reduces lipolysis

ART2 AKT is a serine/threonine protein kinase involved
in insulin-stimulated glucose transport

CAV1 CAV1 is an integral component of caveolae, which

(heterozygous) ~are€ present on adipocyte membranes. Caveolae
translocate fatty acids and other lipids to lipid
droplets

PCYTIA Rate-limiting enzyme in the Kennedy pathway of

(biallelic) de novo phosphatidylcholine synthesis

severe insulin resistance, metabolic
abnormalities, and diabetic ketoacidosis

Late-onset partial fat loss affecting the lower
limbs, multiple lipomatosis, and progressive
distal symmetric myopathy

Partial lipodystrophy with upper body adipose
hyperplasia (lipomatosis without encapsulation),
and low leptin levels

FPLD phenotype, increased muscularity, needs
to be confirmed in further pedigrees

Partial fat loss affecting the limbs, severe insulin
resistance, and metabolic abnormalities

Partial fat loss from the upper body with
preservation of fat in the lower body,
neurodegeneration, cerebellar ataxia, congenital
cataracts and neurosensory deafness

Severe lipodystrophy with near total lack

of subcutaneous fat in the arms, legs, and
buttocks. Preservation of fat in the trunk, in the
dorsocervical and submandibular regions, and
over the mons pubis. Severe insulin resistance,
and metabolic abnormalities, potentially can be
classified in the CGL category

ADRA2A: adrenoceptor a-2A, AKT2: AKT serine/threonine kinase 2, CAVI: caveolin 1, CIDEC: cell death inducing DFFA like effector C, FPLD: familial partial
lipodystrophy, LIPE: hormone sensitive type lipase E, LMNA: lamin A/C, MFN2: mitofusin 2, PCYTIA: phosphate cytidylyltransferase 1 alpha, PLINI: perilipin 1,
PPARG: peroxisome proliferator-activated receptor gamma

20



] Clin Res Pediatr Endocrinol
2020;12(1):17-28

Ozen Setal.
Lipodystrophy in Children and Young People

and is a clinically neglected cause of lipodystrophy. When
children have aggressive treatments for childhood cancers,
they should be assessed for signs of fat loss and ensuing
metabolic abnormalities. In a young child presenting with

lipodystrophy, it is very important to consider the possibility
of central nervous system tumors, especially when the
clinical presentation does not fit with AGL. Other forms of
cancer therapy, such as checkpoint inhibitors, may lead to

Table 3. Progeroid disorders and other rare complex genetic disorders associated with lipodystrophy syndromes

Disorder/Syndrome Gene Lipodystrophy pattern Clinical features
Hutchinson-Gilford progeria LMNA Severe partial lipodystrophy Short stature, low body weight, and progeroid
syndrome which may progress to an almost  features
complete absence of subcutaneous
fat
Atypical progeroid syndrome ~ LMNA Fat loss more extensive than the Muscular symptoms, skin defects,
typical pattern in FPLD2 cardiomyopathy and rhythm abnormalities, and
progeroid features
MADA LMNA Partial loss of subcutaneous fat Craniofacial, skeletal and cutaneous
from the extremities along with abnormalities
normal or excessive fat in the face
and the neck
MADB ZMPSTE24  More generalized loss of Mandibular and clavicular hypoplasia,
subcutaneous fat than MADA acroosteolysis, premature renal failure, and
progeroid features
MDP syndrome POLD1 Progressive loss of fat Mandibular hypoplasia, deafness, and progeroid
features
JMP syndrome PSMBS8 Panniculitis-induced lipodystrophy  Autoinflammatory syndrome, joint contractures,
muscle atrophy, and microcytic anemia
CANDLE syndrome PSMBS8 Partial loss of adipose tissue from  Autoinflammatory syndrome, chronic atypical
the upper limbs and face neutrophilic dermatitis, and recurrent fever
SHORT syndrome PIK3R1 Variable loss of subcutaneous fat Short stature, hyperextensibility, ocular
depression, teething delay
Neéstor-Guillermo progeria BANF1 Decreased subcutaneous fat Progeroid features, growth retardation, thin
syndrome limbs, and stiff joints
Neonatal progeroid syndrome  CAV1 Generalized loss of body fat Progeroid appearance at birth
Neonatal Marfan progeroid FBN1 Generalized loss of fat Progeroid appearance, Marfanoid habitus,
syndrome skeletal features, dilated aortic bulb, bilateral
subluxation of the lens, myopia, no significant
metabolic abnormality associated with insulin
resistance
Keppen-Lubinsky syndrome KCNJ6 Generalized loss of fat Severe developmental delay and intellectual
disability, microcephaly, large prominent eyes,
open mouth, progeroid appearance
Werner syndrome WRN Partial lipodystrophy affecting the ~ Progeroid features
limbs
Bloom syndrome BLM Paucity of adipose tissue and low  Short stature, sun-sensitive, telangiectasia, and
BMI risk of cancers
Cockayne syndrome ERCCe, Generalized loss of fat Short stature, mental retardation, chorioretinitis,
ERCC8 and progeroid features
AREDYLD syndrome Unknown Generalized loss of fat Acrorenal field defect, ectodermal dysplasia, and
multiple abnormalities
SPRTN Lipodystrophy Progeroid features, hepatocellular carcinoma
OPA3 Lipodystrophy Optic atrophy, cataracts, and peripheral

neuropathy

BANFI: barrier to autointegration factor 1, BLM: bloom syndrome RecQ helicase-like, CAV1: caveolin 1, ERCC6: excision repair cross-complementing group 6,
ERCCS: excision repair cross-complementing group 8, FBNI: fibrillin-1, KCNJ6: potassium inwardly-rectifying channel subfamily ] member 6, LMNA: lamin A/C,
OPA3: optic atrophy 3, PIK3R1: phosphatidylinositol 3-kinase, regulatory subunit 1, POLDI: DNA polymerase delta 1, catalytic subunit, PSMBS8: proteasome
subunit beta-type 8, SPRTN: spartan, WRN: Werner syndrome RecQ like helicase, ZMPSTE24: Zinc metallopeptidase STE24, BMI: body mass index, MADA:
mandibulo-acral dysplasia type A, MADB: mandibulo-acral dysplasia type B, FPLD2: familial partial lipodystrophy type 2
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fat loss to varying extents (56,57). These unusual forms of
acquired lipodystrophy will be reviewed in a specific review
in the near future.

Clinical Features of Lipodystrophy

Leptin Levels

GL is characterized by very low or undetectable levels of
leptin. However, in PL leptin concentrations may range from
low to normal (58). Several studies have suggested that
baseline serum leptin measurement may assist physicians
to identify PL patients who are more likely to benefit from
leptin replacement (59,60). Leptin concentrations correlate
with fat mass, and females have higher leptin concentrations
than men in adulthood (61). However, it is challenging to
interpret leptin levels in infancy, childhood and adolescence.
Girls generally have higher leptin levels after the completion
of puberty, as might be expected given the difference in
concentrations seen in adults of different genders (62,63).
Prepubertal levels of leptin are similar in both sexes,
although concentrations fluctuate during infancy (62,64).
Younger infants have higher leptin levels than older infants
presumably secondary to an initial increase in breast milk
leptin from colostrum to mature milk, which is followed by
a decreasing trend during the first months of lactation and
a subsequent increase during the late period of lactation
(65,66,67). Leptin concentrations correlate with age in
prepubertal girls and boys and increase in both boys and
girls during early puberty. In boys, this early pubertal leptin
peak is followed by a decrease in leptin concentrations
several years after the rise in serum testosterone levels.
However, in girls, leptin concentrations continue to increase
during puberty in parallel with increasing levels of estrogen.
The concentration of leptin peaks in mid-puberty and
maintains this plateau level thereafter (62). Thus, clinicians
should pay attention to many factors when interpreting
leptin concentrations. Serum leptin measurement may
help clinicians with the management of lipodystrophy, but
it should not be considered as a reliable tool to diagnose
or rule out lipodystrophy. In addition to leptin, adiponectin
concentrations are helpful in certain patients. A relatively
high concentration of adiponectin is a distinguished
characteristic of CGL2, although serum leptin is extremely
low in all subtypes of CGL (10,68).

Metabolic Abnormalities

Patients with lipodystrophy may develop metabolic
abnormalities associated with insulin resistance before
adulthood, which are more severe and have an earlier onset
in GL (3,31,43,69). These metabolic abnormalities include,
butare notlimited to, diabetes, hypertriglyceridemia, hepatic
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steatosis, and NASH (3). Most females with lipodystrophy
suffer from polycystic ovary syndrome (PCOS). Some of the
factors determining the severity of metabolic abnormalities
are the degree of adipose tissue loss, type of lipodystrophy,
age, and sex. However, the severity of metabolic
abnormalities may vary even among subjects with the same
genetic pathogenic variant (30,32,70,71).

Hyperphagia usually develops due to severe leptin deficiency
in early childhood in subjects with CGL (7). Accelerated
linear growth, advanced bone age and signs indicative of
acromegaly, such as enlargement of the hands, feet and
jaw, may be observed (3). Cystic bone lesions are frequently
noted in CGL1 patients (10,72,73). Hyperinsulinemia and
severe insulin resistance develop in the majority of patients
with CGL due to near total adipose tissue loss and leptin
deficiency (10,74). Acanthosis nigricans (AN), a clinical
marker of insulin resistance, can be observed in body
folds such as the axilla and neck during childhood, with a
strong likelihood of a further increase after puberty (3,8).
Approximately 45 % of patients with CGL develop diabetes
mellitus before puberty (7,10). The treatment of diabetes is
challenging, and high-doses of insulin (> 100 units/day) may
be required. Although most patients are poorly controlled,
diabetic ketoacidosis rarely develops, but has been reported,
probably as a result of severe hyperinsulinemia and lack
of fat tissue (4). Hypertriglyceridemia usually develops in
childhood. Eruptive xanthomas and recurrent episodes
of pancreatitis caused by severe hypertriglyceridemia
may emerge after puberty (3). Hepatic disease is more
aggressive in patients with CGL2 (10). Hepatomegaly is
remarkable at very young ages (3,10). Patients may develop
cirrhosis during childhood (10). PCOS, hyperandrogenism,
and menstrual irregularity are common in adolescent girls
(75).

AN, metabolic abnormalities associated with insulin
resistance and hepatic steatosis may be observed in young
people with FPLD (31), albeit milder in presentation than
in CGL. Hypertriglyceridemia is common and can be
severe. Episodes of acute pancreatitis may be observed.
Cardiomyopathy and myopathy, as well as features
resembling muscular dystrophy, may be detected in
patients with FPLD2 (8,31,59). In contrast to other forms of
lipodystrophy, in APL metabolic complications have rarely
been reported (44). However, our previous observations
suggested that a subgroup of patients with APL developed
metabolic abnormalities associated with insulin resistance,
which can also be progressive in some cases. Although
the majority of these patients were adults, a few of them
developed metabolic abnormalities in their younger years
(46).
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Treatment of Lipodystrophy in Children and Young
People

General Guidelines

Although there is no curative treatment for lipodystrophy
syndromes, early diagnosis of these patients may prevent
mortality or serious morbidity. The aim of medical treatment
is to correct metabolic abnormalities associated with
lipodystrophy and prevent end-organ complications. Medical
nutrition therapy (MNT) and exercise are important tools in
the management of patients with lipodystrophy, although it
is not easy for patients and families to comply with these
therapies. Hyperphagia due to leptin deficiency is a serious
problem in these children. However, weight increase is only
part of the clinical problem. Since overeating exacerbates
hepatic steatosis, diabetes and hyperlipidemia, particularly
in babies and children, dietary fat intake should be reduced,
and fat should be predominantly taken in the form of cis-
monounsaturated fats and long chain omega-3 fatty acids.
Medium chain triglycerides in infant formulas may be helpful
to reduce triglyceride levels. In patients developing acute
pancreatitis secondary to hypertriglyceridemia the amount
of dietary fat should be severely restricted. Patients with
diabetes also have to balance their intake of carbohydrates
(4). Exercise may improve metabolic parameters in patients
with lipodystrophy. Sedentary time should be reduced as
much as possible, with a focus on minimizing time spent on
computer and television. Physical activity should be advised,
unless contraindicated, and a detailed cardiac examination
should be performed before advising an exercise plan.
Special attention should be given to patients with CGL4,
FPLD2 and progeroid syndromes. CGL patients with lytic
bone lesions and also patients with hepatosplenomegaly
should avoid contact sports (1,4).

The use of lipid lowering drugs should be considered in
children and adolescents with lipodystrophy when diet
and exercise fail to control triglyceride levels. Fibrates are
commonly used in children with very high triglyceride
levels who are at risk for pancreatitis (76). Omega-3 fish oil
therapy may also help to reduce triglyceride levels (76,77).
Although fibrates, alone and in combination with statins,
have been shown to effectively reduce triglyceride levels in
adults, data are very sparse in children (6,77). Physicians
should pay attention to safety measures while using fibrates
for hypertriglyceridemia in children. Liver enzymes should
be monitored. The risk of rhabdomyolysis should be kept
in mind.

Metformin is the first choice to treat insulin resistant diabetes
in children, in addition to MNT and lifestyle modification.
The American Food and Drug Administration (FDA) approved

the use of metformin for pediatric patients 10 years of
age or older, noting that the safety and effectiveness of
metformin have been shown in pediatric patients ages 10 to
16 years (78). Lipodystrophy patients with diabetes usually
require insulin injections in combination with metformin
(6). Insulin doses required to cause an effect may need to
be very high, and patients may need to use concentrated
forms of insulin (4).

Most patients with lipodystrophy desire a better cosmetic
appearance. Patients with lipodystrophy may consider
having cosmetic surgery, which may help them feel better
about their physical appearance and may offer an improved
quality of life. Excess unwanted localized fat can be removed
from several locations that include the chin, buffalo hump,
and vulvar region by liposuction or surgical excision.
Lipoatrophic areas may also benefit from autologous
adipose tissue transplantation, facial reconstruction and
implants (1).

Metreleptin Therapy

Recombinant human leptin (metreleptin) therapy can be
used to minimize and prevent complications of lipodystrophy
(79). Severe hypoleptinemia causes hyperphagia and
exacerbates metabolic complications associated with insulin
resistance in patients with lipodystrophy (80). Several long-
term studies have shown beneficial effects of metreleptin
in GL with severely low serum leptin levels (81,82,83,84).
Metreleptin therapy has been associated with a significant
reduction in triglyceride and hemoglobin Alc (HbA1c¢) levels,
and improvements in appetite control, insulin sensitivity
and hepatic steatosis (82,85,86,87,88,89).

The metabolic effects of metreleptin are remarkable in
pediatric patients with lipodystrophy. In the largest report
of the efficacy of metreleptin in pediatric patients with
lipodystrophy to date, Brown et al (85) showed a reduction
of HbAlc from a mean level of 8.3% to 6.5%. Triglyceride
levels significantly decreased from 374 mg/dL to 189 mg/
dL. The benefit was more prominent in adolescents (from
9.6% to 7.1% for HbAlc, and from 556 mg/dL to 226 mg/
dL for triglycerides), presumably because of the presence
of a more severe disease at baseline. Insulin sensitivity
improved, and half of the patients who were on insulin at
baseline were able to discontinue insulin treatment after
metreleptin. The levels of liver enzymes decreased, and liver
histology improved in a subset of patients who underwent
before and after treatment liver biopsies. Metreleptin
therapy was also associated with partial normalization
of rapid growth in CGL, and improvements in pubertal
development. The average dose of metreleptin was 0.082
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mg/kg/day (range: 0.04 to 0.19 mg/kg/day; absolute dose:
4.1 mg/day). The dose per kg was nonsignificantly higher
in adolescents. Patients with FPLD were treated with higher
doses of metreleptin compared to those with GL.

Metreleptin was approved by the FDA in 2014 for treatment
of adult and pediatric patients with GL to treat metabolic
complications of lipodystrophy, as an adjunct to diet and
lifestyle modifications (90,91). Although metreleptin therapy
resulted in heterogeneous improvements in patients with
PL, in a subset probably consisting of PL patients with low
leptin levels, metreleptin is likely to be beneficial (59,60).
Although the FDA has not yet approved metreleptin for
treatment of PL, the European Medicines Agency’s (EMA)
Committee for Medicinal Products for Human Use (CHMP)
has approved metreleptin in patients with PL in whom
standard treatments have failed to achieve adequate
metabolic control (92). There is no age limit for treatment
in the US, and it has been used in infants as young as six
months of age (85). However, the EMA CHMP’s recent
positive opinion includes authorization for metreleptin
only in children two years of age and above with GL, and
in children 12 years of age and above with PL (93). In
Turkey, metreleptin therapy is currently available only for
GL patients for whom standard treatments have failed to
control HbA1c and triglyceride levels (94).

The generally recommended starting dose of metreleptin is
5 mg/day in females greater than 40 kg, 2.5 mg/day in males
greater than 40 kg, and 0.06 mg/kg/day (0.012 mL/kg) in
males and females less than or equal to 40 kg (91). The dose
should be kg based in children, and the physicians should
keep in mind that most children will require increasing per
kg doses, especially as they reach puberty. However, the
dose should be adjusted based on clinical response, and
tolerability issues should also be borne in mind including
excessive weight loss in pediatric patients. Metreleptin can
be given once daily at any time of day regardless of meals
(4,5). The most common side-effects are hypoglycemia and
injection site reactions, such as erythema and/or urticarial
(91). Metreleptin therapy has been shown to have beneficial
effects on kidney function (95). However, a few patients
have been described with worsening of proteinuria on
metreleptin (91). This observation needs to be confirmed
empirically as the disease progression itself can cause
worsening proteinuria.

Two important issues which led to a “black box” warning
in the US need to be specifically discussed. These are the
development of neutralizing antibody and T-cell lymphoma.
Anti-metreleptin antibodies were reported in a considerable
number of patients with lipodystrophy on metreleptin.
However, antibodies with in vivo neutralizing activity have
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only been detected in a small number of patients (96). T-cell
lymphoma has been reported in a few patients with AGL
treated with metreleptin (97,98). Immune dysfunction is a
feature of the natural history in patients with AGL (42,44).
To date no lymphoma development has been reported in
patients with CGL or FPLD treated with metreleptin. Current
evidence suggests that lymphoma development in patients
with AGL may be associated with the natural history of the
disease rather than being a treatment effect associated with
metreleptin.

Challenges in the Management of Lipodystrophy in
Childhood and Adolescence

The needs of pediatric patients are different to those of
adults and there are several challenges specific to children
and young people in the management of lipodystrophy.
Crying gives the baby a way to call for help when he/she
is hungry or uncomfortable. Babies with lipodystrophy feel
hungry all the time because of leptin deficiency. Appetite
control is almost impossible in GL especially during active
growth without getting help from metreleptin therapy. Even
on metreleptin, patients and parents struggle to decide on
the right amount of food to consume. Metreleptin causes
weight loss in most patients. Parents become stressed when
they witness their children losing weight on metreleptin,
especially as they already look very thin because of the
lipodystrophy.

Small children may have difficulties with verbalizing
symptoms, such as abdominal pain caused by acute
pancreatitis, symptoms of hyper- or hypoglycemia, muscle
symptoms and infections. It may also be difficult to explain to
children and adolescents why metabolic control is critical in
lipodystrophy. The need for different types of therapies, and
tasks such as glucose monitoring, routine blood sampling and
regular hospital visits, being careful with what type of food
is eaten and how much food is eaten given the associated
hyperphagia is overwhelming for many of them. Children
with lipodystrophy may need multiple injectable treatments
including both insulin and metreleptin. Even though
metreleptin therapy may allows the reduction in frequency or
even the discontinuation of insulin injections metreleptin is
still an injectable agent. In addition the lack of subcutaneous
tissue makes the injection technique more challenging in
lipodystrophy. It should be also noted that the relatively large
injection volume would be another issue with metreleptin
injections. It may prove difficult to get an active child to accept
injections and self-monitoring of blood glucose at home.

Physical appearance is a big problem for adolescents with
lipodystrophy. They may be worried about being with their



] Clin Res Pediatr Endocrinol
2020;12(1):17-28

OzenSetal.
Lipodystrophy in Children and Young People

friends and in new social environments. Anger and temper
outbursts are common. They may also have specific fears
associated with the subtype of lipodystrophy.

To provide timely diagnosis and improve the delivery and
quality of care, specialized centers for lipodystrophy for
affected children and adolescents should be established.
Optimizing management algorithms for children and young
people can provide guidance for the use of standard and
novel therapies to ensure adequate metabolic control and
to prevent complications of lipodystrophy. These centers
would develop more experience and thus be able to provide
better and more efficient education for patients and their
parents about lipodystrophy and its management. This
should result in improved adherence to therapies and
quality of life for these patients and their families. Cost of
treatment remains the biggest barrier to access to novel
treatments, such as metreleptin. However, the recent EMA
approval of metreleptin therapy is a promising development
for lipodystrophy patients in Europe and elsewhere in the
world where the recommendations of EMA are adopted by
the local authorities. It is important to state that regulatory
authority approval does not guarantee access, if local
health care coverage programs do not include therapies for
rare diseases in their formularies. If metreleptin therapy
is not an option in a specific country, or for a patient’s
plan, access to metreleptin can potentially be established
through compassionate use programs and other regulatory
mechanisms.

Conclusion

Lipodystrophy syndromes are a heterogeneous group of
disorders, characterized by the lack of adipose tissue, and is
associated with severe insulin resistance that usually results
in metabolic abnormalities leading to serious morbidity
and increased mortality. Although there is no definitive
cure for lipodystrophy, patients may benefit from an early
diagnosis made in childhood, which in turn may improve
lipodystrophy outcomes by providing care at the earliest
stage possible. Effective strategies should be developed to
overcome challenges in the management of lipodystrophy
in children and young people.

Ethics

Peer-review: Internally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Samim Ozen, Baris Akinci,
Elif A. Oral, Concept: Samim Ozen, Baris Akinci, Elif A.
Oral, Design: Samim Ozen, Baris Akinci, Elif A. Oral,

Data Collection or Processing: Samim Ozen, Baris Akinci,
Analysis or Interpretation: Samim Ozen, Baris Akinci,
Literature Search: Samim Ozen, Baris Akinci, Elif A. Oral,
Writing: Samim Ozen, Baris Akinci, Elif A. Oral.

Conlflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Akinci B, Sahinoz M, Oral E. Lipodystrophy Syndromes: Presentation
and Treatment. In: Feingold KR, Anawalt B, Boyce A, et al., eds.
Endotext. South Dartmouth (MA) 2018. Available from: https://www.
ncbi.nlm.nih.gov/pubmed/29989768

2. Chan JL, Oral EA. Clinical classification and treatment of congenital
and acquired lipodystrophy. Endocr Pract 2010;16:310-323.

3. Garg A. Clinical review#: Lipodystrophies: genetic and acquired body
fat disorders. ] Clin Endocrinol Metab 2011;96:3313-3325. Epub 2011
Aug 24

4. Brown RJ, Araujo-Vilar D, Cheung PT, Dunger D, Garg A, Jack M, Mungai
L, Oral EA, Patni N, Rother KI, von Schnurbein ], Sorkina E, Stanley T,
Vigouroux C, Wabitsch M, Williams R, Yorifuji T. The Diagnosis and
Management of Lipodystrophy Syndromes: A Multi-Society Practice
Guideline. | Clin Endocrinol Metab 2016;101:4500-4511. Epub 2016 Oct 6

5. Handelsman Y, Oral EA, Bloomgarden ZT, Brown RJ, Chan JL,
Einhorn D, Garber AJ, Garg A, Garvey WT, Grunberger G, Henry RR,
Lavin N, Tapiador CD, Weyer C; American Association of Clinical
Endocrinologists. The clinical approach to the detection of lipodystrophy
- an AACE consensus statement. Endocr Pract 2013;19:107-116.

6. Gupta N, Asi N, Farah W, Almasri ], Barrionuevo P, Alsawas M, Wang Z,
Haymond MW, Brown R], Murad MH. Clinical Features and Management
of Non-HIV-Related Lipodystrophy in Children: A Systematic Review. ]
Clin Endocrinol Metab 2017;102:363-374.

7. Patni N, Garg A. Congenital generalized lipodystrophies--new insights
into metabolic dysfunction. Nat Rev Endocrinol 2015;11:522-534.
Epub 2015 Aug 4

8. Garg A. Acquired and inherited lipodystrophies. N Engl ] Med
2004;550:1220-1234.

9. Chiquette E, Oral EA, Garg A, Araujo-Vilar D, Dhankhar P. Estimating
the prevalence of generalized and partial lipodystrophy: findings and
challenges. Diabetes Metab Syndr Obes 2017;10:375-383.

10. Akinci B, Onay H, Demir T, Ozen S, Kayserili H, Akinci G, Nur B,
Tuysuz B, Nuri Ozbek M, Gungor A, Yildirim Simsir I, Altay C, Demir L,
Simsek E, Atmaca M, Topaloglu H, Bilen H, Atmaca H, Atik T, Cavdar U,
Altunoglu U, Aslanger A, Mihci E, Secil M, Saygili F, Comlekci A, Garg A.
Natural History of Congenital Generalized Lipodystrophy: A Nationwide
Study From Turkey. | Clin Endocrinol Metab 2016;101:2759-2767.
Epub 2016 May 4.

11. Agarwal AK, Arioglu E, De Almeida S, Akkoc N, Taylor SI, Bowcock
AM, Barnes RI, Garg A. AGPAT2 is mutated in congenital generalized
lipodystrophy linked to chromosome 9g34. Nat Genet 2002;31:21-23.
Epub 2002 Apr 22

12. Cortes VA, Curtis DE, Sukumaran S, Shao X, Parameswara V, Rashid S,
Smith AR, Ren |, Esser V, Hammer RE, Agarwal AK, Horton ]D, Garg
A. Molecular mechanisms of hepatic steatosis and insulin resistance
in the AGPAT2-deficient mouse model of congenital generalized
lipodystrophy. Cell Metab 2009;9:165-176.

25



OzenSetal.
Lipodystrophy in Children and Young People

] Clin Res Pediatr Endocrinol
2020;12(1):17-28

13.

14.

20.

21.

22.

23.

24.

25.

26

Vatier C, Bidault G, Briand N, Guénantin AC, Teyssieres L, Lascols O,
Capeau J, Vigouroux C. What the genetics of lipodystrophy can teach
us about insulin resistance and diabetes. Curr Diab Rep 2013;13:757-
767.

Simha V, Garg A. Phenotypic heterogeneity in body fat distribution
in patients with congenital generalized lipodystrophy caused by
mutations in the AGPAT2 or seipin genes. ] Clin Endocrinol Metab
2003;88:5455-5437.

. Altay C, Secil M, Demir T, Atik T, Akinct G, Ozdemir Kutbay N,

Keskin Temeloglu E, Yildirim Simsir 1, OZI$1k S, Demir L, Eren E,
Tuna EB, Ayta¢ H, Onay H, Akinct B. Determining residual adipose
tissue characteristics with MRI in patients with various subtypes of
lipodystrophy. Diagn Interv Radiol 2017;23:428-434.

. Magre ], Delépine M, Khallouf E, Gedde-Dahl T Jr, Van Maldergem L,

Sobel E, Papp J, Meier M, Mégarbané A, Bachy A, Verloes A, d’Abronzo
FH, Seemanova E, Assan R, Baudic N, Bourut C, Czernichow P, Huet
E Grigorescu F, de Kerdanet M, Lacombe D, Labrune P, Lanza M, Loret
H, Matsuda F Navarro ], Nivelon-Chevalier A, Polak M, Robert JJ, Tric
P, Tubiana-Rufi N, Vigouroux C, Weissenbach ], Savasta S, Maassen JA,
Trygstad O, Bogalho P, Freitas P, Medina JL, Bonnicci F, Joffe BI, Loyson
G, Panz VR, Raal FJ, O’Rahilly S, Stephenson T, Kahn CR, Lathrop M,
Capeau J; BSCL Working Group. Identification of the gene altered in
Berardinelli-Seip congenital lipodystrophy on chromosome 11q13. Nat
Genet 2001;28:365-370.

. Cartwright BR, Goodman JM. Seipin: from human disease to molecular

mechanism. ] Lipid Res 2012;53:1042-1055. Epub 2012 Apr 2

. Lightbourne M, Brown RJ. Genetics of Lipodystrophy. Endocrinol Metab

Clin North Am 2017;46:539-554. Epub 2017 Feb 22

. Kim CA, Delépine M, Boutet E, El Mourabit H, Le Lay S, Meier M,

Nemani M, Bridel E, Leite CC, Bertola DR, Semple RK, O’Rahilly S,
Dugail I, Capeau J, Lathrop M, Magré ]. Association of a homozygous
nonsense caveolin-1 mutation with Berardinelli-Seip congenital
lipodystrophy. ] Clin Endocrinol Metab 2008;93:1129-1134. Epub 2008
Jan 22

Cao H, Alston L, Ruschman J, Hegele RA. Heterozygous CAV1 frameshift
mutations (MIM 601047) in patients with atypical partial lipodystrophy
and hypertriglyceridemia. Lipids Health Dis 2008;7:3.

Hayashi YK, Matsuda C, Ogawa M, Goto K, Tominaga K, Mitsuhashi
S, Park YE, Nonaka I, Hino-Fukuyo N, Haginoya K, Sugano H, Nishino
I. Human PTRF mutations cause secondary deficiency of caveolins
resulting in muscular dystrophy with generalized lipodystrophy. J Clin
Invest 2009;119:2623-2633. Epub 2009 Aug 10

Perez-Diaz S, Johnson LA, DeKroon RM, Moreno-Navarrete |M, Alzate
O, Fernandez-Real JM, Maeda N, Arbones-Mainar JM. Polymerase I and
transcript release factor (PTRF) regulates adipocyte differentiation and
determines adipose tissue expandability. FASEB | 2014;28:3769-3779.
Epub 2014 May 8

Akinci G, Topaloglu H, Akinci B, Onay H, Karadeniz C, Ergul Y, Demir T,
Ozcan EE, Altay C, Atik T, Garg A. Spectrum of clinical manifestations in
two young Turkish patients with congenital generalized lipodystrophy
type 4. Eur ] Med Genet 2016;59:320-324. Epub 2016 May 7

Akinci G, Topaloglu H, Demir T, Danyeli AE, Talim B, Keskin FE, Kadioglu
P, Talip E, Altay C, Yaylali GE Bilen H, Nur B, Demir L, Onay H, Akinci
B. Clinical spectra of neuromuscular manifestations in patients with
lipodystrophy: A multicenter study. Neuromuscul Disord 2017;27:923-
930. Epub 2017 Jun 1

Garg A, Kircher M, Del Campo M, Amato RS, Agarwal AK; University of
Washington Center for Mendelian Genomics. Whole exome sequencing
identifies de novo heterozygous CAV1 mutations associated with
a novel neonatal onset lipodystrophy syndrome. Am ] Med Genet A
2015;167:1796-1806. Epub 2015 Apr 21

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hussain I, Patni N, Ueda M, Sorkina E, Valerio CM, Cochran E, Brown
R], Peeden J, Tikhonovich Y, Tiulpakov A, Stender SRS, Klouda E,
Tayeh MK, Innis JW, Meyer A, Lal P, Godoy-Matos AF, Teles MG, Adams-
Huet B, Rader D], Hegele RA, Oral EA, Garg A. A Novel Generalized
Lipodystrophy-associated Progeroid Syndrome due to recurrent
heterozygous LMNA p.T10l Mutation. ] Clin Endocrinol Metab
2018;103:1005-1014.

Dyment DA, Gibson WT, Huang L, Bassyouni H, Hegele RA, Innes
AM. Biallelic mutations at PPARG cause a congenital, generalized
lipodystrophy similar to the Berardinelli-Seip syndrome. Eur ] Med
Genet 2014;57:524-526. Epub 2014 Jun 28

Payne F, Lim K, Girousse A, Brown R], Kory N, Robbins A, Xue Y, Sleigh
A, Cochran E, Adams C, Dev Borman A, Russel-Jones D, Gorden P,
Semple RK, Saudek V, O’Rahilly S, Walther TC, Barroso I, Savage DB.
Mutations disrupting the Kennedy phosphatidylcholine pathway in
humans with congenital lipodystrophy and fatty liver disease. Proc Natl
Acad Sci U S A 2014;111:8901-8906. Epub 2014 Jun 2

Chan D, McIntyre AD, Hegele RA, Don-Wauchope AC. Familial partial
lipodystrophy presenting as metabolic syndrome. | Clin Lipidol
2016;10:1488-1491. Epub 2016 Sep 1

Akinci B, Onay H, Demir T, Savas-Erdeve S, Gen R, Simsir 1Y, Keskin
FE, Erturk MS, Uzum AK, Yaylali GE Ozdemir NK, Atik T, Ozen S,
Yurekli BS, Apaydin T, Altay C, Akinci G, Demir L, Comlekci A, Secil
M, Oral EA. Clinical presentations, metabolic abnormalities and end-
organ complications in patients with familial partial lipodystrophy.
Metabolism 2017;72:109-119. Epub 2017 Apr 27

Ajluni N, Meral R, Neidert AH, Brady GF Buras E, McKenna B,
DiPaola E Chenevert TL, Horowitz |F, Buggs-Saxton C, Rupani AR,
Thomas PE, Tayeh MK, Innis JW, Omary MB, Conjeevaram H, Oral
EA. Spectrum of disease associated with partial lipodystrophy:
lessons from a trial cohort. Clin Endocrinol (Oxf) 2017;86:698-707.
Epub 2017 Mar 27

Haque WA, Oral EA, Dietz K, Bowcock AM, Agarwal AK, Garg A. Risk
factors for diabetes in familial partial lipodystrophy, Dunnigan variety.
Diabetes Care 2003;26:1350-1355.

Lotta LA, Gulati P, Day FR, Payne F Ongen H, van de Bunt M,
Gaulton K], Eicher JD, Sharp SJ, Luan J, De Lucia Rolfe E, Stewart
ID, Wheeler E, Willems SM, Adams C, Yaghootkar H; EPIC-InterAct
Consortium; Cambridge FPLD1 Consortium, Forouhi NG, Khaw
KT, Johnson AD, Semple RK, Frayling T, Perry JR, Dermitzakis E,
McCarthy MI, Barroso I, Wareham NJ, Savage DB, Langenberg
C, O’Rahilly S, Scott RA. Integrative genomic analysis implicates
limited peripheral adipose storage capacity in the pathogenesis of
human insulin resistance. Nat Genet 2017;49:17-26. Epub 2016
Nov 14

Guillin-Amarelle C, Sanchez-Iglesias S, Castro-Pais A, Rodriguez-Canete
L, Ordonez-Mayan L, Pazos M, Gonzalez-Méndez B, Rodriguez-Garcia
S, Casanueva FF Fernandez-Marmiesse A, Araudjo-Vilar D. Type 1
familial partial lipodystrophy: understanding the Kobberling syndrome.
Endocrine 2016;54:411-421. Epub 2016 jul 30

Herbst KL, Tannock LR, Deeb SS, Purnell JQ, Brunzell JD, Chait A.
Kébberling type of familial partial lipodystrophy: an underrecognized
syndrome. Diabetes Care 2003;26:1819-1824.

Shackleton S, Lloyd D], Jackson SN, Evans R, Niermeijer ME Singh BM,
Schmidt H, Brabant G, Kumar S, Durrington PN, Gregory S, O’Rahilly
S, Trembath RC. LMNA, encoding lamin A/C, is mutated in partial
lipodystrophy. Nat Genet 2000;24:153-156.

Araujo-Vilar D, Victoria B, Gonzalez-Mendez B, Barreiro F, Fernandez-
Rodriguez B, Cereijo R, Gallego-Escuredo JM, Villarroya F, Paneda-
Menéndez A. Histological and molecular features of lipomatous and
nonlipomatous adipose tissue in familial partial lipodystrophy caused
by LMNA mutations. Clin Endocrinol (Oxf) 2012;76:816-824.



] Clin Res Pediatr Endocrinol
2020;12(1):17-28

Ozen Setal.
Lipodystrophy in Children and Young People

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51

52.

53.

Hegele RA, Cao H, Huff MW, Anderson CM. LMNA R482Q mutation
in partial lipodystrophy associated with reduced plasma leptin
concentration. ] Clin Endocrinol Metab 2000;85:3089-3093.

Jeru 1, Vatier C, Araujo-Vilar D, Vigouroux C, Lascols O. Clinical Utility
Gene Card for: Familial partial lipodystrophy. Eur ] Hum Genet 2017:25.
Epub 2016 Aug 3

Barroso 1, Gurnell M, Crowley VE, Agostini M, Schwabe JW, Soos MA,
Maslen GL, Williams TD, Lewis H, Schafer AJ, Chatterjee VK, O’Rahilly
S. Dominant negative mutations in human PPARgamma associated
with severe insulin resistance, diabetes mellitus and hypertension.
Nature 1999;402:880-883.

Agarwal AK, Garg A. A novel heterozygous mutation in peroxisome
proliferator-activated receptor-gamma gene in a patient with familial
partial lipodystrophy. | Clin Endocrinol Metab 2002;87:408-411.

Misra A, Garg A. Clinical features and metabolic derangements in
acquired generalized lipodystrophy: case reports and review of the
literature. Medicine (Baltimore) 2003;82:129-146.

Garg A, Misra A. Lipodystrophies: rare disorders causing metabolic
syndrome. Endocrinol Metab Clin North Am 2004;33:305-331.

Misra A, Peethambaram A, Garg A. Clinical features and metabolic and
autoimmune derangements in acquired partial lipodystrophy: report of
35 cases and review of the literature. Medicine (Baltimore) 2004;83:18-
34,

Yavuz S, Acarturk TO. Acquired partial lipodystrophy with C3
hypocomplementemia and antiphospholipid and anticardiolipin
antibodies. Pediatr Dermatol 2010;27:504-508.

Akinci B, Koseoglu FD, Onay H, Yavuz S, Altay C, Simsir 1Y, Ozisik S,
Demir L, Korkut M, Yilmaz N, Ozen S, Akinci G, Atik T, Calan M, Secil M,
Comlekci A, Demir T. Acquired partial lipodystrophy is associated with
increased risk for developing metabolic abnormalities. Metabolism
2015;64:1086-1095. Epub 2015 Jun 10

Donadille B, D’Anella P, Auclair M, Unhrhammer N, Sorel M, Grigorescu
R, Ouzounian S, Cambonie G, Boulot P, Laforét P, Carbonne B, Christin-
Maitre S, Bignon Y], Vigouroux C. Partial lipodystrophy with severe
insulin resistance and adult progeria Werner syndrome. Orphanet ]
Rare Dis 20153;8:106.

Cabanillas R, Cadinanos ], Villameytide JA, Pérez M, Longo |, Richard
JM, Alvarez R, Duran NS, Illan R, Gonzélez DJ, Lopez-Otin C. Nestor-
Guillermo progeria syndrome: a novel premature aging condition with
early onset and chronic development caused by BANF1 mutations. Am
J Med Genet A 2011;155:2617-2625. Epub 2011 Sep 19

Wei C, Thyagiarajan MS, Hunt LP, Shield JP, Stevens MC, Crowne EC.
Reduced insulin sensitivity in childhood survivors of haematopoietic
stem cell transplantation is associated with lipodystropic and
sarcopenic phenotypes. Pediatr Blood Cancer 2015;62:1992-1999.
Epub 2015 May 19

Ceccarini G, Ferrari F, Santini F. Acquired partial lipodystrophy after bone
marrow transplant during childhood: a novel syndrome to be added to
the disease classification list. ] Endocrinol Invest 2017;40:1273-1274.
Epub 2017 Jul 18

. Rooney DP, Ryan ME Diabetes with partial lipodystrophy following

sclerodermatous host disease. Diabet Med

2006;23:436-440.

chronic graft vs.

Adachi M, Asakura Y, Muroya K, Goto H, Kigasawa H. Abnormal adipose
tissue distribution with unfavorable metabolic profile in five children
following hematopoietic stem cell transplantation: a new etiology for
acquired partial lipodystrophy. Clin Pediatr Endocrinol 2013;22:53-64.
Epub 2013 Oct 26

Adachi M, Oto Y, Muroya K, Hanakawa ], Asakura Y, Goto H. Partial
lipodystrophy in patients who have undergone hematopoietic
stem cell transplantation during childhood: an institutional cross-

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

sectional survey. Clin Pediatr Endocrinol 2017;26:99-108. Epub
2017 Apr 22

Hosokawa M, Shibata H, Hosokawa T, Irie ], Ito H, Hasegawa T. Acquired
partial lipodystrophy with metabolic disease in children following
hematopoietic stem cell transplantation: a report of two cases and a
review of the literature. | Pediatr Endocrinol Metab 2019;32:537-541.

Patni N, Alves C, von Schnurbein J, Wabitsch M, Tannin G, Rakheja D,
Garg A. A Novel Syndrome of Generalized Lipodystrophy Associated
With Pilocytic Astrocytoma. ] Clin Endocrinol Metab 2015;100:3603-
3606. Epub 2015 Aug 7

Le Coz C, Nolan BE, Trofa M, Kamsheh AM, Khokha MK, Lakhani SA,
Novelli A, Zackai EH, Sullivan KE, Briuglia S, Bhatti TR, Romberg N.
Cytotoxic T-Lymphocyte-Associated Protein 4 Haploinsufficiency-
Associated Inflammation Can Occur Independently of T-Cell
Hyperproliferation. Front Immunol 2018;9:1715.

Falcao CK, Cabral MCS, Mota JM, Arbache ST, Costa-Riquetto AD,
Muniz DOB, Cury-Martins ], Almeida MQ, Kaczemorska PC, Nery M,
Teles MG. Acquired Lipodystrophy Associated With Nivolumab in a
Patient With Advanced Renal Cell Carcinoma. ] Clin Endocrinol Metab
2019;104:3245-3248.

Haque WA, Shimomura I, Matsuzawa Y, Garg A. Serum adiponectin
and leptin levels in patients with lipodystrophies. ] Clin Endocrinol
Metab 2002;87:2395.

Ajluni N, Dar M, Xu J, Neidert AH, Oral EA. Efficacy and Safety of
Metreleptin in Patients with Partial Lipodystrophy: Lessons from an
Expanded Access Program. | Diabetes Metab 2016:7. Epub 2016 Mar
23

Diker-Cohen T, Cochran E, Gorden P, Brown R]. Partial and generalized
lipodystrophy: comparison of baseline characteristics and response to
metreleptin. | Clin Endocrinol Metab 2015;100:1802-1810. Epub 2015
Mar 3

Kennedy A, Gettys TW, Watson P, Wallace P, Ganaway E, Pan Q, Garvey
WT. The metabolic significance of leptin in humans: gender-based
differences in relationship to adiposity, insulin sensitivity, and energy
expenditure. | Clin Endocrinol Metab 1997;82:1293-1300.

Clayton PE, Gill MS, Hall CM, Tillmann V, Whatmore AJ, Price DA.
Serum leptin through childhood and adolescence. Clin Endocrinol
(Oxf) 1997;46:727-733.

Erhardt E, Foraita R, Pigeot I, Barba G, Veidebaum T, Tornaritis
M, Michels N, Eiben G, Ahrens W, Moreno LA, Kovacs E, Molnar D;
IDEFICS consortium. Reference values for leptin and adiponectin in
children below the age of 10 based on the IDEFICS cohort. Int ] Obes
(Lond) 2014;38(Suppl 2):32-38.

Kirel B, Dogruel N, Akgiin N, Kili¢ FS, Tekin N, Ugar B. Serum leptin
levels during childhood and adolescence: relationship with age, sex,
adiposity and puberty. Turk | Pediatr 1999;41:447-455.

Bronsky ], Mitrova K, Karpisek M, Mazoch ], Durilova M, Fisarkova B,
Stechova K, Prusa R, Nevoral J. Adiponectin, AFABP, and leptin in human
breast milk during 12 months of lactation. ] Pediatr Gastroenterol Nutr
2011;52:474-477.

Savino F, Rossi L, Benetti S, Petrucci E, Sorrenti M, Silvestro L. Serum
reference values for leptin in healthy infants. PLoS One 2014;9:€113024.

Alexe DM, Syridou G, Petridou ET. Determinants of early life leptin
levels and later life degenerative outcomes. Clin Med Res 2006;4:326-
335.

Antuna-Puente B, Boutet E, Vigouroux C, Lascols O, Slama L, Caron-
Debarle M, Khallouf E, Lévy-Marchal C, Capeau ], Bastard JP, Magre |.
Higher Adiponectin Levels in Patients with Berardinelli-Seip Congenital
Lipodystrophy due to Seipin as compared with 1-Acylglycerol-3-
Phosphate-O-Acyltransferase-2 Deficiency. | Clin Endocrinol Metab
2010;95:1463-1468. Epub 2010 Jan 22

27



OzenSetal.
Lipodystrophy in Children and Young People

] Clin Res Pediatr Endocrinol
2020;12(1):17-28

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

28

Akinci B, Unlu SM, Celik A, Simsir 1Y, Sen S, Nur B, Keskin FE, Ozgen
Saydam B, Kutbay Ozdemir N, Sarer Yurekli B, Ergur BU, Sonmez
M, Atik T, Arslan A, Demir T, Altay C, Tunc UA, Arkan T, Gen R, Eren
E, Akinci G, Yilmaz AA, Bilen H, Ozen S, Celtik A, Savas Erdeve S,
Cetinkaya S, Onay H, Sarioglu S, Oral EA. Renal complications of
lipodystrophy: A closer look at the natural history of kidney disease.
Clin Endocrinol (Oxf) 2018;89:65-75. Epub 2018 May 17

Moran SA, Gorden P, O’Rahilly S, Zaidi Z, Gurakan E Arslanian SA,
Klar A, Ricker A, White NH, Bindl L, Herbst K, Kennel K, Patel SB, Al-
Gazali L, Garg A. Phenotypic and genetic heterogeneity in congenital
generalized lipodystrophy. | Clin Endocrinol Metab 2003;88:4840-
4847.

Garg A, Vinaitheerthan M, Weatherall PT, Bowcock AM. Phenotypic
heterogeneity in patients with familial partial lipodystrophy (dunnigan
variety) related to the site of missense mutations in lamin a/c gene. |
Clin Endocrinol Metab 2001;86:59-65.

de Azevedo Medeiros LB, Candido Dantas VK, Craveiro Sarmento
AS, Agnez-Lima LF, Meireles AL, Xavier Nobre TT, de Lima JG, de
Melo Campos JTA. High prevalence of Berardinelli-Seip Congenital
Lipodystrophy in Rio Grande do Norte State, Northeast Brazil. Diabetol
Metab Syndr 2017;9:80.

Lima JG, Nobrega LHC, Lima NN, Dos Santos MCEF, Silva PHD, Baracho
MFP, Lima DN, de Melo Campos JTA, Ferreira LC, Freire Neto FP,
Mendes-Aguiar CO, Jeronimo SMB. Causes of death in patients with
Berardinelli-Seip congenital generalized lipodystrophy. PLoS One
2018;13:€0199052.

Haghighi A, Kavehmanesh Z, Haghighi A, Salehzadeh FE Santos-
Simarro F, Van Maldergem L, Cimbalistiene L, Collins F, Chopra M, Al-
Sinani S, Dastmalchian S, de Silva DC, Bakhti H, Garg A, Hilbert P.
Congenital generalized lipodystrophy: identification of novel variants
and expansion of clinical spectrum. Clin Genet 2016;89:434-441. Epub
2015 Jul 20

Musso C, Cochran E, Javor E, Young ], Depaoli AM, Gorden P. The
long-term effect of recombinant methionyl human leptin therapy on
hyperandrogenism and menstrual function in female and pituitary
function in male and female hypoleptinemic lipodystrophic patients.
Metabolism 2005;54:255-263.

Shah AS, Wilson DP. Primary hypertriglyceridemia in children and
adolescents. | Clin Lipidol 2015;9(5 Suppl):20-28. Epub 2015 Apr 25

Manlhiot C, Larsson P, Gurofsky RC, Smith RW, Fillingham C, Clarizia
NA, Chahal N, Clarke JT, McCrindle BW. Spectrum and management
of hypertriglyceridemia among children in clinical practice. Pediatrics
2009;123:458-465.

Food and Drug Administration. Avaliable from: https://www.accessdata.fda.
gov/drugsatfda_docs/label/2017/02035750375039,021202502150231bl.
pdf

Oral EA, Chan JL. Rationale for leptin-replacement therapy for severe
lipodystrophy. Endocr Pract 2010;16:324-333.

McDuffie JR, Riggs PA, Calis KA, Freedman RJ, Oral EA, DePaoli AM,
Yanovski JA. Effects of exogenous leptin on satiety and satiation in
patients with lipodystrophy and leptin insufficiency. | Clin Endocrinol
Metab 2004;89:4258-4263.

Oral EA, Simha V, Ruiz E, Andewelt A, Premkumar A, Snell P, Wagner
AJ, DePaoli AM, Reitman ML, Taylor SI, Gorden P, Garg A. Leptin-
replacement therapy for lipodystrophy. N Engl ] Med 2002;346:570-
578.

Brown RJ, Oral EA, Cochran E, Araudjo-Vilar D, Savage DB, Long A,
Fine G, Salinardi T, Gorden P. Long-term effectiveness and safety of

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

metreleptin in the treatment of patients with generalized lipodystrophy.
Endocrine 2018;60:479-489. Epub 2018 Apr 12

Chan JL, Lutz K, Cochran E, Huang W, Peters Y, Weyer C, Gorden P.
Clinical effects of long-term metreleptin treatment in patients with
lipodystrophy. Endocr Pract 2011;17:922-932.

Oral EA, Javor ED, Ding L, Uzel G, Cochran EK, Young JR, DePaoli
AM, Holland SM, Gorden P. Leptin replacement therapy modulates
circulating lymphocyte subsets and cytokine responsiveness in severe
lipodystrophy. J Clin Endocrinol Metab 2006;91:621-628. Epub 2005
Nov 29

Brown RJ], Meehan CA, Cochran E, Rother KI, Kleiner DE, Walter
M, Gorden P. Effects of Metreleptin in Pediatric Patients With
Lipodystrophy. J Clin Endocrinol Metab 2017;102:1511-1519.

Brown R], Valencia A, Startzell M, Cochran E, Walter PJ, Garraffo HM,
Cai H, Gharib AM, Ouwerkerk R, Courville AB, Bernstein S, Brychta
R], Chen KY, Walter M, Auh S, Gorden P. Metreleptin-mediated
improvements in insulin sensitivity are independent of food intake in
humans with lipodystrophy. | Clin Invest 2018;128:3504-3516. Epub
2018 Jul 16

Simsir 1Y, Yurekli BS, Saygili F Altay C, Akinci B. First metreleptin
treatment for generalized lipodystrophy in Turkey. Diabetes Obes
Metab 2017;19:299-301. Epub 2016 Nov 9

Javor ED, Ghany MG, Cochran EK, Oral EA, DePaoli AM, Premkumar A,
Kleiner DE, Gorden P. Leptin reverses nonalcoholic steatohepatitis in
patients with severe lipodystrophy. Hepatology 2005;41:753-760.

Oral EA, Ruiz E, Andewelt A, Sebring N, Wagner AJ, Depaoli AM,
Gorden P. Effect of leptin replacement on pituitary hormone regulation
in patients with severe lipodystrophy. ] Clin Endocrinol Metab
2002;87:3110-3117.

Chou K, Perry CM. Metreleptin: first

2013;73:989-997.

global approval. Drugs

Food and Drug Administration. Available from: https://www.accessdata.
fda.gov/drugsatfda_docs/label/2014/125390s000lbl.pdf

GlobeNewswire. Available from: https://globenewswire.com/news-
release/2018/06/01/1515454/0/en/MYALEPTA-metreleptin-Receives-
Positive-CHMP-Opinion-in-Patients-with-Generalized-and-Partial-
Lipodystrophy.html

European Medicine Agency. Available from: http://www.ema.europa.
eu/docs/en_GB/document_library/Summary_of_opinion_-_Initial_
authorisation/human/004218/WC500249804.pdf

T.C. Saglik Bakanligi. Turkiye ila¢ ve Tibbi Cihaz Kurumu. Available
from: https://www.titck.gov.tr

Javor ED, Moran SA, Young JR, Cochran EK, DePaoli AM, Oral EA,
Turman MA, Blackett PR, Savage DB, O’Rahilly S, Balow JE, Gorden
P. Proteinuric nephropathy in acquired and congenital generalized
lipodystrophy: baseline characteristics and course during recombinant
leptin therapy. ] Clin Endocrinol Metab 2004;89:3199-3207.

Chan JL, Koda J, Heilig JS, Cochran EK, Gorden P, Oral EA, Brown R].
Immunogenicity associated with metreleptin treatment in patients
with obesity or lipodystrophy. Clin Endocrinol (Oxf) 2016;85:137-149.
Epub 2016 Feb 2

Brown RJ, Chan JL, Jaffe ES, Cochran E, DePaoli AM, Gautier JF,
Goujard C, Vigouroux C, Gorden P. Lymphoma in acquired generalized
lipodystrophy. Leuk Lymphoma 2016;57:45-50. Epub 2015 May 12

Aslam A, Savage DB, Coulson IH. Acquired generalized lipodystrophy
associated with peripheral T cell lymphoma with cutaneous infiltration.
Int ] Dermatol 2015;54:827-829. Epub 2013 Oct 29



ORIGINAL ARTICLE

DOI: 10.4274/jcrpe.galenos.2019.2019.0072
J Clin Res Pediatr Endocrinol 2020;12(1):29-36

Can Nesfatin-1 Predict Hypertension in Obese Children?

@ Hatice Giines!, @ Filiz Alkan Baylan2, @ Hakan Giineg3, @® Fatih Temiz4

1Sijteii imam University Faculty of Medicine, Department of Pediatrics, Kahramanmaras, Turkey

2Sijteii Imam University Faculty of Medicine, Department of Biochemistry, Kahramanmaras, Turkey

3Siitcii Imam University Faculty of Medicine, Department of Cardiology, Kahramanmaras, Turkey

4Siitcii Imam University Faculty of Medicine, Department of Pediatric Endocrinology and Metabolism, Kahramanmaras, Turkey

What is already known on this topic?

Childhood obesity is increasing over the years and leads to morbidities such as hypertension.

What this study adds?

Obesity causes hypertension but the reason/s why all obese individuals are not hypertensive is controversial. This study aimed to clarify
part of this issue by comparing obese peers stratified by blood pressure and found that Nesfatin-1 independently predicts hypertension
in obese children.

Abstract

Objective: The prevalence of childhood obesity is increasing and leads to co-morbidities such as hypertension. However, it is still not
clear why some obese individuals are hypertensive and others not. Nesfatin-1 is a recently discovered anorexigenic peptide which also
has effects on blood pressure (BP). Our aim was to evaluate the relationship between obesity-related hypertension and Nesfatin-1.
Methods: This cross-sectional study comprised 87 obese children. The patients were divided into two groups; hypertensive (n =30) and
normotensive (n=257) obese. The American Academy of Pediatrics guidelines were used to diagnose hypertension. Blood samples were
collected after 12 hours of fasting to investigate Nesfatin-1 concentrations. We also evaluated serum trace elements in addition to the
routine blood tests.

Results: Body mass index (BMI), weight and serum Nesfatin-1 concentrations were higher in the hypertensive group (p =0.002, p=0.001,
and p =0.007, respectively). There was no difference between serum zinc levels, but Copper (Cu) levels were significantly lower in the
hypertensive group (p=0.248, p=0.007, respectively). There were positive correlations between BP and BMI and weight Z-scores and
a negative correlation with Cu. The optimal cut-off value of Nesfatin-1 to predict hypertension was found to be > 1.8 ng/mL, with a
specificity of 71.9% and a sensitivity of 96.7 % [area under the curve =0.703, 95% confidence interval (CI): 0.577-0.809; p =0.002].
In multiple logistic regression analysis Nesfatin-1 [Odds ratio (OR)=1.103, 95% CI: 1.039-1.171; p=0.001], Cu (OR=0.947, 95% CI:
0.915-0.979; p=0.001) and BMI for age Z-score (OR=56.277, 95% CI. 5.791-546.907; p =0.001) still remained significant predictors
of hypertension.

Conclusion: Nesfatin-1 levels are higher and are an independent predictor of hypertension in obese subjects.

Keywords: Obesity, hypertension, Nesfatin-1, children

Introduction (2), and is over 10% in some studies (3). This increased
prevalence also poses a more serious problem by increasing

The prevalence of childhood obesity has been increasing  (he incidence of obesity-related co-morbid conditions. In

over the years. The estimated prevalence among the world’s
children is 6.7 % and is expected to be 9% by 2020 (1). In a
meta-analysis study, the prevalence of obesity has increased
from 0.7% to 7.1% in Turkey, between 1990 and 2015

addition to metabolic diseases such as diabetes and insulin
resistance, obese patients are prone to various cardiovascular
diseases such as hypertension and dyslipidemia. This
increased disease burden, starting from childhood, deserves
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detailed research which will also illuminate likely effects on
adult health (4).

Obesity-related hypertension is a serious problem in
childhood. The underlying etiology is complex and
multiple factors such as activation of the renin-angiotensin-
aldosterone system, stimulation of the sympathetic nervous
system, hyperinsulinemia, peripheral fat tissue compression
in the renal parenchyma, a number of cytokines affecting
the vascular endothelium, and the abnormalities of some
adipokines, such as leptin, are associated with this (1).
Obesity is also related to some multi-nutrient and trace
element deficiencies. For example, zinc (Zn) deficiency
contributes to leptin reduction in rats and humans (5).
Since many trace elements are components of antioxidant
enzymes, such as cytoplasmic Cu-Zn superoxide dismutase,
trace elements have major antioxidant roles affecting the
vascular endothelium and contribute to the prevention of
hypertension (6,7,8).

Nesfatin-1 has recently been shown to be an anorexigenic
peptide which originates from its precursor protein,
nucleobindin-2 (NUCB2) (9,10). It has been associated with
appetite, food intake and weight loss (11). In addition to
regulating food intake, Nesfatin-1 has been shown to regulate
energy homeostasis, to contribute to water balance, affect
gastrointestinal motility and also to have cardiovascular
effects (12,13,14). NUCB2/Nesfatin-1 has been shown to be
distributed in the hypothalamus, nucleus tractus solitarius
and dorsal vagal complex which exert an influence of
cardiovascular function (9,15). Central administration of
Nesfatin-1 increases blood pressure (BP) and heart rate
by the pressor effects of increased vasopressin, renin and
catecholamine levels (16,17,18). Peripheral injection of
Nesfatin-1 increases BP (19,20). The expression of NUCB2
mRNA was shown to be increased in the media of the aorta
of hypertensive rats, so it may have a role in development
of hypertension (21). In one study, serum Nesfatin-1
concentrations were reported to be higher in subjects with
essential hypertension than the control group, and were
found to correlate with systolic BP (22). Some studies
demonstrated elevated Nesfatin-1 levels in hypertensive
patients and especially in those who were obese (23). Based
on these studies, Nesfatin-1 is considered to be a risk factor
for obesity-related hypertension.

Although it has been shown that weight gain contributes to
hypertension, it is unclear why some obese individuals are
not hypertensive. This issue was our starting point. Thus, the
aim of our study was to demonstrate and compare the levels
of Nesfatin-1 in obese hypertensive and non-hypertensive
or normotensive obese children and to identify the role of
this peptide in obesity related-hypertension. In addition, we

30

also aimed to assess the serum levels of Zn and Copper (Cu)
in these subjects.

Methods

Eighty seven obese children (41 male, 46 female) aged
between 8 to 18 years, who were referred to the pediatric
endocrinology and metabolism outpatient clinic of our
hospital were included in this cross-sectional study. We
divided the patients into two groups, matched for by
age and sex, based on BP into a hypertensive obese
group (n=30) and a normotensive obese group (n=57)
which would serve as controls. Patients who had primary
hypertension, hormonal abnormalities such as Cushing
syndrome, hyperthyroidism, diabetes mellitus, medication-
related hypertension, renal disease, heart disease, and other
chronic diseases were excluded from the study.

Weight and height measurements were taken by a
pediatric endocrinology nurse. Weight was measured with
patients only in their underwear. Height was measured
using a Harpenden stadiometer. Body mass index (BMI)
was calculated by dividing weight (kg) by height squared
(m?). Obesity was defined as a BMI index above the 95™
percentile. An individual was considered to be morbidly
obese if his/her weight was 99" percentile (24).

BP was measured by an experienced nurse using an
appropriately sized cuff, by the auscultatory method after at
least 10 minutes of rest. The measurements were repeated
three times at different clinical visits and mean values
were recorded. Hypertension was defined as a systolic
BP (SBP) and/or diastolic BP (DBP) >95" percentile on the
basis of age, sex, and height percentiles (25). Ambulatory
BP measurements were performed in patients with normal
out-of-hospital blood BP values to investigate a diagnosis
of “white coat” hypertension. Patients with this form of
hypertension were excluded from the study (Figure 1). Both
SBP, DBP, BMI, weight and height Z-scores for age of the
patients were calculated using an on-line calculator (www.
quesgen.com/BMIPedsCalc.php).

Venous blood samples were collected from all study groups
between 8 a.m. and 10 a.m. following a fasting period of
12 hours and centrifuged at 4,000 rpm for 10 minutes.
The serum samples obtained were frozen at -80 °C until
time of analysis. While samples were taken for Nesfatin-1
routine blood analyses (serum glucose, insulin, high density
lipoprotein, low density lipoprotein, total cholesterol,
triglyceride, other biochemical parameters and complete
blood count) were also performed and the results recorded.
Serum concentrations of Nesfatin-1 were analyzed by
enzyme-linked immunosorbent assay (ELISA) method using
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a commercial kit (Bioassay Technology Laboratory, China
and Wuhan Fine Biotech Co. Ltd., China), an automated
ELISA reader (Thermo Scientific, Finland) and a computer
program (Scanlt for Multiscan FC 2.5.1) according to the
manufacturing company’s direction. For Nesfatin: Sensitivity
was 0.15 ng/mL and assay range was 0.30 ng/mL - 90 ng/
mL, intra-assay CV % was < 8%, while inter-assay CV % was
< 10%. The results were expressed in ng/mL units. Serum
Zn and Cu concentrations were determined by flame a
spectrophotometry method in Perkin Elmer Analyst 800
model atomic absorption spectrometer device after a 1/4
dilution with 5% glycerol for serum Zn and a 1/2 dilution
with 10% glycerol for serum Cu. Results were expressed as
pg/dL.

The study was conducted in accordance with the Declaration
of Helsinki. Sttcti Imam University Ethics Committee
approval under protocol number 333 (date: 29.08.2018),
was granted and informed consent was obtained from the
patients and their parents.

Obese
children
(n=137)

Obese normotensive
cases (n=57)

Obese
hypertensive
cases (n=80)

Cases excluded due

to secondary
reasons for

hypertension (n=39)

Obese
hypertensive

cases (n=41)

Cases excluded due

to white coat
hypertension
(n=11)

Hypertensive
obese cases
(n=30)

Figure 1. Study flow-chart

Statistical Analysis

Data management and analysis were performed by using
SPSS program v.14 (SPSS Inc., Chicago, IL., USA) and a
two-sided p value <0.05 was considered as statistically
significant. Continuous data were expressed as mean +
standard deviation or median and range. Categorical data
were expressed as percentages. Mean values were compared
by using an independent sample t-test, and in the case of an
abnormal distribution, Mann-Whitney U test with median
was used. Chi-square test was used for the categorical data.
A stepwise multiple regression analysis was used for the
definition of the significant determinants of hypertension,
and incorporating variables that correlated with a p value of
less than 0.1 in the correlation analysis. A value of p <0.05
was considered statistically significant.

Results

The demographic and laboratory characteristics of the study
groups are shown in Table 1. Age and gender were similar
in the two groups (p=0.135, p=0.607, respectively), while
BMI and weight Z-score values were higher in the obese
hypertension group (p<0.001, p=0.002, respectively).
There was a significant difference between each group
according to SBP and DBP Z-scores (both p <0.001). When
laboratory data were compared between the groups, no
statistical difference was found, with the exception of
creatinine. Creatinine concentrations tended to be higher
in the hypertensive group, but within the normal range in
both groups (Table 1). Serum Nesfatin-1 concentrations
were higher in the hypertensive obese group with than
the normotensive obese group (p=0.007) (Figure 2).
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Figure 2. Distribution of Nesfatin-1 levels in the obese
subjects with and without hypertension
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When both groups were compared in terms of trace
element levels, there was no difference in mean serum
Zn concentrations (p =0.248), whereas median serum Cu
concentrations were significantly lower in the hypertensive
group, (p=0.007).

Correlation analysis revealed positive correlations between
BMI and weight Z-scores and negative correlations between
Cu and both SBP and DBP (Table 2).

Receiver operating characteristics curve analysis showed
that the optimal cut-off value of Nesfatin-1 to predict
hypertension was > 1.8 ng/mL, with a specificity of 71.9%
and a sensitivity of 96.7% [area under the curve =0.703;
95% confidence interval (CI): 0.577-0.809; p=0.002]
(Figure 3).

In the multiple logistic regression model using a backward
stepwise method, Nesfatin-1 [Odds ratio (OR)=1.103, 95%

Table 1. Demographic and laboratory data of the study groups

Obese hypertensive group Obese normotensive group p
(n=30) (n=57)
Age, yearsa 13.5 (9-15) 11 (9-14) 0.135
Gender, male/female, n 1317 28129 0.607*
Height, mb 1.53+0.18 1.51£0.15 0.502
HAZa 1.25 (-0.001-1.69) 1.17 (0.13-1.72) 0.724
Weight, kgb 83.7+26.3 65.3+18.9 0.001
WAZa 2.56 (2.30-2.95) 2.19 (1.82-2.54) 0.002
BMI, kg/m?2a 32.8 (27.4-40.3) 27.2 (24.5-31.8) 0.002
BAZa 2.49 (2.18-2.61) 2.02 (1.87-2.25) <0.001
SBP, mmHga 130 (123.7-140) 100 (100-110) <0.001
SAZa 1.96 (1.53-2.58) -0.16 (-0.97-0.48) <0.001
DBP, mmHga 90 (77.5-90) 70 (60-70) <0.001
DAZa 2.1 (0.80-2.30) 0.28 (-0.20-0.66) <0.001
Fasting blood glucose, mg/dLa 89 (83.2-98) 90 (85-94) 0.849
Insulin, plU/mLa 18.8 (14.2-39.4) 16.1(10.6-23) 0.057
HbAlc, %P 5.4+0.33 54+0.32 0.962
ALT, U/La 22 (16.5-32.5) 20 (16.7-29) 0.429
AST, U/La 22 (20.1-28) 23.9 (20-28.5) 0.209
Total protein, g/dLa 7.6 (7.4-7.9) 7.6 (7.2-8) 0.859
Albumin, g/dLb 4.7+0.2 4.7+04 0.733
Urea, mg/dLb 95+2.4 8.8+2.8 0.375
Creatinin, mg/dLb 0.6+0.2 04+02 0.002
Triglyceride, mg/dLa 122 (90-161) 114 (85-157) 0.151
Total cholesterol, mg/dLb 171.2+35.9 161.6 +29.7 0.199
HDL cholesterol, mg/dLb 40.9+7.9 43.8+10.4 0.191
LDL cholesterol, mg/dLb 100.4 +£27.2 99.5+30.5 0.895
WBC, x103 mm3a 8.8 (7.1-10.3) 8 (6.8-9.8) 0.273
Hemoglobin, g/dLb 1356+ 1.18 13.54+1.11 0.925
Platelet count, x103 mm3b 358 +63.6 354+58.3 0.789
Cu, p/dLa 85.2 (75.7-103.0) 110.5 (89.9-125.4) 0.002
Zn, p/dLb 102.7 £46.7 112.9+£34.2 0.248
Nesfatin, ng/mLa 11.9 (5-22.6) 4.8 (1.7-10.4) 0.007

amedian (interquartile range), Pmean + standard deviation, *chi-square (p<0.05 was considered statistically significant).

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BMI: body mass index, BAZ: body mass index for age Z-scores, Cu: Copper, DBP: diastolic
blood pressure, DAZ: diastolic blood pressure for age Z-scores, HDL: high density lipoprotein, HAZ: height for age Z-scores, LDL: low density lipoprotein, SBP:
systolic blood pressure, SAZ: systolic blood pressure for age Z-scores, WAZ: weight for age Z-scores, WBC: white blood cell count, Zn: Zinc, HbA1c: hemoglobin

alc
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Figure 3. Receiver operator characteristic curve of Nesfatin-1
to predict hypertension

Table 2. Correlation coefficients of systolic and diastolic
blood pressures

Systolic blood Diastolic blood

pressure pressure
r p r p
BAZ 0.404 <0.001 0.271 0.012
WAZ 0.350 0.001 0.324 0.002
Copper level -0.303  0.005 -0.249  0.023
Creatinine level 0.248  0.021 0.094 0.389

BAZ: body mass index for age Z-scores, WAZ: weight for age Z-scores

Cl: 1.039-1.171; p=0.001], Cu (OR=0.947, 95% CI: 0.915-
0.979; p=0.001) and BMI Z-score values (OR=56.277,
95% CI. 5.791-546.907; p=0.001) still remained significant
predictors of hypertension after adjusting for the confounding
variables, which were found to be statistically significant in
the univariate analysis and for the variables which were also
statistically significant in the t-test (Table 3).

Discussion

In this study, it was shown that Nesfatin-1 levels were
independently related to hypertension and higher in obese
hypertensive children than their obese normotensive
counterparts. BMI Z-scores were higher in the hypertensive
group and were positively correlated with BP values. We
also found that median serum Cu concentration was low in
the hypertensive group.

Weight gain causes hypertension in some individuals
but not in others. This may be related to how long the
individual is obese and the long-term effects of over-
adiposity (26). In our study, although there was no
statistical difference in age between the groups, the mean
age of the hypertensive group was higher. Our results
revealed that serum Nesfatin-1 levels were higher in the
obese hypertensive group. This is consistent with the
study of Zhao et al (23) who investigated Nesfatin-1 in 40
hypertensive adults and 40 healthy controls, and reported
significantly higher levels of Nesfatin-1 in the hypertensive
group, especially in obese individuals. In the study of
Anwar et al (27) the Nesfatin-1 levels were higher in obese
adolescents than their healthy peers and correlated with
BMI values. Their results were similar to those reported
by Tan et al (28) who compared the levels of Nesfatin-1
in 38 adult subjects. Sahin et al (29) found higher levels
of Nesfatin-1 in polycystic ovary syndrome than healthy
controls and also reported that these values positively

Table 3. Univariate and multivariate analyses of study group

Univariate analysis

Multivariate analysis

Variable B S.E. Wald p OR 95% CI B SE. Wald p OR 95% CI
Statistically significant variables

Nesfatin-1  0.058 0.022 7.355 0.007 1.060 1.016-1.106 -5.463 2.769 3.892 0.001 1.103 1.039-1.171
Cu -0.033 0.011 8371 0.004 0.968 0.946-0.989 -0.055 0.017 10.228 0.001 0.947 0.915-0.979
BAZ 3.416 0913 14.007 <0.001 30.450 5.089-82.199 4.030 1.160 12.067 0.001 56.277 5.791-546.907
WAZ* 1.389 0.507 7.516 0.006 4.011 1.486-10.829

Creatinine* 2.778 0.978 8.068 0.005 16.085 2.366-09.361

All the variables from Table 1 were examined and only those significant at p <0.05 level are shown in univariate analysis. Multivariate logistic regression
analyses including all the variables in univariate analysis with enter method. A p <0.05 was considered statistically significant.

*Non-significant variables in multivariate logistic regression analysis are not shown in the Table 1.

B: beta coefficients, BAZ: body mass index for age Z-scores, WAZ: weight for age Z-scores, CI: confidence interval, Cu: Copper, OR: Odds ratio, S.E.: standard

error, Wald: wald test
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correlated with SBP and DBP. In our study, the Nesfatin-1
levels in both groups were between the commercial kit
normal values. This may be due to the gradual increase
in serum Nesfatin-1 level with age. In the study of Anwar
et al (27) they demonstrated that as the pubertal stage
progresses, serum Nesfatin-1 levels increase. In our study
the study population is younger.

It was demonstrated that Nesfatin can cross the blood-
brain barrier in both directions and this may explain
the effect of this peptide on the central control of
cardiovascular effects (30). In their study, Yilmaz et al
(18) found that BP increased in both groups as a result
of intracerebroventricular (i.c.v.) Nesfatin-1 given to
hemorrhagic hypotensive rats and control group. The
i.c.v. administration of Nesfatin-1 in animal studies
increased plasma renin, catecholamine, and vasopressin
which resulted in hypertension, too (17,18,31). The
central melanocortin system has been implicated in the
hypertensive effects of Nesfatin-1 in normotensive animals
and also in obesity-related hypertension (17,26,31,32,33).
In our study Nesfatin-1 was independently associated
with hypertension and was predictive of hypertension in
obese subjects. Zhao et al (23) and Sahin et al (29) found
a positive correlation between Nesfatin-1 level and BP.
However we did not find significant correlation between
Nesfatin-1 and BP. This may have been due to the low
number of cases in the hypertensive group.

We also evaluated the serum trace elements between the
groups and found a significant difference in Cu levels,
with lower levels in the hypertensive group and a negative
correlation with BP. Cu levels were independently associated
with hypertension. However, there was no correlation between
BP and Zn levels and there was no significant difference
between the groups in terms of Zn. There are several reports
of the association of trace elements with hypertension in the
literature. It has been suggested that Zn and Cu may play a
role in the pathogenesis of hypertension due to the role of
these electrolytes in the regulatory enzymes of the vascular
system (34). Low serum Cu levels were detected in association
with hypertension in both human and animal studies and
negative correlations were found (35,36,37,38). This can be
related to the inhibitory effect of Cu on angiotensin converting
enzyme activity (39,40). In addition Cu deficiency causes
hypercholesterolemia and increased oxidative stress, which
can lead to hypertension (41).

Study Limitations and Strengths

There were some limitations of our study. Firstly, the number
of cases is low, especially in the hypertensive group. It may
have been possible to include a healthy control group for

34

comparison but the primary aim of the study was to investigate
the effect of Nesfatin-1 in obesity. In our study, the Nesfatin-1
levels in both groups were between the commercial kit normal
values and may be related to the young age groups. Another
limitation is the heterogeneity in BMI and weight. This may
be related to the cross-sectional study design. However, there
are also some strengths of our study. It is the first study in the
literature to show the effect of Nesfatin-1 on obese children.
We compare only obese peers to understand the effect of
Nesfatin-1 on BP is another strength of our study.

Conclusion

To the best of our knowledge, this is the first study
evaluating serum Nesfatin-1 in obese hypertensive children
and adolescants. Nesfatin-1 level independently predicts
hypertension in obese subjects. This study may begin to
illuminate why some obese patients have hypertension
while others do not although this is a complex, multifactorial
problem which may require a better understanding of
the biology of Nesfatin-1. Needless to say, further, larger,
randomized controlled trials are needed to provide
conclusive evidence concerning this.

Ethics

Ethics Committee Approval: The study was approved by
the Ethics Committee of Siitcli Imam University (decision
no: 333, date: 29.08.2018).

Informed Consent: Informed consent was obtained from
all the patients and their parents.

Peer-review: Externally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Hatice Glines, Hakan Gulines,
Filiz Alkan Baylan, Fatih Temiz, Concept: Hatice Glnes,
Hakan Gines, Filiz Alkan Baylan, Fatih Temiz, Design:
Hatice Gunes, Hakan Glines, Fatih Temiz, Data Collection
or Processing: Hatice Gunes, Hakan Gines, Fatih Temiz,
Analysis or Interpretation: Hatice Gines, Hakan Gunes, Filiz
Alkan Baylan, Fatih Temiz, Literature Search: Hatice Gunes,
Hakan Gunes, Filiz Alkan Baylan, Fatih Temiz, Writing:
Hatice Gunes, Hakan Gunes, Filiz Alkan Baylan, Fatih Temiz.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Becton L], Shatat IF, Flynn JT. Hypertension and obesity: epidemiology,
mechanisms and clinical approach. Indian ] Pediatr 2012;79:1056-
1061. Epub 2012 jun 5



] Clin Res Pediatr Endocrinol
2020;12(1):29-36

Gunes H et al.
Hypertension and Nesfatin-1

11.

13.

15.

19.

. Mimee A, Smith PM, Ferguson AV. Nesfatin-1

Celmeli G, Clrek Y, Arslan Gulten Z, Yardimsever M, Koyun M, Akcurin
S, Bircan I. Remarkable Increase in the Prevalence of Overweight and
Obesity Among School Age Children in Antalya, Turkey, Between 2003
and 2015. | Clin Res Pediatr Endocrinol 2019;11:76-81. Epub 2018 Sep 25

Obezite tani ve tedavi klavuzu. Tarkiye Endokrinoloji ve Metabolizma
Dernegi. Turkey, Miki Matbacilik, 2018:16.

McCrindle BW. Will childhood obesity lead to an epidemic of premature
cardiovascular disease? Evid Based Cardiovasc Med 2006;10:71-74.
Epub 2006 May 24

Garcia OP, Long KZ, Rosado JL. Impact of micronutrient deficiencies on
obesity. Nutr Rev 2009;67:559-572.

Shazia Q, Mohammad ZH, Rahman T, Shekhar HU. Correlation of
oxidative stress with serum trace element levels and antioxidant
enzyme status in Beta thalassemia major patients: a review of the

literature. Anemia 2012;2012:270923. Epub 2012 May 9

Dinh ON, Drummond GR, Sobey CG, Chrissobolis S. Roles of
inflammation, oxidative stress, and vascular dysfunction in
hypertension. Biomed Res Int 2014;2014:406960. Epub 2014 Jul 20

Taneja SK, Mandal R. Mineral factors controlling essential hypertension-
-a study in the Chandigarh, India population. Biol Trace Elem Res
2007;120:61-73.

Oh-I S, Shimizu H, Satoh T, Okada S, Adachi S, Inoue K, Eguchi H,
Yamamoto M, Imaki T, Hashimoto K, Tsuchiya T, Monden T, Horiguchi
K, Yamada M, Mori M. Identification of nesfatin-1 as a satiety molecule
in the hypothalamus. Nature 2006;443:709-712. Epub 2006 Oct 1

. Stengel A, Taché Y. Nesfatin-1-role as possible new potent regulator of

food intake. Regul Pept 2010;163:18-23. Epub 2010 May 16

Saldanha JE Carrero J], Lobo JC, Stockler-Pinto MB, Leal VO, Calixto
A, Geloneze B, Mafra D. The newly identified anorexigenic adipokine
nesfatin-1 in hemodialysis patients: are there associations with food
intake, body composition and inflammation? Regul Pept 2012;173:82-
85. Epub 2011 Oct 26

. Yosten GL, Redlinger L, Samson WK. Evidence for a role of endogenous

nesfatin-1 in the control of water drinking, ]. Neuroendocrinol
2012;24:1078-1084.

Atsuchi K, Asakawa A, Ushikai M, Ataka K, Tsai M, Koyama K, Sato Y,
Kato 1, Fujimiya M, Inui A. Centrally administered nesfatin-1 inhibits
feeding behaviour and gastroduodenal motility in mice. Neuroreport
2010;21:1008-1011.

influences the
excitability of neurons in the nucleus of the solitary tract and regulates
cardiovascular function. Am ] Physiol Regul Integr Comp Physiol
2012;302:1297-1304. Epub 2012 Mar 21

Goebel-Stengel M, Wang L, Stengel A, Taché Y. Localization of nesfatin-1
neurons in the mouse brain and functional implication. Brain Res
2011;1396:20-34. Epub 2011 Apr 22

. Tanida M, Gotoh H, Yamamoto N, Wang M, Kuda Y, Kurata Y, Mori M,

Shibamoto T. Hypothalamic nesfatin-1 stimulates sympathetic nerve
activity via hypothalamic ERK signaling. Diabetes 2015;64:3725-3736.
Epub 2015 Aug 26

. Yosten GL, Samson WK. Nesfatin-1 exerts cardiovascular actions in brain:

possible interaction with the central melanocortin system. Am ] Physiol
Regul Integr Comp Physiol 2009;297:330-336. Epub 2009 May 27

. Yilmaz MS, Altinbas B, Guvenc G, Erkan LG, Avsar O, Savci V, Kucuksen-

Udum D, Arican I, Yalcin M. The role of centrally injected nesfatin-1 on
cardiovascular regulation in normotensive and hypotensive rats. Auton
Neurosci 2015;193:63-68. Epub 2015 Jul 29

Osaki A, Shimizu H. Peripheral administration of nesfatin-1 increases
blood pressure in mice. Hypertens Res 2014;37:185-186. Epub 2013
Sep 19

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Ayada C, Turgut G, Turgut S, Glglu Z. The effect of chronic peripheral
nesfatin-1 application on blood pressure in normal and chronic
restraint stressed rats: related with circulating level of blood pressure
regulators. Gen Physiol Biophys 2015;34:81-88. Epub 2014 Dec 11

Lu OB, Wang HP, Tang ZH, Cheng H, Du O, Wang YB, Feng WB, Li KX,
Cai WW, Qiu LY, Sun HJ. Nesfatin-1 functions as a switch for phenotype
transformation and proliferation of VSMCs in hypertensive vascular
remodeling. Biochim Biophys Acta Mol Basis Dis 2018;1864:2154-
2168. Epub 2018 Apr 5

Kovalyova O, Ashcheulova T, Demydenko A, Vizir M, Kochubiei
O. Nesfatin-1 activity in patients with essential hypertension and
prediabetes, type 2 diabetes. Georgian Med News 2017;263:44-49.

Zhao Y, Ma X, Wang Q, Zhou Y, Zhang Y, Wu L, Ji H, Qin G, Lu J, Bi Y,
Ning G. Nesfatin-1 correlates with hypertension in overweight or obese
Han Chinese population. Clin Exp Hypertens 2015;37:51-56. Epub
2014 Mar 28

Barlow SE; Expert Committee. Expert committee recommendations
regarding the prevention, assessment, and treatment of child and
adolescent overweight and obesity: summary report. Pediatrics
2007;120(Suppl 4):164-192.

Flynn JT, Kaelber DC, Baker-Smith CM, Blowey D, Carroll AE, Daniels
SR, de Ferranti SD, Dionne JM, Falkner B, Flinn SK, Gidding SS,
Goodwin C, Leu MG, Powers ME, Rea C, Samuels ], Simasek M, Thaker
VV, Urbina EM; Subcommittee on Screening and Management of High
Blood Pressure in Children. Clinical Practice Guideline for Screening
and Management of High Blood Pressure in Children and Adolescents.
Pediatrics 2017:140. Epub 2017 Aug 21. Erratum in: https://www.ncbi.
nim.nih.gov/pubmed/29192011

Hall JE, do Carmo JM, da Silva AA, Wang Z, Hall ME. Obesity-induced
hypertension: interaction of neurohumoral and renal mechanisms.
Circ Res 2015;116:991-1006.

Anwar GM, Yamamah G, Ibrahim A, El-Lebedy D, Farid TM, Mahmoud
R. Nesfatin-1 in childhood and adolescent obesity and its association
with food intake, body composition and insulin resistance. Regul Pept
2014;188:21-24. Epub 2013 Dec 11

Tan BK, Hallschmid M, Kern W, Lehnert H, Randeva HS. Decreased
cerebrospinal fluid/plasma ratio of the novel satiety molecule,
nesfatin-1/NUCB2, in obese humans: evidence of nesfatin-1/NUCB2
resistance and implications for obesity treatment. | Clin Endocrinol
Metab 2011;96:669-673. Epub 2011 Jan 20

Sahin FK, Sahin SB, Ural UM, Cure MC, Senturk S, Tekin YB, Balik
G, Cure E, Yuce S, Kirbas A. Nesfatin-1 and Vitamin D levels may be
associated with systolic and diastolic blood pressure values and hearth
rate in polycystic ovary syndrome. Bosn | Basic Med Sci 2015;15:57-
63.

Price TO, Samson WK, Niehoff ML, Banks WA. Permeability of the
blood-brain barrier to a novel satiety molecule nesfatin-1. Peptides
2007; 28:2372-3281. Epub 2007 Oct 18

. Tanida M, Mori M. Nesfatin-1 stimulates renal sympathetic nerve

activity in rats. Neuroreport 2011;22:309-312.

Yosten GL, Samson WK. The anorexigenic and hypertensive effects
of nesfatin-1 are reversed by pretreatment with an oxytocin receptor
antagonist. Am J Physiol Regul Integr Comp Physiol 2010;298:1642-
1647. Epub 2010 Mar 24

Yosten GL, Samson WHK. Neural circuitry underlying the central
hypertensive action of nesfatin-1: melanocortins, corticotropin-
releasing hormone, and oxytocin. Am ] Physiol Regul Integr Comp
Physiol 2014;306:722-727. Epub 2014 Mar 5

Bergomi M, Rovesti S, Vinceti M, Vivoli R, Caselgrandi E, Vivoli G.
Zinc and copper status and blood pressure. ] Trace Elem Med Biol
1997;11:166-169.

35



Gunes H et al.
Hypertension and Nesfatin-1

] Clin Res Pediatr Endocrinol
2020;12(1):29-36

35.

36.

37.

38.

36

Loyke HE Copper and zinc in experimental hypertension. Biol Trace
Elem Res 1991;29:45-49.

Liu WM, Zhu ZG, Leng HX. Analysis of the contents of K, Na, Ca, Mg,
Zn, Cu, Fe and Mn in serum of middle and old-aged hypertension
patients. Guang Pu Xue Yu Guang Pu Fen Xi 2004;24:360-362.

He BP, Li DE, Ma JW, Chen ], Liu XY, Zhang XR, Xu JM. Determination of
trace copper and zinc in hypertension complicated with hyperlipemia
by atomic absorption spectrophotometry. Guang Pu Xue Yu Guang Pu
Fen Xi 2004;24:741-743.

Tang YR, Zhang SQ, Xiong Y, Zhao Y, Fu H, Zhang HP, Xiong KM. Studies
of five microelement contents in human serum, hair, and fingernails

39.

40.

41

correlated with aged hypertension and coronary heart disease. Biol
Trace Elem Res 2003;92:97-104.

Bakhle YS, Reynard AM. Characteristics of the angiotensin I converting
enzyme from dog lung. Nat New Biol 1971;229:187-189.

Dorer FE, Skeggs LI, Kahn JR, Lentz KE, Levine M. Angiotensin
converting enzyme: method of assay and partial purification. Anal
Biochem 1970;33:102-113.

. Fan Y, Zhang C, Bu J. Relationship between Selected Serum Metallic

Elements and Obesity in Children and Adolescent in the U.S. Nutrients
2017:9.



ORIGINAL ARTICLE DOI: 10.4274/jcrpe.galenos.2019.2019.0060

J Clin Res Pediatr Endocrinol 2020;12(1):37-44

Treatment with Depot Leuprolide Acetate in Girls with Idiopathic
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What is already known on this topic?

Insufficient suppression due to inadequate dose of gonadotropin releasing hormone analogues (GnRHa) in central precocious puberty
(CPP) may result in continued advancement of bone limiting final height whereas unnecessarily high doses may increase the risk of
side effects, as well as total treatment costs. Monthly GnRHa injections are administered at different doses in different countries. For
leuprolide acetate (LA), lower doses (3.75 mg/28 days, 80-120 pg/kg/28 days) are preferred in Europe and Asia, while higher doses (7.5-
15 mg/28 days, 200-300 p/kg/28 days) are used in the United States of America.

What this study adds?

LA treatment at doses of 3.75 mg/28 days is effective in suppressing the hypothalamo-pituitary-gonadal (HPG) axis in the majority of
girls with idiopathic CPP. Higher initial doses may be preferred in patients with a body weight 236 kg or body mass index-standard
deviation scores >1.6 for effective suppression of HPG axis.

Abstract

Objective: Doses of gonadotropin releasing hormone (GnRH) analogues used to treat idiopathic central precocious puberty (iCPP)
vary among clinicians. Study aims were to evaluate the efficacy of a monthly 3.75 mg dose of leuprolide acetate (LA) to suppress the
hypothalamo-pituitary-gonadal (HPG) axis in girls with iCPP and to determine factors that may have an impact on the supressing dose.
Methods: Study subjects were 220 girls receiving LA for iCPP. LA was started at a dose of 3.75 mg/28 days. Suppression was assessed
using the GnRH test at the third month. To assess clinical suppression signs and symptoms of puberty were also evaluated. The dose
of LA was increased to 7.5 mg/28 days in those who had a peak luteinising hormone (LH) >2 TU/L and in whom adequate clinical
suppression of puberty was absent. Receiver operating characteristic curves were used to determine thresholds for clinical and hormonal
factors affecting the suppressing dose of LA. Logistic regression analyses were used to investigate thresholds which might differentiate
between those requiring high dose for suppression and those in whom lower dose LA was adequate.

Results: Peak stimulated LH <2 IU/L was achieved in 88.6 % with a dose of LA of 3.75 mg (0.11 + 0.03 mg/kg). Significant variables for
differentiating the two doses were body weight (Wt) of 36.2 kg and/or body mass index (BMI)-standard deviation scores (SDS) of 1.64
(p<0.001). Multiple logistic regressions showed that Wt and BMI-SDS values above thresholds indicated requirement of LA at a dose of
7.5 mg/28 days (p <0.001).

Conclusion: Monthly injections of 3.75 mg LA is an effective treatment in the majority of girls with iCPP. However, a higher initial dose
may be preferred in patients with a Wt >36 kg or BMI-SDS >1.6 for effective suppression of the HPG axis.

Keywords: Central precocious puberty, leuprolide, GnRH, GnRH analogue, gonadotropin releasing hormone agonist, precocious puberty,
puberty
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Introduction

The aim of gonadotropin releasing hormone (GnRH)
analogue (GnRHa) treatment in central precocious puberty
(CPP) is to allow normal growth, enabling a normal adult
height and relieve psychosocial stress associated with
early puberty (1,2,3). The intended long-term goals in such
treatment include suppression of bone advancement and
attainment of an age appropriate growth rate, in order to
achieve a normal adult height parallel to target height (1,4).
While short-acting nasal and daily injectable forms of GhRHa
have been used previously, currently long-acting (monthly)
or very-long-acting (three monthly) depot formulations or
yearly implants that facilitate adherence to treatment are
more commonly preferred (1,3,5). Insufficient suppression
due to an inadequate dose of GnRHa may result in
continued advancement of bone age (BA) thus limiting final
height whereas unnecessarily high doses may increase the
risk of side effects, as well as total treatment costs. Higher
doses have been shown to suppress both growth and bone
mineral accrual rates (6,7). The doses of GnRH analogues
used in CPP may vary with clinican preference, as well as
local regulatory approvals. Monthly GnRHa injections are
administered in different doses in different countries. For
leuprolide acetate (LA), lower doses (3.75 mg/28 days, 80-
120 p/kg/28 days) are preferred in Europe and Asia (8,9,10),
while higher doses (7.5-15 mg/28 days, 200-300 p/kg/28
days) are used in the United States of America (11). In the face
of such dosage variation, the best dose for optimal pituitary
desensitization during monthly leuprolide treatment is
still a matter of discussion. The aim of this study was to
evaluate the efficacy of a monthly 3.75 mg dose of LA to
suppress the hypothalamo-pituitary-gonadal (HPG) axis in
girls with idiopathic CPP (iCPP) and to determine factors
that may have an impact on the supressing dose. We also
aimed to define the best predictor among these factors for
the optimal initial dose of LA.

Methods

A total of 220 girls with a diagnosis of iCPP who were
followed between January 2012 and January 2018 who
had received 3.75 mg LA (Lucrin depot, subcutaneous or
intramuscular) once every 28 days were evaluated. Age at
diagnosis, BA, body weight (Wt), height, pubertal stage,
basal estradiol levels, basal and stimulated gonadotropin
levels, pelvic ultrasonography and magnetic resonance
imaging (MRI) findings of the pituitary gland were recorded.
CPP was diagnosed based on breast development being at
Tanner stage 2 or higher before eight years of age, and
peak luteinizing hormone values >5 IU/L during the GnRH
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test (12). A GnRH test was performed in all patients at the
time of diagnosis. Blood samples were collected at baseline
(zero minutes) for follicle stimulating hormone (FSH) and
LH measurements. Then the patients were intravenously
administered 100 pg/m?® of GnRH (gonadorelin acetate,
Ferring®). Following drug administration, blood samples
were collected at 20, 40, 60, and 120 minutes for FSH
and LH measurement (13). With the exception of four
patients presenting with menarche, all patients were
followed for 3-6 months before the treatment decision.
GnRHa treatment was given to patients with progressive
CPP, determined according to the following criteria: a)
Growth velocity above 6 cm/year; b) Advanced BA defined
as BA =2 years compared with chronological age; ¢) Rapid
progression in pubertal stages defined as progression of
puberty from one stage to the next in less than six months;
and d) Decrease in predicted adult height compared to
target height (14). Pituitary MRI was performed in all cases
and the underlying organic pathology was investigated.
Cases with no pathological MRI findings were considered
to be idiopathic and were included in the study. Subjects
were excluded from the analysis if they had any additional
conditions that might affect puberty onset such as
hypothyroidism, growth hormone deficiency or congenital
adrenal hyperplasia. LA was started at an initial dose of
3.75 mg/28 days for all patients with iCPP. For all patients
who were started on GhnRHa treatment, the GnRH test was
repeated in the third month of treatment and the HPG axis
was considered to be suppressed if peak LH levels were <2
IU/L (15,16,17). Clinical signs and symptoms of puberty
were also evaluated every 3-6 months to determine whether
pubertal suppression was achieved clinically. Parameters of
good clinical control included stabilization or regression of
pubertal findings, decrease in height velocity to prepubertal
levels, cessation of BA progression, and improvement in
final height prediction. The dose of LA was increased to
7.5 mg/28 days in those who have a peak LH >2 IU/L and
in whom clinical suppression of puberty was not achieved.
All patients who had a peak LH =2 1U/L in the third month
GnRH test did not have adequate clinical suppression of
puberty and dose LA dose was increased in all of these
cases. The higher dose was similarly tested with GnRH test
for appropriate suppression of HPG three months later.
We compared clinical and hormonal characteristics of the
two populations whose HPG axis was suppressed either
with 3.75 mg/28 days or 7.5 mg/28 days of LA. Follow up
included clinical and hormonal evaluation of all patients
every six months after the initial treatment and, during
long-term follow-up continuous clinical and hormonal
suppression was observed.
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Auxological Parameters

Body Wt were measured with a digital body weighing scale
and heights were measured in the standing position with
a Harpenden stadiometer by a nurse trained in height
measurements and auxology. The percentile curves of the
Centers for Disease Control and Prevention (CDC) were
used to interpret the growth data (18). Height standard
deviation scores (SDS) for chronological age and BA were
calculated using CDC charts. Body mass index (BMI) was
calculated using the standard equation (Wt in kg/height in
meters squared). BMI-SDS was calculated according to the
LMS method using CDC charts (19). Puberty staging was
evaluated using Marshall and Tanner staging (20). The BA
was evaluated according to the Greulich and Pyle atlas (21).

Hormone Assays

The immunochemiluminometric assay method using
commercial kits (ARCHITECT System, Abbott Laboratory
Diagnostics, USA) were used to measure FSH, LH and
estradiol levels. The sensitivity of the FSH, LH, and estradiol
assays was 0.3 IU/L, 0.07 IU/L, and 10 pg/mL respectively.

Ethics Statements

The study protocol was approved by the Ethics Commitee
of Hacettepe University (approval number: GO 19/453-41).
The requirement for informed consent was waived due to
the retrospective nature of the study.

Statistical Analyses

Statistical analyses were performed using the Statistical
Package for Social Sciences software package for Windows
(version 19.0; SPSS Inc., Chicago, IL, USA). Testing for
normality was performed by Shapiro-Wilk test and the
data was found to be normally distributed. Data are
shown as mean 4+ standard deviation values. Student’s
t-test was used in comparisons of independent samples.
Receiver operating characteristic (ROC) curves were used
to determine threshold levels for factors with an impact on
the dose of LA that suppressed HPG axis (age, body Wrt,
BMI, BMI-SDS, basal LH, basal estradiol, peak stimulated
LH). Threshold values were analyzed to investigate if
they differentiated the two populations of patients whose
HPG axis was suppressed either with 3.75 mg/28 days or
7.5 mg/28 days of LA using univariate logistic regression.
Pubertal stages were grouped into early (Tanner 2 and 3) vs
advanced (Tanner 4 and 5), and impact of pubertal stages
on suppressing doses of LA were also analyzed. Statistically
significant factors in univariate analysis were re-evaluated
using multiple logistic regression analysis. A p value of less
than 0.05 was considered statistically significant.

Results

Peak stimulated LH was <2 IU/L after three months of
treatment in 88.6% (195/220) of the patients with the
initial LA dose of 3.75 mg/28 days. In the remaining
11.4% (25/220), the LA dose was increased to 7.5 mg/28
days, as puberty suppression was not achieved clinically
and hormonally. The GnRH test was repeated in patients
who received 7.5 mg/28 days at the third month of dose
escalation. The peak LH levels were found to be <2
IU/L in all patients and hormonal puberty suppression
was achieved in all of them. Regression in the clinical
signs and symptoms of puberty and cessation in BA
progression were observed. Growth rates decreased to
prepubertal levels in all patients with successful hormonal
suppression. Consequently, suppression of the HPG
axis was achieved in all patients by the sixth month of
treatment (Table 1).

Among cases that achieved HPG suppression at the dose
of 3.75 mg LA/28 days, the pubertal stage at the time of
diagnosis was Tanner stage 2 in 35.9% (70/195), Tanner
stage 3 in 54.4% of cases (106/195), and Tanner stage 4 in
9.7 % (19/195). Among the cases with successful suppression
with a dose of 7.5 mg LA/28 days, 60% (15/25) were at
Tanner stage 3, 24 % (6/25) were at Tanner stage 4 and 16 %
(4/25) were at Tanner stage 5 at the time of diagnosis. These
latter four patients presented with menarche. There were no
cases presenting with menarche among the patients whose
puberty were suppressed with 3.75 mg LA. The stage of
puberty at the time of diagnosis was significantly advanced
among patients for whom the effective dose was 7.5 mg
(p <0.001). Suppression was achieved with LA 3.75 mg/28
days in all patients (70/70) who were at Tanner stage 2, in
87.6 % of patients (106/121) at Tanner stage 3 and 76 % of
patients (19/25) at Tanner stage 4 at the time of diagnosis,
while all patients (4/4) at Tanner stage 5 required 7.5 mg LA
for the suppression of the HPG axis.

A comparison of the clinical and laboratory findings at
the time of diagnosis of the patients for whom HPG axis
suppression was achieved with 3.75 mg and 7.5 mg
LA dosages revealed that those requiring 7.5 mg LA for
suppression were found to have higher mean body Wrt,
BMI and BMI-SDS values and also elevated mean baseline
LH, estradiol and peak stimulated LH levels at the time of
diagnosis (Table 1). Among the patients with successful
suppression at a dose of 3.75 mg LA, suppression was
achieved with a mean dose of 0.11 + 0.03 mg/kg, whereas
in the patients for whom 3.75 mg dose was not adequate
for suppression, the initially given dose of 0.08 + 0.02 mg/
kg (3.75 mg in total) was insufficient due to high body Wt,
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Table 1. Clinical and laboratory characteristics of patients treated with leuprolide acetate at doses of 3.75 mg vs 7.5 mg

3.75 mg LA (n=195) 7.5 mg LA (n = 25) p value
Age at diagnosis (years) 82+1.0 83+0.5 0.535
Bone age (years) 10.2+0.9 10.3+0.9 0.422
Body weight (kg) 32.1+6.1 449+ 7.1 <0.001
BMI (kg/m2) 18.7+£3.3 27.5+8.4 <0.001
BMI-SDS 1.1+£1.2 2.4+1.2 <0.001
Height (cm) 135.249.2 136.2+£10.0 0.172
Height-SDS 1.1+£1.2 1.1+£1.3 0.991
Height-SDS for BA -0.6+1.0 0.5+1.2 0.833
Basal FSH (IU/L) 45+2.1 53425 0.121
Basal LH (IU/L) 1.2+£0.7 1.9+£1.2 <0.001
Basal estradiol (pg/mL) 30.6+14.4 52.5+9.1 <0.001
Peak stimulated LH (IU/L) 11.7+ 5.0 16.7+9.4 <0.001
Age at six months post-treatment (years) 8.7+1.0 8.8+0.5 0.546
Bone age at six months post-treatment (years) 105+1.2 10.6+1.2 0.624
Height-SDS at six months post-treatment .1+£1.2 1.1+£1.3 0.991
Basal LH at six months post-treatment (IU/L) 0.3+0.3 03+053 0.848
Basal estradiol at six months post-treatment (pg/mL) 125425 13.4+3.2 0.434
Age at 12 months post-treatment (years) 9.2+1.0 9.3+£0.5 0.485
Bone age at 12 months post-treatment (years) 11.0+1.3 1n2+1.2 0.626
Height-SDS at 12 months post-treatment 1.0+1.2 1.0+1.2 0.866
Basal LH at 12 months post-treatment (IU/L) 0.2+£0.2 0.2+0.2 0.824
Basal estradiol at 12 months post-treatment (pg/mL) 103+1.6 104+1.8 0.386

BMI-SDS: body mass index-standard deviation scores, LH: luteinising hormone, LA: leuprolide acetate, FSH: follicle stimulating hormone, BA: bone age

Table 2. Factors affecting treatment dosage based on univariate logistic regression analysis

Variables Odds ratio 95% CI p value
Body weight >36.2 kg 1.619 1.330 1.914 <0.001
BMI 220.7 kg/m? 1.941 1.515 2.488 <0.001
BMI-SDS >1.64 2.165 1.735 2.690 <0.001
Basal LH >1.5 IU/L 1.084 0.898 1.309 0.401
Basal estradiol 241 pg/mL 1.004 0.995 1.014 0.330
Peak stimulated LH >15.7 [U/L 1.240 0.742 1.726 0.421
Pubertal stage (advanced vs early) 2.516 0.877 7.215 0.020

BMI-SDS: body mass index-standard deviation scores, CI: confidence interval, LH: luteinising hormone

and suppression was only achieved when these patients
received a dose of 7.5 mg LA (0.16 + 0.03 mg/kg).

ROC curves were used to determine the threshold levels for
the factors which may affect the dose that achieved pubertal
suppression. The best threshold values that differentiated
the two doses (3.75 mg/28 days vs 7.5 mg/28 days LA)
were 36.2 kg for body Wt (AUC=0.934, p=0.0001,
sensitivity 100%, specificity 66.7%), 20.7 kg/m? for BMI
[area under the curve (AUC)=0.964, p=0.0001, sensitiviy
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94 %, specificity 74%], +1.64 for BMI-SDS (AUC=0.914,
p=0.0001, sensitivity 100%, specificity 71.2%), 1.5 IU/L
for basal LH (AUC=0.710, p=0.0004, sensitivity 68%,
specificity 67 %), 41 pg/mL for basal estradiol (AUC = 0.898,
p=0.0001, sensitivity 100 %, specificity 68 %) and 17.6 IU/L
for peak stimulated LH (AUC =0.710, p=0.0006, sensitivity
68 %, specificity 67 %) in ROC analysis. Age did not differ
between the two different dose populations (8.2 + 1.0 vs
8.3 + 0.5). Univariate analysis indicated Wt, BMI and BMI-
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SDS above the defined thresholds, as well as advanced
stage of puberty were associated with higher dose of LA
for effective treatment (p <0.001, <0.001, <0.001, 0.02,
respectively) (Table 2). However, thresholds for basal LH,
estradiol and stimulated LH peak did not differentiate
between the two doses of LA since they were insignificant in
the univariate analysis. Since Wt and BMI-SDS were related
factors, these factors were not used together in multiple
regression analysis but tested in separate regression models.
Multiple logistic regression showed that thresholds for BMI-
SDS and Wt were significant to differentiate the two doses
of LA (p<0.001) (Table 3, 4), whereas thresholds for basal
LH, estradiol and stimulated peak LH did not differentiate
the two dose groups and thus could not be used to assess
dose of LA required to suppress puberty.

Discussion

In this study we showed that LA treatment at a dose of 3.75
mg/28 days was effective in suppresing the HPG axis in
the majority (88.6 %) of girls with iCPP, while suppression
was achieved in the remaining 11.4 % of cases with a dose
of 7.5 mg/28 days. Studies from Europe and Brazil have
shown that suppression of the HPG axis can be achieved in
85-96 % of the cases using a dose of 3.75 mg/28 days LA
(7,9,22,23) which is consistent with our findings. Studies
carried out in the United States report higher LA doses of
at least 7.5 mg/monthly for HPG suppression (24,25). In
Japan, Tanaka et al (26) compared doses of 10, 30 and
90 pg/kg in 36 children with CPP (90 pg/kg being roughly
equal to 3.75 mg LA) and concluded that the minimum
suppressive dose of LA was 30 pg/kg, which is one tenth of

Table 3. Factors affecting treatment dose based on
multivariate logistic regression analysis (first model)

Variables Odds 95% CI p value
ratio

BMI-SDS >1.64 2.846 1.268 6.324 <0.001

Pubertal stage 2.247 0.382 26.263 0.489

(advanced vs early)

BMI-SDS: body mass index-standard deviation scores, CI: confidence
interval

Table 4. Factors affecting treatment dose based on
multivariate logistic regression analysis (second model)

Variables Odds 95% CI p value
ratio

Body weight >36.2 kg 2.134 1.646 3.116 <0.001

Pubertal stage (advanced 3.212 0.525 14.284 0.365

vs early)

CI: confidence interval

the US recommendations and much lower than the dose
of 3.75 mg/28 days.

Recently, use of three-monthly LA depot preparations in
pediatric patients appeared in the literature (27). The dose
difference in the use of LA depot formulations between
United States and Europe was reported to persist in this
report. In a French study of 40 cases with CPP, a three-
monthly dose of 11.25 mg provided suppression of GnRH-
stimulated gonadotropin levels (28). In a study from the
United States, Fuld et al (29) compared three doses of LA (LA
7.5 mg/month, 11.25 mg/3 months and 22.5 mg/3 months)
in 54 patients with CPP, and showed that the dose of 22.5
mg/3 months provided a better suppression of LH levels
in comparison to a dose of 11.25 mg/3 months. However,
these last two doses did not differ in their effect on other
parameters studied which were growth velocity, progression
of BA or estradiol levels. Mericq et al (30) compared the
same three doses of LA in 14 children and recommended
the use of high-dose LA depot formulations in cases with a
body Wt of more than 30 kg, although LA depot formulation
at a dose of 11.25 mg/3 months also provided sufficient
(75 %) pubertal suppression.

One major constraint in the published studies is that they
were carried out in small populations of children. What
is more, many studies analyzed mixed populations with
respect to sex, involving both girls and boys, and etiology
which included both idiopathic and organic cases. The
GnRHa dose required to suppress the HPG axis may differ
between girls and boys, and also between CPP cases of
organic or idiopathic etiology. In addition most studies
comparing monthly vs three monthly preparations did not
include LA at a dose of 3.75 mg/28 days.

There is one study from the USA which included monthly
3.75 mg LA and compared it with 7.5 mg/month and 11.25
mg/3 months LA. In that study Badaru et al (27) showed
that in patients on treatment with LA using a dose of 3.75
mg/month and 11.25 mg/3 months had peak stimulated LH
and FSH levels higher than those using a dose of 7.5 mg/
month (the mean depot LA-stimulated LH was 1.30 + 0.74,
1.73+0.99 and 2.13 + 1.41, with doses of 7.5 mg/month,
3.75 mg/month, and 11.25 mg/3 months, respectively).
However, the authors underlined that clinically significant
elevation to merit dose escalation was observed only in a
small number of patients. In addition, serum estrogen levels
did not differ between the three dose regimens.

In the current study a large homogenous population of
girls with iCPP was analyzed to see if pubertal suppression
can be achieved with lower monthly doses of LA. The
suppressive dose of LA and factors that may impact on its
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effectiveness were also investigated. It was hypothesized
that such an analysis may help predict the dose of LA that
can suppress puberty and avoid high doses of LA thus
avoiding the associated adverse effects. The current study
suggests that LA at a dose of 3.75 mg/28 days effectively
suppresses HPG axis in most girls with iCPP. A comparison
of the two populations (pubertal suppression by LA 3.75
mg/28 days vs 7.5 mg/28 days) showed that there was
significant difference between them in several clinical
and laboratory parameters such as body Wt, BMI, basal
LH, estradiol, and peak stimulated LH on the initial GhRH
test. As would be expected, higher GhRHa doses may be
required for pubertal suppression in cases at advanced
stages of puberty. Similarly, the patients who required dose
escalation had higher baseline LH and estradiol levels as
well as higher peak LH in the GnRH test. We showed that
the most significant factors indicating a need for LA at a
dose of 7.5 mg/28 days were body Wt 236.2 kg, and BMI-
SDS >1.64.

In general, the use of high dose of GnRHa may have two
important consequences. Firstly, oversuppression of
puberty using a high dose of GnRHa may carry the risk
of suppression of growth. Secondly, extensive pubertal
suppression may affect bone mineral density (BMD)
adversely, since long-term oversuppression of estrogen may
decrease bone mineral accrual. In addition, higher doses
would increase treatment costs excessively. It is well-known
that one major purpose of GnRHa treatment is to increase
the final height potential. Thus it may seem contradictory
to suggest that oversuppression of puberty may adversely
affect growth. Studies investigating long-term effects of
GnRHa treatment have shown the expected deceleration
in BA advancement as well as suppression of puberty
increasing final height (31). However, these studies did not
address the relation between height gain and the dose of
GnRHa used to suppress puberty.

Mitamura et al (32) studied 24 hour gonadotropin and
sex steroid profile in 17 girls (5-11.5 years) and showed
that a diurnal rhythm of gonadotropins was present in
all subjects including those aged 5-6 years. Also one third
of their prepubertal subjects had elevated early morning
stradiol. They suggested that preparation for the onset of
female puberty may begin in 5- to 6-year-old girls. Lampit
et al (33) compared GnRHa therapy with and without mini
dose estrogen in a small number of patients. They showed
that during GnRH agonist therapy a mini-dose of estrogen
effectively maintained normal prepubertal growth without
acceleration of bone maturation for at least 24 months,
whereas growth velocity may decrease in those receiving
GnRHa alone.
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Currently it is not clear whether over suppression of the HPG
axis would do more harm than good in terms of growth,
since this issue is not specifically addressed. Moreover it
is not known whether such an oversuppression, even if it
decreased growth velocity, would also affect final height
adversely. Unfortunately, long-term results of high dose
LA (7.5 mg/28 ds or higher) are scarce, and no study has
compared long term height gain with low versus high dose
LA. Extensive suppression of growth may be unwanted.
Thus studies are required to specifically address these issues.

Puberty is the critical period for bone development and
accrual of peak bone mass (34). Approximately half
of peak bone mass is acquired during puberty (35).
Postmenopausal decrease in BMD, as well as reduction of
BMD in premenopausal adults using GnRHa treatment is
attributed to hypo-estrogenism. GnRHa therapy for CPP is
also suggested to create a hypo-estrogenic condition which
may have a negative impact on bone mass (35). There
are contradictory reports to that effect in children. Some
studies report a decrease in BMD in children using GnRHa
therapy, whereas in others no difference was shown during
treatment (36,37). Most studies were carried out using 3.75
mg/28 days of LA. Oversuppression of HPG axis with 7.5
mg/28 days or higher doses may have a greater negative
impact on accrual of bone mineral. There is a need for long-
term, randomized trials investigating the impact of high
dose of LA on bone health in children with CPP.

Another disadvantage of unnecessary high-dose LA
treatment is that it is costly. Healthcare costs have been
increasing globally in the last decades, and there is an
increasing pressure worldwide to reduce costs and improve
efficiency, while maintaining quality. Thus expensive
treatments without added benefit to health is an issue of
consideration.

The present study had several advantages in terms of its
sample size and choice of patient population. It also provided
an analysis of factors that may affect the suppressive dose
of LA in a large sample of 220 girls with iCPP, and provides
a strategy based on body Wt in the choice of the initial dose
of LA for pubertal suppression. Another advantage was
the use of the gold standard GnRH test to assess pubertal
suppression.

Study Limitations

Dose titration was not carried out in this study. LA was used
at a dose of 3.75 mg initially and 7.5 mg subsequently in
those with inadequate suppression. This approach does
not provide information on minimum effective dose for
successful suppression.
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Conclusion

Monthly injections of LA (3.75 mg/28 days) was an effective
treatment in terms of HPG axis suppression in the majority
of girls with iCPP. This treatment option was also more cost-
effective than an initial high dose of 7.5 mg/28 days dose.
A higher initial dose may be preferred in patients with a
body Wt 236 kg or BMI-SDS >1.6 for effective suppression
of the HPG axis although these patients would require closer
clinical follow-up. Further studies comparing long term
impact of different doses of GnRHa on growth and bone
health are required.
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What is already known on this topic?

Although different mechanisms are proposed for the pathogenesis of complications associated with obesity, the most widely accepted
hypothesis is that adipose tissue inflammation plays a critical role.

What this study adds?

Chronic inflammation due to oxidative stress induced by impaired metabolic parameters in metabolically unhealthy obese (MUO)
children caused impairment in thiol redox homeostasis. Our data suggested that the degree of oxidant imbalance in obese children
worsened as obesity and metabolic abnormalities increased. It is hypothesized that thiol/disulfide homeostasis and high serum ischemia-
modified albumin levels may be reliable indicators of oxidant-antioxidant status in MUO children.

Abstract

Objective: There is an association between obesity and several inflammatory and oxidative markers in children. In this study, we analyzed
thiol/disulfide homeostasis and serum ischemia-modified albumin (IMA) levels for the first time in order to clarify and determine the
oxidant/antioxidant balance in metabolically healthy and unhealthy children.

Methods: This study included obese children and healthy volunteers between 4-18 years of age. The obese patients were divided into
two groups: metabolically healthy obese (MHO) and metabolically unhealthy obese (MUO). Biochemical parameters including thiol/
disulfide homeostasis, and IMA concentrations were analyzed.

Results: There were 301 recruits of whom 168 (55.8 %) were females. The obese children numbered 196 (MHO n =58 and MUO n = 138)
and healthy controls numbered 105. No statistically significant difference could be found in ages and genders of the patients among all
groups (p > 0.05, for all). Native thiol (SH), total thiol (SH + SS), and native thiol/total thiol (SH/SH + SS) ratio were statistically significantly
lower in the MUO group than the control group (p <0.001, p=0.005, and p =0.005; respectively). Disulfide (SS), disulfide/native thiol
(SS/SH), disulfide/total thiol (SS/SH + SS) and IMA levels were statistically significantly higher in the MUO group than the control group
(p=0.002, p<0.001, p<0.001, and p =0.001, respectively).

Conclusion: Chronic inflammation due to oxidative stress induced by impaired metabolic parameters in MUO children caused
impairment in thiol redox homeostasis. Our data suggested that the degree of oxidant imbalance in obese children worsened as obesity
and metabolic abnormalities increased. It is hypothesized that thiol/disulfide homeostasis and high serum IMA levels may be reliable
indicators of oxidant-antioxidant status in MUO children.
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Introduction

Childhood obesity is one of the most important health
problems of the 21 century (1). This is a global problem
and continuously affects urban populations of many low and
middle-income families and the prevalence is increasing at
an alarming rate. A recent study proposed that 1.48 billion
adults in the world are overweight, 502 million adults are
obese, and 180 million children are overweight or obese
(2). There has been a dramatic increase in the prevalence
of overweight and obesity in the adult Turkish population,
reaching figures as high as 30-40% (3).

Although different mechanisms are proposed for the
pathogenesis of complications associated with obesity,
the most widely accepted hypothesis is that adipose
tissue inflammation plays a critical role, and oxidative
stress (OS) appears in obese individuals (4). OS is the
loss of the normal homeostatic balance between reactive
oxygen species (ROS) and antioxidant substances. OS is
toxic to cells by causing membrane lipid peroxidation and
membrane damage (5). Thiols are important antioxidants
and play a role in non-enzymatic elimination of ROS. Thiol/
disulfide homeostasis is necessary for some detoxification
mechanisms. Previous studies have reported parameters
of thiol/disulfide homeostasis which include native thiol,
total thiol, and disulfide concentrations and disulfide/native
thiol, native thiol/total thiol, and disulfide/total thiol ratios
(6,7,8,9,10,11,12,13). Dynamic thiol/disulfide homeostasis
plays a key role in antioxidant protection, detoxification,
signal transduction, apoptosis, regulation of enzymatic
activity, the function of some transcription factors and
some cellular signalling mechanisms (14,15). Moreover,
dynamic thiol/disulfide homeostasis has been implicated
in the pathogenesis of many disorders (16,17,18,19,20,21,
22,23,24,25).

Ischemia-modified albumin (IMA) is produced through
the modification of albumin by ROS produced as a result
of ischemic episodes (26). High IMA concentrations have
been used to predict cardiovascular risk in obese children
and to evaluate subclinical vascular disease in patients with
diabetes mellitus (26,27).

The aim of this study was to evaluate antioxidant status
in obese children with a focus on both markers of thiol/
disulfide homeostasis and IMA. This is the first study to
measure both thiol/disulfide homeostasis and serum IMA
concentrations in metabolically healthy obese (MHO) and
metabolically unhealthy obese (MUO) children in order to
clarify and determine their roles in oxidant/antioxidant
balance. In addition, the effect of obesity in metabolically
unhealthy children on biomarkers of OS was investigated.
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Methods

Study Design and Patient Selection

This case-control study was conducted in Ankara Pediatric
Hematology and Oncology Training and Research
Hospital between May-2018 and July 2018 and included
obese children and healthy controls aged between 4-18
years. Exclusion criteria for obese patients were the
presence of any hepatic, renal, cardiac, autoimmune,
infectious, musculoskeletal or malignant diseases, taking
any vitamin supplementation, or drug use that might
lead to obesity and the presence of any chromosomal,
endocrine or genetic syndromes. The control group
included 105 healthy children without any known chronic
or acute disease. The control group consisted of sex- and
age-matched healthy subjects who were of normal weight
for age. In addition, none of the control group had insulin
resistance (IR), impaired fasting glucose, dyslipidemia or
hypertension.

Obese patients were divided into two groups. Subjects who
did not have dyslipidemia, impaired fasting glucose, IR,
hepatosteatosis or hypertension were accepted as MHO
and those who had at least one of these conditions were
accepted as MUO, as previously described (28). Clinical and
laboratory findings of the obese and control groups were
compared.

Weight measurements were performed with the subjects
dressed in thin clothes and without shoes, using an electronic
weighing device with the SECA 274 Stadiometer (Hamburg,
Germany) with 1 mm accuracy. Height measurements were
performed with the Ayrton® Stadiometer (5322 Frost Point
Prior Lake, MN 55372, USA), sensitive to a 0.1 cm difference
in an upright position with bare feet. Body mass index
(BMI) was calculated with the standard formula: [weight
(kg) / height” (m?)]. For statistical evaluation, BMI-standard
deviation score (BMI-SDS) was used. Patients whose BMI-
SDS were >2 were accepted as obese (29). The BMI-SDS
values were calculated using the reference values developed
by Neyzi et al (30).

Routine physical examinations were performed in all obese
subjects and controls. Puberty was assessed in all obese
subjects and controls by Tanner staging. In girls, stage 2
breast development and in boys 4 mL testis volume were
accepted as indicating the start of puberty (31,32).

Blood pressure measurement was performed from the
right arm in the sitting position after 15 minutes of resting,
using a mercury sphygmomanometer (ERKA, Germany). If
the blood pressure was above the 95" percentile according
to age, gender and height, two more measurements were
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obtained. Hypertension was accepted if two of the three
measurements were at or above the 95" percentile (33).

Laboratory Analysis

Blood samples were obtained after 8-10 hours of fasting.
Fasting plasma glucose (FPG), fasting plasma insulin,
alanine aminotransferase, aspartate aminotransferase,
total cholesterol (TC), triglyceride (TG), and high-density
lipoprotein  cholesterol (HDL-C) concentrations were
measured. Low-density lipoprotein cholesterol (LDL-C)
concentrations were measured using the Friedewald
formula (34). Serum glucose and lipid profile measurements
were performed using the Roche modular system/Integra
800 device and kit (Mannheim, Germany). FPG between
100-125 mg/dL was accepted as “impaired fasting glucose”
(35). A TC concentration of 2200 mg/dL, TG =150 mg/dL,
HDL-C <35 mg/dL and LDL-C =100 mg/dL was accepted as
dyslipidemia (36).

Fasting insulin, thyroid-stimulating hormone (TSH) and free
T4 (fT4) concentrations were measured using enzymatic
immunoassay method using a Beckman Coulter DXI 800
device (Brea, CA, USA). Reference values for Beckman
Coulter TSH and fT4 Kits used in our hospital were 0.7-
5.69 plU/mL for TSH and 0.65-1.06 ng/dL for fT4. IR was
calculated using the Homeostasis Model Assessment of
fasting IR (HOMA-IR) method with the following formula:
FPG (mmol/L) x fasting insulin (mIU/mL)/22.5 (37). The
HOMA-IR cut-off value for prepubertal subjects was taken as
2.5 and for pubertal subjects as 4 (38).

Hepatosteatosis was evaluated in our radiology clinic with
upper abdominal ultrasonography using a Toshiba Xaria
[ Style Ultrasound device (Tokyo, Japan). Liver ultrasound
findings were staged as follows: normal liver appearance
(no hepatosteatosis), mild (stage 1), moderate (stage 2) and
severe hepatosteatosis (stage 3) (39).

Measurement of Serum Ischemia-modified Albumin

Blood samples were obtained using anticoagulant-free
tubes and centrifuged for five minutes at 3500 rpm. Serum
aliquots for measuring IMA blood concentrations were
pipetted into Eppendorf tubes and stored at -80 °C until
testing. Serum IMA concentrations were measured by a
colorimetric method described by Bar-Or et al (40) and
results were reported as absorbance units (ABSU).

Measurement of Thiol/Disulfide Homeostasis Parameters

Blood samples were obtained between 8 a.m. and 10
a.m. after 8-10 hours fasting. The samples were then
centrifuged at 1500 rpm for 10 minutes. Separated serum
samples were immediately frozen and stored at -80 °C

until analyzed. All thiol/disulfide parameters were studied
in the same samples. Serum concentrations of native and
total thiol and ratios of disulfide, and native and total thiol
were determined by a spectrophotometric method using
an automatic clinical chemical analyzer (Roche, Cobas
501, Mannheim, Germany) as previously described by Erel
and Neselioglu (41).

Ethical Statements

The study was approved by Ankara Children’s Hematology
Oncology Training and Research Hospital’s Ethics Committee
(approval number: 2018-70). The study was performed in
accordance with the ethical rules based on the principles of
the Helsinki Declaration. Written informed consent forms
were obtained (when appropriate) from the parents and the
children.

Statistical Analysis

A sample size calculation was performed considering
detection of 0.20 effect size, a=0.05 and a power of
88.0% using variance analysis (one-way ANOVA). The
result of the power analysis showed that the minimum
number of patients required was 303. Data obtained from
this study were analyzed using Statistical Package for Social
Sciences for Windows, version 23.0 (IBM Inc., Armonk,
NY, USA) (42). Frequency distributions and percentages
were given for categorical variables. For continuous
variables, assumption of normality was tested by visual
(histogram and probability plots) and analytic methods
(Kolmogorov-Smirnov/Shapiro-Wilk  test).  Descriptive
statistics were presented as mean + standard deviation or
median and interquartile ranges for continuous variables
as appropriate. Equality of variances was controlled with
the Levene test. One-way ANOVA was used to measure
the difference among three groups if parametric test
conditions were met, and the Bonferroni test among post
hoc tests was used to make binary comparisons. Kruskal-
Wallis test was used when parametric test conditions were
not met. Student’s t-test was used to determine whether a
difference existed between two groups when parametric
test conditions were met and Mann-Whitney U tests was
used when conditions were not met. Chi-square (x2) test
was used for the analysis of categorical variables. For
the MUO group, cut-off values of native thiol, total thiol,
disulfide, disulfide/native thiol, disulfide/total thiol, native
thiol/total thiol and IMA concentration were determined
by using Receiver Operating Characteristic (ROC) curve
analysis. Significance level of the tests was accepted to
be p<0.05.
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Results

This study included 301 children, of whom 168 (55.8%)
were female. Within the group, 138 (45.85%) were MUO,
58 (19.3 %) were MHO and there were 105 (34.9 %) healthy
volunteers. The obese group consisted of 70.4% MUO and
29.6 % MHO. No statistically significant difference could be
found in ages and genders of the patients among all groups
(p>0.05, for all). BMI-SDS, HOMA-IR, and concentrations of
glucose, insulin, TC, LDL-C and TSH were higher in the obese
children than in the controls. The demographic, clinical and
laboratory characteristics of the participants are displayed
in Table 1.

Obese patients had lower native thiol (SH) and total thiol
(SH + SS) concentrations, and a lower native thiol/total thiol
(SH/SH + SS) ratio than controls (p<0.001, p=0.002 and
p=0.013, respectively). In addition obese patients had
increased disulfide (SS) concentrations and higher disulfide/
native thiol (SS/SH) and disulfide/total thiol (SS/SH + SS)
ratios than the controls (p=0.005, p<0.001 and p <0.001,
respectively). Moreover, serum IMA concentration was
significantly higher in the obese group (p <0.001). Thiol/
disulfide homeostasis parameters and comparison of IMA
concentrations between the control and the obese groups
are given in Table 2.

Native thiol (SH) and total thiol (SH + SS) concentrations
and native thiol/total thiol (SH/SH +SS) ratio were
statistically significantly lower in the MUO group than
the control group (p<0.001, p=0.005 and p=0.005,
respectively). Disulfide (SS) and IMA concentrations
and disulfide/native thiol (SS/SH) and disulfide/total
thiol (SS/SH +SS) ratios were statistically significantly
elevated in the MUO group compared with the control
group (p=0.002, p<0.001, p<0.001 and p=0.001,
respectively). Comparison of dynamic thiol/disulfide
homeostasis parameters and IMA concentrations among
the groups are given in Table 3.

All patients with a BMI-SDS >3 were categorized as a
subgroup and were investigated separately for the study
parameters. This subgroup included 14 patients from the
MHO and 24 patients from the MUO groups. Interestingly,
all parameters were similar in both groups (p > 0.05, for all;
Table 4).

ROC curve analysis was performed for the MUO group
for native thiol, total thiol, disulfide, disulfide/native thiol,
disulfide/total thiol, native thiol/total thiol and IMA. The
values for sensitivity and specificity are shown in Table 5.
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Discussion

Evidence of OS due to obesity in adults and more recently,
evidence in children, has appeared over the last few years
(43). Obesity creates pro-oxidant conditions that promote
the development of comorbid diseases. Energy imbalance
leads to storage of excess energy in adipocytes, resulting
in both hypertrophy and hyperplasia. These processes are
related to abnormalities of adipocyte function, especially
mitochondrial stress and impaired endoplasmic reticulum
function (44,45). OS can also be induced by adipocyte-
associated inflammatory macrophages (46). There is
a close association between obesity, chronic low-level
inflammation and OS. In addition, the dysfunction of
adipocytokines secreted by adipose tissue and induced
by OS, act synergistically in metabolic abnormalities
associated with obesity. Evaluation of oxidative status has
been reported to aid in identification of patients with high
risk of complications (43).

Thiol-disulfide balance has vital importance and the new
method developed by Erel and Neselioglu (41) is capable
of measuring both separate variables and providing an
overall picture of thiol-disulfide balance while allowing both
individual and integral evaluations. Until now, many studies
have evaluated oxidant-antioxidant status and reported
various results for obese children. However, to the best
of our knowledge, no previous study has reported thiol/
disulfide homeostasis in MUO and MHO children. Elmas et
al (47) first evaluated thiol/disulfide homeostasis in obese
children, reporting that antioxidant parameter levels were
low in obese patients, while pro-oxidant parameters were
elevated. In contrast to ElImas et al (47) we measured thiol/
disulfide homeostasis in MHO and MUO children for the
first time in order to investigate differences in oxidant/
antioxidant balance between these two different groups of
obese children.

In our study, the concentrations of native thiol and total
thiol and native thiol/total thiol ratio were lower while
disulfide concentration and disulfide/native thiol and
disulfide/total thiol ratios were higher in obese children
than the healthy control group. This suggests a shift in thiol/
disulfide homeostasis towards disulfide production. Oxidant
parameters were high and anti-oxidant parameters were
low in obese children. When obese children were divided
into MUO and MHO groups, parameters of OS in the MUO
group were higher compared to the healthy control group.
Interestingly, there was also no difference between the MUO
and MHO groups. Development of chronic inflammation
due to OS indicated by metabolically impaired parameters
in obese children has been shown to lead to disruption
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Table 2. Thiol/disulfide homeostasis parameters and comparison of ischemia-modified albumin between the control

group and all obese patients

Control group (n=105) Obese group (n =196) p value

Mean + SD Median (IQR) Mean + SD Median (IQR)
Native thiol (umol/L) 455.43 +34.60 450.40 (42.55) 437.98 £41.97 442.65 (56.93) <0.001
Total thiol (pmol/L) 492.48 £36.77 492.00 (48.80) 477.29 £43.34 480.85 (62.95) 0.002
Disulphide (umol/L) 17.69+6.23 18.05 (11.63) 19.65 +4.50 19.59 (6.05) 0.005
Disulphide/native thiol, % 3.92+1.44 3.83 (2.52) 452+ 1.11 4.51 (1.52) <0.001
Disulphide/total thiol, % 3.61+1.28 3.71 (2.17) 4.13+0.93 4.14 (1.28) <0.001
Native thiol/total thiol, % 92.50+2.77 92.35 (3.73) 91.74+1.86 91.73 (2.56) 0.013
IMA (ABSU) 0.57 +£0.06 0.56 (0.07) 0.61 +£0.11 0.62 (0.12) <0.001

Significance between control and obese group (Student’s t-test). IQR: interquartile range, ABSU: absorbance units, IMA: ischemia-modified albumin, SD:

standard deviation

metabolic syndrome, fatty liver disease and premature
death (54). In our study, there was no differences in thiol/
disulfide homeostasis parameters and IMA between the
MUO and MHO children with >3 BMI-SDS. This result
may be significant for metabolic risk that may develop
in metabolically healthy but seriously obese children and
adolescents. 1t would be necessary to undertake longer
term studies of the seriously obese but metabolically
healthy children in order to determine if they will progress
to the unhealthy group and what the natural history of
this progression in terms of thiol/disulfide parameters
might be.

Many previous studies assessed serum IMA levels in adult
obese patients and found correlations between some
anthropometric and laboratory measurements. Piva et
al (55) and Kazanis et al (56) reported that serum IMA
concentration was significantly elevated in obese adults
and overweight/obese postmenopausal women and this
was associated with OS. In addition, both studies found
an association between serum IMA concentration and
BMI. Baysal et al (26) investigated studied serum IMA in
obese children for the first time and found higher levels in
children with metabolic syndrome. Similarly, in our study,
serum IMA concentration was higher in the obese group
than the control group although we could not detect a
difference between the MUO and MHO groups. We found
positive correlations between serum IMA concentration
and BMI, fasting blood glucose, insulin, and HOMA-IR
levels.

The IMA variable has the highest AUC value of the
parameters examined for predicting MUO and at a cut-
off value of 0.665 ABSU the sensitivity and specificity
were 74% and 66%, respectively. Both native thiol
concentration and total thiol values had high specificity
at the identified cut-offs (439.2 pmol/L and 477.5 pmol/L,

50

respectively) suggesting that they are likely to differentiate
between MUO and healthy individuals. The sensitivity and
specificity of the disulfide parameter, relative to the cut-off
value (23.18 pmol/L), were 79% and 43 %, respectively.
Here, the sensitivity was good suggesting that it may be
useful in distinguishing between high values and possibly
unhealthy patients.

Study Limitations

An important limitation is that this study is cross-sectional.
Furthermore, thiol/disulphide parameters were not
compared with other enzymatic and non-enzymatic OS
parameters.

Conclusion

In this study, we showed that thiol/disulfide homeostasis,
one of the important parameters of OS, is impaired in MUO
children. Our data prove that the increased oxidant status
in obese children is related to the metabolic abnormality.
Measurable increases in OS may be the basis of obesity-
related comorbidities. Reducing chronic inflammation and
OS levels in childhood can prevent subsequent metabolic
disorder as well as increased cardiovascular morbidity
and mortality in adulthood. Our study provides an idea
about these issues; however, future in-depth studies are
warranted.
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Table 5. The cut-off values of parameters in predicting metabolically unhealthy obese group

Native thiol Total thiol Disulfide Disulfide/ Disulfide/ Native thiol/ IMA
Native thiol Total thiol Total thiol
(%) (%) (%)
Cut-off value 439 2L 477 .5L 23.1858 5.1025s 4.63S 90.7395L 0.6655
Sensitivity (%) 51 52 79 71 71 71 74
Specificity (%) 74 71 43 46 46 46 66
AUC (95% CI) 0.611 0.590 0.561 0.582 0.582 0.582 0.719
[0.54;0.68] [0.52:0.66] [0.49:0.64] [0.51;0.66] [0.51;0.66] [0.51;0.66] [0.66:0.78]
p 0.003 0.016 0.103 0.029 0.029 0.029 <0.001

sSmaller test result indicates more positive test, FLarger test result indicates more positive test.

AUC: Area under curve, CI: confidence interval, IMA: ischemia-modified albumin
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What is already known on this topic?

Some studies have reported the prevalence of obesity and metabolic syndrome (MetS) in pediatric patients with type 1 diabetes (T1D).
There are no such data from Turkey. In T1D patients diagnosis of MetS at early ages is critical to manage and prevent macrovascular
complications. Nevertheless, identifying the presence of MetS in T1D is difficult and it is not clear which criteria are most suitable for
accurate identification.

What this study adds?

The prevalence of obesity and MetS in children with T1D in our region is reported. MetS prevalence was 10.5%, 8.5% and 13.5% according
to International Diabetes Federation (IDF), World Health Organisation (WHO) and National Cholesterol Education Program (NCEP) criteria,
respectively. Also, this study comparatively assesses the widely accepted and used diagnostic criteria for MetS established by IDE, WHO and
NCEP. Using IDF criteria seems more suitable because obesity is a prerequisite and they include accepted criteria for childhood.

Abstract

Objective: To determine the prevalence of obesity and metabolic syndrome (MetS) in children and adolescents with type 1 diabetes
(T1D) and to compare the widely accepted and used diagnostic criteria for MetS established by the International Diabetes Federation
(IDF), World Health Organisation (WHO) and National Cholesterol Education Program-Adult Treatment Panel 111 (NCEP-ATPIII).
Methods: We conducted a descriptive, cross sectional study including T1D patients between 8-18 years of age. The three sets of criteria
were used to determine the prevalence of MetS and findings compared. Risk factors related to MetS were extracted from hospital records.
Results: The study included 200 patients with TID (52% boys). Of these, 18% (n=36) were overweight/obese (body mass index
percentile 285 %). MetS prevalence was 10.5%, 8.5% and 13.5% according to IDF, WHO and NCEP criteria, respectively. There were no
statistically significant differences in age, gender, family history of T1D and T2D, pubertal stage, duration of diabetes, hemoglobin Alc
levels and daily insulin doses between patients with or without MetS. In the overweight or obese T1D patients, the prevalence of MetS
was 44.4%, 38.8% and 44.4 % according to IDE WHO and NCEP-ATPIII criteria, respectively.

Conclusion: Obesity prevalence in the T1D cohort was similar to that of the healthy population of the same age. Prevalence of MetS
was higher in children and adolescents with T1D compared to the obese population in Turkey. The WHO criteria include microvascular
complications which are rare in childhood and the NCEP criteria do not include a primary criterion while diagnosing non-obese patients
according to waist circumference as MetS because the existence of diabetes is considered as a direct criterion. Our study suggests that
IDF criteria which allows the diagnosis of MetS with obesity and have accepted criteria for the childhood are more suitable for the
diagnosis of MetS in children and adolescents with T1D.
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Introduction

Type 1 diabetes (T1D) is a chronic disease characterized
by absolute insulin deficiency due to immune-mediated
destruction of pancreas beta cells. T1D has been associated
with a leaner phenotype in the past. However, the number of
obese patients with T1D is increasing, mirroring the global
increase in obesity prevalence (1,2). Metabolic syndrome
(MetS), also called insulin resistance syndrome, comprises
a cluster of diagnostic criteria including abdominal obesity,
type 2 diabetes (T2D) and cardiovascular risk factors
such as hypertension, dyslipidemia and nephropathy
(3). Determining the frequency of MetS in patients with
T1D requires the determination of coexisting obesity,
hypertension and, dyslipidemia in these patients. Yet,
studies in pediatric T1D patients to determine the prevalence
of obesity and MetS are scarce.

In the T1D population, while the incidence of microvascular
complications is decreasing owing to intensive diabetes
management, macrovascular complications are now more
commonly seen, a finding considered to be associated with
the increasing incidence of obesity and MetS (4,5,6,7,8).
This has led to the realisation that diagnosis of MetS and
obesity is essential if continued improvements in the quality
and duration of life in children and adolescents with T1D is
to be achieved. For the diagnosis of MetS in childhood and
adolescence, the International Diabetes Federation (IDF)
criteria are globally accepted. The World Health Organization
(WHO) and the National Cholesterol Education Program-
Adult Treatment Panel III (NCEP-ATPIII) criteria used for the
diagnosis of MetS in the adult population can also be used
for children and adolescents, with some modifications. The
aim of this study was to determine the prevalence of obesity
and MetS in a large cohort of children and adolescents with
T1D, and to compare widely accepted and used criteria for
the diagnosis of MetS.

Ethics committee approval was received for this study from
the Local Ethics Committee of the Faculty of Medicine,
Samsun Ondokuz Mayis University (2014-354).

Patients and Data Documentation

A descriptive, cross sectional study was conducted,
comprising a total of 200 T1D patients between 8-18 years
of age who were followed up for at least six months. Clinical
and laboratory data were obtained from the patients” medical
records, including age, sex, anthropometric measurements,
duration of diabetes, daily insulin dose (IU), degree of
metabolic control based on mean annual hemoglobin Alc
(HbAlc) values, comorbidities and treatments. History of
T1D and/or T2D in first- and second-degree relatives was
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recorded. Laboratory results were collected which included
HbAT1c, total cholesterol, high density lipoprotein (HDL), low
density lipoprotein (LDL) and triglyceride concentrations.
Average 1U per kg of body weight was calculated for the
intensive insulin treatment group. Briefly, the total IU over
three randomly selected days from the previous month was
collected and mean daily dose was divided by body weight.
The patients were evaluated for complications of diabetes
and accompanying diseases. Existence of hypertension,
prehypertension, microalbuminuria, retinopathy and
neuropathy in addition to thyroid and coeliac disease were
recorded. Patients who had other types of diabetes including
T2D, maturity onset diabetes of the young and secondary
diabetes were excluded from the study.

Height, weight and waist circumference (WC) were measured
and body mass index (BMI) was calculated. Overweight and
obesity were defined as a BMI >85" and >95" percentile,
respectively (9).

The existence of hypertension was defined as a positive
history of antihypertensive medicine or average blood
pressure measurements above the 95" percentile of Turkish
pediatric age measurements determined by Tuimer et al
(10). Values between 90 and 95" percentile were accepted
as prehypertension while values below the 90™ percentile
were accepted as normal. The amount of albumin measured
in appropriately collected 24-hour urine samples was used
to determine the existence of nephropathy. Albumin less
than 30 mg in 24 hours was considered negative and more
than 30 mg was considered positive for albuminuria. The
existence of pathologic changes indicating retinopathy
in ophthalmoscopy were recorded. The patients were
questioned for coeliac disease and the scans were completed
using laboratory tests when necessary.

Total daily insulin dosage for the last three months was
obtained by randomly selecting three days from the patient
records. Mean daily dose (IU/kg) was calculated by dividing
total daily IU to patient weight (kg).

In order to establish the degree of metabolic control, mean
HbA1c level, measured over the past year, was calculated.
The patients were divided into three metabolic control
groups based on mean annual HbA1c: good, HbAlc <7.5%;
moderate, HbAlc 7.5-9%, and poor control, HbAlc >9%
(1.

The patient groups whose anthropologic and clinical data
were recorded at first presentation, the third month of
follow-up and the last routine clinic visit consisted mainly
of patients who had ketoacidosis at presentation and
patients who had just begun treatment. For this reason, data
obtained after the onset of disease and at the third month of
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treatment were accepted as baseline values. The evaluation
at the last routine clinic visit was deemed to represent
outcomes under treatment.

WHO and NCEP-ATPIIl diagnostic criteria were applied
to the study cohort to determine the prevalence of
MetS in addition to the IDF MetS criteria (2005) for
children and adolescents. WHO defines MetS as glucose
intolerance, impaired glucose tolerance or diabetes
mellitus, and/or insulin resistance, along with two or
more of the following: high blood pressure (2140/90
mmHg); hypertriglyceridemia (=150 mg/dL); and/or low
HDL cholesterol (<35 mg/dL in men and <39 mg/dL
in women); central obesity (waist/hip ratio >0.9 in men
and >0.85 in women); and/or a BMI >30 kg/m? and
microalbuminuria (urinary albumin excretion rate =20 pg/
min or albumin/creatine ratio 230 pg/mg) (11). According
to the NCEP-ATPIII definition, a subject has MetS if they
meet three or more of the following criteria: abdominal
obesity (WC =102 cm in men and =88 cm in women);
hypertriglyceridemia (=150 mg/dL); low HDL cholesterol
(<40 mg/dL in men and <50 mg/dL in women); high
blood pressure (>130/85 mmHg); and/or high fasting
glucose (> 110 mg/dL) (12). Children over eight years of
age were eligible for the study because there were well-
defined criteria to diagnose MetS in children aged six to
10 years and above 10 years (13). According to the IDF
definition of MetS in children a subject has MetS if he
or she is between 6 to 10 years of age and has obesity
defined as having a WC >90™ percentile. If the age
is between 10 to 16 years, a subject has MetS if he or
she has a WC value >90™ percentile (or adult cut-off,
if lower) and has two or more of the following criteria:
hypertriglyceridemia (=150 mg/dL); low HDL cholesterol
(<40 mg/dL); high blood pressure percentile for age, sex
and height; and/or raised fasting glucose (> 100 mg/dL).
Since WHO and NCEP-ATPIII criteria were formulated
for adults, for the purposes of this study these criteria
were modified for use in our study cohort by applying
pediatric percentiles All children with T1D were assumed
to have impairment of glucose tolerance and fasting high
blood sugar. Impaired glucose tolerance, impaired fasting
glycemia or existence of T2D, which are part of the
mentioned criteria were accepted as positive for our T1D
patient group. Patients were examined for the existence
of either of the two remaining criteria. Dyslipidemia
was accepted as a HDL concentration <50 mg/dL and
triglyceride > 150 mg/dL. Pediatric percentiles were used
for estimation of hypertension, WC and BMI (9). Patients
with MetS according to the IDF criteria were compared in
terms of demographic and clinical data.

Statistical Analysis

Data analyses were performed by using SPSS for Windows,
version 22.0 (SPSS Inc., Chicago, IL, United States). Whether
the distribution of continuous variables were normal or not
was determined by Kolmogorov-Smirnov test. Levene test
was used for the evaluation of homogeneity of variances.
Unless specified otherwise, continuous data were described
as mean + standard deviation (SD) for normal distributions,
and median (range) for skewed distributions. Categorical
data were described as number of cases (%).

Statistical analysis differences in normally distributed
variables between two independent groups were compared
by Student’s t-test, Mann-Whitney U test were applied for
comparisons of the not normally distributed data. While
the differences in normally distributed variables among
more than two independent groups were analyzed by one-
way ANOVA, otherwise, Kruskal-Wallis test was applied for
comparisons of the not normally data. When the p value
from one-way ANOVA or Kruskal-Wallis test statistics were
statistically significant post-hoc LSD or Conover’s non-
parametric multiple comparison test were used to know
which group differ from which others.

Results

The study group consisted of 200 T1D patients with a mean
age of 13.8 + 2.8 years, duration of diabetes 4.6 + 3.3 years.
More than half (52 %) of the patients were male and the
majority (87 %) pubertal. Mean HbAlc was 8.40+1.63%
and mean IU was 0.87 +0.26 U/day. In the family history,
TiD and T2D were present in 17.5% and 44% of the
patients, respectively. Only three patients were using an
insulin pump, and all the remaining patients (n=197) were
on multiple insulin injections. Metabolic control (mean
annual HbA1c) across the whole cohort was good in 26.5%,
moderate in 37 % and poor in 36.5%. Of the 200 patients
with T1D, 19 (9.5%) were overweight and 17 (8.5%) were
obese.

Prevalence of MetS in the whole study cohort was 10.5%,
8.5% and 13.5% according to IDE, WHO and NCEP-ATPIII
criteria, respectively. Figure 1 shows a Venn diagram of
the numbers of patients with MetS diagnosis according to
different diagnostic criteria for whole group. However, in the
36 overweight/obese T1D patients, the prevalence of MetS
was 44.4%, 38.8% and 44.4% according to IDE, WHO and
NCEP-ATPIII criteria, respectively.

Table 1 depicts the clinical characteristics of MetS positive
versus negative T1D patients according to IDF criteria. There
were no statistically significant differences in age, gender,
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family history of T1D, pubertal stage, duration of diabetes,
HbATlc levels and daily IU between patients with or without
MetS but the difference was significant concerning family
history of T2D and clinical and laboratory components of
MetS. LDL-cholesterol and triglyceride concentrations were
significantly elevated in patients with MetS (p<0.001).
When demographic and clinical data of patients with and
without MetS according to WHO and NCEP-ATPIII criteria
were evaluated, similar results to IDF criteria were obtained
(data not shown).

As shown in Table 2, BMI-SD score (SDS) values of all
patients increased during intense insulin treatment
following diagnosis according to the IDF, WHO and NCEP-
ATPIII criteria. The BMI-SDS values of the group diagnosed
with MetS according to IDE, WHO and NCEP-ATPIII criteria,
were significantly greater than the non-MetS group in all
three evaluations. All cases diagnosed as MetS according
to all three sets of criteria had BMI values above the 50™
percentile at the diagnosis of T1D.

Table 1. Comparison of the demographic and clinical findings of type 1 diabetes patients with and without metabolic
syndrome according to International Diabetes Federation criteria (10)

Characteristics MetS positive MetS negative p value
T1D (n=200) n=21 (10.5%) n=179 (89.5%)

Gender (male) (n, %) 10 (47.6) 94 (52.5) 0.671
Age (years) (mean + SD) 13.7+3.3 13.8+£2.8 0.995
Pubertal status (n, %)

Prepubertal 4 (19) 22 (12.3) 0.488
Postpubertal 17 (81) 157 (87.5)

Family history (n, %)

T1D 3 (14.3) 32 (17.9) 1

T2D 13 (61.9) 75 (41.8) 1
Duration of diabetes (mo) 57.354+45.8 54.94+39.2 0.949
Waist circumference (cm) (mean + SD) 82.9+10.8 679+7.7 <0.001
Waist circumference SDS (mean + SD) 22+0.6 0.3+0.97 <0.001
Insulin dose (U/kg) (mean + SD) 0.9+0.2 09+0.3 0.932
Status of metabolic control (HbAlc %) (n, %)

Good (£7.5) 4 (19) 49 (27.4)

Moderate (7.5-9.0) 8 (38.1) 66 (36.9) 0.684
Poor (29.0) 9 (42.9) 64 (35.8)

Existence of acanthosis (n, %) 5(23.8) 6 (3.4 0.002
Comorbidities (n, %)

Prehypertension 2 (9.5) 5(2.8) <0.001
Hypertension 14 (66.7) 10 (5.6) <0.001
Dyslipidemia 12 (21.1) 45 (78.9) 0.004
Microalbuminuria - 8 (4.5) 1.000
Existence of additional disease (n, %)

Thyroid autoantibody positivity 3 (14.3) 25 (14) 1.000
Thyroid disease 1 (4.8) 19 (10.6) 0.701
Coeliac disease - 4(2.2) 1.000
HbAT1c levels (mean + SD)

Recent year 8.8+1.4 8.6+1.5 0.374
At the most recent control 8.6+1.5 8.4+1.6 0.439
Lipid profile (mean + SD)

Triglyceride (mg/dL) 130.1 £60.4 85.2+42.0 <0.001
HDL cholesterol (mg/dL) 55.4+15.4 62.1+15.6 0.050
LDL cholesterol (mg/dL) 106.2 +20.3 77.0+24.7 <0.001

IDF: International Diabetes Federation, MetS: metabolic syndrome, T1D: type 1 diabetes, T2D: type 2 diabetes, SD: standard deviation, SDS: SD score, HbA1c:

hemoglobin Alc, HDL: high density lipoprotein, LDL: low density lipoprotein
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Discussion

There is no data on the prevalence of obesity in children
and adolescents with T1D in Turkey. In our study group,
comprising 200 children with T1D between 8 and 18 years,
total prevalence of overweight and obesity was found to
be 18%. The prevalence of overweight and obesity in
schoolchildren and adolescents from different regions of
our country has been reported in the range of 12.8-20.2 %
(14,15,16,17,18). Accordingly, the present study has shown
that obesity prevalence of our T1D cohort was similar to
that of the general population in Turkey. Studies from other

IDF

14 NCEP-

WHO ATPIII

Figure 1. The numbers of patients with metabolic syndrome
diagnosis based on different diagnostic criteria

IDF: International Diabetes Federation, WHO: World Health
Organisation, NCEP-ATPIII: National Cholesterol Education Program-
Adult Treatment Panel IIT

countries have indicated that the increased incidence of
overweight and obesity in TID population mirrors what
happens in the general population (19,20,21,22,23).
Although the traditional belief is that patients with T1D
are normal or thin, overweight and obesity figures in these
patients have been found to increase in parallel with the
normal population. Intense insulin therapy and weight
gain due to the anabolizing and lipogenic effect of insulin
are thought to be responsible for the increase. Additionally,
the change in nutrition habits and shift to sedentary life
style which are probably responsible for a global increase
in overweight and obesity have also affected the young
population with T1D. At present, T1D patients are more
obese compared to the past, which has been associated
with intense insulin treatment. The Epidemiology of
Diabetes Interventions and Complications study revealed
that the incidence of obesity in TID patients has
significantly increased due to widespread intense insulin
treatment following Diabetes Control and Complications
Trial (23,24,25). Some authors indicated that being female
was a risk factor for a higher BMI-SDS six years after
diabetes onset (26). All of our patients had gained weight
at the time of diagnosis, third month of follow up and the
last visit. Since the patients probably lost weight before
diagnosis, the BMI-SDS values at the third month follow
up and the last visit were evaluated and a striking weight
gain was present. This reflects the effect of intense insulin
treatment. All the patients gained weight but weight gain
was more pronounced in the MetS positive group. Another
striking point is that the BMI and BMI-SDS values in the
MetS positive group were significantly higher than the
MetS negative group and this was present from diagnosis
up until the study period.

Table 2. Changes in body mass index-standard deviation score values over time among metabolic syndrome positive and
negative groups according to International Diabetes Federation, World Health Organisation and National Cholesterol

Education Program-Adult Treatment Panel III criteria

Time Criteria BMI-SDS p value
MetS (+) MetS (-)
IDF 03+1.6 -0.8+1.7 0.004
At time of diagnosis WHO 0.1+1.4 0.7+1.7 <0.001
NCEP-ATPIII 04+1.8 -0.8+1.7 <0.001
IDF 1.0+£0.3 0.7+ 1.1 0.003
At third month of follow up WHO 0.8+1.6 0.03+1.4 <0.001
NCEP-ATPIII 1.1+£1.3 04+1.4 <0.001
IDF 1.3+£0.8 0.1 +1.1 <0.001
During study period WHO 1.14£0.8 0.1+1.1 <0.001
NCEP-ATPIII 1.2+1.0 -0.15+1.0 <0.001

BMI-SDS: body mass index-standard deviation score, MetS: metabolic syndrome, IDF: International Diabetes Federation, WHO: World Health Organisation,

NCEP-ATPIII: National Cholesterol Education Program-Adult Treatment Panel 11
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Data on MetS prevalence in patients with TID is
controversial. The prevalence of MetS was evaluated using
three sets of recognized criteria and in 200 T1D children; it
was 10.5% according to IDF, 8.5% according to WHO and
13.5% according to NCEP-ATPIII. Although there are no
studies that report the prevalence of MetS in children and
adolescents with T1D in Turkey, MetS seems to be more
common in the T1D population when compared to the
obese population. The results of the small number of studies
comparing the prevalence of MetS in T1D children and
adolescents vary between countries. In a study where 115
T1D patients between 5-16 years of age were investigated,
MetS prevalence was found to be 13.2% according to IDE
The researchers found a significantly low incidence of MetS
for that study population (27,28). Pinhas-Hamiel et al (20)
reported a 7.1 % prevalence of MetS in 326 T1D patients
whose median age was 18.5 years.

The prevalence of MetS in overweight and obese children
and adolescents in Turkey has been reported to vary
between 20%-38% according to WHO, IDF and NCEP-
ATPIII criteria (29,30,31). In our study, the incidence of MetS
in overweight and obese patients was 41.7 % according to
IDF, 38.3% according to WHO and 47.2% according to
NCEP-ATPIII criteria which is somewhat higher than has
previously been reported but may simply reflect the secular
trend in increasing prevalence of overweight and obesity.

Althoughitis widely accepted thatitis necessary to diagnose
MetS in the early stages of T1D, the main problem is the
inadequacy of the criteria for the diagnosis of MetS in T1D
patients. Use of the NCEP-ATPIII criteria resulted in the
highest prevalence in our study (13.5%) since NCEP-ATPIII
allows diagnosis of MetS by any three positive out of five
criteria, with no mandatory prerequisites. Since diabetes
is accepted as positive, two out of the remaining four
criteria are enough and these criteria are already present
in patients diagnosed using IDF criteria. As such, the MetS
positive group determined by NCEP-ATPIII includes both
the IDF criteria group and the group which did not meet
the WC criterion, that is they are not obese according to
WC, but are positive for two other criteria. The WC of the
group which meets NCEP-ATPIII criteria but not the IDF
criteria is below 90" percentile while the two criteria they
met were any two of hypertriglyceridemia, low HDL or
hypertension. Since there are no primary criteria in NCEP-
ATPIIl and it evaluates the WHO dyslipidemia criteria as
two distinct criteria, it encompasses all cases diagnosed
using WHO and IDE

When the results of our study were evaluated according
to IDF criteria, it was evident that the incidence of MetS
was higher in the group where T1D was accompanied by
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overweight and obesity when compared to those who do
not have T1D but are overweight or obese. The incidence
of MetS is similar in overweight and obese individuals
independent of T1D, according to WHO criteria. This
discrepancy is caused by differences in definitions of
MetS. Impaired glucose tolerance or T2D is a prerequisite
for MetS in the WHO criteria, so it is understood that MetS
prevalence will not change if the criteria is actualized as
T1D. On the other hand, obesity as determined by WC is a
prerequisite for MetS while impaired glucose tolerance and
T2D are secondary criteria. Since this criterion is met by
all patients in addition to obesity in our study population,
which consisted of T1D patients, the ratio was found to be
high.

On the other hand, insulin resistance and/or diabetes are
mandatory primary criteria for the WHO definition and our
T1D patient group meet these criteria. The WHO criteria also
include microalbuminuria, which has the highest sensitivity
for MetS in adulthood. However, our study group, because
of the patient age range, had the lowest prevalence for this
criterion, since these complications had not yet occurred
(32,33,34). In the study group, there were 25 patients whose
BMI was below the 95" percentile while WC was above the
90™ percentile, which led to the identification of more MetS
using IDF and NCEP-ATPIII in T1D. All patients who were
diagnosed positive using the WHO criteria are found to also
meet NCEP-ATPIII.

The WHO criteria include microvascular complications,
which are rare in childhood, and the NCEP criteria do not
include a primary criterion while diagnosing non-obese
patients according to WC as MetS because the existence of
diabetes is considered as a direct criterion. Due to these
reasons, these criteria do not seem to be useful for the
diagnosis of MetS in children and adolescents with T1D.
Using IDF criteria seems more suitable because obesity is a
prerequisite and they include accepted criteria for childhood
(11,12,13).

Study Limitations

Our study has several limitations and strengths. The main
limitation is the absence of accepted clinical and laboratory
criteria for the diagnosis of MetS in children and adolescents
with T1D. Thus existing criteria had to be modified for a
pediatric population in order to determine the prevalence.
On the other hand, using and comparing three different
modified criteria is a strength of our study. A further strength
of this study lies in the accuracy of data, which adds to the
available information concerning the prevalence of MetS in
children and adolescents with T1D.
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Conclusion

Overweight and obesity prevalence of the group with
T1D was similar to that of the population of the same age
group in Turkey, but the prevalence of MetS was found to
be higher than that of the general population. Except for
the components of MetS, the other clinical and laboratory
parameters were not helpful for prediction. It has been
observed that all children and adolescents with T1D gained
weight under intense insulin treatment. However, weight
gain was more prominent in the MetS positive group. It is
clear that appropriate modification of the criteria is required
for the early detection of MetS in children and adolescents
with TID. This study suggests that IDF criteria are more
suitable for the diagnosis of MetS in children and adolescents
with T1D.
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What is already known on this topic?

Obesity and metabolic syndrome (MetS) are capable of causing damage to several organ systems by triggering a chronic subclinical
inflammatory process. In the eye this damage includes microangiopathic changes, retinal degeneration, optic nerve function impairment
and damage in the choroid and macular regions. Optical coherence tomography may show early macular damage.

What this study adds?

This is the first study to show that macular retinal thickness and macular retinal volume values decrease as body mass index-standard
deviation scores (SDS) and waist circumference-SDS (WC-SDS) increase in obese children and adolescents with MetS, providing evidence
of macular damage. The increases in neutrophil/lymphocyte ratio, the platelet/lymphocyte ratio and the systemic immune-inflammatory
index may be markers of chronic inflammation in children with MetS, and are associated with macular damage.

Abstract

Objective: Macular damage may be observed in obesity and metabolic syndrome (MetS), a condition which leads to chronic subclinical
inflammation and affects most organ systems.

To investigate the association between macular variability and anthropometric measurements, metabolic parameters, and inflammatory
markers in children and adolescents with MetS.

Methods: Two hundred and twenty eyes of 62 obese and 48 healthy children and adolescents were examined. Bilateral macular retinal
thickness (MRT) and macular retinal volume (MRV) were measured in all subjects using optical coherence tomography. Associations
between mean MRT and mean MRV and age, auxological measurements including body mass index standard deviation scores (BMI-SDS)
and waist circumference-SDS (WC-SDS), metabolic parameters and inflammatory parameters including neutrophil/lymphocyte ratio
(NLR), platelet/lymphocyte ratio and systemic immune-inflammatory index (SIII) were investigated.

Results: No statistically significant difference was observed between the groups in terms of age or sex distribution (p > 0.05). Mean MRT
(r=-0.326, p=0.007) and MRV (r=-0.303, p =0.007) values in the obese group with MetS decreased as homeostasis model assessment-
insulin resistance (HOMA-IR) values increased. SIII values were higher in obese groups, but particularly in obese subject with MetS,
compared to the control group (p =0.021). The decrease in mean MRT (r =-0.544, p=0.046) and MRV (r=-0.651, p=0.031) in the obese
subjects with MetS was negatively correlated with NLR. Mean MRT and MRV decreased in all obese subjects as SlII increased (p < 0.05).
Conclusion: This is the first study to show that mean MRT and MRV values decrease as BMI-SDS, WC-SDS and HOMA-IR increase in
obese children and adolescents with MetS. NLR and SIII may serve as markers of chronic inflammation in obese children with MetS
associated with macular damage.

Keywords: Macular retinal thickness, macular retinal volume, metabolic syndrome, optical coherence tomography, pediatric obesity
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Introduction

The prevalence of obesity and metabolic syndrome (MetS),
usually a complication of obesity, is increasing. MetS is
capable of causing damage to several organ systems by
triggering a chronic subclinical inflammatory process. In the
eye this damage includes microangiopathic changes, retinal
degeneration, optic nerve function impairment and damage
in the choroid and macular regions (1,2). These changes
can be identified in the early stages using optical coherence
tomography (OCT). The layers of the eye can be visualized
in a painless, rapid, and non-invasive manner with OCT (3).
OCT is particularly used to visualize macular pathologies,
such as diabetic macular edema and macular degeneration
(4,5,6). The macula is the region of the eye which is critical
for detailed vision and is of great importance to the sense of
sight. A deleterious effect in the macular region can cause
progressive or permanent vision impairment. The macula
can also be damaged in obesity and MetS because of the
accompanying chronic subclinical inflammation (7).

Complete blood count is an inexpensive and easily
accessible test. The neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR) and systemic immune-
inflammatory index (SIlI), all of which are easily calculated
from complete blood count, have been shown to indicate
subclinical inflammation in several studies (8,9,10).

To the best of our knowledge, no previous studies have
investigated the association between changes in macular
retinal thickness (MRT) and macular retinal volume (MRV)
with metabolic parameters nor with inflammatory markers
in children with MetS. The purpose of this study was to use
OCT to investigate variability in MRT and MRV between
obese children and adolescents with and without MetS and
healthy controls as evidence of macular damage. This study
also evaluated associations between changes in macular
retinal measurements and anthropometric measurements,
metabolic parameters, pubertal stage, and NLR, PLR and
SIII.

Methods

This prospective observational study was undertaken after
receipt of Institutional Medical Research Ethical Committee
approval (2019/9-3). The study was conducted in accordance
with the ethical principles of the Declaration of Helsinki.

Patients aged 10-18 years, with no history of ocular disease
or surgery, with no neurological diseases, and with spherical
values between -0.75 diopter (D) and +0.75 D were
enrolled in the study and control groups. All children and
their parents consented to participate.

64

Children with a history of ocular trauma and dense media
opacities, use of systemic corticosteroids, with diabetes
mellitus or any systemic disease, or with acute/chronic
local/systemic infectious disease and those unsuitable for
OCT measurement, were excluded.

One hundred and twenty-four eyes of 62 obese children
and adolescents aged between 10.1 and 17.9 years who
presented to Izmir Tepecik Training and Research Hospital
Pediatric Endocrinology Clinic, Turkey, between February
2016 and February 2019 were included in the study.
Controls consisted of the 96 eyes of 48 healthy children and
adolescents aged between 10.0 and 17.8 years presenting
during the same period. The controls were composed of
healthy children who applied to the ophthalmology clinic
for routine control and without obesity.

Demographic data for all groups were extracted from
medical records. Body measurements, blood pressure
values and pubertal stages were assessed by a pediatric
endocrinologist. Pubertal stages were classified based on
the Tanner system (11). Height was measured to the 0.1
cm nearest centimeter with a rigid stadiometer. All subjects
were also weighed unclothed to the nearest 0.1 kg using
a calibrated balance scale. Body mass index (BMI) was
calculated using the standard formula; weight (kg)/height
(m?). Standard deviation scores (SDS) for weight, height and
BMI were calculated based on reference values established
for Turkish children (12). Obesity was diagnosed according
to the World Health Organization criteria (13). Blood
pressure was measured three times at 10 minute intervals
following a rest period. Systolic and/or diastolic blood
pressure values exceeding the 95" percentile were regarded
as hypertensive (14). In the obese subjects complete
blood count, blood glucose, insulin and serum lipids were
measured from fasting venous specimens collected on the
same day as anthropometric measurements were taken.
Specimens were analyzed using Roche Hitachi Modular
System (Mannheim, Germany). Insulin resistance (IR)
assessed by homeostasis model assessment-IR (HOMA-IR)
was calculated with the formula; fasting insulin (uIU/mL)
x fasting glucose (mg/dL)/405 (15). MetS was diagnosed
based on International Diabetes Federation criteria (16). The
syndrome was defined as hypertriglyceridemia (> 150 mg/
dL), decrease in high density lipoprotein (HDL) (<40 mg/
dL), blood pressure elevation (systolic blood pressure >130
mmHg, diastolic blood pressure >85 mmHg), or glucose
metabolism disorder in the presence of abdominal obesity
in cases aged 10-16 years. Adult criteria were used for the
diagnosis of MetS at the age of 16 years and over. Percentile
curves established for Turkish children were used for waist
circumference. A waist circumference of the 290" percentile
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was regarded as central obesity (17). The online calculator
program developed by Demir et al (18) was used for all
auxological measurements and blood pressure evaluation.

Three groups were established - healthy control (group 1),
MetS negative (MetS-) obese (group 2), and MetS positive
(MetS +) obese (group 3).

All cases underwent extensive ocular examination by the
same ophthalmologist. This included best corrected visual
acuity, detailed anterior segment examination with slit-
lamp biomicroscopy, intraocular pressure using a Goldman
applanation tonometer, ocular motility examination and
optic nerve and retina examination with a 90 D lens.
One percent cyclopentolate hydrochloride (Sikloplejin
- Abdi Ibrahim lla¢ Sanayi, Istanbul, Turkey) eye drops
were administered three times at five minute intervals for
pupillary dilation. Measurements were recorded using an
automated refractor (Topcon KR-1, Topcon, Tokyo, Japan)
30 minutes after the final drop administration. The mean
value of the three measurements was recorded.

Retinal thickness and volume in the macular region were
measured using a Spectralis OCT device (Heidelberg
Spectralis, Heidelberg Engineering, Heidelberg, Germany).
All participants were asked to wait in a darkened room
before measurement. All scans were carried out on a 20
x 20 degree cube with 49 raster lines at 120-um intervals.
Retinal thickness and volume in the macula were calculated
automatically as the distance separating the vitreoretinal
interface from the margin representing the junction of the
photoreceptor inner and outer segments. The macula was
divided automatically into three concentric 1-, 3- and 6-mm
rings. Retinal thickness and volume were measured on these
three rings in accordance with the Early Treatment Diabetic
Retinopathy Study Groups macular map (19). The inner
and outer rings were further divided into four quadrants
(superior, temporal, inferior, and nasal) by two reticules.

The 1-mm ring was defined as the central circle, the 3-mm
ring as the inner segment circle and the 6-mm ring as the
outer segment circle. Ocular observation was performed
automatically in real time. Measurements were taken from
both eyes by two independent masked observers. In order
to avoid diurnal fluctuations, all OCT images were taken
between 10.00 and 12.00 hours. Total macular thickness
and volume including all nine subfields were subjected to
analysis.

The MRT and MRV values were subjected to statistical
analysis and comparison between the groups. In addition,
correlation analysis was performed between mean MRT and
MRV values and age, pubertal stages, body measurements,
systolic/diastolic blood pressures, fasting insulin, HOMA-IR,

lipid values, NLR, PLR, and SIII. SIII, was calculated using
the formula (platelet x neutrophil)/lymphocyte.

Statistical Analyses

Statistical analysis was performed on Statistical Package
for Social Sciences (SPSS 20.0; IBM, Chicago, Ill., USA)
software. Normality of sample distribution was evaluated
using the Kolmogorov-Smirnov test. Mean and standard
deviation values were calculated for normally distributed
data. Pearson correlation analysis was applied for normally
distributed variables, and Spearman correlation analysis
for non-normally distributed variables. A p<0.05 was
considered statistically significant.

Results

One hundred and ten subjects took part in the study,
divided into 62 obese patients and 48 healthy controls. In
the whole cohort the ages ranged from 10 to 18 years. MetS
was identified in 45.1 % (28/62) of the obese group, but in
no members of the control group. Mean ages were 13.5+3.5
years in the control group (group 1, n=48), 13.8x2.9 in the
MetS- obese subjects (group 2, n=34), and 14.1£3.3 in the
MetS + obese subjects (group 3, n=28). No statistically
significant difference was observed between the groups in
terms of age, sex distribution, or pubertal stages (p > 0.05).

BMI-SDS was 3.0 + 0.4 in the obese group and 0.5+ 0.4 in
the control group (p <0.001). Mean fasting blood glucose
values were within normal limits and not different between
the obese and control groups (controls 81.7 + 8.7 mg/dL, all
obese patients 85.3 + 9.9 mg/dL; p=0.65). BMI-SDS and
WC-SDS were significantly higher in the obese cases than
in the control group (p <0.001). Morning fasting insulin
and HOMA-IR values were also significantly higher than
in the controls (obese and control group fasting insulin
20.6+10.8 vs 8.3 +3.1 mlU/mL, respectively, p=0.02;
HOMA-IR 4.7 +2.7 vs 1.8+0.8, respectively, p=0.01).
There was no difference in serum lipid values between the
two groups (p > 0.05). Although NLR and PLR were higher
in obese cases than in the controls, the difference was not
statistically significant (p > 0.05). SIII values were higher in
both obese groups, and particularly in the MetS + subjects,
compared to the control group (p=0.021). Comparison
of clinical and laboratory data for the MetS- and MetS +
obese subgroups and the healthy control group are shown
in Table 1.

Evaluation of central, inner circle and outer circle macular
thickness and volume revealed no significant difference
between the sexes or between the two eyes (p > 0.05). When
the thickness and volume of the whole macular retinal
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region was evaluated, no statistically significant difference
was found between the groups (Tables 2, 3).

Investigation of the relationship between clinical and
laboratory variables and MRT and MRV revealed no
significant association between mean MRT and MRV and
age, pubertal stage, BMI-SDS, WC-SDS, systolic/diastolic
blood pressure, NLR, PLR or SIII in the control group. No
significant difference was observed between age, pubertal
stage, systolic/diastolic blood pressure, triglyceride, HDL
cholesterol, or PLR in the MetS+ and MetS- obese groups
(p>0.05). MRT and MRV values decreased significantly as
BMI-SDS and WC-SDS increased in the MetS- and MetS +
obese groups (p < 0.05). In contrast to the other groups, in the
MetS + obese group mean MRT (r=-0.326, p=0.007) and

MRV (r=-0.303, p=0.007) values decreased significantly
as HOMA-IR values increased. The decrease in MRT (r=-
0.544, p=0.046) and MRV (r=-0.651, p=0.031) in the
MetS + obese group was also negatively correlated with
NLR. Mean MRT and MRV decreased as SlII increased in all
obese subjects (p < 0.05). The results of Pearson correlation
analysis of MRT and MRV and clinical and laboratory data
are shown in Table 4.

Discussion

Obesity and MetS associated with chronic inflammation
can affect most systems in the body (1,2,20). This chronic
inflammation also has the potential to produce changes
in the retina and macular layer (20). Indeed, previous

Table 1. Clinical and laboratory characteristics of the study groups

Characteristics Control (n=48)

Obese group (n = 62) p*

MetS-/obese (n = 34)

MetS + /obese (n =28)

Gender (male/female) 23125 14/20 15/13 0.81
Age (years) 13.5+£3.5 13.8+2.9 14.1+£3.3 0.99
Puberty stage (pre-pubertal/pubertal) 10/38 8126 6/22 0.98
BMI-SDS 0.5+04 2.6+£0.8 31+1.0 <0.0001
WC-SDS 0.7+0.9 2.2+0.7 33+1.4 <0.001
Systolic BP (mmHg) 105.1 £ 10.6 118.6 £ 10.1 128 £20.1 0.19
Diastolic BP (mmHg) 65.2 +10.1 70.0+12.3 79.0+18.9 0.28
Fasting glucose (mg/dL) 81.7+8.7 86.7+8.9 89.1+10.5 0.65
Fasting insulin (mIU/mL) 83+3.1 19.6+9.8 26.7+15.3 0.02
HOMA-IR 1.8+0.8 46+2.5 54+3.1 0.01
Triglycerides (mg/dL) 132.3+60.8 13794823 149.9 + 89.1 0.07
LDL-cholesterol (mg/dL) 92.3+28.9 99.3+35.8 121.5+£71.7 0.06
HDL-cholesterol (mg/dL) 46.6 +10.7 42.2+10.9 36.9 +36.1 0.72
NLR 1.7 2.1 2.4 0.33
PLR 118.5 121.7 119.9 0.36
S 377.9 467.2 513.5 0.021

*p value is between control and obese groups.

BMI-SDS: body mass index-standard deviation score, BP: blood pressure, HDL: high density lipoprotein, LDL: low density lipoprotein, HOMA-IR: homeostasis
model assesment-insulin resistance, MetS: metabolic syndrome, NLR: neutrophil/lymphocyte ratio, PLR: platelet/lymphocyte ratio, SIII: systemic immune-

inflammatory index, SDS: standard deviation score, TG: triglycerides, WC: waist circumference

Table 2. Macular retinal thickness in control and obese children with and without metabolic syndrome

Macular retinal thickness Control (n =40) Obese group (n = 62) p*
MetS-/obese (n =34) MetS + /obese (n=28)

Central circle (um) 271.5+£87.7 270.7+101.9 265.5+108.8 0.456

Inner circle (um)

Superior 356.5+89.5 353.4+90.8 350.7 £ 101.1 0.944

Temporal 343.7 £ 110.2 336.2+113.0 335.2+91.0 0.244

Inferior 352.5+118.6 348.1 £135.8 339.2+125.1 0.352

*p value is between control and obese groups.

MetS: metabolic syndrome
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studies have shown that obesity reduces the thickness of
the retinal nerve fiber layer in children and affects choroid
tissue (21,22,23). Some studies have shown that obesity
leads to changes in the macular layers in children. Although
the methods and macular layers investigated differ in all
these studies, it may nevertheless be concluded that obesity
results in macular variability and damage in the pediatric

age group (24,25,26). One animal study involving a rodent
MetS and impaired glucose tolerance model demonstrated
developmental retinal degeneration using microscopy and
immunohistochemical methods (27).

To the best of our knowledge, ours is the first study to show
macular changes in MetS+ children and the relationship
between that variability and metabolic and inflammatory

Table 3. Macular retinal volume in control and obese children with and without metabolic syndrome

Macular retinal volume Control (n =48) Obese group (n = 62) p*
MetS-/obese (n =34) MetS + /obese (n =28)

Central circle (mm?3) 0.21 +0.69 0.21+£0.16 0.20+0.19 0.433
Inner circle (mm?3)

Superior 0.56+0.14 0.55+0.17 0.54+0.21 0.960
Temporal 0.54+0.17 0.55+0.15 0.49+0.19 0.261
Inferior 0.55+0.18 0.55+0.21 0.54+0.29 0.413
Nasal 0.55+0.11 0.55+0.17 0.53+0.18 0.325
Outer circle (mm?3)

Superior 1.61+£0.22 1.59+0.14 1.58+0.23 0.076
Temporal 1.60+£0.51 1.60+0.53 1.57+£0.69 0.465
Inferior 1.68+0.34 1.63+1.62 1.67+£1.20 0.474
Nasal 1.74 £ 0.40 1.72 £0.47 1.70+£0.60 0.401

*p value is between control and obese groups.

MetS: metabolic syndrome

Table 4. Correlation analysis of macular retinal thickness and macular

parameters in the study groups

retinal volume with clinical and laboratory

RP Age Puberty stage BMI-SDS WC-SDS Sistolic BP Diastolic BP
Control r p r p r p r p r p r p
(n=48) MRT 0.020 0.901 0.051 0.752 -0.061 0.709 -0.151 0.079 0.071 0.662 0.082 0.616
MRV 0.019 0.909 0.078 0.631 -0.024 0.883 -0.259 0.091 0.054 0.742 0.060 0.712
MetS-/obese MRT -0.025 0.820 0.033 0.842 -0.457 0.004 -0.751 0.038 -0.090 0.593 -0.287 0.081
(n=34) MRV -0.041 0.807 0.023 0.893 -0.455 0.004 -0.459 0.047 -0.070 0.676 -0.274 0.096
MetS + fobese MRT 0.027 0.934 0.067 0.773 -0.563 0.003 -0.511 0.033 -0.299 0.112 -0.321 0.098
(n=28) MRV 0.033 0.765 0.056 0.892 -0.611 0.002 -0.477 0.038 -0.212 0.098 -0.378 0.087
Table 4. Continued
RP  HOMA-IR TG HDL NLR PLR SII
Control r p r p r p r p r p r p
(n=48) MRT -0.099 0.089 -0.077 0.832 0036 0870 -0.065 0.650 -0.069 0.821 -0.072 0.689
MRV -0.277 0.09 -0.069 0.642 0045 0779 -0.032 0.775 -0.023 0.820 -0.044 0.651
MetS-/obese MRT -0.047 0.781 0.039 0.819 -0.247 0.141 -0.232 0.093 -0.331 0.057 -0.391 0.048
(=34 MRV -0.029 0.867 0.061 0.721 -0.237 0.158 -0.091 0.211 -0.301 0.06] -0.601 0.024
MetS + fobese MRT -0.326 0.007 0.041 0.811 -0.222 0221 -0.544 0.046 -0.298 0.088 -0.581 0.037
(n=28) MRV -0.303 0.007 0.069 0.723 -0.245 0.156 -0.651 0.031 -0.288 0.095 -0.503 0.041

RP: retinal parameters, MRT: macular retinal thickness, MRV: macular retinal volume, MetS: metabolic syndrome, BMI-SDS: body mass index-standard
deviation score, WC: waist circumference, BP: blood pressure, TG: triglycerides, HDL: high density lipoprotein, NLR: neutrophil/lymphocyte ratio, PLR: platelet/
lymphocyte ratio, SIII: systemic immune-inflammatory index, HOMA-IR: homeostasis model assesment-insulin resistance
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parameters. In the present study, mean MRT and MRV
values decreased as BMI-SDS increased in the all obese
groups (p<0.05). In addition, negative correlation was
found between BMI-SDS and both MRT and MRV values in
MetS - obese and MetS + obese groups (Table 4). Negative
correlation with BMI-SDS was determined only in the
obese group. No correlation with BMI-SDS was observed
in the control group. Thus mean MRT and MRV decreased
as the proportion of adipose tissue contributing to body
composition increased.

Increased adipose tissue in obese cases may cause chronic
systemic inflammation and microvascular damage.
Vascular endothelial damage, oxidative stress, and chronic
inflammation can impair the permeability and supply
of microvascular structures which in turn may leads
to oxidative stress and hypoxia in tissues. In addition,
changes in leptin and adipokine levels, adipose tissue
dysfunction, and IR can also develop. The production
of inflammatory cytokines and reactive oxygen species
increases. Apoptosis and tissue necrosis may then be
triggered. Studies have shown that oxidative stress may
be an important factor in cell death (1,2,28,29,30).
Our results demonstrate that increased adipose tissue
appeared to affect MRT and MRV and resulted in thinning
of the macula. NLR, PLR and SlII, which can be simply and
inexpensively calculated from complete blood count, have
been shown to indicate subclinical inflammation in several
previous studies (8,31,32,33). Furuncuoglu et al (33)
showed that NLR, PLR, and SIII are positively correlated
with BMI in adults. Another study of 26,016 adult patients
determined positive correlation between NLR and MetS
and obesity-related anthropometric data (32). One study
of obese children with sleep apnea syndrome, a condition
capable of leading to chronic hypoxia, showed that NLR
and PLR increased with obesity (34). No previous studies
have investigated changes in NLR, PLR, and SllI in children
with MetS and ours is the first study to investigate this in
children and adolescents. Although these inflammatory
markers were higher in all the obese cases in our study
group compared to controls, the differences were not
statistically significant. However, SIlI values were higher in
both obese groups, and particularly the MetS + subjects,
than in the control group (p=0.021). Ours is also the first
study to investigate macular variability and metabolic
parameters and inflammatory markers in children. In
contrast to the other groups, in the obese group with
MetS mean MRT and MRV were significantly negatively
correlated with increasing HOMA-IR values. The decrease
in mean MRT and MRV in the MetS + subjects was also
negatively correlated with NLR. Mean MRT and MRV also
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significantly decreased as SlII increased in all our obese
subjects.

Study Limitations

There are a number of limitations to this study. Plasma
levels of inflammatory mediators such as adiponectin,
leptin, and interleukin-6 were not measured. However, NLR,
PLR and SIII values have recently been shown to reflect
chronic subclinical inflammation, were investigated easily
and inexpensively. In addition, due to the cross-sectional
nature of our study, we were unable to determine whether
weight loss and a decrease in adipose tissue would produce
any positive change in MRT and MRV, particularly in obese
children with MetS. Long-term, prospective observational
in which weight control is established and
inflammation reduced would be needed to show if there
was any improvement in markers of macular tissue health
with successful management of obesity and MetS.

studies

Conclusion

In conclusion, this study demonstrated that mean MRT and
MRV values decreased as BMI-SDS and WC-SDS increased
in MetS+ obese children and adolescents. Mean MRT
decreased as HOMA-IR values, a marker of IR, increased in
children with MetS. Increased Sl and NLR are associated
with macular damage in MetS+ children and may be
useful markers of chronic inflammation. Further long-term
observational studies with larger participant numbers are
now needed to confirm the results of this study.
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What is already known on this topic?

Pituitary stalk interruption syndrome (PSIS) is a kind of congenital disease associated with multiple pituitary hormone deficiency
(MPHD). Human recombinant growth hormone (hGH) treatment is the optimal therapy for short stature in children with isolated GH
deficiency and can effectively increase growth velocity (GV) to attain adult heights within the target range.

What this study adds?

GVs during hGH treatment were similar amongst pre-pubescent males and females with MPHD caused by PSIS. The GV during the first
year of hGH treatment is an effective predictor of future height outcomes in patients with MPHD caused by PSIS.

Abstract

Objective: The aim was to assess growth velocity (GV) during human recombinant growth hormone (hGH) treatment of children with
multiple pituitary hormone deficiency (MPHD) caused by pituitary stalk interruption syndrome (PSIS) and to analyze the characteristics
of patients that attained normal adult heights.

Methods: Data from 74 (16 female) children with MPHD caused by PSIS with GH, thyroid stimulating hormone, gonadotropin and
adrenocorticotropic hormone deficiencies were collected. Subjects were divided into groups: 12 pre-pubescent females (Female-Group)
and 36 pre-pubescent males (Male-Group 1). The remaining 22 males were further sub-divided into two groups (Male-Group 2 and Male-
Group 3) according to the initiation of gonadotropin replacement treatment, based on bone age and height.

Results: No differences in change in height standard deviation score (AHtSDS) and GV were observed at different time points of hGH
treatment between the Female-Group and Male-Group 1 (p >0.05). GV was significantly greater in the first year of hGH therapy than in
subsequent years: Female-Group p =0.011; Male-Group 1 p <0.001; Male-Group 2 p =0.005; and Male-Group 3 p = 0.046. Adult height
was achieved by 23 (19 males and 4 females) patients. The total gain in height positively correlated with the GV during the first year
(r=0.626, p<0.001).

Conclusion: GV during hGH treatment were similar amongst pre-pubescent males and females with MPHD caused by PSIS. GV during
the first year of hGH treatment appears to be an effective predictor of final height in patients with MPHD caused by PSIS.

Keywords: Pituitary stalk interruption syndrome, growth velocity, human growth hormone treatment, adult height

Introduction

Pituitary stalk interruption syndrome (PSIS) is characterized
bytheoccurrence ofathinorabsentpituitary stalk, hypoplasia
of adenohypophysis, and ectopic neurohypophysis on
magnetic resonance imaging (MRI) of the hypothalamo-
pituitary region (1). It is a rare congenital disease associated

with multiple pituitary hormone deficiencies (MPHD).
MPHD, by definition, represents an impaired production
of one or more anterior pituitary hormones in addition to
growth hormone (GH) and is a chronic, lifelong condition
(2,3,4,5).

PSIS as the most common cause of MPHD, was first
reported by Fujisawa et al (6) in 1987. Children with

.' i Department of Pediatrics, Shandong, China

©Copyright 2020 by Turkish Pediatric Endocrinology and Diabetes Society

Address for Correspondence: Guimei Li MD, Shandong Provincial Hospital affiliated to Shandong University,

Phone: +86 130 3171 6996 E-mail: Igmusa2015@163.com ORCID: orcid.org/0000-0002-1784-4555

Conflict of interest: None declared
Received: 24.06.2019
Accepted: 01.09.2019

The Journal of Clinical Research in Pediatric Endocrinology published by Galenos Publishing House.

Al


https://orcid.org/0000-0001-8442-1563
https://orcid.org/0000-0002-3890-8212
https://orcid.org/0000-0002-6791-8778
https://orcid.org/0000-0002-1164-0017
https://orcid.org/0000-0002-1784-4555

Wang F et al.

Growth and Adult Height of Pituitary Stalk Interruption Syndrome in Children

] Clin Res Pediatr Endocrinol
2020;12(1):71-78

PSIS typically present with growth reduction and delayed
puberty, leading to significant distress to children and their
families. Recombinant human GH (hGH) treatment is the
optimal therapy for short stature in children with isolated
GH deficiency (IGHD) and can effectively increase height
velocity to attain adult heights within the target range (7,8).
Whether the benefits of hGH treatment in patients with
MPHD caused by PSIS are consistent with those observed in
IGHD is currently unknown.

In this study, we assessed the growth velocity (GV) of
patients with MPHD caused by PSIS who were administered
hGH. We further analyzed the characteristics of patients that
subsequently attained adult heights.

Methods

Patients and Grouping

In this retrospective study, data from patients diagnosed
with PSIS during childhood and adolescence presenting
during the time period from January 2008 to November
2018 in pediatric endocrine outpatients of Shandong
Provincial Hospital were analyzed. Patients with confirmed
GH, thyroid stimulating hormone (TSH), gonadotropin and
adrenocorticotropic hormone (ACTH) deficiencies were
includedin the analysis. None of the patients had spontaneous
puberty and puberty was induced via gonadotropin or sex
hormone treatment. Pre-pubescent subjects at presentation
were divided into the Female-Group and Male-Group 1.
Additionally, patients were treated with hGH followed by
gonadotropin, administered at the appropriate age and the
male patients from this subgroup formed Male-Group 2. The
final study group consisted of male patients who received
initial hGH and gonadotropin treatment simultaneously and
these were designated Male-Group 3.

Ethics

The study was approved by the Medical Ethics Committee
of Shandong Provincial Hospital, affiliated to Shandong
University (approval number: 2019-053). Patients or their
parents/guardians provided verbal consent for anonymized
data to be collated and analyzed, approved by the ethics
committee.

Diagnostic Criteria

The diagnosis of PSIS was based on cranial MRI of the
hypothalamus and pituitary gland. Imaging criteria for a
diagnosis of PSIS included an absent or thin pituitary stalk,
hypoplasia of the anterior pituitary gland, and ectopic
location of the posterior pituitary. MRI scans were performed
using a 3.0 T Scanner (Siemens, Erlangen, Germany) in the
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sagittal and coronal planes on T1 and T2 weighted imaging
(slice thickness 3 millimeters).

Bone age (BA) was determined by left hand and wrist
X-ray images according to the method of Greulich and
Pyle. Hypophyseal hormone levels were investigated in
each patient. The pituitary axis was examined using the
following tests: (1) GH deficiency (GHD) was diagnosed in
the absence of a significant peak in GH secretion after more
than one stimulation test. Diagnosis was based on GH peak
concentrations <10 ng/mL, following two independent
GH provocation tests which were either an intravenous
arginine test, 0.5 mg/kg; maximum dosage 30 mg and/or
an oral levodopa test, 10 mg/kg; maximum dosage: 500 mg
[arginine produced by Harbin Pharmaceutical Group Co.,
Ltd. in Harbin, Heilongjiang, China and levodopa produced
by Aikanglide Pharmaceutical (Zhejiang Co., Ltd in Quzhou,
Zhejiang, China). Patients received GH provocation tests on
the basis of normal thyroid and adrenal functions (2). TSH
deficiency was defined as a low serum free thyroxine (fT4)
of <12.0 pmol/L (reference range: 12.0-22.0 pmol/L) with
concomitantly normal or decreased serum TSH (reference
range: 0.27-4.2 ulU/mL) (3). ACTH deficiency was assessed
by either decreased serum cortisol (COR) levels in the
morning (COR <138 nmol/L) or an impaired serum COR
concentration increase (COR <550 nmol/L) during insulin-
induced hypoglycemia with inappropriately low serum
ACTH concentrations (4). Gonadotropin deficiency was
based on the gonadotropin hormone-releasing hormone-
stimulation test [triptorelin: 2.5 pg/kg administered as a
subcutaneous injection at a maximum dosage of 100 pg
with cut-off points for a blunted response of 2.8 mIU/mL
for luteinizing hormone (LH) and/or 3.7 mIU/mL for follicle-
stimulating hormone (FSH)]; or basal levels of FSH and LH
below the sensitivity range of the assay (< 0.1 mIU/mL) on
the basis of delayed or absent pubertal development (9,10).
Serum GH levels were measured using chemiluminescence
assays (Cobas E170, Roche Diagnostics, Germany).
Serum fT4, TSH, ACTH, COR, FSH and LH were measured
using chemiluminescence assays (Siemens Healthcare
Diagnostics, USA). All patients underwent the same testing
protocol and all tests were performed after overnight fasting
5).

Height and Weight

Height was measured in centimeters (cm) in the morning
by the same medical team. Height measurements were
standardized for age and sex and expressed as standard
deviation scores (HtSDS) relative to chronological age
(CA) according to Growth Charts for Chinese Children and
Adolescents (2009) (5,11). The GV during hGH treatment
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was analyzed each year and was calculated in cm through
the difference in previously recorded height. AHtSDS was
calculated by the difference from the previously recorded
HtSDS. The parental target height was calculated according
to the following formula: ([height of the father + height of
the mother] / 2) - 6.5 cm for girls and + 6.5 cm for boys, and
also expressed as standard deviation scores (SDS) according
to the Growth Charts for Chinese Children and Adolescents
(2009) (11).

Weight was measured in kilogrammes (kg) in the morning,
in the fasting state with no shoes and light clothes at each
visit. Body mass index (BMI) was calculated using the
standard formula of weight (kg) divided by height squared
(meters). BMI values were transformed into BMI-SDS, based
on Normative Values for Chinese Children and Adolescents
(2009) (5,11) to adjust for the confounding effects of age
and sex.

Treatment and Follow-up

Patients received hormone replacement therapy according
to their known hormone deficiencies. Hydrocortisone
and L-thyroxine were immediately administered once
ACTH and TSH deficiency were confirmed. The dosages
of hydrocortisone were between 10-15 mg/m?/day, oral
administration, divided into two daily doses. The dosages
of L-thyroxine were between 1.5-2.0 ug/kg/day, oral
administration, qd. The dosages of hydrocortisone and
L-thyroxine were adjusted to maintain the levels of fT4, COR,
blood glucose and serum electrolytes within normal ranges.
In patients with normal thyroid and adrenal hormone levels
(including patients who were corrected with hydrocortisone
and L-thyroxine) hGH was administered (hGH produced
by ChangChun GeneScience Pharmaceuticals Co., Ltd in
Changchun, Jilin, China). The dosage of hGH was between
0.10-0.15 IU/kg/day) and administered by daily injection
7 days/week. Puberty was initiated in 26 patients through
the administration of gonadotropin; exogenous human
chorionic gonadotropin (hCG) and/or urine-derived human
menopause gonadotropin (hMG) therapy (hCG and hMG from
Livzon Pharmaceutical Group Inc., in Zhuhai, Guangdong,
China). For male patients the dosage of intramuscular (i.m.)
hCG was 2000 IU, twice per week, whilst for female patients
75 1U i.m. hMG was administered twice a week. Boys had
a pretreatment phase of hCG for three months. As serum
testosterone (TO) reached normal values, hCG combined
with hMG was administered to improve sexual development.
If the TO concentration did not attain normal values,
exogenous TO (TO undecanoate Catalent France Beinheim
S.A. in France: 80-160mg/day, oral administration) was
given to induce puberty (12).

All patients were followed in outpatient clinic at three
monthly intervals. Compliance with treatment was assessed
at each visit, and patients underwent complete physical
examinations by the same medical team, including height
and weight measurements during and after treatment.
Biochemical and hormone status were also assessed.

Statistical Analysis

Data were analyzed using Statistical Package for the
Social Sciences software (IBM SPSS for Windows, Version
25; IBM Corp., Armonk, NY, USA). The continuous data
in our research were tested for normal distribution using
Kolmogorov-Smirnov test, and found to be approximately
normally distributed. The descriptive statistics of the
quantitative variables were presented as means +
standard deviations (SD). Groups were compared using the
Student’s t-test. Pearson’s correlation was used to assess the
relationships between various parameters. The threshold for
statistical significance was < 0.05.

Results

In total, data from 74 patients (58 males and 16 females)
was analyzed. Amongst these patients, 48 (36 males and 12
females) who received hGH treatment and other deficient
hormones, excluding gonadotropin during the study period,
were pre-pubescent. Pre-pubescent subjects at presentation
were divided into the Female-Group (n=12) and Male-
Group 1 (n=36). Additionally, 13 patients (10 males and 3
females) were treated with hGH followed by gonadotropin
which was administered at the appropriate age to induce
puberty. The 10 male patients in this latter group formed
Male-Group 2. Lastly, 13 subjects (12 males and 1 female)
received combined hGH and gonadotropin treatment at
presentation. These 12 males were grouped into Male-
Group 3.

Growth Velocity of Pre-pubertal Patients (Female-Group and
Male-Group 1) Treated with Human Growth Hormone Alone

CA, BA, BMI-SDS and HtSDS during hGH treatment were
8.51 £3.08 years, 4.91+2.75 years, -0.20+1.11 and
-3.60 £ 1.76 in the Female-Group and 8.94 + 3.42 years,
551 +£3.22 years, 0.20+1.35 and -2.97+1.23 in the
Male-Group 1. There were no differences in CA and BA,
BMI-SDS and HtSDS at hGH treatments between pre-
pubescent females (Female-Group) and males (Male-Group
1) (p=0.698, p=0.653, p=0.358 and p=0.175). The
CA was significantly larger than the BA in both groups
(p=0.006 for Female-Group and p <0.001 for Male-Group
1) (Figure 1A).
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There were no differences in HtSDS at any point during
hGH treatment (p=0.292 and p=0.157). For Female-Group
patients, the GV was 11.63 +2.38 cmly in the first year
and 9.37 + 1.48 cml/y in the second year. The GV of Male-
Group 1 in the first year was 11.95+2.62 cm/y compared
to 9.83+1.71 cmly in the second year. No differences in
GV at any time point during hGH treatment between pre-
pubescent females (Female-Group) and males (Male-Group
1) (p=0.710 for the first year and p=0.410 for the second
year) were observed. GV in the first year was higher than
in the second year for both two groups (p=0.011 for the
Female-Group and p <0.001 for the Male-Group 1) (Figure
1B). The AHtSDSI for the Female- and Male-Group 1 were
significantly higher than the AHtSDS2 values (1.21 +0.51
vs 0.59 +0.38 and p<0.001 for Female-Group, 1.13 +0.57
vs 0.70+0.47, p=0.003 for Male-Group 1, respectively)
(Figure 1C). Detailed information is shown in Table 1.

Growth Velocity Male-Group 2 and Male-Group 3 Treated with
hGH and Gonadotropin

Detailed information of CA, BA, height SDS and GV during
hGH or gonadotropin treatment are shown in Tables 1 and
2. The CA following hGH treatment of the Male-Group 2
was larger than BA (11.24 + 2.99 years vs 6.55 + 3.82 years,
p=0.009). No differences in CA and BA at the initiation of
hGH treatment between Male-Group 1 and Male-Group 2
were observed (p=0.060 and p=0.390, respectively). CA
at the initiation of hGH treatment (hGH + gonadotropin
treatment) of Male-Group 3 was larger than BA (17.42 +3.32

years vs 12.25 + 1.37 years, p<0.001). The CA of Male-Group
3 was significantly higher than that of Male-Group 1 and
Male-Group 2 (both p<0.001) which was also observed for
BA values (both p<0.001).

The GV during the first two years of hGH treatment in the
Male-Group 2 were 13.37 +2.45 and 10.08 + 2.16 cm/year.
GV during the first two years of hGH (hGH + gonadotropin)
treatment of Male-Group 3 were 10.68 + 3.59and 8.16 + 2.03
cm/year. We observed no differences in GV during the first
year of hGH treatment amongst the three groups (p=0.132
between Group 1 and Group 2, p=0.193 between Group 1
and Group 3, and p =0.058 between Group 2 and Group 3).
During the second year, no differences in GV were observed
between Groups 1 and 2 (p=0.701), but the GV of Group
3 was significantly lower than the other two male groups
(p=0.007 between Male-Group 1 and Male-Group 3, and
p =0.044 between Male-Group 2 and Male-Group 3).

GV during the first year of hGH treatment was higher than
the second year for the three groups (p<0.001 for Male-Group
1, p=0.005 for Male-Group 2 and p = 0.046 for Male-Group
3, respectively) (Figure 1B). The differences in AHtSDS
between the first and second year of hGH treatment for
Male-Group 2 were also statistically significant (1.39 + 0.58
vs 0.77+0.41, p=0.013). However, differences in the
AHtSDS during the first two years of hGH treatment did
not change in the Male-Group 3 (1.50+0.79 vs 1.02 £ 0.76,
p=0.144) (Figure 1C).

Table 1. Characteristics of patients with pituitary stalk interruption syndrome treated with human growth hormone

Female-Group

Male-Group 1 Male-Group 2

(n=12) (n=736) (n=10)
p* (Mean + SD) (Mean + SD) (Mean + SD) p#

CA (years) at hGH onset 0.698 8.51 £3.08 8.94+3.42 11.24+2.99 0.060
BA (years) at hGH onset 0.563 491+2.75 551+3.22 6.55+3.82 0.390
BMI-SDS at hGH onset 0.358 -0.20 £ 1.11 0.20+1.35 -0.02 + 1.66 0.667
HtSDS
hGH treatment onset 0.175 -3.60+£1.76 -297+1.253 -3.43+£2.67 0.435
1st year of hGH treatment 0.292 -2.39+1.60 -1.85+1.14 -2.04+2.48 0.727
2nd year of hGH treatment 0.157 -1.98+1.54 -1.47+£0.86 -1.69+1.92 0.598
/NHtSDS
/A\HtSDS1 0.668 1.21£0.51 1.13+£0.57 1.39+0.58 0.210
AHtSDS2 0.467 0.59+0.38 0.70 £0.47 0.77 +0.41 0.671
GV (cm/year)
Ist year of hGH treatment 0.710 11.63+2.38 11.95+2.62 13.37+2.45 0.132
2nd year of hGH treatment 0.410 9.37 +1.48 9.83+1.71 10.08 +2.16 0.701

*p: comparison between Female-Group and Male-Group 1; #p: comparison between Male-Group 1 and Male-Group 2.

CA: chronological age; BA: bone age, BMI: body mass index, SDS: standard deviation score, AHtSDS: differences in HtSDS from the former year, AHtSDS1:
difference in HtSDS between the first year of human growth hormone (hGH) treatment and the onset of hGH treatment, AHtSDS2: differences in HtSDS

between the second and first year of hGH treatment
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The CA during the initiation of hGH + gonadotropin Characteristics of Patients Achieving Adult Height
treatment  of  Male-Group 2 (13.39+£2.80) were 1, total, 23 patients (19 males) with PSIS reached adult height
significantly lower than those of Male-Group 3 (p = 0.007),

] ] o following hGH treatment. For male patients, 18/19 attained
but no differences in BA at the initiation of hGH +
gonadotropin treatment between the groups were
observed (p=0.066). The GV in the first year of hGH
+ gonadotropin treatment in Group 3 was significantly ~20). For females, all patients (4/4) reached a normal adult

higher than that of Group 2 (p = 0.041), which was similar  height range and all were above the 50" percentile (adult

adult height >-2 SD, yet only seven reached a height above
the 50" percentile (adult height >172.7 cm or adult HtSDS

for AHtSDS (p=0.004). height 2160.6 cm or adult HtSDS > 0).
A 254 B 20+ c 2.54 $
$
- # #
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Figure 1. A, B, C) The age, growth velocity (GV) and AHtSDS at different points during hGH treatment. A) CA at the hGH
treatment onset of four groups was significantly larger than their BA. *p =0.006, &p<0.001, #p = 0.009, $p<0.001. B) GV in the
first year during hGH treatment was significantly higher than in the second year. *p =0.011, &p<0.001, #p =0.005, 5p = 0.046.
C) The difference in height SDS between the first year and the hGH treatment onset was higher than in the second year for
Female-Group, Male-Group 1 and Male-Group 2. *p<0.001, & =0.003, #p=0.013, Sp=0.144

GV: growth velocity, ZAHtSDS: height standard deviation score, hGH: human growth hormone, CA: chronological age, BA: bone age

Table 2. Characteristics of male patients with pituitary stalk interruption syndrome treated with both human growth
hormone and gonadotropin

Male-Group 2 Male-Group 3 p

(n=10) (n=12)

Mean + SD Mean + SD
CA (years) at hGH + gonadotropin onset 13.394+2.80 17.42+3.32 0.007
BA (years) at hGH + gonadotropin onset 10.85+2.00 12.25+1.37 0.066
BMI-SDS hGH + gonadotropin onset 0.43+1.53 0.33+0.94 0.853
Height SDS
1st year of hGH + gonadotropin treatment -0.84+1.96 -3.60+1.74 0.002
2nd year of hGH + gonadotropin treatment -0.02+1.14 -2.09+1.21 <0.001
/AHtSDS
/\HtSDS1 hGH + gonadotropin treatment 0.49+0.62 1.50+0.79 0.004
/NHtSDS2 hGH + gonadotropin treatment 0.40+£0.75 1.02+£0.76 0.070
Growth velocity (cm/year)
Ist year of hGH + gonadotropin treatment 7.93+1.87 10.68 +3.59 0.041
2nd year of hGH + gonadotropin treatment 8.10+2.16 8.16+2.03 0.947

p: comparison between Male-Group 2 and Male-Group 3; 159/2nd year of hGH + gonadotropin treatment: first/second year of hGH combined with gonadotropin
treatment.

CA: chronological age, BA: bone age, hGH: human growth hormone, BMI: body mass index, SDS: standard deviation score
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The mean adult height was 168.5+6.1 cm
(HtSDS=-0.47 £+ 1.11) for males and 164.0+2.9 cm
(HtSDS=0.77 +0.49) for females. The parental target
height was 170.1 +4.9 cm (HtSDS =-0.43 + 0.82) for males
and 160.8+ 1.3 cm (HtSDS=0.26 + 0.03) for females. The
mean age at initiation of hGH treatment in females was
10.4 +£0.8 years and 14.4 + 3.5 years in males. The mean
BA at initiation of hGH treatment in females was 8.4 + 0.8
years and 9.9 + 3.5 years for males. Mean HtSDS at hGH
treatment onset was -3.11 + 1.86 for males and -1.75+ 0.23
for females, respectively. The mean GV in the first year of
hGH treatment were 11.0+3.2 cm and 12.9+1.9 cm for
males and females, respectively. The mean total height
gain was 23.9+ 15.6 cm and 20.9 +4.9 cm for males and
females, respectively.

A negative correlation was found between the total height
gain and BA at hGH onset and between total height gain
and height at hGH treatment onset (r=-0.721, p<0.001;
and r=-0.822, p<0.001, respectively). Moreover, a positive
correlation was observed between total height gain and GV
in the first year of hGH treatment (r=0.626, p<0.001).
Figure 2 graphically depicts these correlations.

Discussion

Various anterior pituitary hormone deficiencies and clinical
presentations are common in PSIS patients. To date, studies
on the growth of children and adolescents with PSIS during
the course of hGH treatment are sparse and continuous
follow-up to adult age is rarely reported (5). In this
retrospective study, measurements were performed in 74
patients with PSIS. Our analysis included long-term patient
follow-up, performed at regular short intervals, by the same
team of healthcare professionals. Despite certain limitations,
the results provided various noteworthy observations. It has
been reported that the addition of gonadotropins may affect
GV in pubertal children (4), so male PSIS patients were
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divided into three groups on the basis of their gonadotropin
treatment protocols.

All children short in stature can receive hGH treatment
to decrease linear height deficits. The CA of PSIS patients
receiving hGH treatment in this study were older than
those of previous studies (13). Chinese parents are familiar
with the idea of “delayed puberty”, leading to delay in
referral and older age at presentation in Chinese patients.
A large number of children were from rural areas with an
undeveloped economy, in which the attention to growth
and development is low. These factors contribute to the
older age of PSIS children and adolescents in our cohort.
The BA of all the PSIS children in our study was lower
than their respective CA, as previously described (4).
GH deficiency leads to slow bone growth and maturity,
owing to delayed BA. The treatment effect at different
time points was independent of the gender amongst pre-
pubescent PSIS children in this study. This differed from
previous studies (12) in which pre-pubescent boys had a
greater response to hGH treatment than pre-pubescent
girls with GHD who were small for their gestational age.
Deficiencies in other pituitary hormones may weaken the
responses of males, and the low number of patients may
have contributed to the discrepancies. The BMI SDS of pre-
pubescent boys tended to be higher than those of females,
though the differences were not statistically significant.
The increase in BMI SDS may have adverse effects on
height growth in shorter male children, consistent with
previous reports (14).

In previous studies on congenital IGHD patients, the GV
in the first year of hGH therapy was 8.92+2.99 cm for
males and 8.17 +3.15 cm for females (15). The GV in the
first year of hGH treatment was significantly higher than
that of GHD patients (p <0.001 for males and p =0.004 for
females), whilst the CA values were similar (p=0.170 for
males and p=0.272 for females). The greater responses to
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Figure 2. A, B, C) Correlation between total height gain and bone age, height and growth velocity at first year

hGH: human growth hormone, BA: bone age
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hGH treatment in PSIS patients may be due to the higher
sensitivity to hGH and/or severity of GH deficiency of these
patients (16). The GV of patients in the Female-Group, Male-
Group 1, Male-Group 2 and Male-Group 3 in this study
were higher in the first year compared to the second vyear,
consistent with previous studies and confirming that GHD
children show faster linear growth during the initial stages
of GH therapy (17) in addition to other studies on congenital
MPHD (4).

Although the mean CA and mean BA of Male-Group 3 were
both higher than those of the other two male groups, the
GV during the first two years of hGH treatment was similar,
which may be explained by the induction of puberty. The
induction of puberty leads to a growth spurt which may
explain the response to hGH treatment observed.

In previous GHD studies, only one third of patients reached
normal adult height in response to hGH treatment (15).
The duration of hGH treatment, age at initiation of hGH
treatment and ethnicity may contribute to the discrepancies
between this and previous studies. Although girls and boys
had similar responses to hGH at different time points pre-
puberty, females achieved better adult height than males
in this study. The younger age at the initiation of hGH
treatment of females and small sample size may explain
this enhanced treatment effect.

A positive correlation between total height gain and GV
in the first year of hGH treatment was in accordance with
previous studies (18). The total height gain in the first year
of hGH is an effective predictor of future height outcomes
(19,20,21,22). Previous studies on GHD also indicate the
importance of early treatment with hGH for IGHD patients
(23,24). The negative relationship of BA and total height
gain in this study also reflects a similar phenomenon in
patients with PSIS and the total height gain may be greater
if patients receive hGH at an earlier stage. It has been
suggested that this is because early initiation of hGH permits
a longer duration of treatment and larger gains in height (24)
although height gains in the second year of therapy with
hGH are consistently less impressive than those achieved in
the first year of therapy.

Study Limitations

The uneven number of male and female patients and
differences in duration of hGH treatment may have
influenced the results. Of particular note there were only
four females in this study who attained adult height. It is
not possible to reach a definite conclusion about the effect
of hGH in female PSIS patients and the number of female
patients is too low to compare with male patients reliably
In addition data regarding the sexual development of PSIS

patients was not collected and so analysis of the effect of
hGH and gonadotropin therapy on pubertal development in
PSIS patients was not performed. These limitations should
be addressed in future studies.

Conclusion

Males and females with MPHD caused by PSIS had a similar
GV during hGH treatment before puberty. The GV during
the first year of hGH treatment can predict future height
outcomes for patients with MPHD caused by PSIS. PSIS
patients may attain normal adult heights following hGH
treatment.

Ethics

Ethics Committee Approval: The study was approved by the
Medical Ethics Committee of Shandong Provincial Hospital,
affiliated to Shandong University (approval number: 2019-
053).

Informed Consent: Patients or their parents/guardians
provided verbal consent for anonymized data to be collated
and analyzed. The authors are grateful to all the children
and their parents for participating in this study.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Medical Practices: Fengxue Wang, Jinyan Han, Zengmin
Wang, Xiaohong Shang, Concept: Guimei Li, Design:
Fengxue Wang, Guimei Li, Data Collection or Processing:
Fengxue Wang, Jinyan Han, Zengmin Wang, Xiaohong
Shang, Analysis or Interpretation: Fengxue Wang, Jinyan
Han, Guimei Li, Literature Search: Zengmin Wang, Xiaohong
Shang, Writing: Fengxue Wang, Jinyan Han.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Cerbone M, Dattani MT. Progression from isolated growth hormone
deficiency to combined pituitary hormone deficiency. Growth Horm
IGF Res 2017;37:19-25. Epub 2017 Oct 19

2. Romero CJ, Nesi-Franca S, Radovick S. The molecular basis of
hypopituitarism. Trends Endocrinol Metab 2009;20:506-516. Epub
2009 Oct 23

3. Schneider HJ, Aimaretti G, Kreitschmann-Andermahr I, Stalla GK,
Ghigo E. Hypopituitarism. Lancet 2007;369:1461-1470.

4. Haim-Pinhas H, Kauli R, Lilos P, Laron Z. Growth, development, puberty
and adult height of patients with congenital multiple pituitary hormone
deficiencies. Growth Horm IGF Res 2016;27:46-52. Epub 2016 Feb 19

5. Wang E Han |, Shang X, Li G. Distinct pituitary hormone levels of 184
Chinese children and adolescents with multiple pituitary hormone
deficiency: a single-centre study. BMC Pediatr 2019;19:441.

77



Wang F et al.
Growth and Adult Height of Pituitary Stalk Interruption Syndrome in Children

] Clin Res Pediatr Endocrinol
2020;12(1):71-78

12.

13.

14.

78

Fujisawa I, Kikuchi K, Nishimura K, Togashi K, Itoh K, Noma S, Minami
S, Sagoh T, Hiraoka T, Momoi T, et al. Transection of the pituitary stalk:
development of an ectopic posterior lobe assessed with MR imaging.
Radiology 1987;165:487-489.

Chinoy A, Murray PG. Diagnosis of growth hormone deficiency in the
paediatric and transitional age. Best Pract Res Clin Endocrinol Metab
2016:;30:737-747. Epub 2016 Nov 4

Caicedo A, Rosenfeld R. Challenges and future for the delivery of
growth hormone therapy. Growth Horm IGF Res 2018;38:39-43. Epub
2017 Dec 17

Harrington ], Palmert MR. Clinical review: Distinguishing constitutional
delay of growth and puberty from isolated hypogonadotropic
hypogonadism: critical appraisal of available diagnostic tests. ] Clin
Endocrinol Metab 2012;97:3056-3067. Epub 2012 jun 20

. Segal TY, Mehta A, Anazodo A, Hindmarsh PC, Dattani MT. Role of

gonadotropin-releasing hormone and human chorionic gonadotropin
stimulation tests in differentiating patients with hypogonadotropic
hypogonadism from those with constitutional delay of growth and
puberty. J Clin Endocrinol Metab 2009;94:780-785. Epub 2008 Nov 18

. Li H, Ji CY, Zong XN, Zhang YQ. Body mass index growth curves for

Chinese children and adolescents aged 0 to 18 years. Zhonghua Er Ke
Za Zhi 2009;47:493-498.

Wang O, Jiang W, Li G, Tang L, Hu Y. Comparison of therapeutic
response to gonadotropin therapy between chinese male adolescents
and young adults with hypogonadotropic hypogonadism caused by
pituitary stalk interruption. Horm Metab Res 2014;46:668-673. Epub
2014 May 27

Savendahl L, Blankenstein O, Oliver I, Christesen HT, Lee P, Pedersen
BT, Rakov V, Ross J. Gender influences short-term growth hormone
treatment response in children. Horm Res Paediatr 2012;77:188-194.
Epub 2012 Apr 12

Lee JH, Kim SK, Lee EK, Ahn MB, Kim SH, Cho WK, Cho KS, Jung
MH, Suh BK. Factors affecting height velocity in normal prepubertal
children. Ann Pediatr Endocrinol Metab 2018;23:148-153. Epub 2018
Sep 28

. Smuel K, Kauli R, Lilos P, Laron Z. Growth, development, puberty

and adult height before and during treatment in children with

20.

21.

22.

23.

24.

congenital isolated growth hormone deficiency. Growth Horm IGF Res
2015;25:182-188. Epub 2015 May 12

. Richmond E, Rogol AD. Treatment of growth hormone deficiency in

children, adolescents and at the transitional age. Best Pract Res Clin
Endocrinol Metab 2016;30:749-755. Epub 2016 Nov 4

. Devesa ], Almenglo C, Devesa P. Multiple Effects of Growth Hormone

in the Body: Is it Really the Hormone for Growth? Clin Med Insights
Endocrinol Diabetes 2016;9:47-71.

. El Chehadeh S, Bensignor C, de Monleon JV, Mejean N, Huet E The

pituitary stalk interruption syndrome: endocrine features and benefits
of growth hormone therapy. Ann Endocrinol (Paris) 2010;71:102-110.
Epub 2009 Dec 30

. Ranke MB, Lindberg A; KIGS International Board. Observed and

predicted growth responses in prepubertal children with growth
disorders: guidance of growth hormone treatment by empirical
variables. | Clin Endocrinol Metab 2010;95:1229-1237. Epub 2010 Jan
22

de Ridder MA, Stijnen T, Hokken-Koelega AC. Prediction of adult height
in growth-hormone-treated children with growth hormone deficiency. |
Clin Endocrinol Metab 2007;92:925-931. Epub 2006 Dec 19

Ranke MB, Lindberg A, Ferrandez Longas A, Darendeliler F, Albertsson-
Wikland K, Dunger D, Cutfield WS, Tauber M, Wilton P, Wollmann HA,
Reiter EO; KIGS International Board. Major determinants of height
development in Turner syndrome (TS) patients treated with GH:
analysis of 987 patients from KIGS. Pediatr Res 2007;61:105-110.

Van Pareren Y, Mulder P, Houdijk M, Jansen M, Reeser M, Hokken-
Koelega A. Adult height after long-term, continuous growth hormone
(GH) treatment in short children born small for gestational age:
results of a randomized, double-blind, dose-response GH trial. ] Clin
Endocrinol Metab 2003;88:3584-3590.

Cohen LE. Idiopathic short a clinical

2014;511:1787-1796.

stature: review. JAMA

Schena L, Meazza C, Pagani S, Paganelli V, Bozzola E, Tinelli C, Buzi
E Bozzola M. Efficacy of long-term growth hormone therapy in short
non-growth hormone-deficient children. ] Pediatr Endocrinol Metab
2017;30:197-201.



ORIGINAL ARTICLE DOI: 10.4274/jcrpe.galenos.2019.2019.0080

J Clin Res Pediatr Endocrinol 2020;12(1):79-85

Effects of 5-Hydroxymethylfurfural on Pubertal Development of
Female Wistar Rats
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What is already known on this topic?

5-Hydroxymethylfurfural (HMF) is an organic compound that is present at high amounts in processed foods and foodstuffs as a result of
heating, roasting, frying and toasting. Data on potential genotoxic, mutagenic, carcinogenic, DNA-damaging, organotoxic and enzyme
inhibitory effects of HMF and its metabolites are conflicting. To the best of our knowledge there are no published data about the effects
of HMF on pubertal development.

What this study adds?

This is the first study of the effects of HMF on pubertal development. The results indicate that peripubertal exposure to HMF in high
doses result in precocious puberty and decreased anti-Mullerian hormone levels in female Wistar rats.

Abstract

Objective: 5-Hydroxymethylfurfural (HMF) is formed when sugars are heated in the presence of amino acids. HMF is naturally present
in many foods. To investigate the toxic effects of HMF on the reproductive system of peripubertal rats.

Methods: In the study, 24 immature female Wistar rat were divided into three groups: control (CT) fed with no HMF; low dose fed with
750 mg/kg/day of HMF and high dose (HD) groups fed with 1500 mg/kg/day of HME. All groups received these diets for three weeks from
postnatal day (PND) 21. The vaginal opening (VO) was monitored daily and euthanasia occurred on PND 44. Gonadotropin, estradiol
(E2), progesterone and anti-Mullerian hormone (AMH) concentrations were measured. Reproductive organ weights and ovarian follicle
counts were compared.

Results: The HD HMF group had earlier VO. Higher mean luteinising hormone (2.9 + 1.2 vs 1.3 + 0.3 mIU/mL) and mean E2 (34.7 + 8.8
vs 21.2 +£3.9 pg/mL) and lower mean AMH (2.7 + 0.5 vs 4.7 + 0.7 ng/mL) concentrations were found in the HD compared to the CT group.
The HD group also had increased number of secondary atrophic follicles.

Conclusion: These results indicate that peripubertal exposure to HMF at HD result in precocious puberty and decreased AMH levels in
female Wistar rats.

Keywords: Hydroxymethylfurfural, puberty, vaginal opening, anti-Mullerian hormone, rat
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Introduction

5-Hydroxymethylfurfural (HMF) is an organic compound
produced by dehydration of fructose and glucose, through
a non-enzymatic chemical reaction, in the presence of
amino acids (1). The presence of HMF reduces protein
digestibility and decreases the nutrition quality of foods.
The concentration of HMF is widely used as a parameter to
asses honey freshness and appropriate storage conditions
(2). It is also ubiquitous in the human diet and is present in
high concentrations in processed foods and foodstuffs as
a result of heating, roasting, frying and toasting (3). HMF
concentration is greater than 1 g/kg in dried fruits, caramel
products and some fruit juices and up to 6.2 g/kg in instant
coffee (4). It is also present in cigarette smoke, beer and
medical products like parenteral solutions containing glucose
and pharmaceutical syrups containing fructose (5,6,7,8).
Additionally, HMF is used industrially in the production of
polymers, surfactants, solvents, pharmaceuticals and plant
protection agents (9).

Daily consumption of HMF from diet is estimated to be
between 30-150 mg and safe levels of HMF consumption
have not been clearly defined (7,10). While the effect of
HMF on human health has long been the subject of research,
it is not yet clear if HMF represents a potential health risk
for humans by dietary exposure. There are conflicting data
on potential genotoxic, mutagenic, carcinogenic, DNA-
damaging, organotoxic and enzyme inhibitory effects
of HMF and its metabolites (11,12,13,14). In terms of
carcinogenic effect, HMF derivatives were found to cause
hepatocarcinoma and increase skin tumor initiating activity
in mice (15). Zhang et al (16) also showed that orally
administered HMF in thermolyzed sucrose in rats initiates
intestinal aberrant crypt foci formation and causes an
increase in both number and size of these lesions in a dose
dependent manner. However, in another murine study no
evidence of intestinal aberrant crypt formation with HMF or
its derivate was reported (17). The US National Toxicology
Program (NTP) study of the toxicology and carcinogenesis
of HMF in rats and mice, the most comprehensive study on
toxic effects of HMF to date, revealed increased incidences
of lesions of the olfactory and respiratory epithelium of
the nose in rats and mice, and increased incidence of liver
cancer in female mice after two years administration of oral
HME The same study also revealed change in duration of
estrous cycles and proportion of regular cycles which may
point to possible fertility problems (4). Exposure of children
to HMF has increased with changing eating habits in the
last decades. No data on the possible toxic effects of HMF
on pubertal development has been reported to date. Thus,
the aim of this study was to evaluate whether peripubertal
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exposure to high levels of HMF had any effect on pubertal
timing, reproductive organ growth, hormone levels and
ovarian follicular development.

Methods

This study was conducted in Gazi University Laboratory
Animal Breeding and Experimental Researches Center
(GUDAM) and approved by Gazi University Local Ethics
Committee for animal experiments (approval code: 17.025).

Animals and Experimental Design

Twenty four Wistar albino rats, weaned on postnatal day
(PND) 21, were divided into three equal sized groups (n = 8/
group). The control (CT) group was given 5 mL/kg/day of
tap water, the low dosage (LD) group was given 750 mg/kg
day and high dosage (HD) group was given 1500 mg/kg/day
of HMF (Sigma 25 mg 5-hydroxymethylfurfural, W501808-
25G-K) (4). The treatments were performed orally (gavage),
once daily for six days/week, at the same hour (between
9:00 and 10:00 AM), until PND 44. The groups were kept
in different cages under identical conditions (22-24 °C, 25-
30 % humidity, 12 hour light-dark cycle with free access to
water and food). Each rat was weighed on PND 21, 26, 33,
40 and 44 just prior to feeding.

Analysis of Vaginal Opening (V0)

The rats were examined for VO for the assessment of sexual
maturity every morning between 9:00 and 10:00 AM. The
procedure was performed visually without using a surgical
loupe. To compare time of puberty, VO was scored as no VO
(0 points), VO between PND 39-44 (1 point) and VO between
PND 33-38 (2 points). The scale steps were set by dividing
the time period (PND 33-44) that rats had VO into two.

Euthanasia

The animals were anesthetized by intramuscular xylazine
and ketamine (5 and 45 mg/kg, respectively) and then
euthanized by cardiac puncture on PND 44, 24 hours after
the last dosage of HME Blood samples were collected with
cardiac puncture on termination day. After centrifugation,
serum samples were stored at -80 °C until the time of
analysis of follicle stimulating hormone (FSH), luteinizing
hormone (LH), estradiol (E2), progesterone (P) and anti-
Mullerian hormone (AMH) levels.

Measurement of Uterus Length, Organ Weight and Assessment
of Follicular Score

After euthanasia, uterus and ovaries were dissected with
a limited gross necropsy focused on reproductive organs.
Ovaries and uterus were weighed to the nearest 0.001 g
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with an electric scale (Sartorius Research R200D Electronic
Semi-Microbalance). Organ weight per 100 mg of final
body weight (relative organ weight) were calculated. In
macroscopic analysis, both cervix lengths and uterine corns
were measured from fundus to cervix of uterus individually,
and the results were recorded. Afterwards, length of the
longer corn and the cervical length were added to estimate
uterus length. The ovaries and uterus were fixed in 10%
buffered formalin, serial sections of 5 pm were made from
the mid part of the ovaries and they were stained with
haematoxylin and eosin. Four sections were evaluated from
each ovary. Follicular quantitative analysis was performed in
equidistant sections. Number of follicles at different stages
was counted and grouped as healthy secondary, atrophic
secondary, healthy tertiary and atrophic tertiary follicles.
The follicle was defined as: ‘primary’, if the follicle had one
layer of follicular cells; ‘secondary’, if the follicle had two or
more layers of follicular cells and was larger than primary
follicles; ‘tertiary’, if the follicle had a flood filled antrum
and was “atretic”, if the follicle had degenerate oocyte and/
or degenerate layers of the membrana granulosa present
(18,19). The follicular growth phases are shown in Figure 1.
All microscopic analyses were performed with x4, x10, x20,
and x40 magnification as a blind test.

Hormonal Assays

The serum concentration of FSH was determined using a
commercial rat-specific enzyme-linked immunosorbent
assay (ELISA) Kit (Elabscience, E-EL-R0391, Memorial

Drive, Suite 216, Houston, Texas, USA) according to the
manufacturer’s instructions. The sensitivity of the assay
was 1.88 ng/mL. The serum concentration of LH was
measured using a commercially available rat-specific ELISA
kit (Elabscience, E-EL-R0026, Memorial Drive, Suite 216,
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Figure 1. Ovarian photomicrograph from low dosage group
showing growth phases of the follicles in x4

Houston, Texas, USA) according to the manufacturer’s
instructions. The sensitivity of the assay was 0.94 mlU/
mL. The serum concentration of E2 was measured using
a commercially available rat-specific ELISA kit (LSBio, LS-
F13008, 2401 Fourth Avenue Suite 900, Seattle, WA, USA)
according to the manufacturer’s instruction. The sensitivity
of the assay was 15.6 pg/mL. The serum concentration of
P was measured using a commercially available rat-specific
ELISA kit (MyBioSource Inc., MBS762170, San Diego, CA,
USA) according to the manufacturer’s instruction. The
sensitivity of the assay was <0.188 ng/mL. The serum
concentration of AMH was measured using a commercially
available rat-specific ELISA kit (Elabscience, E-EL-R0640,
Memorial Drive, Suite 216, Houston, Texas, USA) according
to the manufacturer’s instruction. The sensitivity of the
assay was 0.1 ng/mL. All of these assays were performed
concurrently in duplicate and a standard curve was
established for assay. Inter- and intra-assay variations were
<10%.

Statistical Analysis

Statistical analysis of the data was performed with Statistical
Package for the Social Sciences, version 20 (IBM Inc,
Chicago, IL, USA) programme. Values were provided as
mean + standard deviation (minimum-maximum). Statistical
significance was determined by Kruskal-Wallis one-way
analysis of variance for multiple group comparisons and
with the Mann-Whitney U test for two-group comparisons.
Significance was accepted as p < 0.05.

Results

The study was completed with 23 animals, CT group (n =8),
LD group (n=8) and HD group (n=7) as one rat from the
HD group died during the experiment from an unknown
cause. The mean body weight of the rats was 42.5+1.7 g
on PND 21, at the beginning of the experiment. The mean
body weight of the CT, LD and HD animals on PND 26, 33,
40 and 44 is given in Table 1. Although mean body weight
differed among groups throughout the experiment, the
difference was not significant between the groups at the
end of the experimental period (PND 44).

Mean age at VO was PND 40 + 3.2 (range 34-43) in the CT
and 35.7 +2.7 (range 33-40) in the HD group. Three rats
from the LD group did not have VO on termination day. The
difference in time of VO was significant (p = 0.025). The HD
group had VO earlier than both the CT (p=0.023) and LD
groups (p=0.018). According to the scale, VO seemed to be
slightly delayed in the LD group compared to the CT group,
however the difference was not significant (Table 2).
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Serum FSH and P concentrations did not differ between the
study groups. Serum LH concentrations were significantly
higher in the HD group compared to the CT group
(p=0.001). However, there was no difference between
serum LH concentration in the LD group and the CT group
or between the HD group and the LD group. Serum E2
concentrations were increased in the HD group compared
to the LD group (p=0.04) and the CT group (p=0.01).
Serum AMH concentrations were significantly lower in the
HD group compared to both the LD group (p = 0.03) and the
CT group (p=0.01) (Table 3).

The mean absolute and relative weight of ovaries and
uterus lengths were not different between the groups. The
mean absolute and relative uterine weight was increased in
the HD group when compared to the CT group (p=0.037
and p=0.005 respectively). The mean number of healthy
follicles also did not differ between the groups but the
mean number of atrophic secondary follicles was increased
in both the LD and HD groups (p=0.02). Measurements
of reproductive organs, numbers of follicles and hormone
levels are shown in Table 3 and ovarian photomicrographs
of each experimental group are shown in Figure 2.

Discussion

The only study on reproductive and developmental toxicity
of HMF was done by the US NTP concerning the toxicology
and carcinogenesis of HMF in rats and mice. The study

Table 1. Mean body weight (g) of each experimental group
on different postnatal days

Parameters

PND CT (n=8) LD (n=8) HD (n=7)

26 62.0+8.0 55.3+5.8*% 58.1 +8.6%, **
33 80.0+10.2 74.6+7.8*% 7624+ 11.2% **
40 88.7+11.3 87.4+9.2* 91.7+13.5%, **
44 94.7+12.1 96.8+10.2 1053+ 15.6

*Significantly different (p<0.05) from mean body weight of the CT.
**Significantly different (p<0.05) from mean body weight of the LD.

PND: postnatal day, CT: control group, LD: low dosage group, HD: high
dosage group

revealed that the duration of the estrous cycle was increased
and that regular cycles were fewer in rats that were given 750
mg/kg/day or 1500 mg/kg/day of oral HMF for three months,
starting from PND 42. These data indicated the potential of
HMEF to produce adverse effects in the reproductive system
and for fertility (4). In the current study, 750 mg/kg/day or
1500 mg/kg/day of HMF was given orally to female rats
starting on PND 21 for three weeks. Rats become sexually
mature at the age of six weeks (20). To the best of our
knowledge this is the first study investigating the effects of
HMF on the reproductive system in sexually immature rats.

Although HMF is mostly present in high calorie foodstuffs,
its direct effect on body weight and energy metabolism is
controversial. In physiological analyses, redox metabolism is
severely affected by HME while the effects on the energetics
is less well established (21). We found no difference in mean
final body weight between the CT and HMF groups. Zaitzev
et al (22) reported no change in final body weight of rats
receiving 40 mg/kg or 80 mg/kg of HMF for 11 months. The
NTP study reported different results for different groups,
loss in body weight of rats receiving HMF for three weeks
or three months in doses exceeding 750 mg/kg/day and
no change in body weight was reported in rats receiving
HMF for two years at any dose (4). Heaton and Robinson
(23) reported acceleration in body weight gain with 75-225
mg/kg of HMF for an unspecified duration, without giving
a detailed description of nutrition conditions. However, it
is not appropriate to compare these studies because of the
different doses and durations of HMF consumption.

VO, a marker for pubertal onset in rodents, is caused by
an apoptotic process in vaginal epithelial cells triggered by
increased levels of estrogen. VO of rats of the same strain
from different laboratories, or rats of the same strain and
laboratory but from different litters, varies hugely. Mean
VO time in Wistar rats was reported to range between
33.4+1.98 and 41.6 + 3.7 days, compatible with the mean
VO of the CT group (24). VO in the HD group was also within
the reported ranges but it was earlier than in the CT and LD
groups. In addition, the E2 concentrations were higher in
the HD group, which could be interpreted as high doses of
HMEF causing precocious puberty in female rats.

Table 2. Vaginal opening time (in days) in different experimental groups

Parameter Groups

CT LD HD
Subject 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7
PND 34 37 40 40 40 43 43 43 33 37 40 44 44 - - - 33 33 33 37 37 37 40
VO scale* 2 2 1 1 1 1 1 12 2 1 1 1 0 0 0 2 2 2 2 2 2 1

*0: VO until the end of the experimental period, 1: VO between PND 39-44, 2: VO between PND 33-38.

PND: postnatal day, CT: control, LD: low dosage, HD: high dosage, VO: vaginal opening
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Uterine weight increases as puberty progresses in rodents
and this increase is associated with E2 levels. However,
studies have reported that increased E2 levels my cause a
decrease or no change in uterine weight of immature rats

(25,26,27). These unexpected results were explained by

S

Figure 2. Ovarian photomicrographs of each experimental
group in x4 magnitution. (A) Control group (B) low dosage
group (C) high dosage group

altered sensitivity of the estrogen receptors in the uterus
due to high E2 concentrations or due to the substance
used in the experiment (27). In this present study, absolute
and relative uterine weight was increased in the HD group
and both LH and E2 concentrations were higher in the HD
group compared to the CT and LD groups. It may be that
HMF somehow activated the hypothalamo-pituitary system
resulting in increased E2 concentrations, led to early VO
and may also have caused an uterotrophic effect. Detailed
physiological studies are needed to understand and explain
the mechanism fully.

Intense maturational changes in the hypothalamic-pituitary
system are accompanied by an increase in gonadotropin
response in the ovaries, resulting in development of
gonadotropin related follicles. Measuring ovarian weight and
microscopic examination are indispensable steps for female
reproductive toxicology studies (28). In our study, absolute
or relative ovarian weight did not vary between groups but
number of atrophic secondary follicles was increased in the
HMF groups compared to the CT group. Numerous atrophic
follicles may be present at the normal peripubertal stage,
before ovulation. As the rat matures and cyclicity is set after
several cycles, the number of atrophic follicles decreases.
Atrophic follicles are prominent in rats that are euthanized
around PND 42 (28). However, ovarian toxicology studies
have shown that an increased number of atrophic follicles
was among the most common histopathologic features
indicating ovarian detriment, even in rats at six weeks of age
(29). As 3/8 LD rats did not have VO on necropsy day and
218 had VO the day before necropsy, an increased number
of atrophic follicles in the LD group may be attributed to
their immaturity, but the ovaries of the HD group seem to
have been affected by HMF toxicity.

AMH is produced by growing ovarian follicles and reflects
the antral follicle count (30). Rodent studies have shown
that AMH has a critical role in initial follicle recruitment
and selection of dominant follicles (31). Decrease in serum
AMH correlates directly with the decrease in the number
of growing follicles (32). In this study, AMH concentrations
were significantly decreased in the HD group, which may
indicate decreased ovarian reserve and HMF-related ovarian
damage. Although the role of E2 in AMH expression is
not clear, another possible cause for the decline in AMH
concentrations may be increased concentrations of E2.
Increased E2 has been shown to reduce the activation of
AMH promoter in some in vitro studies (33,34,35). In
contrast there are also studies supporting the opposite or
showing that E2 has no direct effect on AMH (36,37,38).
Thus, the relationship between AMH and E2 concentrations
is still controversial.
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Table 3. Measurements of mean serum hormone concentrations, weight/length of reproductive organs and follicle counts

of the study groups

Parameters (mean + SD) Groups

CT (n=8) LD (n=8) HD (n=7)
FSH (ng/mL) 94+1.9 10.1 +£3.1 13.7+£3.6
LH (mlU/mL) 1.3+£0.3 22+15 29+1.2*%
E2 (pg/mL) 21.2+3.9 20.1£8.6 34.7+£8.8%, **
Progesterone (ng/mL) 10.1+£1.8 9.7+1.6 11.2+2.4
AMH (ng/mL) 4.7+£0.7 4.1+£0.8 2.7+£0.5%, **
Absolute weight of ovaries (mg) 58.6+17.6 50.6 +11.6 60.2+12.7
Relative weight of ovaries (mg/%) 59.4+12.6 51.9+9.0 57.4+10.0
Absolute weight of uterus (mg) 208.5+89.4 2342+ 115.7 368.3+176.5%
Relative weight of uterus (mg/%) 214.0+77.4 242.5+125.1 339.0 £ 141.0%
Uterus length (mm) 27.6+4.9 323+7.1 32.0+£6.6
Healthy secondary follicles (n) 53.0+16.4 77.8+24.4 70.5+21.3
Atrophic secondary follicles (n) 4+1.6 6.1+1.8*% 8.0+4.0*
Healthy tertiary follicles (n) 6.6+2.6 85+3.5 7.8+3.8
Atrophic tertiary follicles (n) 2.1+1.8 2.8+1.2 2.8+£0.8
Atrophic/total follicle (%) 10.3+7.0 9.8+2.9 11.9+3.8

*Significantly different (p<0.05) from the control group.
**Significantly different (p<0.05) from LD group.

FSH: follicle stimulating hormone, LH: luteinizing hormone, E2: estradiol, AMH: anti-Mullerian hormone, CT: control, LD: low dosage, SD: standard deviation

Conclusion

HMF is present in numerous foodstuffs at high levels and
peripubertal children have an increasing exposure to this
potentially toxic metabolite with changing dietary habits. This
is the first study of the toxic effects of HMF in peripubertal rats
and it was shown that high doses of HMF given orally for three
weeks caused early VO, an increased number of secondary
atrophic follicles and decreased AMH concentrations.
However, these results may not be directly related to humans
given the experimental dosage and duration applied in this
rat model. Therefore, there is a need for further studies to
elucidate the mechanisms leading to these findings.
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What is already known on this topic?

Bisphenol A (BPA) is an endocrine disrupting chemical and exposure to BPA is almost inevitable in daily life. Relationships between BPA
exposure and various health risks have begun to be established. In different societies, BPA levels in young children seem to be higher in
comparison with adolescents and adults.

What this study adds?

This first study of biomonitoring in preschool children from Turkey is an important contribution to the limited information about
childhood exposure to BPA in Turkey and the world. The magnitude of exposure of BPA by children, estimated daily intake was calculated
first time for Turkish children in this study.

Abstract

Objective: There is general concern regarding environmental chemical exposure and the impact it may have on human health. This is
particularly important for vulnerable populations such as infants and children during critical periods of development. Bisphenol A (BPA)
is an endocrine disrupting chemical used worldwide over the last 30 years in many consumer products. Evidence points to widespread
human exposure to BPA. The aim of this study was to evaluate the exposure of Turkish preschool children to BPA.

Methods: This study was conducted as a preliminary investigation of BPA in urine, collected from 3-6 year old children living in Ankara.
After spot urine samples were taken from preschool children, free BPA, B-D-glucuronide and total BPA were determined using high-
performance liquid chromatography tandem mass spectrometry and adjusted by creatinine concentration.

Results: Preschool children from Ankara (n= 125; males n = 70, females n = 55; mean age: 4.50 + 1.26) were recruited. BPA was detected
in 76.8 % of children from Ankara city, with urinary concentrations ranging from < limit of quantification to 18.36 ug/g creatinine. Total
BPA levels were not statistically different between boys (1.26 pg/g creatinine) and girls (2.24 pg/g creatinine) (p > 0.05).

Conclusion: This study is an important contribution to the limited information about childhood exposure to BPA. The estimated daily
BPA intake in this study is substantially lower than the European Food Safety Authority derived tolerable daily intake of 4 pg/kg BwW/day.
Keywords: Bisphenol A, urine, children, liquid chromatography-mass spectrometry, Turkey

Introduction

There is general regarding environmental
chemical exposure and its impact on human health, but

concern

this is particularly important for vulnerable populations,
such as infants and children during sensitive periods of
development. In 1997 the leaders of the G8 countries
stated,
children face significant threats to health from an array

“We acknowledge that, throughout the world,

of environmental hazards. The protection of human health
remains a fundamental objective of environmental policies
to achieve sustainable development. We increasingly
understand that the health and well-being of our families
depends upon a clean and healthy environment. Nowhere
is this more true than in the case of children, who are
particularly vulnerable to pollution” (1). In addition, one
of the biggest concerns of the World Health Organization
(WHO) for children is exposure to chemicals during the
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intrauterine and childhood periods and associated health
problems that arise later in life (2). In recent years,
exposure to environmental pollution with chemicals
known to act as endocrine disruptors (EDs) has been
implicated in the incidence of many diseases and
disorders.

Bisphenol A (BPA), with approximately 3.6 million tons
annual global production (3), is an ED. The United States
Environmental Protection Agency (EPA) estimates that
more than 400,000 kilograms of BPA are leached into the
environment every year (4). Due to the widespread use of
BPA, over 90 % of tested humans have detectable BPA, with
the highest levels found in infants and children (5).

Childhood exposure to BPA occurs through specific
exposure routes including mouthing, food intake, the use
of BPA-containing products, inhalation, dermal contact
and ingestion. Children are more susceptible to chemicals
such as BPA than the general population due to their
rapid development and increased food intake per kg body
weight (2). BPA exposure has been linked to a range of
adverse human health outcomes including decreased
fertility, behavioural effects, disruption of endocrine
function, altered development and increased prevalence
of metabolic diseases (4,5). For example, relationships
between BPA exposure and altered neurobehavioral
outcomes including hyperactivity, attention problems,
anxiety, and depression, in children have been reported
by several human studies (6,7,8,9,10,11). Following
the demonstration of a wide variety of adverse effects
associated with BPA exposure in humans and laboratory
animals over the last two decades, the Canadian Ministry
of Health banned the import and marketing of infant
feeding bottles made of polycarbonate in 2008, as BPA
is used in the production process. In 2011, the European
Union banned BPA use in the production of polycarbonate
baby bottles and prohibited the sale and import of BPA-
containing products that come in contact with food for
children aged 0-3 (12). The same restrictions have been
applied in Turkey since 2011.

Numerous studies estimate exposures to BPA using urinary
biomonitoring. Most have focused on adults from different
societies to quantify human exposure to BPA. These
studies have shown large variations between participants
and studies, but very limited data are available for young
children (13,14). To our knowledge, data regarding human
exposure to BPA in Turkey are scarce (15). The primary aim
of this study was to quantify exposure of preschool children
to BPA.

Methods

Chemicals and Reagents

All chemicals used were of analytical grade. BPA and
creatinine standards were purchased from Sigma-
Aldrich (St Louis, MO, USA). The isotope-labeled internal
standards "°C ,-BPA (99%), creatinine-d3 and '’C _-BPA
B-D-glucuronide ("°C ,-BPA-GLU) were obtained from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
High-performance liquid chromatography (HPLC)-grade
methanol and acetonitrile (KGaA, Darmstadt, Germany)
were used. Ammonium acetate was obtained from J. T.
Baker (Phillipsburg, NJ, USA). Stock solutions of the BPA
(100 ng/mL) and BPA-GLU (1000 ng/mL) were prepared in
methanol and were stored at -20 °C. Deionized water (18.2
MQ) treated with the Millipore (Simplicity, 185) Milli-Q water
purification system (Elga Labwater Veolia, Anthony, France)
was used for all aqueous solutions.

Study Population

Urine samples were collected from preschool children (3-6
years old) between November 2015 and May 2016. Four
day-care centers in Ankara, Turkey participated. Each
parent completed a questionnaire about their children’s
dietary habits; exposure to BPA in their daily life, at home,
and in the school environment; medical history; weight
and height. The study was designed in accordance with
the ethical standards of the Institutional and/or National
Research Committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.
Approval for the study protocol was obtained from the
Ethics Commission of Mersin University Clinical Research
Ethical Committee in Mersin, Turkey (document number:
12.02.2015/37). Written informed consent was obtained
from all parents of individual participants.

Each child provided a single spot urine sample collected
in a 125 mL glass screw cap culture tube lined with
polytetrafluoroethylene that had been previously cleaned
with hexane. The sample was divided into aliquots. Urine
samples from healthy children were collected in the evening,
before a meal, to determine the spot urine concentrations
of both free BPA and BPA-GLU.

The samples were kept cool until transportation to the study
center and were immediately frozen at -20 °C until analysis.

Sample Preparation

Sample  preparation, chromatographic —and mass
spectrometric (MS) conditions were used as described
previously (16). Briefly, °C -BPA was used as a stable
internal standard and added to the samples at the beginning
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of the extraction. The BPA and BPA-GLU in 500 pL urine
samples were purified by protein precipitation/dilution with
500 pL of acetonitrile and 50 pL of °C -BPA and "°C -BPA-
GLU. After protein precipitation, samples were centrifuged
at 2250 rpm at 25 °C for 10 minutes. Total BPA values
were calculated as reported previously. All other analytical
data such as QA/QC assurance, matrix effects and data
repeatability have been reported previously (16).

Instrumental Analysis

Identification and quantification of free BPA and BPA-GLU
were performed with an Agilent 1200 Series 6460 (Agilent
Technologies, CA, USA) triple quadrupole MS with Jet-Stream
atmospheric pressure electrospray ionization source and
Mass Hunter data acquisition/Quantitation software. The
HPLC system was equipped with a binary pump, vacuum
degasser, low carryover autosampler and thermoregulated
column compartment. Twenty microliters of the extract was
injected onto an Agilent (Agilent Technologies, CA, USA)
Pursuit 3 pentafluorophenyl propyl column (100 x 3.0 mm,
3 ym particle size). The mobile phases A and B consisted of 2
mM ammonium acetate in water and methanol respectively.
The limits of detection for free BPA and BPA-GLU were 0.03
ng/mL and 0.10 ng/mL and the limits of quantification (LOQ)
were 0.08 ng/mL and 0.33 ng/mL respectively. The tandem
MS-MS was operated with negative electrospray ionization
in the selected reaction monitoring (SRM) mode. Nitrogen
was used as both curtain and collision gas. The monitored
quantifier SRM transitions were 227.1 > 132.8 for free BPA,
403.1> 113.1 for BPA-GLU, and 239.2>224.1 for °C ,-BPA
(internal standard).

Creatinine Analysis in Urine

Both the free BPA and BPA-GLU values obtained in this
study were corrected for creatinine. To assess the impact
of creatinine adjustment on the total variance of spot urine
samples, urine creatinine levels were analyzed using a
modified method developed and validated for creatinine
analysis by Park et al (17). Briefly, a 10 pL aliquot of urine was
diluted with milli-Q water (1000-fold) and 100 pL (5 mg/L)
of creatinine-d3 (internal standard, 5 mg/mL) was added.
Creatinine was analyzed with LC-MS/MS in electrospray
positive ionization mode and the SRM transitions monitored
were 114.1>86.1 for creatinine and 117.2>89.2 for
creatinine-d3. One microliter of the extract was injected
onto an Agilent (Agilent Technologies, CA, USA) Zorbax SB-
C18 chromatographic column (3 x 50 mm, 3.5 pm particle
sizes). The mobile phases A (water) and B (methanol) both
contained 2 mM ammonium acetate. The analysis for
creatinine was achieved using isocratic conditions (80 % B).
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Estimated Daily Intake (EDI) Calculation

To understand the magnitude of BPA exposure in the
children, EDI was calculated based on the assumption of
urine excretion volumes of 0.4 L (ages 3-4 years) and 0.5
L (ages 5-6 years) for 24 hours for children (18). The daily
exposure doses of BPA were estimated using the following
equation:

Urinary BPA concentration x Urinary output
(/L) (L/day)

Body weight (kg)

EDI =
(ng/kg bw/day)

Statistical Analysis

The statistical evaluations of the data were performed
with Statistical Package for the Social Sciences, version
11.5 for Windows (IBM Inc., Armonk, NY, USA). Data were
summarized as minimum, maximum, median, mean,
geometric mean (GM), and standard deviation for total
and each group. The normality of the data distribution was
assessed with the Shapiro-Wilk test. The Mann-Whitney U
test was used for multiple comparisons between groups. A p
value less than 0.05 were accepted as statistically significant.

Results

In this study, free BPA and glucuronide conjugate of BPA
(BPA-GLU) were measured in 125 preschool children (55
females, mean age 4.42 + 1.09 years and 70 males, mean
age 4.56 + 1.39 years) who lived in Ankara. Table 1 presents
the distribution of the main characteristics of the study
populations. Urinary total BPA concentrations (adjusted for
creatinine) in females and males are presented in Table 2.
Total BPA was determined in 76.8% of the analyzed urine
samples and BPA concentrations were equal to or above
the LOQ of 0.08 ng/mL. Total urinary concentrations of BPA
in Turkish preschool children ranged from LOQ-18.36 ug/g
creatinine, witha mean concentration of 1.79 pg/g creatinine.

Table 1. Population characteristics

Mean (min.-max.)

Age by sex (years) Female (n=55) 4.42 (3-6)
Male (n=70) 4.56 (3-6)
Total group n=125 4.50 (3-6)
Height (cm) Female 107 (78-126)
Male 109 (85-138)
Weight (kg) Female 18.28 (11-29)
Male 19.30 (12-36)
BMI (kg/m?) Female 16.00 (12.15-23.99)
Male 16.21(11.81-26.67)

BMI: body mass index, min.: minimum, max.: maximum
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The mean concentrations of total BPA in female and male
groups were 2.24 pg/g creatinine and 1.26 pg/g creatinine,
respectively, and there was no statistically significant
difference (p=0.202). However, when the children were
divided by age into <4 years and >4 years the mean
BPA values of the <4 years-old females were statistically
higher than the males of the same age (p = 0.005) (Figure 1,
Table 3).

For positive samples (values >LOQ) daily intakes ranged
from 7 ng/kg bw/day to 2.916 ng/kg bw/day. The EDI for
the preschool children was calculated as 35 ng/kg bw/day
(GM) in this study. The mean EDI values were lower for
the male group than the female group (Table 4), but this
difference was not statistically significant (p>0.05). For
risk assessment, in 1993, the US EPA (19) and in 2006 the
European Food Safety Authority (EFSA) (20) recommended
50 pgl/kg bw/day dose as the tolerable daily intake (TDI)
and reference dose for BPA exposure. The EFSA revised the
TDI for BPA to 4 pg/kg bw/day in January 2015 (21). The

*
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25 4
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0.0 -
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Urinary mean BPA concentration (ug/g creatinine)

*(p<0.005)

Figure 1. Urinary mean bisphenol A values obtained in age
groups (pg/g creatinine)

GM and 95" percentile daily intakes of BPA determinated
in both age groups and gender groups in this study were
much lower than the guidelines established by the EFSA
and US EPA (Table 4). This indicates that Turkish preschool
childrens have a safe level of BPA exposure.

Discussion

BPA is a high trade volume chemical because it is widely
used in many consumer products and exposure is almost
inevitable in daily life. In addition to being the first study
to evaluate BPA exposure in preschool children in Turkey,
the results of this study are important for providing basic
data on BPA concentrations in the human population in
Turkey. Studies assessing BPA exposure show that because
of a dramatic increase in the use of BPA-containing
products in daily life, BPA and its metabolites are present at
detectable levels in nearly every person’s blood, tissue and
urine. In order to assess the exposure of humans to BPA,
measurement of their urinary concentration of free species,
in this case BPA, and target compound conjugates, in this
case conjugated BPA, is essential (22,23). BPA in biological
samples is found as both free and conjugated BPA. Among
the conjugated BPAs, BPA-GLU is a sufficiently specific and
stable compound that can be regarded as a biomarker to
evaluate BPA exposure (16). Varying levels of BPA and BPA-
GLU are detected in urine samples depending on nutrition
and lifestyle.

Although there is a general concern about possible effects
of exposure to environmental chemicals on human health,
these concerns are especially important for susceptible
groups such as babies and children, during critical stages
of their development. One of the biggest concerns of the
WHO regarding infants is health problems that will show

Table 2. Urinary concentration of bisphenol A in Turkish preschool children (pg/g creatinine)

Total BPA n >L0Q2 (%)  Min.-max. Mean + SD Median GM 95% Cl jold
Males 70 77 LOQ-9.34 1.26+2.16 0.50 0.81 0.51-1.77 0.2022
Females 55 76 LOQ-18.36 2.24+2.24 0.65 0.98 0.83-3.57

) 125 77 LOQ-18.36 1.79+3.74 0.60 1.05 1.13-2.45

aL0Q: limit of quantification, 0.33 ng/mL, PMann-Whitney U test, GM: geometric mean, 95% Cl: 95% confidence interval, BPA: bisphenol A, min.: minimum,

max.: maximum, SD: standard deviation

Table 3. Urinary bisphenol A values by age groups in females and males (pg/g creatinine)

Age Females Males p2

n Median Max. n Median Max.
<4 years 70 32 1.33 18.36 38 0.43 9.34 <0.005
>4 years 55 23 0.30 16.6 32 0.56 8.89 >0.05

aMann-Whitney U test.

max.: maximum
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up later in life because of exposure to chemicals during
the intrauterine and childhood periods. In particular, ED
chemicals make important alterations in cellular pathways
that provide a basis for these diseases (2). Hormones are
the chemicals that regulate physiological homeostasis and
functions of our body. These regimens are carried out in
very small doses at the “picogram” level. Therefore, as a
result of continuous exposure to EDs such as BPA, minor
changes in hormone levels may cause major changes in
biological function, particularly over the long term (2).

BPA is an ED (24) and is ubiquitous in the environment
due to its widespread use in many consumer products
globally over the past 30 years including in toys, baby
bottles, plastic storage containers, heating containers for
food and beverages, the lining of metal cans, medical
equipment, consumer electronics and dental sealants,
to give but a sample of the products containing BPA. A
recent hypothesis states that BPA exposure may lead to
many health risks (25), particularly obesity (26) and poor
reproductive health (27). As exposure to this compound
during a critical period, such as childhood, will provide
a basis for exposure-related health problems, it is vital to
determine the extent of BPA exposure in childhood both
for the health of the individual and for future healthcare
planning.

Numerous biomonitoring studies of children to quantifify
childhood exposure to BPA during the last decade from
different societies and different age groups have reported
large variations between participants and studies.
However, there are a limited number of studies of BPA
exposure levels in preschool children. Huang et al (28)
calculated the average global EDI of BPA for children
based on the results of studies of children aged between
2-17 years from 18 nations between 2000 and 2016. The
average global EDI for the children was 60.08 ng/kg bw/
day in their study with the highest estimated child BPA
daily intake found in Taiwan at 201.00 ng/kg bw/day,
whereas Italy had the lowest with 15.34 ng/kg bw/day. The

Table 4. Estimated daily intake of bisphenol A in Turkish
preschool children (pg/kg bw/day)

n GM (95% Cl) 95th
Males 70 0.031 (0.028-0.034) 0.189
Females 55 0.042 (0.037-0.046) 0.245
Total 125 0.035 (0.030-0.039) 0.206
Age 3 yrs 35 0.038 (0.033-0.041) 0.236
Age 4 yrs 35 0.046 (0.037-0.051) 0.264
Age 5 yrs 25 0.024 (0.020-0.026) 0.171
Age 6 yrs 30 0.036 (0.034-0.040) 0.242

yrs: years, GM: geometric mean, 95% CI: 95% confidence interval
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European Commission estimated the daily intake of BPA
to be 0.4 pg/kg bw/day for adults, 1.2 pg/kg bw/day for
children between 4 and 6 years, and 1.6 pg/kg bw/day for
infants in EU countries (28). In our study, we detected half
of the mean global value reported by Huang et al (28) (35
ng/kg bw/day).

Due to anticipation that exposure of children might be
particularly high, recent studies have determined the BPA
exposure extent in preschool children in various countries.
Some examples of these studies are summarized in Table 5,
with a focus on studies assessing preschool children, similar
to our study. These studies demonstrate that BPA levels tend
to decrease with increasing age in almost every society.
For example, in a Health Measures Survey conducted in
Canada between 2007 and 2011, the youngest study group,
consisting of children aged 6-8, had the highest BPA level
(Table 5) (7). Similarly, the 3-5 year age group (GM 3.55 pg/L)
had a higher urinary BPA concentration than the 6-8 (GM
2.72 ug/L), 9-11 (GM 2.22 pg/L), and 12-14 (GM 2.42 pg/L)
year age groups in the German Environmental Survey for
Children (29). These results indicate that younger people,
particularly infants and children below the age of six, are
subjected to greater exposure risk. Similar results were
obtained in our study.

In this study, no significant associations between the
consumption of various canned foods and beverages and
BPA levels were found (p>0.05) (Table 6). Urinary BPA
levels of children consuming their food from heated plastic
containers tended to be higher, but it was not statistically
significant (p>0.05). Dental materials made of BPA
derivatives such as BPA-dimethacrylate and BPA-diglycidyl-
dimethacrylate, have been used as an alternative to mercury
amalgams in dentistry. Therefore, in this study, whether
the children had white dental filling was also evaluated.
Composite restorations were not associated with urinary
BPA concentrations in our study (p>0.05). Further, there
were no statistical associations between BPA levels and the
use of plastic materials and toys (p > 0.05).

A few studies have determined the BPA exposure level of
individuals in Turkey. In 2014, mean urinary BPA values
were 0.61 pg/g creatinine in 200 people from Mersin city
(15). In a further study, BPA amounts were quantified for
26 female children aged 4-8 years having the endocrine
condition Idiopathic Central Precocious Puberty (ICPP) and
21 healthy controls. The average BPA concentration was
1.62 pg/g creatinine in the healthy group, whereas this
value was 8.34 pg/g for the ICPP group (30). As a result, the
estrogenic effects of BPA may be an etiologic factor for ICPP.
Similarly, a study was performed on newly diagnosed ICPP
patients (n=42; mean age 7.4 + 0.68 years) and peripheral
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Table 5. Urinary bisphenol A concentrations in children from different countries

Country Years n Ages Urinary BPA concentrations References
(years)
Canada 2007-2009 590 6-8 1.8 pg/L GM 7
2009-2011

China 2014-2017 253 controls 6-12 Controls (6-9 ages) 1.58 pg/L GM 33

215 ADHD ADHD (6-9 ages) 3.44 pg/L. GM
Germany 2007-2008 137 3-5 3.55 pg/L GM 29

145 6-8 2.72 pg/L GM
South Korea  2001-2006 164 3-5 0.76 pg/g creatinine median 34

2016 7-9 0.61 pg/g creatinine median

USA 2001-2010 408 3 7.4 pg/L mean 35

401 5 5.4 pg/L mean

318 7 5.8 pg/L mean
USA 2004-2014 - Non-hispanic white: 200 1-8 (White) 2.7 pg/L GM 36

- Non-hispanic black: 96 (Black) 3.2 pg/L GM
Spain 2011-2012 60 5-8 2.33 pglg creatinine GM

59 9-11 1.72 pg/g creatinine GM 37
Australia 2012-2013 64 boys (Boys) 3.09 pg/L GM 13

36 girls 2-3 (Girls) 2.17 pg/L GM

2.72 pg/L GM

Portugal 2014-2015 70 4-11 1.87 pglg creatinine median 14
Turkey 2015-2016 70 boys 3-6 (Boys) 0.81 ug/g creatinine GM Cok et al.

55 girls (Girls) 0.98 pug/g creatinine GM (this study)

BPA: bisphenol A, GM: geometric mean; ADHD: attention deficit hyperactivity disorder

precocious puberty (PPP) patients (n=42; mean age
7.4 +0.61) between August 2012 and July 2013 in Ankara.
Urinary median BPA levels were 10.60 pg/g creatinine
for these ICPP patients and 10.15 pg/g creatinine for PPP
patients and 10.91 pg/g creatinine for control group (31).

In a very recently completed study, BPA was detected in
100% of 40 maternal urine samples (GM; 0.12 pg/L),
their 1-2-month-old infant urine samples (GM; 0.13 pg/L)
and breast milk (GM; 0.12 pg/L). However, these BPA
concentrations were relatively low compared to previous
studies (32). In another recent study, urinary BPA levels of
50 children with type 1 diabetes mellitus and of 50 healthy
children, all aged between 5 and 18 years, were measured
using HPLC (38). In this study, urinary BPA levels of children
with type 1 diabetes mellitus and healthy children were
found to be 27.71 £ 17.53 pg/g creatinine and 25.37 + 17.89
pg/g creatinine respectively. These values are somewhat
higher than the values found in our study and other
previous studies. This may be due to the HPLC method
used to determine urinary BPA levels. Since HPLC is not
a low-precision chromatographic method for determining
BPA levels, it is not currently preferred by researchers to
determine low BPA levels in biological materials.

Study Limitations

We believe that the present study makes an important
contribution to the limited information about exposure to
BPA during childhood. Although 125 children from Ankara
were included in this study, this number is not sufficient for
this type of population biomonitoring study. However, our
results might be evaluated as preliminary finding for Turkish
children. In order to provide a better understanding of
exposure to BPA, studies on a larger population are needed
and daily exposure levels from different sources should be
determined.

Conclusions

From a global perspective, the average BPA exposure for
children is much higher than in adult populations. Although
regulations have attempted to prevent BPA exposure of food
origin in infants and children, the extensive use of BPA in
other commodities places humans in an environment with
abundant levels of this chemical. Increasing knowledge
of BPA-related toxicity in children indicates that exposure
to BPA leads to health risks, especially in sensitive
developmental periods. The determination of the exposure
to BPA through biomonitoring, specifically in children, is very
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Table 6. Bisphenol A-specific questionnaire data of the study population, mean + standard deviation

n % BPA-total (pg/g creatinine)
FAST FOOD CONSUMPTION HABIT
None 11 8.8 1.63+£2.63
I meal/month 67 53.6 1.94+3.77
1-3 meals/month 39 31.2 2.04+3.83
3-5 meals/month 8 6.4 1.63+£2.01
PLASTIC COATED FOOD PRODUCT PURCHASE
Never 27 21.6 2.44+0.86
Sometimes 86 68.8 1.47+2.76
Always 12 9.6 2.92+3.83
HEATING FOOD WITHIN A PLASTIC CUP IN MICROWAVE
Yes 10 8 2.88+5.58
No 115 92 1.72+£3.05
CONSIDERING INSTRUCTIONS FOR PACKAGING AND LABELLING
Sometimes 40 32.0 2.11 £3.63
Always 82 65.6 1.70+3.19
Never 3 2.40 1.99+2.87
EXISTENCE OF WHITE DENTAL FILLING
Yes 11 8.80 0.62+0.91
No 114 91.2 1.93+3.43
QUALITY OF THE PURCHASED PLASTIC
I wouldn’t purchase low priced products 25 20.0 2.33+4.71
I wouldn’t mind 24 19.2 1.22+1.46
I would purchase well-known brands 32 25.6 2.65+4.31
FEATURE OF THE PURCHASED TOY
Mostly metal toys 11 8.8 2.22+3.43
Mostly wooden toys 8 6.4 1.70+1.12
Mostly plastic toys 106 84.8 1.82+3.45
WASHING THE PLASTIC FOOD CONTAINERS IN A DISHWASHER
Yes 55 44.0 2.78 +3.31
No 75 56.0 1.94+4.04
CANNED FOOD CONSUMPTION
Yes 10 8.0 1.70+53.19
No 115 92.0 2.94+3.77
CANNED BEVERAGES CONSUMPTION
Yes 78 62.4 2.74+1.80
No 47 37.6 1.67+2.87
STORAGE OF FOOD IN PVC CONTAINERS
Sometimes 33 26.4 2.41+3.13
Always 92 75.6 2.65+2.96
Never - - -

BPA: bisphenol A

important for public health in all countries. This first study  various provinces. Future studies should focus on children
of biomonitoring in preschool children from Turkey should living in different provinces and extended follow-up of

be followed by other studies from large communities from  those exposed to high concentrations of BPA during critical
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developmental periods should be undertaken to evaluate
the likely long-term impact of these EDs. It is believed that
the results of this study will enhance awareness not only
for BPA, but also for other chemical compounds, amongst
health care professionals with an empahsis on pre-school
aged children.
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What is already known on this topic?

Turner syndrome (TS) is one of the most commonly observed chromosomal abnormalities, estimated at around 1 in 2500 live births. To
the best of our knowledge, there are no studies related to the incidence of TS in Turkey. Nevertheless, in a multicenter study carried out
in 2013-2014, 842 patients with TS between 0-18 ages were examined retrospectively in 35 different centers, and the average diagnosis
age was determined as 10.2 + 4.4 years. It is thought that TS is diagnosed at a later age in Turkey.

What this study adds?

This study shows that physicians do not have adequate knowledge of TS. Poor knowledge about TS may increase diagnosis delays. The
education program about TS should be revised and implemented to address this problem at the medical faculty and post-graduate levels.

Abstract

Objective: Turner syndrome (TS) is one of the most common chromosomal abnormalities and an important cause of short stature and
infertility due to ovarian failure in females. The aim was to evaluate the knowledge of TS among physicians and parents of children with
TS and to enhance awareness about this subject.

Methods: One hundred and forty physicians were included in the study. The study population comprised 37 pediatricians (26.4 %),
15 gynecologists (10.7 %), 88 family physicians (62.9%) and 30 parents who had daughters with a diagnosis of TS. Two separate
questionnaires were administered to evaluate TS knowledge of physicians and parents.

Results: According to the self-reports of physicians, 49 % had insufficient knowledge of TS, while 15.7% indicated that they had no
knowledge of TS. The mean percentage of correct answers was 50.71 + 16.17 % for all physicians. When the entire group of physicians
was considered, 67.1 % of them did not know the approximate incidence of TS, while 14.3 % of them incorrectly indicated that TS was
a condition that was seen in boys. The mean percentage of correct answers among parents was 68 + 15%, and there was no difference
between the mothers’ and fathers’ correct answer rates (p = 0.063). The majority of parents was not aware of TS-associated diseases and
increased malignancy risk in TS.

Conclusion: Physician knowledge of TS was poor and that there is a need for continued education about TS at the medical faculty and
post-graduate levels.

Keywords: Turner syndrome, knowledge levels, questionnaire, education
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Introduction

Turner syndrome (TS) is a sex chromosome abnormality in
females, characterized by partial or complete loss of one
of the X chromosomes (1). In nearly half of patients, it
can be diagnosed in infancy with the presence of typical
clinical findings. While a limited number of patients with
TS are diagnosed with short stature during childhood, the
rest of them are diagnosed with primary amenorrhea in
adolescence (2). Through early diagnosis and appropriate
treatment of these patients (growth hormone treatment,
estrogen replacement, training and psychological support),
they have a chance to participate in academic and social
life, and they also achieve nearly normal adult height,
bone density and sexual development. Several studies
have focused on diagnosing TS earlier (3,4,5). Chronic
complications may be prevented by earlier diagnosis and
initiating treatment at birth or during infancy. Additionally,
parents can deal with the situation more easily with early
TS diagnosis (6).

Although TS is common, the exact incidence of TS in
Turkey is unknown, and awareness regarding this issue
may be inadequate. Patients with TS are diagnosed late in
Turkey. Therefore, in this study, we aimed to evaluate the TS
knowledge and awareness levels of physicians and parents
of children with TS.

Methods

This descriptive study was a questionnaire survey. The
researchers designed two questionnaires, one to be
administered to physicians volunteers (n=140) and
the other to parents (n=30). The questionnaire for the
physicians was developed based on the current literature,
guidelines, and expert opinions (7,8). The questionnaire
for the parents was developed based on family information
flyers from the internet and expert opinions (TS: a guide
for  families  https://turnersyndromefoundation.org/wp-
content/uploads/2017/08/New-Turner-Syndrome-Guide-for-
Families-Patricia-Reiser-CFNP-and-Marsha-Davenport-MD.
pdf and http://nhfv.org/wp-content/uploads/2016/02/Turner-
Syndrome-A-Guide-for-Families.pdf). This study included
pediatricians, gynecologists, family physicians and parents
whose children were diagnosed with TS. Ethics committee
approval for the surveys was obtained from the Katip
Celebi University Local Ethics Committee (date: 16 June
2016, ethics approval number: 194). The physicians and
parents in question were informed about the questionnaire,
and surveys were performed face-to-face by NK after the
informed consent form had been signed. An attempt was
made to word all questions in a neutral manner. All response
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data of the participants were analyzed anonymously. No
incentives were provided to the respondents.

The first physician survey comprised 18 multiple-choice
questions. The first four questions assessed the physicians’
specialties, proficiency regarding TS knowledge, number
of years working in their profession and the institutions
that they work for. The other 14 questions included TS
epidemiology, clinical findings, diagnosis, treatment and
follow-up recommendations. There were 19 “yes/no”
questions in the survey designed for the parents. The first few
questions concerned the demographic features (age, gender
and education status) of the parent, and the remaining
questions concerned the diagnosis, treatment and follow-
up of TS. The patients’ age at diagnosis was obtained from
medical records. The answers were evaluated as correct or
incorrect by researchers. Examples of the questionnaires
applied to both physicians and parents are given in the
supplementary documents (Supplementary 1, 2).

Statistical Analysis

The sample size was calculated according to the estimated
size within the sampling universe using the formula referred
to as ‘the formula to estimate the number of individuals for
a known sample and width of population’ (9).

The analysis of physician survey data was carried out using
Statistical Package for the Social Sciences, version 22.0,
program (IBM Inc., Armonk, NY, USA), and the percentage
distribution was performed using the chi-square test.
Descriptive statistics for family surveys, however, were
presented as frequency, percentage, average, standard
deviation, median, minimum, maximum and range values.
In the analysis of differences between measurement
values of the two groups, the Mann-Whitney U test or the
independent sample t-test were used according to the
distribution. A significance test for the difference in two
proportions and a Pearson chi-square test were used. A
p < 0.05 was considered statistically significant.

Results

A total of 140 physicians working at training and research
hospitals, state hospitals, university hospitals and primary
care clinics (PCCs) and 30 parents whose children had
been diagnosed with TS were included in the study. Of the
physicians, 62.9% were family physicians, 26.4% were
pediatricians and 10.7% were gynecologists. A total of
50.7 % of physicians were working at training and research
hospitals, 15% at universities, 3.6 % at state hospitals and
30.7% at PCCs and 62.9% of them had been working for
10 years or less.
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Physician Knowledge of Turner Syndrome

Thirty-five percent of physicians self-reported that their
knowledge level of TS was adequate, 49.3% indicated
that their knowledge was insufficient and 15.7 % reported
having no knowledge of TS. When all the physicians were
considered, the rate of correct answers was 50.71 £ 16.17 %.
The percentages of correct answers among the 88 family
physicians, 37 pediatricians and 15 gynecologists were
46.08 + 16.51, 56.2 + 19.02 and 58.3 + 20.4, respectively.

Responses to several questions related to the frequency and
findings of TS are presented in Table 1. For the question
concerning chromosomal abnormality, the pediatricians’
accurate answer rate was higher than that of other
specialties (p = 0.023). The question that referred to the type
of hypogonadism was answered incorrectly by 72.1 % of all
physicians; however, 53.3% of gynecologists answered it
correctly.

Gynecologists had the highest accurate answer rate related
to fertility and malignancy questions (p=0.028); 64.3% of
physicians mistakenly thought that the intelligence level of
patients with TS was low. Pediatricians were significantly
more well-informed regarding this issue (p=0.018).
Approximately 63.6% of the physicians gave incorrect

answers to the question regarding estrogen and growth
hormone treatment (Table 2).

Knowledge of Parents About Turner Syndrome

Thirty parents whose children were diagnosed with TS
participated in the study. The mean age of girls with TS was
58.8 + 50.95 months. The median diagnostic age was 66
months (1-168 months). The parents’ percentage of correct
answers was 68+ 15%, and no significant difference
was found between mothers and fathers (mothers 74 %,
fathers 63%; p=0.063). The rate of correct responses
among parents was higher than that of physicians, but the
difference was not significant. Parent responses to several
questions regarding TS are presented in Table 3.

The median correct response rate of primary school
graduates was 74 % (range, 37-84 %), and the median correct
response rate of high school or university graduates was
66 % (range, 32-89%). There was no significant difference
between the parents according to their educational status
(p=0.690). However, the median (range) age at diagnosis
was significantly younger in children of parents who
graduated from high school [21 months (1-120) vs. 90
months (1-168); p=0.008].

Table 1. Numbers and percentages of item responses on the survey of physician knowledge about Turner syndrome

frequency and findings

Number of correct answers (%) p

Gynecologists Pediatricians Family physicians

(n=15) (n=737) (n=88)
Frequency 6 (40%) 15(40.5%) 25(28.4%) 0.345
Gender 12 (80%) 31 (83.3%) 77 (87.5%) 0.690
Chromosomal abnormality 13 (86.7%) 35094.6%) 65 (73.9%) 0.023
Hypergonadotropic or hypogonadotropic hypogonadism 8 (563.3%) 12 (32.4%) 19 (21.6%) 0.031
Physical examination findings 9 (60%) 23 (62.2%) 33 (37.5%) 0.022
Most common finding: short stature 9 (60%) 26 (70.3%) 43 (48.9%) 0.084

Table 2. Number and percentages of the item responses on the survey of physician knowledge about diseases associated

with Turner syndrome

Number of right answers (%) p

Gynecologists Pediatricians Family physicians

(n=15) (n=37) (n=88)
The most common cardiovascular disease 6 (40%) 21 (56.8%) 31 (35.2%) 0.083
Fertility 10 (66.7%) 10 27 %) 33 (37.5%) 0.028
Intelligence level 3 20%) 20 54.1%) 27 30.7%) 0.018
TS and malignancy 10 (66.7%) 14 (37.8%) 27 30.7%) 0.027
TS and osteoporosis coexistence 13 (86.7%) 23 (62.2%) 56 (63.6%) 0.192
Definitive diagnosis 12 (80%) 33 (89.2%) 70 (79.5%) 0.427
SHOX gene mutation 5033.3%) 15 (40.5%) 25 (28.4%) 0.413
Estrogen and growth hormone treatment 6 (40%) 12 (32.4%) 33 (37.5%) 0.826
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Table 3. Number and percentages of the item responses on the survey of parent knowledge about Turner syndrome

Mother’s correct answers

Father’s correct answers  p

n (%) n (%)

Genetic disorder 6 (94.1%) 11 (84.6%) 0.565
Only girls are affected 4(82.4%) 9(69.2%) 0.666
Prenatal diagnosis possibility 2(70.6%) 8 (61.5%) 0.705
The most common finding 3(76.5%) 11 (84.6%) 0.672
Chromosome abnormality 4(82.4%) 11 (84.6%) 1.0
Pregnancy probability 4(82.4%) 7 (53.8%) 0.123
Normal intelligence 3(76.5%) 10 (76.9%) 1.0
Congenital heart disease possibility 1 (64.7%) 7 (53.8%) 0.821
Definitive treatment 9 (52.9%) 4 (30.8%) 0.399
Short stature can be treated with growth hormone treatment 13 (76.5%) 9 (69.2%) 0.698
Risk of cancer 5(29.4%) 2 (15.4%) 0.427
Risks of diabetes mellitus, thyroid and celiac disease 8 (47.1%) 4 (30.8%) 0.465
Growth hormone treatment can prevent infertility 12 (70.6 %) 5(38.5%) 0.165
Estrogen treatment can prevent 0Steoporosis 1 (64.7%) 9(69.2%) 1.0
Radiological evaluation for renal disease is necessary 14 (82.4%) 8 (61.5%) 0.242
Psychiatric evaluation is required 14 (82.4%) 9 (69.2%) 0.66
Clinic follow up is important 14 (82.4%) 8 (61.5%) 0.242

Discussion

TS is one of the most commonly observed chromosomal
abnormalities with an incidence of 1 in 2500 live births and
effects nearly 1.5 million women in the world (2,10,11).
There are no studies related to the incidence of TS in
Turkey. Nevertheless, in a multicenter study carried out in
2013-2014, 842 patients with TS between 0-18 ages were
examined retrospectively in 35 different centers, and the
average diagnosis age was determined as 10.2 + 4.4 years
(12). In a study carried out in England, it was estimated that
there were 12,500 TS cases; however, it is known that there
are approximately 1000 cases in TS support associations
and expert hospital clinics. This means that a large number
of cases cannot be diagnosed and do not receive medical
care (13). Compared to developed countries, it is thought
that TS is diagnosed at a later age in Turkey. This is most
likely due to the lower awareness level of Turkish physicians.
For this reason, we aimed to investigate TS knowledge and
awareness levels of physicians and parents whose children
were diagnosed with TS. In the survey, only just over half
(50.71 £16.17 %) of all questions were correctly answered
by physicians. It is not possible to compare our results with
previous ones because, to the best of our knowledge, no
study on this topic has been published in the past in Turkey
or in other countries.

The question related to short stature, the most common
finding in TS, was not answered properly by 51.1 % of family
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doctors and 29.7% of pediatricians. The growth curve and
monitoring of children are important in primary care. The
reason for the insufficient knowledge level of physicians
may be that they do not encounter such patients because
there is no referral chain system. When there is no referral
chain, it is difficult for family physicians to maintain health
care services, and this situation forms the weakest point
of the family medicine practice. In the study by Kringos
(14), this situation was given as one of the most important
factors why Turkey ranks in the poor category for primary
care health services. The final adult height of TS patients
is positively related to a younger age at diagnosis and the
duration of growth hormone treatment (15). Primary care
physicians missing short stature will result in late diagnosis
and insufficient benefit from growth hormone treatment for
all children who would have benefitted, including girls with
TS. When physicians are asked about the intelligence level
of children with TS, 64.3% of them answered incorrectly.
The inadequate knowledge level of physicians about this
issue can cause children diagnosed with TS to be guided in a
wrong way and perhaps lead to their exclusion from society.
Although patients with TS tend to have some problems with
mathematics, these can be overcome with additional time
and adequate education. The overall education level of
women with TS is equal to or better than that of the overall
female population (16). When educational and psychological
support is commenced early in TS, it can help academic
success and social integration.
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The question about high gonadotropin levels in TS was
answered more correctly by gynecologists, compared to the
physicians in other specialties. This shows that undiagnosed
and late-diagnosed girls sought the care of gynecologists
with a primary amenorrhea complaint. Although family
physicians and pediatricians had inadequate knowledge
regarding fertility, 66.7% of gynecologists answered the
question correctly. This could be explained by the fact
that patients diagnosed with TS consult them for infertility
treatment. Most women with TS will be infertile; however,
pregnancy has been achieved with oocyte donation and in
vitro fertilization (17).

Today, many diseases can be diagnosed with simple
scanning programs, and in this way, more significant
complications can be prevented. The standard approach
for cardiac evaluation in TS is echocardiography and four
extremity blood pressure measurements that should
be performed on every patient at the time of diagnosis
(18,19). Even if echocardiography is normal, every patient
should be evaluated with magnetic resonance imaging
as soon as it is feasible without the need for general
anesthesia (7,20). Physicians responded to the question
related to cardiovascular disease incorrectly 58.6% of
the time. A lack of knowledge can cause late-diagnosed
cardiovascular system diseases and increased mortality.
There is an increased risk of gonadoblastoma in patients
with TS carrying Y chromosome fragmentation, and it
is known that remocal of streak gonads are performed
by obstetricians and gynecologists. It was not surprising
that gynecologists were more knowledgeable than
other physicians in terms of the combination of TS and
malignancy.

The TS knowledge level of physicians was determined to
be unsatisfactory when compared with the knowledge
of TS parents. As families research TS in a detailed way
after diagnosis, it is not wrong to expect their knowledge
level to be higher. Parents want to obtain all information
related to the disease since TS is an unknown disease in
society and therefore there is an increased level of concern
in families. Parents responded with 90% correct answers
to the question about TS being a genetic disease. We can
imply that this chronic condition led to desperation in
families, which increased their solution-oriented quests.
Nevertheless, parent knowledge was not sufficient in
relation to the diseases accompanying TS and parents
should be informed by specialists about this. In a study
performed on children with chronic disease, it was reported
that there was an important effect of the relationship
between the families of hospitalized children and the
nurses conducting the care of the sick children. However,

the physicians were not well informed about the problems
regarding psychosocial adjustment (21,22). Meeting the
psychosocial and educational requirements, as well as the
medical requirements, of the population affected by chronic
disease will increase the childrens” and families’ quality of
life in both the acute and follow-up periods. Additionally,
it will positively affect communication between health
personnel and families.

The awareness level of primary care family physicians,
pediatricians and gynecologists should be enhanced in the
areas of early diagnosis and treatment to decrease mortality
and morbidity in patients with TS. Our study has revealed
troubles related to this issue. It has been shown that major
social campaigns are effective in the renewal of knowledge
for both families with sick children and physicians, and there
is an apparent increase in the early diagnosis of diseases
(16). Education programs must be regularly applied to staff
by experts in issues such as the requirements of ill children
and their parents, and all staff members must be offered
counselling services in healthcare organizations. Qualified
staff must be employed to apply psychological support,
social orientation, and special programs for sick children
and their families in healthcare organizations. Therefore, the
results show that education programs should be maintained
following graduation as well. New early diagnosis strategies
should be developed to overcome the delay of treatment in
patients with TS.

Study Limitations

The limitation of this study is the relatively small number
of physicians and parents of girls with TS. Accordingly,
generalizations from these findings to the total population
of physicians and families with children diagnosed with TS
must be made cautiously.

Conclusion

This study indicates that the knowledge about TS of
physicians (especially family physicians) was insufficient,
although TS is a relatively common disease. To prevent
late diagnosis, increased complications and inadequate
treatment in patients with TS, post-graduation education
programs for physicians should be increased, and the referral
chain of the patient must be applied in the health system.
The parents’ answers showed that they were worried about
TS and the associated problems (short stature, infertility,
etc.) and they sought information about TS from clinicians,
brochures and the internet. Intermittent information and
training programs should be organized for families with TS.
Cooperation between the physicians and parents provides
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better follow-up for these children and better control of the
accompanying conditions related to TS.
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Supplementary 1. The questionnaire for physicians about
Turner syndrome

Please select the right option according to you

Descriptive information

1.

2.

Your branch?

a. Pediatrician

b. Gynecologists

¢. Family physicians

How would you describe your level of knowledge

about Turner syndrome?

a. Adequate

b. Insufficient

c. No idea

How many years have you practiced in your profession?
a. <1 year

b. 1-5 years

c. 5-10 years

d. Over 10 years

What is the type of institution you work with?
a. University hospital

b. Training and research hospital

c. State hospital

d. Primary care clinics

Knowledge questions

5.

What is the frequency of Turner’s syndrome?
a. 1/1500-1/2500

b. 1/10,000 -1/15,000

c. 1/100,000

d. 1/1000,000

In which sex type is Turner syndrome seen?
a. Women

b. Men

c. In both

10.

11.

12.

What is the chromosomal anomaly in Turner’s
syndrome?

a. 22ql11 deletion

b. 45 XO

C. 45 XXY

d. PTPN11 gene mutation

Which of the following is true in Turner syndrome?
a. Hypogonadotropic hypogonadism

b. Normogonadotropic hypogonadism

¢. Hypergonadotropic hypogonadism

Which of the following is not a physical characteristic
of Turner syndrome?

a. Cubitus valgus

b. High-arch palate

¢. Syndactyly

d. Edema of the hands and feet in the infant

What is the most common finding in Turner syndrome?
a. Webbed neck

b. Widely spaced nipples

c. Short stature

d. Madelung deformity

What is the most common cardiovascular disease
seen in Turner syndrome?

a. Ventricular septal defect

b. Hypoplastic left heart syndrome
c. Bicuspid aortic valve

d. Atrial septal defect

Which of the following is false regarding fertility in
patients with Turner syndrome?

a. Spontaneous pregnancy can be achieved in most
patients.

b. 99 % of patients are infertile.

c. Inthe case of pregnancy, the risk of aortic dissection
and/or rupture is high.

d. Oocyte cryopreservation should be performed
before the first sign of puberty.
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13. Which of the following is true about the intelligence
of children with Turner syndrome?

a. General intelligence can be slightly delayed
compared to the normal population.

b. There is serious mental retardation.
c. Intelligence is normal.
14. Which of the following statements is correct?

a. There is a lower risk of malignancy than in the
normal population.

b. In patients with Y chromosome or Y chromosome
fragmentation, prophylactic gonadectomy should
be performed due to the risk of gonadal tumor.

c. The risk of endometrial cancer decreases in
patients receiving estrogen therapy.

d. The incidence of multiple melanocytic nevi is lower
than in the general population.

15. Which of the following is wrong related to Turner
syndrome and osteoporosis?

a. The risk of osteoporosis is increased in Turner
syndrome patients.

b. After 18 years of age, bone density should be
measured.

C. Estrogen treatment increases bone mass.

d. Patients should be prohibited from exercising.
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16. Which of the following is the definitive diagnosis of
Turner syndrome?

a.
b.
C.

d.

Pelvic ultrasonography
Karyotype analysis
Clinical findings

Growth hormone stimulation test

17. Which of the following is associated with SHOX gene
mutation in Turner syndrome?

Q

b

C.

d

. Delayed puberty

Short stature
Germ cell defect

Streak gonad

18. Which of the following is false about treatment in
Turner syndrome?

a.

It is possible for patients to reach adult height with
growth hormone treatment.

Induction and continuity of puberty is provided by
estrogen treatment.

Growth hormone and estrogen treatment increases
bone mass.

Estrogen therapy has no effect on stature.
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Supplementary 2. The Turner syndrome questionnaire for
the parents

Please select the right option according to you.
Agel/Gender:

Education status: a. Primary school, b. High school-
university

Knowledge questions
1. Turner syndrome is a genetic disease.
a) Yes
b) No
2. Turner syndrome is only seen in girls.
a) Yes
b) No
3. Turner syndrome can be diagnosed during pregnancy.
a) Yes
b) No

4. The most important finding of Turner syndrome is
short stature.

a) Yes
b) No

5. In Turner syndrome, sex chromosomes are normal in
number and structure.

a) Yes
b) No

6. Children with Turner syndrome are unlikely to have
children.

a) Yes
b) No

7. InTurner syndrome, the intelligence levels of children
are low.

a) Yes
b) No

8. In Turner syndrome, congenital heart diseases can be
seen.

a) Yes

b) No

9. There is no definitive treatment for Turner syndrome.
a) Yes
b) No

10. In Turner syndrome, short stature can be treated with
growth hormone replacement.

a) Yes
b) No

11. InTurner syndrome, some cancers are more common
than in normal populations.

a) Yes
b) No

12. Diabetes mellitus, thyroid and celiac diseases are
more common in patients with Turner syndrome.

a) Yes
b) No

13. Growth hormone treatment in Turner syndrome is
effective in preventing infertility.

a) Yes
b) No

14. Estrogen treatment in Turner syndrome prevents
OSteoporosis.

a) Yes
b) No

15. Children with Turner syndrome should be examined
for renal diseases.

a) Yes
b) No

16. Patients with Turner syndrome should receive
psychiatric support.

a) Yes
b) No

17. Patients with Turner syndrome do not need to be
under medical supervision in adulthood.

a) Yes

b) No
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What is already known on this topic?

Hypophosphatasia is a rare Mendelian disease affecting bone metabolism through loss-of-function mutations in the gene encoding the
tissue non-specific isoenzyme of alkaline phosphatase. To date, 381 different mutations have been described. The clinical expression of
the disorder varies widely and can even differ between patients with the same mutation.

What this study adds?

This report describes a novel mutation that has not been described in the literature to date. Also described is an atypical neonatal
presentation of the syndrome, with mild phenotype, which is different to the classic neonatal form. However, it could also be an early
diagnosis of the childhood form, which has better prognosis.

Abstract

Hypophosphatasia, a rare genetic disease affecting bone metabolism, is characterized by decreased activity of tissue non-specific
alkaline phosphatase (TNAP). The gene encoding TNAP (ALPL) has considerable allelic heterogeneity, which could explain different
degrees of enzyme activity resulting in a wide clinical variability. We report the case of a preterm newborn in whom a corneal opacity
was detected at birth. Blood tests performed to investigate this finding showed low alkaline phosphatase concentrations. The corneal
opacity disappeared within a week but alkaline phosphatase remained persistently low. With persistently decreased levels of alkaline
phosphatase, upon suspicion of hypophosphatasia, plain radiography detected changes suggestive of rickets. Sequencing of the ALPL
gene revealed a heterozygous variant that has not been described in the literature to date. Our patient’s condition may be an atypical
neonatal form of the syndrome, with a mild phenotype, very different from the classic neonatal form, which can lead to severe skeletal
disease and respiratory failure. However, it could also be an early diagnosis of the childhood form, which is associated with a better
prognosis.

Keywords: Hypophosphatasia, mutation, newborn, alkaline phosphatase

The prevalence of mild forms has not been reported, but is
expected to be higher (3).

Introduction

Hypophosphatasia is a rare Mendelian disease affecting

bone metabolism, in which activity of the tissue non- The clinical expression of hypophosphatasia varies widely,

Specific jsoenzyme of alkaline phospha[ase (TNAP) is from death in utero with an unmineralized skeleton to

decreased because of loss-of-function mutations in the gene
encoding this isoenzyme (1,2). In Europe the incidence of
severe forms has been estimated at 1/300,000 newborns.

problems with dentition in adult life, or an absence of
symptoms (4). The severity of the disorder can even differ
between patients with the same mutation (1). There are six
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forms of hypophosphatasia. Four are classified according to
the age when bone disease becomes apparent: perinatal,
infantile; childhood; and adult; with early-onset forms being
the most severe. Odontohypophosphatasia exclusively
causes dental manifestations. Some authors also include
pseudohypophosphatasia, a rare infantile form with normal
alkaline phosphatase values (4,5). The last type is benign
prenatal hypophosphatasia, similar to the perinatal form
in the age at presentation, but with a better prognosis and
spontaneous clinical improvement (1).

We describe the case of an infant with an unusual
presentation of hypophosphatasia diagnosed shortly after
birth during investigation of an incidental clinical finding. A
previously unreported mutation, found in the gene (ALPL)
encoding TNAP, may be the cause of the patient’s mild form
of the disorder.

Case Report

A late preterm male infant (34 + 3 weeks) was admitted to
the minimal care neonatal unit for prematurity and infection
risk, due to delivery five days after premature rupture of
membranes. Cleft palate had been detected in the second
trimester ultrasound study. The patient’s family background
included three paternal family members with cleft palate.

A corneal opacity was detected at birth. On blood testing
to investigate this finding at five days after birth, the
phosphate concentration was 8.2 mg/dL (normal value in
preterm infants <7.9 mg/dL) with normal calcium (9.6 mg/
dL), vitamin D (25.4 ng/mL) and parathyroid hormone (19
pg/mL) but alkaline phosphatase was low at 52 IU/L (normal
value >75 IU/L). By one week of life, the corneal opacity
had disappeared and the infant was asymptomatic.

In subsequent analyses, alkaline phosphatase remained
low up to a maximum of 67 IU/L, with phosphate value
below 8 mg/dL. The main potential causes of low alkaline
phosphatase - hypothyroidism, anemia, low magnesium or
zinc concentrations, vitamin D intoxication, low vitamin C,
Wilson’s disease, or intake of certain drugs - were ruled out.
This led to a possible diagnosis of hypophosphatasia.

Radiographic studies on day eight of life revealed low
radiological bone density. Subsequent radiography at 2.5
months of life (Figure 1) showed irregularities and widening
of the radial and ulnar metaphyses, suggestive of rickets. A
periosteal reaction in the femur with discrete metaphyseal
widening was also observed.

Molecular genetic studies were performed using polymerase
chain reaction amplification with specific primers. The
sequencing reaction was carried out with the BigDye

Terminator v3.1 Sequencing Kit (Applied Biosystems,
Foster City, California, USA), capillary electrophoresis was
performed on an ABI Prism 3730x| DNA Analyzer Sequencer
(Applied Biosystems), and chromatograms were generated
with the SeqgPilot software (JSI Medical Systems, Ettenheim,
Germany).

A heterozygous variant, ¢.1292T>A, was found in exon
11 of the ALPL gene, producing an amino acid change:
p.(Val431Asp). This specific mutation, in the gene affected
in hypophosphatasia, had not previously been reported
(6). Bone densitometry of the lumbar spine was performed
which showed a bone mineral density of 0.359 g/cm?,
consistent with normal reference values for Spain.

Clinical evaluation of first-degree relatives to investigate
possible affected individuals within the family was
negative, but the patient’s mother showed a low plasma
concentration of alkaline phosphatase (28 IU/L). She did
not present stigmata of rickets or early tooth loss and
her height was within the limits of normality. The gene
encoding TNAP was analyzed to determine whether the
mutation was de novo or inherited, and the same mutation
was found in the mother.

Figure 1. Radiographs at the time of the hypophosphatasia
diagnosis
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Currently, the patient is being monitored with periodic
follow-up visits and is not receiving replacement therapy.
Two years after diagnosis the alkaline phosphatase values
remain low and are always < 70 IU/L. Radiographic studies
(Figure 2) show signs of diffuse osteopenia with affected
distal metaphysis of both ulnas with marked deflection, loss
of trabecular density and slight significant widening on the
left ulna. The rest of the metaphysis are enlarged with only a
slight sclerotic line on the physis. There are no other skeletal
findings.

Written informed consent was obtained from the patient’s
parents for publication of this case report and the
accompanying images.

Discussion

Hypophosphatasia is a rare inherited disease characterized
by decreased alkaline phosphatase levels due to reductions
in the tissue non-specific isoenzyme. Presumptive diagnosis
of this disease is based on physical examination and
consistent radiographic findings, in association with low
concentrations of alkaline phosphatase in blood tests. The
molecular diagnosis is established by sequencing the gene
encoding TNAP (1).

The casual finding of corneal opacities in this patient was
the starting point of the diagnosis, although the opacities
had disappeared by the end of the first week of life. An
association between hypophosphatasia and ocular signs
of hypercalcemia,

morphologically identical to band

Figure 2. Radiographs at the age of 14 months
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keratopathy, has been reported (7). However, the fast,
spontaneous resolution of this finding suggests that it was
not an abnormality related with the genetic disease.

This case exemplifies an atypical presentation of the
disorder, as the patient was asymptomatic at the time of
the diagnosis, but had low alkaline phosphatase levels.
Physical examination at birth provided no evidence of
hypophosphatasia and radiographs only detected non-
specific osteopenia. However, in subsequent examinations,
the patient had the characteristic decrease in alkaline
phosphatase activity and radiographic findings suggestive
of hypophosphatasia. Imaging typically shows a generalized
decrease in bone density and metaphyseal abnormalities in
long bones, similar to those found in severe forms of rickets
(1,2). However, unlike rickets, serum alkaline phosphatase
levels are decreased in hypophosphatasia (1,4).

Reported evidence has indicated that the lower the alkaline
phosphatase levels, the more severe are the manifestations of
the disorder (1,8). The mutations in severe hypophosphatasia
produce a protein that fails to reach the cell membrane, but
instead, accumulates in the cis-Golgi apparatus and is then
degraded in the proteasome without producing adequate
enzymatic activity. However, mutations found in the mild
forms produce enzymes that are, in part, properly located at
the cell membrane and exhibit significant residual activity
9).

Our patient did not have very low levels of the enzyme,
which suggests that the newly identified genetic variant may
cause a mild phenotype. It may be an atypical, mild neonatal
form, considering the age of presentation and absence
of clinical features, despite the presence of radiographic
abnormalities. Nonetheless, we cannot exclude that it may
represent an early diagnosis of childhood hypophosphatasia,
with a better prognosis than the neonatal forms. It cannot
be considered as benign prenatal hypophosphatasia, as
the diagnosis was made after birth and the patient had no
visible abnormalities on prenatal ultrasound studies apart
from the cleft palate.

The definitive diagnosis of hypophosphatasia is established
by sequencing the TNAP gene, ALPL, located on
chromosome 1p36.1-p34 (1,6), and subject to very strong
allelic heterogeneity. To date, 381 different mutations have
been described in ALPL, 70.6% of which are missense
mutations (6). Allelic heterogeneity explains the different
degrees of enzyme activity and the great variability
observed in the clinical expression of the disease (1,3). In
our case, a previously unidentified mutation, a heterozygous
variant in exon 11 of ALPL (c.1292T > A) was detected in
both the patient and his mother. This mutation produces
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an amino acid change: p.(Val431Asp). Bioinformatic studies
using SIFT (10) and Polyphen2 algorithms (11) predicted a
harmful effect of the mutation on the structure or function
of the protein. According to the American College of Medical
Genetics and Genomics guidelines for the interpretation of
sequence variants (12), the mutation would be considered
probably pathogenic.

As to inheritance, severe forms of hypophosphatasia
(perinatal and infantile) have an autosomal recessive
transmission, whereas in mild forms, transmission can
be recessive or dominant (2). Sporadic cases are rare. Our
patient had a heterozygous mutation, suggesting dominance.
The negative effects of some heterozygous mutations,
resulting in TNAP activity from 20 to 40% of wild-type,
explain the dominant transmission of hypophosphatasia. A
mild phenotype is expected in the heterozygous state even
if the mutation has a severe effect (1,2).

The dominant negative effect is corroborated by a previous
missense mutation in the position of Val431. A mutation
in the same allele -p.(Val431Ala)- leading to a change
from valine to alanine, has been described in relation
with odontohypophosphatasia (6). The clinical form of
the condition in our patient remains to be defined, but
as bone was affected on radiography, it is unlikely to be
odontohypophosphatasia.

The severity of the condition can differ between patients
showing the same mutation (1), and there is significant
variability in the expected clinical features (3). In our
patient, the mutation has a putative dominant inheritance;
hence, relatives with the mutation might or might not
develop mild hypophosphatasia and the patient’s mother
is still asymptomatic. It could be that this patient and
his mother will have low alkaline phosphatase levels and
harbor a recessive variant in the TNAP allele but never
experience symptoms, in which case they could be
considered carriers (1). The variability in the inheritance
models and the variable penetrance complicates genetic
counseling, although it could be of value in couples with
an affected child (2,3).

Considering that the accumulation of the enzymatic
substrates will be a key point in the future follow-up (1,4), to
be able to predict any clinical manifestations of progression
of the disease, the next step to confirm the phenotype would
be the determination of the substrates of the enzyme.

Asfotase alfa, a recombinant human tissue non-specific
alkaline phosphatase coupled to a deca-aspartate motif for
bone targeting, has demonstrated efficacy for healing the
skeletal manifestations of hypophosphatasia. In addition, it
has been found to improve respiratory and motor function

in perinatal and infantile forms, with a good safety profile
(13). Given the age of the patient, the disease course should
be monitored so that management can be adapted to the
abnormalities that may occur.

A previously unidentified heterozygous variant located in
exon 11 of the ALPL gene -c.1292T > A- is described as a
cause of hypophosphatasia.

The case reported could be considered an atypical
presentation of the neonatal form, with a mild phenotype
and different from the classical neonatal form, or the
childhood form with a very early diagnosis, which is
associated with a better prognosis. The child’s condition
should be closely monitored, and if deemed appropriate,
replacement therapy with asfotase alfa can be provided.

Persistently low levels of alkaline phosphatase should alert
clinicians to hypophosphatasia. Definitive diagnosis can be
achieved by genetic analyses.
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What is already known on this topic?

The CYP19A1 gene encodes the aromatase enzyme which catalyses the conversion of androgens to oestrogens. In cases with 46,XX
karyotype, mutations in the CYP19A1 gene can lead to disorders of sex development.

What this study adds?

Two 46,XX sibling having the novel p.R115X (c.343 C>T) pathogenic variant in the CYP19A1 gene and raised as different genders are
presented. This variant was not associated with maternal gestational virilisation.

Abstract

Aromatase deficiency rarely causes a 46,XX sexual differentiation disorder. The CYP19A1 gene encodes the aromatase enzyme which
catalyses the conversion of androgens to oestrogens. In cases with 46,XX Kkaryotype, mutations in the CYPI9A1 gene can lead to
disorders of sex development. Clinical findings in aromatase deficiency vary depending on the degree of deficiency. The effect of
increased androgens, including acne, cliteromegaly and hirsutism, can be observed in mothers with placental aromatase deficiency.
A decrease in maternal virilisation symptoms is observable in the postpartum period. It is rarely reported that there is no virilization
in pregnancy. In this study, two 46,XX sibling having the p.R115X (c.343 C>T) novel pathogenic variant in the CYP19A! gene and
raised as different genders, with no maternal virilisation during pregnancy, are presented. In conclusion, 46,XX virilised females should
be examined in terms of aromatase deficiency once congenital adrenal hyperplasia has been excluded, even if there is no history of
maternal virilisation during pregnancy.

Keywords: 46,XX disorder of sex development, aromatase deficiency, CYP19A1 gene

Introduction intrauterine phase. An increase in virilisation at puberty or

o ] ) ) the non-appearance of secondary sex characteristics, are
Aromatase deficiency is a rare autosomal recessive disorder

caused by mutations in the CYP19A1 gene (1). The CYP19A1
gene encodes the aromatase enzyme which catalyses the
conversion of androgens to oestrogens. In the affected 46,XX
cases, clinical findings in the neonatal period vary between ~Mmineral density can be observed in both sexes (2). This
mild cliteromegaly and complete labioscrotal fusion due study presents a novel pathogenic variant in the CYP19A1
to differences in exposure to increased androgens in the gene in two 46,XX siblings raised as different genders.

the main clinical features in the late period. Affected 46,XY
cases have normal prepubertal growth. Delayed epiphyseal
closure, eunuchoid body structure and a decrease in bone
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Case Reports

Case 1

A 14-year-old patient who had been raised as a male
was brought to the pediatric endocrinology clinic for
undescended testis and hypospadias. Although parental
consanguinity was not reported to be present, the family
history revealed that they were living in a village of only 500
inhabitants. The patient’s mother, who was first pregnancy
and primigravida, had no symptoms during pregnancy of
excessive androgen production, such as hair loss, virilisation,
or acne. On physical examination, height, weight, and
phallus were measured to be 154.9 cm [standard deviation
score (SDS): -2.5], 57 kg (SDS: -0.6), and 2 cm respectively.
Breast tissue and palpable gonads were not detected. Prader
stage 3, two urogenital openings and stage 2 pubic pilosity
were also noted. On laboratory examination, bone age
was 11 years. Gonadotropin concentrations were: follicle
stimulating hormone (FSH) 70 mlIU/mL (1.5-12.8 mlIU/L);
luteinizing hormone (LH) 30 mIU/mL (0.1-12 mIU/mL); free
testosterone 0.9 pg/mL (0.8-1.4 pg/mL); and estradiol 22.9
pg/mL (7-60 pg/mL). Adrenocorticotropic hormone (ACTH),
cortisol and 17-hydroxyprogesterone (17-OHP) were all
found to be in the normal range. Pelvic ultrasonography
(USG) revealed 19x14 mm right ovary and 15x12 mm left
ovary and an absence of uterus. Karyotype was 46,XX and no
variants were found in the SRY gene on fluorescence in situ
hybridization (FISH) analysis. On laparoscopic examination
normal-looking bilateral ovaries and a small uterus were
observed. The biopsy findings of the right gonad were
consistent with ovarian tissue and ovarian follicle cysts were
observed. Sequence analysis of the SOX9 gene revealed no
mutation. Clinical and laboratory findings of the patient
suggested aromatase deficiency and a novel homozygous
nonsense p.R115X (c.343 C>T) pathogenic variant was

found on Sanger sequencing of the CYPI9AI gene (Figure
1A). Both parents were heterozygous for the same mutation
(Figure 1C, 1D). There were no unusual clinical findings in
the parents. The mutation found in the cases was predicted
to be pathogenic by in silico analysis by Varsome program
(https://varsome.com/).

The Institutional Council of Disorders of Sex Development
decided that the case should be raised male on the ground of a
more distinct male sexual identity. Salpingo-oophorectomy,
hysterectomy  and  genitoplasty — were  performed.
Intramuscular testosterone propionate and testosterone
phenylpropionate treatments were administered with a 100
mg/month starting dose and gradually increased every six
months. Oral estradiol hemihydrate treatment of 0.25 mg/
day was initiated in the follow-up. At the age of 21, bilateral
testicular prostheses were surgically implanted. During
follow-up bone mineral densitometry showed early onset
osteoporosis (L1-L4 bone mineral density Z score: -2,2)
and oral calcium supplementation was given. Calcium,
phosphorus, parathyroid hormone (PTH) and vitamin D
concentrations were within normal limit. At the age of 22,
weight, height, and phallus were measured to be 86.6 kg
(SDS: 1.29), 173.5 cm (SDS: -0.43) and 7 cm respectively.

Case 2

The eight year-old sibling of Case 1, who had been raised
as a female. On physical examination, height and weight
were 125.5 cm (SDS: -0.3), 22.3 kg (SDS: -0.9) respectively.
Phallus was measured to be 1 cm. There were no palpable
gonads, two urogenital openings and stage 1 pubic pilosity
were also noted. Pubertal development was found to be
stage 2 according to Prader score. Similar to the other
sibling, the bone age of Case 2 was found to be retarded
(5 years 9 months). FSH concentration was 22 milU/mL
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Figure 1. A) (Case 1), B) (Case 2): A novel homozygous nonsense pathogenic variant p.R115X (¢.343 C > T) was detected in
the CYP19A1 gene sequence analysis. C) (Mother), D) (Father): The parents were heterozygous for the same mutation
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(1.0-4.2 mIU/mL), LH: 30 mIU/mL (0.1-0.3 mIU/mL), free
testosterone 0.2 pg/mL (0.15-0.6 pg/mL), estradiol: 5 pg/
mL (N < 15). The patient had normal ACTH, cortisol and 17-
OHP. Uterus and left ovary were not visualized on pelvic USG
whereas a 12-mm right ovary was identified. Karyotype was
found to be 46,XX. FISH analysis showed no variants in the
SRY gene. The same homozygous pathogenic variant in the
CYP19A1 gene was also detected in this sibling (Figure 1B).
The Institutional Council of Disorders of Sex Development
recommended the case to be raised as a female, on the
grounds that female sexual identity was more distinct. L1-L4
Z score was found to be -2.4 on bone mineral densitometry
during the follow-up period. Calcium, phosphorus, PTH and
vitamin D concentrations were within normal limits but
oral intake of calcium was increased. At the age of 11, oral
estradiol hemihydrate treatment was begun with 0.25 mg/
day starting dose and was gradually increased every six
months. At the age of 16, physical examination showed a
weight of 58.7 kg (SDS: 0.28), height 160 cm (SDS: -0.44)
and stage 5 puberty. Routine pelvic USG showed a uterus
with the dimensions of 62x35 mm. The patient was treated
with a combination of oestrogen and progesterone. After
this treatment she had menarche and regular menstural
cycles.

The parents of the patients were informed about the diagnosis
and consent for laboratory analyses and publication were
obtained.

Discussion

Aromatase is a member of the cytochrome P450 superfamily
that catalyses a hydroxylation reaction in which an oxygen
atom is attached to an organic molecule (3). The human
aromatase enzyme (P450C19) is the product of CYPI9A1
gene that converts androgens (P19) to oestrogens (P18) and
is a microsomal enzyme responsible for oestrogen synthesis
in all vertebrates (3,4). The enzyme-encoding gene is
composed of 10 exons (5). Mutations in the CYP19A1 gene
lead to loss of enzyme function and decrease in oestrogen
synthesis. Most of the reported mutations contain single
base changes in exons (6,7). In the study, the CYP19A1 gene
sequence analysis detected homozygous novel nonsense
p.R115X pathogenic variant in both siblings (Figure 1A,
1B). This nonsense mutation is predicted to be pathogenic
using in silico analysis (MutationTaster) (8) and minor allele
frequency data in several public databases including the
NCBI dbSNPbuild141 (http://www.ncbi.nlm.nih.gov/SNP/),
the 1000 Genomes Project (http://www.1000genomes.
org/) and the Exome Aggregation Consortium (http://exac.
broadinstitute.org/).

Clinical findings in aromatase deficiency vary depending
on the retained proportion of enzyme function. Due to the
effect of increased androgens caused by placental aromatase
deficiency, acne, cliteromegaly and hirsutism can be
observed in mothers carrying affected fetuses. A decrease
in the symptoms of maternal virilisation is observed in the
postpartum period (9). Placental aromatase activity of as
little as 1-2 % is reported to be protective against maternal
virilisation during pregnancy (10). In the family presented
here, the mother had no symptoms of excessive androgen
production during pregnancy. Enzyme activity was not
studied in the patients nor their mother. Marino et al (11)
reported that maternal virilisation was also absent in their
three cases with CYP19A1 mutations. During the follow-
up period, phenotypic variability was determined among
the affected patients. Two patients had a new mutation
(c.574C>T). They found ¢.628G > A mutation in four of the
six unrelated patients.

Ithasbeen reported that of 24 patients (12 males, 12 females)
with proven CYPI19A!1 deficiency, 70% of the females
showed virilisation compatible with Prader stage 4-5, while
males usually presented with metabolic problems and short
stature (7,12). For affected female cases, variable phenotype,
such as cliteromegaly due to increased androgen levels
in the intrauterine phase or complete labioscrotal fusion
can be observed. It has been suggested that in aromatase-
deficient prepubertal girls, an amplification of FSH signalling
might occur in the presence of high intra-ovarian androgen
production and be responsible for the development of
ovarian follicular cysts (3). On the other hand, hypoplastic
ovaries rather than enlarged ovaries in aromatase-deficient
females have rarely been reported. Lin et al (13) and Akgurin
et al (14) reported a few cases of aromatase deficiency with
hypoplastic ovaries and uterus. Lin et al (13) suggested that
the streak ovaries may be an inherent manifestation of
CYP19A1 deficiency. Also, polycystic ovaries may appear in
later periods depending on human chorionic gonadotropin
stimulation. Cliteromegaly, hirsutism and acne can be
seen in affected individuals with the non-appearance of
secondary sex characteristics in the adolescence period (3).
The studies have showed that loss of function mutations
in the gene may result in various phenotypic changes,
especially appearing in the pre-pubertal and pubertal period
(11). In the study of Lin et al (13) it was demonstrated that
human aromatase mutations may produce variable or
“non-classic” phenotypes. They reported that low residual
aromatase activity may be sufficient for the development
of breast and uterus in adolescence, despite significant
androgenization in the uterus. Such phenotypic variability
can be further influenced by modifying factors such as
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non-classical pathways of estrogen synthesis, variability in
the core modifiers, or differences in androgen responses.
The siblings presented in this study had been raised as
different genders due to the appearance of their external
genitalia and virilisation levels.

In aromatase deficiency, oestrogen replacement treatment
regulates gonadotropin secretion, glucose metabolism and
liver functions while reducing lipid and insulin levels (14,15).
In our cases, lipid levels and glucose metabolism were found
to be normal. However, decreased FSH and LH levels were
observed with the oestrogen replacement treatment. Bone
mineralisation and maturation are adversely affected in
patients with aromatase deficiency. Oestrogen has positive
effects on bone density by prolonging the life cycles of
osteoblasts and osteocytes while reducing bone resorption
(4). Osteoporosis was detected in both of our patients.
Hormone replacement therapy was initiated and oral intake
of calcium was increased as they were followed up.

In conclusion; 46,XX virilised cases should be examined
in terms of aromatase deficiency after congenital adrenal
hyperplasia has been excluded, even if there was no
maternal history of virilisation during pregnancy. This
should include CYP19A1 mutation analysis. Early diagnosis
of this disorder is of vital importance for gender selection
and hormone replacement therapy.

Ethics

Informed Consent: The parents of the patients were
informed about the diagnosis and consent for laboratory
analyses and publication were obtained.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Surgical and Medical Practices: Samim Ozen, Tahir Atik,
Ozlem Korkmaz, Hiseyin Onay, Damla Goksen, Ferda
Ozkinay, Ozgiir Cogulu, Siikran Darcan, Concept: Samim
Ozen, Tahir Atik, Ozlem Korkmaz, Hiseyin Onay, Stkran
Darcan, Design: Samim Ozen, Tahir Atik, Hiseyin Onay,
Damla Goksen, Ferda Ozkinay, Ozgir Cogulu, Sukran
Darcan, Data Collection or Processing: Samim Ozen,
Tahir Atik, Ozlem Korkmaz, Hiseyin Onay, Analysis or
Interpretation: Samim Ozen, Tahir Atik, Ozlem Korkmaz,
Hiiseyin Onay, Ferda Ozkinay, Literature Search: Samim
Ozen, Tahir Atik, Ozlem Korkmaz, Writing: Samim Ozen,
Tahir Atik.

Financial Disclosure: The authors declared that this study
received no financial support.

12

References

1. Baykan EK, Erdogan M, Ozen S, Darcan S, Saygili LE Aromatase
deficiency, a rare syndrome: case report. J Clin Res Pediatr Endocrinol
2013;5:129-132.

2. Korach KS. Insights from the study of animals lacking functional
estrogen receptor. Science 1994;266:1524-1547.

3. Belgorosky A, Guercio G, Pepe C, Saraco N, Rivarola MA. Genetic and
clinical spectrum of aromatase deficiency in infancy, childhood and
adolescence. Horm Res 2009;72:321-330. Epub 2009 Oct 21

4. Verma N, Jain V, Birla S, Jain R, Sharma A. Growth and hormonal
profile from birth to adolescence of a girl with aromatase deficiency. ]
Pediatr Endocrinol Metab 2012;25:1185-1190.

5. Janner M, Flick CE, Mullis PE. Impact of estrogen replacement
throughout childhood on growth, pituitary-gonadal axis and bone
in a 46,XX patient with CYP19A1 deficiency. Horm Res Paediatr
2012;78:261-268. Epub 2012 Sep 6

6. Harada N, Ogawa H, Shozu M, Yamada K, Suhara K, Nishida E, Takagi
Y. Biochemical and molecular genetic analyses on placental aromatase
(P-450AROM) deficiency. | Biol Chem 1992;267:4781-4785.

7. Jones ME, Boon WC, Proietto J, Simpson ER. Of mice and men: the
evolving phenotype of aromatase deficiency. Trends Endocrinol Metab
2006;17:55-64. Epub 2006 Feb 9

8. Schwarz JM, Cooper DN, Schuelke M, Seelow D. MutationTaster2:
mutation prediction for the deep-sequencing age. Nat Methods
2014;11:361-362.

9. Zzirilli L, Rochira V, Diazzi C, Caffagni G, Carani C. Human models of
aromatase deficiency. | Steroid Biochem Mol Biol 2008;109:212-218.
Epub 2008 Mar 20

10. Deladogy ], Flick C, Bex M, Yoshimura N, Harada N, Mullis PE.
Aromatase deficiency caused by a novel P450arom gene mutation:
impact of absent estrogen production on serum gonadotropin
concentration in a boy. ] Clin Endocrinol Metab 1999;84:4050-4054.

11. Marino R, Perez Garrido N, Costanzo M, Guercio G, Juanes M, Rocco
C, Ramirez P, Warman DM, Ciaccio M, Pena G, Feyling ]G, Miras
M, Rivarola MA, Belgorosky A, Saraco N. Five new cases of 46,XX
aromatase deficiency: clinical follow-up from birth to puberty, a novel
mutation, and a founder effect. ] Clin Endocrinol Metab 2015;100:301-
307. Epub 2014 Nov 21

12. Rochira V, Carani C. Aromatase deficiency in men: a clinical perspective.
Nat Rev Endocrinol 2009;5:559-568. Epub 2009 Aug 25

13. Lin L, Ercan O, Raza ], Burren CP, Creighton SM, Auchus R], Dattani
MT, Achermann JC. Variable Phenotypes Associated with Aromatase
(CYP19) Insufficiency in Humans. ] Clin Endocrinol Metab 2007;92:982-
990. Epub 2006 Dec 12

14. Akcurin S, Turkkahraman D, Kim WY, Durmaz E, Shin |G, Lee S]. A
Novel Null Mutation in P450 Aromatase Gene (CYP19A1) Associated
with Development of Hypoplastic Ovaries in Humans. ] Clin Res
Pediatr Endocrinol 2016;8:205-210. Epub 2016 Apr 18

15. Belgorosky A, Pepe C, Marino R, Guercio G, Saraco N, Vaiani E, Rivarola
MA. Hypothalamic-pituitary-ovarian axis during infancy, early and
late prepuberty in an aromatase-deficient girl who is a compound
heterocygote for two new point mutations of the CYP19 gene. ] Clin
Endocrinol Metab 2003;88:5127-5131.



CASE REPORT DOI: 10.4274/jcrpe.galenos.2019.2019.0023

J Clin Res Pediatr Endocrinol 2020;12(1):113-116

A Neurofibromatosis Noonan Syndrome Patient Presenting with
Abnormal External Genitalia
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What is already known on this topic?

The Neurofibromatosis Noonan syndrome (NFNS) is a rare RASopathy syndrome characterized by phenotypic features of both
neurofibromatosis type 1 (NFI) and NS. It occurs as a result of NFI gene mutations. Plexiform neurofibromas (PNFs) are seen rarely in
NFNS patients.

What this study adds?

A novel mutation in the NFI gene in a patient who presented with phenotypic features of both NFI and NS is reported. A PNF was
present in this case and was responsible for an unusual genital phenotype. Thus PNF may be a rare cause of genital virilization in NFNS
patients.

Abstract

Neurofibromatosis Noonan syndrome (NENS) is a rare RASopathy syndrome, resulting from NFI gene mutations. NENS is characterized
by phenotypic features of both neurofibromatosis type 1 (NFI) and Noonan syndrome. Plexiform neurofibromas (PNFs) are an unusual
finding in NFNS. A seven year-old girl with typical clinical features of NF1 was referred to our clinic due to short stature and abnormal
genital appearance. Due to dysmorphic features, a clinical diagnosis of NFNS was considered in the patient and, following molecular
analysis, revealed a novel heterozygous c.3052_3056delTTAGT (p.L1018X) variant in the NFI gene. Although evaluation for genital
virilization, including karyotype and hormonal studies were normal, imaging studies revealed a diffuse genital PNE Although PNFs are
seen rarely in NFNS, this should be considered in the differential diagnosis of genital virilization in these patients to prevent unnecessary
testing.

Keywords: Neurofibromatosis Noonan syndrome, NFI gene, abnormal external genitalia

Introduction NENS. NENS has been shown to be due to heterozygous

mutations in the NFI gene (2).
Neurofibromatosis Noonan syndrome (NFNS) (OMIM
Neurofibromas are benign peripheral nerve sheath

tumors and are classified as either dermal or plexiform
neurofibromas (PNFs) (3). PNFs are usually congenital
and originate from a bundle of fascicles or a large nerve
plexus. PNFs can be seen in 25-50% of NF1 patients (4).
However, they are more rarely seen in NENS patients. It
of both NF1 and NS. In subsequent years several cases has been reported that in pediatric NF1 patients PNFs are
showing clinical findings of both syndromes have been most commonly localized in the head and neck region (4,5).
reported, thus introducing a new phenotypic syndrome; Genital localization of PNFs has been reported rarely.

601321) is a rare RASopathy syndrome, first defined
in four unrelated patients in 1985 by Allanson et al
(1). These patients who were originally diagnosed as
neurofibromatosis type 1 (NF1), also presented with clinical
features of NS. NENS patients show phenotypic features
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In this study, we report a young girl with NENS and a genital
PNF manifesting as abnormal external genitalia giving the
impression of a disorder of sex development (DSD).

Case Report

A seven year-old girl with typical clinical features of NF1
was referred to our clinic due to short stature and abnormal
genital appearance. She was born at the 37" week of
gestation with a birth weight and height of 2800 gr (10-25%"
centile) and 47 cm (10-25" centile), respectively. During the
newborn period multiple café-au-lait spots and spina bifida
were observed. Her neuromotor development was normal.
At the age of three years an operation was performed for
filum terminale lipoma. A family history revealed her father
had similar clinical features.

On physical examination, weight, height and head
circumference were measured as 18 kg (3-10™ percentile),
106 cm (<3" percentile), 54 cm (>97" percentile),
respectively. She had macrocephaly, broad forehead, sparse
eyebrows, depressed nasal bridge, hypertelorism, low set
ears, deeply grooved philtrum, short and webbed neck,
pectus excavatum, kyphoscoliosis, sacral hypertrichosis,
multiple cafe-au-lait spots and axillary and inguinal freckling
(Figure 1). On genital examination, abnormal external
genitalia were observed. A genital structure resembling a
phallus was measured as 3.5 cm. Genital appearance was
evaluated as being Prader Stage 2. No Lisch nodule was
detected via slit-lamp examination. Echocardiography was
normal. Cranial magnetic resonance imaging (MRI) revealed
a hamartoma.

Due to clinical features including macrocephaly, short
stature, facial dysmorphism, webbed and short neck and

pectus excavatum in addition to the typical findings of NF1,
a clinical diagnosis of NFNS was considered in the patient.
All coding exons and the flanking intronic regions of the NF!
(NM_000267.3) and the PTPNI1 (NM_002834) genes were
amplified by polymerase chain reaction and sequenced
using Illumina MiSeq platform (Illlumina Ltd., San Diego,
USA). Molecular analysis revealed a novel heterozygous
€.3052_3056delTTAGT (p.L1018X) variant in the NFI gene
(Figure 2). In accordance with the American College of
Medical Genetics recommendations (null variant, hot-spot
region, variant not found in public databases) this variant
has been predicted as pathogenic (6).

Laboratory tests for genital virilization, including
karyotype (46,XX), thyroid function, follicle stimulating
hormone, luteinizing hormone, estradiol, testosterone,
1 7-hydroxyprogesterone, 11-deoxycorticosterone,
dehydroepiandrosterone  sulphate, adrenocorticotropic
hormone and cortisol concentrations and bone age were
all normal (Table 1). MRI of the pelvis and external genitalia

Table 1. Hormone concentrations of the patient at
presentation

FSH (mIU/L) 4.59 (1.0-4.2)
LH (mIU/L) 0.53 (0.02-0.3)
Testosterone (ng/mL) 0.1 (<0.2)
Estradiol (ng/mL) <20 (<20)
17-OH progesterone (ng/mL) 0.2 (<2)
Cortisol (ng/dL) 10.7 (6-18)
ACTH (ug/dL) 36 (15-60)
DHEA-S (ug/dL) 2(<72)

Normal values are shown in parantheses.

FSH: follicle-stimulating hormone, LH: luteinizing hormone, 17-OH:
17-hydroxyprogesterone, ACTH: adrenocorticotropic hormone, DHEA-S:
sulfated dehydroepiandrosterone

Figure 1. Phenotypic findings of the patient. A, B) Dysmorphic features: macrocephaly, broad forehead, sparse eyebrows,
depressed nasal bridge, hypertelorism, low set ears, deeply grooved philtrum, short and webbed neck, pectus excavatum and

multiple cafe-au-lait spots. C) Cliteromegaly
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showed multiple PNFs filling the pelvic area with invasion
of the sacral neural foraminae and subcutaneous region.
Additionally, multiple neurofibromas were detected in the

labium majus and the external genital area (Figure 3).

s

Figure 2. Next generation sequencing analysis in the
patient demonstrating a heterozygous NFI mutation;
€.3052_3056delTTAGT (p.L1018X)

Figure 3. Magnetic resonance imaging of abdomen and
external genitalia: multiple plexiform neurofibromas filling
the pelvic area with invasion of the sacral neural foraminae
and subcutaneous region, multiple neurofibromas in the
labium majus and the external genital area

Discussion

NS and NF1 are both included within the group of conditions
known as the RASopathy syndromes. However, distinct
clinical and genetic differences exist. The patient presented
here had a number of features typical of both syndromes.
NS is genetically heterogeneous. To date at least 14 genes,
the most common being PTPNI1, have been implicated
in the etiology of NS (7). NF1 patients have characteristics
different to NS while carrying NFI gene deletions or point
mutations (2,8). To date, a number of cases, showing
characteristic cardinal findings of both syndromes together
with NF1 gene mutations have been reported in the literature.
Among NFENS patients, several patients were found to have
mutations in both PTPN1I and NFI. The majority of NFNS
patients, however, have been reported to have only NFI
mutations, without any detectable PTPN1I mutation. Thus
NENS syndrome has been attributed to NFI mutations by
most authors. In our patient, following sequencing of both
NFI and PTPNII genes, the only pathogenic variant found
was in NF1 (9).

In NF1 patients mutations may appear anywhere throughout
the entire gene. However, in the majority of NENS patients,
mutations have been localized within the GTPase-activating-
protein (GAP) related domain (2). Consistent with this, the
novel frameshift mutation observed in our patient was
localized in the GAP related domain.

Disorders of sex development are classified into three
groups (sex chromosome DSD, 46,XY DSD and 46,XX
DSD) based on karyotype (10). In 46,XX DSD the genotype
is 46,XX and the gonads present as ovaries; however,
the external genitalia shows virilization (11). Virilization
of external genitalia is rarely caused anything other than
hormonal factors. Due to the abnormal appearance of the
external genital organs in this case, a differential diagnosis
for DSD was necessary. To exclude 46,XX DSD, hormonal
tests were performed and they were all found to be normal.
Subsequent imaging studies revealed a diffuse PNF which
resulted in clitoral and labial enlargement in the patient.
PNFs in external genital organs have rarely been described
in NF1 patients (12,13) and to date there have been no
reports of NFNS patients with PNFs invading the external
genitalia. In the current literature, the hormonal analyses of
all NF1 patients with genital abnormality have been found
to be normal (12,13,14,15).

Neurofibromas are benign tumors, however their invasive
nature and size may require surgical intervention. In almost
50 % of PNFs involving the genital area, surgical intervention
has been required (4). Unfortunately surgical correction
was not an option for our patient due to the extensive
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involvement of the PNF in the pelvic area and the patient
was started on sirolimus treatment, as this was seen as the
most appropriate form of treatment.

Firstly, if a patient presents with the clinical features of
both NS and NF1, NENS should be considered. Secondly, in
NENS, as in NF1, genital PNF is an unusual clinical finding
and could present as abnormal external genitalia giving the
impression of a DSD. Imaging studies, prior to extensive
hormonal work-up, should be performed to rule this out.
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What is already known on this topic?

Carney complex (CNC) is a multiple neoplasia syndrome characterized by pigmented lesions of the skin and mucosa, cardiac, cutaneous
and other myxomas, and multiple endocrine and non-endocrine tumors. Osteochondromyxoma (OMX) is an extremely rare myxomatous
tumor of bone, affecting 1 % of CNC patients.

What this study adds?

CNC may present without typical findings such as pigmented skin lesions. This case presented initially with OMX although this diagnosis
was delayed. The patient was subsequently diagnosed with large cell calcifying Sertoli cell tumor, leading to the final diagnosis of CNC.
Clinicians should consider CNC if OMX is diagnosed.

Abstract

Carney complex (CNC) is a multiple neoplasia syndrome, characterized by pigmented lesions of the skin and mucosa, cardiac, cutaneous
and other myxomas and multiple endocrine and non-endocrine tumors. Most of the cases have an inactivating mutation in the PRKARIA
gene. Osteochondromyxoma (OMX) is an extremely rare myxomatous tumor of bone, affecting 1 % of CNC patients. Large cell calcifying
Sertoli cell tumor (LCCSCT) is a testicular tumor affecting more than 75% of males with CNC. Here, we report an atypical case of CNC
without typical pigmented skin lesions, presenting with a bone based tumor as the first manifestation. Initial presentation was for a
recurrent, locally invasive intranasal tumor without definite diagnosis. Further clinical developments during follow up, central precocious
puberty and testicular tumor with calcification, led to the diagnosis of LCCSCT, a CNC-related tumor. Histopathologic examination of
the intranasal tumor was re-evaluated with this knowledge and OMX was diagnosed. Coexistence of OMX and LCCSCT suggested CNC.
Genetic analysis revealed a heterozygous non-sense p.Trp 224* (c.672G> A) in the PRKARIA gene. In our case, the diagnosis of OMX
was delayed, because it is extremely rare and little is known about this tumor. Thus the aim of this report was to alert other clinicians
to consider CNC if OMX is diagnosed.

Keywords: Carney complex, osteochondromyxoma, large cell calcifying Sertoli cell tumor, central puberty precocious

Introduction CNC is characterized with spotty pigmentation of the

_ i ~ skin, endocrinopathy and endocrine and nonendocrine
Carney complex (CNC) is a rare multiple neoplasia

syndrome with an autosomal dominant inheritance (1).
However, approximately 30% of cases occur sporadically,
as a result of de novo mutations (2). Most patients with CNC,
have inactivating mutations in the protein kinase CAMP-
dependent type-1 regulatory subunit alpha (PRKARA) gene. MyXomas, psammomatous melanotic schwannomas,
PRKAR1A may act as a tumor suppressor gene by regulating ~breast myxomas, osteochondromyxomas (OMX) and
protein kinase A activity, which in turn can suppress or abnormal pigmentation (lentiginious) or myxomas of the

tumors. Patients often have tumors of two or more
endocrine glands, including adrenal cortex, the pituitary,
thyroid, and gonads. This syndrome is associated with
many other non-endocrine tumors, including cardiac

stimulate cell growth and differentiation (3). skin (2,4).
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Here we report an atypical case of CNC. He had initially
presented with an intranasal tumor, although the pathologic
diagnosis was not clearly established. During follow-up, large
cell calcifying Sertoli cell tumor (LCCSCT), a CNC related
tumor, was detected in the testes and with this knowledge,
the intranasal tumor was re-evaluated histopathologically
and was found to be an OMX, a rare component of CNC.
Coexistence of OMX and LCCSCT suggested CNC and a
previously reported mutation, c.672G>A (p.Trp224*) was
detected heterozygously in the PRKARIA gene.

Case Report

A 9-year-old male was referred to our pediatric endocrinology
department because of partial empty sella on pituitary
magnetic resonance imaging (MRI), detected during follow
up of an intranasal tumor.

Patient clinical history revealed that he had been admitted to
another hospital three years previously with the complaint
of swelling around his right orbita. Orbital MRI had revealed
an intranasal tumor filling the nasal sinuses. The tumor
was invading and degrading the cribriform plate and orbita
medial wall. This tumor was excised and osteochondroid
tissue with osteoblasts, which suggested fibrous dysplasia
histopathologically, was identified.

One year after the operation, at eight years of age, he
presented with pubic hair. His physical examination revealed
increased testicular volume. Central precocious puberty
(CPP) was diagnosed with increased luteinizing hormone
(LH) concentration and deranged LH to follicle stimulating
hormone ratio on the gonadotropin releasing hormone
(GnRH) test. GNRH analogue treatment was started. Cranial
and pituitary MRI imaging was normal. Scrotal ultrasound
(USQ) revealed multiple bilateral macrocalcifications in the
testes. At the age of nine years, he presented with difficulty
in nasal breathing which was due to the recurrence of the
intranasal tumor. Paranasal sinus computed tomography
(CT) imaging revealed a lobulated, 22x25x28 mm mass
with amorphous calcification, adjacent to the right frontal
lobe, which extended to the base of the sphenoid sinus and
which had destroyed surrounding tissues. Pituitary MRI
was compatible with partial empty sella. At that point, the
patient was referred to our clinic for endocrine evaluation
and then followed up in conjunction with pediatric
oncology and the otorhinolaryngology department. He
was the first child of nonconsanguineous parents. His
birth history was unremarkable and family history was not
significant for tumor occurrence. On physical examination,
his height was 146 cm [1.93 standard deviation (SD)],
weight was 38.5 kg [1.25 SD] and body mass index was
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18 kg/m? (0.23 SD). On his right lateral lumbar area, there
were two domed, soft papules, the largest diameter of
which was about 5 mm (Figure 1). Bilateral testes volumes
were 6 cc and the stretched length of the penis was 7cm.
General examination was otherwise normal. Endocrine
evaluation showed adrenocorticotropic hormone (ACTH)
deficiency, peak cortisol level was 13.4 pg/dL during a low
dose ACTH stimulation test. All other pituitary hormone
concentrations were normal, except gonadotropins which
were prepubertal due to GnRH analogue treatment.
Hydrocortisone replacement was started and the patient
was operated for recurrent intranasal mass. Mesenchymal
tumor containing chondroid component was reported by
histopathology (Figure 2). Due to infiltration of the adjacent
bone by the tumor (Figure 2A, 2B, 2D), focal osteoid-
like matrix within the tumor (Figure 2C), recurrence of
the tumor and the radiological findings, a diagnosis of
osteosarcoma could not be excluded. Nevertheless, clinical
findings during the follow-up were not compatible with
osteosarcoma and it was decided to follow the patient
closely without starting chemotherapy. The testes were re-
evaluated with scrotal ultrasonography at around the same
time. Numerous coarse parenchymal calcifications in both
testes and a 6x5 mm hypoechoic, heterogeneous, solid
lesion in the left testis were detected. Two months after the
operation, cranial MRI revealed a 31x13 mm residual mass.
Therefore, positron emission tomography/CT (PET/CT) scan
was used to evaluate the malignancy potential of the lesion.
'SF-FDG PET imaging revealed normal uptake value in the
tumor and also in other parts of the body.

T :
o J

Figure 1. Cutaneous myxomas, the largest with a diameter
of 5 mm
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The patient was reoperated for the tumoral lesion in the
nasal cavity and testicular biopsy was taken from the
testicular lesions, considering that these lesions might be
due to metastases of the primary disease. Histopathological
examination of the intranasal lesion reported only
granulation tissue and reactive bone formation were without
tumoral tissue. However, testicular lesions were compatible
with LCCSCT without malignant features (necrosis and
mitosis) (Figure 3). The diagnosis of LCCSCT suggested the
possibility of CNC. Robust histopathological diagnosis of
the bone lesion was not clear, thus the specimens were re-
evaluated for the possibility of OMX, which is known to be
a rare CNC-associated bone tumor, most frequently located
in the nasal sinuses and diaphyses of the long bones.
Pathologic re-examination revealed osteoid and chondroid
predominant lobular areas and focal mesenchymal spindle
cells that suggested OMX. The patient was re-evaluated for
fulfillment of the diagnostic criteria of CNC. The lesions
on his back were cutaneous myxomas which are common
components of CNC. Presence of OMX and LCCSCT, which
are two major criteria, confirmed the diagnosis of CNC.
Thus the patient was evaluated for other CNC-associated
endocrinopathies, and growth hormone (GH) excess was
detected. Pituitary MRI did not show any adenoma. Despite
GH excess, growth velocity was not increased and other

clinical manifestations related to GH excess were not found.
No other endocrine dysfunction associated with CNC,
such as hyperprolactinemia and hypercortisolemia, was
detected. On the contrary, he had ACTH deficiency. For
molecular confirmation, genetic analysis was performed
and a heterozygous nonsense mutation, c.672G>A
(p.-Trp224*), was detected in the PRKARIA gene. In this
case, the malignancy potential of the LCCSCT was judged to
be low by the histopathologist and the maximum diameter
of the tumoral lesions was 6.7 mm. Therefore, the lesions
were followed up with scrotal USG without intervention
and the size of the tumoral lesions did not change during
the subsequent 18 months follow-up. The patient was
also screened for other CNC-associated tumors and no
additional tumor was found.

Discussion

CNC is a rare, multiple endocrine neoplasia syndrome with
autosomal dominant inheritance. It is usually characterized
by pigmented lesions of the skin and mucosal, cardiac,
cutaneous and other myxomas, and multiple endocrine and
non-endocrine tumors. To confirm the diagnosis, patients
must meet at least two major criteria or one major and one
supplemental criteria (5). In our case, CNC was diagnosed

Figure 2. A, B, C, D) Tissue preparations of the nasal cavity-osteochondromyxoma: The tumor consists of lobular areas,
with chondroid and predominantly osteoid cells. Focal mesencymal spindled cells are present (hematoxylin and eosin stain;

magnification x200)
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Figure 3. A, B, C, D) Tissue preparations of the testicular biopsy with large cell calcifying Sertoli cell tumor. The neoplastic cells
form solid and hollow tubules and are immersed in a loose, myxoid matrix. The tumor is composed of large polygonal cells
with abundant eosinophilic cytoplasm and eccentric nuclei (hematoxylin and eosin stain; magnification x100-200)

clinically with the coexistence of histologically proven OMX
and LCCSCT as two major criteria and confirmed by genetic
analysis. More than 80% of CNC patients develop spotty
skin pigmentations, which typically appear early in life and
may be located anywhere on the body, typically on the face,
lips, genital area and mucosa (6). Pigmented skin lesions of
CNC were not present in our case. Only two myxomatous
lesions were detected as cutaneous manifestations.

CNC is characterized by endocrine overactivity. Primary
pigmented nodular adrenocortical disease is the most
common endocrine lesion and causes hypercortisolism
(7). The adrenal imaging in this case were normal and he
had hypocortisolism due to ACTH deficiency, which was
associated with partial empty sella. Asymptomatic GH
hypersecretion occurs in approximately 2/3 of patients, in
most cases without imaging evidence of pituitary adenoma
(5), as occurred in our patient.

In the case presented here the first manifestation of CNC
was OMX, which is an extremely rare myxomatous tumor
of bone, affecting 1 % of CNC patients (8), but it is one of
the 11 diagnostic criteria (5). Although he had presented
with a bone tumor at the age of six, diagnosis of OMX was
delayed by three years, because of the rarity of the tumor
and the possibility of osteosarcoma. Awareness of OMX
is poor due to the rarity of the tumor although diagnosis
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may be aided if there is a clinical suspicion of CNC of which
the histopathologist is aware. Characteristically, OMX is a
painless mass and may be unnoticed unless it enlarges and
surrounds or invades vital structures. It may affect any bone,
but is most frequently seen in the nasal sinuses and long
bones of extremities (8). In our patient, the characteristic
location of the tumor in the nasal sinus suggested OMX and
it was subsequently proven histopathologically. Although
OMX is a benign neoplasm, it can exhibit locally invasive
characteristics (9). On imaging, OMX is well circumscribed,
but can be destructive (8), as in our case. Osteosarcoma
was considered in the differential diagnosis, because
of the local invasive and destructive nature of the tumor
and radiological findings. However, osteosarcoma was
an unlikely diagnosis since no metastasis was observed
during three years of follow-up. OMX has a good prognosis
with complete excision, however local recurrence is very
common with incomplete resection (8,9,10). Disease
recurrence is therefore more likely at sites where complete
resection is difficult, as in this case.

LCCSCTs, especially in children, present in association
with CNC or Peutz-Jeghers syndrome (11). More than 75%
of males with CNC may have LCCSCT (12). Malignancy
is found in approximately 17 % of patients, but is rare in
young patients with bilateral tumors or in association
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with a genetic syndrome (11,13). Malignant behaviour is
associated with large size (>4 cm), necrosis, increased
mitotic activity, atypia and vascular invasion (14,15). In
our case, bilateral multiple nodular lesions were present.
The largest diameter of nodules was 6.7 mm. There was
no evidence of malignancy histopathologically. Tumors
may lead to premature epiphyseal fusion and induction of
CPP, due to increased aromatase activity (5,14). Our case
also presented with CPP. At first, it was thought that CPP
was related to excision of the intranasal tumor close to
the sellar region, but then it was realized that CPP may be
associated with LCCSCT. In light of the low malignancy risk
of this tumor, only imaging surveillance was performed, as
recommended (14).

In conclusion, a case of CNC is reported, presenting with
undiagnosed OMX as the first manifestation. OMX is a very
rare tumor, but should be considered in the differential
diagnosis of local invasive, recurrent intranasal tumors. In
addition the possibility of LCCSCT should be kept in mind in
cases of calcified testis tumor presenting with CPP.
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Dear Editor,

Acromesomelic dysplasia, Maroteaux type (AMDM) is an
autosomal recessive form of acromesomelic dysplasia
characterized by disproportionately short stature, shortening
of the middle and distal segments of the limbs as well as
vertebral involvement. AMDM is the result of a mutation
in the natriuretic peptide receptor 2 (NPR2) genes which
impairs skeletal growth (1,2,3).

A 2- years old boy, offspring of non-consanguineous parents
and of a 2" pregnancy, was referred to the endocrine and
metabolic center of the Nemazee Hospital, located in
southwestern Iran, for evaluation of short stature. The patient
was born at 38 weeks of gestation by cesarean section and
was healthy by Apgar scoring. Birth weight was 3100 g, length
45 cm and head circumference 35 cm. He had no dysmorphic
features and general physical examination revealed no
pathology. There was no satisfactory length gain after birth,
as noticed by his parents. At the referral time at age 2 years
the patient had a weight of 8200 g (-4 SD), a length of 71 cm
[-4 standard deviation (SD)]. Head circumference was 48 cm
(0.3 SD). Fingers of the hand were extremely short and broad
with small nails; there was no redundant skin on the fingers
(Figure 1). His feet and toes were normal. Frontal bossing,
low set ears and wrist joint hyperflexibility were prominent
features. All developmental milestones were within normal
limits. His older sibling was of normal stature. Matental height
was 156 cm (-1.6 SD) and the father was 163 cm (-1.9 SD)
tall. His older sibling was of normal stature. None of the other
family members were affected.

Radiographic findings showed curved radius, relatively
short ulna, and broad metacarps with wide phalanges. The

Figure 1. Clinical characteristics and radiographic features
of the patient. Frontal bossing, low set ears and wrist joint
hyperflexibility as well as short and broad fingers of the
hand with small nails are noteworthy. Radiographic findings
showed radial bowing with posterior dislocation, short
lower end of the ulna as compared to the radius, and broad
metacarps with wide phalanges
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vertebrae were of normal size and showed no beaking.
lliac wings and metatarsal bones were normal (Figure 1).
DNA was extracted from the peripheral blood by standard
techniques and microsatellite analyses were performed.
Whole exon sequencing test and mutation confirmation
by direct Sanger screening were performed and evaluated
by reference sequence, AMDM maps to 9p13.3. Cytogenic
evaluation could not be performed in the parents and in
the older sibling. Informed consent was obtained from his
parents for this report.

The mutation of the case was displayed in NPR2 with
cytogenic location of 9p13.3. This mutation overlaps with
two diseases: firstly, autosomal dominant epiphyseal
chondrodysplasia, miura type which is characterized by
tall stature, long hands and feet with arachnodactyly, and
secondly, short-rib thoracic dysplasia 5 with or without
polydactyly (4,5). Both diseases have completely different
clinical patterns and radiographic manifestations from
AMDM.

In summary, considering the skeletal changes, radiological
findings and sequence analysis of the mutation, this patient
is the first AMDM case reported from Iran. The patient had
severe short stature, but no obvious abnormality in the distal
segment of his lower limb. We suggest that this patient may
represent a new variant form of AMDM.
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The mistake has been made by author inadvertently. “c.386T >G” word in page 179, Abstract section, line 6 has been
corrected as “c.386T > C”.
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